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ABSTRACT

An automated general purpose system for analysis is
presented. Thls system, identiflied by the acronyn "MAGIC II"
for "Matrix Analysis via Generative and Interpretive Computa-
tions," provides a flexible framework for implementation of
the finite element analysis technology. Powerful capabilities
for displacement, stress and stabllity analyses are included
In the subject MAGIC II System for structural analysis.

The matrix displacement method of analysis based upon
finlte element idealizatlon is employed throughout. Ten
versatlle finlte elements are lncorporated 1In the finite
element library. These are: frame, shear panel, triangular
cross—-section ring, toroidal thin shell ring, gquadrilateral
thin shell, triangular thin shell, trapezodial ring, trian-
gular plate, incremental frame and quadrilateral plate elements.
These finite element representations i1nclude matrices for
stiffness, consistent mass, incremental stiffness, thermal
stress, thermal load, distributed mechanical load, and
stresses.

The MAGIC TI System for structural analysis 1ls presented
as an integral part of the overall design cycle. Considera-
tions in this regard include, among other things, preprinted
input forms, autcomated data generation, data confirmation
features, restart options, automated output data reduction
and readable output displays.

Documentation of the MAGIC II System is presented in
three parts; namely, Volume I: Englneer's Manual, Volume II:
User's Manual and Volume III: Programmer's Manual. The
subject Volume, Veoclume III, 1s deslgned to facilitate
implementatlion, operation, modification, and extensiocn of
the MAGIC II System.
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SECTION T

INTRODUCTION

A Structural Generative System has been developed and
inserted into FORMAT II (Reference 2) for the purpose of
generating structural matrices for use by FORMAT IT. The
insertion of a Structural Generator into FORMAT II resulted
in a computer program retaining ease of implementation and
use, yet offering diversified capabilities.

Machine compatibility has been retained by the complete
use of FORTRAN IV in the development of the structural Genera-
tive System. The absence of machine or assembler language
from every portion of the program eliminates the problems
of machine dependency and implementation difficulty.

Input to the Structural Generative System is accomplished
by filling in preprinted structural engineering oriented
input sheets. The combination of these sheets and the normal
malrix abslractlon instructions of FORMAT IT allows minimal
training for use of the program, thus decreasing the
possibility of input errors.

The program is capable of restart at any point in the
apstraction instruction sequence stipulated at the discretion
of the User. Input data, intermediate results, final results
or any matrix whatsoever may be automatically saved, by use
of the proper instruction, and used as a starting point or
new input to subsequent applications on continuing or
independent projects.

The MAGIC System consists of a total of 355 subroutines of
which 199 form the Structural Generative System. The 355 sub-
routines can be logically designed into an overlay structure
which reflects the optimum use of available storage in relation
to the longest link so that the program will maintain respectable
execution efficiency. The Structural Generative System reguires
a minimum of 13,000 decimal words of work storage which is assigned
to an uhlabeled common block. A minimum of eight external storage
units available to the FORMAT II System are required for use of
the Structural Generative System, including at least one assigned
to the Master Input FORMAT function, one assigned to the Master
gutput FORMAT function, and four assigned to the Utility FORMAT
function. The other two units are necessary for intermedlate
matrix results and for an instruction data set. The MAGIC System
needs 36,030 decimal words of internal storage to execute on an
IBM 360/65 using a 43 link OVERLAY structure (not considering
internal core necessary for I/C buffers and 0S system routines}).
Using the three level OVERLAY of CDC, the MAGIC System can execute
using 34,698 decomal (103,612 octal) words of internal storage
on the CDC 6400, not considering internal storage for I/0 buffers
and SCOPE system routines necessary to execute the OQVERLAY program.



The MAGIC System has been implemented on the IBM 260/65
under direct machine contrel, but some installations may not
be able to execute MAGIC under direct machine control. This
was the case when the MAGIC I System was implemented on the
IBM 7090.

The number of subroutines contained in the FORMAT II
program necessitated the use of SUBSYS, a software package
developed by Westinghouse, which improved the loading
capabilities of IBSYS on the IBM 7060/94. In addition to
allowing the program to be loaded, SUBSYS allowed the program
cverlay tape to be saved, thereby improving execution time.
Programs may be stacked on this overlay tape. Taking advantage
of this fact, FORMAT II wifth the Structural Generative System
inserticn, was actually three programs executed automatically
with no intervention by IBSYS. The first program consisted
of the FORMAT II Preprocessor, the second consisted of the
FORMAT II Execution Monitor and the third contained the
Structural Generative System. Although the Structural
Generative System was actually a separate program when
operating under SUBSYS control on the IBM 7090/94, it is
activated and ccntrolled as a normal User Mcdule under the
FORMAT II System. Explicitly, the Structural Generative System
is the fourth User Module (USERO04) available under FORMAT II.



SECTION II

COORDINATION OF STRUCTURAL GENERATIVE SYSTEM WITH FORMAT IT

A. DETAILED ANALYSIS OF USERQ4 INSTRUCTION
1. Input and Cutput Matrix Position Functions

The Structural Generative System may have as many
as fifteer sctual cubtput matrices and require as many as
four actual input matrices. The basic form of the USERQL
instruction may be represented as follows:

OMP1, CMP2, OMP3, OMPY, OMP5, OMP6, OMP7, OMP8,
OMP9, OMP10,0MPll, OMP12, OMP13, OMP14, OMP15 =
TmMpl, 1MP2, IMP3, IMP4 .USERO4. ;

where OMP is read as output matrix position and IMP as input
matrix position. All matrix positions, whether input or
output, must be present. They may contain matrlx names or

be blank, but there must be nineteen matrix positions re-
presented by the appropriate number of commas. Blank matrix
positions are discussed in the next section. The output matrix
positions, if nonblank, will contain the following matrices
upon exit from the Structural Generative System:

OMP1 - copy of 1nput structure data deck
OMP?2 - revised material library
OMP 3 - interpreted input (structure input

data as stored after being read
and interpreted)

OMPY - external system grid point lcads
and lecad scalar matrix

OMPES - transformation matrix for applica-
tion of boundary conditions

OMP6& - transformation matrix for assembly
of element matrices

oMPT - element stiffness matrices stored
as one matrix

OMP8 - clement generated load matrices
stored as one matrix

OMPY - element stress matrices stored as

one matrix

OMP10 - element thermal stress matrices
stored as one matrix
OMP11 - element incremental stiffness

matrices stored as one matrix



OMP1z - element mass matrices stored as
one matrix

OMP13 - structural system constants stored
as one matrilx

OMP14 - element matrices in compressed
format stored as one matrix

OMP15 - prescribed displacement matrix

The input matrix positions, if nonblank must contain
the following matrices:

IMP1 - structure data deck (this would be
a previously generated matrix saved
in OMP1)

IMP2 - interpreted input (this would be &

previocusly generated matrix saved
in CMP3 used for restart)
IMP3 - exlsting material library (this
would be a previously generated
matrix saved in CMP2)
IMPY - displacement or stress matrix to
be used for stability analyses
(the stress matrix must have been
generated by the structural abstraction
instruction .S8TRESS.)

It should be ncted that the following matrix positions
are called matrices only in the sense that all input and ocutput
entitles are considered matrices by FORMAT II - OMP1, IMPZ2,
OMP3, CMP14, TIMP1, IMP2 and IMP3.

Tt is important to note that OMP14 is mutually
exclusive with OMP6, OMPY7, OMP8, OMP9, OMP10, OMP1ll, and OMP12.
In crder to retain compatability with the MAGIC T system and
eliminate redundant execution time, the following rules must
be observed.

(a) If OMP14 1is suppressed then OMP6, OMP7, OMP8,
OMPS, OMP10, OMP1l, and OMP12 will be generated according to
their definition in Part A.1 of Section II. If this is the
case then it is assumed the user is using MAGIC I abstracticn
instructions to solve his problem.

(b) Tf OMP1l4 is not suppressed then OMP7, OMPS,
CMF9, OMP10, OMP1l and OMP12 will serve only as indicators
to the .USEROY4. instruction for generation or non-generation
of their respective element matrices. Since no matrices will
be generated in OMP6& through OMP12 (if OMP14 is not suppressed)
they should never be referenced in subsequent abstraction
instructions.



2. Suppression Optilon

Incorporated into the Structural Generatlive System
is an option to suppress the generatlon and output of any of
the output matrices and also to indicate the absence of any
of the input matrices. Thils optlon 1s Indicated to the
Structural Generatlve System by the absence of a matrix name
in the desired position in the .USERO4. instruction. A matrix
name is considered to be absent if the matrix position con-
tains all blanks or the character length of the name 1s zero.
For example, an instruction of the form: ,,INTINP, LOADS, TR,
TA, KEL, FEL, SEL, SZALEL,,,,, = , ,MATLE1, .USEROQ4.; would
cause suppression of the copy of the data deck, the revised
material iibrary, the element incremental stiffness matrices,
the element mass matrices, the structural system constant
matrix, the compressed element matrix and the prescribed
displacement matrix. The instruction alsc indicates that
there 1s no input data deck on tape, (directing the Structural
Generative System to read data from cards), no interpreted data
on tape and no input displacements or stresses. It should be
noted that certain sections of the data deck are necessary for
the generation of each of the output matrices and that error
checking is done to determine 1f the required sections are
present. A table of the required data sections for generatilon
of each matrix appears in the User's Manual. Accordingly,
error checking is invoked for the input matrlx positions to
determine if ambiguous or conflicting input indications have
been made.

Internally, the logic flow of the suppresslion option
is controlled by inserting key characters for suppressed
matrices. Upon detection of a suppressed matrlx by Subroutine
INST, a matrix name of the form ////XX 1s inserted into that
matrix position. The four siashes are inserted for recognition
by the Structural Generative System of a suppressed matrix
and the last two positions may each contain the digits 0-9
assigned sequentially startlng from 00 for each suppressed
matrix encocuntered. The last two positions in the inserted
name for suppressed matrices ensure that each suppressed matrix
name will be unique, thereby eliminating inconsistencies in
the FORMAT 1I FPreprocessor.



Suppressed input matrices, i.e. those occurring to
the right of the equal sign in the input .USERO4. abstraction
instruction, are recorded on NDATA, the data set reserved for
card input matrices, as null matrices to satisfy FORMAT IT
Preprocessor input matrix existence requirements. This
operation is accomplished by subroutine MATSUP.

B. USE OF FCRMAT II DATA SETS
1. Master Input and Master OQutput Use for Material Library

References to the Material Library are indicated by
output matrix position two and input matrix position three in
the .USERO4. abstraction instruction. Retention of a newly
generated or revised Material Library is governed sclely by
use of the SAVE abstraction instructicn at the discretion of
the User. If retention is desired, the matrix name in ocutput
matrix positicn twe must appear in a SAVE abstraction instruction,
in which case it will be placed on a Master Output tape. IFf
a non-blank matrix name appears in input matrix position three,
the Master Input Tape will be searched for that name.

Usage and generation of the Material Library is
controlled by the three legal combinations of suppression of
output matrix position two and input matrix position three.

If the matrix name in cutput matrix position two is non-blank,
but input matrix position three is suppressed, a new Material
Library will be generated and used. If both involved matrix
positions are non-~blank, the old Material Library will be
located on the Master Input tape, will be revised, stored as
the matrix named in the specified output pesition, and then
this revised Material Library will be used. If cutput matrix
position two is suppressed and input matrix position three is
non-blank, then the named input Material Library will be used:
Suppression of bhoth involved matrix pesitions results in an
error condition.

Since the material library i1s stored under a matrix
name on Master Cutput tapes, and alsc, therefore Mazster Input
tapes, any cther matrices may aisc be saved on the same tape,
including cther Material Libraries.

Z. Instructicn Input Data Sets
An idnstruction input data set 1s an external storage

unit that contains at least one of the non-blank matrices
named in input matrix positions one, two, three or four 1n



the .USEROY4. abstraction instruction. The Structural Genera-
tive System conforms to all the rules of FORMAT II with

regard to use of instruction input data sets. All searching,
reading, and rewinding is accomplished by use of the FORMAT II
data set handling subroutines EUTL1-EUTL9. No attempt is ever
made to write on an instruction input data set.

3, Instruction Output Data Sets

An instruction output data set is an external storage
unit which has been designated by the FORMAT II Preprocessor
to contain at least one cof the non~blank matrices 1n cutput
matrix positions one to fifteen in the .USERGCYU. abstraction
instruction. The Structural Generative System conforms to
all rules of FORMAT TII with regard to instruction output data
sets by using the FORMAT II data set handling subroutines
EUTL1-EUTLY to write all matrix headers, matrix trailers,
data set trailers and end of files on instruction output data
sets. All matrices are stored by column in the required record
format. No attempt is ever made by the Structural Generative
System to rewind an instruction output data set.

4, Seratceh Data Sets

Scratch data sets are external storage units that have
been assigned by the FORMAT II System to the Structural Genera-
tive System to be used as temporary storage areas. There are
ne reading, writing or rewinding rules imposed on scratch data
sets by the FORMAT II System. The required four scratch data
sets are assigned to the following functions by the Structural
Generative ZSystem:

SCREATCH DATA SET 1 -~ 1st use - external storage areas
for report form input preprocessor

2nd use - contain structure
control infermation ineluding
system orders, boundary conditions
and system print operations

SCRATCH DATA SET 2 - 1st use - contain temporary
copy of direct input structure
data deck

2nd use - contain generated
element matrices in compact
form



SCRATCH DATA SET 3 - 1st use - contain temporary
copy of actual input deck

2nd use - contain element
Input data after reading and
Interpretation

SCRATCH DATA SET 4 - 1st use - external storage
area for report form input
preprocessor

2nd use - contain input
loads matrix

3rd use - contain input dis-
placements or input stresses,
1f any



SECTION III

ORGANIZATTION OF STRUCTURAL GENERATIVE SYSTEM

A, BASIC LOGIC FLOW

The Structural CGenerative System has three baslc phases
of cperational flow: the inpuft phase, the element matrices
generation phase, and the output phase. The input phase conglists
of reading, interpreting and storing the information contalined
in the structure data deck. From the stored ilnput, the
element matrices selected are generated in the second phacse.
Phase three outputs all non-suppressed matrices indicated by the
.USER04. abstraction instruction in ocutput matrix position
six through twelve, if output matrix position fourteen has
been suppressed, or outputs only output matrix positicn
fourteen if it was non-suppressed. QOutput matrix pcsitlons
one through five and thirteen and fifteen are generated
directly from the input structure data deck and for this
reason are actually ocutput during the first cor input phase.
Subroutine USCY controls the three logical phases by directly
controlling subrouting UsSol4pr which contrels the Input phase
and USOU4B which controls the generation and output phases.
Normally, the basic logical flow of the Structural Generative
System would be sequentially through the three phases, however,
by use of the suppression option, it is possible to completely
skip a given phase. The actual logic flow of the system is
created by subroutine LOGFLO as determined by the L.USERO4.
abstraction instruction. Fer example, if the .USEROY4.
instruction was written such that only the boundary conditions
had changed and the remainder of the necessary matrices were
saved from a previous application as indicated by the suppression
option, subroutine LOGFLO would eliminate the second and
third phases.

B. INPUT PHASE LOGIC FLOW

The logic flow of the input phase 1is determined by the
type of input encountered. The two types of input are report
form input and interpreted input.

1. Report Form Input

The location of the input data deck is determined by
examining IMP1l of the input .USEROY4. abstraction instruction.
If this input position was blank, then the data deck 1is assumed
to be on NPIT, the system input unit. If IMP1l contained a



non-blank matrix name, then the input data deck exists as a
matrix and the original card form deck is reconstructed by
subroutine INDECK.

Report Form Input is a highly flexible, engineering
oriented type of input for the Structural Generative 3System.
From a programming viewpcint, report form 1input allows ease
of use by the Analyst and by translation allows logical
readability by the program.

Encountering a report form input deck causes the Input
phase tc pass control to the Report Form Input Preprocessor.
Basically, the report form input preprocessor translates the
flexible report form input deck into a sophisticated direct
input deck. Translatlon is accomplished by two steps con-
trolled by subroutine REFORM.

The first step is to read and store the report form
input deck. This step is accomplished by subroutine PHASE1
with support by subroutines LATCH and FOREMIN. PHASEl controls
all storage, both internal core storage and external storage
on scratch data sets one and fcur. LATCH performs label
matching tests to determine the varicus sectlons of input and
FORMIN reads all table form input, sectlions; non-table form
input sections are read directly 1n PHASEL.

The second step in processing a report form Input deck
is to merge the data stored by the first step into a direct
data deck. These two operations are performed by subroutine
PHASEZ2 supported by subroutine OPEN. The informaticn stored
by the first step is merged into a compact direct data deck
by PHASEZ2 and output con scratch data set two. The OPEN sub-
routine aide PHASE? by locating, in any order designated by

PHASE2 the input sections stored on scratch data sets one and/or

four. At this point, a complete direct data input deck is
resident on scratch data set two and control returns to USO4A.
Once a direct data deck is resident on scratch data set two,
reading, interpreting and stecrage is controlled by subroutine
INPUT with each input section handled as indicated by the
following table:

INPUT SECTION SUBROUTINE INTERPRETED STORAGE

Title (TITLE) INPUT None

System Control (SYSTEM) INFUT Scratceh data set 1
Grid Points (COORD) INPUT Scratech data set 3
Boundary Conditions (BOUND) BOUNT Scratch data set 3
Element Definitions (ELEM) ELEM Scratch data set 3
Grid Point Loads (LOADS) FGRLDS Scrateh data set 4
Grid Point Axes (GRAXES) FRED Scratch data set 3
Material Library Requests (MATER) FMAT Master Qutput data set
Grid Point Temperatures (TEMP) INPUT Scratch data set 3
Grid Point Pressures (PRESS) INPUT Scratch data set 3
Prescribed Displacements (PDISP) BOUND Scratch data set 3

10



If output matrix position cne was non=-tblank, then a
copy of the actual input data deck is alsc written on the
instruction output data set specified by the FORMAT II System
by subroutine COPYLK.

2. Interpreted Input

After the data deck has been read and interpreted
under control of subroutine INPUT, all pertinent data exists
on scratch data sets one and three. If output matrix position
three in the .USERON. abstraction instruction 1s non-blank,
then the contents of scratch data sets cne and three are cutput
under that matrix name onto the instruction output data set
specified by the FORMAT II System by subrcutine OUTINT. If
this "metrix" is suved and input at input matrix position two
in the .USEROY4. instruction, the Structural Generative System
is capable of restart at the second or element generation
phase, thereby eliminating a repeat of the input phase. This
feature is recommended for usage on large applications where
the procedure would be to run the data deck, stop after
interpreting and storing the data, check for inpuft errors,
and if no errors are present restart at the element generatlon
phase.

Before exifine from the input phase, subroutine CHEK
is called to perform input error cross-checking. While
determining the logical flow at the Structural Generative System,
subroutine LOGFLO also recorded the input sections required to
generate the requested output matrices. If any of the required
input sections have nct been processed, then execution will be
terminated after the input phase.

C. ELEMENT MATRICES GENERATION PHASE LOGIC FLOW

The second phase of operation of the Structural Generative
System consists of generation of the element matrices.

If input matrix position two of the input .USEROY4. abstrac-
tion instructicn is non-blank, then subrcutine ININT 1is called
to reconstruct the data on scratch data sets one and three f'rom
the input matrix.

If input matrix positlon four of the input .USERO4,
abstraction instructicn is non-blank, then subroutine DEFLEX
is called to store the input displacements or stresses (which
ever was input) on scratch data set four.

11



At this point all the necessary data 1s located on scratch
data sets one and three, placed there by elther phase one or
restart using 1lnput matrix position two of the .USERQOL.
abstraction instruction. Basiec control of the second phase is
accomplished by subroutine FELEM under subroutine USQUBR. FELEM
reads scratch data set cne to obtailn system control information
and sets suppression controls to eliminate generation of
undesired element matrices by calling subroutine SQUISH. Scratch
data set three contains the necessary input for each element,
one set of element input per record. For each element, sub-
routine ELPLUG reads an element input record, selects the proper
element to calculate the matrices and then writes the generated
matrices on scratch data set two in compact form.

Prior to being written upon scratch data set two, the
element matrices are tempcrarily stored in the blank common
work area. Also, all work areas that are needed by the
specifiec element are allccated from the blank common work
area. For these reasons, the Structural Generative System
requires a blank common work area of at least 13,000 words
of internal core storage.

Imbedded intc the Element Matrices Generation Phase, at
strateglc locatlons, are utllity packages accessible by the
specific elements which requlre their capabilities. Integra-
tion packages and small scale matrix operation packages are
examples of utllity sections commonly accessible to the neces-
sary eiements. The exact locations of these packages are
indicated by the Structural System Overlay Chart (Appendix I).
Overlay to each element has been avoided wherever possible
to reduce execution prccess time. However, an area of
approximately 1000 lcocations between the longest link and
the origin of the commecn area has been kept clear to allow
for future substantial alterations to be made without re-
designing the complete overlay structure.

D. OUTPUT PHASE LOGIC FLOW

1. Organization of OQutput Matrices

All output entities from the Structural Generative
System are written followlng the rules of the FORMAT II System.
Bach output entity 1s written as a matrix, consisting of a
matrix header, matrix column records and a matrix trailer.
The follewlng list exhibits the contents, interpretation of
matrix header information (number of rows, number of columns)
and interpretation of matrix column records for each output
position in the .USERO04. abstraction instruction.

12



Output Matrix Position One (OMP1)

Contents - Copy of card input ddta deck

Number of rows - Set to eighty (80)

Number of c¢olumns Number cof cards 1n data deck

Column records One data card per column recorag,
one card column per Iow

Output Matrix Position Two (OMP2)

Contents - Material library

Number of rows - 306 (maximum number of words
possible for one material
entry)

Number of material tables in
library plus one

Column records - One materlial table per
column record

Number of columns

Output Matrix Position Three (OMP3)

Contents - Interpreted 1nput

Number of rows - Set to number of words 1n
maximum record created

Number of columns Number of elements plus four

Column records - One element 1input block per
record

Qutput Matrix Position Four (OMPY)

Contents - External system grid point
loads
Number of rows - Number of degrees of freedom

in total system plus 1

Number of columns Number of lcad condltions

Column records ~ The first word 1s the external
load scalar followed by one load
condition per column record
(use .DEJOIN. to obtain the
load scalar).

Cutput Matrix Position Five (OMP5)

Contents - Transformation matrix for
application of boundary
condltlons

Number of rows - Number of degrees of freedom

in total system
Number of columns — Number of degrees of freedom
in total system

13



Coiumn records

(1) for desired degrees of
freedom -~ contain a one
in the assigned reduced
degree of freedom row

(2) for undesired degrees of
freedom - column record
is omitted (null column)

Output Matrix Position Six (OMP6E)

Contents
Number of rows
Number of columns

Column records

Transformaticn matrix for
assembly of element matrices
Number of degrees of freedom
in total system

Summation of element degrees
of freedom

Contain a one in the assigned
degree of freedom row for that
summed element degree of
freedom

Output Matrix Pesition Seven {QMP7)

Contents
Number of rows

Number of columns

Column records

Element stiffness matrices
Summation of element degrees
of freedom

summation of element degrees
of freedom

Each record contains & column
of an element stiffress matrix

Cutput Matrix Positicon Eight (OMP8)

Cor.tents
Number of rows

Number of columns
Column record

Element applied lcad matrices
summation of element degrees
of freedom

One

Contains all element applied
lcad matrices

Outnout Matrix Fosition Nine (CMPQ)

Contents
Number of rows

Number of columns

Column records

14
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Element stress matrices
Summation of element stress
peint and component orders
Summation of element degrees
of freedom

Each record contains a column
of an element stress matrix



Output Matrix Position Ten (OMP1O)

Contents

Number

Number
Column

Output

of rows

of columns

record -

Element thermal stress
matrices

Summation of element stress
point and component orders
Cne

Contalns all element thermal
stress matrices

Matrix Position Eleven (OMP11)

Contents

Number

Number

Column

of rows

of columns

records

Element incremental
stiffness matrix

Surmmation of element
degrees of freeacm
Summaticn of element
degrees of freedom

Each record contains a
column of an element incre-
mental stiffness matrix

Qutput Matrix Position Twelve (OMP12)

Contents

Number of rows

Number of columns

i

Column records -

Element mass matrices
Summation of element
degrees of freedom
Summation of element
degrees of freedom

Each record contalins a
column cof an element mass

matrix

Output Matrix Position Thirteen (OMP13)

Contents

Number of
Number of columns

rows

Column record -

System constants
Twenty-seven

One

Ninteen structural system
constants (for use outside
of the .USERCH. module)

The foliowing is a description of the variables
matrix:

in this

Word
Word
Word
Word

Word

1
3
i

5

Number of
Number of
Number of
reference
Order of
cf 1's pl
Number of
{number o

15

directions allowed

types of movement allowed
reference points (highest
node in element connections)
the reduced system (number
us 2's)

bounded degrees of freedom
£ 0's)



Word
Word

Word
Word

Word
Word
Word
Word

Word
Word

Werd
Word
Word
Word

Word

6
7
8
9
10
11

12
13

21
22

23
24
25
26

27

Number of unknown degrees of
freedom (number of 1's)

Number of known degrees of

freedom (number of 2'sg)

Number of 0's plus 1's

Element type code, equal to zero

if word 1=3, equal to one otherwise
Order of the total system

Number of elements

Number of load conditions

Word 20 - Reserved for future

expanslon
Number of elgenvalues requested
Eigenvalue/vector convergence
criteria
Maximum number of i1terations
Control for l1lteratlon debug print
First normalizing element for
print
Second normalizing element for
print
Centrol for guess vector iteration
start

Output Matrix Position Fourteen (OMP14)

Contents - Element matrices in com-
pressed form
Number of rows — Varles depending on problem

Number of columns

Cne cclumn for each element

Column records - Each record contains all

element matrices generated
by .USERQ4. instruction in
compressed form {(to be used
by structural modules out-
side of .USER04.)

Output Matrix Position Fifteen (OMP15)

Contents
Number of rows

Number of columns

-~ Prescribed displacements
Number of degrees of freedom
1n system

Number of lcad conditions

Column records - One prescribed displacement

condltion per column record

16



It should be noted that OMPl, OMPZ2, or OMP3 and OMP14
are not actually matrices and, therefore, shcould never be
referenced as input to an algebralc matrix operation. OMP7,
OMP9, OMP1l and OMP1l2 are formed by placing the element matrices
into the cutput matrix such that the main diagonal of the
element matrilix coincides with the next available main diagcnal
positions in the ocutput matrlx. For example, 1f the first
two element stiffness matrices represented 48 element degrees
of freedom each (such as 8 element defining points with 6
degrees of freedom each) then the first would be located 1in
rows one to 48 and column one to 48 in the output matrix and
the second would be placed intc rows 49 to 96 and columns kg
to 96. Output matrices in these positions are almost always
written in FORMAT II compressed column format due to the
inherent sparseness of non-zero matrix elements.

OMP8 and OMP10 are formed bty placing each element
matrix, which 1s a column matrlx, into the succeeding avallable
row positions in the output matrix.

2. Sequence cf Output Matrices

Qutput matrix positions one to five, thirteen and
fifteen are output sequentially in numerical order by the
Structural Generative System. Since these seven matrices are
generated directly from data contained in the input deck, they
are output, if non-blank, as part of phase one or input phase
operations. Specifically, these seven output matrices are
placed into the FORMAT II system by the following subroutines
in phase one:

OMP1 -~ Subroutine COPYDK
OMP?2 - Subroutine FMAT
OMP3 — Subroutine OQUTINT
QMP4 - Subroutine FLOADS
OMPH - Subroutine FIR
OMPL13 - Subroutine TSYS

OMP15 Subroutine PDISE

Either output matrix positions six through twelve or output
matrix position fourteen is released intoc the FORMAT II System
during phase three of the Structural Generative System. Qut-

put of matrices six through twelve is contreolled by subroutine
OUTMAT using utility subroutines USH61, UsSkE2 and USLE3. In
contrast to output of the first seven matrices, whilch is achileved
consecutively, output of matrices six through twelve will

17



usually occur concurrently. Output matrix position fourteen
is released to the FORMAT System by subroutine ELMAT. Since
output matrix fourteen is mutually exclusive with ocutput
matrice six through twelve only one of the above subroutines
OUTMAT or ELMAT is activated.

Operational flow in the output phase of matrices six
through twelve, 1if output matrix fourteen is suppressed,
consists of extracting the compacted element matrices from
scratch data set two and releasing them to the FORMAT II
System in the reguired form. Due to the fact that more than
one output matrix may have been assigned to the same instruction
output data set by the FORMAT II System, direct output at
matrix generation time (phase two) is impessible, thus
neceseitating the use of scratch data set two. However, at
cutput time, the optimum procedure is determined by subroutine
OUTMAT to achieve multiple matrix cutput per pass of scratch
data set two. The procedure involves determining which matrices
may be output during the same pass of scratch data set two by
(a) comparing the assigned instruction output data set number,
and (b) type of matrix beling output. Output matrix positions
eight and ten, if non-blank, are always output on the first
pass. QOutput matrix positions six, seven, nine, eleven, and
twelve may require from one to five passes of scratch data
set two, recognizing the best and worst possible cases. In
general, OUTMAT may conly output one matrix per pass on a given
instruction output data set with the exception of cutput matrix
positions eight and ten which are always output on the first
pass regardless of thelr instruction cutput data set numbers.

For example, given the following instruction output
data set assignments by the FORMAT II System (all cutput
matrix positicns referenced are non-blank):

Format Assigned Insftruction
Cutput Matrix Position Output Data Set

6 4
7
8
9
10
11
12

L) = 0ol o

18



CUTMAT would release all the requested matrilces (6-12) to
the FORMAT II System 1in two passes of scratch data set two
as indicated below.

PASS 1 - 6, 7, 8, 9, 10
SASS 2 - 11, 12

Output Matrix Positicns 6, 7 and 9 may be output concurrently
on nass one since they are to be located on different data
sets. Positions eignht and ten wlll always be output on pass
one. Since peositions 11 and 12 are to be located on different
data sets, they may be output on the same pass.

If a matrix is less than 50% dense, the compressed
column record format is invoked.

19



SECTION IV

OPERATIONAL CONDITIONS

a. IMPLEMENTATION

1. Direct Machine Controcl

Under direct machine control the only changes required
for implementation on any system are contained in one deck,
subroutine MRES. The implementation operations involved are
explained in detaill in Appendix IX. 1In general, the infor-
mation which must be supplied consists of defining system
parameters; such as system input unit, system output unit,
size of blank common work area, and limiting size of matrix
capabllity; and assigning FORMAT II System functions to the
avallable external storage units.

Under direct machine control the Structural Genera-
tive System has been 1nserted as a normal user module wilth
the same origin and accessiblility as any other user module.

Operation of the Structural Generative System requires
the common area to be at least 1300010 storages and the number

of external storage units to be at least eight. Both of these
facts must be inserted into MRES at implementation time.

2. SUBRSYS Control

Implementation upon an IBM 7090/94 requires an improve-
ment of the lpading capabilities of IBSYS. The software
package selected 1s SUBSYS, developed by Westinghous Corpora-
tion. A software package was selected in deference to multiple
passes at IBJOB due to the inflexibilities of IBLDR under
IBJCB. For example, IBLDR requires the use of at least three
tape drives to load each portion, thereby removing units from
use by FORMAT II. Also, data would be inserted in the middle
of program deck and printed output would be Interspersed with
IBJOB Processor Output. The most decisive advantage, however,
was the saving of load time under SUBSYS. Normal load time
under IBLDR for the complete program is approximately eight
minutes on a 7090, whereas under SUBSYS control the program 1is
placed into core and execution started with a load time of
fifteen to twenty seconds. A mcre detailed discussion of
SUBSYS is given in Appendix X.

20



APPENDIX I

OVERLAY STRUCTURE

The Overlay structure 1s divided into two sectlons.
The first section is the revised FORMAT II Overlay
atructure {Reference 2) and the second section 1s the
Structural System Overlay structure.
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A.

NO

APPENDIX II
LOGICAL FLOWCHARTS

STRUCTURAL GENERATIVE SYSTEM LOGIC FLOW

/ EXEQ \
K FORMAT II CALL TO

.USERO4. MODULE

‘/ Uso4
&\CONTROL .USERO4. MODULE/>

/ LOGFLO

\

\\ DETERMINE LOGICAL PATH FROM
E

XAMINATION OF .USERO4. INSTRUCTION

/

ANY OF OUTPUT
MATRIX POSITIONS
ONE THROUGH FIVE OR
THIRTEEN AND FIFTEEN NON-
BLANK IN THE .USEROQ4,
INSTRUCTION?

// USO4A

RONTROL INPUT PHA SE/

o

L0




ARE
ANY OF OUTPUT

MATRIX POSITIONS
SIX THROUGH TWELVE OR
FOURTEEN NON-BLANK IN THE
.USERO4. INSTRUCTION?

// US04B

KONTROL GENERATION/

AND OUTPUT PHASES

RETURN TO
FORMAT II SYSTEM

b1



B. INPUT PHASE LOGIC FLOW

/

US044A

\

k CONTROL INPUT PHASE/>

YES
Jj_

READ DATA DECK

FROM SYSTEM

INPUT UNIT
(NPIT)

Q\é

IS

BLAN

INPUT MATRIX
POSITION 1

K?

T

/

INDE

CK

ECONSTRUCT DATA DEC
FROM INPUT MATRIX

/

CONT

RL

A\

PARAMETERS FROM DATA DECK

){\?XTRACT STRUCTURAL SYSTEM})

IS

OUTPUT MATRIX
POSITION 1
BLANK?

NC

Bl
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YES




(s2)

/’ COPYDK \\
OUTPUT STRUCTURAL DATA
DECK AS A MATRIX
/ INPUT \

\ CONTRCL INPUT DATA PROCESSING
USING FRED, BOUND, ELEM AND FGRLDS

CONTINUE
INPUT DATA
PROCESSING
IN INPUT

AN

EXIT

FROM INPUT NO

DUE TO 'MATER'
LABEL?

/ FMAT

(PROCESS MATERIAL LIBRARY
\\FNPUT DATA USING SHIFT

EXIT
FROM INPUT
UE TC 'REPOR

NO

LABEL?

/

REFORM \

TRANSLATE REPORT FORM INPUT DECK
USING PHASE1,LATCH,FORMIN,
PHASE2, AND OPEN

SET INDICATOR

T0 IGNORE
CALL TO EXECUTIO
USOLB NO CF PROBLEM
DESIRED?
(END CARD)
IYES
B3
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(2
/ CHEK \

%ERFORM INPUT CROSS CHECKIN(V

IS

OUTPUT MATRIX
POSITION 3 BLANK OR
INPUT INSUFFICIENT FOR
GENERATION OF OUTPU
MATRIX 3%

YES

/ QUTINT
QUTPUT INTERPRETED INPUT/

AS A MATRIX

IS
OUTPUT MATRIX
POSITION 4 BLANK OR
INPUT INSUFFICIENT FOR
GENERATION OF OUTPUT
MATRIX 4%

FLOADS
\\OUTPUT GRID POINT

LOADS MATRIX

QUTPUT MATRIX
POSITION 5 BLANK OR

YES

INPUT INSUFFICIENT FOR
GENERATION CF OUTPUT
MATRIX 4°?

YES



® ©
/[‘ FTR \\

QUTPUT BOUNDARY CONDITION
TRANSFORMATICON MATRIX

'Y
7

1s
OUTPUT MATRIX YES
POSITION 13
BLANK?

NO

f TSYS \

QUTPUT STRUCTURAL
SYSTEM CONSTANTS MATRIX

QUTPUT MATRIX
POSITION 15 BLANK
OR INPUT INSUFFICIENT
FOR GENERATICN OF
OUTPUT MATRIX

PDISP \

QUTPUT PRESCRIBED
DISPLACEMENT MATRIX

J/RETURN CONTROL
TO US04
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ENERATION AND OUTPUT PHASE LOGIC FLOW

/ usous \

CONTROL GENERATION AND
QUTPUT PHASE

IS
INFUT MATRIX
POSITION 2
BLANK?

YES

/ ININT \

RECONSTRUCT INTERPRETE

INPUT DATA FROM INPUT
MATRIX 2

IS
INPUT MATRIX
. PCSITION 4
BLANK?

YES —

/ DEFLEX \

OBTAIN INPUT DISPLACEMENTS CR
STRESSES FRCM INPUT MATRIX %,

/ FEiEM \

CONTRCL GENERATION OF ELEMEN —
MATRICES USING SQUISH
AND ELPLUG

@

Le




NC

IS
QUTPUT MATRIX
POSITION 14
BLANK?

/ OUTMAT ‘ﬁ\

QUTPUT GENERATED ELEMENT
MATRICES USING U3461,

USH62 AND USHER

L

ELMAT
<\ OUTPUT GENERATED ELEMENT
3

/

MATRICES Id COMPRESSED FORM

N

RETURN CCNTROL
7O USCoH

BT
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APPENDIX III

LIST OF STRUCTURAL SYSTEM SUBROUTINE FUNCTIONS

CONTROL AND UTILITY SUBROUTINES

Usod

NTEST

REC1

LOGFLO

USOL4A

INDECK

CONTRL

COPYDK

INPUT

FRED

BOUND
ELEM

MATCH

LAG

FGRLDS

FMAT

Control three phases of operation of
.USEROL. module

Examine matrix name for suppressilon cocde

Perform writing and reading of tape records
for interpreted element Input

Determine loglcal path for .USEROY.
module

Control first phase (1lnput phase) of
operation of .USERO4. module

Create data deck from input deck matrix
Select scratch tape unit for copylng
structural data deck, extracting structural
system information in the process

Create input deck matrix from data deck

Master control subrocutine for reading and
storing of structural input data

Generate grid polnt axes transformation
matrices

Read and store boundary constraints
Read and store element input data

Compare a material name to an entry name
in the material library

Interpolate material propertiles with respect
to temperature

Read and store grid point load conditions
and load scalars

Generate, revise and/or display materlal
library information
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SHIFT

REFORM
FHASEl

LATCIH

FORMIN

PHASEZ

GTEN

PDISP

CHEX
QUTINT

FLOADS

FTR

TSYS

USO4RB

ININT

DEFLEX

SQUISH

ELPLUG

Manipulate material library internal
storage area

Control report form input preprocessing
Read and store report form input data deck

Compare an input label to 1ist of legal
input labels

Read and store report form table input

Merge data stored by PHASEl into logical
seqguence Tor INPUT

Contrel scratch tape manipulations for
report form input

Output prescribed displacements as a
FORMAT matrix

Perform 1nput cross checking
OQutput interpreted input as a matrix

Output grid peint load conditicns and locad
scalars as Format matrix

Output boundary constraints as a Format
matrix

Qutput structural system constants as a
Format matrix

Control second and third phases {element
matrix generation and output) of operation
of .USERO4. module

Create interpreted input from a matrix
Sort and store input displacements

Control generation of element matrices

Set non-generation indicators for suppressed
matrices

Allocate work storage for elements, read
interpreted element input, select proper
element and store element matrices cn
scratch tape in compact form
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REC3

RECY

MINV
AXTRAZ
MAB

MSB

BCBH

MATDB

SYMPRT

LoC

ELTEST

MPRD

TPRD

POOF

MSTR
AXTRAL
AXTRASZ
ELPRT

QUTMAT

Perform wrlting of tape records for element
control data

Perform compact writing of tape records for
generated element matrices

Perform in-core matrix lnversion
Apply grid point axes transformation
Perform in-core matrix multiplication

Perform in-core matrix multiplication where
first matrix is symmetric

Perform in-core matrix triple product of the
form TTKT where K is symmetric

Perform in-core matrix multiplication of the
T
form A™B

Print symmetrically stored matrilx

Compute single subscript index given double
subscript indices

Compare input element controi information
to required element control information

Perform generalized in-core matrix
multiplication

Perform generalized in-core matrix transpose
multiplication

Expands element matrices to displacement
degrees of freedom

Change storage arrangement of a matrix
Apply grid point axes transformations

Apply grid point axes transformations

Print generated element matrices

Output generated element matrices as
Format matrices
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Us4el

Ushe2

Us463

ELMAT

AT

BINT

AK

AM

IFAC
FJAB
F6219
F6211
AJ
COEF
F89
FF100

Write a matrlx column record in compressed
format

Generate each elements contribution to the
assembly transformation matrix

Generate full column from symmetrically
stored matrix

Output compressed element matrices as a
format matrix

Controls calculation procedures of triangular
integration package

Perform integration by expansion of binomial
theorem

Calculate slope of line between two polnts
of a triangle

Calculate intercept of line between two
points of a triangle

Calculate n factorial for a given n
Perform defined integration

Perform defined integration

Perform defined integration

Perform defined integration
Calculate binomial coefficients
Perform defined integration

Perform defined integration
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QUADRILATERAL THIN SHELL ELEMENT SUBROUTINES

PLUG1 Master control

cc21 Form intermediate stiffness matrix by
summation

MABC Perform in-core matrilx triple product
multiplication

NEWFT Calculate revised thermal load formulation

CDELPQ Calculate coordinate integrals

CHDEL1 Arrange coordinate integrals 1in storage

P1PRTA Print results of coordinate and material
properties calculations

CK11l Control generaticn of membrane stiffness
matrix

CT11l Generate membrance stiffness transformatlon

sub-matrilix

MATI6Q Invert 8 x 8 matrix in-core

CTOGM Generate membrane transformation matrlx for
transformation from oblique to geometrilc
coordinates

CTGRM Generate membrane transformation matrix for

transformation from geometric to reference
system coordinates

cCcl Cenerate membrane stiffness sub-matrices

CMMASS Aenerate membrance contribution to element
mass matrix

CSTM Generate membrane contribution to element
stress matrix

CDM Generate membrance displacement derilvative
matrix for element stress matrix controil

CFMTS Control generation of membrance contribution

to element thermal stress and element thermal
load matrices
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CFMV

PRT1

CK22

CTGB
MATITO

CTOGB

CTGRB

CC2

CFP

CFPRE

CSTF

CDF

CDFX

CDFY

CFFTS

CFFV

CFMASS

Generate membrane thermal load matrix

Print membrane and flexure transformation
matrices and contribution to element
stiffness, stress, thermal stress, thermal
lcad and pressure

Control generation of flexure stiffness
matrix

Generate flexure transformation sub-matrix
Invert 16 x 16 matrix in-core

Generate flexure transformation matrix for
transformation from oblique to reference
system coordinates

Generate flexure transformaticn matrix for
transformation from geometric to reference
system coordinates

Generate flexure stiffness sub-matrices

Control generation of element pressure load
matrix

Generate Intermediate element pressure load
matrix

Generate flexure contribution to element
stress matrix

Generate flexure displacement derivative
matrix for element stress matrix

Generate flexure displacement partial with
respect to X derivative matrix for element
stress matrix

Generate flexure displacement partial with
respect to Y derlvative matrix for element
stress matrix

Control generation of flexure contribution
to element thermal stress and thermal load
matrices

Generate flexure contribution to element
thermal load matrix

Generate flexure contribution tc element
mass matrix
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FRAME AND INCREMENTAL FRAME ELEMENT SUBROUTINES

CTS

CTCQ

CECC

INCRE

P7PRT

PLUGT

PLUG22

FINPZ22

Generate transformation matrix for
transformation from geometric to reference

Generate transformation matrix for trans-
formation from material to geometric axes

Evaluate effect of eccentricities

Gerierate element incremental stiffness
matrix

Print transformation matrices and inter-
mediate calculations

Master control, generation of frame element
matrices

Master control, generation of incremental
frame matrices

Generate element incremental matrix for
the incremental frame element
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TRIANGULAR PLATE AND QUADRILATERAL PLATE ELEMENT SUBROUTINES

DIRCCS

BCB1z2

KOBLIQ

P1718M

SELQ

FTELQ

PLUG17

PLUG18

TR18ST

FBMP18

To evaluate the direction cosines given any
three points that define a plane

To evaluate a triple product matrix where
all matrices are square

To perform a transformation on the element
stiffness matrix AKEL (TRANT*AKEL*TRAN)

Initlalize element properties from the
material table for membrane properties with
flexural data only for PLUG1l7 and PLUG18

To transform the stress matrix generated by
PLUG17 and PLUG18 to the stress system required
(generally local)

To transform the element thermal load matrix
into global or oblique system

Master contrel for the generation of
trilangular plate element matrices

Master control for the generation of
quadrilateral plate element matrices

From transformation matrices for the stress
and thermal stress matrices

To evaluate the B matrix for the quadrilateral
plate elements, out of plane
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TRIANGULAR THIN SHELL ELEMENT SUBROUTINES

PLUG?2 Master Control

ASSY?2 Assemble membrane and flexure stiffness
sub-matrices

DCD Perform in-core matrix multiplication of
the form TST where T is a diagonal matrix and
S is a symmetric matrix

DTAPR Process coordlnate data

PFMASS Calculate the flexural contributlion to the
mass matrix

PMMASS Calculate the membrane contribution to the
mass matrix

MATPR Generate material properties matrlces

NEWFT1 Calculate revised thermal matrices

PTEM Generate membrane transformation matrix

for transformation from oblique to geometric
coordinate systems

PTMGS Generate membrane transformation matrix for
transformation from geometric to reference
system coordinates

DPQINT Calculate coordinate integrals

PKM Generate membrane contributlion to element
stiffness matrix

PSTM Generate membrane contribution to element
stress matrix

PFMTS Cenerate membrane contribution to element
thermal load and thermal stress matrices

PFMV1 Generate intermediate membrane thermal load
matrix
APRT Print membrane and flexure transformation

matrices and contributions to element
stiffness, stress, thermal stress, thermal
load and pressure load matrices
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PTEFGS Generate flexure transformation matrix
for transformation from gecmetric to
reference system coordinates

PKF Generate flexure contribution to element
stiffness matrices

CCB Perform in-core matrix triple product of

the form TTKT where K 1s symmetric and

aceuracy criteria is imposed
FPEFP Generate element pressure load matrix

PFFTS Generate flexure contribution to element
thermal stress and thermal lcad matrices

PFFV1 Generate intermediate flexure thermal
load matrix

PSTF Generate flexure contributicn te element
stress matrix

PTBF Generate flexure transfcecrmation matrix for
trnasformation from oblique to geometric
coordinate systems

EPRT Print final element matrices
PLAS2D Non-functional
PNCI1NE Non-functional
PNG1NE Non-functional
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TRIANGULAR CROSS SECTION RING ELEMENT SUBROUTINES

PLUGH

EXPCOL

EXPSIX

TRATC

TESTJ

TRCPRT

TRAIE

TIEPRT
TRAIK

TIKPRT
TRALIFF
TFPPRT
TRAITT
TFTPRT
TRAIS

TISPRT
TRAITS
TTSPRT
TRAIM

TIMPRT
TRATIFS

TFSPRT

Master contrcl

Expand column matrix to six degrees of
freedom per polnt

Expand symmetric matrix to six degrees of
freedom per point

Generate coordinate transformation matrices
and integrals

Impose accuracy criteria upon integrals

Print coordinate transfermation matrices
and integrals

Generate material properties matrices
Print material propertiles matrices
Generate element stiffness matrix
Print element stiffness matrix
Generate element pressure load matrix
Print element pressure lcad matrix
Generate element thermal load matrix
Print element thermal lcad matrix
Generate element stress matrix

Print element stress matrix

Generate element thermal stress matrix
Print element thermal stress matrix
Generate element mass matrix

Print element mass matrix

Generate element pre-strain lcad matrix

Print element pre-strain load matrix
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TRAIST Generate element pre-stress load matrix
TSTPRT Print element pre-stress load matrix

PL6PRT Print all element matrices generated
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TOROIDAL RING ELEMENT SUBROUTINES

PLUGS

ROMBER
P4

F5

6
BMATRX
DMATRX
GAMMAT
FCURL
PLMX
SCRLM
SOLVE

QUADI

PRINTS

Master control, generate element stiffness,
thermal load, pressure load, stress and
thermal stress matrilces

Perform integration by Romberg Method

Evaluate
Evaluate
Evaluate
Generate
Generate
Generate
Generate
Generate

Generate

a defined function for ROMBER

a defined function for ROMBER

a defined functicn for ROMBER
coordinate transformation matrix
material properties matrix
materlal transformation matrix
intermediate thermal load matrix
Intermediate pressure load matrix

intermediate stress matrix

Solve for element stress coefficients

Performs

Integration using numerical

guadrature methods

Print generated element matrices
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QUADRILATERAL SHEAR PANEL ELEMENT SUBROUTINES

PLUGLY Master control, generate element stiffness,
stress and mass matrices

MULTF Performs in-core speclalized matrix
multiplication
P14PRT Prints intermediate calculaticns and

generated element matrices
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TRAPEZODIAL RING ELEMENT SUBROUTINES

PLUGS

SUBINT

ZMRD

ZTRD

KMPY

ERIC

PEMASS

Master control for the generation of
trapezodial ring element matrices

Q
Solves the integral H = ffg—drdz

for values of @ = 0, 1 and 2 for a trapezold

Perform cdouble precision multiplicaticn of
two matrices (C = A # B)

Perform double precision multiplication of

two matrices (¢ = AT ¥ B)

Multiply, in double precisicn, each element
of a matrix by a scalar to form a resultant
matrix

Compute the pressure lcad vector for the
trapezcdial ring

Generate element mass matrix for the
trapezcodial ring
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APPENDIX IV

LIST OF SUBROUTINE FUNCTIONS OF MODULES
ADDED TO THE FORMAT II SYSTEM

ASSEM Control routine for assembllng element
matrices using the .ASSEM. abstraction
instructions

ASSEMC Assemble thermal load element matrices

ASSEMS Assemble element stiffness, element mass

and element incremental matrices

COLMRD Utllity subroutine to uncompress a column
of a matrlix in dynamic storage

COLREP Generate a rectangular matrix by repeating
the 1Input column the specified number of
times using the .COLREP. abstraction

Instruction
DECODE Generate a copy of a Format matrix on a
scratch tape in full format
DEJNC Perform column partitioning of a matrix
DEJNR Perform row partitioning of a matrix
DEJOIN Control routine for matrix partitioning
using the .DEJOIN. abstraction instructilon
DISPL1 Printing routine used by GPRINT
DISPPR Controls printing of displacements from
GPRINT
EIG Main 1teration routine of .EIGEN1l. module
EIGB Controls iteration routine EIG
EIG1 Controls routine for calculating eigenvalues

and eigenvectors using the .EIGEN1.
abstraction instructilon

EIGPPFR Contrels printing of eigenvalues and
vectors
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ELREAD

EPRINT

FORCE

FORCE1

FORCEZ2

FREEUP

GPRINT

GPRNT1

IDENTC

IDENT

INSTO4

INSTO5

INST43

INST60

MATPRT

Routline to decode the compressed element
matrix output by the .USERO4. module

Controls printing of element stresses and
forces when using the .EPRINT. abstraction
Instruction

Control routine to calculate element force
when using the .FORCE. abstracticn instruction

Routine to set up dynamic storage and
control calculatlion of element forces for
each element

Calculates element force

Routlne to return work storage to available
use

Control routine to print reactions,
displacement, elgenvalues and eigenvectors
when using the .GPRINT. abstraction
instructlon

Controls storage and correct print transfers
for .GPRINT.

Generates an identity matrix when using the
.IDENTC. abstraction instruction

Generates an ldentity matrix when using the
.IDENTR. abstraction instruction

Instruction analyzer for the .GPRINT.
instructlon

Instruction analyzer for the .EPRINT.
Instruction

Instruction analyzer for the .DEJOIN.
Instruction

Instruction analyzer for the .STRESS. and
.FPORCE. instructions

Controls printing of a user matrix when
using .GPRINT.
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MATSUP

NULL

REACT?

REGE?2

STRESS

STRES1

STRESZ2

STRPRT

TSUM

Insert suppressed input matrix names 1into
the Format system

Generates a null matrix using the .NULL.
abstraction instruction

Controls printing of reacticns when using
.GPRINT.

Utility routine used by EIGI

Control routine to calculate element stresses
when using the .STRESS. abstractilon instruction

Routine to set up dynamic storage and
control calculation of element stresses
for each element

Calculates element stresses

Prints element stresses and forces

Generates a tape summary of matrlices on a
specified loglcal unit

66



APPENDIX V

REVISIONS TO FORMAT SYSTEM DECKS

Subroutine Name: PREP

Purpose of Revision: Provide the cabability for suppressing
input matrices in an abstraction instruction

Method: Fortran statement number 200 was changed to
initialize the varilable NUMSUP to zero. NUMSUP was added

to the calling sequence to subroutine INST and upon return
will contaln the number of 1nput suppressed matrices located
durjng compilation of the input abstraction instructilons.

If NUMSUP 1s non-zero upon return from INST, then subroutine
MATSUP 1is called to introduce the input suppressed matrices
into the Format system.
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Subroutine Name: EUTLY

Purpose of Revision: To retain the second word in the matrix
header when copying a matrix. Thus the KODE word 1n the
matrix header will not be changed to zero when copylng a
matrix.

Method: After EUTL3 finds the matrix to be copled, a back-
space 1s issued to read the KODE word of the matrix header.
Thls KODE 1s transferred to the matrlx header of the new
matrix.
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Subroutine Name: EUTLS

Purpose of Revislon: To 1nsure that the second word in the
matrix header 1is given the value assigned by the user in the
calling argument of EUTLS5 to the varlable KODE.

Method: When writing the matrix header write the variable
KODE from the argument list as the second word of the header.
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Subroutine Name: INST

Purpose of Revislon: Provide distinct names for suppressed
matrices and record the number of input suppressed matrlces
encountered while compiling the abstraction instructions.

Method: The variable NUMSUP was added to the calling seguence
of INST and inserted into the calling sequence for INST90 to
record the number of input suppressed matrices located. The
variable KOUNT was initialized in INST as zero and inserted

in the calling sequence to INSTGO to be used as a counter tc
ensure the generation of unique suppressed matrix names.
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Subroutine Name: IN3TO0

Purpose of Revilsilon: Introduce ungiue matrix names into the
Format system for both output and input suppressed matrices
for the .USERXX. form input abstraction instruction.

Method: The variables KOUNT and NUMSUP were added to the
calling sequence for subroutine INST90, KOUNT to indicate

the next unique suppressed matrix name and NUMSUP to record
the number of input suppressed matrices encountered. Whether
input or output, a suppressed matrix is located and a name
assigned to it by the same procedure. All blanks have been
removed from the input 1nstruction by subroutine PUTL1. The
instructicn is scanned, first the output side, then the input
side. Whenever a matrix position has length zero, i.e. the
matrix name was blank, the suppressed name is created by
inserting four slashes for the first four characters and
adding one to KOUNT and inserting that value as the last two
characters. The sign of the matrix is set to plus. If the
suppressed matrix was an 1lnput matrix, i.e. was encountered
on the right sipgn of the equal sign, then NUMSUP is incremented
by one.
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Subroutlne Name: MATR

Purpose of Revislon: Provide the capability of placing
card input matrices on the same data set as 1nput suppressed
matrices, 1f necessary.

Method: If card input matrices are present then subroutine
MATR is called to place these matrices on NDATA, the data

set selected by the Format pre-processor for that purpose.
However, if input suppressed matrices were present then they
already exlist on NDATA at the time that MATR is called. There-
fore MATR had to be revised to check NUMD, the variable
indicating the number of matrices already on NDATA, before
recording card input matrices on NDATA. If NUMD is zero

then NDATA is rewound and a data set header written and the
card input matrices recorded. If NUMD 1is non-zero, then
NDATA 1s searched until the data set traller 1s located, then
backspaced over the data set trailer and then the card input
matrices are recorded.
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Subroutine Name: ALOC

Purpose of Revision: Pass the value of IPRINT, the Format
system print control, to subroutine ALOC4 for transmittal
when operating under SUBSYS control.

Method: The variable IPRINT was added to the calling

sequence for ALOC and inserted into the call statement to
ALOCY,
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Subroutine Name: ALOC31

Purpcse of Revision: Indicate to the Format system the
number of scratch data sets required to execute the .USEROL4.

instruction.

Method: The variable MINSCR(94) was set equal to four.
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Subroutine Name: ALQCY

Purpose of Revision: Store on the instruction data set,
NINST, the necessary data for re-initialization of program
constants for cperation under Subsys control.

Method: When proceeding from program toc program under
Subsys control, the necessary system parameters must be
reset at the start of each program. The values of the
parameters are obtalined as fcllows: NPIT, fthe system input
unit, NPOT, the system output unit, KONST, the maximum
matrix size capability and NWORK, the number cf available
work storages are obtalned via the COMMON statement in
ALOCH. The value of IPRINT is received through the calling
sequence of ALOCY4. These five system parameters, NPIT,
WPOT, KONST, NWORK and IPRINT, are added as extra words to
the return instruction recorded on NINST.
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APPENDIX VI

MAGIC ERROR MESSAGES

The following 1s a list of all MAGIC error messages.
The 1ist is divided into three sections. The first section
contalns all Format error messages (Reference 2) and 1is
divided intoc two parts, the preprocessor error message,
and the executlon error message. The second section contains
error messages from all arithmetlc and non-arithmetic modules
developed to be used 1in conjunction with the structural
generative module. The third section contalns error messages
generated by the structural generatlve system itself, which
1s the .USEROX. module. IR each secticn the error messages
are in alphabetic order. The error message codes are
significant in that the flrst six characters identify che
subroutine from which the error message eminates. The
occurrence of ¥¥#%¥¥ in the error message indicates that
additional descriptive information wlll be supplled.

76



SECTION 1. FORMAT ERROR MESSAGES

ALOCOl INSUFFICIENT STORAGE FOR ALLOCATION

The number of words of working storage avallable to the
allocator 1s less than the minimum required for complete
allocation of thils Job. This condition can be remedled by
reducing the number of abstraction instructions.

ALOCQ2 INVALID NO. OF MASTER INPUT/OUTPUT DATA SETS SPECIFIED

The number of master input data sets and/or master output
data sets specified on "INPUT TAPE" or "QUTPUT TAPE" cards is
greater than the number of master input and/or master output
data sets defined in the machine resources area as being
avallable to FORMAT II. This condition can be remedied by
reducing the number of "INPUT TAPE" and/or "CUTPUT TAPE"
cards.

ALOCC3 INSUFFICIENT UTILITY DATA SETS FOR ALLOCATION

The number of data sets with the FORMAT II system function
IOUTIL is less than the minimum number required by the FORMAT
II Preprocessor during the preprocessing phase. This condition
can be remedied by reducing the number of "INPUT TAPE" or
"QUTPUT TAPE" cards used in thls Jjob or by modifying the machine
resources area. (i.e., define additional data sets with the
FORMAT II system functlion IOUTIL.

ALOCOL MASTER OUTPUT DATA SET ¥*¥*¥#% SPECIFIED IN SAVE
INSTRUCTION NOT DEFINED

A "SAVE" instruction in the abstraction instruction sequence
refers to a master output data set name which has not been
defined on an "OUTPUT TAPE" card. This condition can be remedied
by including the appropriate "OUTPUT TAPE" card in the Jjob.

ALOCO5 MASTER INPUT DATA SET *#*#¥%% HAS NOT BEEN MOUNTED

The FORMAT Il allocator has not been able to locate a master
input data set which has been specified on an "INPUT TAPE" card.
This condition 1s usually caused by mounting the correct master
input data set on the wrong unit or by misspelling the name of
a properly mounted data set on the "INPUT TAPE" card.
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ALOCO6 MATRIX ¥##%#% TS NON-EXISTENT

A matrix, which appears 1n the abstraction instruction
sequence and which has not been created in the abstraction
instruction sequence prior to 1lts use, has not been card input
and does not appear on any master input data set. This con-
dition can be remedied by inputting the required matrix.

ALOCO7 DUPLICATE MATRICES *#*#%¥¥ TN MATRIX DATA

Two or more matrices with the same name have been card
input. This condition can be remedied by ensuring that all
card Input matrilices have unigue names.

ALOCO8 CREATED MATRIX ¥#*¥##% 15 CARD INPUT

A matrix which is created in the abstraction instruction
sequence has the same name as’ a matrix which is card input.
This condition can be remedied by removing the matrix in
questicn from the card input matrix data.

ALOCCG SUBSCRIPTS OF *¥##¥% TYCRED DIMENSIONS CF MATRIX

The indices of a scalar element Lo be extraczted from a
matrix are larger than the dimensions of that matrix. This
condition can be remedied by changing the indices of the scalar
element specified in the abstraction Instruction sequence.

ALOC10 DUPLICATE MATRICES CREATED -- NAME #*##¥#%

A matrix in the abstraction instruction sequence appears
more than once on the left side of an equal sign. This condition
can be remedied by ensuring that all matrix names, which appear
on the left side of an equal sign in the abstraction instruction
sequence, have unique names.

ALOC11 MATRIX #*#¥¥%*% TS (USED MORE THAN ONCE IN INSTRUCTION ¥#%

The matrix names appearing in the indicated instruction
in the abstraction instruction sequence do not have unique
names. Thils condition can be remedied by ensurlng that all
matrix names appearing in a given abstraction instruction have
unlque names.

ALOC12 CREATED MATRIX %#*#%% HAS BEEN INPUT

4 matrix which appears on the left side of an equal sign
in the abstraction 1lnstruction sequence has the same name as
a requlred input matrix. This ccondition can be remedied by
either changing the name of the required input matrix or by
changing the name of the matrix which appears cn the left slde
of the equal sign.
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ALOC13 MATRICES CREATED IN INSTRUCTICON #*** NEVER REFERENCED

The indicated abstraction instruction in the abstraction
instruction sequence cdreates matrices, ncne of which are
referenced 1in subsequent abstraction instructions. Thils con-
dition can be remedied by removing the indicated abstraction
instructlons from the abstractlion 1nstruction sequence.

ALOC1l4 DUPLICATE STATEMENT NUMBERS ¥¥#*¥*¥

Duplicate statement numbers cccur in the abstraction
instruction seguence. This condition can be remedied by
ensuring that each statement number occuring in the abstraction
instruction sequence is unigue.

ALOC15 GO TO DESTINATION #**#%#% T3 MISSING OR OCCURS BEFORE
IF TEST

An abstraction instruction "IF" in the abstracticn
instruction sequence conditionally transfers to a non-existent
statement number cr transfers S0 2 statement rumbder on an
abstractiorn instruction which is sequentially earlier than
the "TF" abstraction instruction in guesticr. This ceondition
can be reredied py ernsuring that all "IF" abstraction instructlons
conditionally transfer to a statement number which occurs

Tt

sequentially after the "IF" abstractlon instructicn.

ALOC16A NON CONFORMABLE MATRICES IN INSTRUCTION ##¥#
Two matrices occur in the indicated abstracticn instruction
in the abstraction instruction whose dimensions are such that

the matrix operation in the indicated abstraction instructicn
is not deflned.

EXEQOl THE FORMAT SYSTEM IS UNABLE TO LOCATE MATRIX FERKEN

This message signifies a malfunction of the user-coded
subroutine which creates the specified matrix.

EXEQQ2 CONFORMABILITY ZRROR IN INSTRUCTICON CREATING MATRIX ¥*k¥¥#
The matrices involved on the right side of the equals

sign in the instruction creating the specifled matrix are
unconformable.
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EXEQO3 MATRIX #*##%%*% T3 STNGULAR

The matrix 1is singular in a "Solution of Equations"
routine, 1.e., in "STRCUT," "SEQEL" or "INVERS."

EXEQOL AN ERROR HAS OCCURRED IN THE USER *# MODULE

An error recognized by the indicated user-coded subroutine
has occurred. Thls will usually be associated with incorrect
definition of the special data for use by thesubroutine.

EXEQO5 AN IMPROPER UPDATE HAS BEEN MADE TQ THE FORMAT SYSTEM -
EXECUTICN TERMINATED

A new permanent module has not been properly Iincorporated.
The FORMAT II systems analyst should be contacted if this error
message occurs.

EXEQO5 AN ERROR HAS OCCURRED IN A USER-CODED MODULE, ERROR
HAS BEEN WRITTEN BY MODULE

An error has occurred in a non-Format module. The
specific error has been written by the subrdutine in which
the error was fcund.

EUTL3 THE SYSTEM IS UNABLE TO LOCATE A MATRIX. A TAPE SUMMARY
OF LOGICAL UNIT *#%##% YTLI, FOLLOW

The Format system 1s unable to locate a matrix. A tape
summary of the data set on whlch the matrix should have been

is printed out. The name of the matrix will appear in the
next error message.

INSTO1l ILLEGAL OPTION SPECIFIED ON $INSTRUCTICN CARD
An optlon other than "SQURCE" or "NOSOURCE" has been

specified on the "$INSTRUCTION" card or a valid option starts
before card column 16 in the "$INSTRUCTION" card.

INST02 INVALID STATEMENT NUMBER SPECIFIED
The statement number which 1s specified in card columns

1-5 of the abstraction instruction preceding this error message
is composed of characters which are not all numeric.

INSTO03 INVALID CHARACTER IN COLUMN 6

Card column 6 of the abstraction instruction preceding
this error message contains a character other than a blank or zero.
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INSTO4 UNRECOGNIZABLE OPERATION CODE
The operation specified in the abstraction instruction

preceding this error message is not contained in the FORMAT
IT library of valid operations.

INSTO4 SYNTAX ERROR IN -~ GPRINT - INSTRUCTION

INSTO4 ILLEGAL NEGATIVE INPUT VALUE FOR SUPPRESSION OF MATRIX
ELEMENTS, ABSOLUTE VALUE TAKEN

The effective zero value for suppression of element
print in the GPRINT iInstruction must be posltive.

INSTOU4 INVALID SPECIFICATION OF INPUT MATRICES

An incorrect number of input matrices has been specified
in the GPRINT instructlon.

INSTO4 ILLEGAL SPECIFICATION OF COLUMN HEADERS

Incorrect syntax in GPRINT when written column headers.
LY

INST05 SYNTAX ERROR IN - IF - INSTRUCTION

The abstraction instruction "IF" which precedes this error
message contains an unrecognizable field.

INST05 SYNTAX ERROR IN - EPRINT - INSTRUCTION

INST05 INVALID PRINT CONTROL

The print control in the EPRINT instruction was incorrectly
specifled.

INSTO5 ILLEGAL NEGATIVE INPUT VALUE FOR SUPPRESSION COF MATRIX
ELEMENTS, ABSOLUTE VALUE TAKEN

The effective zero value for suppression of element print
in the EPRINT INSTRUCTION must be posltion.

INSTOS ILLEGAL SUPPRESSION OF PARAMETER

The code indicating elther stress or force matrices to
be printed has been omitted.
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INST06 SYNTAX ERROR IN - PRINT - INSTRUCTION

The abstraction instruction "PRINT" which precedes this
error message contalns an unrecognizable fleld.

INSTO7 SYNTAX ERROR IN - SAVE - INSTRUCTION

The abstraction instruction "SAVE" which precedes this
error message contalins an unrecognizable fleld.

INST08 OPERATION CODE NOT INCLOSED BY PERIODS

The operaticn code in the abstraction instruction preceding
thls error message is not inclosed by periocds.

INSTO9 SYNTAX ERRCR IN ARITHMETIC INSTRUCTION

The arlthnmetlc abstraction instruction creceding this
error message ccntains an unrecognizable field.

INST10 THIS INSTRUCTION IS NOT AVATLABLE
An Incomplete modification to the instduction card ncrocessar

area has been made. The FORMAT II systems analyst shculd be
notifled immediately.

INST43 INVALID SPECIFICATION OF PARAMETERS

A syntax error has occurred in the DEJOIN instruction.

INST43 - INVALID INDEX SPECIFIED

Parameter specifying row or column dejoin 1s 1llegal.

INST43 INVALID MATRIX NAME

The DEJOIN instruction contains cne invalid matrix
name.

MATRO1 UNRECOGNIZABLE OPTIONS ON $MATRIX CARD STANDARD OPTIONS
USED WARNING ONLY

An option other than "LIST", "NOLIST", "PRINT" or "NQPRINT"

has been speclfled on the "$MATRIX" card or a valid option
starts before column 16 on the "$MATRIX" card.
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MATR02 CARD FOLLOWING $MATRIX CONTROL CARD IS NOT A HEADER
CARD OR HAS - H - MISSING IN COLUMN 1

The first card following the "$MATRIX" card must be the
header card of the first card input matrix. All data up to
the first header card will be 1gnored.

MATRO3 NAME ON DATA CARD IS DIFFERENT FROM NAME ON HEADER
CARD. THIS MATRIX WILL BE IGNORED

The matrix header card and all assoclated matrix data must
have the same name in card columns 67-72.

MATROL ROW AND/OR COLUMN VALUE EXCEED MATRIX SIZE, IS NEGATIVE
OR IS ZERO AND VALUE IS NONZERC. THIS MATRIX WILL BE
IGNORED.

&

An element specified 1in the matrix card input data 1s out-
side the dimensions of the matrix, of which it 1is suppcsed fo
be an element.

MATRO5 MATRIX EXCEEDS ALLOTTED STORAGE. TH%S MATRIX WILL BE
IGNORED.

The number of werds of working storage available to the
matrix card reader module is less than the number c¢f words
necessary to contain all the nonzero elements in one of the
card input matrices. The number of words cf working storage
required for a given matrix is approximately three (3) times
the number of nonzero elements in the matrix. Thils condition
can be remedied by decreasing the number of nonzero elements
in the card input matrix.

MATRO6 DUPLICATE I-J VALUES ENCOUNTERED. THIS MATRIX WILL BE
IGNORED. I = #¥#¥ J = %*%#

Two or more values have been specifled for the same matrix
element 1in the matrix card ilnput data. This condition can be
remedied by ensuring that each matrix element has a unigue set
of T - J values.

MATRO7 I VALUE CN HEADER CARD EXCEEDS ALLOTTED SIZE OR IS LESS
THAN OR EQUAL TO ZERO. THIS MATRIX WILL BE IGNORED.

The number of rows specified in the header card of a card
input matrix is greater than the maximum number of rows permitted
in a matrix which 1s processed by the FORMAT II system, or 1is
less than or equal to zero. This conditlon can be remedled by
reducing the dimensions of the card input matrix.
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MATRO8 J VALUE ON HEADER CARD EXCEEDS ALLOTTED SIZE OR IS LESS
THAN OR EQUAL TO ZERO. THIS MATRIX WILL BE IGNORED.

The number of columns specifled In the header card of a
card input matrix 1s greater than the maximum number of columns
permitted in a matrix which 1s processed by the FORMAT II system,
or 1s less than or equal to zero. Thils condition can be remedled
by reducing the dimenslons of the matrix.

MATRO9 FIRST CHARACTER OF MATRIX NAME ON HEADER MUST BE
ALPHABETIC. THIS MATRIX WILL BE IGNORED.

The matrix name which is to be given to a set of matrix
card input data and which is punched in card cqQlumn 67-72 of
the header card and all associated data cards must follow the
rules for valld matrix names as deflned for the FORMAT II
system. The rule which applies iIn this case 1s that the flirst
character of a matrilx name must be alphabetlc.

MATR10 ILLEGAL CARD ENCCUNTERED. FOLLOWING CARDS IGNCRED UNTIL
ANOTHER -~ $ - CONTROL CARD IS FCUND.

A card has been encountered in the matrix card input data
which has an 1llegal character punched in cird column 1. The
only valld characters which may appear in card column 1 are "H",
"E", and blank.

MATR11 CARD FOLLOWING E CARD IS NOT A $ CONTROL CARD - WARNING
ONLY.

In a valid FORMAT II deck setup the only cards which may

follow the "E" card which is the last card in the matrix card
input data, are the "$SPECIAL" card and the "$END" card.

MRES01l FIRST CARD IS NOT A - $ - CONTROL CARD

The first card of all FORMAT II jobs must be a "$MAGIC"
or a "$FORMAT" card.

MRES02 FIRST - $ - CONTROL CARD IS NOT A $MAGIC CARD. ALLOCATION
SUPPRESSED

The first card of all FORMAT II jJobs must be a "$MAGIC"
or a "$FORMAT" card.
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MRES03 UNRECOGNIZABLE OPTION ON - $MAGIC CARD STANDARD
OPTION ASSUMED

An option other than "NEW", "STANDARD" (or blank) or
"CHANGE" has been specified on the "$MAGIC" card or a valild
option starts before column 16 on the "$MAGIC" card.

MRESOLY TLLEGAL CARD FOR - CHANGE - OPTION - ALLOCATION
SUPPRESSED

The "DELETE" card and the "UPDATE" card are the only
valid machine resources data cards which are valld when the
"CHANGE" option has been specifled on the "$PORMAT" card. The
"SETUP" card ls the only valid machine resources data card
which is valid when the "NEW" option has been specified on
the "$FORMAT" card.

MRESO5 THE SYSTEM INPUT DATA SET OR OUTPUT DATA SET HAS BEEN
SPECIFIED AS A FORMAT II SYSTEM FUNCTION

Two Fortran logical data sets which must not be specified
on "UPDATE", "DELETE", or "SETUP" cards are the systen input
data set and the system output data set.

MRES06 DUPLICATE DATA SETS SPECIFIED - ALLOCATION SUPPRESSED

A Fortran logical data set has been specified more than
once on "SETUP" or "UPDATE" cards.

MRESO7 INVALID *¥¥#% VALUE DETECTED ALLOCATION SUPPRESSED

An invalid field has been specified on an "UPDATE" or
"SETUP" card. The valid fields are as follows. The first
field must contain the loglcal data set number (an integer).
The second field a valid FORMAT II system function (e.g.,
"MASTRI", "MASTRO", or "IOUTIL"). The third flield must
contain the physical device containing the data set. The
valid specifications in the fleld are "TAPE", "DISK", "DRUM",
or "CELL". The fourth fleld must contain the loglcal channel
designation. This consists of a letter A to H. The fifth
field must contaln the capacity of the data set in basic
machine units (e.g., bytes, etc.). This field must be an
integer number. The error message indicates which of the flve
fields 1s in error.

MRES08 INCORRECT SETUP OR UPDATE CARD ALLOCATION SUPPRESSED

A missing field has been detected on a "SETUP" or "UPDATE"
card.
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MRES09 INSUFFICIENT I/0 UTILITY DATA SETS ~ ALLOCATION
SUPPRESSED

A minimum number of Fortran loglcal data sets available
to FORMAT II must have the FORMAT II system function of "IQUTIL".
The FORMAT II preprocessor selects several of the data sets with
this function for scratch data sets during preprocessing. This
conditlon can be remedied by specifying additional data sets on
"SETUP" or "UPDATE" cards with the FORMAT II system function
"IOUTIL".

MRES10 ILLEGAL DEVICE SPECIFIED FOR MASTER INPUT DATA SET

The only valid device types which may be specified for a
FORMAT II data set whose system function is "MASTRI" are
"TAPE" and "DISK". A "SETUP" or "UPDATE" card is the source
of the error.

MRES11 ILLEGAL DEVICE SPECIFIED FOR MASTER OUTPUT DATA SET

The only valid device types which may be specified for =2
FORMAT II data set whose system function is "MASTRO" are
"TAPE" and "DISK". A "SETUP" or "UPDATE" card 1s the source
of the error.

PREPO1 INVALID CONTROL CARD OR INCORRECT DECK SETUP

The FORMAT II preprocessor has encountered a control card
which 1s unrecognizable or which 1s valld but does not occur
In its proper place. Recommended corrective action is to check
the spelling of all control cards and check the deck set up.

PREPO2 NOT A4 - $ - CONTROL CARD. CARD IGNORED
When an invalid control card is encountered or incorrect

deck setup 1s recognized, the preprocessor searches for the
next "$" control card.

PREP0O3 PREPROCESSING TERMINATED EXECUTION HALTED

Whenever a serious error occurs the preprocessing is
terminated and a "NOGO" condition 1s established.

PROBO1 UNRECOGNIZABLE OPTION ON - $RUN - CARD. STANDARD
OPTION USED.

An option other than "GO", "NOGO", "LOGIC" or "NOLOGIC"

has been speclfied on the "$RUN" card or a valid option starts
before column 16 in the "$RUN" card.
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PROB(Q2 CONTRADICTORY EXECUTION OPTIONS - ALLOCATION SUPPRESSED

The options "GO" and "NOGO" have been specified on the
"$RUN" card.

PROB03 CONTRADICTORY LGOIC OPTIONS -~ ALLOCATION SUPPRESSED

ghe options "LOGIC" and "NOLOGIC" have been specified on
the "$RUN" card.

PROBO4 MISSING LEFT PARENTHESIS - ALLOCATION SUPPRESSED

A problem specification data card has a missing left
parenthesis.

PROB(C5 UNRECOGNIZABLE CARD

A problem specification data card is unrecognizable. The
valid problem specification data cards are the TANALYSIS" card,
the "PROBLEM" card, the "PAGE SIZE" card, the "INPUT TAPE" card,
and the "QUTBUT TAPE" card.

PROBOS MISSING COMMA CN MASTER I/C TAPE CARD - ALLOCATION
SUPPRESSED

There is a missing field on an "INPUT TAPE" card or on
an "OUTPUT TAPE" card in the problem specification data.

PROB0O7 ILLEGAL MASTER I/0 DATA SET NAME - ALLOCATION SUPPRESSED

The master input or master output data set name which has
been specified on "INPUT TAPE" card or on "OUTPUT TAPE" card
in the problem specification data is invalid. Master Input/Output
data set names follow the same rules as matrix names. In
particular, the name must be 1-6 characters long and the first
character must be alphabetic.

PROB0O8 ILLEGAL INTEGER ON MASTER I/0 TAPE CARD

The second field of an "INPUT TAPE'" or "QUTPUT TAPE" card
in the problem specification data is not an integer number.

PROBOY ILLEGAL PAGE SIZE - ALLOCATION SUPPRESSED
An invalid page size has been specified on the "PAGE SIZE"

card in the problem specification data. The valid page slzes
are "11 * 8", "B * 11" and "1H4 * 11".
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PROB10 MASTER INPUT OR OUTPUT DATA SET USED PREVIOUSLY
All master input and output data set names as specified on

"INPUT TAPE" and "OUTPUT TAPE" cards in the problem specification
data must be unique.

PROB11 INVALID SIZE SPECIFIED ON SIZE CARD

An Integer number must be specified in the only field of
the "SIZE" card.
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SECTION 2. MISCELLANEQUS ARITHMETIC MODULE ERROR MESSAGE

ASSEM - The order of the assembled - unreduced system,
NSYS = ####%  the maximum slze system can
only = *¥¥¥% D O.F,

The variable KONST 1n subroutine MRES must be
updated to allow the user to assemble a system
with NSYS degrees of freedom.

ASSEMC - Element number ¥¥%¥#¥  cgenerated a LISTEL value
of #%¥%#  ywhile NSYS = ##¥#¥_  °

If thils error occurs see the MAGIC system analyst.

ASSEMS - Must update the dimension of the list and format
arrays to allow for ¥*¥¥¥ degrees of freedom.

The dimension of two arrays in subroutine ASSENS
must be updated to assemble more degrees of freedom
than allowed. If this error occurs see the

MAGIC system analyst.

COLREP - Input matrix *##¥%** oyceeds allowable size
IMAX = ®##aw

The number of rows of the input matrix exceeds
the value of KONST. IMAX is the number of rows
in the input matrix.

DEJNC - The partition number = *¥¥#¥##% 15 greater than
or equal to the column dimension = ¥#¥¥* of the
input matrix.

An invalid column partition number has been
specified in the DEJOIN instruction 1 < JPART < ICOL.

DEJNR - The partition number = ###%#  is greater than or
equal to the row dimension = %#¥#¥¥ of the input
matrix.

An invalid row partition number has been speclfied
in the DEJOIN instruction 1 < JPART < IROW.

DEJOIN - Invalid partition number = #®¥%#%

The matrix partitlion number must be greater
than one.
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EPRINT

EPRINT

EPRINT

EPRINT

FORCEL

FORCEZ

FREEUP

GPRNT1

Unable to execute the EPRINT module. The work
array is not long encugh for executlon.

The varlable NWORK in subroutine MRES must be
updated for more work storage.

The element information 1s for element number
kR%E% _ o0 to next element.

Unable t¢ print out stresses or forces for this
element, contlnue execution. If this error
ceccurs contact the MAGIC system analyst

The number of elements in the input matrices
are not the same.

If this error occurs contact the MAGIC system
analyst.

Printing for element type *¥¥¥* are not avallable,
proceeding to next element.

The EPRINT module has not been updated to hanilse
this element type. Contact the MAGIC system
analyst.

Unable to execute the force mcdule. The work
array contains ¥¥#¥&%¥%¥ yoprds, and ¥ErxEIE
words are needed to process the maximum element.

There 1s nct enough work storage to calculate
the forces for all elements. The variable
NWORK must be updated in subroutine MRES.

Forces for element type #¥##¥% ape not available,
proceeding to next element.

The FORCE module has not been updated to handle
this element type. The MAGIC system analyst should
be contacted i1f thls error occurs.

The number of matrices to be kept was 1nput as
MATOQUT kkk¥k%%  the number of non-zero elements

of MAT = %¥¥¥,

If thils error should occur contact the MAGIC
system analyst.

The row dimension of TR{transformation matrix
for application of boundary conditions) = ¥#¥#¥s
The number of columns of TR = ¥*%%¥¥%  Thig
should equal row dimension.

An Incorrect matrix was input in the .GPRIKT.
Instruction.

90



GPRNT1

GPRNT1

GPRNT1

GPRNT1

STRES1

STRESZ

The analyst has asked for ¥¥%¥#% eigenvalues to
be printed. Subroutine GPRINT allows a maximum
of ###%% yalyes to be printed - see a program
analyst to correct this error.

Subroutine GPRINT must be updated to allow
more elgenvalues to be printed.

Error while processing matrix *¥#¥¥#,

An error has occurred in the GPRINT instruction
while processing matrix named.

The matrix to be printed has ¥¥¥¥%¥¥ rows while
TR indicates that it should have ¥¥¥¥¥¥* roys,

The input matrix toc be printed 1s incorrect or the
input transformation matrix is incorrect.

Eigenvector matrix has *¥¥#* eigenvectors,
while the eigenvalue matrlx has ¥¥¥¥* cigenvalues.

The eigenvector and eigenvalue matrices input
into the GPRINT instructicn are not compatable.

Unable to execute the STRESS module. The work
array contains #¥®¥#%¥¥ yords, and Rexx#%¥E yoprds
are needed to process the maximum element.

There is not enocugh work storage to calculate
the stresses for all elements. The variable
NWORK must be updated in subroutine MRES.

Stresses for element type ¥*%#¥¥  are not available
proceeding to next element.

The STRESS module has nct been updated to handle

this element type. The MAGIC system analyst should
be contacted 1f this error message OCCUrS.
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SECTION 3. -USERO4. ERROR MESSAGES

CHEK - Input section *##* has not been found. This
input sectlon 1s required for generation of
the following matrices.

The named matrices cannot be generated due to
the omlssion of the specified input secticn.

CONTRL - System information card missing. Cannot allocate
storage.

All input data decks must have SYSTEM section
to allocate storage for processing of input.

CONTRL - System information card missing. Cannot
allocate storage.

The SYSTEM card 1s missing from the reporst
form input deck.

CONTRL -~ $END card encountered while »eading .USERO4.
Input, indicating absence of end or check card.
Check card will be inserted.

END or CHECK card missing from report form input
deck.

DEFLEX - .USERO4. Module unable to locate matrix *#¥#x#
The system 1s unable to locate a matrix.

DEFLEX - Matrix #*¥¥¥¥ does not qualify as an input
displacement matrix for the .USEROY4. module.

Dimensions are *%¥¥® Ly #%#%% and should be
BEARE by EREEN

The 1input displacement matrix used to calculate
incrementals is of the wrong order.

DEFLEX - Matrix #*%¥##* gdoes not qualify as an input
displacement or stress matrix.

The 1input matrix used to calculate incrementals
i1s of the wrong order. If the matrix was a
stress matrix then it must have been generated
using the .STRESS. abstraction instruction.
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ELEM

ELEM

ELEM

ELPLUG

ELEM

ELEM

Element control error in subroutine ELEM.
Element number ####% calls plug number ¥***,
Plug number should be greater than zeroc.
Execution terminated.

All element type code numbers are greater than
zero. Proper element type cannot be selected.

Element control error 1in subroutine ELEM. Element
number ##%##% has material number ¥¥*#¥¥X,  Material
identification must be different from zero.
Executlion terminated.

Self-explanatory.

Element control error in subroutine ELEM. Element
number ¥**#%%#% has number of grid points = #¥¥,
Number of grid points must be greater than zero
and no greater than eight. Executlon terminated.
Self explanatory.

Element input error No. *. Plug No. ¥. Element
No. ####,

Error number 1 incorrect plug number

(element type code)

incorrect number of element
defining points

incorrect value for extra element
input indicator

incorrect matrix orders for element
(number of degrees of freedom per

point incorrect)

Error number 2

Error number 3

Error number 4

Element control error in subroutine ELEM. Element
number #%%%¥¥ has number of input points = **
Number of input points must be position.

Execution terminated.

Self-explanatory.

Input error in subroutine ELEM. Element node
point is negative or zero in element number *##¥*

No element defining point number may be negative
and only mid-polnts may be zero.
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ELEM

ELEM

ELEM

ELEM

ELEM

ELEM

Input error in subroutlne ELEM, after inter-
polation value of Young's Modulus equals

+ RERNRAEE 4+ % 1p material number #EEEER
FRreaws s uxaFRARNMRRRARRY . Value should be

greater than 1i.0. Execution terminated.
Self-explanatory.

Input error in subroutine ELEM, after inter-

polation Polsson value equals +.¥¥¥¥x#%xp
+ #% in material number ¥EEEXE RERKAREAARRERARRKERRAE AN

Value shculd be greater than -1 0 and less than
1.0. Execution terminated.

Self-~explanatory.

Input errcr in subroutine ELEM, after inter-
poclation thermal ccefficient values equals

+ O HRERRRKAEL + %% 1n material number ¥ERERERK
************************ Value should be

greater than -1.0 and less than 1.0. Execution
terminated.

Self-explanatory.

Input error in subroutine ELEM, after inter-

pclation rigldity value squals + . XEXXRFEEKE
+ ¥% in material number ¥HRKEE THRMERKALRXRRRKRKRERRRREF

Value should be greater than l 0. Executlon
terminated.

Self-explanatory.

Input error in subroutine ELEM. Mass density

value equals + . XXXXXXXXE + #¥ In material
NUMber HEXEER " NEERKENARKRRFARERNRANRRR . Valye

should be greater than zero. Executlon terminated.
Self-explanatory.

Input error in subrcoutine ELEM. Value of

IP = #%%  vyalue of IPRE = *#¥ for element number
one. Request tc repeat data from element previcus
to first element 1is 1llogical. Execution
terminated.

IP and IPRE cannot be negative for first
element.
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ELEM

ELEM

ELEM

ELPLUG

FMAT

FMAT

FMAT

Input error in subroutlne ELEM. Element number
s#a%%* {5 defined by node points for which no
coordinates have been 1nput. Calculation of
material temperature Ilmpossible. Execution
terminated.

Self explanatory.
Cannot locate material library.

The system cannot loccate the material library
matrix.

Material error in subroutine ELEM. Material
number ¥*#%¥%¥¥ was not located on material
tape. Execution terminated.

The specified material number was not availabole
in the material library.

Zlement input error no. ¥#*¥#  Plug No. REHE
and Flemant o, ¥¥X#,

An error nas occurred in gensratlon of specified
element.

Frror No. = 1 Plug number {(element type) incorrect
Error No. = 2 HNumber of nodes incorreact
Error No. = 3 Number of input element cards incorr=ct.

Input errcr in subroutine FHAT. Material
Aumber KAE¥EE  KEREXEERERERREXARRRRARER,

Number of material temperature points 1s LN
Number of plastic temperature points 1s AN

Number of temperature polnts in either case

cannot exceed §. Execution terminated.

Self explanatory.

Input error in Subroutine FMAT. Mass density

value equals +¥¥#¥X¥¥¥ + *¥ ipn material number
RAR% kER*ERETrREeaaw¥aFAXRARN . Value should

be non-negative. Execution terminated.
Self-explanatory.

Input error in subroutine FMAT. Polsson value

equals + X¥¥EE¥XH 4 ¥% ip pmaterial number
FEARER THAEREAREXENFRERKXNANAKRRR . Value should

be greater than -1.0 and less than 1.0.
Execution terminated.

Self-explanatory.
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FMAT - Input error in subroutine FMAT. Rigidity value

equals + . WRENRNNUE 4 ¥ ip material number
RENEER THERERSRNNRRRATHNRRRENNRS . Value should

be greater than 1.0. Execution terminated.
Self-explanatory.

FMAT = Input error in subroutine FMAT. Thermal
coefficlent value equals + .#¥ERERENE 4 #»
in material number ******, ************************.
Value should be greater than ~1.0 and less than
1.0. Execution terminated.

Self-explanatory.

FMAT - Input error 1n subroutine FMAT. Value of
Young's modulus equals + . #EENNEEEE 4 ¥
in material number #RERFE  HEAXRERRRTARRABRRARRERNE

Value should be greater than 1.0.
Self-explanatory.

FMAT - Error message from subroutine FMAT. Attempt
to delete material number *#¥#%% ,sing lock
code **, Tncorrect lock codg, request ignored.

Self-explanatory.

FMAT - Error message from subroutine FMAT. Attempt to
delete materlial that was not on material tape.
Material number #*##¥¥# lNaterial identification
Is HHRENARRERKRNENRNRRERNRN . Tnput code 15 H¥H,

Request ignored.
Self-explanatory.

FMAT - Error message from subroutine FMAT. Attempt to
revise material number *¥¥¥¥¥ ysing lock code *#,
Input lock code does not match tape lock code
for this material. Revisions or deletions not
allowed without proper lock code. Execution
terminated.

Self-explanatory.

FMAT - Error message from subroutine FMAT. Additions
requested exceed capacity of material tape.
Maximum number of materials cannot exceed %#%,

Self-explanatory.
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FMAT

FMAT

FMAT

FMAT

FMAT

FORMIN

PORMIN

Error message from subroutine FMAT. Request

for print of material that was not on tape.
Material number #®###¥¥% NMaterial identification
Jg NRBEERRRRENRRRRRERRENURE . Tnput code 1is

$%¥%_,  Request 1gnored.
Self-explanatory.

Error message from subroutine FMAT. Unrecognizable
data input code. Legal codes are PI, PO, I.

o, P, OUT, ALL, SEE, SUM. Material number

##*#%%,  Material identification is
RBERNRERFARBRERRRARARNRES  Tnput code is H¥¥,

Executlon terminated.
Self-explanatory.

Error message from subroutine FMAT. Number
of requests recelved is zero.

Number of requests must not be zero. Value cof
zero indicates improper operation of progran.

Error message from subroutine FMAT. Attempt to
input plastic data only for materlal which was
not on tape. Material number #*¥*¥#, lMaterial
jdentification is HEFRNSKRRAXRARNRRNRARERY
Input code 1s *#*, Request 1gnored.

Usage of an input code of "P" requires that the
material to be revised already exists in the
material library.

New material tape not generated. All revilslons

and/or deletions requested by this case have
been lgnored.

Due to a previous error, generatiocn of a new
material library has been abandoned. Execution
will be terminated.

Unexpected label card read - polnt #¥¥#¥,

Input section label card encountered while
reading table form input. Point reflects entry
now being processed.

Repeat for first paint ignored.

Repeat option on table forms of report form
input cannot be used for first value entered.
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FRED

F6211

INDECK

INDECK

INPUT

INPUT

INPUT

LOGFLO

There is a mistake in the coordinates for this
transformation, we will calculate the remaining
in spite of this.

An error has occurred 1in generating a grid point
axes transformation matrix. Execution will
continue.

The integral of (LN(A+B*X)/X) DX is not allowed
for A+B¥X=0. A = +.%REKERE 4 *%
B = + WERRRRHE + ¥R ¥ = 4 _RENRNRNE 4 AE

Natural log of zero is undefined.

.USERQO4. input matrix *¥*%*¥ ig not g valid
deck (word count error).

The specified matrix does nct qualify as a
valid interpreted input deck.

.USERQ4. 1input matrix **#%*% {5 not a valld deck
{compression errcr).

The specified matrix does naf qualify as a valid
interpreted input deck.

Input errcr, number of directions of grid polnts
not equal to number of directions of transformation
matrix. Executicon terminated.

Order of grid polint axes transformation matrices
must be equal to three.

Input error, number of reference points input
exceeds ¥#¥%#,

Program cannot accommcdate more than the given
number of input polnts.

Label card error #¥#*¥#

Input card read should have been label card.
Execution willl be terminated.

Logical input error -~ matrix *¥¥¥#% cannot be
generated by .USERCY4. module due to suppression

of fourth input matrix. Execution phase suppressed.
Input processing continuing.

The 1lncremental matrices cannot be generated

because the input displacement or stress matrix
has been suppressed.
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PDISP

PHASEL

PHASE1

PHASEL

PHASE]

PHASEL

PHASEL

PHASEL

Input section ###%#¥ matrix not generated due
to prescribed displacement conditions .NE. 1
and .LT. Load conditlons input.

The Prescribed Displacement matrix has not been
generated because of an 1llegal combination of
external load conditions and prescribed displace-
ment conditions.

Unexpected blank label card encountered.

card read should have contained an Input sectilon
label. Input processor will attempt to continue.

No option has been selected for request number
###% of material library.

Self-explanatory.

More than one optlon has been selected for
request number *¥¥ of material library. Only
the first selection will be retained.

Self-explanatory.

Maximum number of load conditlons allowed 1is
100. This problem contains *¥#¥¥,

Self-explanatory.

Load condition *¥#% sub-label is incorrect.
Program cannot distinguish between load conditions.

Load conditlon sub-label in report form input
is in error.

Illegal MODAL card encountered. Card willl be
ignored.

A MODAL card has been found while reading an
input section for which no MODAL card has been
defined.

Due to previously encountered error condition
this section is being skipped. Program will

flush data deck until next recognizable input
section 1s encountered.
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PHASE1L

PHASE1

PHASE?2

PHASEZ2

PHASE2

PHASE?2

PHASEZ2

PHASE?2

Unrecognizable input section.

Input section label has been read which is
undefined in input processor.

Due to above error message this section will
be omitted and check card inserted.

Self-explanatory.

Number of entrles read for this section, LA L L N
does not agree with number that was to be read,
##%¥¥.  Actual number read will be used.

Self-explanatory.

This section has either been omitted or flushed
by phase one error. In either case thils secticn
Is considered ‘critical and execution will not

be allowed.

Self-explanatory.

Due to the omisslon of this gectlon the following
sections may be ignored - #¥¥¥%% AA#NEE RaNexs

The final processing of certain sections requires
data from other sections which by omission or
other input error are nct present.

This section 1s to be merged with #%#s#% 5ng
#nR%¥® for which values have been assigned by
both for polnt number *#*#%¥#%,  Tyo values cannct
be assigned to the same point. Neither value
will be used.

Self-explanatory.

Thls sectlon 1s to be merged with ##**#% 5ng
Eu%#4% for which modal cards have been encountered
for both. Two values cannot be assigned to the
same polnt. Both modal cards will be ignored.
Self-explanatory.

Number of elements read *%##¥ is greater than
9939. Number of elements will be set at 99949.

Self explanatory, execution will be suppressed.
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PHASE2 - No end or check card has been found. Check
card will be inserted, suppressing execution.

Self~explanatory.

PHASE?2 - Due to above error condition check card will
be inserted. Executlon will be suppressed.

Self-explanatory.

PHASE?2 - Internal tape error has occurred. Processing
abandoned.

Report form input preprocessor cannot retrieve
information stored on a scratch data set.

PLUG1 - Value of sin (alpha) 1s zero - run terminated.

Element deflning points are in error for
Quadrilateral Thin Shell Element.

PLUGS - For I = XX and N = XX integral does not converge.

No convergence has been obtaYtned for the glven
integral calculated by the Romberg technique
In the Toroidal Ring Element.

PLUGH - Maximum number of iteratlons reached in Romberg
integration routilne.

Convergence was not obtained in 15 iterations

for an integral in the toroidal thin shell element.
Frocessing will continue, using 15 lteratlon
result.

PRINTS - Toroidal ring element with coordinates
Rl = + . WENRNMENHE 4 #% RO = 3  HHRRRKEEE 4 #¥
Z1 = ¥ ERRURRNEE 4 KK 7D = 4 HEEEERRE 4 Wx

1s not diagonally dominant and should be sSubdivided.

Element stiffness matrices must be diagonally
dominant.

P7PRT - PLUG7 error - third point to define plane was
not given - input error.

Three element defining peints are required for

the frame element, the third supplylng definition
of the plane.
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TRAIC

usosa

USO4A

Usoba

Usoua

USO44A

UsQ4a

Subroutine MINV has determined array GAMABQ
to be singular, execution terminated by
subroutine TRAIC.

Transformation matrix to system coordinates in
triangular cross-section ring element cannot be
inverted, usually because three element definlng
points do not define a triangle.

Available scratch data sets #%%##% 15 jogs than
the required 4.

The .USER0Q4. module requires at least four
scratch data sets. The addition of more data
sets is required by the program-.

Input routine, core storage required #*#%*#¥¥
exceeds that avallable ##*#%%¥ to displacement
method matrix generator.

Blank common work area 1s not large enough for
processing input.

Report routine core storage required ###ak#
exceeds that avallable ###%¥# o digsplacement
method matrix generator.

Blank common work area 1s not large enough for
processing report form 1input data.

Grid point loads matrix storage required ##¥###
exceeds that available #*##¥% to displacement
method matrix generator.

Blank common work area 1s not large enough for
generation of grid point loads matrix.

Reductlon of transformation matrixes storage
¥uR%R* exceeds that avallable to displacement
method matrix generator.

Blank common work area 1s not large enough for
generation of reductlon transformation matrix.

Element generation core storage required *#%#¥x
exceeds that available ###¥¥* o displacement
method matrix generator.

Blank common work area is not large enough for
generation of element matrilces.
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US04A - Assembly transformation matrix size W#k¥¥¥¥
exceeds limit ##®¥%¥ of MAGIC system.

Self-explanatory.

USQ4A - Grid point load matrix size ¥#¥¥#* oxceeds
limit **x%%¥% £ MAGIC system.

Self-explanatory.

USo4a - Reductlon transformation matrix size ##¥¥%#
exceeds limit **¥¥#¥%® of MAGIC system.

Self-explanatory.

USO4A - Stiffness matrix size ¥*###* eyceeds limit of
MAGIC system.
Self-explanatory.

USOLA - Stress matrix size ¥%¥¥#¥ oxceeds limit #¥*¥#x

of MAGIC systemn.
Self-explanatory.

USQ4A - Number elements size *E%### oyxyceeds limit ¥*#&EE#
of MAGIC system.

Self-explaratcry.

USo4a - Output matrix **¥##¥* wi1] be a duplicate of
input matprix ¥#¥Exe

The user 1s saving the interpreted input deck
when he already has an interpreted input matrix.

U3SQ04B - Element sort routine core storage required #¥##¥#
exceeds that avallable #%¥¥¥% o5 displacement
method matrix generator.

Blank common work area is not large enough for
output of generated matrlces.

103



APPENDIX VII

EXAMPLE STATIC AND STABILITY INSTRUCTION SEQUENCES

STATICS ANALYSIS INSTRUCTION SEQUENCE

QOO0 [eR®]

QO

a0

(SR PRP]

Cclumns

GENERATE ELEMENT MATRICES

,MAT, ,XLD,TR, ,KEL,FTEL, SEL,STEL, , ,SC,EM,=,,,.USERO4.

ASSEMBLE ELEMENT STIFFNESS MATRICES
KELA = EM.ASSEM.SC, (1)

ASSEMBLE ELEMENT APPLIED LOAD MATRICES

FTELA = EM.ASSEM.SC,(4)

REDUCE ASSEMBLED STIFFNESS MATRIX

KO, KNO = KELA .DEJOIN. (SC(5,1),1)

KCO, STIFF = KNO .DEJOIN. (SC(5,1),0)
PRINT(FORCE,DISP,,) STIFF

EXTRACT LOAD SCALAR AND APPLY TO ELEMENT LOADS

LLSCALE,LOADS = XLD .DEJOIN . (1,1)
FTELS = FTELA .MULT. LSCALE

TRANSFCRM EXTERNAL LOADS TO 0-1-2 ASSEMBLED
SYSTEM AND FCRM TOTAL LOAD COLUMNS

LOADO = TR .MULT. LOADS
TLOAD = LOADO .ADD. FTELS
TL,TLOADR = TLOAD . DEJOIN. (SC(5,1),1

SOLVE FOR DISPLACEMENTS
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QG S AP REP]

Qoo

(PN

QG

XX = STIFF.SEQEL.TLOADR
TRO,TR12 = TR.DEJOIN.(SC{5,1),1)
X = TR12.TMULT.XX

X0 = TR.MULT.X
SOLVE AND PRINT ELEMENT STRESSES AND FORCES

STRESP
FORCEP

EM, XO,.STRESS. (4,)
EM, XO,.FORCE. (4,)

SOLVE FOR SYSTEM REACTIONS

REACTS
REACTP

KELA.MULT.XO
REACTS.SUBT.TLOAD

i

PRINT ELEMENT APPLIED LOADS, EXTERNAL LOADS,
DISPLACEMENTS AND REACTIONS IN ENGINEERING FORMAT

GPRINT(4,, ,FX.FY.FZ.MX.MY.MZ,SC,TR) FTELA
GPRINT(L4,, ,FX.FY.FZ.MX.MY.MZ,3C,) LOADS
GPRINT(2,,,U.V.W.THETAX.THETAY.THETAZ,SC,) X
GPRINT(1,,,FX.FY.FZ.MX.MY.MZ,SC,TR) REACTP

STABILITY ANALYSIS INSTRUCTION SEQUENCE

GENERATE ELEMENT MATRICES
,MAT, INTP,LXD,TR, ,KEL,FTEL,SEL,STEL,, ,SC,EM,=,,, .USERD4.

ASSEMBLE ELEMENT STIFFNESS AND ELEMENT LOAD MATRICES

KELA = EM.ASSEM.SC,(1)
FTELA = EM.ASSEM.SC,(4)

REDUCE ASSEMBLED STIFFNESS MATRIX

KO,KNO = KELA.DEJOIN.(SC(5,1),1)

KCO,STIFF = KNO.DEJOIN. (SC(5,1),0)
PRINT(FORCE,DISP.,, )STIFF

EXTRACT LOAD SCALARS AND APPLY TO ELEMENT LOADS

LSCALE,LOADS = XLD.DEJOIN.(1,1)
FTELS = FTELA.MULT.LSCALE
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Qaa

Qe O Ne R

[P NN

(O RSRS]

Qo

SOLVE FOR TOTAL LOADS

LOADO = TR.MULT.LOADS

TLOAD = LOADO.ADD.FTELS

TL,TLOADR = TLOAD.DEJOIN.(SC(5,1),1)
CREATE FLEXIBILITY MATRIX

FLEX = STIFF.INVERS.
PRINT(DISP,FORCE,, )FLEX

SOLVE FOR DISPLACEMENTS

¥R = FLEX.MULT.TLOADR

TR0,TR12 = TR.DEJCIN.(SC(5,1),1)

X = TR12.TMULT.XR

X0 = TR.MULT.X

SOLVE FOR ELEMENT STRESSES

STRESS = EM,X0.STRESS. (4,)

GENERATE ELEMENT INCREMENTAL STIFFNESS MATRIX
ssssssssssNEL,,,EL, = ,INTP,,STRESS.USEROL,
ASSEMBLE AND REDUCE INCREMENTAL MATRICES
INCRA = EL.ASSEM.SC,(3)

I0,INO = INCRA.DEJOIN.{(SC(5,1),1)

ICC,INCR = INO.DEJOIN.(SC(5,1),0)
PRINT(,,, ) INCR

CREATE EIGEN MATRIX

EIG = FLEX.MULT.INCR
PRINT(,,, )EIG

CALCULATE AND PRINT E-VALUES AND E-VECTORS

EVALUE,EVECTR,, = EIG,.EIGENL1.(5,,,)
GPRINT(3,,,,3C,TR12)EVECTR,EVALUE

PRINT ELEMENT APPLIED LOADS, EXTERNAL LOADS, AND
DISPLACEMENTS IN ENGINEERING FORM

GPRINT(4,, ,FX.FY.FZ.MX.MY.MZ,3C,TR) FTELA

GPRINT(4,, ,FX.FY.FZ.MX.MY.MZ.3C,) LOADS
GPRINT(2,,,U.V.W.THETAX.THETAY.THETAZ ,SC,) X
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APPENDIX VIIT

SUBROUTINE DOCUMENTATION

Subroutine Page No.

AGENDM « v« v s o s v 4 s e x e e a e e e e e 113
AT e e e e e e e e e e e e e e e e e e s 319
AJ e e e e e e e e e e e e e e e e e e e 328
AK e e e e e e e e e e e e e e e e e e 322
AM e e e e e e e e e e e e e e e e e 323
APRT e e e e e e e e e e e e e e e e e e 355
ASSEM  « v o 0 e e e e e e e e e e e e e e s 140
ASSEMEC « ¢ v v e e e e e e e e e e e e e e e 1h2
ASSEMS « v v 0 o v e e e e e e e e e e 143
ASSYZ v v v e e e e e e e e e e e e e 337
AXTRAL « » o o + o v o o o o v o e e e e e e 460
AYTRADZ + + + o v o v o o« o o 4w e e e e e 250
AXTRAZ + = = o o v o e e e e e e e e e e e e Ye2
BCEB e e e e e e e e e e e e e e e e e e 254
BOBLZ  « « « o = o o o s e e e e e e e e e hyy
BINT T 321
BMATRY « « » o « o+ o a6 v e e e e e e e e 413
BOUND  » + o+ v+ o o o 4 o o e e e e e e e e 193
CCE e e e e e v e h e e e e e e e e 360
ool e e e e e e e e e e e e e e e e e e 280
cee e e e e e e e e e e e e e e e e e e e e 29?
CODT v e e e e e e e e e e e e e e e e . 26h
CDELPQ = « v = v o o 0 o v v e e e e e e 269
CDF e e e e e e e e e e e e e e e e e e 302
ODFX e e e e e e e e e e e e e e e e 303
CDFY e e e e e e e e e e e e e e e e e 304
CDM e e e e e e e e e e e e e e e e e e 284
CECC e e e e e e e e e e e e e e e e e e 316
CRFFTS  « v v e e e s h s a s e e e e e e e e e e 305
CFHEV e e e e e e e e e e e e e e e 307
OFMASS + o o o o o o o o o e e e e e e e e 308
CFMTES  « v v v v e v e e e e e e e e e e e e 285
CEMV  » + o o e e e e e e e e e e e e e e By
CFP e e e e e e e e e e e e e e e e e e e 298
CFPB e e e e e e e e e e e e e e e e e e 249
CHDELL « + o & o o o v s a0 s s a e e e e e 270
CHEK e e e e e e e e e e e e e e e e e e e 227
CRIT e e e e e e e e e e e e e e e e e e 218
CK2 2 e e e e e e e e e e e e e e e 289
OMMASS « ¢ v v o o v e e e e e e e e e e e e e 283
COEF e e e e e e e e e e e e e e e e 329
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Subroutine Page No.

COLMBD v v v v v v v e e e e e e e e e e e e e 164
COLREP = v v v v v v v e e e e e e e e e e e e e 134
CONTRL .+ v v v v v v e e e e e e e e e e e e e e 185
COPYDK « v v v v v v v e e e e e e e e e 186
CSTF e e e e e e e e e e e e e e e e e e e 300
CSTM e e e e e e e e e e e e e e e e e 282
CTCQ e e e e e e e e e e e e e e e e e e e 315
CTGB e e e e e e e e e e e e e e e e e 292
CTARB v v v v v e v e e e e e e e e e e e e 296
CTGRM . v v v v v v vt e e e e e e e e e 279
CTOGB v v v v v v v e e v e e e e e e e e e 295
CTOGM v v v v v v v e et e e e e e e e e 278
CTS e e e e e e e e e e e e e e e e e e e 314
CT11 e e e e e e e e e e e e e e e e e e e 276
DCD o e e e e e e e e e e e e e e e e e e 338
DECODE « v v v v v v e v v v e e e e e e e e 168
DEFLEX « v v v v e v e v v e e e e e e e e e e e 237
DEINC v v v v v v e v e e e e e e e e e 139
DEJNR &« v v v v e e e e e e e e e e e e 138
DEJOIN & v v v e e v e e e e e e e e e e e e 136
DIRCOS v v v v v v v e v e e e e e e e e e e h41
DISPLL v v v v v v v e e e e e e e e e e 173
DISEPR v v v v v v e e e e e e e e e e e e e 170
DMATRX v v v v e v v e e v e e e e e e e e 41y
DPQINT .+ v v v v v v e e e e s e e e e e e e e 347
DTAPR v v v v v e e v e e e e e e e e e e e 340
EIG e e e e e e e e e e e e e e e e e e 132
EIGB e e e e e e e e e e e e e e e e e 131
EIGPPR . & v v v v v e e v e e e e e e e e e e 171
EIG1 et e e e e e e e e e e e e e e e 127
ELEM e e e e e e e e e e e e e e e e e e 195
ELMAT & v v v v v v e e e e e e e e e e e 473
ELPLUG + v v v v v v v e e e e e e e e e e e e e 243
ELPRT . . v v v v v v e e e e e e e e e e e 464
ELREAD © v v v v e v v v e e e e e e e e e 160
ELTEST © v v v v v v v e et e e e e e e e e e 259
EPRINT . v v v v v v e v v e n e e e e e e e el 157
EPRT e e e e e e e e e e e e e e e 370
ERIC e e e e e e e e e e e e e e e e e h36
EXPCOL © v v v v v v e e e e e e e e e e e e e 377
EXPSIX v v v v v e v e e e e e e e e e e e e e 378
FBMPIB . v v v v v v e e e e e e e e e e e 455
FCURL v v v v v v v v e e e e e v e e e e e e 416
FELEM & v v v v v v e e v e e e e e e e e e 239
FFLI00 v v v v v v e e e e e e e e e e e e e 331
FORLDS v v v v e v e v v e e e e e e e e e e 202
FINP22 v v v v v v e v v e e e e e e e e e e 458
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Subroutine Page No.

FJAB e e e e e e e e e e e e e e e e e e e 325
PLOADS & v v v v e v e v e e e e e e e e 230
FMAT e e e e e e e e e e e e e e e e e e 204
FORCE . . v v v v v e v v e e e e e e e e e e e 151
FORCEL . . v v v v v e e e e v e e e e e e e e 153
FORCEZ & v v v v v e e e v e e e e e e e e e e 155
FORMIN . . & v v v v v v e v e e e e e e e e e e 219
FRED e e e e e e e e e e e e e e e e e 191
FREEUP . . . & v v v v v e e e e e e e e e e e e 162
FTELQ v ¢ ¢ ¢ v v v o o o o v o e e e e e e e U4y
FTR e e e e e e e e e e e e e e e e e e e 231
F4 e e e e e e e e e e e e e e e e e e, 408
F5 e e e e e e e e e e e e e e e e e e 409
F6 e e e e e e e e e e e e e e e e e 4190
FO21L . v v v vt e e e e e e e e el e e e 327
FE21G . v v v v e e e e e e e e e e e e e 326
F89 e e e e e e e e e e e e e e e e e e e 330
GAMMAT . . v v v et e e e v e e e e e e e e b1g
GPRINT . v v v v v v v e e v v e e e e e e e e e 165
GPRNTL & v v v v v v e v e e e e e e e e e e e e 166
IDNTC v v v v v e e v e e e e e e e e e e e e 126
IDNTE v v v v v v v e e v e e e e e e e e e e e 125
IFAC e e e e e e e e e e e e e e e e e e 324
INCRE . & & v v v v e v e e e e e e e e e e e 311
INDECK v v v v v e v v e e v e e e e e e e e e e 184
ININT v v v v v e v e e e e e e e e e e e e e 235
INPUT . o v v v e e v e e e e e e e e e e e e 187
INSTOU & . v v e v v e e e e e e e e e e e e 11k
INSTOS . v v v v e e v e e e e e e e e e e e e 116
INSTUZ v h v v v e v e e v e e e e e e e e e e 118
INSTED v v v v v v v v e e e e e e e e e e 120
KMPY e e e e e e e e e e e e e e e e e e 435
KOBLIQ v v v v v v vt e v e e e e e e e e e 4hs
LAG e e e e e e e e e e e e e e e e 201
LATCE . . . o 0 o e e e e e e e e e e e e 218
LoC e e e e e e e e e e e e e e e e e 258
LOGFLO . . . v v v i v e e v v e e e e e e e e 179
MAB e e e e e e e e e e e e e e e e e e e e 252
MABC o e e e e e e e e e e e e e e e e e 265
MATB e e e e e e e e e e e e e e e e e 256
MATCH . v v v v v v v v e v e e e e e e e e e 199
MATIEO v v v v v v e v e e v e e e e e e e e e 277
MATITO . . v v v v v e e e e e e e e e e e e e 294
MATPR v v v v v e e e v e e e e e e e e e e e 341
MATPRT & v v v s v v v e e e e e e e e e e e 172
MATSUP v v v v v v v v v e e e e e e e e e e e e 122
MINV e e e e e e e e e e e e e e e e e e e e 249
MPRD e e e e e e e e e e e e e e e e e e 317
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Subroutine Page No.

MSB e e e e e e e e e e e e e e e e 253
MSTR . 4og
L 3 423
N 267
NEWETL v . v v v e v e v e e e e e e e e e 343
NTEST . . v v v v v v v e e e e e e e e e, 176
NULL e e e e e e e e e e e e e e e e e 135
OPEN e e e e e e e e e e e e 226
QUTINT . . . . v v v e e e v e e e e e e e e e 228
OUTMAT . & . v v v v v e e e e e e e e e e e h66
PDISE v v v v v e e e e e e e e e 2214
o 365
PFFVY . . . v v v e e e e e e e e e e e e e 367
o 336
L 352
PEMVL v v v v v e e e e e e e e e e e 354
PFP e e e e e e e e e e e e e e e e e 362
PHASEL . . . v v v v v e e e e e e e e e 213
PHASED? v v v v v v e v e e e e e e e e e e e e 221
PKF e e e e e e e e e e e e e e e 358
PKM e e e e e e e e e e e e e e e e 348
PLAS2D v v v v v v e e e e e e e e e e e e e 371
PLMX e e e e e e e e e e e e e e e e e e e h17
PLUGT v v v v v e e e e e e e e e e e e e 260
PLUGLY . . . . v o o e e e e e e e e e e ho1
FLUGLT v v v v v v v e e e e e e e e e e e e 437
PLUGLE . . . v v e v e e e e e e e e e e e e b5 0
2 332
PLUGZ2Z . . . v v v e v e e e e e e e e e e e 454
PLUGE v v v v v e v e e e e e e e e e e e 401
0 373
PLUGT v v v v v v v v e e e e e e e e e e 309
PLUGE . . o v v v e e e e e e e e e e e b2s
PLOPRT . . . . o v v e e e e e e e e e e 400
PMMASS |, . . . . . . oo e e e e e e e 335
o O 368
PNGINE . . . . v . v v v e e e e e e e e e e e 369
POOF e e e e e e e e e e e e Yoy
R 420
PRT1 e e e e e e e e e e e e e e e e 288
PSTF e e e e e e e e e e e 363
PSTM e e e e e e e e e e e e e e e e e 350
PTBF e e e e e e e e e e e e e o e e e 372
PTBM . 45
PTFGS v v v v v e v e e e e e e e e e e e e 357
PTMGS v v v v v e e e e e e e e e e e e e e 346
PIPRTA v v v v v v v e e e e e e e e e e e e 271
PLIUPRT v v v v e e v e e e e e e e e e e e e e 425
FI7L1EM v v v v v e v e e e e e e e e e e 446
PTIPRT v v v v e e e e e e e e e e e e e e e 312
PBMASE L v v v e e e e e e e e e e e e e e e e Lipg
QUADT v v v v e e e e e e e e e e e e e e 411
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Subroutine Page No.

REACTE v v v v v v e e v e e o e e e e e 169
REC1 e e e e e e e e e e e e e e e 177
REC3 e e e e e e e e e e e e e e e e 2U6
RECY e e e e e e e e e e e e e e e e e 247
REFORM » + v v e e v e s e e e a e e e e e 211
REGE?2 v v e e e e e v e e e e e e e e 129
ROMBER . v v v v v o o s s v 6 e e e e e e 407
SORLM v v v e v e e e e e e e e e e e 418
SELQ e e e e e e e e e e e e e e e e e e e hh7
THTFT v v e e o e e e e e e e e e e e e 210
SOLVE v v v e e e e e e e e e e e e e e 419
SOUTSH v v v e v h e e e e e e e e e e e 241
TTRESS o ¢ v o e e e e e e e e e e e 145
TTRESL = o 0 o o o o o o e e e e e e e e e 147
TTRESZ « v o o+ o o o o e e e e e e e e e e e 149
STRPRT « o o o o v o o o o o+ e e e e e e e 159
SUBIKNT « o v 0 o v e v e a e e e e e e e 431
SYMPRT « « » + o 0 o+ 4 e e e e e e e e 257
TESTT o o 0 o o v e e e e e e e e e e e e 380
TREPPRT « + + o o v e e 4 e e e e e e e e 187
TESPRT « + « « « o o o + o 0 o = 4 e e e 397
TFTPRT .+ « « + o o = o v o o s o 0 a4 s e e 389
TTEPRT « « o o v v o o o e e e e e e e e e 383
DTEPRT « v v o v v e n e e e e e e e e e e 385
TIVPRT « v 0 o o« s e e e e e e e e e e 395
TISPRT - o o o o o o o o o o o o a e e e e 391
TPRD O e 318
TRALIC  « v o v v v e e e e e e e e e e e e e 379
TRALIT v v v o v v h e e e e e e e e e e e 382
TRATEFP v v v v v v e e e e e e e e e e 386
TRATFS « v v o o v e e o e a e e e e e e e 396
TRATFT v v o o v e v e e e o e e e e e e e 388
TRATK . v v e e e e e e e e e e e e e e 384
TRATIM . . v v e v e e e e e e e e e e e e 394
TRAIS v v v s v v e e v a e e e e e e e 390
TRATST & v v e e e e e e e e e e e e e e 308
TRAITS v v v e v v e e e e e e e e e e e e 39

TROPRT . v v v s e v e s e e e e e e e e e 381
TRIEST © v v v e e e e e e e e e e e e e e el
TSTPRT . « + o« o+ o+ o e e e e e e e e e 309
T3UM e e e e e e e e e e e e e e e e e e 124
TSYS e e e e e e e e e e e e e e e e 232
TTEPRT + v = o« v s v e e e e e e e e e e 393
UsSol e e e e e e e e e e e e e e e 174
USOLA o v v e e e e e e e e e e e e e e e e 181
USOUB v o v v e v e e e e e e e e e e e 233
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Subroutine ) Page No.

USUBL  « « v v v v e e e e e e e e e e e e e e 469
USUB2 v v v vt s e e e e e e e e e e e e e e e 471
USHBEZ v v v v vt e e e e e e e e e e e 472
ZMRD o e e e e e e e e e e e e e e e 433
ZTRD e e e e e e e e e e e e e e e e 434
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10.

11.

12.
13.
14.

Subroutline Name: AGENDM

Purpose: To locate 1In the Agendum llbrary the abstraction
instructions specified by the user on the $INSTRUCTION control
card 1n MAGIC.

FEquations and Procedures: The name of the desired Agendum
on the $INSTRUCTION card 1s passed to AGENDM by INST. The
specified name 1is compared against all avallable agendum
names in the TYPE array. If the specified optlon is a valild
name then the agendum library is searched until the correct
abstraction irstruction sequence is found, if it is not found
an errcor occurs. If it is found then NPIT is redefined to be
NSETA and control is passed to INST,

Input Arguments:

OPTION -~ agendum name on $INSTRUCTION card

LENOP ~ length of agendum name on $INSTRUCTION card

NPIT - logical unit number defining system card reader

NSETA - logical unit number defining data set of
agendum library

WORK - work stcrage

Output Arguments: None

Error Returns:

ERROR - TRUE, if the optlon specified on the $INSTRUCTION
card is unavailable or unrecognizable.

Calling Sequence:
AGENDM(OPFTION,LENOP,NPIT,NSETA,WORK,ERROR )

Input Tapes:

NSETA - agendum library
Output Tapes: None
Scratch Tapes: Ncone

Storage Required:
Total storage required 1s 4DH16 Bytes.

Subroutine User: INST
Subroutine Required: PUTL2

Remarks: MAGIC
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Subreoutine Name: INSTOQ4

Purpose: To analyze the GPRINT instruction which is of

the form:

GPRINT(NPRT,EZERO,ROWL,COL1.COL2.COL3. ... .COL12,
TSYS,TR)XX1,XX2

Equations and Procedures: Thls subrcutine uses the same

procedure a3 all the cther MAGIC speclal instruction analyzers.
The card image with blanks suppressed and starting one column
to the right of the first { is broken in 3 groups. The first
group 1s checked for the 3 fields defined by scalars.

Fiela Checked For
( R Scalar
R s Scalar
s s Scalar

Next a check 1s made for the 12 cclumn labels. These lapels
are positional and may be suppressed. After the labels have
been determined, the third group 1s checked for matrix names.
Two, three, or four matrices may be specified depenulng on use.

Fleld Checked for

end of labels Matrix Name
s Matrlix Name
) Matrix Name
s -blank Matrix kame

e ~rw

Bach fileld is checked in turn and detection of an errcr
results in an error return. If the card 1mage for the
instruction is syntactically correct, information required
for executicn 1s written on tape. Contrcl is returned to
INST.

Input Arguments:

NPREFP - cutput tape number

HOPC - cpcode of instruction (0U4)

TSTHNO - statement number of instruction

CARD - card image (starting in column %c¢ right of

first (, blanks suppressed)
number of non-blank characters on card

NONBLK
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Output Arguments:

NUMIN - numpber of 1lnput matrices
ERROR - error control h
Errcr Returns: Loglcal variable ERRCR 1s set to .TRUE.

if an error is detected and control returns to INST. Additicnal
diagnostlcs are printed for illegal values o¢f parameters,
invalld specification of matrices and illegal specification

of column headers.

Calling 3Sequence:

Czll INSTOU(NPREP,NCPC,INSTNC,CARD,NONBLK,NUMIN,ERROR)

Iriput Tapes: None
Output Tapes: NPREP
Scratech Tapes: None

Sterage Required:
SYMBOL{3)
TYMBCL (4]
188
D8 16
Subroutine User: INST

Bytes

Subroutine Regulred: INSTFP, PUTL3, PUTL4

Femarks: This 1s a specizal instruction analyzer.
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Subroutine Name: INSTOS

Purpose: To analyze the EPRINT instruction which is cf
the form:

EPRINT(N,EZERO,NAMIN1)NAMINZ

Equations and Procedures: This subroutlne uses the same
procedure as all the other MAGIC 1nstructlon analyzers. The
card image with blanks suppressed and starting one column

to the right of the first ( 1s broken into 4 fields as
defilned within successlive delimiters.

Field Defined By Checked For

s Integer Scalar
s Real Scalar
) Matrix Name
A-blank Matrix Name

L Y

Each fleld 1s examined and checked 1in turn. Detection of

an error results in an error return. If the card image for
the instruction is syntactically correct, informatlon requilred
for execution 1s written on tape and control 1s returned

to INST.

Input Arguments:

NPREP - output tape number
NOPC opcode of instruction (05)

INSTNO - statement number of instruction

CARD - card image (starting in coclumn to right of
first {, blanks suppressed)

NONBLK - number of non-blank characters on card.

Output Arguments:

NUMIN - number of input matrices
ERRGR - error control
Error Returns: The logical variable ERROR 1s set to .TRUE.

if an error 1s detected and control returns to INST. Additilonal
dlagnostics and warnings are printed for invalld values of
parameters and lllegal suppression of parameters.

Calling Sequence:

Call INSTOS5{(NPREP,NOPC,INSTNC,CARD,NONBLK,NUMIN,ERROR)

Input Tapes: None

Cutput Tapes: NPREP
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Scratch Tapes: None
Storage Requlred:
SYMBOL (4}

Total Storage is 6D816 Bytes.
Subroutine User: INST
Subroutine Required:
INSTFP

PUTL3
PUTLY

Remarks: This 1s a speclal instructlon analyzer.
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Subreoutine Name: INST43

Purpose: To analyze the .DEJOIN. instruction.

Al,A2 = B.DEJOIN.(C(I,J),KCDE)

Al,A2 = B.DEJOIN.(K,KCDE)

Egquations and Procedures: This subroutline uses the same

procedure as all the other analyzers in MAGIC. The cara
image with blanks suppressed and starting in column 7 1s
broken into 6 fields as defined withln successive delimiters.

Field Defined By Checkec For
Column 7 s Matrix Name
= Matrix Name

. Matrix Name

0 Not Checked

Not Checked
Checked For Matrix Name
and 3 Scalars or 2 Scalars

O O -
e

Each fleld 1is examined and checked in turn. Detection of

an error results in an error return. If the card image for
the instruction 1s symtactically correct, information
reguired for execution of the instruction is written on tape
and control is returned to INST.

Input Arguments:

NPREP - cutput tape number

NOPC - opcode of instructlon (43)

ISTNO - statement number of instruction

CARD - card image (starting in column 7, blanks suppressed)
NONBLEK - number of non-blank characters in card

Qutput Arguments:

NUMOT - number of output matrices

NUMIN - numcer cf input matrices

NUMSC - number of scalars

ERROR - error control

Error Refurns: Loglical variable ERROR 1t set to .TRUE.

if an error is detected in this routine and a return is made
to INST. Additlional messages are printed cut for invalid
matrix names and invallid indices.

Calling Sequence:

Call INST43(NPREP,NOPC,ISTNO,CARD,NONBLK,NUMCT,NUMIN,NUMSC,
ERROR)
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Input Tapes: None
Qutput Tapes: NPREP
Scratch Tapes: None

Storage Reguired:
MATRIX(7,4)

SYMBOL(€)
TNDEX(3)

Total Storage 1is A5816 Bytes.

Subrcocutine User: INST

Subroutine Required: PUTL3, PUTLA

Remarks: This 1s an arithmetic type instructlon analyzer.
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Subroutlne Name: INSTEO

Purpose: To analyze instructlons of the form
(+)NAMOUT = +NAMIN1, +NAMIN2.OPCODE.(NPRT,EZERO)
.FORCE. and .STRESS. are presently of this form.
Equations and Prccedures: The subroutine uses the same
procedure as all other analyzers In MAGIC. The card image

with blanks suppressed, and starting at column 7 is broken
into 7 fields as defined Inslde successive delimiters.

Pleld Checked For

Column 7 —-—————-— = Matrix Name
5 ommm———— s Matrix Name

s . Matrlix Name

Not Checked

. { Not Checked
( s Integer
. ) Real Number

Each fleld 1s examlined and checked in turn. Detection of

an errcr results in an error return. If the card image for
the instructlon 1s syntactically correct, infermation required
for execution is wrltten on tape. Ccntrol is returned to
INST.

Input Arguments:

NPREP - cutput tape number

NOPC - cpccde of instruction (61 or 62}

ISTNO - statement number on instruction

CARD - card image (starting in column 7, blanks suppressed)
NON3LK - number of non-blank characters in card

Qutput Arguments:

NUMOT - numier of output matrices

NUMIN - number cof input matrices

NUMSC - number of scalars

ERROR - error control

Error Returns: Logical variable ERRCR is set to .TRUE. 1if

an error l1s detected 1n this routine and control returns to
INST. Additicnal messages printed ocut for i1llegal values of
scalars NPRT and EZERO.
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Calllng Seqguence:

Call INST6O0(NPREP,NOPC,ISTNO,CARD,NONBLK,NUMOT,NUMIN,NUMSC,

ERROR)
Input Tapes: None
Output Tapes: NPREP
Seratech Tapes: None

Storage Reguired:

MATRIX(7,3)
SYMBOL(7)

Total Storage is ?Aul6 Bytes.
Subrcutine User: INST
Subroutlne Required:

PUTL3

PUTL#H

INSTFP

Remarks: This 1s an arithmetic type instruction analyzer.
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Subroutine Name: MATSUP

Purpose: 1Insert suppressed input matrix names into the
Format System

Equations and Procedures: Scratch unit NPREP is backspaced
toc the beginning of the instruction section.. TIf scratceh
unit NDATA already contains matrices then it is positioned
at the data set trailer; otherwise it 1s rewound and a data
gset header written upon it. Each instruction record is then
read to determine i1f the op-code is capable of containing
input suppressed matrices as indicated in the array LEGAL.
If the operation is capable of containing suppressed input
matrices then the input matrix names are checked to see if
they contain a slash in the first position. If this is

the case the suppression name is entered as a null matrix
on NDATA. NDATA is then returned to the first suppressed
matrix name and re-read so that each added matrix on NDATA
is recorded on NPREP after the instructions. Control is
then returned to the calling program.

Input Arguments:
NUMD : Number of matrices on NDATA

NUMSUP : Number of suppressed input matrices to bhe
added to NDATA

NDATA : Logical unit contalning card input matrices
NPREP : Logical unit containing preprcocessor data
NUMI ¢ Number of instructions on NPREP

TWORK : Work storage area

Output Arguments: None

Error Returns: None

Calling Seguence:

(NUMD, NUMSUP, NDATA, NFREP, NUMI, IWORK)

Input Tapes:

NDATA : contains card input matrices, if present

NPREP : contains input abstraction instructions in
coded form

Cutput Tapes:

NDATA : will contain suppressed input matrices
NPREP : will contain suppressed input matrix names
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Scratch Tapes:

Storage Required:

Subroutine User:

None

PREP

Subroutines Required:

Remarks:

None

Total storage 1s 74016 Bytes.

None
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Subroutlne Name: TSUM

Purpose: To generate a summary of the matrices on a
format tape 1f EUTL3 cannot find a matrix on the specified
tape.

Equatlons and Procedures: The data set header and modifier
are printed out. Then each matrix header is printed out
giving the matrix name, the sign of the matrix and the row
and column dimension of the matrix. A record count is also
provlided sc the number of columns 1n a matrix can be
calculated.

Input Arguments:

NSET = The logical unit number of the format tape
to be summarized

Qutput Arguments: None

Error Returns: Nene

Callling Sequence: TSUM(NSET)

Input Tapes: NSET

Output Tapes: None

Scratch Tapes: None

Sterage Requireq Total Stcrage required 1s 56016 Bytes.

Subrcutline User: EUTL3
Subroutine Required: None
Remarks: None
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Subrocutlne Name: IDNTR

Purpose: To form an ldentity matrlx of the same order as
the row dimenslion of the i1nput matrix.

Equatlons and Procedures: The input matrlx 1s located by
EUTL3 and an ldentity matrix 1s formed. The order of the
identity matrix 1s the same as the row dimenslon of the
input matrix.

Input Arguments:

NUMOT - the number of output matrices

QUTPUT - array containing the names of the cutput matrilces
IOSPEC - array contalning output data set numbers

NUMIN - the number cf 1lnput matrices

INPUT - array contalning the names of the input matrices
INSPEC - array containing input data set numbers

NUMSR - the number of scratch data sets

ISSPEC - array containlng scratch data set numbers

NUMSC - the number of lnput scalars

SCALAR - array containing the input scalars

IERRCR - error return cocde

NWORKR - the number of words of avallable work storage
WORKR - worklng storage array

Qutput Arguments: Ncone

Errcr Returns: IERRCR = 11, if the input matrix cannot

be found.

Callling Sequence:

IDNTR (NUMOT ,OUTPUT, IOSPEC , NUMIN, INPUT, INSPEC,NUMSR, ISSPEC,
NUMSC, SCALAR, IERROR , NWORKR , WORKR )

Input Tapes: INSPEC
Output Tapes: TOSPEC
Seratch Tapes: None

Storage Reguilred Total Storage regquired 1is 5OE16 Bytes.
Subroutine User: EXEQ
Subroutine Requlred: EUTL3, EUTL5, EUTL6

Remarks: A = B.IDENTR.
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Sucroutine Name: IDNTC

Purpose: Te form an ldentity matrix of the same order
&3 the column dimension of the input matrix.

Equatlions and Procedures: The input matrix 1s located

by EUTL3 and an identity matrix is generated. The order
of the identity matrix is the same as the column dimensior
¢f the input matrix.

Input Arguments:

NUMOT - the number of cutput matrices

CUTPUT - array ccntaining the names of the cutput matrices
TOSPEC - grray containing ocutput data set numbers

NJMIN - the number of input matrices

THPUT - array contalning the names of the input matrices
INSPEC - array containing input data set numbers

HUMSR - the number of scratch cata sets

ISSPEC - array containing scratch data set numbers

KUMSC - the rnumber of input scalars

SCALAR - array containing the input scalars

IERROR - error return code

NWORKR - the number of wordas of available work storage
WORKR - working stcrage array

Cutput Arguments: None

Error Return: IERROR = 11, 1f the 1rput matrix cannot be
founa.

Calling Sequence:

IDNTC(NUMOT,OUTPUT,IOSPEC,NUMIN,INPUT,IHSPEC,NUMSR,ISSPEC,
NUMSC, SCALAR, TERRCR, NWORKR ,WORKR )

Input Tapes: INSPEC
Cutput Tapes: ICSPEC
seratch Tapes: Ncone

Storage Required: Total Storage reqguired is S50E. . Bytes.
subrcutine User: EXEQ
Subrcutine Reguired: EUTL3, EUTLS, EUTLG

Remarks: A = B.IDENTC.
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Subroutine Name: EIGL

Purpocse: To create dynamic storage for eigenvalue
and eigenvector calculations and locate input matrix.

Fquations and Procedures:

Dynamic steorage is allocated.

REGE2 is called to transfer matrix to scratch tape.

EIGE is called to iteration on a matrix.

Storage required is 5 vectors of equal length
{(order of matrix).

5) If the NWORK storage is teo small for this, an

error message 1is printed out.
6) If the eigenmatrix cannot be located, another error
message is written.

I~ o
e e N e

Input Arguments:

NMOUT - the number of ocutput matrices

NAMOT - array containing the names of the output
matrices

I0ODS - array containing output data set numbers

NMIXN - the number of input matrices

INPT - array containing the names of the Input
matrices

TNSP - array contalning input data set numbers

NSCR - the number of scratch data sets

I155P - array containing scratch data set numbers

NMSCL - the number of input scalars

NAMSC - array containing the input scalars

ERR - - error return code

NWKR - the number of words of available work storage

WKR - working storage array

Output Arguments: ERR

Error Returns:
ERR = true if input matrix can't be found
= true if nct encugh storage to calculate elgenvalue
and vector.

Caliing Sequence:

Call EIG1(NMOUT,NAMOT,TODS,NMIN,INPT,INSP,NSCR,ISSP,
NMSCL,NAMSC,ERR,NWKR,WKR)

Input Tapes: 1KSP

OQutput Tapes: I0D3, NFPOT
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Scratch Tapes: ISSP (4 scratch tapes needed)

Storage Required:

Total Storage Required is A3C16 Bytes.
Subroutine User: EXEQ

Subroutines Required:

REGE?2

EIGB

EUTL3

Remarks:
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Subroutine Name: REGEZ2

Purpose: This routlne takes compressed (Format) Elgen-
matrix and transfers 1t (exponded) to a scratch data set.
Storage on the scratch data set 1s optimized by placing
as many columns into a record (which has NLEFT words

max) as possible.

Equations and Procedures:

1) Compute number of columns/NLEFT record = NCR:
maximum NCOL records.
2) Compute number of columns in last record = NRR
3) Compute total number of records = NR
a) Number of full records NFR
b) Number of columns 1n last record NRR
) Read compressed matrix from I13 expand column
using EUTLY. Provide for suppressed column.
Take care of full records first.
Next write final clean-up record contalning
remaining matrilx columns.

[#289) ] =
—

Input Arguments:

I12 - data set to which eigen-matrix 1s transferred
I13 - data set with compressed (Format)} eigen-matrix
ARRAY - work storage

DARRAY - work storage

NCOL - order of matrix

NR - total number of records on scratch data set
NLEFT - maximum record length

Qutput Arguments: None

Error Returns: None

Calling Sequence:
Call REGE2(I12,I13,ARRAY,DARRAY,NCOL,NR,NLEFT)

Input Tapes: 113 contalns orlglnal format compressed
elgenmatrix.

Output Tapes: I12 contains expanded elgenmatrix each
record i1s up to "NLEFT" words and contains an integer
number of matrix columns/record.

Seratch Tapes: None

Storage Required:
Total Storage required 1s 6D1+16 Bytes.

129



12.

13.

14,

Subroutine User:

EIG1

Subreoutine Required:

EUTLQ

Remarks:
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Subroutine Name: EIGB

Purpose: Control iteration routine EIG. Writes
eigenvalue, eigenvector matrices on tape.

Equations and Procedures:

1) Write out controls used in iteration:

NE - number of eigenvalues requested Defaults are

IFLAG - row or column iteration NCOIT = 500

NOIT - number of iterations per CRIT = .001
criteria update

CRIT - convergence criteria

Locate and expand input vecotrs using EUTL3

Call routine EIG

Print out freguency in CPS and radians/sec and
the normalized eigenvector

5) If output vecotrs are requested write them on an
output tape when vectors are wrltten.

Il IO
e e

Tnput Arguments: See calling sequence.

Output Arguments: None

Error Returns:

Calling Segusnce:

Call “IGB(NE,IBEG,IEND,WKR(N1),WKR(N5),WKR(N3),WKR(NU),
WKR(N2),NMDB,NEIGL,NEIGV,NAMOT,NMOUT,WKR(N3),
WKR(NM),NSAVE,INVEC,INPT,NMIN,ERR,IFLAG,NOIT,
NRIT,NVECT,NR,NLEFT)

Input Tapes:

Output Tapes: NSAVE, NVECT, NPOT, NEIGL, O

Scratch Tapes: NSKRAT

Storage Regquired:
Total Storage required is 188216 Bytes.

Subroutine User: EIG1
Subrcutines Required: EUTL3, EIG, EUTL5, EUTLG6
Remarks:
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Subroutine Name: EIG

Purpose: Thls routine computes only one elgenvalue and
vector for each call from EIGB.

Equations and Procedures:

1) Power method iteration with hottellng deflation to
remove domlnant root.

2) Iterate on column vector, get vector and value.

3) If another value 1is deslred, iterate on row vector
and value,

4) Use row and column vectors to deflate matrix.

5) Use deflate matrix when ilterating for next column
vector

6) If the convergence must be updated (CRITZ = CRITZ+CRIT)

7) Return to routine EIGB.

Input Arguments:

N - order of characteristic matrix

IPRINT - = 0 no iteration print; = 1 print iterations

NEIG - = always =1

CRIT - convergence criteria

NOIT - number of 1terations

IBEG - location (unit) of col (characteristic)
vector matrix

IBEND - unlt on which deflated matrix is placed

Qutput Arguments:

ROOTS ~ returned elgenvalue

XIN - returned elgenvector

NERR - error Indicator = 0 no error;=1 col do not converge
ICOUNT - 1 1f value converged row does not converge

IFLAG row root ¥ col root

machine or input error

both input and output

i3 n
Swmn

0 go directly to col
lteration

1 continue row iteration
indicates row iteration
falled previously and
criterla has been increased

Error Returns:

NERR = 1 no error; = 2 elgencols do not converge;

=3 elgenrows do not converge; = 4 row root not equal to
col. root; = 5 no nonzero element in (col); = 6 no non-
zero element 1In row; = 7 scalar product of row and column
vectors = zero.
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Calling Sequence:

call ETG(N,IPRINT,NEIG,ROOTS,XIN,NERR,CRIT,NOIT,ICOUNT,
IBEG,IEND,A,XI,SIMIN,XINP,NMDB,XIP,XIMINP,NE,
IFLAG,NUMR,NLEFT ,NOFF,NTR

Input Tapes:

Qutput Tapes:

Secratch Tapes:

IBEG - initial (A) matrix locatiocn St

IEND - location of swept (A) matrix after 1 eigenvalue
1s found. This unit then becomes the input for
calculating the next elgenvalue and IBEG willl
receive the resulting swept matrix.

Storage Required:
Total Storage required is 1BO616 Bytes.

Subroutine User: EIGB
Subroutines Required: None
Remarks:
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Subroutine Name: COLREP

FPurpose: To generate a matrix by repeating the first
input column matrixz K number of times where K is the column
dimension of the seccond input matrix.

Equations and Procedures: The seconu input matrix is
located and its column dimensicn, NCOL, is ncted. The
first input matrix 1s located and stored in core and its
row dimension, IROW, 1s noted. A matrix header for the
cutput matrix of order IROW by NCOL is written. The input
cclumn is repeated NCOL times and the matrix trailer for
the output matrlx 1s written.

Input Arguments:
NUMOT the number of output matrices

NAMIO array containing the names of the output matrices
IOSPEC - array containing output data set numbers

KUMIN - the rumber of Input matrices

NAMIN - array contalning the names of the input matrices
INSPEC - array ccntaining input data set numbers

NUMSR - the number of scratch data sets

ISSPEC - array containing scratch data set numbers
NUMSC - tne number of input scalars

SCALAR - array containing the input scalars

IERROR - error return code

NWORK - the number of words of available work storage
WORK - worklrg storage array

Qutput Arguments: IERROR - error flag.

Error Returns:
IERROR 11, if first input matrix can't be found
12, if second input matrix can't be found
21, 1f output matrix can't be generated

nun

Calling Sequence:

COLHEP(NUMOT,NAMIO,IOSPEC,NUMIN,NAMIN,INSPEC,NUMSR,ISSPEC,
NUMSC,SCALAR,IERROR,NWORK,WORK)

Input Tapes: INSPEC
Qutput Tapes: ICSPEC
Seratch Tapes: Nche

Storage Required: Total Storage required is 6““16 Bytes.

Subroutine User: EXEQ
Subroutine Required: EUTL3, EUTLS, EUTL6

Remarks: A = B.COLREP.C
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Subroutine Name: NULL
Purpose: Te generate a null matrix of corder n X m.

Equatiors and Procedures: The first input matrix is
located and the row dimensilon of this matrix is saved 1in
KROW. The second input matrix 1s located and the column
dimension of this matrix is saved 1n KCOL. Then a matrix
neader and traller is written. The dimension cof the out-
put matrix is KROW x KCOL.

Input Arguments:

NUMOT - the number of output matrices

NAMIO - array containing the names of the ocutput matrices
IOSPEC - array containing output data set numbers

NUMIN - the number of input matrices

NAMIN - array contalining the names of the input matrices
tNSPEC - array containing input data set numbers

NUMSH - the number of scratch data sets

ISSPEC - srray contalning scratch data set numbers

NUMSC - the number of input scalars

SCALAR - array contalning the Input scalars

IERROR - error return codes

NWORK - the number of words of avallable work storage
WORK - worklng storage array

Jutpus Arguments: IERROR - error fliag

Error Eeturns:

IERROR 12, if first input matrix can't be found

12, if second input matrix can't be found

In

Calling Seguence:

NULL (KUMOT , KAMIO, IOSPEC,NUMIN,NAMIN, INSPEC,NUMSR, ISSPEC,
NUMSC, SCALAR, IERROR, NWORK,WORK)

Input Tapes: INSPEC
Qutput Tapes: IOSPEC
Seratch Tapes: None

Storage Reqguired: Total Storage reguired 1s hBAls Bytes.
Subroutine User: EXEQ
Subroutine Requlreaq: EUTL3, EUTL5, EUTLG6

Remar#Zs: A = B.LULL.C
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Subroutline Name: DEJOIN

Purpose: This routlne is the controlling routine to
provide matrlix column or row partitioning.

Equations and Procedures: First, the input and output
data sets are defined. Next a check 1s made to determine
1f the input data set 1s the same as either cutput data
set. If elther or both of the output data sets are the
same, the output data set 1s redefined as a unique scratch
data set. Nocw a test 1s made to determine 1f the partiticn
number was Input or if it must be found. If it was nct
input then EUTLT extracts the partltioning scalar. Now a
test of whether a column or a row DEJCIN 1s desired is
performed. If it 1s a column DEJOIN, subroutine DEJNC

ls called. If it 1is a row DEJOIN, subrcutine DEJNR is
called. If elther or both cutput data sets are different
from the originally allocated output data sets, a copy of
the output data set 1s made onto the originally allocated
data set by a call to EUTL4.

Input Arguments:

HUMOT ~ the number of output matrices

NAMIO - array contalnlng the names of the output matrices
IOSPEC - array contalning output data set numbers

NUMIN - the number of 1lnput matrices

NAMIN - array containing the names of the input matrices
INSPEC - array containing input datas set numbers

NUMSR - the number of scratch data sets

ISSPEC - array contalning scratch data set numbers

NUMSC - the number of 1input scalars

ISCALE - array contalining the Input scalars

IERROR - error return code

NWORK - the number cof words cf avallable work storage
WORK - working storage array

Cutput Arguments: IERRCR - error flag

Error Returns: An error conditlon occurs when a matrix

cannot be located, the subscripts used to extract the
partition number exceed the dimension limit, or when the
partition number i1s invalid.

Calling Sequence:

DEJOIN(NUMOT,NAMIO,IOSPEC,NUMIN,NAMIN,INSPEC,NUMSR,ISSPEC,
NUMSC,ISCALE ,IERRCR,NWORK,WORK)

Input Tapes: Oree or two input data sets in the INSPEC
array.
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Qutput Tapes:
Scratch Tapes:
Storage Regulrea:
Subroutine User:
Subroutlne Required:
EUTL1

EUTL3

EUTLTY

DEJNC

DEJNR
EUTLY

Remarks: A,B = C.DEJOIN.(d,e)

Two output data sets 1n the IOSPEC array.
Two scratch data sets in the ISSPEC array.
Total Storage required 1s 91816 Bytes.

EXEQ
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Subroutine Name: DEJNR

Purpose: This rcutine row partitions a matrix at a
specified row.

Equations and Procedures: First the partition number
is tested agalnst the row dimension of the matrix to be
partitioned 1If 1t 1s greater than the riumber of rows an
error occurs. If it 1s less than or equal to the row
dimenslion then the input matrix A4 is partioned to form
two cutput matrices Cl on C2.

A(MXN) = C1(J-1 x n), C2(m-J+1 x n) where 1 < J <m

Input Arguments:

NAME - the names of the output matrices

NSET - the data set number of the input matrix to be
partiticned

NSET1 - the data set number of the first output matrix

NSET2 - the data set number of the second cutput matrix

JPART - the row number at which the Input matrix is to
be partitioned

IROW - the row dimension of the input matrix

ICOL - the column dimenslon of the 1nput matrix

NWORK - the number of words of available working storage

WORK - working storage array

ERROR - error flag.

Output Arguments: ERROR

Error Returns: An errcr conditicn occurs wher. JPART

is greater than the row dimension of the input matrix.
Caliing Sequence:

DEJNR(NAME,NSET ,NSET1,NSET2,JPART,IRCW, ICOL, NWORK, WCRK,

ERROR;
Input Tapes: NSET
Output Tapes: NSET1l, NSETZ
Sceratch Tapes: Ncne

Storage Required: Total Storage required is 5F616 Gytes.

Subroutine User: DEJOIN
Subroutine Required: EUTLS, EUTL9, EUTLE, EUTLE
Remarks: None
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Subroutine Name: DEJNC

Purpose: This routine column partitlions a matrix at a
specified column.

Equations and Procedures: First the partition number 1s
tested against the column dimension of the matrix to be
partitioned. If it 1s greater than the number of columns
an error occurs. I1f it is less than or equal to the column
dimensicn the input matrix A Is partitioned to form two
output matrices Cl and CZ2.

A{MXN) = CL(M x J-1), C2(m x n-J+1) where 1 < J <n

Irput Arguments:

NAME - the names of the cuiput matrices
dSET - the data set number of the input matrix to
be partitioned
NSETL - the data set number of the first cutput matrix
NSETZ - the data set number of the second output matrix
JPART - the column number at which the input matrix 1is
to be partltiored
IROW -~ the row dimension of the input matrix
ICOL - the columr dimension of the input matrix

HWORK “he number of words of avallable worklng storage
WORK - working storage srray

ERROR - error flag
Output Arguments: ERROR
Error Returns: An error condition ceccurs when JPFART 1is

greater than the column dimension of the input matrix.
Calling Sequence:

DEJNC(NAME,HSET,NSETl,NSET2,JPART,IROW,ICOL,NWORK,WORK,

ERROR)
Input Tapes: HSET
Output Tapes: NSET1, KSETZ2
Scratch Tapes: Jdone

Storage Required: Total Storage required 1is 63816 bytes.

Subroutire User: DEJOIN
Subroutine Required: EUTLS, EJUTLG
Remarks: Mone
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Subroutine Name: ASSEM

Purpose: To assemble the element matrlces generated
by the USERCH mocdule.

Equations and Procedures: The matrix containing the system
constants 1s found to generate the value NSYS. The assembled
matrices will be of order NSYS, that is, they will not be
reduced. Next, the variable ITYPE is tested to see what

type of matrices are to be assembled. Depending on the

value of ITYPE control 1s transferred to either ASSEMC or
ASSEMS to assemble and write the matrices

ITYPE 1, for element stiffness assembly
2, for element mass assembly

3, for element incremental assembly
b,

for element applied lcad assembly.

Input Arguments:

NUMOT - the number of output matrices

NAMIO - array containlng the names of the output matrices
IOCSPEC - array containing cutput data set numbers

NUMIN - the number of input matrices

NAMIN - array containing the names of the input matrices
INSPEC - array containing input data set numbers

NUMSE - the number of scratch data sets

ISSPEC - array containing scratch data set numbers

NUMSC - the number of 1nput scalars

ISCALE - array containing the input scalars

IERROR - error return code

NWORK - the number of wcrds of available work storage
WORK - working storage array

Qutput Arguments: None

Errcr Returns:

IERRCR

H
M
—

™

1f the matrix conteining the system constants
can't be found

15, 1f there is not encugh werk stcorage for the
assembled matrix

Calling Sequence:

ASSEM(NUMOT ,KAMIO, IOSPEC,NUMIN,NAMIN, INSPEC,NUMSR, ISSPEC,
NUMSC,ISCALE,IERRCR,NWORK , WORK)

Input Tapes: The data set numbers are contained in the
INSPEC array.
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Qutput Tapes: The data set numbers are contalned 1In
the I0SPEC array.

Scratch Tapes: The data set numbers are contained 1n
the ISSPEC array. This module uses at most two scratch
tapes.

Storage Required: Total Storage required 1s 72016 Bytes.
Subroutine User: EXEQ

Subroutine Requlred:

EUTL3

ASSEMC

ASSEMS

Remarks: 4 = B.ASSEM.C,(d)
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Subroutine Name: ASSEMC
Purpose: Toc assemble the element applied load columns.

Egquatlons anc¢ Procedures: The tape containing the element
matrices is read and the LISTEL and PIEL arrays are stored for
each element. Using the LISTEL array the FTEL arrays 1s
assembled Into a master apollied load array. This process

1s repeated for each element.

Input Arguments:

NSETL - data set on which the Input element matrices
are stored

NSETZ - data set number of output matrix

NAME]L - grray contalning name of matrix on NSETZ

NAMEZ - array containing name c¢f matrix on HSETL

ASYS - order of assembled matrix

LISTEL - storage for the LISTEL array

FTEL - storzge for the element applled lcacs array

HCOL - storage for the assembled FTEL

NWORK - rumber of wcrds of work storage

WOREA - wcrk storage

1ERROR - errsr return

Outpur Arguments: None

Error EReturns:

IERRCR = 11, if the input matrix can't be found
= 15, 17 a value of LISTEL 1s greater than KSY3

Calling Zequence:

ASSEMC(NSETl,NAMEl,NSETE,HAMEE,NSYS,LISTEL,FTEL,FCOL,
NWORK,WORK,IERROR)

Input Tapes: NSET1
Cutput Tapes: NSETEZ
Scratch Tapes: None

Storage Reqguired: Total Storage requlired is 67816 Bytes.

Subroutine User: ASSEM
Subroutine Reguired: EUTL3, EUTLS5, EUTL6
Remarks: HNone
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Subroutine Name: ASSEMS

Purpose: To assemble the element stiffrness, element mass
or element incremertal matrices as generated by the USEROA
module.

Equatlons and Procedures: The matrix containing the input

element matrices is found and depending on what type of
matrices are to be assembled a different reac statement 1s
initiated. The LISTEL array and element matrix 1s then
stored in core. Tnen using LIST processing techniques the
element matrix is assemb.ed in core. Only non-zerc values
are considered. If sll non-zeroc values can't flt 1In core
theri the vzlues ir core are written on tape untll more
elements are assembled in core. These non-zZero values are
then merged with the ones on tape to produce the output
assembled matrix.

Input Arguments:

HSETI - data set rnumber of tape containing element matrices
NAMIN - array containineg name of matrix on H3ETI
HEETZ - dzta set num-er of output matrix

HAMOUD - array contalining name of cutput matrix

LE1 - scraten tape 1

AsZ2 - scratch tape £

NI - crder of assembled matrix

HCORE - number cf aval_able wcrds of core storage
ITYPE - indicates type of mstrices to be assemk lad
COLPT - sterage needed for assembly

VALUE - storage needed for assenbly

LERROR - errcor flag

Jutput Argumsnts: llone

Error Heturns:
IERROR = 11, if the irput matrix cn KSETL cannot be found
Calling Sequence:

ASSEMS(NSET ,NAMIN,NSET2,NAMOUT ,NS1,M82 ,ISYS,NCORE, ITYPE,
TCOLPT,VALUE, IERROR)

Input Tapes: HEET1
Output Tapes: LKSETZ
Scratch Tapes: 21, 132
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Storage Required Total Storage required is 2921416 Bytes.
Subroutine User: ASSEM

Subroutine Required:

EUTL3

EUTLS

EUTL6

Remarks: For a more detailed documentation see the
source listlng os subroutine ASSEMS.

144



Subroutine Name: STRESS

Purpose: This is the control routine for computing the
net element stress matrix. It alsc controls the opticnal
englineering print of apparent element stresses, element
applied stresses and net element stresses.

Equations and Procedures: This module first tests the
sllocation of the input and output matrices. If both input
matrices are on the same data set, but not on the data set

to contain the output matrix, then one cof these input matrices
is copled onto a scratch data set. If both input matrices

are on the same data set as the output matrix, then each

input matrix 1s located and copled onto a scratch data set.
When this has been completed beth input matrices are
positioned and the matrilx neader for the ocutput matrix 1s
writtern.

Pointers are next set up indicating pesitions 1in the work
area for arrays needed to compute the stresses.

Subroutine STRES1 is called to read element data and
displacements contalned 1n the input matrices.

Input Arguments:

NUMOT - the number of cutput matrices

NAMIO - array containing the names of the cutput matrices
IOSPEC - array containing cutput data set numbers

NUMIN - ~he number of input matrices

NAMIN - array containing the names of the input matrices
INSPEC - array containing input data set numbers

NUMSR - the number of scratch data sets

ISSPEC - array containing scratch data set numbers

NUMSC - the number of input scalars

SCALAR - array containing the input scalars

IERROR - error return code

NWORK - the number cof words of avallable work storage
WORK - working storage array

Qutput Arguments: IERROR

Error Returns:

IERROR = 11 or 21, if either the first or second input matrix
can't be found by EUTL3

Calling Sequence:

STRESS ( NUMOT , NAMIC, IOSPEC,NUMIN,NAMIN, INSPEC,NUMSR,ISSPEC,NUMSC,
SCALAR, JIERRCR,NWORK ,WORK)

Input Tapes: INSPEC

Qutput Tapes: IOSPEC
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Scratch Tapes: ISSPEC

Storage Required Tetal Storage recuired 1s 70&16 Bytes.
Subroutine User: EXEQ

Subroutine Required:

EUTL1

EUTL3

EUTLY

EUTLS

STRES

Remarks: C = A,B.STRESS.(d,e)
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Subroutine HName: STRES1

Purpose: This routine reads element data and displacements,
calls STRES?2 to calculate the stresses, then writes the net
element stresses for each element.

Equations and Prccedures: 4 test 1s first made to see 1if
enocugh work space 18 avallable to process all elements
successfully. Then for each element this module:

(a) Reads a column of the lnput matrix containlng element
data on NSETI.

{b) Compresses this column, keeping only the element data
rnecessary to calculate the stress.

(c) Calls STRES2 to calculate the stresses and print
tnem out.

(@} Writes the calculated net element stresses on the
ousput data set. One column is written for each
elerent, such that each column contains net stresses
for each load concaition.

Input Arguments:

NELEM - the number of elements

KLOAD - <he number of load conditions

AMDEB - the order of the displacement array

MAXEL - the length of work storage needed to process
the maximum slze eliement

RL43 - HLOAD¥A4G

HSETL - the data set number of the input matrix con-
tainling eliement data

HEET2 - the data set number of the input matrix con-
vaining the dilsplacements

JSETS - the data set number of the output matrix

HAME - the name of the matrix on LSETZ2

SCALAR - an array contalining the i1nput scalars

MAT - a work array local to STRES1

1PM - a work array local to STRESL

STRESH - werk storage for the net element stresses

HWOREK - the number of words of -avallable working storage

WORK -~ working storage array

ILRROR - error return

Output Argumerts: IERROR - error return

mrrcr Returrs:

I=RROR = 15, if rot enough work storage to process all
elements.
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Calling Sequence:

STRES1(NELEM, NLOAD , NMDB , MAXEL ,NL48 ,NSET1,NSET2 ,NSET3
NAME,SCALAR,MAT, IPM, STRESN , NWORK , WORK , IERROR )

Input Tapes: NSET1, NSET?2
Qutput Tapes: NSET3
Scratch Tapes: None

Storage Required: Total Storage required is 75A16 Bytes.
Subroutine User: STRESS

Subroutine Required:

ELREAD

FREEUP

STRES2

Remarks: None
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Subroutine Name: STRES?Z

Purpose: This routine calculates the net element stresses
for each load condition. Then calls STRPRT to print the
apparent, applied end net element stresses.

Equaticns and Procedures: A test is first made to see

if the displacements for all load condltlions can fit in
core. If they can, then they are read into core. If the
displacements for all load conditions dc not fit into core
then the displacements for each load condition are read
into core one at a time. For each load ccnditlon the net
element stresses are calculated and depending on the option
specified the apparent, applied or net stresses are printed
for each element.

Input Arguments:

ILEL - the element number

IPL - the element type (new plug number)

NMDB ~ the order of the displacement array

NLCAD - the number of lcad conditlons

NRSEL - the order of the element stress array

NORD - the order of the LISTEL array

NKO - the order of the NODES array

NSET?2 - the data set number of the displacement matrix

INCORE - a logical varlable indicating in all displacements
are INCORE

FIRST - a loglcal variable

NAME - the name of the matrix on hSETZ

SCALAR - an array containing the input scalars

LISTEL - a2 decodlng array to go from reduced degrees
of freedom to system degrees of freedom

SEL - the element stress matrix

SZALEL - appiled element stress matrilx

NODES - an array ccntaining the element nocde points

STRESN - riet element stress matrix

NWORK - the rumber of words of avallable working storage

DISPL - the displacement array

IERROR - error return

Qutput Arguments: STRESHN, IERROR

Error EReturns:

IERROR = 21, if EUTL3 can't find the displacement matrix
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Calling Sequence:

STRES2 (IEL,IPL,NMDB,NLOAD,NRSEL ,NORD »NKNO,NSET2,INCORE,FIRST,
NAME SCALAR NSC LISTEL NODES ShL SZALEL STRESN NWORK

12,

13.

14.

DISPL IERROR)

Input Tapes: NSET?Z
Cutput Tapes: Hone
Scratch Tapes: None

Storage Required:

Subroutine User:

Total Storage required is 11?Al6 Bytes.

STRES]

Subroutine Requilred:

COLMRD
EUTL3
STRPRT

Remarks:

None
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Subroutine MName: FORCE

Purpose: This is the cecntrol routine for computing the
net element force matrix. It alse controls the optional
engineering print of apparent element forces, element
applied forces and net element forces.

Equations and Procedures: This module first test the
allocation of the input and ocutput matrices. If both input
matrices are on the same data set, but not on the data set

to contain the output matrix, then one of these input matrices
‘s copled onto a scratch data set. If both input matrices

are on the same data set as the output matrlx, then each

input matrix is located and copled onto & scratch data set.
whern this has been completed both input matrlces are
positioned and the matrix header for the output matrix 1s
written.

Pointers are next set up to indicating positions in the
work area for arrays needed to compute the forces.

Subroutine FORCEZ1 1s called to read element data and
displacements contalned 1n the input matrices

Input Arguments:

LUMOT - the number of output matrices

JAMOT - array containing the names of the output matrices
TOSPRC - array containing output data set numbers

HUMIN - the number of input matrices

LAMIN - array containing the names of the input matrices
INSPEC - array containing input data set numbers

HAUMSR - the number of scratch data sets

ISSPEC - array containing scratch data set numbers

NUMSC - the number of input scalars

SCALAR - array containing the input scalars

TERROR - error return code

NWORK - the number of words of available work storage
WORK - working storage array

Cutput Arguments: IERRCR

Error Returns:

IEREROR = 11 or 21, if eilther the first cr second input
matrix can't be found by EUTL3

Calling Zeguence:

FORCE (NUMOT , NAMOT , IOSPEC , NUMIN,NAMIN, INSPEC,NUMSR,ISSPEC,
NUMSC, SCALAR, IERROR, NWORK, WORK)
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Input Tapes: INSPEC
Qutput Tapes: IOSPEC
Scratch Tapes: ISSPEC

Storage Requlred: Total
Subroutine User: EXEQ
Subroutine Required:
EUTL1

EUTL3Z

EUTL4

EUTLS

FORCE1l

Remarks: C = A,B.FORC

Storage requilred is 70“16 Bytes.

E.(d,e)
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Subroutine Name: FORCE1

Purpose: This routlne reads element data and displacements,
calls FORCE?2 to ecalculate the stresses, then writes'the
net element forces for each element.

Equaticns and Procedures: A test 1s first made to see
if encugh work space is avallable to process all elements
successfully. Then for each element thls module:

(a) Reads a column of the 1nput matrix containing element
data on NSETI1.

(b) Compresses thils column, keeping only the element data
necessary to calculate the forces.

(¢) Calls FORCE2 to calculate the forces and print them
out.

(d) Wrltes the calculated net element forces on the
output data set. One column 1s written for each
element, such that each column contains net stresses
for each load conaition.

Input Arguments:

NELEM - the number cf elements

NLOAD - the number of lcoad conditions

NMDB - the order of the displacement array

MAXEL - the lensth of work storage needed to process
the maximum size element

NL48 - NLOAD# 4§

(WSET] - the data set number of the input matrix
containing element data

NSET2 - the data set number of the input matrix
containing the displacements

NSET3 - the data set number of the cutput matrilx

NAME - the name of the matrix cn NSETZ2

SCALAR - an array containing the input scalars

MAT - a work array lccal to FORCEL

IPM - a work array local to FORCEL

FORCEN - work storage for the net element forces

NWORK - the number of words of available working storage

WORK - working storage array

IEREQR - error return

Qutput Arguments: IERROR - error return

Error Returns:

IERROR = 15, if not enough work storage to process all
elements

Calling Sequence:

PORCEL { NELEM, NLOAD ,NMDB, MAXEL ,NL48,NSET1,NSET2,NSET3,NAME,
SCALAR,MAT,IPM,FORCEN, NWORK,WORK, IERROR)
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Input Tapes:

OQutput Tapes:

Scratch Tapes:

Storage Required: Total Storage required is 75616 Bytes.

Subroutine User:

NSET1, NSET?

NSET3

None

FORCE

Subroutine Required:

ELREAD
FREEUP
FORCLEZ

Remarks:

None
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Subroutine Name: FORCEZ

Purpose: This routine calculates the net element forces
for each load condition. Then calls STRPRT to print the
apparent, applied and net element forces.

Equations and Proceaures: £ test is first made tc see
if the aisplacements for all load conditiong can fit in
core. If they can, then they are read into core. If the

displacemenvs for all Toad conditions ¢o not fit intoc core
then the displacements for each load condition are read
into core one at a time. For each load conditlon the net
elemens forces are calculated and depencing on the option
specified the apparent, applied cr net forces are printec
for each element.

Inpus Arguments:

IEL - the element number

IPL - ~he element type (new plug number)

KMDE - the order of the displacement array

NLOAD - the number cf loaa conditions

NOTNK - the order of <the element stiffness array

inORD - the order of the LISTEL array

e - the order of the nodes array

RISTO - tne data set number of the displacemert matrix

I.ICORE - a _ogical varlable Indicatirg if all displace-
ments gre 1ln ccre

FIRST - z loglcal varilable

NAME - the name of the matrix on N3ETZ

SCALAR - an array contalning the input scalars

HaC - an array contalning the number of stress
components for each element type

LISTEL - a decoding array to go from reauced degrees
of freedom to system degrees of Ireedom

AKEL - the element otiffness array

FTEL - an array containing element appiled force

JODES - an array ccntalning the element ncde pelnt

FORCEN - net element fcrce matrix

INNWORK - the number of words of avallable working storage

DISPL - the aisplacemsent array

IERRCR - error return

Qutput Arguments: FORCEN, IERRCOR

Error Returns:

IERROR = 21, if EUTL3 can't find the displacement matrix
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Calllng Sequence:

FORCE2(IEL, IPL,NMDB, NLOAD , NOINK,NORD,NNO,NSET2 , INCORE,
FIRST, NAME,SCALAR,NSC,LISTEL,AKEL,FTEL , NODES,
FORCEN, NWORK ,DISPL , IERROR )

Input Tapes:

Qutput Tapes:

Scratch Tapes:

Storage Required: Total Storage required is .'LOCA16 Bytes.

Subroutine User:

NSET?2

None

None

FORCE1

Subroutine Required:

COLMRD
EUTL3
STRPRT

Remarks:

None
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Subroutine Name: EFRINT

Purpose: To print out the net element forces or net
element stresses calculated by the FORCE or STRESS modules.

Equations and Procedures: This module first tests the
allocation of the input matrices. If both Input matrices
are on the same data set, then the first input matrix is
copied onto a scratch data set.

The input matrices are found and tested for compatabllity
and the first input matrix is copled if necessary.

The matrix contalning element Information is read a column

at a Sime as 1s the matrix containing the net element stress
or forces. Then the lnput print control is tested in order
to write cut the correct heading for either the forces or
stresses. Subroutine STRPRT is called for each load
condition tc print out the values in the second input matrix.

Input Arguments:

NUMOT - the number c¢f output matrices

NAMIO - array containing the names of the output matrices
IOSPEC - array containing output data set numbers

NUMIN - the number of 1nput matrices

NAMIN - array contalning the names of the Input matrices
INSPEC - array containing input data set numbers

NUMSR - the number of scratch data sets

ISSPEC - array containing scratch data set numbers

NUMSC - the number of input scalars

SCALAR - array contalning the input scalars

IERROR - error return code

KWORK - the number of words of avallable work storage
WCRK - working storage array

Output Arguments: IERROR - error return.

Error Returns:

IERROR = 11 if EUTL3 can't find first input matrix
= 12 if EUTL3 can't find second input matrix.

Calling Seguence:

EPRINT (NUMCT ,NAMIO, IOSPEC,NUMIN,NAMIN,INSPEC,NUMSR,ISSPEC,
NUMSC, SCALAR, IERROR , NWORK , WORK)

Input Tapes: INSPEC

Qutput Tapes: Nane
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Scratch Tapes: This routine uses at most one scratch
tape.

Storage Required: Total Storage required is 1D2816 Bytes.
Subroutine User: EXEQ

Subrcutines Requilred:

EUTL3

ELREAD

FEEEUP

STRERT

Remarks: EPRINT{(a,bt,c)D
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Purpo
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(a)

(b)
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Input
IENT
EZERC
NRSEL
FMT
HSC
STRES
Jutpu
Errcr
Caril
STRPR
input
Cutpu
scrat
Stora
Subro
Subro

Renar

utine Name: STRPRT
se: To write on the system output data set the
s ecalculated by the FORCES and STRESS modules.

ions and Procedures:

Test the input variable IFMT to write out the correct
heading for the elerment type being processed.
c=lculate tne number of stress or force points to

be printed.

If ABS(STRESS(TI)) < EZERQC then STRESS{(I;=0.0.

Write out the values in array STRESS according to

the input fermat.

Arguments:

- irdicates element type and elither stress or
force print

- suppression vaxue

- length of STRESS array

- format used in printer

- number of force or stress component

input array contalining force or stress

to be printed

=

t Arguments: licne
Returns: None

ng ocequence:

T(IFMT,EZERC,NRSEL,FMT,NSC,STRESS)
Tapes: Hone
t Tapes: Hone
ch Tapes: lNone
ge Regulred: Total Storage required 1s E2Ol6 Bytes.
utine User: STRES?2, FCRCEZ, EPRINT
utine EReguired: None
ks: Hore
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Subroutine Name:

ELREAD

Purpose: This routine reads one column of the matrix
which contalns element information and puts that column
in working storage and returns element variables.

Equatlons and Procedures: Reads one column of the input
matrix which contailns:

IEL,IPL,
NORD, (LISTEL(TI
NOINK, (AKEL(I)
NORD, (FTEL(I),
NNO, (NODES(I),
NSEL, (SEL(I),I
NRSEL, (SZALEL (
NOINK, {ANEL(I)
NMASS, (AMASS (T

)s
T
I=
I=
=]
1)
i
)

L]

I=
=1

s
1,
N
I
1

]
3
I

i In ==

1,NORD),
NOINK),
ORD),
NO),

EL},
1,NRSEL),
,NOINK),
1,

NMASS)

Then deccdes and returns the variables
IEL,IPL,NORD,NOINK,NNO,NSEL,NRSEL and NMASS

where

LISTEL - contains boundary conditicon information

AKEL - ls the element stiffness matrix

FTEL - ls the applled lcad matrix

NODES - contains the grid points defining the element
SEL - is the element stress array

SZALEL - ls the thermal stress array

ANEL - is the incremental stiffness array

AMASS - is the element mass matrix

Input Arguments:

NSET - data set number of input matrix

WORK - working storage Into which element data 1s read
NWORK - number of words available in the work array
IEL - the element number

IPL - the element type (plug number)

NORD - the order of the LISTEL and FTEL arrays
NOINK - the order cof the AKEL and ANEL arrays

NNO - the order of the nodes array

NSEL - the order of the SEL array

NRSEL - the order of the SZALEL array

NMASS - the order of the AMASS array

Output Arguments:

NLEFT - the
NEXT - the

rnumber of werk remaining in the work array
next useable positicn in the work array
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Error Returns:

None

Calling Sequence:

ELREAD (NSET, WORK , NWORK ,NLEFT ,NEXT, TEL , IPL , NORD , NOINK, NNO,

NSEL,NRSEL ,NMASS)

Input Tapes:

Output Tapes:

Scratch Tapes:

Storage Required: Total Storage required is H3M16 Bytes.

Subroutine User:

NSET
None

None

STRES1, FORCEl

Subroutine Required: None

Remarks:

None
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Subroutine Name: FREEUP

Purpocse: This routine is used to compress the work
array by compressing out unwanted matrices and freeling
up more storage used after a call to ELREAD.

Equations and Procedures: This routine will only com-
presss an array containing submatrices which are preceeced
by the length of the submatrix.

The number of non-zero elements of MAT is tested agalnst
NMAT. If tney aren't egual then an error 0CCuIS.

The work array is then compressed by searching for those
submatrices to be saved as indlcated by a ron-zeroc pcsition
in the MAT array. When a submitrix to be kept is found 1it
is moved up in the work array and 1ts initial position in
the work array is kept track of 1n tne IPV array.

The space taken up by submatrices not wanted 1s now freed-up
for use by someone else.

Input Arguments:

WORK - the input matrix to be compressed up

ISTART - the position of the dimension of “he first
submatrix in the work array

TPWORK - the position in the work array at which the
submatrices are tc be moved up to

MATQUT - an integer indicating the number of submatrices

to be kept, should egual the number of non-zero
elements in the MAT array

tne length of the MAT and 1PN arrays

Tf MAT(I) is non-zeroc then the sub-matrix

in <he Ith position will be kept, 1if

MAT(I)=0 then that submatrix will be compressed
out.

NMAT
MAT

Qutput Arguments:

WORK - the cleaned-up input array

IPM - contains the initial position of the saved
cubmatrix in the cleaned-up work array

HEXT - the rnext useable positiorn in the work array

IERRCR - errcr return

Errcr Returns:

IERROR = 15, if there is an input error
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Calling Sequence:

FREEUP ( WORK , ISTART, I PWORK ,MATOUT , NMAT , MAT , IPM,NEXT , IERROR )

Input Tape: None
Output Tape: None
Scratch Tapes: None

Storage Requlired: Total Storage requilred l1s UBM16 Bytes.

Subrcutine User: STRES1, FORCEL
Subrcoutine Reguired: None
Remarks: None
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Subroutline Name: COLMRD

Purpose: Thls routine 1s a utility routlne used to
read a column and uncompress it If necessary. Used
when storing more than one column In the work array.

Equations and Procedures: One column of the input data
set 1s read and EUTLY is called to uncompress the column
if necessary.

Input Arguments:

WORK - working storage array, used to input and
ocutput the column read

NSET - the data set numher of the matrix to be
read

LENGTH - the length of storage avallable to EUTLY

Cutput Arguments: WORK

Error Returns: None

Callilng Seguence:

COLMRD (WORK ,NSET ,LENGTH)

Input Tapes: NSET
Cutput Tapes: None
Scratch Tapes: None

Storage Requlred: Total Storage required is lDAl6 Bytes.
Subrcutine User: STRESZ2, FORCE?Z

Subrcutine Required:

EUTL9

Remarks: None
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Subroutine Name: GPRINT

Purpose: This 1s the control routine for englneering
printout of grild point dataz of reactions, displacements
and elgenvectors. Tt can alsc be used for printout of
user matrices.

Equations and Procedures: Index pointer indicating the
initial position in the work array are calculated to make
use of dynamics storage allocation.

Subroutine GPRINT1 is called to process input matrices.

Input Arguments:

NUMOT - the number of output matrices

NAMIO - array containing the names of the cutput matrices
IOSPEC - array containing output data set numbers

NUMIN - the number of input matrices

NAMIN - array contalning the names of the input matrices
INSPEC - array contalning input data set numbers

NUMSR - the number of scratch data sets

ISSPEC - array contalning scratch data set numbers

NUMSC - the number of input scalars

SCALAR - array containing the input scalars

NWORK - the number of words of available work storage
WORK - working storage array

Cutput Arguments: IERROR

Error Returns: Nohe

Calling Seqguence:

GPRINT(NUMOT,NAMIO,IOSPEC,NUMIN,NAMIN,IHSPEC,NUMSR,ISSPEC,
NUMSC,SCALAR, IERROR,NWORK,WORK)

input Tapes: INSPEC

Qutput Tapes: IOSPEC

Scraten Tapes: ISSPRC - one scratch tape required

Storage Required: Total Storage required is 30816 Bytes.

Subreutine User: EXEY

Subroutine Required: GPRINT1

Remarks: GPRINT(a,b,c,C1.C2.C3.C4.C5.C6.C7.C8.€9.C10.C11.C12,
D,E,F)G,H

165



Suproutine Name: GPRNT1

Purpose: This routine processes the input matrices and
calls the appropriate subrcutines to print elther reactions,
displacements, eigenvalues and elgenvectors or the user
input matrix.

Equations and Procedures: The input matrices are all
found and processed as they are found. If an input matrix
can't be found then IERRCR is set to indicate which matrix
could not be found. Processing 1s terminatead.

(a) Process first input matrix -
This matrix contains system constants:

NDIR —-. the number of directiocons
NDEG - the number of types of degrees of freeacm
KREF - the number of reference pcints

These are used tc calculate the number of degrees of
freedom in the system

NSDOF = NDIK¥NDEG*NREF

{(p) Process cgecond input matrix -
This 1s the transformation matrix for application of
boundary conditions from which the LIST array can be
calculated. If this matrlx 1s suppressed then generate
a dummy list array.

(¢) Process third and fourth input matrix -
This matrix 1s either the reactlion, displacement, eigen-
vector or user matrix to be printed in eigineering
format. If it is the elgenvector matrix tnen the fourth
input matrix is the elgenvector matrix. LCepending on
the input scalar KPRT contreol 1s transferred to the
section which deccdes one of the above matrices for
constants. Then the matrlx 1s storeg in a scratch tape
and control transfers toc the subroutine which prints
out the matrix.

Input Arguments:

NUMOT - the number of output matrlices

NAMIO - the names of the output matrices

ICSPEC - an array containing output data set information
NUMIN - the number of input matrices

NAMIN - the names of the input matrices

INSPEC - an array containing input data set information
NUMSR - the number of scratch data sets available

IS3PEC - an array containing scratch data set information
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Input Arguments, Contd.

NUMSC - the number of input scalars

SCALAR - an array contailning the input scalar

MAGEIG - maximum number of eigenvalues that can be asked for

LIST - array used for boundary ceondition information.
Decoding list to go from reduced degrees of
freedom to total degree cf freedom.

DISPIL - working storage for thira input matrix

ELGVAL - array to contain eigenvector

HWORK - rumber of words of available working storage

WORK - working storage array

Cutput Arguments: IZRROR

Error Returns:

IERROR

15,
LO*K+1, where K 1s the positicn of the input matrix

user type error

not found.

Calling Seqguence:

GPRHTL{NUMOT,NAMIO, IOSPEC,NUMIN,NAMIN,INSPEC,NUMSR, ISSPEC,
NUMSC,SCALAR, IERROR,MAXEIG,LIST,DISPL,EIGVAL , NWORK,

WORK)
Input Tapes: INSPEC
Output Tapes: IOSPEC
Scratech Tapes: ISSPEC

Storage Required: Total Storage required is 100016 Bytes.

subroutine
Subroutine
EUTL?Z
EUTLY
DECCDE
REACTP

Remarks:

Uger: GPRINT
Required:
DISPPR

EIGPPR
MATPRT

None
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Subroutline Name: DECODE

Purpose: This routlne will decode a format matrlx and

put it out 1n the form of full column records with no headers
or trailers.

Equatlons and Frocedures: Read each cclumn into a work
array and test to see 1f 1t should be uncompressed. Also
keep count of the number of columns read in case there are
any missing columns. A missing column indlicates that all
row elements are zero so regenerate the zero column. If

an error occurs then call TSUM to give a tape summary of the
input data set.

Input Arguments:

NSET - the data set number of the FORMAT matrix

NSETS - the data set number of the tape on whilch the
decoded matrix wlll go

IRCW - row dimenslcn of input matrix

ICCL - column dimension of input matrix

WORK - work array of crder IROW

Qutput Arguments: JERRCR - error flag

Error Returns:

JERROR
JERROR

9, no error
l, error

Calling Sequence:

DECODE(NSET,NSETS,IRCW,ICOL,WORK,JERROR)

Input Tapes: NSET
OQutput Tapes: NZETS
Scratch Tapes: None

Storage Required: Total Storage required is 3F816 Bytes.
Subrcutine User: GPRNT1
Subroutine Requlred:

EUTLY
TSUM

Kemarks: None
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Subroutine Name: REACTP
Purpose: This routine controls the printing of reaction.

Zquations and Procedures: Subrcutine DISPL]1 1s called to
print out reactlons for each lecad condition.

Input Arguments:

NREF - number of reference points

NDIR - number of directlons

NDEG - number of types of degrees of freedom

NLOAD - number of load condilitions

NMDB - number of degrees of freedom in a reduced system

NSETS - data set number of reactilon matrix

LIST - decodlng list to go from reduced degrees of
freedom to total degrees of freedom

REACT - array containing reactions

EZERC - effective zero for suppression

ROW - row label

COLMS - array of column labels

KPRT - code denoctes reaction print

NWORK - number of words avallable in working storage

WORK - worklng storage

Qutput Arguments: None

Error Returns: None

Calling 3equence:

REACTP (NREF ,NDIR,NDEG,NLOAD,NMDB,NSETS,LIST,REACT,EZERO,
ROW,COLMS , KPRT , NWORK , WORK )

Input Tapes: NSETS
Cutput Tapes: None
Sérateh Tapes: None

Storage Regulred: Total Storage Required is 32216 Bytes.

Subrcoutine User: GPRNT1
Subroutine Required: DISPL1
Hemarks: Norie
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Subroutine Name: DISPPR

Purpose: This rcutine controls the printing of the
displacements.

Equations and Procedures: Subroutine DISPLL is caglled

to print out displacements for each lecad condltilon.

Input Arguments:

NREF - number of reference polnts

NDIR - number cof directions

NDEG - number of types of degrees of freedom

NLCAD - number of load conditions

NMDB - number of degrees of freedom in reduced system
NSETS = data set number of displacement matrix

LIST - array for boundary conditions. Decoding list

to go from reduced degrees of freedom to tctal
degrees of freedom.

DISPL - array containing displacements

EZERO - effective zero for suppression

ROW - row label

COLMS - array of column labels

KPRT - ccde denoting displacement print

NWORK - number of words of available working storage
WORK - working storage

OQutput Arguments: None

Lrror Returns: None

Calling Sequence:

DISPPR{NREF,NDIX,NDEG,NLOAD,NMDB,NSETS,LIST,DISPL,EZERO,
ROW,COLMS,KPRT, NWORK, WORK)

Input Tapes: NSETS

Qutput Tapes: None

Scratch Tapes: None

Storage Requilred: Total Storage requilred is 32216 Bytes.
Subroutine User: GPRNT1

Subroutine Required: DISPL1

Remarks: None
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Subroutine Name: EIGPPR

Purpcse: This routine controls the printing of elgenvalues

and elgenvectors.

Equatlons anc Procedures: Subrcutine DISPL1 is called to
print out elgenvalues and elgenvector for each elgenvalue.

Input Arguments:

NREF - number of reference points

HDIR - number of directions

NOEG - number of types of degrees ¢l freedom

NEVAL - number of elgenvalues

MDD - length of eigenvector array

NSEYS - data set number of eigenvector matrix

LI37 - decoding list to go from reduced degrees of
freedom to total degrees of freedom

DISPL - array containing elgenvector

EIGVAL - array contalning elgenvalues

EZERO - effective zero for suppression

ROW - row label

COLMS - array of cclumn labels

KPRT - code dencting elgenprint

NWORK - number of words available in workling storage

WORK - working storage

Output Arguments: None

Error Returns: Hore

Calling Sequence:

ETGPPR(:REF,NDIR,NDEG,NEVAL ,NMDB,NSETS,LIST,3ISPL,EIGVAL,
EZERO,ROW,COLMS, KPRT , NWORK , WORK)

rnput Tapes: aSETS

Cutput Tapes: lone

Scratceh Tapes: None

Storage Required: Total Storage required 1is 3&&16 Bytes.
sunroutine User: GPRNTZ

subroutine Requirea: DISPL1

Remarks: None
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Subroutine Name: MATPRT

Purpose: This routlne controls the printing of the USER
matrix.
Equations and Procedures: Subroutine DISPL1 1s called

to print each column of the user matrix.

Input Arguments:

NREF - number of reference polnts

NDIR - number of directions

NDEG - number of types of degrees of freedom

NLOAD - number of cclumns

NMDE - length of rows

NSETS - data set number of USER matrices

LIST - decoding list to go from reduced degrees of
freedom to total degrees of freedom

DISPL - array contalning user matrlces

EZERC - effective zero for suppression

NAME - name of 1nput matrix

ROW - rew label

COLMS - array contalnlng column label

KPRT - code denoting user matrix print

NWORK - number of words avallable in working storage

WORK - working storage

QJutput Arguments: None

Error Returns: Ncone

Calling Sequence:

MATPRT ( NREF,NDIR,NDEG,NLOAD,NMDB,NSETS,LIST,DISPL,EZERQ,
NAME ,ROW, COLMS, KPRT , NWORK , WORK)

Input Tapes: NSETS
Output Tapes: None
Scratch Tapes: None

Storage Required: Total Storage required is 36616 Bytes.

Subroutine User: GPENT1
Subroutine Required: DISPL1
Remarks: Ncne
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Subrcutine Name: DISPL1

Purpose: To print reactions, displacements, elgenvectors,

user matrices, and calculate and print eigenvalues and frequency.

Egquatlons and Prccedures: The value of KPRT 1is tested to
see 1if the eigenvalue frequency must be calculated and to
write ocut correct headlng then the lnput matrix 1s decoded
and printed out.

Input Arguments:

NMDB - number of degrees of freedom 1ln reduced system

EZERO - effective zerc suppression code

DISPL - input matrix to be printed

LIST - dececding list toc go from reduced degrees of
freedom to total degrees of freedom

NREF - number of reference polnts

NDEG - number of types of degrees of freedom

NLOAD - lecad condition number

ROW - row label

TITLE - column label

KPRT - code indicating types of print

EXTRA - contains name of input matrix or eigenvalues

DISP - working storage

Output Arguments: Ncone

Error Returns: None

Calling Sequence:

DISPL1(NMDB,EZERO,DISPL,LIST,NREF,NDIR,NDEG,NLOAD,ROW, TITLE,
KPRT ,EXTRA,DISP)

Input Tapes: Ncne
Qutput Tapes: None
Sgratch Tapes: None

Storage Required: Total Steorage reguired is 90616 Bytes.

Subroutine User: REACTP, DISPPR, EIGPPR, MATPRT
Subroutine Required: None
Remarks: None
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Subroutine Name: USOL

Purpose: Control operation of the structural generative
system (USERO4 module)

fquaticns and Proccdures: 'The errcr indicator, ERROR, is
initially set to .FALSE.. Subroutine USOLA is then called
to control the input operations. Subroutine USO4B is callced
to control the element matrix generatior and output phases.
It zn error has occurred 1in the input phase then the call

to USCLB is skipped. All information received from the
Format Monitor isg relayed to USOUA and USOLB.

Input Arguments:

JUMOT : Humber of output matrices

HAMOUT : Array contalning output matrix names

L[OS5PEC: Unlt specifications for outpult matrices

HUMIN: Number of input matrices

JAMIN Array contalning input matrix names

ITNSPEC: Unit specifications for input matrices

NUMSE:* Hunber of avallable scratch units

TS5PEC: Scrateh unit specifications

HUMSC Number of scalars

SCALAR Array containing gcalars

AWORKR * Humber o avallable storages in blank common work
area

WORK : Worx storage arca

TPRINT: System print control
Output Argument:
EREOR: prror conditlon indlcator

Error Returns: I1f errcr has cccurred in USOLA or USOLR
ther EERCR will be JTRURE. upon roturn to the calling program.

calling segquencea:

CAL', USOH4 (JUMOT, NAMOUT, TOSPEC, NUMIN, NAMIN, INSPEC,
NUMSR, ISSPEC, NUMSC, SCATAR, ERROR, NWORKE, WORK, IPRINT)

Input Tapes: HNene

Outoput Tapes: Hone

Scratch Tapes: HNone

Storage Required: Total storage required i1s 52016 Bytes.

Subroutine Uscr: SEXEQ
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Subroutines Required:

Uso4a
USO4B

Eemarks: None
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Subroutine Name; NTEST

Purpose: To determine if cutput matrix is to be generated
by USOU

Equations and Procedures: The first position in the output
name is compared to a slash (/). If this first character is
a slash then the matrix is not to be calculated. If the first
character is not a slash then the matrix will be calculated
and output.
Input Arguments: NAME - array containing output matrix name
Output Arguments: K@DE - control code
if K@DE equals zero then matrix is
calculated
if K@DE equals one then matrix is
not calculated
Error Returns: None
Calling Sequence: Call NTEST (NAME, KJDE)
Input Tapes: None
Output Tapes: None
Scratch Tapes: Nons
Storage Required: Total Storage required is 15616 Bytes.
Subroutine User:  USO4A, USO4LB

Subroutines Required: None

Remarks: None
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Subroutine Name: REC1

Purpose: Write or read element input tape record

Equations and Procedures: The decision to write or read the
tape record is determined by examing the input variable

IOPT in the following manner:

1 If IOPT 2 2 then the tape record will be written
2 If TOPT £ 1 then the tape record will be read

Input Arguments: (when IOPT >2)

I0PT : Read/write indicator

K : Involved unit number

NT1 : Number of words in tape record, excluding NI1

IPL : Element type number {plug number)

X : U X" coordinates of element definition points

Y 1 "Y" coordinagtes of element definiticon points

Z : " ZN coordinates of element definition points

T : Temperatures at element definition points

P : Prezssures at element definition points

NLIST : Total degrees of freedom in element

LISTEL : Boundary condition information iist

NNO : Number of element defining points

NODES i Grid point numbers of element defining points

1P : Extra element inpuf and matrix repeat indicator
DISPEL : Input displacements for element degrees of freedom
PCOLEL : External loads for element degrees of freedom
LISTDL : Not used

IG ¢ Maximum number of element defining points

NEL : Element number

GPAXEL : Grid vpoint ax s transformation matrices for element

defining points
NUMMAT : Length of MAT array

MAT : Array containing interpolated material properties
NUMEPS : Length of EPSIO array

EPSIO : Pre-strain load vector

NUMSO : Length of SO array

S0 : Pre-stress load vector

EXTRA : Extra element input

OQutput Arguments: (when IQPT <£1)

With the exception of IQPT and K, which are always input
arguments, all of the above input arguments are output
arguments when IOPT 1.

Error Returns: None
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Calling Sequence: (IOPT, X, NI1, IPL, X, Y, Z, T, P,
NLIST, LISTEL, NNO, NODES, IP, DISPEL, PCOLEL, LISTDL,
1G, NEL, GPAXEL, NUMMAT, MAT, NUMEPS, EPSIO, NUMSC, S0,
EXTRA)

Input Tapes: When IOPT < 1 the input tape number is the
variable K.

output tapes: When IOPT 2 2 the output tape number is the
variable XK.

Scratch Tapes: None

Storage Required: Total storage required is Clul6’Bytes.
Subroutine User: ELEM, ELPLUG

Subroutines Required: None

Remarks: None
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Subroutine Name: LOGFLO

Purpose: Set logical execution controls for USEROA
module

Eguations and Procedures: APHASE, BPHASE and ERROR are
initially set to ,FALSE. All positions in MASTER are set
toc zerc. If any of the first five output matrix positions
are non-blank then APHASE is set to .TRUE. If any of the
last seven output matrix positions is non-blank then BPHASE
is set to .TRUE. MASTER is then filled by packing in the
output matrix position number the requires that input
section., At present there are six possible required input
sections indicated in MASTER:

MASTER (1 - System control input indicator
MASTER 22 - Grid point cocrdinates input
indicator

MASTER (3 - Boundary condition input indicator
MASTER (L - Element definition input indicator
MASTER (5 - Grid point loads input indicator
MASTER (6 - Material library input indicator

Input Arguments:

NUMOT : Number of output matrices

NAMOUT : Array containing output matrix names

NUMIN : Number of input matrices

WAMIN : Array containing input matrix names

APHASE : Logical variable indicating necessity to

execute subroutine USOLA
BPHASE : Logical variable indicating necessity to

execute subroutine USCUB
NUMAST : Length of MASTER
MASTER : Array indicating required input sectlons
output Arguments:
ERROR : Logical varilable indicating error condition
Error Returns: If output matrix position eleven is non-
blank and input matrix position four 1s blank, then ERROR
is set to .TRUE.
Caelling Sequence:

(NUMOT, NAMOUT, NUMIN, NAMIN, APHASE, BPHASE, NUMAST,
MASTER, ERROR)

Input Tapes: HNone
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Output Tapes:

Scratch Tapes:

Storage Required:

None

None

Subroutine User: USOL

Subroutines Required:

Remarks:

None

Total storage required is 78616 Bytes.

None
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Subroutine Name: USOLA

Purpose: Control input phase operations of structural
system (USERO4 module)

Equations and Procedures: Input, output and scratch units
supplied by the Format Menitor are assigned to their
respective functions. Subroutine CONTRL is called to copy
the entire structural data input onto a scratch tape, extract-
ing structural system information in the process. From this
point, subroutine INPUT controls the selection of all other
subroutines which process input (see INPUT). The function
of USOLA is to partition the blank common work storage area
and select the proper subroutine for the following opera-
tions: TIf material library regquests are present then sub-
routine FMAT is called, if report form input processing is
required then subroutine REFORM is called, if generation of
the loads matrix is not suppressed then subroutine FLOADS is
called and finally if the boundary condition transformation
matrix is not suppressed then FTR is called.

Input Arguments:

NUMOT: Number of cutput matrices (12)

NAMOUT: Array containing output matrix names

IOSPEC: Unit specifications for output matrices

NUMIN: Number of input matbrices (4)

NAMIN: Array containing input matrix names

INSPEC: Unit specifications for input matrices

NUMSR: Number of available scratch units

ISSPEC: Scratch unit specifications

NUMSC: Number of scalars (0)

SCALAR: Array containing scalars

NWORKR: Number of available work storages in blank common
area (WORK)

WORK: Work storage area

IPRINT: System print control

Output Arguments:

ERROR: Error condition indicator
KNMD: Array containing structural system control
information
KNMD (1) - NSYS - Total number of degrees of freedom in
application
KNMD 22 - NL ~ Number of load conditions
KNMD (3) - NMDB - Number of degrees of freedom after
applicaticon of boundary conditions
KNMD (4) - NNORD- Summation of element degrees of freedom
KNMD (5) -~ NELEM- Number of elements
KNMD (6) - NNRSEL-Summation of element stress orders
KNMD (7) - NTD -~ Number of degrees of freedom per point
KNMD (8) - NRSELM-Maximum element stress order
KNMD (9) - NORDM- Maximum element degrees of freedom
KNMD (10} - NOINRM-Maximum number of storages required

for an element stiffness matrix
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Error Returns: If at any time the number of required work
storages exceeds NWORKR or a generated matrix will have a
dimension greater than KONST (matrix size limitation), the
appropriate message will be written, ERROR set to .TRUE.
and control returned to the calling program.

Calling Sequence:

CALL USO4A (NUMOT, NAMOUT, IOSPEC, NUMIN, NAMIN, INSPEC,
NUMS?, ISSPEC, NUMSC, SCALAR, ERROR, NWORKR, WORK, TPRINT,
KNMD

Input Tapes:

ITAPEl - 1INSPEC (1,1) - Unit containing input structure
data deck

TTAPEZ - INSPEC (1,2) - Unit containing interpreted input

ITAPER -~ INSPEC (1,3) - Unit containing existing material
library

ITAPE4 -~ INSPEC (1,4) - Unit containing input displacements

Output Tapes:

JTAPE1l - IOSPEC (1,1) - Unit which will contain copy of
input structure data deck

JTAPE2 - IOSPEC (1,2) - Unit which will contain revised

or new material library

JTAPE3 - IOSPEC (1, 3) ~ Unit which will contain inter-
preted input

JTAPE4 - TOSPEC (1,4) - Unit which will contain grid
point loads matrix
JTAPES - TOSPEC (1,5) - Unit which will contain boundary

condition application transforma-
tion matrix

JTAPEO - TOSPEC (1,6) - Unit which will contain assembly
transformation matrix

JTAPE7 - TOSPEC (1,7) - Unit which will contain element
stiffness matrices

JTAPES - TOSPEC (1,8) - Unit which will contain element
locad matrices

JTAPEQ - IOSPEC (1,9) - Unit which will contain element

stress matrices

Unit which will contain element
thermal stress matrices

JTAP11l - TOSPEC (1,11) - Unit which will contain element
incremental stiffness matrices

JTAP12 - TOSPEC (1,12) - Unit which will contain element
mass matrices

JTAP10 - IOSPEC (1,10)
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Scratch Tapes:

NTAPEl - TISSPEC (1,1) -
NTAPE2 - ISSPEC (1,2) -
NTAPE3 - IS3PEC (1,3)
NTAPEL - ISSPEC (1,4)

External storage area for report
form input preprocessor and later
wWill contain structural control
information

Contain temporary copy of trans-
lated input data deck and later
contain generated element matrices
in compact form

Contain temporary copy oi actual
input deck and later contain
interpreted element Input data

External storage area for report
form input preprocessor and later
contain input load conditions

Storage Required: Total storage required is 1CCA, . Bytes.

Subroutine User: USO4
Subroutines Required:

CONTRL
INPUT
IMAT
REFORM
NTEST
FLOADS
FTR

Remarks: None
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Subroutine Name: INDECK

Purpose: Translate input matrix containing a data deck
into a BCD input deck

Equations and Procedures: The matrix is located by
utilizing subroutine EUTL3. Each column of the matrix
contains one input card divided into elghty rows. Each
column is read in binary from the unit specified in
INSPEC(1) and written on N@UT by an BOAl format. The
number of columns, as contained in the matrix header, is
actually the number of cards in the data deck,

Input Arguments:

NAMTIN : Array containing input matrix name

INSPEC : Array containing unit specification for
input matrix

NOUT ¢ Logical unit reserved for output data deck

CARD : Work storage

Output Arguments:
TER : Logical variable indicating error condition

Error Returns: For each column of the input matrix, the

compression code must be zero and the number of words must

be eighty. Tf either condition is not satisfied then the
matrix does not qualify as an input deck matrix and TER
will be set to .TRUE..

Calling Sequence:

(NAMIN, INSFEC, NOUT, CARD, TER)

Input Tapes:

INSPEC(1) : unit containing input data deck matrix
Output Tapes:

NCUT 1 unit which will contain BCD data deck
Scratch Tapes: None

Storage Required: Total storage required 1is 56El6 Bytes.
Subroutine User: USCUA
Subroutines Required: EUTL3

Remarks: None
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Subroutine Name: CONTRL

Purpose: Generate BCD tape from system input tape data
and read constants needed by USO4 for dynamic storage
and matrix sizes,

Procedure: The input data is read in BCD format of 12
words/card. A scanning of the data is made for certain
card types.

REPORT card

i

defines NBCD to be NTAPE3
SYSTEM card defines NBCD to be NTAPEZ?
CHECK card end of file of NBCD

END card - end of file placed on NBCD
SYSTEM card NREF, NREFP, NTD, NL, NELEM
are read to allocate storage

i

o R0 oOh

Input Arguments: NTAPE2 - tape storage number for defining

NBCD
NTAPE3 - tape storage number for defining
NBCD
NPIT - system input tape number
Output Arguments:
NBCD : tape unit number on which data 1s stored
NREF : number of reference points on system
NREFP : number of reference points in grid point table
NTD : number of degrees of freedom per point
NL : number of grid point load conditions

NELEM : number of elements
Error Returns: None

Calling Segqguence: CALL CONTRL (NREF, NREFP, NTD, NL, NELEM,
NTAPE2, NPIT, NBCD, NTAPE3)

Input Tapes: NPIT - 1Input data tape

Output Tapes: NBCD - Output BCD tape

Scratch Tapes: None

Storage Required: Total Storage required is 7DA16 Bytes.
Subroutine User: USOAA

Subroutines Reguired: None

Remarks: None
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Subroutine Name: COPYDK
Purpose: Output a data deck in matrix form

Equations and Procedures: A matrix header is written

in which the number of rows is set to eighty and the
number of columns is set equal to the number of cards in
the data deck. Each card of the data deck.is read from
NINPUT in 80Al1 format and then written on the unit
specified in IOSPEC(1) in a binary matrix column record
containing eighty words. The process continues until an
END, CHECK or $END card is encountered. Finally the
matrix traller is written and control is returned to the
calling program.

Input Arguments:

NAMOUT : Array containing output matrix name

IOSPEC : Array contalnlng unit specifications for
the output matrix

CARD : Work storage

NINPUT : Unit contalning data deck

JMAX : Number of cards in data deck

Output Arguments: None

Error Returns: Nonhe

Calling Sequence:

(NAMOUT, TOSPEC, CARD, NINPUT, JMAX )
Input Tapes:

NINPUT : unit containing input data deck
Output Tapes:

TOSFEC(1): unit which will contain output data deck matrix
Scratch Tapes: None
Storage Required: Total storage required is MCM16 Bytes.
Subroutine User: USOLA
Subroutines Required:

EUTL5
EUTTA

Remarks: None-*
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Subroutine Name: INPUT

Purpose: Process directly or control processing of all
gstructural input data.

Equations and Procedures: The input variable IN designates
the Fortran logical unit number containing a direct label
card input deck. If the input deck was actually direct it
was copied onto IN by subroutine CONTRL. If report form
input was used then the report form input preprocessor
placed the generated direct label card input deck on IN.

The loglc in INPUT is to read a label card and branch to
the appropriate section to process the Indicated data.
The available label sections and the action taken upon
encountering each is indicated in the following list.

Input Section

Label Action Taken

TITLh Title cards are read and printed on system
output unit in INPUT

PRINT Not used, the data card is flushed through

NREF Processed directly in INPUT, data eventually
stored on scratch tape (NTAPEL)

GRID Processed directly 1n INPUT, data eventually
stored on scratch tape (NTAPER)

BOUND Preccessed by direct call to subroutine BOUND,
data stored on scratch tapes (NTAPEl and
NTAPER)

BELEM Processed by direct call to subroutine ELEM,
data stored or scratch tape (NTAPE3)

T.OADS Processed by direct call to subroutine FGRLDS
data stored on scratch tape (NTAPEH)

END Processed directly in INPUT, terminates input
processing

TRANS Processed directly in INPUT, data eventually
stored on scratch tape (NTAPE3)

GRAXES Processed by direct call to subroutine FRED,
data eventually stored on scratch tape (NTAPE3)

MATER Processed by setting input/output variable

TTRACE equal to number of requests and return-
ing 1o USC4A where ITRACE will be tested caus-
ing subroutine FMAT to be called; after the
MATER section is processed USCO4A will again
call TNPUT
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TZERO:

CHECK:

REPORT:

SYSTEM:

Frocessed directly in INPUT, eventually stored
on scratch tape (NTAPE3)

Processed directly in INPUT, terminates input
processing for a case but does not execute
data

Processed by setting input/output variable
IN to the value of NTAPEZ2 and returning to
USOLA where IN will be tested causing sub-
routine REFOBRM to be called; after report
form input processing is completed USQUA
will agaln call INPUT

Processed directly in INPUT

Input Arguments:

NTAPEL:
NTAPEZ:
NTAPER:
NTAPE4:
ITAPEL:
JTAPEL:
NREFP1:
NSYS:

IN:
IPRINT:
NPIT1:
TTRACE:
NAMIN:
INSPEC:
NAMOUT
IOSPEC:
NRF':

X,Y, 7
T
E:
TGRA

IZR:
LIST:
DIsPL:
LNOD:
NZEL:
PCOL:

Scratch unit number

Scratch unit number

Scratch unit number

Scratch unit number

Existing material library unit number
Revised cor new material library unit number
Not used

Total degrees of freedom in application
(adjustable dimension)

Data deck unit number

System print control

Scratch input control for report form input
Material library residence indicator
Existing material library matrix name
Existing material library unit number
Revised or new material library name

Revised or new material library unit number
Number of total reference points in applica-
tion (must be equal to highest point number)
Storage allocated for coordinate data
Storage allocated for grid point temperatures
Storage allocated for grid point pressures
Storage allocated for grid point axes trans-
formation matrices

Not used

Storage allocated for boundary conditions
Storage allocated for input displacements
Not used

Not used

Storage allocated for grid point loads



5. Output Arguments:
ICALC: Execution indicator
if END card read, ICALC is set to 1 and USO4A

will relinguish control to USO4B for
matrix generation

if CHECK card read, ICALC 1s set to zero and
subroutine USO4A will set controls to
return to the Format Monitor (execution
of data is suppressed)

ITRACE: Material request indicator

if ITRACE is not equal to zero upon exit from
INPUT then USO4A will call FMAT

IN: Report form input preprocessor indicator

if IN is equal to NTAPE2 upon exit from INPUT
then USO4A will call REFORM

6. Error Returns: If any errors are detected then INPUT will
set ERROR to .TRUE. and return.

7. Calling Sequence:
CALL INPUT (X, Y, 2, T, P, TGRA, IZR, LIST, DISPL, LNOD,
NZEL, PCOL, ITRACE, I1ICALC, NTAPEl, NTAPEz2, NTAPE3, NTAPE4,
ITAPEl, JTAPE)l, NREFP1, NSYS, IN, IPRINT, NMD, NPITLl, ERROR,
NAMIN, INSPEC, NAMOUT, IOSPEC, NRF)

8. 1Input Tape:

ITAPEL - (Contains existing material library
JTAPEY - Contains revised or new material library

9. Output Tapes: None

1¢0. Scratch Tapes:

NTAPEL - Temporary storage for structure control informa-
tion including system orders, boundary conditions
and system print operations

NTAPEZ - Scratch unit used when rewriting NTAPE3 for
grid point axes data storage

NTAPES3 - Storage for interpreted element input

NTAPE4 - Storage for input grid point load conditions
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Storage Required: Total storage required 1is 306216 Bytes.

Subroutine User: USO4A
Subroutines Required:

BOUND
ELEM
FGRLDS
FRED
REC1

Remarks: None
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11.

12.
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Subroutine Name: FRED

Purpo

Bauat

Input

Outpu

se: To compute transformation matrices when input
for GRAXES is encountered.

icns and Procedures:
ul 1
v:lL = [i(] (v
W W

(1) wu, v, w, are the displacements in the global
X, ¥, 2z system

(2) u', v', w' are the displacements in the new
x', y', 2! system

(3) Eﬂ contains the direction coslnes

Arguments:

:X coordinates of plane defined by 3 pts.
Y coordinates of plane defined by 3 pts.
.7 coordinates of plane defined by 3 pts.
-Sz2c Remarks

:Point 1 of Plane

tPoint 2 of Plane

:Point 3 of Plane

t Arguments: TRANSC - transformation matrix [T]

Error Returms:

(1)

(2)
Calli
CALL
Input
Outpu
Scrat
Stora
Subro

Subro

Tf points 1 and 7 have same coordinates, no plane defined.

If point 3 lies on the line connecting points 1 and 2,
there is no plane defined.

ng Seguence:
FRED (X, Y, 7, TRANSC, KID, L, M, N)
Tapes: None
t Tapes: None
ch Tapes: None
ge Required: X(1), Y(1), Z(1l), TRANSC (3,3)
utine Uger:; INPUT

utines Required: None
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Remarks:

1. Since 3 points
a 0O when the
b 1l when the
c 2 when the

define a plane, KID may

lst 2 points define
lst 2 points define
lst 2 points define

The direction cosines are first computed

2 defining the x! axis.

the
the
the

for

If KID is # 0, then

be

X! axis
y' axis
zt axis

points 1 and
the direction

cosines are rearranged to give the respective notation

described above.

2. In spite of error returns indicated, analysis doss

not terminate.
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Subroutine Name: BOUND

Purpose: Read and process boundary condition data and input
displacement data

Equations and Procedures: The boundary conditions are read
for each point input and the data is stored in the array
LIST to be later written on scratch tape NTAPF1l by sub-
routine INPUT. Omitted points are constrained for all
degrees of freedom. Only unconstrained degrees of freedom
are stored in LIST, giving LIST a length equal to the actual
degrees of freedom for which solution will be obtained
(NMDB) . For each degree of freedom for which a solution

is desired, its appropriate total system degree of freedom
location, which is NTD#(IN-1)+L, where NTD is the number of
degrees of freedom per point, IN is the point number and L
is the subject degree of freedom for that point number, is
placed in the next available position in LIST. The same
procedure is followed for input displacements, which are
stored in DISFPL.

Input Arguments:
IVEC - Not used

NDIR,NDEG Produet equals NTD, number of degrees of
freedom per point

NREF - Total number of points referenced in application

NREF4 - Number of points for which boundary conditions
have been input

IN - Input unit containing boundary condition data

NSYS - Total number of degrees of freedom in application

Output Arguments:

NMDB - Number of degrees of freedom for which solutions
are desired

NMDBZ2 - Number of degrees of freedom for which dis-
placements have been input

LIST - Array containing degree of freedom numbers for
which solutions are to be obtained and dis-
placements have been input

DISPL - Array containing input displacements

Error Returns: None
Calling Sequence:

CAL1, BOUND (IVEC, NDIR, NDEG, NREF, NMDB, NMDB?, LIST, DISPL,
NREF4, IN, NSYS)

Input Tape:

IN - Unit containing boundary condition and input displacement
data
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13.
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Output Tapes:

Scratch Tapes:

None

None

Storasge Required: Tota

Subroutine User; TINPUT

Subroutines Required:

Remarks:

None

1 storage required is 7FA16 Bytes.

None
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Subroutine Name: ELEM
pPurpose: Process element input data (input section ELEM)

Equations and Procedures: Processing of element input
data begins by reading the element definition input for an
element and checking the values for errors and inconsisten-
cieg. Error messages for subroutine ELEM are exhibited in
Appendix III. The information read is then printed on the
system output unit. If no errors have been detected then
the element definition input is merged with the required
system input. Specifically, the following operations are
performed for each element to assimilate the required in-
formation for generation of element matrices:

the coordinates, temperatures and pressures are
extracted and stored for each of the element defini-
tion node points;

the grid point axes transformation matrices are
initialized as identity matrices and stored for each
of the element definition node points;

the interpolation temperature for material properties
15 read or calculated dependent upon input, the
material library is searched to locate the requested
material, the interpolation is performed and the
results steored;

the element generation print control is stored;

the boundary conditions for the degrees of freedom
referenced by the element defining node points are
extracted from the system boundary condition list
and stored;

the input displacements, if any, for the degrees of
frecdom referenced by the element defining node points
are extracted from the system input displacement list
and stored;

the pre-strains and pre-stresses, if input, are read
and stored;

the extra element input data, if any, is read and stored
and finally, subroutine REC1l is called to place all

of the above interpretated element data on scratch tape
NTAPE3 (see RECL).
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Input Arguments:

NELEM:
X,Y, 7

T, P:

IVEC:
LIST:

NMDB2:

NDIR, NDEG:

IG:
NMDB:
DISPL:
LNCD:
GPAXEL:
NUTAPE:
TZERO;
NUMSEQ:
XEL, YEL,

ZEL:
TEL, PEL:

LISTEL:

NCDES:
DISPEL:
PCOLEL:
MAT:
EPSTO:
S0
EXTRA:
IN:
NREFP:

ITAPE]L:
JTAPE:

Number of elements

Arrays containing coordinates of system grid
points

Arrays containing temperatures and pressures
respectively for system grid points

Not used

Array containing boundary condition informa-
tion for system grid points

Number of entries in array LIST

Product equals number of degrees of freedom
per grid point

Maximum number of element defining points
possible for an element

Number of system degrees of freedom for which
solutions are desired

Array containing input displacements

Not used

Work storage reserved for grid point axes
transformation matrices

Logical variable indicating that new or
revised material library has been generated
Base temperature for application

Material library sequence number

Work storage reserved for extracting coordinates
for element definition node points

Work storage reserved for extracting tempera-
tures and pressures for element definition
node points

Work storage for extracting boundary condi-
tion information for element definition node
points

Array containing element definition node point
humbers

Work storage reserved for extracting input
displacements for element definition node
points

Not used

Work storage reserved for interpolated material
properties, element print control, mass density
and TZERO

Work storage reserved for pre-strain load
vector

Work storage reserved for pre-stress load
vector

Work storage area reserved for extra element
input

Element data input unit number

Number of input system grid points

Existing material library unit number

Not used
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JTAPEL: New or revised material library unit number

NTAPE=: Serateh unit number

NAMIN: Name of existing material library
INSPEC: Same as ITAPEL

NAMOUT: Name of new or revised material library
TOSPEC: Same as JTAPEL

Output Arguments:

IFLAG: Error indicator

NNORD: Summation of element degrees of freedom

NNRSEL: summation of element stress orders

NORDM: Maximum element degrees of freedom for this
application

NOINKM: Maximum number of storages for element stiff-
ness matrix for this application

NRSELM: Maximum element stress order for this application

Trror Returns: Lf an error is encountered then IFLAG is
set to minus one and control is returned to the calling
program.

Calling Sequence:

CALL ELEM (NELEM, X, Y, 2, T, P, IVECG, LIST, NMDB2, NDIR,
NDEG, IG, NMDB, DISPL, LNOD, GPAXEL, NUTAPE, TZERO, IFLAG,
NUMSEQ, XEL, YHL. ZEL, TEL, PEL, LISTEL, NCDES, DISPEL,
PCOLFI, MAT, EPSIO, SO, EXTRA, IN, NREFP, NNORD, NNRSEL,
NORDM, NOINKM, NRSELM, ITAPEl, JTAPE, JTAPEL, NTAPEZ,
NAMIN, INSPEC, NAMOUT, IOSPEC)

Input Tape:

IN - Contains element input data

Output Tapes:

NTAPER - Contains interpreted element input

Sceratch Tapes: None

Storage Required: Total storage required is MD7816 Bytes.
Subroutine User: INPUT

Subroutines Reguired:

MATCH

EUTL3

LAG
RECL
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Remarks: In calculating the interpolated material proper-
tles, if the requested material and the interpolation tem-
perature cof the present element being processed are the same
as the previous element then the results calculated for the
previous element are used and no searching or interpolation
is done; if the requested material is 1n core but the inter-
polation temperature is different then just the searching

is eliminated.
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Subroutine Name: MATCH

Purpose: Compare g materisl number and its interpolacion
temperature to the material number and interpolation temper-
ature last referenced in order fto determine if a search of
the material library tape and/or interpolation is necessary.

Equations and Procedures: The material number, TAGL, is
compared to the material number now residing in core, NSAVEL.
If they do not match, then they are tested again to see if
they differ only by an asterisk in the first position. If

they 3till do not match then contrel is returned to the calling

program at the statement following the CALL MATCH statement.
If a match was obtalned while testing for an asterisk then
STAR 1s set to TRUE. Once a match has been obtalned for the
material number, the following procedure is followed:

Tf TELEM equals cne then contreol is returned to the
statement number replacing the filrst asterisk since
interpolation must pe done for the first element.

If TELEM is not one then a check i1s made to see 1f

a search of the material library was 1in progress to
find this material number., If this is the case then
control is returned te the calling program at the
statement number replacing the first asterisk since
this material table hag Jjust been place in core

and interpolation will be necessary. If a search
was not In progress then TEMP is compared to SAVTEM.
If they are equal then interpolaticn of the material
table has already been calculated and contrel is
returned to the calling program at the statement
number replacing the second asterisk. If TEMP

does not egqual SAVTEM then control returns through
the first asterisk in order to perform the inter-
polation.

Input Arguments:

TAGL : Material number desired

NSAVEL : Material number now residing in core

TEMP : Interpolation temperature desired

SAVTEM : Last interpolation temperature processed

NDIFF : Constant used to determine if asterisk is
present in material humber

IELEM : Element number

SEARCH : Logical variable indicating if a search of the

material library is 1n progress

*, % : Non-standard returns to calling program
(See 7. Calling Sequence)
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Output Arguments:

STAR : Logical variable indicating presence of asterisk
in material number.

Error Returns: None

Calling Sequence: CALL MATCH (TAGl, NSAVEl, TEMP, SAVTEM,
NDIFF, STAR, IELEM, SEARCH, *,%*)

Where the asterisks are statement numbers, preceded by a
dollar sign ($), that MATCH will return control to in the
calling program. Control will pass to the statement number
replacing the first asterisk if TAGl matches NSAVE1l but
TEMP does not match SAVTIEM (i.e. the material is the same
but the interpolation temperatures differ). Control will
pass to the statement number replacing the second asterisk
if TAGl matches NSAVEl and TEMP matches SAVTEM (1.e. the
material is the same as the last material referenced and
the interpolation temperatures are also the same}. If
TAGLl does not match NSAVElL then control is returned to the
calling program at the statement following the CALL MATCH
statement .

Input Tapes: None

Qutput Tapes: None

Scratch Tapes: None

Storage Required: Total Storage required is 2FE16 Bytes.
Subroutine User: ELEM

Subroutines Required: None

Remarks: None
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Subroutine Name: LAG

Purpose:

Linear interpolation routine for material properties

Equations anhd Procedures:

ZAPX =

Input:

Qutput;

X (I)Y(T-1) - X (T-1Y Y (1) + P(Y(I} - ¥ (I-1))
HI) - X (1-1)

P -~ temperature at which material properties will
be interpclated

K -~ number of pairs cf coordinates

X < X coordinate

Y - Y coordinate

ZAPX - value of the material property being
interpolated

Error Returns: None

Calling Sequence: CALL LAG (P, ZAPX, K, X, Y)

Input Tapes: None

Qutput Tapes: None

Scratch Tapes: None

Storage:

Total Storage required is 2F216 Bytes.

Subroutine User:; ELEM

Subroutines Resquired: Ncne

Remarks:

If there is conly one X-Y pair, ZAPX will be set
equal to Y.
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11.

Subroutine Name: FGRLDS
Purpose: Read and print grid point loads data

Equations and Procedures: System input is read from NTAPEY
and includes LIST which is an array containing row numbers of
degrees of freedom which are to be retained in the reduced
load column. Grid point loads are read for each input point
and printed. If grid point axis transformations are present,
this transformation is applied. The assembled PCZL is stored
on tape NTAPE4, followed by the reduced PCZL. This process
igs repeated for each load condition.

Input Arguments:

NT, :Number of grid point load conditions
TGRA :Grid point axes transformation matrices
N@GPA :Number of grid point axes transformations
LIST :Reduction array

IT :System input tape number

NTAPEL :Input tape number

NTAPEY4 :Output tape number

Output Arguments: PC@PL - Loads Column

Error Returns: None

Calling Sequence:

CALL FGRLDS (NI, TGRA, N@GPA, LIST, IT, PCPL, NIUAPEI,
NTAPEY, NSYS)

Input Tapes: NTAPE 1.: Record 1 - not used
Record 2 - NMDBl, NMDRB, LIST
Output Tapes: NTAPEA: Record 1 - N1, NMDBl, NMDBE
Record 2 - PCOI, {assembled)
Record 3 - PCOL (reduced)

Repeat Record 2 and 3 for each
load condition

Scratch Tapes: None

Storage Required: LIST (NSYS)
ELGAD (12)
PCOL  (NSYS)
COL 3
ISAVE 3
TGRA (3, 3, NREFP)
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12. Subroutine User: INPUT
13. Subroutines Required: None

14, Remarks: None
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Subrocutine Name: FMAT

Purpose:

a Generate material library tape
b Update material library tape
C Print material 1ibrary information

Equaticns and Procedures:
Subroutine FMAT operates in three distinct phases,

First, a test is made on NM, If NM 1s positive, then

1t assumed that this is an update run and the original
material library is read into PREPER from ITAPEl. Each
table in the library is placed in PRZPER 1n a block of
length NT@T, where NT@T is computed as the necessary
storage needed. If NM is zero, it is considered an error
condition and a message 1s printed and control is returned
to the calling program. If NM is negative, then 1t is
assumed that this is a generation of a new material library
tape and the section which reads the original material
library tape 1s skipped.

The second phase consists of processing the requests. The
requests are controlled by an input code read into location
D, The legal input codes are:

(1) I : add or revise isotropic material

(2) & : add or revise orthotropic material table

(3) PI : add or revise plastic isotropic material table
(4) PZ : add or revise plastic orthotropic material table
(5) P : add plastic section to existing material table
(6) @UT : delete material table with correct lock code
(7) ALL : print entire material library

(8) ZEE : print material table

(9) ZUM : print summary of material library

10) /*/ : print lock code for material table

11) BAP : delete material table regardless of lock code
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If NM was negative, then the only allowable codes are
I,#,PI and P@ and the reguests are processed and placed
into the array PR@PER.starting from the beginning and
ending at NT@L. If NM was positive, then the material
number is checked against the materials in PRCPER to see
if it already existed in the original library. If no
match is obtained, then the material 1s added at the next
open block in PRZPER and NT@L is updated accordingly.

If a match occurred, then the revised table will be placed
in same position as the orlginal table. If the locations
for the material is greater or lesser than before, the
remaining contents of PROPER, i.e. those tables after the
one in guestion, are shitted down or up respectively.

If the reguest is of the type that will alter or delete
the original table, then the lock code (TAG2) must match
the lock code cof the original table, otherwise an error
condition is encountered and control returns to the
calling program. Once 1t has been decided where the
table is to be placed, then the table is read into PR@ZPER
by material temperatuire points and plastic temperature
peints., The material properties are as follows:

Young's Modulus
Poisson's Ratio
Coefficients of Thermal Expanslon
Rigidity Modulus

1

e o=
g

For an input code of I or PI only E, ¥ , and & are read

and G is computed from E/2(1+9 ) for each material tempera-
ture_point, For_an input code of ¢ or Pg, then E,, F.,

Ey, ¥ xy, ¥ yz, Dzx, & x, oy, &z, G, Gyp and Ggx are
read for each material temperature poin%. 11 the input
code contains a P, then for each plastic temperature point
the following data is read:

exponent of stress-strain function assumption
scalar of stress-strain function assumption
nondimensionalizing factor for

1 n

H S N>R
I
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The procedure for input codes 6-11 is as follows:

@UT - If the material is not located in PRZPER, then a
message 18 printed to this effect and the request
is ignored. TIf the material is located and the
lock codes do not match, then a message is printed
and the request ignored. If the material is
located and the lock codes match, then the deletion
occurs when the remaining contents of PRZPER are
merely shifted up over the deleted material.

ALL - A flag (WRTALL) is set for phase threce and control
passes to the next request.

SEE -~ If the material is not located, a message 1is
printed and the reguest ignored. TIf the material
is located, the table is printed and control
passes to the next request.

SUM - All the tables in PRZPER are scanned and the
following information is printed for each table:

Material Number (TAGL)

Material TIdentification (MIDENT)

Analysis Capability (derived from 1,4, PL,P#)
Number of Material Temperature Points (NPL)
Number of Plastic Temperature Points (NP2)
Temperature Range of Material Table
Temperature Range of Plastic Table

/¥/ - If the material is located, the lock code is
printed, If the material is not located, the
reguest is ignored.

ZAP - If the material is not located, the request is
tenored. If the material is located, 1t is
deleted regardless of lock code,

Phase two ends when all of ithe requests have been processed,

Phase three consists of writing the new or updated material
library on JTAPE1l and printing the entire tape 1f it has

been requested, Writing of the tape and a print of the
entire material library, if reguested, are done in a parallel
processing manner; i.e., a table is written on tape and then
printed, if requested. Either process may be done separately
or together depending upon the requests received. TFinally,
if a tape has been written, a summary is printed.
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Input Arguments:

NM : Number of Reouests

MATTAP : Code Controlling Selection of Input and Output
Tapes

I : Input Tape Unit

TABMAT : Material Properties Work Storage Area

TABFLA : PMlastic Propertics Work Storage Area

PRIPER : Material ILibrary Work Storage Area

NWZRK : Number of Available Work Storages

TTAPEL : Input Material Library Tape Unit

JTAPEL : Output Material Library Tave Unlt

NAMAUT : Arvray Containing Output Material Library Name
FAMIN : Arvay Containing Input Material Library Name

Output Arguncrts:

MATTAP : Code signifying error condlitlon has been
encounteved, if MATTAP = 0, then no error
has been encountered, 1f MATTAP < O, then error

condition exists,

Error Returns:

Message Action Taken
(1) Value of Young's Modulus (E) =< 1.0 RETURN
(2) Value of Poisson's Ratio <= -1.0 or
> 1.0 RETURK
(3) Value cf thermal expancion coefficient
(X ) =-1,0 or = 1.0 RETURN
(1) Value of Rigidity Modulus (G) < 1.0 RETURHN
S Value of mass density is negative RETURN
56 Lock codes do not mateh for revision RETURHN
7 I.ock ¢odes do not mateh for deletion TCHORE REQUEST
8 Capacity of material library exceeded RETURN
9 Number of material or plastic
temperature points > U RETURN
1C Attempt to delete nconexistent material IGNORE REQUEST
llz Attempt to input plastic data only flor
nonexistent material IGNORE REQUEST
12 Unrecognizable input code RETURN
13 Requect to print nonexistent material IGNORE REQUEST
14} Number of recquests is zero RETURN
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7. Calling Sequence:

Call FMAT (NM, MATTAP, IN, TABMAT, TARPLA, PRZPER, NWZRK,
ITAPEl, JTAPEl, NAM@UT, NAMIN)

Input Tapes
Output Tapes

O oo

Input and output tapes are identical with respect to
information contained and record format. Records are
as follows from the matrix header to the matrix trailer:

Format Matrix Header Record
Record number 1 - IC@L, K@DE, IWGRDS, NUMTAB, NUMSEQ

Record numbers 2 to NUMTAB+1 - IC@L, K@DE, IWZRDS, NTZT,
D, TAGl, TAG2, NP1, NP2,
DENSTY, MIDENT, ({TABMAT
(1,J), J=1, NMAT),
T=1, NP1), ((TABPLA(I,J),
J=1, NPLA), I=1,NP2)

Format Matrix Trailler Record

where ICOCL : Dummy Varlable
KZDE : Dummy Variable
TWZRDS : Number of Words Remaining in Record
NUMTAR : Number of Material Tables in Library
NUMSEG@ : Sequence Number of Library

NT@T : Total Number of Words in the Specific
Table

D : Input Code

TAGL : Material Number

TAG?Z : Lock Code

NP1 : Number of Material Temperature Polnts

NP2 + Number of Plastic Temperature Points

DENSTY : Mass Density

MIDENT : Material Identification (Short
Description or Name)

TABMAT : Material Properties Table

NMAT : Number of Material Properties per
Temperature Point + 1

TABPLA : Plastic Properties Table

NPLA : Number of Plastic Properties per
Temperature Point + 1

10. Scratch Tapes: None
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11.

12.

13.
14,

Storage Required:

CPM(10), MIDENT(4), G(16), HEADER(20), TAGL(6), NFIX1A(6),
Total Storage required is HEB8 . Bytes. FL1A(6)

Subroutine User: USgLA

Subroutines Required: SHIFT

Remarks:

Whenever new or updated material tape is written, all

changes and/or additions and a summary of the output tape
are printed.
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10.
11.
12.
13.
14,

Subroutine Name: SHTIEFT

Purpose: Given a one-dimensional array, this routine can

relccate a block of data, within the array.

Equations and Procedures: The routine computes the sirze

of the block to be shifted. It checks the direction of
shift, and initializes the shift constants, finally
performing the shift.

Input Arguments:

PROPER : Array in which shifting is to occur
IFROM : Initial subscript of block to be shifted
ITO ¢ Final subscript of block to be shifted
ISTIZE : Size of shift

NDTR : Dirvection of shift

output Arguments:

IERROR : Error return

Error Returns: If the size of the block to be shifted
is computed to be negative (IFROM  ITO) IERROR is set
equal to 1 (one).

Calling Sequence:

SHIFT (PROPER, TFROM, ITO, ISIZE, NDIR, IERROR)

Input Tapes: None

Output Tapes: None

Scratch Tapes: None

Storage Required: Total storage required is 2}3616 Bytes.

Subroutine User: FMAT
Subroutines Required: None

Remarks: None
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Subroutine Name; RREFORM

Purpose: Control generation of BCD input tape from Report
Form Input Sheets

Equations & Procedures: Storage is allocated for all vari-
ables rniceded by PHASE]l and PHASE?2 combined. All wvalid
input section names are stored by a data statement .n array
NAMES. Temporary tape storage for input sections which
must be merged are assigned to scratch tapes NTAPEL and
NTAPE2. Subroutine PHASEl is entered to read and store all
data. Subroutine PHASEZ2 1s entered to merge and output on
INTAPE the data that was read in PHASEl. If a dump has
been reguested then the contents of INTAPE are printed on
the system output unit. Control is then returned to the
calling program.

Input Arguments:

LNTAPE: Tape unit number on which BCD input data
is to be generated

NTAPEL, NTAPE?: Scratch tape unit numbers

TN: Input tape unit number

NREFP, N33, NRE: Adjustable dimension variables

CCORD: Storage area reserved for grid pointg
coordinates

T Storage area reserve for grid point
temperatures

P Storage area reserved for grid point
pressures

I BOUND: Storage area reserved for grid point

boundary cecnditions
Output Arguments:
FRROR: logical variable indicating error condition.

Frror Returns:If an error has occurred in PHASE!l or PHASE?
then ERROR is set to .TRUE..

Calling Sequence:

CALI, REFORM (INTAPE, NTAPEl, NTAPEZ2, IN, NRFP, NS5, NRF,
COORD, T, P, IBOUND, ERROR)

Input Tapes:

IN - Scratch tape containing card images of data deck
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10.

11.
12,
13.

14.

Output Tapes:

INTAPE - BCD tape containing sorted data generated for sub-
routine INPUT

Scratch Tapes:

NTAPEl - Temporary storage for grild polnt axes input, initial
displacement input and element definition input

NTAPE2 - Temporary storage area for grid point loads input, pre-
scribed displacement input and special element input

Storage Required: Total storage required is 288816 Bytes.
Subroutine User: USO4A
Subroutines Required:

PHASE1
PHASE2

Remarks: None

212



Subroutine Name: PHASEL

Purpose: Read, sort and store temporarily, all report form
input datsa.

Equations & Procedures: First, all core storage areas are
initialized with either blanks or zeroces. The following
core storage areas are initialized with blanks: IBOUND,
COORD, BM, LM, INM, PRM, EM and ERRMOD. The following core
storage areas are initialized with zeroes: P, T, MEMORY,
™ and PM.

Reading of ‘input is controlled entirely by label cards for
each input section. Correlation between label codes and
input sections is as follows:

Code Input Section

TTTLE Title cards

COORD Grid point coordinates

TEMP Grid polint temperatures

PRESS Grid pelnt pressures

BOUND Grid point beoundary conditions
MATER Material library requests

LOADS Grid point external loads

GRAXES Grid point axes (matrices generated)
TRANS Grid point axes (matrices input)
TNTTA Grid point initial displacements
PRDLSF Grid point prescribed displacements
ELEM Element definition data

EXTERN Special element data

INPUT Master input control

PRINT Print controls

CALC Calculation controls

END End card

CHECK Check card

SYSTEM System control information

After initialixation, the data may be read from IN. The
only restriction placed upon order of input sections is that
SYSTEM may only be preceded by TITLE, MATER and/or INPUT.

The procedure for a typlcal input section 1s as follows:

(1) Subroutine LATCH is called to determine the identity
of the input section.

(2) Contrcl is transferred to the corresponding section
of PHASE1l that will read and store the data. This
step is accomplished either directly in PHASEl itself
or by a call to FORMIN.
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(3) Data storing for a section terminates upon reading of
a section label card which differs from the section
being read.

Upon reading a CHECK or END card, PHASElL returns control to
the calling program.

Input Arguments:

NAMES: Array containing valid input section labels

INTAPE: Tape unit number on which BCD input data is to
be generated

LOCATE: Array containing tape unit numbers locating
temporary tape storage for input sections. TFor
each entry in NAMES there is a corresponding
entry in LOCATE pointing to a temporary storage
area. If the entry in LOCATE is a zero then
storage is in core. If the entry is non-zero
then storage is on the tape number indicated.

NUMCAL: Number of possible solution techniques

NUMNAM: Number of wvalid input section labels

TCASE: Case number

NDIR: Number of directions per grid point

NEND: Last word of every input section placed on tape
IN: Input tape unit number

NRFP: Adjustable dimensions for COCRD, T and P

NRT": Adjustable dimension for TBOUND

DINFO: Not used

Output Arguments:

COORD: Array containing grid point coordinates

T: Array containing grid point temperatures

P Array containing grid point pressures

MEMORY: Array contalining indicators which record input

sectlions that have been encountered during
processing of data

TBOUND: Array containing grid point boundary conditions

T™: Array containing grid point temperature modal
values

PM: Array containing grid point pressure modal values
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BM: Array containing grid point boundary condition
modal wvalues

SM: Array containing grid point load modal values
for each load condition

INM: Grid point initial displacement modal values

PRM: Grid point prescribed displacement modal values

EM: Special element input modal values

NIL.OAD: Array containing number of points in each load
condition

NINITA: Array containing numbers of points in each
initial displacement condition

WPRDIS: Array containing number of points in each
prescribed displacement condition

TCALC: Array containing solution procedures desired

NREF; Number of system referenced grid points

NREFP: Number of input grid points

NTD: Number of degrees of freedom per grid point

NL: Number of load conditlons

HID: Number of initial displacement conditions

A¥D: Number of prescribed displacement conditions

NAXES: Number of grid point axes systems

HET B Number of elements

M Number of requests of the material library tape

NREF4 - Number of input boundary condition grid points

T7ZER0C: System reference temperature

KRETHC: Nunber of boundary condition pcints read by
PHASEL

NREFPC: Number of grid points read by PHASEL

NELEMC: Number of elements read by PHASEL

NGRAXC: Number of grid point axes systems read by
PHASEL

NTRANC: Number of grid point axes transformation matrices
read by PHASEL

ERROR: Error indicator

DUMPT: Debug dump indicator
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Error Returns:
Message:

Unexpected blank label
card encountered.

Noc option has been selected
for regquest number xxx of
material library.

More than one option has been
gelected for regquest number
Xxxx of material library.

Maximum number of load con-
ditions allowed is 100.
This problem contains xxx.

Load condition xxx sub-label
is incorrect. Program can-
not distinguish between load
conditions.

I1legal modal card en-

countered. Card will be
lgnored.

Due to previocusly encountered
error condition this section
is being skipped. Program
will flush data deck until
next recognizable section

i1s encountered.

Unrecognizable input
section.

Due to above error message
this section will be omitted
and check card inserted.

Calling Sequence:

CALL PHASEl (COORD, T, P, MEMORY, IBOUND, NAMES,
BM, SM, TNM, PRM, EM, NLOAD, NINITA, NPRDIS,

Action Taken:

Flush to next recognizable
label card and insert check
card.

Flush tc next recognizable
lakel card and insert check
card.

Retaln first selection

encountered.

Flush to next recognizable
label card and insert check
card.

Flush to next recognhizable
lakel card and insert check
card.

Self-explanatory

Self-explanatery

Flush to next recognizable

label card and insert rheck
card.
Self-explanatory

™, PM,

ICALC, NREF,

NREFP, NTD, NL, NID, NPD, NAXES, NELEM, NM, NREFY, TZERO,
INTAPE, LOCATE, NUMCAT,, NUMNAM,. TCASE, NDIR, NEND, NREFL(,

NREFPC, NELEMC,
DUMPT, DINFO)

NGRAXC,

Input Tapes:

NTRANC,

IN, NRFP, NRF, ERROR,

IN - BCD tape contalning card images of data deck
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Output Tapes:

NTAPEL - Temporary storage for grid point axes imput,
initial displacement input, and element
definition input

NTAPE2 - Temporary storage for grid point lcads input,
prescribed displacement input and special
eiement input

INTAPE - TITLE, MATER, PRINT sections are output if
they were present.

10.
11.

12.

13.

Scratch Tapes: None
Storage Required: Total
Subroutine User: REFORM

Subroutines Required:

storage required is 3F6E16 Bytes.

LATCH
FORMIN

Remarks: Naone
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10.
11,
12,
13,
14,

Subroutine Name: T ATCH

Purpose: Compare a six character name toc the recognizable
list of input section names for Report Form Input,.

Equations and Procedures: The six character name TABEL is
cocmpared to each of the legal input section names {array
NAMES)., 1If a match is found then LEADER is set to the
position number in NAMES which contained the matching name.
If no match is found then LEADER is set equal to one plus the
number of legal section names.

Input Arguments:

LABET, -~ name to be matched

NUMNAM - number of valid input section names

NAMES - array containing valid input section names

Outpul Arguments:

LEADER - position number in NAMES of input section name which
matches LABEL

If no match was found then LEADER is set equal to
NUMNAM + 1

Errcr Returns: None

Calling Sequence: CALL LATCH (LABEL, LEADER, NUMKAM, NAMES)
Input Tapes: None

Output Tapes: None

Scratch Tapes: None

Storage Required: Total Storage required is 1BA16 Bytes.
Subroutine User: PHASE1l

Subroutines Required: None

Remarks: None
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Subroutine Name: TFORMIN

Purpose: Read and store on tape or in core all table
form input to Phase One of Report Form Input Preprocessor.

Equations and Procedures: The decision to store data on
tape or in core is determined by examining the input
variable NTAPE. If NTAPE is less than or equal to zero
then the data is stored in core, otherwise the data 1is
stored on the unit specified by NTAPE. Any modal values
read are always stored in core.

Input Arguments:

LEADER : Index number referring to input section being
processed

MEMORY : Not used

NAMES : Array containing legal input section labels

NTAPE : Storage indicator, if#0 then NTAPE contains
unit number for external storage

AMODAL : Storage reserved for modal values read, 11T any

MODAT, : Modal card label

NUMEER : Number of input values to be read per card

REFPEAT : Logical variable indicating legality of repeat
option

FMT1-5 : Tnput formats

M5G1-3 : Frror mesgsage formats

WARN : Error message warning flag

FATAL : Error message Tatal flag

NCARD : Kumber of inout cards per table entry

CORE : Core storage area if data is to remain in core

NE, NC : Adjustable dimensions of CORE

LARSUR : Sub-label for multiple condition input sectlons

IN : Unit number containing input data

Output Arguments:

LABEL : Input section label encountered which was
different from input section labkel now being
processed

KOUNT : Number of input table entries read

NERROR : Error indicator

NCOND : Condition number for encountered sub-label

SCALAR : Constant for encountered sub-label
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10.
11.
12.
13.
14,

Error Returns: Error conditions are indicated in NERROR
as follows:

If NERRCR equals zero, then no error has occurred

If NERROR is less than zero, then a sub-label has been
encountered

If NERROR 1s greater than zero, then a fatal error has
ocecurred and an approprilate message will be printed
Calling Sequence: Call FORMIN

(LEADER, MEMORY, NAMES, LABEL, KOUNT, NTAPE, AMODAL, MODAL,
NUMBER, REPEAT, FMT1, FMT2, FMT3, FMT4, FMT5, MSGI1,

M3G2, MSG3, WARN, FATAL, NERROR, NCARD, CORE, NR, NC,
LABSUB, NCOND, SCALAR, IN)

Input Tape: IN contains input data

Output Tape: If NTAPE is greater than zero then it will
contain the stored input, otherwise there is no output
tape.

Scratch Tapes: None

Storage Required: Total storage required is C7H16 Bytes.
Subroutine User: PHASE]L

Subroutines Required: None

Remarks None
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Subroutine Name: PHASE?

Purpose: Merge, order and output form input datas stored
by PHASEL.
Equations and Procedures: The input sections stored by

PHASE]l are detected by examining the arrasy MEMORY. The
exact procedure is to check the MEMORY array in the order
requlred for output and if the MEMORY value for that sec-
tion is greater than zero then output that section's stored
data; otherwise continue to the next section. The order

in which the stored input sections are output, 1if present,
and the sections that they are to be merged with is as
follows:

Input Section Generated from Report Form Input Sectiens

NREF SYSTEM

TZERO SYSTEM

GRID COORD, TEMP, PRESS

BOUNDS BOUND, CALC, INITA, PRDISP
ELEM ELEM, EXTERN

TRANS TRANS

GRAXES GRAXES

LOADS LOADS

END END

CHECK CHECK

Input Arguments:

COORD : Array containing system grid point
coordinates

T : Array containing grid point temperatures

P : Array containing grid point pressures

MEMORY : Array indicating report form input
gections read

IBOUND : Array containing grid point boundary con-
ditions

NAMES : Array containing legal report form input
section names

™ : Array containing modal values for grid
point temperatures

PM : Array containing modal values for griad
point pressures

BM : Array containing modal values for grid
point boundary conditions

SM : Array containing mcdal values for grid
point load conditions

INM : Array containing modal values for initially
displaced grid points

PRM : Array containing modal values for pre-

scribed displaced grid points
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WLOAD

NINITA
NFRDIS

ICALC
NEEF
NRETP
NTD

NL
NID
NPD

NA XS

NELEM
N
NREFH4
TZERO
INTLPE

LOCATE

NUMCAL
RNUMENAW

TCAST
NDIR
NEND
NREFLC

NREF'PC

NELEMC
NGRAXC

NTRANC

TN

NRFP

NRF

Output Argument:

KRROR

Array containing modal values for svecial
element input

Number of loaded grid veints ner loed
condition

Number of initiasl displscerment conditionsz
Mumber of prescribed displacement con-
ditions

Array containing solution codes

Fumber of grid points in system

Number of input grid points

Number of degrees of freedom ner grid
point

Humber of load cconditions

Number of initislly displaced grid pointe
MNumber of vrescribed displaced grid
points

Mumber of grid point axes transformation
systems

HNumber of elements

Number of requests of material library
Number of input boundary condition points
System base temperature

Unit on which processed output is to be
written

Array Indicatlion storase locstion of input
cections

Murber of solution codes

Hunber of legsl report form input zection
labels

Hot used

HJumber of directions per grid prnint

Hot used

umber of input boundary condition points
actually read

sumber of input grid points actually read
Kumber of input elements actually read
Number of input grid point axes syotems
actually read (transformation matrices
generated)

Number of input grid point axes systems
actually read {transformation matrices
input)

Not used

Not used

Adjustable dimension for COORD, T, P, and
IBOUND

Logical variable indicating
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10.

11.

Error Returns: FError messages are indicated in Appendix.
If an error occurs logical variable FRROR is set to TRUK
and control is returned to the calling program.

Calling Seguence: Call PHASE?

(COORD, T, P, MEMORY, TBOUND, NAMES, TM, PM, BM, SM, TIlM,
PRM, LM, NLOAD, NINITA, NPRDIS, TCALC, NREF, NREFP, NTD,
N, NID, NPD, NAXES, NELEM, NM, NREFL, TZERO, INTAPE,
LOCATIE, NUMCAL, NUMNAM, TCASE, NDIR, NEND, NREFLC, NREFPC,
NELEMC, NGRAXC, NTRANC, IN, NRFP, NRF, ERROR)

Input Tapes: The array LOCATE containsg the unit number,
if any, on which data was stored by subrountine PHASEL.
Dutput Tape: INTAPE contalins processed output.

Scratoeh Tapes: None

Storage Required: Total storage required 1s H07216 Bytes.
Subroutine User: REFORM

Subroutine Required: OFPEN

Raemark:: Mone

223



10.

Subrcutine Name: PDISP
Purpose: Generate prescribed displacement matrix if
required.

Equatlons and Procedures:

A. Check if matrix name is suppressed, if 1t 1s then

return (no matrix is output).

Check if NPDC$l and NPDC<NL print error message and return.
Use EUTLS to wrlte matrix header.

If MODAL array is blank insert zeros, if not insert

MODAL values 1into displacement column.

Loop on number of grid polnts for which values were
glven, inserting them intc the displacement column.
Compress column each time, using EUTL8, and write it out.
If column compresses to zero skip write out.

Do (D) to (G) for each prescribed displacement conditicn.
At end use EUTL6 to write matrix trailer.

oW

HTZ oY =

Input Arguments:

NREF - number of system grid points

NTD - number of degrees of freedom/point (NDEG*NDIR)

ML - number of external lcad conditions input

PRM - array of mecdal values/condition

NPROIS - number of input polnts/condition

IODISP - output logical unit number of matrix

NAMDIS - name cf output matrix array (7 elements long)

NPDC - number of prescribed displacement conditions input

DISP - (array area used by IBOUND array used in PHASEZ2-
now used to store displacement column)

KTAPE - tape logical unilt number used for displacement input

Output Arguments: ERROR - leogical variable true if error

return 1is used.
Error Returns: If NPDC$1 and NPDC<NL.
Calling Sequence:

Call PDISP(NREF,NTD,NL,PHM,NPRDIS,NPDC,IODISP,NAMDIS,DISP,

KTAPE ,ERROR)
Input Tapes: KTAPE ~ See Item 4.
Output Tapes: NPOT - standard print out unit; IODISP - See Item 4.
Scratch Tapes: None
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12.

i3.

14,

Storage Required:

Subroutine User:

Subroutine Required:

EUTLS
EUTL6
EUTLS

Remarks:

None

Total Storage required is 7DE16 Bytes.
PHASE?2
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Subroutine Name: OPEN

Purpose: Select a unit and then locate the requested
input section on that unit

Egquations and Procedures: The correct unit number is

extracted from the array LOCATE. The unit is then searched
for the requested input section. Searching starts from the

present pesition of the unit and allows the end of the
unit's extent to be reached twice before the search iz
abandoned,

Input Arguments:

LEADER : Tdentification number of input section
belng processed

NAMES : Array containing valid labels

LOCATE : Array containing corresponding logical
units for wvalid labels

*® : Non-gtandard return for errcr condition

Output Arguments:

NTAPE : Unit containing reguested input section
Error Returns: If the requested input section is not
located on the selected unit the non-sztandard return
1s used.

Calling Sedquence: Call OPEN

(LEADER, NAMES, TOCATE, NTAPE, $XXXXX) where XXXXX

ig the statement number to which control is returned

in the calling program if an error occurs,

Input Tapes: The array LOCATE contains the logical unit
numbers which may be input tapes.

Output Tapes: HNone

Scratch Tapes: None

Storage Required: Total storage required is 2HA16 Bytes.
Subroutine User: PHASE?Z

Subroutines Required: None

Remarks: None
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9.
10,
11.
12.

13.
14,

Subroutine Name: CHEX

Purpose: Perform input/output cross-checking for
USEROY module

Equations and Procedures: The required input sections
for the selected output matrices are indicated in the
array MASTER (see subroutine LOGFLO). The actual input
sections processed are indicated in the array ICONT.

The logical array, GO, is set according to the informa-
tion in MASTER as compared with ICONT., If an output
matrix requires an input section that is not present
then a message is printed giving the matrix name and
corresponding position in the GO array is set to .FALSE.

Input Arguments:

HAMOUT . Array ceontaining output matrix names
NUMOT : Number of ocutput matrices

NAMIN : Array containing input matrix names

NUMIN : Number of input matrices

MASTRR : Array indicating required input sections
HUMAST : Length of MASTER

TCONT : Array indicating processed input sections
NCONT : Length of ICONT

Output Arguments:

GG ¢ Array indicating input regquirements have
been satisfied, one position for each
possible output matrix

Error Returns: HNone

Calling Sequence:

(NAMOUT, NUMOT, NAMIN, NUMIN, MASTER, NUMAST, ICONT,
NCONT, GO)

Input Tapes: None

Output Tapes: None

Scratch Tapes: None

Storage Required: Total storage required 1s 59A16 Bytes.
Subroutine User: USOUA

Subroutines Required: NTEST

Remarks:; None
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12,

Subroutine Name: OQUTINT
Purpose: Output interpreted input data as a matrix

Equations and Procedures: After processing the input
data deck, all necessary information is stored in three
areas., System control information 1s stored in the array
KNMD and in the first two records on scratch unit NTAPE1.
Element generation data is stored on scratch unit NTAPE3.
All of this data is output as a matrix, the first column
containing KNMD, the second and third columns containing
the first two records from NTAPE, the fourth column
contalning two words (number of elements, NELEM, and
grid polnt axes indicator) and the last 2*NELEM columns
containing the input element generation data.

Input Arguments:

NAMOUT : Array containing output matrix name

TOSPEC : Array containing unit specifications for
output matrix

NTAPE1 : Unit contalning system control information

NTAPES : Unit containing element generation data

KWMD : Array containing system control information

NUMK : Length of KNMD

IWORK : Work storage area

Output Arguments: None

Error Returns: None

Calling Seqguence:

(NAMCUT, TOSPEC, NTAPEl, NTAPE3, KNMD, NUMK, IWORK)
Input Tapes:

NTAPEL : Unit contalning system control information
NTAPE3 ¢ Unit containing element generation data

Output Tapes:

TOSPEC(1): Unit which will contain interpreted input
data matrix

Scratch Tapes: None
Storage Required: Total storage required is 6DE16 Bytes.

Subroutine User: USO4A

228



13. Subroutine Required:

EUTLS
EUTLH

1!, Remarks: None
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Subroutine Name: FLOADS

Purpose: To generate a matrix of external grid point
loads which is acceptable to Format,

Equations and Procedures: A grid point load matrix, PCOL,

is read from NTAPEY for each load condition. It is then

converted into compressed format and storzd on tspes TPESPEC.

The matrix dimensions are NSYS x NL, where N3YS is the
size of the total assembled load column and NIL is the
number of grid point load conditions.

Input Arguments:

NSYs - Size of total assemblied load column
NAMOUT- Array ccnteining ocutput matrix name for load
matrix

IOSPEC- Output tape unit numbesr for loads matrix
NTAPE4- Input tape unit number containing loads matrix
PCCL, - Core storage area for loads matrix

Output Argumsnts: Nonse

Error Refturns: Ncone

Talling Sequence:  CALL FL@ADS (NS8YS, NAMZUT, IQSPEC,
NTAPE4, PCYL)

Input Tapee: N'I'APEL
Qutput Tapes: TOSPEC
Scratch Tapes: None
Storage Reqguired: Total Storage required is BMAlG Bytes.
Subroutine User - USOUA

Subroutines Required - None

Remarks: None
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Subroutine Name: TR

Purpcse: To generate a matrix which will trensform
another matrix from full system coordinates to "reduced"
system, i.e. boundary condition constrained.

Equations and Procedures: The matrix TR is of order
NMDE X N8YS such that if J = LIST (I), then the element
TR (I, J) = 1.0. LIST contains the row numbers of the
full system which are to be retained in the reduced
matrix. Only fixed bounds are reduced out as indicated
by KCDE = 0 in input data bounds.

Each column is generated and stored on tape as defined
by FORMAT. Each column record consists of: J, 1, 2, 1.0,
where J = LIST (1i).

Input Arguments: NMDB order of reduced matrix

NSYS - order of full system
NAM@UT - matrix name of TR
IFgSPEC - matrix output tape for TR

Output Arguments: None
Error Returns: INone
Calling Sequence:
CALL FTR (NSY3, LIST, NTAPEIL, NAM@UT, I@SPEC)

Input Tepe: NTAPEL
Record #1  COM1  (not required)
Record #2 NMDBl, NMDB, (LIST (I), I=1, NMDE)

Output Tapes: IOSPEC - Format Cutput Tape Number
Scratch Tapes: None

Storage Required: Total Storage required 1s 34816 Bytes.
Subroutine User:  USOUA

Subroutines Required: None

Remarks: None
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Subroutine Name: T3SYS

Purpose: To output as a format matrix system constants
needed outside of the USERO4 module.

Equations and Procedures: The array NMD containing
system constants generated in the input phase of the USEROY
module 1s passed to subroutine TSYS by subroutine USERQLA.
These constants are then converted to floating point
variables and output as a column matrix to the format
system.

The constants that are output are as follows in their
respectlve order:

NDIR - number of directions

NDEG - number of types of degrees of freedom

NREF - highest reference node in element connections
NMDB - the order of the reduced system = NMDB1+NMDB2
NMDBO - the number of zero boundary conditions

NMDB1 - the number of ones

NMDBZ - the number of twos

NMDBO1 - the number of zeros plus ones

NMDB12 - the number of ones plus twos

NTYPE - code for element degrees of freedom

NTYPE = 0 for 3 types of D.O,F.
NTYPE = 1 for 1 or 2 types of D.O.F.

NSYS - the total number of system degrees of freedom
equals NDIR¥NDEG*NREF

NELEM - the number of elements In the analyses

NL - the number of external load conditions in the
analyslis

Input Arguments:

NMD - array of system constants

NAMOUT - array containing the name of the format matrix
NSET - logical unit number matrix is to be written on
NREF - highest reference node in element connections
Output Arguments: None

Error Returns: None

Calling Sequence:  TSYS(NMD,NAMOUT,NSET,NREF)

Input Tapes: None
Output Tapes: NSET
Scratch Tapes: None

Storage Required: Total Storage required is 148216 Bytes.
Subroutine User: USO4A

Subroutine Requlred: EUTLS, EUTL6

Remarks: Note that these constants have been converted to

floating point numbers.
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Subroutine Name: TUSO4B

Purpose: Control Phase Twc and Phase Three operations
(element matrix generation and element matrix output,
respectively).

Equations and Procedures: System control information

is extracted from the array KNMD. Scratch units are
assigned from the array ISSPEC. Tf input displacements
are present then subroutine DEFLEX 1s called to record
the input displacements on scratch unit NTAPE4. If the
interpreted input matrix position is non-blank then
subroutine ININT is called to generate input tapes NTAPEL
and NTAPE3. Subroutine FELEM is called to control the
generation of the element matrices. And, finally, sub-
routine OUTMAT is called to place the generated matrices
intc the Feormat System.

Input Arguments:

NUMOT : Number of output matrices

NAMOUT : Array containing names of output matrices

ICSPEC : Array containing unit specifications
for output matrices

NUMIN ¢ Number of input matrices

NAMIN : Array containing names of input matrices

INSPEC : Array containing unit specification for
input matrices

NUMSR : Number of avalilable scratch units

ISSPEC : Array containing scratch unit specifications

NUMSC : Number of scalars

SCALAR : Array containing scalars

NWORKR : Number of avallable storages in work area

WORK : Work area

TPRINT 1 System print control

KNMD : System control information

MASTER : Array containing input/output cross-checking
codes

NUMAST : Length of MASTER

NUMK : Length of KNMD

Output Arguments:
ERROR : Loglcal variable 1indicating error condition
Error Return: If an error is detected in element matrix

generation or in element matrix output then ERROR is set
to TRUE and control is returned to the calling program.
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Calling Sequence:

Call USOLB

(NUMOT, NAMOUT, IOSPEC, NUMIN, NAMIN, INSPEC, NUMSR,
1SSPEC, NUMSC, SCALAR, ERROR, NWORKR, WORK, IPRINT,

KNMD, MASTER, NUMAST, NUMK)

Input Tapes:

NTAPE1
NTAPE3

Qutput Tapes:
TOSPEC(1,56)
TOSPEC (1,7
IOSPEC(1,8
T0OSPEC{1,9
IOSPEC(1,10)
TOSPEC(1,11)
IOSPEC(1,12)
Scratch Tape:
NTAPE?Z

NTAPEL

Stocrage Required:

Subroutine User:

Reserved
matrix

: Reserved
: Reserved

Reserved
Reserved
matrices
Reserved

for

for
for
for
for

for

Contains system control information
Contains interpreted element 1input

assembly transformation

element
element
element
element

element

stiffness matrices
Reserved for element

stiffness matrices
load matrices
stress matrices
thermal stress

incremental

mass matrices

Contains element generated matrices
in compact form

Contains input displacements,

present

if

Total storage required is ?D816 Bytes.

usokl

Subroutines Required:

NTEST
ININT
DEFLEX
FELEM
CUTMAT

Remarks: None
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Subroutine Name: ININT
Purpose: Restore data from interpreted input matrix

Equations and Procedures: Subroutine EUTL3 is callied

to locate the input matrix. The first column of the
matrix contains system control information and is read
into KNMD. Columns two and three contain further systemn
information and are recorded as the first two records

on NTAPELl. Column four and all succeeding columns contain
element generation input data and are recorded on NTAPEZ.

Input Arguments:

WAMIN : Array containing input matrix name
INSPEC : Array containing unit specifications

for input matrix
NTAPEL . Unit reserved for system control information
NTAPEZ . Unit reserved for element generation input data
KNMD : Array reserved for system control information
IWORK : Work storasge area
NUMK : Length of KNMD

Output Arguments:

IER : Logical variable indicating error condition
Error Returns: If the input matrix cannot be located, or
a word count error occurs for columns one or four, or the
matrix trailer record is encountered unexpectedly, then
IER is set to .TRUE..

Calling Sequence:

(NAMIN, TNSPEC, NTAPEl, NTAPE3, KNMD, IWORK, NUMK, IER)
Input Tapes:

INSPEC(1) : Unit containing interpreted input matrix

Output Tapes:

NTAPEL . Unit reserved for system control information
NTAPES : Unit reserved for element generation input
data

Scratch Tapes: done

Storage Required: Total storage required is 91216 Bytes.
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12. Subroutine User: USOLUB

13. Subroutines Required: EUTL3

14, Remarks: None
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Subroutine Name: DEFLEX

Purpose: Sort input displacement matrix into separate
element input sectlons

Equations and Procedures: The input displacements for
the system are read into the IWORK array and restored
at the end of the IWORK array. For each element, the
following procedure is invoked: the element generation
input data is read from scratch unit NTAPE3; the array
containing the element definition polnts is extracted;
the input displacements corresponding to these points
are selected from the system input displacements and
written on scratch unit NTAPE4,

Input Arguments:

NSYS : Total degrees of freedom in system
NAMIN 1 Array containing input matrix name
INSPEC : Array containing unit specifications
for Input matrix
NTAPES : Unit containing element generation input
NTAPE4 : Unit reserved for element input displacements
IWORK : Work storage area
NWORK : Length of IWORK
MAXNT1 : Maximum length of record on NTAPE3

Output Arguments:

IER : Logical variable indicating error condition
Error Returns: If the input matrix cannot be found,

or its dimensions are not NSYS by one or IWORK does not
contain sufficient storage locations then IER is set

to .TRUE..

Calling Sequence:

(NSYS, NAMIN, INSPEC, NTAPE3, NTAPEL, IWORK, NWORKR,
MAXNI1, IER)

Input Tapes:

NTAPE3 : Unit containing element generation input data
INSPEC(1): Unit containing system input displacement matrix

Output Tapes:

NTAPEL : Unit reserved for element input displacements
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Scratch Tapes: None

Storage Required: Total storage reqguired is ADul6 Bytes.
Subroutine Usger: USOQOLR

Subroutines Required:

EUTL3
LUTLY

Remarks: DNone
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Subroutine Name: FELEM

Purpose: Set element matrix generation controls and
initiate matrix generation.

FEquations and Procedures: Logical unit definitions are
assigned to their structural system functions. An array,
IWCRK, is reserved for storage of generation controls

and system information. The generation controls are
determined by examining the output matrix names and the
system information is retrieved from unit NTAPEl. BSub-
routine SQUISH is called to compute matrix suppression
controls. The number of elements is read from unit NTAPE3
and subroutine ELPIUG, which selects the correct element
type, 18 called for each element.

Tnput Arguments:

KP : Not used

NTAPEL : Logical unit containing system control
information

NTAPEZ : Logical unit reserved for generated element
matrices

NTAPE3S : Logical unit containing interpreted element
input

NORDM : Maximum element degrees of freedom

NRSELM 1 Maximum element stress order

NOINKM ¢ Maximum storage required for element stiffness
matrix

NIAM ¢ Maximum storage required for element matrix
record on NTAPEZ

NTAPEL ¢ Logical unit containing input displacements,

if present
Output Arvguments:
FRROR : Logical variable indicating error conditlion
Error Returns: If an error occurs in generation of element
matrices then ERROR is set to .TRUE. and control is
returned to the calling program.

Calling Sequence: Call FELEM

(KP, NTAPEl, NTAPEZ, NTAPE3, NORDM, NRSELM, NCTNKM,
NTAM, ERRCR, NTAPE4)

Input Tapes:

NTAPE1 : Contains system control information
NTAPE3 : Contalns interpreted element input
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Qutput Tapes:

NTAPEZ2

: Reserved for compact storage of element

generated matrices

Scratch Tapes:

None

Storage Regquired: Total storage required is 5D816 Bytes.

Subroutine User:

UsSou4B

Subroutines Required: ELPLUG, SQUISH

Remarks:

None
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Subroutine Name: SQUISH

Purpose: Set matrix suppresslon codes for element
generation phase

Equations and Procedures: The indicators are initially
set to zero, signifying suppression 1s desired. Sub-
routine NTEST is called to examine the output matrix

names for suppression selectlons. For each non-suppressed
matrix position encountered the corresponding indicator

is reset to one,

Input Arguments:

NAMOUT : Array containing matrlx names
NUMOT : Number of output matrices

Output Arguments:

KK : Suppression indicator for element stiffness
matrices

KF : Suppression indicator for element load matrices

KS : Suppression indicator for element stress
matrices

KN : Suppression indicator for element incremental
stiffness matrices

KM : Suppression indicator for element mass matrices

KDS : Suppression indicator for element structural
damping matrices

KDV : Suppression indicator for element viscous
damping matrices

KTS : Suppression indicator for element thermal

stress matrices
Error Returns: HNone
Calling Sequence:
(NAMOUT, KK, KF, KS, KN, KM, KDS, KDV, KTS, NUMOT)
Input Tapes: None
Output Tapes: None

Scratch Tapes: None
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Storage Required:

Subroutine User:

Total storage required is 3DE16 Bytes.

FELEM

subroutines Regquired: NTEST

Remarks:

Neone
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9ubroutine Name; ELPLUG

Purpose: Select proper element type to generate
requested element matrices.

Equations and Procedures: Subroutine REC1 is called

to obtain the interpreted element input. If input dis-
placements were present then the values are retrieved
from unit NTAPEL, Tncluded in the interpreted element
input is the element type code number (plug number).
From this data the proper plug subroutine is called and
the recquested element matrices are generated. If the plug
number is five, six or fourteen the grid point axes
transformations are then applied. If the plug number
was one, two or seven then grid point axes transform-
ations were applied inside the plug. Subroutines REC3
and RECH are called to write as external units element
control data and the generated element matrices,
respectively. Finally, 1f an element matrix print has
been requested then subroutine ELPRT is called to
perform the printing.

There is only one exception to the above procedure,

If the option tc repeat element matrices has been
selected (TP = -2), then the plug subroutine is bypassed
and element matrices from the previous element are
written again by REC3 and RECH.

Tnput Arguments: The input arguments contained in JWORK
are:

JWORK(1)-TEL : Element generation sequence
number (IEL = 1,2,3, . . . , NELEM)

JWORK(2)-ITAPE : Indicatcer controlling writing of
matrices on external unit

JWORK (3)-KK . Element stiffness matrix suppression
control _

JWORK (4 )-KF : Element load matrix suppression
control

JWORK (5)-K8 : Flement stress matrix suppression
control

JWORK (£ ) -KM . Element mass matrix suppression
control

JWORK(7)-KDS + Not used

JWORK {8 )-KDV : Not used

JWORK (9 )-KN . Flement incremental stiffness matrix
suppression control

JWORK (11 )-NMDE : Not used

JWORK(12)-NDTR . Number of directions per grid point

JWORK(13)}-NDEG : Number of solution degrees of
freedom per grid point

JWORK { 14)-TICONT : Grid point axes transformation
indicator
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JWORK (15)-NTAPE?2 : Unit number reserved for generated
element matrices

JWORK (16 )-NTAPE3 : Unit number contalning interpreted
element input

JWORK (18)-ILP : Internal element type code

JWORK(1G)-IPL : Input element type code

JWORK (20 )-NTAPE4 : Unit number containing input dis-
placement, 1f present

JWORK(21)-INDISP : Varilable indicating presence of

input displacements
Other input arguments are:

NUMOT : Number of output matrices
NAMOUT : Array containing output matrices names

Output Arguments: Input and output arguments are contained
in the array JWORK. The output arguments contained in
JWORK are:

JWORK ({10 )~NORD : Element degrees of freedom

JWORK (17 )~NIAM : Maximum number of storages required
to write a record on unit NTAPEZ

JWORK (20 )-NERR : Returning error code,
if NERR 1s zero then no error has
occurred,

if NERR is one then element type code
number is incorrect,

if NERR is two then the number of
element defining points is incorrect,
if NERR is three then the special
element input is incorrect, and

if NERR is four then the number of
element degrees of freedom is
incorrect.

Error Returns: If NERROR is not zero upon return from
ELPLUG, then an error has occurred.

Calling Sequence: Call ELPLUG (JWORK, NUMOT, NAMOUT)

Input Tape:

NTAPE3 : Unit containing interpreted element
input

Output Tape:

NTAPEZ : Unit reserved for generated element
matrices

Scratch Tapes: None
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Storage Required: Total storage required 1is 1B3016 Bytes.
Subroutine User: FELEM
Subroutines Required:

RECL
PIUGL
PLUG2
PLUGS
PLUGH
PLUGT
PLUGLY
AXTRA3
AXTRA2
AXTRAL
REC?3
RECL
ELPRT

Remarks: Storage for the generated element matrices

and work areas required by ELPLUG 1s allocated by equiv-
alencing into the blank common work area starting at
location 1001 and extending to location 5000, Work storage
for the various element types 1s allocated by equivalencing
into the blank common work area at location 50CL.

245



10,
11.
12,
13.
14,

Subroutine Name: REC3

Purpose: Write or read element control information tape
records.

Equations and Procedures: The decision to read or write
the record is determined by examining the input variable
IOPT in the following manner:

if IOPT < 1 the record isg read
if ICPT = 2 the record is written

Input Arguments: (if IOPT=2)

I0PT: Read/write indicator

K: Fortran logical unit number

NI3: Number of words in record (excluding NI3)

JEL : Element number

IFL : Element type code number (plug number)

NLIST: Element order (number of degrees of freedom
per point * number of points)

LISTEL : Vector containing boundary condition information
for element

NTA: Not used (set equal to one)

IAKEL : Not used

Output Arguments: (if IOPT 1)

Given the proper value of I0PT, all of the above input
arguments will be output arguments with the exception of
ICPT and K, which are always input arguments.

Error Returns: Ncne

Calling Sequence:

CALL REC3 (IOPT, K, NI3, JEL, IPL, NLIST, LISTEL, NIA, AKEL)
Input Tape: If IOPT =1, then X is an input tape.

Output Tape: If IOPT=2, then K is an output tape.
Scratch Tape: None

Storage Required: Total storage required is 36816 Bytes.
Subroutine User: ELPLUG

Subroutines Required: None

Remarks: None
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Subroutine Name: RECH

Purpose: Read or write generated element matrices records.
Equations and Procedures: The decision to read or write
the record is determined by examining the input variable

IOPT in the following manner:

if I0PT <1 then a record is read
if TOPT=?2 then a record is written

Tnput Arguments: (when IOPT=2)

I10PT: Read/write indicator

K: Fortran logical wunit number

NOTRNK: Number of storages required for stiffness and
incremental stiffness matrices

AKELT: Element stiffness matrix

NORD: Number of storages required for element loads
matrix

FTRT: Element loads matrix

NNO: Number of element defining points (node points)

NODES: Grid point numbers defining element

NSEL: Number of storages required for element stress
matrix

HRSEL: Number of rows in element stress and thermal

stress matrices, also number of storages required
for element thermal stress matrix

SEL: Flement stress matrix

SZALEL: Flement thermal stress matrix

ANEL: Element incremental stiffness matrix

FNEL: Not used

NMASS: Number of storages required for element mass
matrix

AMASS: Flement mass matrix

NDMPV ; Number of storages required for element viscous
damping matrix

DAMPV ; Element viscous damping matrix

NDMPS ; Number of storages required for element structural

damping matrix

DAMPS : Element structural damping matrix
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Output Arguments: (when IOPT =<1)

NI4 - number of words contained in record (excluding NI4)
A1l of the above input arguments are output arguments given
the correct value of IOPT except for IOPT and K which are
always input arguments.

Error Returns: None

Calling Sequence:

CALL REC4 (I10PT, K, NI4, NOINK, AKELT, NORD, FTEL, NNO,
NODES, NSEL, NRSEL, SEL, SZALEL, ANEL, FNEL, NMASS, AMASS,
NDMPV, DAMPV, NDMPS, DAMPS)

Input Tape: If IOPT =<1 then K is an input unit.

Output Tape: 1If IOPT=2 then K is an output unit.
Scratch Tapes: None

Storage Required: Total storage required is 85016 Bytes.
Subroutine User: ELPLUG

Subroutines Required: None

Remarks: None
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Subroutine name: MINV

Purpose: Invert a matrix.

Equations and Procedures: The standard Gauss-Jordan Method
1s used in which the inverted matrix is stored back on itself.

Input Arguments:

A Matrix to be inverted

N: Order of matrix

D: Determinant of matrix

L Work vector of length N

M: Work vector of length N

Ooutput Arguments: A - Contains the inverted matrix

Error Returns: If D = 0, matrix is singular.
Calling Sequence: CALL MINV (A, N, D, L, M)
Input Tapes: None

Output Tapes: None

Scratch Tapes: None

Storage Reguired: Total Storage required is 818,, Bytes.

Subroutine User: TRAIC, NEWFT, PLUGl, PTBM, PIBF, MATPR, NEWFT1

Subroutines Reguired: None

Remarks: None
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Subroutine Name: AXTRA?

Purpose: Apply grid point axes transformation by post-
multiplication using either the actual transformation
matrix or its transpose.

Eguations and Procedures:

Mour] = Mo [Teea) o0 [Moud = Mo [eea] '

where: [MIQ is the input element matrix,

is the element grid point axes trans-
[EPA] formation matrix,

[@OUﬂ 1s the output transformed element matrix,

[@OUf]ls stored in the same location asDMI§, therefore,

the input element matrix is lost once the multiplication
hag been effected. Advantage is taken, during multiplica-
tion, of the fact that [F&Pi]is structured as a set of

(3 x 3) or (2 x 2) matrices with main diagonal positions
lying on the main diagonal of UEPA]‘

Input Arguments:

GPAXEL ¢ Element grid point axes transformation matrix,ﬁaP&

SEL : Input element matrix MIN]

NROW : Number of rows in SEL

NNO : Number of element node points

NDEG : Number of degrees of freedom

NDTR : Number of directions

IPL : Element plug number

ITRAN  : Control code, if ITRAN = O, then EﬂOUﬂ = [MIN] UEPA]T
if ITRAN =

1, then EJIOUT] = E\{I[\ﬂ [r(‘}PﬁJ

Dutput Arguments:

SEL : Output transformed element matrix,[MOUT:I

Error Returns: DNone

Calling Sequence:

CALL AXTRAZ2 (GPAXEL, SEL, NROW, NNO, NDEG, NDIR, IPL, ITRAN)
Input Tapes: None

Output Tapes: None

Scratch Tapes: None
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Storage Required: Total Storage required 1is 4D6l6 Bytes.

ROW (3)
ISAVE (3)

Subroutine User: ELPLUG, PLUGT7, PLUG2, CK22, CK1ll
Subroutine Required: None

Remarks: The output matrix is stored in the input matrix
storage . Grid point axes transformation is not applied

fo the rotation terms at the mid-points of the quadri-
lateral thin shell and the triangular thin shell elements.
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Subroutine Name: MAB
Purpose: To evaluate the matrix product A * B = AN
Fquations & Procedures:

_ .
ANnm J Anj B jm

Input Arguments:

Elements of %A matrix
Elements cf [B] matrix

Number of rows in [A] matrix

Number of columns/rows in [A] [B]matrix
i Number of columns in [Blmatrix

N1,Ml: Dimension of [A] matrix

N2,M2: Dimension of [B] matrix

Cllm o vk

Output Arguments:

AN: The matrix product

Error Returns: None

Calling Seaquence: CALL MABR (A,B,AN,N,L,M,NI,Ml,NQ,ME)
Input Tapes: None

Output Tapes: None

Scratch Tapes: None

Storage Requlred: Total Storage required is 2F616 Bytes.
Aglg

B{1l

AN(1)

Subroutine User: Used by many subroutines within the MAGIC
program

Subroutines Reqguired: None

Remarks: None
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Subroutine Name: M5B

Purpose: To evaluate the matrix product of a symmetric-
bottom half matrix and a rectangular matrix

Equations & Procedures:

- *
ANnm g Sne Bem

Input Arguments:

Elements of F? matrix (symmetric)
Elements of [B] matrix

Number of rows in the [S], [Bl and _[AN] matrices (order)
.  Number of columns in the [B] and [AN] matrices (order)

N1 and M1: Dimenslons of the [B] and [AN] matrices

Z=Twn

Output Arguments: AN: Matrlx product

Error Returns: None

Calling Sequence: CALL MSB (S,B,AN,N,M,N1,M1)
Input Tapes: None

Output Tapes: None

Scrateh Tapes: None

Storage Required: Total Storage required is 31216 Bytes.

B(1)
S(1)
AN(1)

Subroutine User: Used by various subroutines within the
MAGIC Program.

Subroutines Required: None

Remarks: [§] is of the form

511
55 1 S5 0
Sm o1 Sz v Syl w1
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Subroutine Name: BCB

Purpose: To evaluate the triple product of the transpose of
a matrix A, a symmetric matrix S and the A matrix.

Equations and Procedures:
_ T %
AN o = ;: ;; An ¥ San ¥ A (See remark 1)
Input Arguments:
A:  The elements of the [A] matrix
SYM:  The elements of the [S] matrix (symmetric-bottom half )
ND,MD: ©Dimensicns of a matrix
N,M: OQrder of A matrix
Nl: Number of rows to be deleted in multiplication
SCAL: Scalar quantity
TASSY: (see remark 2)
Cutput Arguments:
AN:  Elements of the matrix AN which is the final product
Error Returns: None
Calling Seguence:
CALL RCB (A, SYM, AN, ND, MD, N, M, N1, SCAL, TASSY)
Input Tapes: MNone
Output Tapes: HNone
Scratch Tapes: None
Storage Required: Total Storage reqguired is 5&216 Bytes.
subroutine User: Various routines within MAGIC
Subreoutines Regulred: None

Remarks:

1. Tn the summations, the n's must be replaced by dummy
subscripts, running from 1 to n. The dummy must be used

(ie. n n ) to ensure proper summing.
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TASSY controls the summation procedure.

If IASSY = 1, AN
and all previous
If IASSY = 0, AN

this calculation,

will be the sum of the calculated AN
calculations of AN.
will be the triple product for
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10.
11.
12.
13.
14,

Subroutine Name: MATB

Purpose: Subroutine to evaluate the matrix product of
A transpose and B.

Equations and Procedures:

= T *

AN = § Aen Bem
where

T .

A,, 18 the transpose of Ane-

Input Arguments:

elements of [A] matrix

elements of [B] matrix

number of rows in [A] matrix (order)
number of columns in [A] matrix (order)

= 02 W o>

number of rows in [B] matrix (order)
N1,M1: dimension of [A] matrix
N2,M2: dimension of [B] matrix

Output Arguments:
AN: elements of matrix product
Error Returns: None

Calling Sequence: CALL MATB (A, B, AN, N, L, M, N1, M1,
N2, M2)

Input Tapes: None
Output Tapes: None
Scratch Tapes: None
Storage Requlred: Total Storage required is 30616 Bytes.
Subroutine User: Various subroutines in MAGIC
Subroutines Required: None

Remarks: None
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Subroutine Name: SYMPRT

Purpose: To print a symmetrlc matrix as output
Equations and Procedures: Not Applicable

Input Arguments:

SYM: Elements of the symmetric matrix

N1: Matrix identification number

NZ2: Dimension of matrix

Output Arguments: None

Error Returns: None

Calling Sequence: CALL SYMPRT (SYM, N1, N2)
Input Tapes: None

Output Tapes: None

Scratch Tapes: None

Storage Required: Total Storage required 1ls 27016 Bytes.
Subroutine User: Various subroutines in MAGIC System

Subroutines Required: HNone

Remarks: None
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11.
12.
13.
14

Subroutine Name: L#C

Purpose: Compute a vector subscript for an element in a
matrix of specified storage mode

Eguations and Procedures: The routine determines the type
of matrix and computes the subscript accordingly.

Input Arguments:

I: Row number of element

g Column number of element

N; Number of rows in matrix

M Number of columns in matrix
MS: storage mode of matrix

3 General
1 Symmetric (Upper Half)
2 Diagonal

Output Arguments: IR - Resultant vector subscript
Error Returns: None

Calling Sequence: CALL IgC (I, J, IR, N, M, MS)

Input Tapes: None

Output Tapes: None

Scratch Tapes: None

Storage Required: Total Storage required is 29816 Bytes.
subroutine User: MPRD, TPRD, AXTRAS3

Subroutines Reguired: None

Remarks: None
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Subroutine Name: ELTEST

Purpose: Check on input variables (plug number, number of
nodes, order of matrix), for a specific element.

Equations & Procedures: TLoglcal "IF" statement 1s used to
check equivalence of variables with predefined program con-

N

1
A

11
12.
13.
14,

stants.
Tnput: IPL & TPLl - plug number & check constant
NNO & NNO1 - number of nodes & check constant
NORD & WORD1 - order of matrix & check constant
Ooutput: NERR (error return)

Frror Returns: NERR 0 No error

o

NFRR 1 Plug number incorrect
NERR = 2 Number of nodes incorrect
NERR = 4 Order of matrix incorrect

Calling Sequence: CALL ELTEST (IpL, IPL1, NNO, NNO1, IP,
IPl, NORD, NORD1l, NERR)

Tnput Tapes: None

Qutput Tapes: MNone

Scratch Tapes: None

Storage: Total storage required is 27A,, Bytes.
Subroutine User: All plugs

Subroutines regquired: None

Remarks: None
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Subroutine Name: PLUGL

Purpose: To formulate the element matrices for s quadri-
lateral plate

Equations and Procedures: The following sequence of op-
erations are necessary in order to obtain the element
matrices. TFEquations are found in Volume T.

A,

The material and geometric properties are obtained from
MAT and EXTRA respectively,

From the Appendix of reference 1, the corner points
defining the element are redefined to local oblique
system by TRAOBQ. Provision is made to also account
for different material axis orientation (due to ortho-
tropy) or for a specific input stress direction.

The following operations are performed as formulated in
the appropriate equations:

(1) Call NEWFT to form matrices necessary for
thermal loadings,

(2) Call CDELPQ to determine integrals of each zone
of the quadrilateral,

(3) The material property matrix dependent upon the
stress-strain input of EXTRA (4) is coded as EM,

(4) The strain, stress and displacement transformations
are coded as TES, TESS and TW respectively,

(5) compute [EG] = [TE$]T [mM] [TES],

(6) Store transpose of [TE$$] into [T$AVE] , [T$AVE]is
then stored back into[TE$$] and inverted,

(7) If print option equals -1, call PLPRTA for print
of intermediate computations,

(8) Initialize the thermal load, pressure, thermal
stress, stress and mass matrices to zero.

Membrane computations are performed in the following
manner:

1. Call CK11l to formulate.the [K213] element stiff-
ness matrix in global system,

2. Formulate the transformation from local to global
[sys]tem by forming the product [TAOM] [TogM) [TGM] =
T™S] ,
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3. Eaquations and Procedures: Continued

If mass matrix 1s requested then

a, Call CMMASS to form the membrane mass matrix
in local systems (CMM),

b, The mass matrix is then transformed to glcbal
systems as [AMASS] = [TesM]T [cmM] [TGSM%.

If stress and/or force matrices are requested then

a. Call C$TM to formulate the membrane stress
matrix [S],

b. Call CFMTS to formulate the membrane thermal
force and stress matrices.

If print contrels equal -1, call PRT1 to print
out intermediate matrices.

E. Flexural computations are then performed in the
following manner:

Call CK22 to add the flexural contributions to
the stiffness matrix [K21S] ,

Apply transformation to global system by perform-
ing [TFM] = [TGAME] [TOGE] [TGRE] ,

If stress and/or force matrices are requested then

a. If input pressure not equal to 0, call CFP
to formulate the pressure matrix,

b. The flexural ccontributions toc the stress
matrix are formulated by calling C$TF,

¢, If flexural input temperature not equal to
zero, calls CFFTS to formulate the thermal
force and stress matrices.

If mass is requested then

a. Call CFMASS to form the membrane mass matrix
in local system [CMF],

b. The mass matrix is transformed to global sys-
tem as [AMASS] - [TGFS]T [cMF] [TGFS]

Again if the print option is -1, intermediate
element computation printout is obtained from PRTIL,
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4, Input Arguments:

IPL : Plug number

NNO : Number of nodes (8)

XC,YC,72C : Coordinates of element node points

TEL : Temperature array of element node points
PEL : Pressures at element node points

NN ¢ Number of nodes

NT, : Node point numbers

KK, KN : Control for computation of matrices (see remarks)
GPAXEL : Grid point axes transformations

MAT : Array containing material properties
EXTRA ¢ Array containing geometric properties

5. Output Arguments:

K213 : Stiffness matrix

FTEL : BElement force matrix

5 : Stress matrix

SZALEL : Thermal stress matrix

AMASS ! Mass matrix for dynamic analysis

6. Error Returns:

a. Standard error returns by ELPLUG (NERR)
b, Sina& = 0 indicates coordinate input data error

7. Calling Sequence:
CALT, PLUGl (IPr. NNO, XC, YC, ZC, TEL, PEL, QS, IP, WORD,
NERR, NOINK, K215, AN1, FTEL, S, SZALEL, AMASS, DAMFV,
DAMPS NRSEL NN, NL NMASS NDMPV NDMPS NSEL KK, KF K8,
KTS, KM, KDS, KDV KN TUSEL EPSLON SIGZER MAT EXTRA
GPAXEL NDIR NDEG ICONT)

8. 1Input Tapes: None

9, Output Tapes: None

10. Scratch Tapes: HNone

11. Storage Required: Total storage required is 291616 Bytes.

12, SBubroutine User: ELPLUG
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13.

14,

Subroutines Required:

ELTEST
NEWFT
CDELPQ
MINV
BCB
CK11l
MABC
CMMASS

Remarks:

CoTM
CFMTS
PRT1
CK22
CFP
CSTF
CFFTS
CFMASS

The following is a list of control indicators for PLUGL.
For all indicators shown a value of one will cause the
operation to be performed and a value of zero will

the operation to be skipped.

cause

LTl
LT
KK
KF

K8
KTS
KM
KDS
XDV
KN

compute membrane contributions
compute flexural contributions

compute element
compute element
(thermal and/or
compute element
compute element
compute element
not used

not used

compute element
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stiffness matrix
force matrix
pressure)

stress matrix

thermal stress matrix
mass matrix

incremental stiffness
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10.
11.

12.

13.
14,

Subroutine Name: CC21
Purpose: To assemble a submatrix into an assembled matrix
Equations and Procedures: None

Input Arguments:

K : Control on positioning of elements for assembly
NI : Constants from PLUGL
C : elements of input matrix

Output Arguments:

C21 -~ elements of the expanded matrix
Irror Returns: None

Calling Sequence: CALL (K, NI, €, C21)
Input Tapes: None

Output: HNone

Scratch Tapes: None

Storage Required: NI(8,10), C(1), C21(105) and total
storage is (145)10

Subroutine User: CK11
Subroutines Required: None

Remarks: None
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10.
11.

Subroutine Name: MABC

ose!

Purp
by = {a] [B] [C]

Equations and Procedures:

a. Fach row of the [A] matrix 1s multiplied by the corres-

To evaluate the triple product of

ponding column of the [B] matrix and stored in the

[AM] matrix by column.

b. Then each row of the [AM] matrix is multiplied by the

corresponding column of the

[¢] matrix and the final

product stored in the [AN] matrix by column.

Input Arguments:

A elements of |A]| matrix

B: elements of [B| matrix

C: elements of [C| matrix

AM: working storage

N: number of rows in [Ajmatrix gorder%
L: number of rows in [Bjmatrix (order
K: number of rows in [C]matrix (order)
M: number of columns in [ matrix (order)
N1, Ml dimension of [Almatrix

N2, M2 dimension of [Almatrix

N3, M3 dimension of |[Clmatrix

Output Arguments:
AN :
Error Returns: HNone

Calling Sequence:

(A, B, C, AN, AM, N, I,

Input Tapes: None

Output Tapes: None
Scrateh Tapes: None

Storage Required:
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Elements of triple preoduct matrix

K, M, N1, M1, N2, M2, N3, M3)

Total Storage required is 40A16 Bytes.



12.

13.
14,

Subroutine User: general subroutine used by many other
subroutines

Subroutines Required: None
Remarks: Standard matrix multiplication routine; but

caution must be exercised when the dimensions and orders
of input and output matrices are different
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10.

Subroutine Name: NEWEFT

Purpose:
for quadrilateral thin shell in local coordinates

Equations a

[(BCT]
[(BMT]
[(RFTY

where

[F]

coordinates

{rEMM}

{TEMF}

Generate membrane and flexural thermal loads

nd Procedures:

(r] ~t [cT]
BCT] {TEMM}
[BCT] {TEMF'}

and [CT] are gecmetric matrices of local

{TEL (1,1)} membrane temperatures

{TEL (1I,2)} flexural temperatures

Input Arguments:

DELTM
DELTF
TEL
R1R
REB
R3B
RLR
IPRINT
T7Z

Average membrane temperature
Average flexure temperature
Temperature array of element

Tocsal X coordinate of ncde 1
4 " of node 2
" X " of node 3
"y " of node 4

Print option
Initial membrane temperature

Output Arguments:

BMT Membrane thermal load in local coordinates
BFT : Flexural thermal load in local coordinates
Error Returns: None

Calling Sequence:;

(DELTM, DELTF, TEL, R1B, RPB, R3B, R4B, BMT, BFT, IPRINT,

TZ)

Tnput Tapes: None
Output Tapes: None
Scratch Tapes: None
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11.

12.
13.
14,

Storage Required:

F(3,3), BCT(3,4), CT(3,4), BMT(4,1), BFT(4,1), TEMM(4),
TEMF (4), TEL(12,2), R1B(1), R2B(1), R3B(1), R4B(1)

Total Storage is (227,,).
Subroutine User: PLUG1
Subroutines required: MINV, MAB

Remarks: a. If print option equals -1, intermediate
computations are printed cut.

b. The membrane or flexural contribution is
by passed 1f the respective thickness is 0,
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Subroutine Name: CDELPQ

Purpose: To compute the Integrals from equations in
documentation for PLUGYL 1n Volume I.

Equations and Procedures:

DELPQ'j = ij Yj where p = 0,1,2,3,4
g =0,1,2,3,4
Jj=1,2,3,4
C = constant

Input Arguments:

AJ - x distance from centroid to respective node point
BJ - y distance from centrold to respective node point

Cutput Arguments:

DELPQ - table of integrals for the 4 zones of the quadri-
lateral

Error Returns: None
Calling Sequence:

Call CDELPQ (AJ, BJ, DELPQ)
Input Tapes: None

Output Tapes: None

Scratch Tapes: None
Storage Required:

DELPQ (4,5,5)

AT (&
SN
Total Storage is (241)10.
Subroutine User: PLUGL
Subroutines Required: CHDELl

Remarks: None
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10.

11.

13.
1.

Subroutine Name: CHDELL
Purpocse: To rearrange the integrals generated by CDELPQ
Equations and Procedures: None
Input Arguments: DELPQ - integrals generated by CDELPQ
Output Arguments: DELPQ - rearranged integrals
Error Returns: None
Calling Sequence: CALL CHDELD1 (DELPQ)
Input Tapes: None
Output Tapes: None
Scratch Tapes: None
Storage Required: DELPQ (4,5,5)
Total Storage is (70},
Subroutine User: CDELPQ

Subroutines Regquired: None

Remarks; None
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Subroutine Name: PLPRTA

Purpese: Print variables generated by PIUGl, if IPRINT
equals -1.

Equations and Procedures: Not applicable

Input Arguments:

X, EY 1 Youngs medulus in X and Y directions
respectively

MUXY : Polsson's Ratio

GXY : Shear modulus

GAMMA : Material angle

ALPHAX, ALPHAY : Thermal coefficients of expansion in
X and Y directions

i, TM : Flexural and membrane thickness

RZB ¢+ Vector normal to plane of quadriiateral
element

R2L4 : deviation of local coordinates between
pcints 2 and 4 of the quadrilateral

LAMDA : Coefficient of normal vector so that
element lies in a plane

R2LBP : Sum of the inplane vector and normal
vector

THETA : Angle for calculating centroid of element

E : Column vector colinear with local
geometric X, Y and Z system

TPRTIME : Transformation matrix

NI : Neode point numbers

SINAL, C@SAL : Sine and cosine of obligue coordinate
system

SINA, CgSA : Sine and cosine for stress angies

SING, C@sa : Sine and cosine of material angle

EM : Coefficlent matrix utilizing Hook's Law

ALPHM : Matrix centaining coefficients of thermal
expansion

CZPRDL : local coordinates

DELPQ, : table of integrals for the 4 zones of the
dquadrilateral

ATPHG : Dummy

EG : E matrix transformed

TES : Strain transformation matrix

TW : Displacement function transformation
matrix

Output Arguments: None

Error Returns: None
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10.
11.
12.
13.
14,

Calling Sequence:

CALL P1FRTA (EX, EY, MUXY, GXY, GAMMA, ALPHAX, ALPHAY,
TF, TM RZB, ReuB TAMDA, R2U4BP, "R@B,
THETA E, TPRIME NL, SINAL CQSAL SINA,
CﬁSA SING CQSG EM ALPHM, CQﬁRDL DELPR,
ALPHG, EG, TES, TW)

Input Tapes: None

Output Tapes: None

Scratch Tapes: None

Storage Requlred: Total Storage required is D3816 Bytes.

Subroutine User: PLUG1

Subroutines Reqguired: None

Remarks: None
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Subroutine Name: CK11

Purpose: To generate the membrane stiffness for PLUCL,
quadrilateral thin shell element

Equations and Procedures: The following sequence of

operations takes place to formulate the membrane stiffness

matrix:

(1) Call CT1l to formulate the membrane displacement

coordinate transformation as TAO.

22 Call MATI6O to invert the above matrix.

3% Call CTOGM to form the transformation from oblique to
geometric coordinates as TOGM.

(%) Generate the transformation matrix from geometric to
raeference system coordinates (TGRM) by calling CTGRM.

(5) If grid point axes transformations to another system
other than global are to formulated, call AXTRA? to
generate the new TGRM matrix,

(6) Generate the displacement function transformation as TU.

(7) Call RCB to form the product
[TulT [EG] [TU] = [EQ)

=

5

This matrix is then multiplied by the constant T x SINA
and renamed the JPQ matrix.

(8) Generate the membrane stiffness (C matrix) by calling
CCl. The C matrix 1s then expanded by CC21 and C21.

(9} The transformation matrix TAO is expanded as TAOM.

(10) Call BCB to form the following products;

(a) [K110] = [TAoM] T [c11] [TAOM]
(b)) [K116] = [ToaM] T [k110] [roGM]
(c) [ke18] = [TGRM] T [K11G] [TGRM]

The final product,[K21S], is the desired membrane
stiffriess matrix.

Input Arguments:

NDIR : Number of directions of movement for each
grid point, control needed for AXTRA?2

NDEG : Number of degrees of freedom for each grid
point, control needed for AXTRA?

ICONT : Control set equal to 1 if grid point axes
transformations are required from. input data

GPAXEL : The grid point axis transformation matrix

NNO : Number of grid points (8) describing the element

NL : Array containing the grid point numbers

EEZ + Input on element data card for eccentricity

AJ, BJ : Local X and Y coordinates of the element

273



10.

11.

SINA,

COSA : Sine and cosine of the angle defined by the
diagonals of the element between grid points

1 and 2

TPRIME : Transformation matrix

IPRINT : Print option

T : Membrane thickness

LT1 Control set equal to 1 when membrane thickness
is not zero

EG : Material properties matrix

DELPQ : Table of integrals

NI i Array for assembly purposes

Output Artuments:

K215
EO
TU
TAO
TAOM
TOGM
TGRM
Kil0
K11G
Cll
JPQ
cel

: Membrane stiffness matrix
: Material properties matrix

« Transformation matrices defined in item 3 above

+ Intermediate matrices formed and defined in
item 3 above.

Irror Returns: None

Calling Seguence:

CALL CX11, (K215, NDIR, NDEG, ICONT, GPAXEL, WNO, NL, EEZ,
AJ, BJ, SINA, COSA, TPRIME, IPRINT, T, NI, LT1, kG,
DELPQ, TAQ, TAOM TOGM TGRM K110, K11iG, €11, JPQ,
¢c21, MU, EO TF$, TMS, C)

Input Tapes: None

Output Tapes: None

Scratch Tapes: None

Storage Required:

NL (8), GPAXEL (3 3, 12), (1), BJ (1), TAO (8, 8),

TPRIME

10),
16,
16,

Total Storage is (&64

EG (10), EO (10), ¢ (55), c21 EIOS;’ NI (8,
TU ﬁ), K110 (136), K1iG (210), Cll (105), TAOM
16), TOGM (16, 20), TGRM (20, 48) JPQ (10), TGRA
48y, DELPQ (4, 5, 5), TFS (16, 48), TMS (16, 48)

)10'
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12.
13.

Subroutine User: PLUGL
Subroutines Required:

¢T11 CTOGM AXTRA?
MATIEO CTORM BCB

Remarks: None
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10.
11.

12,

13.
14,

Subroutine Name: (CT11

Purpose: To formulate the membrane displacement coordinate

transformation as[TAg]

Equations and Procedures: The formulation is given in the

documentation for PLUGl in Volume I.

Input Arguments:

AJ : Local X coordinates
BJ : Local Y coordinates
IPRINT : Print indicator

Qutput Arguments:
TA# : Transformation matrix

Error Returns: None

Calling Sequence: CALL CT1l (AJ, BJ, TA#, IPRINT)

Input Tapes: None
Output Tapes: None

Scratch Tapes: None

Storage Required: AJ (1), BJ (1), TAd (8,8)

Total Storage is (227)10.
Subroutine User: CK11

]
Subroutines Required: None

Remarks: If IPRINT equals -1, the TAZ matrix is printed.
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Subroutine Name: MAT160
Purpose: Tnvert the TAZ matrix
Equations and Procedures: None

Input Arguments: N - order of matrix to be inverted
A - to be inverted

Qutput Arguments: ISING - error messages
DETR - value of determinant
A - contains elements of the inverted
matrix

0 No error
1 Singular matrix

Error Returns: ISING
ISTNG

/]l

Calling Seqguence:
Call MATI6O(N, A, ISING, DETR)

Input Tapes: None

Output Tapes: None

Scratch Tapes: None

Storage: Total Storage required 1s 6”“16 Bytes.
Subroutine User: CKIL1

Subroutines Required: None

Remarks: None

271



10.

11.

12,

13.
14 .

Subroutine Name: CT@GM

Purpose: To formulate the transformation matrix from
oblique to geometric coordinates

Equations and Procedures: See writeup for PLUG1L

Input Arguments:

C#SA : Cosine and sine of the angie defined by the
SINA diagonals of the element between grid points
1 and 2

OQutput Arguments:

THGM : Transformation matrix
Error Returns: None

Calling Sequence:

CALL  CT@GM (C@SA, $INA, TEGM)
Input tapes: None

Output tapes: None

Scratch Tapes: None

Storage Required:

TEaM (16,20)
Total Storage (67),.-

Subroutine User: CK11
Subroutines Required: None

Remarks: DNone
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11.

12.

13.
14.

Subroutine Name: CTGRM

Purpose: Formulate the transformation from geometric to

reference system coordinates
Equations and Procedures: See writeup of PLUGL

Input Arguments:

NL : Node point numbers
ERZ : Eccentricity factor
TRIME : Transformation matrix to be expanded

output Arguments:

TGRM : Transformation matrix
Error Returns: DNone

Calling Sequence:

CALI, CTGRM (NL, EEZ, TPRIME, TGRM)
Input tapes: None

Cutput tapes: None

Scratch tapes: HNone

Storage Required:

NL (1), TPRIME (3
Total Storage is

,3), TGRM (20,48),
(275) 1o

Subroutine User: CKI11

Subroutines Required: None

Remarks: HNone
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10.
11,

12,

13.
14,

Subroutine Name: (CC1

Purpose: Generate the bottom half of the membrane
contribution to the element stiffness matrix for the
quadrilateral element

Equations and Procedures: Contained in documentation
for quadrilateral element in Volume T.

Input Arguments:

KI : Control for appropriate computation

JPQ : Matrix containing material properties
DELPQ : Table of integrals

Output Arguments:

C : Membrane contribution to stiffness matrix
Error Returns: None

Calling Sequence: CALL CCl (KI, JPQ, DELPQ, C)
Input Tapes: None

Output Tapes: None

Scratch Tapes: None

Storage Required:

DELPQ (4,5,5), C 55%’ JPQ (10)
Total Storage is (668 )lO'

Subroutine User: CKI11
Subroutines Required: None

Remarks: DNone
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Subroutine Name: CMMASS

Purpose: Generate the membrane contribution to the
mass matrix in local coordinates

Equations and Procedures: Contained in documentation
for the quadrilateral element in Volume T

Input Arguments:

T : Membrane thickness

DOO : Area of each zone of quadrilateral

SINA : Sine of angle defined by points 1 and 2 and
the diagonal of the quadrilateral

DENS : Density of the plate material

Output Arguments:

AMS : Membrane mass contribution

Error Returns: None

Calling Sequence: CALL CMMASS (T, DOO, SINA, DENS, AMS)

Input Tapes: None

Output Tapes: None

Scratch Tapes: None

Storage Required: fTotal Storage required is 20Al6 Bytes.
Subroutine User: PLUG1

Subroutines Required: None

Remarks: HNone
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11.

Subroutine Name: CSTM

Purpose: Evaluate the membrane stress matrix in local
coordinates for the quarilateral element

Equations and Procedures: The following sequence of opera-
tions is performed:

(1) Call CDM to formulate the membrane displacement
derivative matrix as [DFM].
(2) Call MAB to form [AMA] [DFM% [TMS]
Call MAB to form [AMA] [Tu ] [AM4]
Call MSB to form [AM6] (EG ] %MS]
Call MAB to form [AMD] [rEs] [amel
y  Multiply [AM5]by the thickness and store in appro-
priate location of the stress matrix.

nmnnan

o o

Tnput Arguments:

R1B

g%g : Local coordinates

R4B

TUJ " : Displacement function transformation
EG : Material properties matrix

TES : Strain displacement matrix

T : Membrane thickness

™S : Transformation matrix to system coordinates
Output Arguments:

3 : Stress matrix in system coordinates.

Error Returns: None

Calling Sequence:

CALL C$TM (R1B, RSB, R3B, R4B, TU, EG, TE$, T, 8, TFS,
TMS, DFM, AM4, AM5, AM6)

Input Tapes: None

Output Tapes: None

Scratch Tapes: None

Storage Required:

AML (4, 48), DFM (4,16), TU (3 EG (10}, TES (3,3

ny ,
5 (40,48),)AM5 (3,48%, AM6 (3,&8%, TFS (16,48), TMS %16,48),
Total Storage is (17 )10
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12. Subroutine User: PLUC1L

13. Subroutines Reguired: MAB, MSB

14 . Remarks: None
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11,

12.

13.

14,

Subroutine Name: CDM

Purpose: To evaluate membrane displacement derivative
matrix for the 4 zones of the guadrilateral

Equations and Procedures:
See Writeup on PLUG 1 for equations
Input Arguments:

I7 - constant for zone to be evaluated

RIB, R2B, R3B, R4B - local coordinates of element
Ooutput Arguments:
DFM - membrane displacement displacement matrix
Error returns: None
Calling Seguence;
call CDM (IZ, R1B, R2B, R3B, RUB, DFM)
Input Tapes: None
Qutput Tapes: None
Scratch tapes: None
Storage required:

R1B (1), R2B (1), R3B (1), R4B (1), DFM (4, 16)
Total Storage is (257)10

Subroutine User: CSTM
Subroutines Required: None

Remarks: None
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Subroutine Name: CFMTS

Purpose: To evaluate the membrane thermal load and thermal
stress matrices

kquations and Procedures:

(1) The thermal load is computed as follows:

{AM1} = [EM] {ALPHM}
(aMz} = [TEgHam1}

{rr} = [rv] Nauz}

{1T} = T[SINA]{IT} , then

Call CFM to formulate the thermal load FPB then
{FT)} - [mms] T {FPB)

(2) The thermal stress matrix is computed as follows:

[ v}
{ gz1M}

The SZIM array is assembled into $ZALEL.

DELTM (T) {AmM2}
[TESS] {aM2}

Input Arguments:

EM : Material properties matrix

ALPHM : Coefficients of thermal expansion

TEZ : Straln transformation matrix

TU : Displacement function transformation

T : Membrane plate thickness

FINA : Sine of angle determined by the intersection of
diagonals and grid points 1 and 2

DELPQ : Table of integralsfor the 4 zones of the gquadri-
lateral

BMT : Transformation matrix

DELTM : Membrane temperature

TEZZ : Stress transformation

TMZE : Transformation to global system

WK1 : Array containing DELPQ

Qutput Arguments:

SZALEL: : Thermal ctress matrix

PT ¢ Thermal load matrix
AMY }

AMT : Working arrays

FPB
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Error Results: Iicne

Calling Sequence: (EM, ALPHM, TES, TU, T, SINA, DELPQ,
BMT, DELTM, TESS, SZALEL, FT, TPS, TMS, FPB AM4 AMT,
WKL)

Input Tapes: None

output Tapes: Nenhe

Seratch Tapes: None

Storage: EM 1& ALPHM (1), TES (3,3), TU (3,4), FPB g
IT (4), DELPQ , FT (1), AML (3), AMZ (3 ) g 4 nay,
AN %2,48 SZLM E ) g7ALEL (1), TEZZ (3,3), TFY (16 uRy,
Mg (16,43), WK1 100)

Total Storages is (195)10'

Subroutine User: PLUGL
Subroutines Required: MAB, MATR, CIMKF

Remarks: None
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10,

11.

17,
13.
14,

Subrcutine Name:; CFMV

Purpose: To generate the membrane thermal load matrix
in local coordinates

Equations and Procedures: Formulations are given in the
documentation on the quadrilateral element in Volume I.

Input Arguments:

DELC, : Table of integrals for 4 zones of quadrilateral
DELEPQ

IT : Thermal vector

BMT : Transformation matrix

Output Arguments:

FFB1 : Thermal vector

Error Returns: None

Calling Sequence:

CALL CFMV (DELC, FPB1, IT, BMT, DELPQ)

Input Tapes: Nene

Output Tapes: None

Scratcen Tapves: None

Storage: DELC (4,5,5), FPEL (16), IT (4), BMT {4), TPB (15),

DELPR (4,5,5)

Total Storage is (310)10-

-t

Subroutline User: CFMIS
Subroutines Required: None

Remarks: None
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11.
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13.
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Subroutine Name: PRT1

Purpose: If IPRINT equals -1, intermediate matrices
generated are printed out

Equations and Procedures: not applicable

Input Argument:
LT - Control on either membrane or flexural output

TU, TAZ, TGAMB, T@GBM, TGRBM - transformation matrices

FP, ¥T, CM, EO, IJPQ, C21, K21, K21G - intermediate

element matrices
KK - Control for dynamics print
output Arguments: None
Error Returns: None
Calling Sequence:

CALL PRT (LT, TU, EO, IJPQ, C21, K21lg, K21G, TAZ,
TGAMB, T@GEM, TGREM, KM, CM, FP, FT)

Input tapes: None
Ooutput tapes: None
Scratch tapes: None

Storage: [E0(10), IJPQ(l0), C21(105), K21g(136),
K21G(210(, TAZ(8,8), TU(3,4), TGAMB(16,16),
TPGBEM(16,20), TGRBM(20,48), CM(1), FP(1), ET(1)

Total Storage is (538)10
Subroutine User: PLUG 1
Subroutine Required: SYMPRT

Remarks : Matrices above defined in other writeups.
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Subroutine Name: CK22

Purpose:

Formulate the flexural stiffness matrix in

leccal coordinates.

Equatlion and Procedures:

(1) The following operations take place to formulate the
transfer motion matrices

Calls CTGB to evaluate the transformation to
geometric coordinates as TGAMB

Inverts TGAMB

Calls CT@GB to formulate the transformaticn from
oblique to geometric coordinates as T@GRB

Calls CTGRB to formulate the transformation from
geometric to reference system coordinates as
TGREM

If grid point axes transformations are used, call
AXTRAZ to revise the flexural transformation TGRB.

(2) The flexural stiffness 1s then obtained by:

)
(<)
(@)

Formulating the rigidity as IPQ

Evaluating the [C]matrix for each zone by calling
cc2z

Assembling. the [C]matrix for each zone into C21 by
calling CC21.

Forming the following products:

[ke2d)

[rGAME] T [c22]|[TGAME]
k22G] = [T¢oB]” [Kezd[TdcE]
k21$] = [rerB] T [Ke2G][rGRE]
Where [K21§] is the desired flexural stiffness-matrix

il

Input Arguments:

K21$
TA$3Y
NL
NDIR
NDEG
IC@NT
GPAXEL
NNO
AJ;BJ

Input Stiffness matrix from membrane contribution
control to add membrane plus flexural stiffness
Node points of element

Number of directions

Number of degrees of movement

Control on grid point axis transformations

Grid point axis transformations

Number cf node points being transformed

Local coordinates
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10.

11.

™S

TF$

AMATT » Transformation matrices

TRAZBR,

TGN

TPRIME

$INA : Sine ard cosine of angle defined by intersection
COSA of diageonals and points 1 and 2

I.T2 . Control on flexural computation

EG : Modified materials property matrix

T : Flexural plate thickness

NI : Array for assembly purposes

DELPQ . Table of integrals for 4 zones of quadrilateral

Qutput Arguments

K21$ . Flexural contribution to stiffness matrix
TGAMB
T@GB
TGRB
TGRBM

C

R0

K220

K226 : Intermediate matrices
cee

IPQ J
cel

Transformaticn matrices

Error Returns: None

Calling Sequence:

CALL cCckK22 (K215, IASsY, NL, NDIR, NDEG, ICPNT, GPAXEL,
NNO, AJ, BJ, AMAT, TRAﬁBQ, éINA CQSA TGN TPRIME
T2, T™W, EG, T, NI DELPR, TGAMB, T@GB TGRB
Kzzg K22G- C22 IPQ, ¢21, TGRMB, EO, TF$, TMS C)

Input tapes: Hone

OQutput tapes: None

Scratch tapes: HNone

Storage:

Ad (1 ), J(1), AMAT (3,4), TRAgBQ (3,3), TGN 4 2,2y,
TPRIME (3,3), ™ (3,3), EG (10), EO (10), NI (8, 10%,
DELPQ 4, ,5% TGAMB (16,16), C (28), C21 (105),
TGRBM (20, 48) K220 (136& K22G (210), c22 5105
TﬁgE((l6, ; TGRB (20, 48}, IPQ (10?, TF$ 48)
™



12.

13.

4.

Total Storage is (269) 10

Subroutine user: PLUGL
Subroutines required are:
CTGB, MATI70, CT@GB, CTGRB, AXTRA2, BCB, CC2, CC2l.

Remarks:

All formulations are given in the report for the
quadrilateral thin shell element,.
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12.

Subroutine Name: CTGB

Purpose: To formulate the flexural transformation matrix
from local to geometric coordinates.

Equations and Procedures:

21 The TGB matrix is formulated from local coordinates

2; Using elements from AMAT, the lengths of the sides
of each zonhe are computed and assembled in the TGN
matrix

(3) The T@N matrix_is evaluated for the 4 zones by first
[Sgo]ri[ngl\%TRAQfBQ] into [T@G]end then solving [I@N] =
TAG| (TG

(3) The TGB matrix is then evaluated for the 4 zones as
eH = [raNjiwx}+ [Ign] {wy)}
Where WX} and {WY}are arrays of local coordinate values
for the respective zones.

Input Variables:

AJ, BJ : Local coordinates
AMAT : Transformation to local coordinates
TRAZRBQ ¢ Transformation from local to ohlique coordinates

Qutput Variables

TGAMB

TGB : Transformation matrices
TGN

Error Returns: None

Calling Sequence:

CALL  CTGB (AJ, BJ, AMAT, TRAZBQ, TGAMB, TGB, TGN)
Input tapes: None

OQutput tapes: None

Scrateh tapes: None

Storage:

TEN (4,2,2), TGB (16, 16), TOG (2,2), XD (4), YD (¥),

WX (16), WY (16), T. (4), TGAMB (16, 16), AJ (1), BJ (1),

AMAT (3,4), TGN (4,2,2), TRAZBQ (3,3)
Total storage is (681)10.

Subroutine User: CK22
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13.
14,

Subroutines Called: None
Remarks:

All formulations are given in the report on the
quadrilateral thin shell element.
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13.
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Subroutine Name: MATITO

Purpose: To invert the[?GAMﬁ]matrix

Equations: standard inverse technique where inverted

matrix is stored back on top of itself.
Input Arguments:

N - order of matrix = 16
A - matrix to be inverted

Qutput Arguments

A - inverted matrix
I$ING - error return
DETR - value of determinant

Error Return:

TF I$ING = 1, singular matrix

Calling Sequence: CALL MATI70 (N, A, I$ING, DETR)

Input Tapes: None

Output Tapes: None

Scratch Tapes: None

Storace:

Total Storage required 1is 66416 Bytes.
Subroutine User: CKR2

Subroutines Required: None

Remarks: None
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13.
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Subroutine Name: CT@GB

Purpose: Tformulate the flexural transformation matrix
from oblique to geometric coordinates

Equations and procedures: The formulation is given in the
report on the guadrilateral plate

Input Arguments:

SINA, C@SA - sine and cosine of the angle defined by the
diagonals and points 1 and 2

TGN - Transformation matrix

Cutput Arguments:

THGB - the required transformation matrix
Error Returns: None

Calling Sequence :

CALL CT@GB (SINA, C@SA, TGN, T@GB)

Tnput Tapes: None

Output Tapes: None

Scratch Tapes: None

Storage: TGN(4,2,2), TEGB(16,20)
Total Storage is (?é)lo

Subroutine User: CK22
Subroutines Required: None

Remarks : None
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13.
14,

Subroutine Name: (TcGRB

Purpose: Tformulate the flexural transformation matrix
from geometric to reference system coordinates.

Equations and Procedures:

(1) Elements of the TPRIME matrix are first assembled into
their respective positions

(2) If any midpoints are suporessed, the contribution of
the midpoints is redistributed to the respective
corner polnts

Input Arguments:

NL - node point numbers

TGN - transformation matrix for midpoints

TPRIME - transformation matrix to local coordinates

Output Arguments:

TGRB, TGRBM -~ transformation from geometric to reference
system coordinates

Error Returns: None

Calling Sequence:

CALL CTGRB(NL, TGN, TPRIME, TGRBM, TGRB)
Input Tapes: None

Output Tapes: None

Scratcech Tapes: None

Storage: NL(1), TGN(4,2,2), AI(M% BI(4), TPRIME(3,3)
TGRB (20,48), TGRBM(20,4

Total storage is (345)10
Subroutine User: CK22
Subroutines Required: None

Remarks: Formulation is given in report on Quadrilateral
Plate
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Subroutine Name: CC2

Purpose: Form for the 4 zones of the quadrilateral the
flexural contributions to an intermediate matrix C.

Equations and Procedures: The formulation is glven in
report on quadrilateral thin shell element.

Input Arguments:

K : Contrel on zone contribution

IPG : Rigidity matrix

DELPQ : Table of integrals for the 4 zones of the quadri-
lateral

Output Arguments:

C : Elements of the intermediate matrix
Error Returns: None

Calling Seguence:

CALL ccz (K, 1IPQ, DELPQ, C)

Input tapes: None

Qutput tapes: None-

Scratch Tapes: None

Storage:

Total Storage required 1s 55616 Bytes.

Subroutine User: (K22
Subroutine Required: None

Remarks: None
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Subroutine Name: CFP

Purpose: Formulate the pressure load for the quadrilat-
eral plate in reference system coordinates

Equations and Procedures:

Call CFPB to generate the pressure load vector in refer-
ence system coordinates as FPB as defined by

[FP)} = [rr$] T {¥EB} .
Input Arguments:

DELPQ : Table of integrals for the 4 zones of the

quadrilateral
P : Pressures at node polnts
SINA . Sine of angle defined by intersection of
diagonals and points 1 and 2 of the element
TFB : Flexural transformation matrix

Output Arguments:

FP . Pressure load vector in reference system
coordinates
FPB . Pressure load in local system.

Error Returns: None

Calling Sequence:

Call CFP (DELPQ, P, gINA, FP, TFS, TMS, FPB)
Input Tapes: None

Output Tapes: None

Scratch Tapes: None

Storage:

DELPQ (4,5,5), FP (4,8), FPB (15), TFB (15,48}, TMS (16,48)
Total Storage is (57),4:

Subroutine User: CK22
Subroutine Required: CFPB, MATB

Remarks: The formulation is given 1n the documentation
on the quadrilateral element in Volume 1.

298



10.

11.
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Subroutine Name: CFPB

Purpcse: Formulate the pressure load in local coordinates
for the quadrilateral thin shell element.

Equations and Procedures: Formulation is given in the
report on the quadrilateral thin shell element.

Input Arguments:

DETLPGY : Table of intergrals for the 4 zones of the element

P : Pressure value.

SINA : 5Sine of angle defined by intersection of diagonals
and points 1 and 2 of the element

OQutput Arguments:

FPB : Pressure load in local coordinates

Error Returns: HNone

Calling Seqguence:

CALL CFPB { DELPQ, P, SINA, FPB)

Input tapes: None

Output tapes: None

Scratceh tapes: None

Storage:

DELPQ (4,5,5), FPB (16)
Total Storage is (227)10.

Subroutine User: CFP
subroutines reguired: None

Remarks: None
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Subroutine Name: C8TFH

Purpose: To evaluate the flexural contribution to
the stress matrix in reference system coordinates for the
quadrilateral element .,

Equations and Procedures:

(1)
(2)

Call CDF to evaluate the membrane displacement
derivative matrix DFM.
Perform the following operations:

a) [AM9] = [DFM] [TFS]
b) [AME = [TW ][AMS]
c) [(AMg = [EG ] [AME]
@} [aME] = [TE§ [AM5]

The AME matrix is then assembled intc the stress matrix
S.

Call CDX to evaluate the flexural derivatives matrix
DFM.
After generating the G matrix, perform the following:

a) [AM7] [DFM] [ TF$]
o) [AMG = [TW ] [AMB)
c) [AMH] [EG ] [AM6]
d) [amd [c 1 [ams]

(| I |

Evaluate another G matrix and call CDFX and CDFY
to formulate the flexural derlvate matrix DFM.

Perform the following operations:

a) [AMA]l = [DFM] [TR$]
b) [AM&G]l = [TW ] [AM5]
c) [aM3] = [EG ] [AM6]
d) [AM7] = [ 1 [amg]

The AM7 and AMS matrices are then assembled into the
stress matrix S.

Input Arguments:

T

TW
TE
TF
™
EG

: Flexural thickness

iif: Transformation matrices

Material properties matrix
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14,

R1B

RZ2B .
R3B :Local coordinates

R4B

C#SA, :8ine and cosine of angle defined by the Intersection
STINA of the diagonals and points 1 and 2 of the element

OQutput Arguments:

3 :Stress matrix
DEFM
AMS

AM6 :Intermediate matrices

AMT7
AMS

Error Returns: None

Calling Sequence:

CALL  C$TF (T, TW, EG, TES, R1B, R2B, R3B, R4B, C@SA, SINA,
S, TFS, TMS, DFM AM5, AM6 AMT7T, AMB)

Input tapes: None
Qutput tapes: None
Scratch Tapes: None
Storage Required:

EG (10), TES (3,3),

AM7 (2, 48), AM8 (2 &

(16, 48).
Total Storage 1is (446)10

R1B (3;, R2B {3), R3B éﬁ%, ﬁgs (3
), G (2,

Subroutine User: PLUG1
Subroutines Required:
MAB, MSB, CDF, CDFX, CDFY

Remarks:

g TE (4, 16), T
y, AMS 48Y, aMé (3, 48
20 3), TFé (16, 48), TMS

The formulations are given in the documentation on the

quadrilateral element.

301



10.

11.

12.

13.
14.

Subrcutine Name: CDF

Purpose: To evaluate the flexure derivative matrices for
the 4 zones of the quadrilateral element

Equations and Procedures: Formulation is given in the
documentation on the quadrilateral element.

Input Argumsnis:

17 : Contrel on zone computation
R1RB

R2B \ | - .

R3D : Local coordinates

R4B

Output Arguments:

DFM ¢ Flexural derivative matrix

Error Returns: None

Calling Sequence:

CALL  CDF (IZ, R1B, RZ2B, R3B, R4B, DFM)
Input tapes: None

Output tapes: Ncne

Scraftch tapes: None |

Storage Required:

R1B (1), R®B (1), R3B (1), R4B (1), DFM (4, 16)
Total storage 1s (271)10.

Subroutine User: CSTF
Subroutines required: None

Remarks: None
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Subreoutline Name: CDFX

Purpose: To evaluate the partial derivatives with respect
to x of the flexural displacement matrix for the 4 zones
of the gquadrilateral element

FEquations and Procedures: Formulation is given in the
documentation on the gquadrilateral element.

Input Arguments:

ITE : Control on constant (T1)

Iz : Control on zone computation

CASA,: Sine and cosine of angle defined by the intersectlion
STHA of the diagonals and points 1 and 2 cof the element.
Output Arguments:

DFM : Flexural derivative maftrix

Error returns: None

Celling Sequence:

CALL CDFX (T7TE, C@SA, SINA, IZ, DFM)

Input tapes: MNone

Output tapes: None

Scratch tapes: None

Storage Required: DFM (4, 16)
Total Storage is (176)

Subroutine User: CSTF
Subroutines required: None

Remarks: None
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14.

Subroutine Name: CDFY

Purpose: To evaluate the partial derivatives with respect
to y of the flexural displacement derivative matrix for the
4 zones of the quadrilateral element

Equations and Procedures: Formulation is given in the
documentation on the quadrilateral element

Input Arguments:

iz : Control on zone computation

SINA : Sine of angle defined by the intersection of the
dlagonals and points 1 and 2 of the element

Output Arguments:

DFM : Flexural derivative matrix

Error Returns: None

Calling Seguence:

CALL CDFY (IZ, SINA, DFM)

Input tapes: None

Output tapes: None

Scratch tapes: None

Storage Required: Total Storage required is 2E816 Bytes.

Subroutine User: C(CSTF
Subroutines required: None

Remarks: None
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Subroutine Name:

Purpose:

CFFTS

To evaluate the flexural contribution to the

thermal load and stress matrices for the quadrilateral element.

Equation

(1)

The

T ®

Lo ¥ e Ve N
D 0O
[ N N

The

(2)

oo D
e N e

(d)

and Procedures:

thermal stress is obtained by:

{aM1} = [EM] {ALPHM)

1AM} = [TESL {AM1}

(JT1 = Wk {AM2}

{AMP} = C4 {AM2} where C4 is a flexural constant
[SZLF} = [TESS] {AM2}

SZIF ig gssembled into the thermal stress matrix
SZALEL.

thermal load is obtained by:

Define a flexural constant C3,

{JT} = €3 x {JT},

Call CFFV to formulate the thermal load in local
system coordinates as ({FPB},

Transform the thermal load to reference system

coordinates as [AM3] = [TFS] * ({FPB},
{AM3} 1s assembled into the thermal load matrix
FT.

Input Arguments:

EM
ALPHM
TMS
TE$
TW
TE$$
BMT
TF$
DELTF

T
SINA

DELPQ

Material properties matrix

: Thermal coetficient matrix

: Transformation matrices

: FPlexural temperature
: Flexural thickness

Sine of angle defined by intersection of diagonals
and points 1 and 2 of the element
Table of integrals for the 4 zones

OQutput Arguments:

SZALEL :
FT :
FPB
AM3 :
WK1

Thermal stress matrix
Thermal load matrix

Intermediate matrices
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Error Returns: None
Calling Sequence:

CALL CFFTS (EM, ALPHM, TES, TW, DELTF, T, TESS. SINA,
DELPQ, BMT, SZALEL, ¥T, TFS, TMS, FPB, AM3, WK1)

Input Tapes: None
Output Tapes: None
scratch Tapes: None

Storage Required:

EM (109, ALPHM 3), TES 3 3), TW (3,3), DELPQ (4,5,5),

FT 48}, FPB BMT (3,1}, SZLF (3), SZALEL (1),
TESS & AM3 48) AMl (3), AM2 (3), TFs (16, 48),

T™MS 8) WKl 100)

Total Storage is (222)10.

Subroutine User: PLUG1
Subroutines Required: MAB, CFFV, MATR

Remarks: Formulation is given in documentation on the
quadrilateral element in Volume I.
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Subroutine Name: CHFFVY

Purpose: To evaluate the flexural thermal load matrix in
local system coordinates for the quadrilateral element

Equations and Procedures: Formulation is given 1in the
report on the quadrilateral element in Volume I

Input Arguments:

DELC, :Table of integrals for the 4 zones of the quad-
DELPE rilateral

JT :Flexural rigidity

BMT :Transformation matrix

Output Arguments:

FFB1 :Flexural lcad matrix in local coordinates

Irror Results: None

Calling Seguence:

CALL CFFV (DELC, FPB1, JT, BMT, DELPQ)

Input Tapes: None

Jutout Tapes; None

Scratch Tapes: None

Storage Required:

DELC

{
T'PR (10
Total S

Subroutine User: CFFIS
Subroutines Required: None

Remarks: None
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Subroutine Name: CFMASS

Purpose: ELEvaluate the flexural mass matrix in local
system coordinates for the quadrilateral thin shell element

Equations and Procedures: Formulation is given in report
on the quadrilateral thin shell element.

Input Arguments:

T : Flexural thickness

D@F  : Area array of the 4 zones of the quadrilateral

SINA  : Sine of angle defined by intersection of the
diagonals and points 1 and 2 of the element

DENS : Density of element material

Output Arguments:

AMS : Elements of the mass matrix in local coordinate
system

Error Returned: None

Calling Sequence:

CALL  CFMA$$ (T, D@@, SINA, DENS, AMS)
Input tapes: None

Output tapes: None

Scratch tapes: None

Storage Required:
Total Storage required 1is 23A16 Bytes.

Subroutine User: PLUGL
Subroutines Required: None

Remarks: None
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Subroutine Name: PLUGY

Purpose: To formulate the element matrices for a frame
element

Equations and Procedures: The following sequence of
operations take place:

(7)

8)
9)

(10)

Plug constants are set and checked against plug lnput
Data is processed for:

a) grid points

b) element data such as area, inertla, etc.
The length for the element and the direction cosines
are determined and stored in TPRIME.

call CTS and CTCQ to formulate transformation matrices
T8 and TCQ. The eccentity of the element 1s taken into
account by calling CECC and modifing the TS matrix.
The transformation to systems coordinates is per-
formed as [TCQS]= [Tcq] [TS] and if grid point axes
transformations are necessary, [TCQS] is modifiea.
The matrix [KS] is evaluated and then pre and post
multiplied by [TCQS] to form the stiffness matrix as
[K$EL]
Dependent on the type of analysis, the incremental

and mass matrices may be computed.
The thermal load 1s set equal to zero.
The stiffness matrix is rearranged into the stress
matrix and the thermal stress matrix set equal to zero.
If the print option is not equal to O calls PTPRT

to print out intermediate computations.

Input Arguments:

IPL.
NN
NNO
XC
YC
AW
TEL
PEL
Qs
N@RD
NERR
KK
KF
K8
KM
ET
KVM
KN

Plug number
}‘: Number of nodes

} ¢ Blement coordinates

Temperature array
Pressure array

Initial displacements
Order of stiffness matrix
Error return

) : Controls on element matrices to be computed
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EPSTY } : Prestress and prestrain values

S@

MAT : Material properties array
EXTRA ! Element geometric properties
GPAXEL : Grid point axls transformations

NDIR } . Number of directions and degree control for
NDEG " grid point axis transformation
IC@NT : Control on grid point axis

Output Arguments;

KSEL : Stiffness matrix

GT : Gradient

FTEL : Thermal load matrix

SEL : Stress matrix

SZALEL : Thermal stress matrix

AMASS : Mass Matrix

Eﬁﬁg& }: Viscous and Structural Damping Matrices

NRSEL : Number of rows in stress matrix

NL : Node point numbers

N@INK

g%ﬁié Number of elements in the stiffness, mass, viscous
damping, structural damping and stress matrlces

NDMP$

N$EL

Error Returns: If third node point is not present, then exit.
Standard tests on plug constants.

Calling Sequence:

CALL PLUGY (IPL, NNO, XC, YC, ZC, TEL, PEL, Q3, IP, N@RD,
NERR, N@INK, K$EL, ANl FTEL SEL SZALEL AMASS
DAMPV DAMPS, NRSEL, NN NL, NMASS NDMPV, NDMPS,
NSEL, KK, KF, K8, KM ET KVM KN, TUSEL, EPSIO, S0,
MAT, EXTRA GPAXEL NDIR NDEG ICQNT)

Input Tapes: None

OQutput Tapes: None

Scratch Tapes: None

Storage Required: Total storage required is 16A6l6 Bytes.

Subroutine User: ELPLUG

Subroutines Required: ELTEST, CTCQ, MAB, AXTRAZ2, CECC,
BCB, MSB, MATB, P7PRT, CTS, INCRE

Remarks: Formulations are given in report on Frame Element.
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AT

10.

11.

12.

13.
14.

Subroutine Name: INCRE

Purpose: To evaluate the incremental matrix for the frame
element.

Equations and Procedures: Formulation 1s given in report
on Frame Element.,

Input Arguments:

CONI Y

CQNQ} : Constants set egual to 1.0

?l } i Physical properties cof element
C : Input displacement matrix

TCRS : Transformation matrix

Output Arguments:

AN1 : BElement incremental stiffness matrix transformed to
reference system coordinates.

AT

CI

V) : Intermediate matrices

ANZ

ANR

Error Returns: None
Calling Seguence:

CALL INCRE (C@gN1, CgN2, L, J1, AN1l, ANZ2, C, TCQS, N, AN3,

AT, CI)
Input Tapes: None
Output Tapes: None

Scratch Tapes: None
Storage Required:

AN1 (171), AN2 (78

), N (78), AN3 (78), AI (3,5), ¢ (1),
TCQS (12,12), ¢l (18)

Subroutine User: PLUGT
Subroutines Reguired: BCB

Remarks: None
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Subroutine Name: P7PRT

Purpose: To print out intermediate computations and
matrices from the frame element

Equations and Procedures: Not applicable.
Input Arguments:
NERR : Error test

GRI
GR4 } : Gradient terms
GRT

gg%i t Energy terms
AMMAS : Mass Matrix
EX )
G

A

AJ]

J1 ) : Material and geometric properties

ATY

ET : Control on element matrix computation

Intermediate computations

Transformation matrices

Incremental matrices

KS : Btiffness matrix

C : Intermediate displacement matrix

IPRINT : Print option

Output Arguments: Not applicable

Error Returns: If node point 3 equal to zero, then exit.

Calling Sequence:

CALL P7PRT (NERR, GR1l, GR4, PHI1, PHI4, AMMAS, G, A, AJL,
L, ALY, ATIZ, RN, R1, R2, R3, AJ, TPRIME, KS, TCQ,

TS, TCQS, C, QS, AN2, AN1, RM, EX, EEl, PRINT, ANl
ET)
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11.

12.
13.
14,

Input tapes: None
Qutput tapes: None
Scratch tapes: None

Storage Required:

GR 1%, GR4 (1), AMMAS El), RN (1), RM (1), R1 (1), R2 (1),

R3 {1}, AJ El), TPRIME (3,3), KS (1), TCQ (12,12), TS
(12,12), ¢ (1), @8 (1), AN2 (1), ANl (1), TCQS (i2,12),
GRT (1 Total storage 1is 87)10

Subroutine User: PLUGY
Subroutines Required: SYMPRT

Remarks: None
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1.

12.

i3.
14.

Subroutine Name: (T8

Purpose: To evaluate the transformation matrix from local
to referenced system coordinates for the frame element

Lquations and Procedures: Formulation is given in
documentation on frame element.

Input Arguments:

TPRIME : Local coordinates transformaticn matrix
OQutput Arguments:

TS : Requilred transformation matrix

Error Returns: None

Calling Sequence: CALL CTS (EEl, EE2, TS, TPRIME)
Input tapes: None

Output tapes: None

Scratch tapes: None

Storage Required: T3 (12,12), TPRIME (3,3)
Total Storage is (105)10.

Subroutine User: PLUGY
Subroutines Required: None

Remarks: EEi, EE2 - Dummy arguments
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Subroutine Name: CTCQ

Purpose: To formulate the ftransformation matrix tec local

syetem coordinates for the frame element

Eguations and Procedures: Formulations are gilven in

documentaticn on Frame Element.

Input Arguments:

TGQ : Elements of input transformation
L

Lz

L3 : Length, Length squared, etc.

L4

L5

Output Arguments:

TC® : Regquired transformation matrix

Error Returns: None

Calling Sequence: CALL CTCQ (TCq, L, L2, L3, L4, L5)

Input tapes: Hone
Jutput tapes: None
Scratch tapes: None

Storage requlred: Total Storage required is 2FCl6 Bytes.

Subroutine User: PLUGY
Subroutines Required: None

Remarks: None
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11.
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13.
14,

Subroutine Name: CECC

Purpose: To compute modifications to the transformation
matrix to account for eccentricity for the frame element

Computations and Procedures: Formulation is given in
documentation on Frame Element.

Input Arguments:

gg% } Eccentricity matrices

TS : Transformation matrix to be modified
Qutput Arguments:

T3 ¢ Modified transformation matrix

Error Returns: None

Calling Sequence: CALL CECC (EEl, EE2, TS)
Input tapes: None

Jutput tapes: None

Scratch tapes: None

Storage required: TS (12,12), EEl (3), EE2 (3)
Total Storage is (146)ld

Subroutine User: PLUGY
Subroutines Required: None

Remarks: None
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1. Subroutine Name: MPRD
2. Purpose: Multiply two matrices to form a resultant matrix
3. Equations and Procedures:

® = [ [E]

4, TInput Arguments

A First input matrix
B: Second input matrix
N: Number of rows in A matrilx
L: Number of columns in B
MSA: Control on storage mode of A See Remarks
MSB: Control on storage mode of B
. Output Arguments: R - Resultant matrix

. Error Returns: None
Calling Sequence: CALL MPRD (A, B, R, N, M, MSA, MSB, L)

Input Tapes: None

W N Oy Jl

Output Tapes: None

10. Scratch Tapes: None

11. Storage Reguired: Total Storage required is 3EA16 Bytes.
12. Subroutine User: Utility subroutine

13. Subroutines Required: TL@&C

14, Remarks:

Storage Control of A and B matrix (MSA and MSB)

0 - General
1 - Symmetric (upper half)
2 - Diagonal
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10.
11.
12,
13.
14,

Subroutine Name: TPRD

Purvose: Transpose a matrix and postmultiply by ancthéer
to Torm a resultant matrix.

Foguations and Procedures
T
®R] = [a]" [2]
A ig not actually transposed. Instead, elements in matrix
A are taken column-wise rather than row-wise for multipii-

cation by B,

Input Arguments

A First input matrix
R Second inpul matrix
M Number of rows in A and B

M Number of columns in A and rows in R
L: Number of columns in B and rows in R

MSA Control of storage mode of A>’See Remark s

M3B Control of storage mode of B
Cutput Arguments: R - Resultant matrix

Error Returns: None

Calling Sequence: CALL TPRD (A, B, R, N, M, MSA, MSB, L)
ITnput Tapes: None

Output Tapes: None

Scratch Tapes: None

Storage Required: Total Steorage required is 3EA16 Bytes.

Subroutine User: Utility subroutine
Subroutines Reoguired: LOC
Remarks

Storage Control of A and B Matrix (MSA and MSB)

O - General
1 - Symmetric (upper half by columns)
2 - Diagonal
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Subroutine Name: AI (Function)

Purpose: Control operation of the trlangular
integration package.

Equatiocns and Procedures: The integration package will

caleulate the value of a double definite integral of
the form

J
fjprpzqdz ar

211

The procedure is to call a series of function subprograms
dependent upon the values of p and q. The variables in
the above integral are represented by the following
program variables, which are defined in the input
arguments sectlion below:

Tntegral Variable Corresponding Program Variable
T R
z 4
D 1P
q IQ
i T
J J
k K
1 L
m M
n N

Input Arguments:

T . r coordinate subscript of i th element
defining point

J z coordinate subscript of j th element
defining point

K, L : Slope of element line passing through the
element defining point %11

M, N : Slope of element line passing through element
defining point 2z
mn
Ir : Exponent of r coordlnate
I4q : Exponent of z coordlnate
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11.
12,
13.

14,

R : Array containing r coordinates of element
defining points

Z : Array containing z coordinates of element
defining points

Output Argument:

AI(Function)} : Result of performing the indicated
integration

Error Return: None

Calling Sequence:

AI(I, J, X, L, M, N, IP, IQ, R, Z)
Input Tapes: None

Output Tapes: None

Scratch Tapes: None

Storage Required: Total storage requilred is 9FE16 Bytes.
Subroutine User: TRAIC, DPQINT
Subroutines Required:

AM

AK

BINT

F89

FF100

FJAB

F6219

F6211

Remarks: None
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10.
11.
12.

13.

14,

Subroutine Name: BINT
Purpose: Perform integration
r,
Jd v w
rif r (atbr)” dr
Equations and Procedures:

Expand rv(a+br)w by binomial theorem
and Integrate term by term.

Input Arguments: I, J, A, B, IV, IW, R, Z
Output Arguments: BINT

Error Returns: None

Calling Sequence: BINT(I, J, A, B, IV, IW, R, Z)

Input Tapes: None
Output Tapes: None

Scratch Tapes: None

Storage Required: Total Storage required 1s 35E16 Bytes.

Subroutine User: AT
Subroutines Required: COEF, AJ

Remarks: None
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12,
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14,

Subroutine name: AK

Purpose: Generate slope of line between two points of a
triangle

Equations and Procedures:
i = [z - 2my] /R -® (D)
Input Arguments: I, J, R, 2
output Arguments: AK
Frror Returns: None
(alling Sequence: AK(I, J, R, 2)
Input Tapes: HNone
Output Tapes: DNone
Scratch Tapes: None
Storage Required: Total storage required is 18016 Bytes.
Subroutine User: AI
Subroutines Required: None

Remarks: None
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13.
14,

Subroutine Wame: AM

Purpose:
triangle.

Generate intercept of line between two points of

Equations and Procedures:

AM =

[R(1)Z(T) - R(I)2(3) ] / [R(3) - R(T)]

Input Arguments: I, J, R.Z

Output Arguments: AM

Error Returns: None

Calling sequence: AM (I, J, R, Z)

Input Tapes: None

Output Tapes: None

Scratch Tapes: None

Storage Required: Total storage required is 198, Bytes.

Subroutine User: AT

Subroutines Required: None

Remarks;

None
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O L N oy g =W

Subroutine Name: IFAC

Purpcse:

Compute N factorial

Equations and Procedures: N!

Input Arguments: W

Ooutput' Arguments: TIFAC

Error Returns:

None

Calling Sequence: IFAC

Input Tapes:

Cutput Tapes:

Scratch Tapes:

Storage Required:

None
None

None

Subroutine User: FF100

89

Subroutines Regulred:

Remarks:

None

(M)

None
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11,
12,
13.
14,

oo N oy 1

Subroutine Name: TJAB (function)
Purpose: To generate
Jr[X m-l/(a + bx)]dx
Equations and Procedures:
F = [(xm log (a+bx))/m] - [ﬂn@ﬂ‘f(xn/(a—bx)n) dx]
evaluated at x = x (I)
Input Arguments: I, A, B, M, N, X
Output Argument: FJAB
Error Returns: None
Calling Sequence: FJAB (I, A, B, M, N, X)
Input Tapes: None
OQutput Tapes: None
Scratch Tapes:- None
Storage Reaquired: Total storage requlred is 28616 Bytes.
Subroutine User: AT
Subroutines Reguired: F89

Remarks: DNcne
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14,

Subroutine Name: F6219 (function)

Purpose: To generate integral of

f(log (a +bx) / (x™* 1)) ax
Equation and Procedures:

F=(-1log (a+ bx)/ (mx™)) + lj&b/(m(a + bx) x™)) dx
evaluated at x = X(I)

Input Arguments: I, A, B, M, N, X

Output Arguments: F6219

Error Returns: None

Calling Sequence: Function F6219 (I, A, B, M, N, X)
Input Tapes: None

Output Tapes: None

Scratch Tapes: None

Storage Required: Total Storage required is 286, Bytes.
Subroutine User: AT

Subroutines Required: FF100

Remarks: None
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Subroutine Name:

Purpose

F:

: To generate

F6211

f[(log (A+BX)/X] ax

Fquations and Procedures:

evaluated at X

Input Arguments: I,

OQutput Arguments:

log (A) log (X) + BX B° X
hpe
= X (1)
A, B, X
F6211
None

Error Returns:

Calling Sequence:

Inout Tapes:

Outout Tapes:

Sceratch

Storage Reculred:

Tapes:

None

None

None

Subroutine User: AT

Subroutines Requlred:

Remarks:

None

None
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Subroutine WName:
Purpose: Generate

for M+ 1 > 0

for M+ 1 =0
Eguations and Proc
Input Arguments:

OQutput Arguments:

AJ (function)

=

[R(HY - R(I)M ] / (M+1)

log [R(J)/R(I) ]
edures: DNone
I, J, R, M

AJ

Error Returns: None

Calling Sequence:

Input Tapes: None

Function AF(I, J, R, M)

Output Tapes: None

Scrateh Tapes: None

Storage Required:

Subroutine User:

Total storage required is 26216 Bytes.
BINT

Subroutines Required: None

Remarks: None
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1. Subroutine Name: COEF
2. Purpose: Generate binomial coefficient

3. Eqguations and Procedures:

n _ C - nl

n"r rt (n - r)!

COEF =

(the combination of n items taken r times)
4, Input Arguments: N,R
5. Output Arguments: COEF
6. Error Returns: None
7. Calling Seguence: COEF (N,R)
8. TInput Tapes: None
9, Ouftput Tapes: None
10. Scratch Tapes: None
11, Storage Required: Total storage required 1s 1FC,¢ Bytes.
12, Subroutine User: BINT
13. Subroutines Required: None

14, Remarks: None
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Subroutine Name: FB89 (Function)
Purpose: To generate integral
-[(xm/(a+bx)n ) dx

FEquations and Procedures:

s89 — 1 g; m! (_a)sxm—n-s+l
plttd =0 (m-g)ls! (m-n-s+1)

where X = atbx
evaluated at x
Tnput Arguments: T, A, B, M, N, X
cutput Arguments: F89
Error Returns: DNone
Calling Sequence: F89 (I, A, B, M, N, X)
Input Tapes: llone
Output Tapes: None

Seratch Tapes: None

Storage Required: Total storage regquired 1is M7616 Bytes.

Subroutine User: AT

Subroutines Required: TIFAC

Remarks: None

330



o

Subroutine Name: FF100 (function)
Purpose:  generate
f(l,/(xmx“} Y dx
where ¥ = a + bx

Fguations and Procedures:

-1 m+«n - 2

- m-s-1
P00 = R 2 (m4n - 200" (b)Y

cvaluated at Ky
Tnput Arguments: I, A, B, M, N, X
Output Arguments: FFID0
Frror Returns: None
"a1ling Senuence: TFFlo0 (I, A, B, M, N, X)
Tnput Tapes: None
tutput Tapes: None
Serateh Tapes: None
Storage Reguired: Total storage reguired is ME816 Bytes.
Subroutine User: 6219

Subroutines Required: IFAC

Remarks: Neone
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Subroutine Name: PLUG?Z

Purpose: Control generation of element matrices for the
triangular thin shell element.

Equations and Procedures:

a)} Call subroutine ELTEST to verify input control values.

b} Call subroutine DTAPR to calculate sub-element coordinates
and boundaries.

c) Call subroutine MATPR to generate material properties
matrices.

d) Call subroutine NEWFT1 to apply revised thermal load
formulation, if necessary.

e} Call subroutine PTBM to generate sub-element to local
geometric coordinate system transformation matrix.

f) Call subroutine PTMGS to generate local geometric
cocrdinates to reference system coordlnates transformation
matrix.

g) Call subroutlne MAB to combine transformation matrices
generated 1n (e) and (f) above into one matrix that will
apply transformatlon from sub-element to reference system
ccordinates.

h) If grld polnt axes are to be applled then call subroutine
AXTRA? to approprilately modify final transformation matrix
generated 1n (g) above.

1) Call subroutine DPQINT to evaluate the integrals over
the three sub-elements.

J) Call subroutine PKM to generate the membrane contribution
Lo the element stliffness matrix.

k} Call subroutine PMMASS to generate membrane contributions
to element mass matrilx.

1) Call subroutine PSTM to generate the membrane contribution
to the element stress matrix.

m) Call subrocutine PFMTS tc generate membrane contributlon
to element thermal load and thermal stress matrices.

n) If requested, call subroutine APRT to print 1ntermediate
results.

¢) The flexural contributions to the element matrices are
then generated with the followling flexure subroutines
performing the same function as thelr membrane counterparts.

PTBF 1s the flexural counterpart to PTBM
10

PTFGS " " " " PTMGS
PKF 1t " 1t 1 n PKM
PFMASS " " " " " PMMASS
PSTF n n " " " PSTM
PFFTS H " " 1" " PFMTS
p) Call subroutine PFP to generate element pressure load
matrix.

g) Call subroutines PNC1l and PNGl to generate element
ineremental stiffness matrlx (non-functional).

r} Call subroutine PLASZ2 to generate plasticity premultipliers
(non-functional).
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Input Arguments:

IPL - internal element identlfication number (2)

NNO - number of element defining points (6)

XC - coordlnates of element deflning poilnts

¥YC

A

TTL - temperatures at element defining point

PEL - pressures at element deflining points

QS - input displacements at element defining points
{not used)

IFP - not used

NCRD - total element degrees of freedom (36)

NOINK - number of storages required for element
stiffness matrix (NORD * (NORD + 1)/2)

NN - not used

NL - array containing grid point numbers of element
defining points

KK - suppression control for element stiffness matrix

KF - suppression control for element thermal and
pressure load matrices

K8 - suppression control for element stress matrix

KTS - suppresslon control for element thermal stress
matrix

KM - suppression contrcl for element mass matrix

FN -  not used '

KVM - not used

KN - suppression control for element incremental
stiffness matrix

IUSEL - not used

EPSLON - input pre-strains (not used)

SIGZER - input pre-stresses (not used)

MAT - input temperature interpolated material propertles

EXTRA - speclal element input

GPAXEL - grid polint axes transformaticn matrices

NDIR - number of directions of element definling pcints (3)

NDEG - number of sclution degrees of freedom
(2 - translation and rotation)

ICONT - grid point axes indicator

Output Arguments:

NERR - error Indlcator

AK - element stiffness matrix

ANEL - element incremental stiffness matrix
FTEL - element thermal and pressure load matrix
S - element stress matrix

SZALEL - element thermal stress matrix

AMASS - element mass matrix
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Qutput Arguments (Contd):

DAMPV -
DAMPE -
NRESEL -
NMASS -
NDMPV -
NDMPS -

NSEL -

Errcr Returns:

element viscous damping matrilx

element structural damping matrix

number of rows in element stress and thermal
stress matrices

number of storages reguired for element mass
matrix

number of storages required for element
viscous dampling matrix

number of storages reqguired for element
structural damping matrix

number of storages reculred for element
stress matrix

If no error, then NERR 1s set to zero

If IPL  # 2,
If HNO # 6,

If NORD # 36,

then NERR is set to cne
ther: NERR 1s set to two
then NERR 1s set toe four

Calling Seguence:

Call PLUG2(LPL,NNO,XY¥,YC,ZC,1TL,PEL,QS,IP,NORD,NERR,NOTNK,

LK, ANEL,FTEL,S,SZALEL,AMASS,DAMPV,DAMPS,NRSEL, NN,
NL,MASS, NDMPV, NDMPS, NSEL , KK, K#, K8 ,KTS , KM, FIi ,KVM,
KN, IUSEL,EPSLON,SIGZER ,MAT ,EXTRA ,GPAXEL ,NDTR,NDEG,

14.

ICONT)

Input Tapes:
Cutput Tapes:

Scratch Tapes:

Storage Required:

Lone
None
Ncne

Total Storage required is 2A7816 Bytes.

Subroutine User: ELPLUG

Subroutines Regulred:

ELTEST, DTAPR,

DPQINT, MINV,

MATPR, NEWFT1,PTBM, PTMGS, MAB, AXTRA2,
PKM, PSTM, PFMTS, APRT, PTBF, PTFGS, PKF,

PFP, PSTF, PFFTS, PNC1, PNG1, EPRT, PLAS2, PFMASS, PMMASS

Remarks: None
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Subroutine HName: PMMASS

Purpose: To calcuiate the membrane contributicns to the
mass matrix for the triangular thin plate element.

Equaticns and Proceaures: The weight of the element 15
caleculated to be the area X thickness x density. This 1s
then distributed equally to the 3 corner points.

nput Arguments:

T = thickness of element

DGC = area of triangle

LENS = gensity of element’'s material

Qutpul Arguments: AMS = local mass matrix

Error Returns: Ncne

Callling Sequence: Call PMMASS (T,DC0,SINA,DENS,AMS)
Input Tapes: None

Output Tapes: None

seratch Tapes: Nore

Stcrage Required: Total Storage required is 22216 Bytes,
Subroutire User: PLUGZ

Jubroutine Requlrea: None

Remarks: None
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11.
12,
13,
14,

Subroutine Name: PFMASS

Purpose: To caiculate the flexural contribution to the
mass matrix for the triangular thin plate element.

Equations and Procedures: The welght of the element 1is
calculated to be the area x thlckness x denslity. This is
then distributed equally to the three corner points.

Input Arguments:

T = thickness of element

Loo = area of ftriangle

DENS = density of element's material

Qutput Arguments: AMS = local membrane mass matrix

Error Return: None

Calling Sequence: Call PFMASS (T,DO0O,SINA,DENS,AMS)
Input Tapes: Ncone

OQutput Tapes: None

Scratch Tapes: None

Storage Required: Total Storage required is 2BA16 Bytes.

Subroutine User: FPLUG?Z
Subroutine Required: None
Remarks: None
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11.

12,

13,
14,

Subroutine Kame: ASSY2

Purpose: Assemble membrane and flexure contributions
into element stiffness matrix for triangular thin shell
element

Equations and Proccedures: The elements of the Cl matrix
are summed into the 02 matrix as directed by the input
array IASY.

Input Arguments:

Cl : Array containing input elements to be
assembled

IASY : Array contalining assembly instructions

N1 ¢ Order of C1

Output Arguments:

c2 + Assembled matrix

Error Returns: None

Calling Sequence:

(ce, Cc1, IASY, N1)

Input Tapes: None

Output Tapes: None

Scratceh Tapes: None

Storage Required:; Total storage required is 29616 Bytes.
Subroutine User:

PKM
PKF

Subroutines Required: None

Remarks: None
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10.

11.

Subroutine Name: DCD

Purposc: To evaluate the triple matrix product of a
diagonal matrix 1, a symmetric matrix S,and the Jdiagonal
matrix I,

Equations and Procedures:

AN = ) 2 D * 3 * D {See remarks)
nn n noonn nn nn

Tnput Arguments:

aYH: Elements of symmetric matrix [
N Flements of a diagonal matrix &ﬂ
N order of [ and [D] matrices
utput Arguments:

AN: FElements of matrix product

FError Returns: None

Calling Sequence:

CALT DCD (SYM, D, AN, N)

Tnput Tapes: None

Matout Tapes: Wone

Scrateh Tapes: UNone

Storage Remniryed:

Total Storage required 1s 30Al6 Bytes.
Subroutine User: PKF, PEM

Subroutines Reguired: None
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1., Remarks: .The summations occur over

'] l .L O - - . @] Sll_ l‘i 11 O . - .
° o oo [P Pee o Moo

L] L) % " .

O . . dnn Snl Sn2 "'Snn O

A11 redundant multiplications (i.e. those where zero elo-
nents exist in the D matrix and those where the upper
lements of the 5 matrix would be considered) are dispensed
within the program and only significant multiplications
take place.
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Subroutine Name: DTAPR

Puirpose: oreale turee sub-elements and tranciHrmation
matrix from system to local coordinates

FEquations and Procedures: The sub-element coordinates
are calculated from the system coordinates by generating
a transformation matrix and applying 1t to the system
coordinates array,.

Input Arguments:

R1,RZ,R3 : Reference system coordinates

E1,E2,E3,E : Arrays containing coordinate differences
R12,R13 : Work storage

COORDS : Reference system coordinates

Output Arguments:

RC : Origin of sub-elements coordinate system

RL1.RLZ,RL3 : Local sub-elements coordinates

TGS : Transformation from reference system to
local sub-element coordinates matrix

COORDL : Local sub-elements coordinates

Error Returns: None
Calling Sequence:

(Rl, R?, R3, RL1l, RLZ, RL3, El1, E2, E3, B, TGS, RO,
R12, R13, COORDS, COORDL)

Input Tapes: Naone

Cutput Tapes: None

Scratch Tapes: None

btorage Required: Total storage required is 6EA16 Bytes.
Subroutine User: PLUGZ

Subroutinez Required: MABR

Remarks: None
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Subroutine Name:

Purpose: dererat

MATPR

e material propertlien mon i

for triangular thin shell element

Equations and Procedures: The material properties
matrix, EM, is generated dependent upon the Formulaticn

opticn selected;
The matriz angle

plane stress, plane straln or normal.
and stress angle is deitermined by

examining the extra element defining polnts. The
material properties matrix is then oriented to the

desired material

angle and the stress angle transforma-

tion matrix is generated.

Input Arguments:
NL
XC,YC,2C

EX,EY, EZ

aXY

VXY, VZX, VY7
ALPHAX, ATLPHAY
GAMKY

T

EXGRTD

EXGRDL

AT PHAM
ALPHAG
TGS

IST
R1,R2,R3
ROB
RL1,RL2,RL3
EES

NEXGR

AMAT

L,M

Output Arguments:

EM
EG

TES :
TESS :

Array containing grid joint numbers

of element defining points

Arrays containing refevence system
coordinates for element defining points

: Young's Modull

Rigidity Medulus

Poisson's Ratics

Coefficients of thermal expansicn
Material angle

Thickness

Array containing coordinate differences
for stress angle definition points
Array containing coordinate diiierencers
for material angle definitien point:
Not used

Not used

Transformation matrix from reference
system to sub-element coordinates

Plane strain, stress control

Hot used

Origin of sub-element coordinate system
Local sub-element coordinates

Work stcrage

Work storage

Tocal sub-element cocrdinates

: Work storage

Material properties matrix

Transtformed material properties matrix
(oriented to material angle)

Material angle transformation matrix
Stress angle transformation matrix
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Error Returns: None

Calling Sequence:

(NL, XC, YC, ZC, EX, EY, GXY, VXY, EZ, VZY¥, VY,
ALPHAX, ALPHAY, GAMXY, T, EM, EG, EXGRID, EXGRDIL,
ALPHM, ALPHG, TGS, IST, Rl1, R2, R3, ROB, RLl, RLZ2,
RL3, EES5, TES, TESS, NEXGR, AMAT, L,M)

Input Tapes: None

Output Tapes: None

Scratch Tapes: None

Bytes.

btorage Required: Total storage regquired is BEE1€
Subroutine User: PLUG?

Subroutines Required:

MINV

MAB

BCB

Remarks: None
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Subrcutine Name:  NEWFTL

Purpose: Generate membrane and flexural Lheens o Toads
for triancular thin shell element in local coord inates

Fquations and Procedures:

BCT = I = CT
BMT = BCT % TEMM
B¥T - DBCT + TEMP

where T oand O are geometric matrices of local cocrdinates,
and TEMYM and TEMIP are membrane and flexure temperatures,
respectively, at the element defining points.

Input Arvguments:

DELTM : Average membrane temperature

DELTT . Average flexure temperature

RI1,RLZ2,RL3 ¢ Local coordinates

Tz : T for structure

¥, BCT,CT . Wark storage

TEL : Temperatures at element defining points

TEMM, TEMI',I,,M ¢ Work storage

Cutput Arguments:

BMT + Membrane thermal load in local
coordinates

nET : Tiexure thermal lcad in local
coordinates

Error Returns: HNone
Calling Sequence:

(DELTM, DELTF, RL}, RL2, RL3, TZ, BMT, BFT, F, BCT,
or, TEL, TEMM, TEMF, L, M)

Tnput Tapes: None

Cutput Tapes: None

Scratch Tapes: None

Storage Required: Total storage required 1is 51616 Bytes.

Subroutine User; PLUG2
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Subroutine Required:

MINV
MARB

Remarks: None
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Subroutine Name: PIBM

Purpose: Generate membrahe transformation matirix
from sub-element to geometric coordinate system

Equations and Procedures: The transformation matrix
is generated directly from sub-element coordinate
values and inversion.

Input Arguments:

TGSM : Not used
RL1,RL2,RL3 : Sub-element coordinates
L,M : Work storage

Output Argument:

TBM . Sub-element to geometric coordinate
system membrane transformation matrix

Error Returns: HNonhe

Calling Sequence:

(TBM, TGSM, RL1, RL2, RL3, L, M)
Input Tapes: None.

Qutput Tapes: None

Scratch Tapes: None

Storage Required: Total storage required is M9Al6 Bytes.

Subroutine User: PLUGZ
Subroutines Required: MINV

Remarks: None
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Subroutine Name: PTMGS

Purpose: Generate geometric to reference cuorlinate
system membrane transformation matrix

Equations and Procedures: The transformation matrix is
generated by utilizing the TGS matrix, The effect of
eccentricities and mid-point suppression is also
reflected in the generation of the TGSM matrix.

Input Arguments:

NL : Array containing element defining
grid point numbers

EEZ : Eccentricity

TBM : Not used

TGS : Reference system to sub-element

transformation matrix
OQutput Arguments:

TGSM : Geometric to reference coordinate system
membrane transformation matrix

Errcr Returns: None
Calling Sequence:

(NL, EEZ, TBM, TGSM, TGS)
Input Tapes: None

Cutput Tapes: None
Scratch Tapes: None
Storage Required: Total storage required 1is 47816 Bytes.
Subrcutine User: PLUGZ2
Subroutines Required: None

Remarks: None
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Subroutine Name: DPQINT

Purpose: Generate Integrals over the thiree =ub-
elements of a triangular thin shell element

Equations and Procedures: The integrals are calculated
by using the triangular integration package controlled
by the function subprogram AT. The output values of
the integrals are placed in the array DELPQ.

Input Arguments:

RL1,RL.Z,RL3 . Sub-element coordinates
R,7Z, TEMP + Work storage

Output Arguments:

DELPG . Array containing integral values
Error Returns: None

Calling Sedquence:

(DELP@, RL1, RLZ, RL3, R, %, TEMP)

Input Tapes: None

Qutput Tapes: None

Scratch Tapes: None

Storage Required: Total storage required 1is 7Acl6 Bytes.

Subroutine User: PLUGZ
Subroutines Required: AI (Function)

Remarks: None
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Subroutine Name: PEKM

Purpose: Generate membrane contribution to triangular
thin shell element stiffness matrix

Equations and Procedures: The membrance contribution
to the element stiffness matrix is formed by generating
sub-element stiffness matrices, assembling them into a
work area and then transforming from the work area to
the reference coordinate system,

Input Arguments:

AK1 : Work storage

DELPG : Sub~element integrals

EM : Material properties matrix

EG : Material properties matrix criented
to material angle

TMS : Sub-element to reference coordinate
system transformation matrix

TFS : Not used

TASEM : Array containing assembly parameters

AD : Work storage

CM : Work storage

ATJ : Work storage

IPRT : Element print control

EX : Not used

LY : Not used

GXY ¢ Not used

VXY : Not used

ALPHAX : Not used

ALPEAY : Not used

GAMXY ¢ Not used

T : Membrane thickness

Output Argument:

AKX : Membrane contribution to element
stiffness matrix

Error Returns: None
Calling Sequence;

(AK, AK1, DELPQ, EM, EG, TMS, TFS, IASEM, AD, OM, AIJ,
TPRT, EX, EY, GXY, VXY, ALPHAX, ALPHAY, GAMXY, T)

Input Tapes: None
Output Tapes: None
Scratch Tapes: None
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Storage Required: Total storage required 1s T46 ¢ Bytes.

Subroutine User: PLUGZ2
Subroutines Required:
SYMPRT

DCD

ASSY2

BCB

Remarks: None
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Subroutine Name: PSTM

Purpose: Generate membrane contribution to e¢lement
stress matrix for the triangular thin shell element

Equations and Procedures: The membrane contributions
to the element stress matrix are generated by first
forming the stress values in local coordinates, then
transforming to reference system coordinates and
finally applying the stress angle transformation,

Input Arguments:

RL1 : Sub-element coordinates

RI.Z

RL3

™S : Sub-element to reference ccoordinate system
transformation matrix

TFS : Not used

EM : Not used

EG : Material properties matrix oriented to
material angle

SN : Work storage

AM1 : Work storage

AMZ : Work storage

TES : Stress angle transformation matrix

EX ¢ Not used

EY i Not used

GXY : Not used

VXY ¢ Not used

ALPHAX ¢ Not used

ALPHAY : Not used

GAMXY : Not used

T : Membrane thickness

R : Work storage

U ¢ Work storage

X : Work storage

Y : Work storage

Output Arguments:

S5 : Membrane contribution to element
stress matrix

Error Returns: None
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Calling Sequence:

(S, RL1, RL2, RL3, TMS, TFS, EM, EG, SN, AM1, AMZ,
ThS, EX, EY, GXY, VXY, ALPHAX, ALPHAY, GAMXY, T, R,

10,
11.

1z,

13.

14,

U, X, Y)
Input Tapes: DNone
Qutput Tapes: None

Scratch Tapes: None

Storage Required: Total storage required is 61Cl6 Bytes.

Subroutine User: PLUGZ2

Subroutines Required:
MAB
M3E
MATE

Remarks: DNcne
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Subroutine Name: PFMTS

Purpose: Generate membrane thermal load and membrane
thermal stress matrices for the triangular thin shell
element

Equations and Procedures: Subroutine PFMV] is called
to generate the thermal load matrix in geometric
coordinates from BMT., This matrix is then transformed
to reference system coordinates by TMS. The thermal
stress matrix is generated and the stress angle applied
by TESS,

Input Arguments:

DELTM : Average membrane temperature

TES : Material angle transformation matrix

TESS : Stress angle transformation matrix

BMT : Membrane thermal load contribution
in sub-element coordinate sysiem

EM : Not used

EG : Material properties matrix oriented to
material angle

T™S : Sub-~element to reference coordinate
system transformation matrix

TFS : Not used

BX : Not used

EY : Not used

GXY 1 Not used

VXY : Not used

FMV : Work storage

ALPHAX, : Coefflclents of thermal expansion
ALPHAY

GAMXY : Not used

T : Membrane thickness
TO : Not used

TI : Not used

FME : Work storage

EMI : Work storage

EM1 : Work storage

SZLM : Work storage

SZLM1 : Work storage

WRK : Work storage
DELPQ, + Array containing sub-element

integral values

Output Arguments:

BT : Membrane contribution to element
thermal load matrix

SZALEL : Membrane contribution to element
thermal stress matrix
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FError Returns:

None

Calling Sequence:

(FT, DELTM, SZ
EX, EY, CXY,
TI, FME, EMI,

Input Tapes:

Output Tapes:

Scratch Tapes:

ALEL, TES, TESS, BMT, EM, EG, TMS, TFS3,

VXY, FMV, ALPHAX, ALPHAY, GAMXY, T, TO,
EM1, SZIM, SZIMl, WRK, DELPQ)

None

None

None

Storage Required: Total Storage required is 60D, ¢ Bytes.

Subroutine User: PLUGZ

Subroutines Required:

PFMV1
MAB
MATB
MSB

Remarks:

None
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Subroutine Name: PFMV]

Purpose: Generate membrane contribution to element
thermal Xoad matrix in local coordinates

Equations and Procedures: The integral values across
the sub-elements are re-arranged. The membrane contri-
bution for each sub-element is generated in FMV by
direct formulation as a function of the integral values
and the material properties matrix, The sub-element
matrices are placed in FMV1 and pre-multipled by BMT.

Input Arguments:

DELC : Array containing sub-element integral values

EG : Material properties matrix oriented to
material angle

EMT i Array containing revised formulation for
membrane thermal load matrix in local
cocrdinates

FMV : Work storage

T : Membrane thickness

Output Arguments:

MMVl : Membrane thermal load matrix in local
coordinates
DELPQ ¢ Re-arranged sub-element integral values

Error Returns: None

Calling Sequence:

(FMV1, DELC, EG, BMT, FMV, DELPQ, T)
Input Tapes: None

Output Tapes: None

Scratch Tapes: None

Storage Required: Total storage required is 76616 Bytes.

Subroutine User: PFMTS
Subroutines Required: None

Remarks: None
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Subroutine Name : APRT

Purpose:

Provide print of intermediate triangular

thin shnell element computations

Equations and Procedures: None

Input Arguments:

LT
LTL
LTZ2
DELPQ

RI1,
RL2,
RL3
R1,
R2,
R3
RO
El,
E2,
E3,
E
TGS

TBE
TGSFE
TMi
TES

EM
EG

TES
TBM

TGSM

. Membrane/flexure indicator

Not used
Not used

; Array containing sub-element integral

values
Sub-element coordlnates

Raeference system element coordinates

Origin of sub-element coordinate system
aub-element coordinate differences

Sub-element to geometric coordinates
transformation matrix

wlexure sub-element to geometric system
coordinates transformation matrix
Flexure geometric to reference system
coordinates transformation matrix
Membrane sub-element to reference system
coordinates transformation matrix
Flexure sub-element to reference system
coordinates transformation matrix

. Material properties matrix
: Material properties matrix oriented to

material angle
Material angle transformation matrix

. Membrane sub-element to geometric

coordinates transformation matrix
Membrane geometric to reference system
coordinates transformation matrix

Output Arguments: None

Error Returns: None
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Calling Sequence:

(LT, LT1, LT2, DELPQ, RL1, RL2, RL3, Rl, R2, R3, RO,

El, E2, E3, E, TGS, TBF, TGSF, ™S, TFS, EM, EG,

TES, TBM, TGSM)

Input Tapes: None

Output Tapes: None

Scratch Tapes: None

Storage Required: Total storage required is B2Cl6 Bytes.
Subroutine User: PLUG2

Subroutines Required: None

Remarks: None
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Subroutine Name: PTFGS

Purpose: Generate flexure geometric to reference
system cocordinates transformation matrix

Equations and Procedures: The flexure geometric to
reference system coordinates transformation matrix 1is
generated from the TGS matrix and the sub-element
coordinates. The effect of mid-point suppress
contained in this transformation matrix suppression.

Input Arguments:

NL . Array containing element definition
grid point numbers

TGS : Sub-element to gecometric transformation
matrix

TBF : Not used

XD, : Work storage

YD,

L,

AT,

BI

AMAT : Array containing sub-element coordinates

Output Arguments:

TGSF . Flexure geometric to reference system
coordinates transformation matrix

Error Returns: None

Calling Sequence:

(NL, TGS, TBF, TGSF, XD, YD, L, AI, BI, AMAT)
Input Tapes: None

Output Tapes: None

Scratch Tapes: None

Storage Required: Total storage required 1is 58216 Bytes.

Subroutine User: PLUGZ2
Subroutines Required: None

Remarks: None
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Subroutine Name: PKF

Purpose: Generate the flexure contribution to the
triangular thin shell element stiffness matrix

Bquations and Procedures: The sub-element flexure
contributions are generated and assembled into a
work area, A transformation is then applied to the
reference coordinate system,

Input Arguments:
TASSY : Control indicating flexure contributicn

will supplement membrane contribution or
flexure contribution alone is requested

DELPR : Array containing sub-element integrals

EM : Not used

EG : Material properties matrix oriented
to material angle

TMS : Not used

TF3 : Flexure sub-element to system reference
coordinates transformation matrix

TASEM : Work storage for assembly control array

AD i Work storage

CM : Work storage

ATJ : Work storage

EX : Not used

EY : Not used

GXY : Not used

VXY i Not used

ATLPHAX : Not used

ATPHAY : Not used

GAMXY : Not used

T : Flexure thickness

IPRT : Intermediate results print control

AK] : Work storage

ROW : Work storage

ROWN : Work storage

Jutput Argument:

AK : Flexure contribution to element
stiffness matrix

Error Returns: None
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Calling Sequence:

(AKX, IAS3Y, DE
ATJ, EX, EY,
TPRT, AK1l, ROW, ROWN)

Input Tapes:

gutput Tapes:

Scratch Tapes:

1LPQ, EM, EG, ™S, TFS, TASEM, AD, CM,
GXvy, VXY, AL PHAX, ALPHAY, GAMXY, T,
None

None

None

Storage Reguired: Total storage required is 77216 Bytes.

Subroutine User: PLUGEZ

gubroutines Required:

DCD
ASSY2
CCB

Remarks:

None
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Subroutine Name: CCB

Purpose: Perform triple product multiplication, ATSA,
where S is a symmetric matrix stored lower half by rows

Equations and Procedures: A4 row of the intermediate
matrix product ATS is generated at a time. From the
product of this row and A, a row of the final triple
product is generated.

Options are present for scalar multiplication of the
triple product, summing the triple product into an
exlsting matrix, and deleting upper rows of the matrices
from the operation.

Input Arguments:

A : First input matrix, doubly dimensioned in
calling program

SYM : Second input matrix, symmetric, singly sub-
scripted, stored lower half by rows

ND,MD : Dimensioned size of A

N,M ! Actual size of A

N1 : Number of upper rows to be deleted in the
operation

SCAL ! Scalar multiplier

IASSY : Sum option indicator

ROW,ROWN: Work storage
Output Argument:

AN : Triple product of ATSA, symmetric, singly
subscripted, stored lower half by rows.

Error Returns: None

Calling Sequence:

(A, SYM, AN, ND, MD, N, M, N1, SCAL, TASSY, ROW, ROWN)
Inpgt Tapes: None

Output Tapes: None

Scratch Tapes: None

Storage Required: Total storage required is 55616 Bytes.

Subroutine User: PLUG?
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13. Subroutines Required: None

14, Remarks: None
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subroutline Name: PEFP

Purpose: GCenerate element pressure load matrix for
the triangular thin shell element

Equations and Procedures: The element pressure load
matrix is generated in local coordinates and then
transformed to reference system coordinates,

Input Arguments:

™S : Not used

TES : Flexure sub-element to reference system
transformation matrix

DET.PQ : Array containing sub-element integral values

P : Pressures at element definition points

FPB : Work storage

OQutput Arguments:

FP : Element pressure load matrix
Error Returns: None

Calling Seguence:

(rp, T™M8, TFS, DELPQ, P, FPB)

Input Tapes: None

Output Tapes: None

Scratch Tapes: None

Storage Required:

Total storage required is 2A2, ¢ bytes.
Subroutine User: PLUGZ2

Subroutines Required: MATB

Remarks: None

362



U

Subroutine Name: PSTE

Purpose: Generate flexure contribution to element
stress matrix for the triangular thin shell element

Equations and Procedures: The sub-element stress
matrices are generated and assembled 1nto one matrix.
This matrix is then transformed to reference system
coordinates and the stress angle 1s applied.

Input Arguments:

RL1

RL2 : Sub-element coordinates

RL3

TMS 1 Not used

TFS : Tlexure sub-element to reference system
coordinates transformation matrix

EM : Not used

EG : Material properties matrix, oriented the
material angle

SNM : Work storage

THS : Stress angle transformation matrix

EX ; Not used

EY ¢ Not used

GXY ¢ Not used

VXY : Hot used

ATLPHAX : Not used

ALPHAY : HNot used

GAMXY : Not used

T : Flexure thickness

R : Not used

U : Not used

X : Work storage

b4 : Work storage

AM1 : Work storage

AMZ ¢ Work storage

AM3 : Work storage

AML : Work storage

G : Work storage

Output Argument:

S . Flexure contribution to element stress matrix
Error Returns: None

Calling Sequence:

(8, RL1, RLZ2, RL3, TMS, TFS, EM, EG, SNM, TES, EX, EY,

GXY, VXY, ALPHAX, ALPHAY, GAMXY, T, R, U, X, Y, AMI,
AM2, AM3, AMU4, G)
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Input Tapes:

Output Tapes:

Scratch Tapes:

Storage Required: Total storage required is BDMIG Bytes.

None
None

None

Subroutine User: PLUG?Z

Subroutines Required:

MAB
MSB
MTB

Remarks:

None
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Subroutine Name: PEPFTS

Purpose: Generate flexure contribution to element
thermal load and thermal stress matrices for the
triangular thin shell element

Equations and Procedures: The flexure contribution to
the element thermal load matrix in local coordinates 1is
generated by calling subroutine PFFV1. The material

angle transformation is applied and the transformation
from local to reference system coordinates is performed.

The flexure contribution to the element thermal stress
matrix is generated and transformed to the selected
stress angle,

Input Arguments:

DELTFE : Average flexural temperature

TES : Material angle transformation matrix

TESS : Stress angle transformation matrix

BFT : Plexural thermal load formulation revision

EM : Not used

EG : Material properties matrix, oriented to
material angle

™S : Not used

TFS : Flexure sub-element to reference system
coordinates transformation matrix

EX : Not used

Ey : Not used

GXY : Not used

VXY : Not used

FFV : Not used

ATLFHAX : Not used
ALPHAY : Not used

GAMXY : Not used

T : Flexure thickness
TO : Not used

TL : Not used

EFI : Work storage

FFE : Work storage

FE : Work storage

SZLF : Work storage
SZLFL : Work storage

EF1 : Work storage

WRK : Work storage
DELPQ : Array containing sub-element integrals
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Output Arguments:

T : Flexure contribution tc element thermal
load matrix
SZATLETL, : Flexure contribution to element thermal

stress matrix

Error Returns: ©None

Calling Sequence:

(FT, DELTF, SZALEL, TES, TESS, BEFT, EM, EG, TMS,
TFS, EX, EY, GXY, VXY, FFV, ALPHAY, ALPHAY, GAMXY,
T, To, TI, ErI, FFE, FF, SZLF, SZLFl, EFl, WRK,
DELPQ)

Input Tapes: None

Output Tapes: None

Scratch Tapes: None

Stcrage Required: Total storage required is 65616 Bytes.

Subroutine User: PLUGE
Subroutine Required: PFFV1
PFFV1

MABR

MATH

MSE

Remarks: None
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Subroutine Name: PRFV1

Purpose: Generate flexure contribution to element
thermal load matrix in local coordinates

Equations and Procedures: The array containing the

subelement integral values 1s re-arranged. The sub-
element thermal load matrices are generated from the
integral values and the material properties matrix.

The sub-element thermal load matrices are assembled

into one matrix and then multiplied by BFT to apply

the revised thermal load formulatiocn.

Input Arguments:

DELC : Array containilng sub-element integral
values

EG . Material properties matrix, oriented to
material angle

DET : Array contalning revised thermal load
formulation

Frv ¢ Work storage

Output Arguments:

FEV1 . Tlexure contribution to element thermal
1oad matrix in local coordinates
DELPG, . Array containing re-arranged sub-element

integral values
Error Returns: None
Calling Sequence:
(FFV1, DELC, EG, B¥T, FFV, DELPQ)
Tnput Tapes: None
Ooutput Tapes: None

Scratch Tapes: None

Storage Required: Total storage required is 9A016 Bytes.

Subroutine User: PFFTS
Subroutine Required: None

Remarks: None
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Subroutine Name: PNC1

Purpose:

Non-

functional

Eqguations and Procedures: None

Input Arguments: None

Output Arguments: None

Error Returns:

None

Calling Sequence: None

Input Tapes:

Cutput Tapes:

Scratch Tapes:

None

None

None

Storage Required:; Total storage required is F616 Bytes.

Subroutine User: PLUG?

Subroutine Requlired: None

Remarks:

None
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1. Subroutine Name: PNG1

2. Purpose: DNon-functiocnal

3. Equations and Procedures: None
4, Input Arguments: None

5. Output Arguments: None

6. ZError Returns: None

7. Calling Sequence: None

8, Input Tapes: None

9., Output Tapes: None
10. Scratch Tapes: None
11 Storage Required: Total storage required 1s F616 Bytes.
12, Subroutine User: PLUGZ
13, Subroutines Requlred: None
14, Remarks: None
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Subroutine Name: EPRT

Purpose: Print generated triangular thin shell
element matrices

Equations and Procedures: None

Input Arguments:

AK : Final element stiffness matrix

3 : Final element stress matrix

ANET, : Non-functional

N 1 Non-functional

rT : Final element thermal load matrix
rp : Final element pressure load matrix
SZALEL : Final element thermal stress matrix

Output Arguments: None

Error Returns: None

Calling Sequence:

(AK, S, ANEL, FN, FT, FP, SZALEL)

Input Tapes: None

Output Tapes: None

Scratch Tapes: None

Storage Reguired: Total storage required is MF016 Bytes.
Subroutine User: PLUGZ

Subrcutines Required: HNone

Remarks: None
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Subrcutine Name: PLAS2D
Purpose: Non-functional
Equations and Procedures: None
Input Arguments: None

Output Arguments: None

Error Returns: None

Calling Sequence: None

Input Tapes: None

Output Tapes: None

Scratch Tapes: None

Storage Required: Total storage required is F616 Bytes.

Subroutine User: PLUG2
Subrocutines Required: None

Remarks: None
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Subroutine Name: PTEBF

Purpose: Generate flexure sub-element to geometric
axes transformation matrix

Equations and Procedures: The inverse of the desired
matrix is generated by direct assignment into a work
area. Inversion is performed to obtaln the final
transformation matrix.

Input Arguments:

TGSF : Not used

RL1

RL2 : Sub-element coordinates
RL3

IPRT : Intermediate element print indicator
L : Work storage

M : Work storage

U : Work storage

TT : Work storage

B : Work storage

BEFF : Work storage

BEO : Work storage

Output Arguments: None

TBF : Flexure sub-element to geometric
transformation matrix

Error Returns: None
Calling Sequence:

(TBF, TGSF, RL1, RL2, RL3, IPRT, L, M, U, TT,
B, BFF, BFO)

Input Tapes: None
OQutput Tapes: None
Scratch Tapes: None
Storage Required: Total storage required 1s CCClB Bytes.
Subroutine User: PLUGZ2
Subroutines Required:

MAB
MINV

Remarks: None
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subroutine Name: PLUG 6

Purpose: To form the element matrices for a triangular
cross section ring discrete element with applications
towards the analysis of thick walled and solid axisym-
metric structures of finite length. It may be used to
form the assembly of any axisymmetric structure taking
into account:

(1) Arbitrary axial variations in geometry

(2) Axial variation in orientation of material axes of
orthotropy

3) Radial and axial veriations in material properties

4) Any axisymmetric loading systems including préssure,

prestrain, prestress, and temperature :

The complete discrete element representation, consists of
the algebraic expressions for the following matrices:

Pressure load
Thermal load
Pre-strain load

5) Pre-stress load
Stress

Mass

Structural damping
Viscous damping

§ Stiffness

Fuan
o

O GO~ Oy

Equations and Procedures: The development of the complete
element representation arises from the Lagrangian (varia-
tional) equation

a(bl + i a¢)2 + 5‘133 + d 54)4

_ = 0
Od, o 9, S 4, at | D,
where
Q. =7 generalized displacement coordinates

¢, = total potential energy
structural damping dissipation energy

-
n
Il

viscous

= S
+— )
i Il

kinetiec energy
The subsequent development of the element matrices is then

provided in algebraic form to the coded program, which
follows the format:
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(1) The input data, used in forming the matrices, is
processed and organized for computation.

(2) By subroutine TRAIC, the coordinate transformation
matrices, and the table of integrals is formed. 1In
routine TRATE, the material properties matrices are
formed.

(3) Using the above mentioned matrices and integrals,

the program then generates, the stiffness,

pressure load, thermal load, stress, pre-strain,
pre-stress, mass, structural damping, and viscous
damping matrices, and the stress, thermal stress,
pre-strain, pre-stress, pre-strain load, and pre-
stress load vectors.

(4) After each significant matrix, vector, etc., is
formed, the program prints out the desired results.

Input Arguments:

TPL
NN
xC
vC
ZC
TEI,
PEL

Q$EL
Ip
NZRD
NR$EL
NG

NZDIRD
KK

KF

K$

KM
KD$
KDV
KN
IUiEL
EP$LEN
STOZER
MAT
EXTRA
NDIR

NDEG
IC@NT

Plug number

Number of node points

X - coordlnates of nodes points

Y - coordinates of node points

Z - coordinates of node points

Temperatures at the node points

Pregsures at the node points

Input displacements of the node points

Number of extra cards

Order of alement stiffness matrix

Number of rows in the stress matrix

Number of nodes

Node point numbers

Code for computation of element stiffness matrix
Code for computation of element thermal load

Code for computation cof element stress matrix
Code for computation of element mass matrix

Code for computation of structural damping matrix
Code for computation of viscous damping matrix
Code for computation of incremental damping matrix
Dummy

Pre-strain load vector

Pra-dtress load vector

Material properties matrix

Extra information (angles, estc.)

Number of directions of movement per grid point
Number of types of movement allowed per grid point
Code for use of grid point axes
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7.

10.

11.

Qutput Arguments:

NmRRE : Error return

N@TNK ' Number of elements in lower half matrices
AKELXP : Stiffness matrix

ANLET, : TIncremental stiffness matrix

FTXP +  Thermal load + pressure load matrix

$TR$XP : Stress matrix

T$ : Thermal stress matrix

XMA$XP : Mass matrix

DAMFV :  Viscous damping matrix

DAMP$ :  Structural damping matrix

N$EL . Number of elements in stress matrix

NMAS$ . Number of elements in mass matrix

NPiL . Number of elements in viscous damping matrix
NP$$ : Number of elements in structural damping matrix
GPAXE®I, : Grid point axes transformation

Error Returns
NERR No Error

Plug Number Incorrect

Number of Nodes Tncorrect

Number of Input Points Incorrect
Order of Matrix (nord) Incorrect

([T It
FWwD O

Culling Ssquence:

(IPL, NNg, XC, YC, #C, TEL, PEL, Q$FL, IP, N@GRD, NERR, NPINK,

AKELXP, ANLL, ITXP, $TR$XP Ti XMA%XP, DAMPV, DAMP$,
NR$EL, ING, NQDQRD, NMASS, NP$L, NP$$, N$EL, KK, KF, K$,
KM, KD$, KDV, KN, TU$EL, EP$L@N, $IGZER, MAT, EXTRA,
GPAXEL, NDIR, NDLG, IC@NT)

Input Tapes: None

Output Tapes: None
Scrateh Tapes: None
Storage:

AL ) SN T i) R
T

ALFBAR(H) FT(6) TRE$$(4,6 $(4) XMA$ é°1 DEM(L)
D$(21) Dv(21) AKEIXP (45) XMASXP (45) DSXP(45) DVXP 4y
XC(3) YC(3) #C(3) NODORD(3) X(3) Y (33 ;

Z(3) P$IMAT (6,4
PEL (6) QJFL(0) ANEL(6) TEMP2(6,6) IU$EL ( 6% LI$T 6)
TEL (12,3) EL (4,4) DAMP$(0) DAMPV(6) A(9,

ALI$TP (( FTXP(9) $TR$XP (4,9) P$LXP (9,&) P$$E )
MAT(1) AKELL é6,6 AKEL? (€,6) AMCURL (21) TEMP (6
TEMPL 22)4§MA $1 (6,6) TMG (2 2) AMCURL E (

)
21) AMBAR (2,2)

DZEERJ
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Subroutine User:

Subroutines Required:

ELTE$T
TRAITS
TIEPRT
TIMPRT
EXP$TX
T$TERT

Remarks:

TRAIF
TRAIM

TIKPRT
TRAT$T
TRAIFT

None

ELPLUG

TRAIK

TF$PRT
TFPPRT
PLOEPRT
TI$PRT
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EXPCEL
TRAI$
TRCPRT
MPRD

TETPRT
TRATC
TT$PRT
TPRD
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Subroutine Name: EXPCHL

Purpose: To generate a matrix ﬁﬂ , given a specific
input matrix [A] , for Plug 6.

The purpose of this operation is to impose the conditions
that flexure terms "v' are zero.

Equations and Procedures: The matrix terms are formed by
direct assignment.

Input Arguments: [A] :  Input Matrix

output Arguments: Bﬂ : Output Matrix

Error Returns: None
Calling Sequence: (A, B)
Input Tapes: None

Qutput Tapes: None

Scratch Tapes: None

Storage Required: Total Storage required 1s 16616 Bytes.

Subroutine User: PLUG 6

Qubroutines Required: None

Remarks: None
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10.
11.
12,
13.
14,

Subroutine Name: EXP$TX

Purpose: To generate a symmetric matrix Eﬂ s
given a specific input symmetric matrix Dﬂ s for
Plug 6. The purpose of this operation is to impose the
condition that flexure terms '"w!" are zero.

Equations and Procedures: The matrix terms are formed
by direct assignment.

Input Arguments: [A] : Input Matrix
Output Arguments: Dﬂ : Output Matrix
Error Returns: None

Calling Seqguence: (A, B)

Input Tapes: None

Qutput Tapes: None

scratch Tapes: None

Storage Required: Total Storage required is 20616 Bytes.
Subroutine User: Plug €
Subroutines Required: None

Remarks: None

378



LR

Subroutine Name: TRATC

Purpose: To generate coordinate transformation matrices
for triangular ring which vary with coordinates and
generate integrals for future use.

Equations and Procedures: The coordinate matrix [GAMABQJ
is formed by algebraic assignment. The table of inte-
grals, DELINT, is formed by algebraic methods using the
function subprogram AT.

Input Arguments: R,7Z: Coordinates of node points
WIPR: Print control

Qutput Arguments:

GAMARQ: Coordinate matrix
DELINT: Table of integrals
DCURL: Matrix transformation
ISING: Error return code

Evrror Returns: 1If GAMABQ cannot be generated due to
singular matrix then ISING 1s set to one.

Calling Sequence: (R, Z, GAMABQ, DELINT, DCURL, ISING,

WIPR)
Input Tapes: None
Output Tapes: None
Scratch Tapes: None

Storage Required: R{3), Z(Sg, CAMABQ (6,6&, DELINT (12),
DCURL (4,6), LL(6), MM(O)

Subroutine User: PLUGH
Subroutines Regquired: MINV, AT, TESTJ, TRCPRT

Remarks: None
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10.

11.

12,

13.
14,

Subroutine Name: TESTJ

Purpose:  To check DELINT (PLUG6) for any negative or
incorrect integrals; If any errors are noted, the
integrals are recomputed by an approximation method.

Equations and Procedures: The checks are performed by
loglcal if statements. The integral approximation is

JO[XPZQ dxdz =~ xP.3%.,

where

|
li

[ X] + X5 + X3] ;) 7 = % [Zl + 25+ 23]

[Xl(ZE—Z3) + Xp(2-20) + X3(21'22)]

ol ol

Input Arguments: DELINT (I) value of the 1 th integral
X: X coordinates
Z: 2 coordinates
WIPR: print control
Output Arguments: DELINT (I): recomputed integral
Error Returns: None
Calling Sequence: CALL TESTJ (DELINT, X, Z, WIPR)
Input Tapes: None
Output Tapes: None
Seratch Tapes: None

Storage Required:

DELINT (12), DLINT (12), X (1), Z (1), X0 (3), 20 (3),
DELTAX (1), DELTAZ (1), XHAT (1), ZHAT (1)

Subroutine User: TRATIC
Subroutine Required: None
Remarks: If the test necessitates recomputation, the new

integral values will be stored in the old locations, thus
destroying the originals.
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Subroutine Name: TRCPRT

Purpose:

To p

rint elements formed in TRAIC

Equations and Procedures: None

Input Arguments:

GAMABQ :
DELINT:
DCURL :

coordinate matrix
table of integrals

matrix of integrals

Output Arguments: None

Error Returns:

None

Calling Sequence: (GAMABQ, DELINT, DCURL)

Input Tapes:

Qutput Tapes:

Scratch Tapes:

None

None

None

Storage Required: Total Storage required is 32016 Bytes.

Subroutine User: PLUGHE

Subroutine Required: None

Remarks:

None
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Subroutine Name: TRATE
Purpose: Tc generate the transformed matrix of elastic
constants

Equaticns and Procedures: The routine

a Generates the transformaticn matrix
b Generates the elastic constants matrix
C Generates the transformed elastic constant matrix

Input Arguments:

ER, ETHETA, EZ : Moduli of elasticity (Young's)

VREZ, V@Z, VER : Poissons ratio

GRZ ¢ Modulus of rigidity

GAM : Angle between materiasl axes and
element axes

Ei : Work storage

Output Arguments:

TEJ : Transformation matrix
EM : Elastic constants matrix
B : Transformed elastic constant matrix

Error Returns: None
Calling Sequence:

(ER, ETHETA, EZ, VR@, V@Z, VZR, GRZ, CAM, TE@, EM, E,
El, WIPR)

Input Tapes: None

Output Tapes: None

Scratch Tapes: None

Storage Required:. Total Storage required is 60216 Bytes.
Subroutine User: PLUG6

Subroutines Required: MPRD, TPRD

Remarks: None
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1. Subroutine Name: TIEPRT

2. Purpose: To print matrices formed in TRAIE
3. Equations and Procedures: None
L, Input Arguments: TE@ : Transformation matrix
EM : Elastic constant matrix
E : Transformed elastic constant matrix
5. Output Arguments: HNone
6. Error Returns: None
7. Calling Seguence: (TE@, EM, E)
8. Input Tapes: None
9. Qutput Tapes: None
10. Scratch Tapes: Nene
il. Storage Required: Total Storage requlred is 291116 Bytes.
12, Subroutine User: PLUGH
13. Subroutines Required: None
1, Remarks: None
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Subroutine Name: TRATK

Purpose: Generate stiffness matrix for trianpgular ring
Equations and Procedures: The program uses the table of
intggrals to form the first intermediate matrix. This
matrix is then transformed to form the final stiffness
matrix,

Input Arguments:

GAMABQ: Transformaticn matrix

E : Transformed elastic constant matrix
DELINT: Table of integrals

WIFR : Print control

AKEL1l, AKELZ, ACURL: Work storage
Output Arguments: AKEL : Stiffness matrix
Error Returns: None

Calling Sequence: (GAMABQ, E, DELINT, AKEL, WIPR, AKELIL,
AKELZ2, ACURL)

Input Tapes: None
Output Tapes: None
Scratch Tapes: None
Storage Required:

GAMABQ é6,6), E(10), DELINT (12), AKEL (21), AKEL1l (6,6),
AKEL2 (6,6), ACURL(21)

Subroutine User: PLUGO
Subroutines Required: TPRD, MPRD

Remarks: None
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11.
12,

13.
4.

Subroutine Name:

Purpose:

TIKPRT

To display matrices generated in TRAIK

Equations and Procedures:

Input Arguments: AKEL
ACURL :

Qutput Arguments:

Error Returns:

Calling Seqguence:

Input Tapes:

Qutput Tapes:

Scratch Tapes:

None

None

None

None

None

None

Stiffness matrix
Intermediate stiffness matrix

(AKEL, ACURL)

Storage Required: Total Storage required 1s 1E816 Bytes.

subroutine User: PLUGH

Subroutines Required:

Remarks:

None
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Subroutine Name: TRAIFP

Purpose: To generate the pressure load vector for
triangular ring.

Equations and Procedures: The program
1. Generates necessary constants
2. Generates pressure load vector (non-transformed)

3.) Transforms pressure load vector

Input Arguments:

R,Z: Coordinates of node points

P Node point pressures

GAMABQ: Coordinate transformation matrix
WIPR: Print control

Output Arguments:

FCURLP: Non-transformed pressure load vector
TP Transformed pressure load vector

Error Returns: HNone

Calling Seguence;

(R, Z, P, GAMABQ, FP, WIPR, FCURLP)
Input Tapes: None

Output Tapes: None

Scrateh Tapes: None

Storage Required: R§3\,Z(3),P(3),GAMABQ(6,6),FP(6),
F(3), FCURLP(6Y, DELTA (6)

Subroutine User: PLUGH
Subroutines Reaguired: TPRD

Remarks: None
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Subroutine Name: TFPPRT

Purpose: To display the non-transformed and transformed

pressure load vectors.
Foguations: None
Input arguments:

FP: transformed pressure load vector
FPOURLP: non-transformed pressure load vector

Output arsuments: None

EBError returns: None

(lalling sequence: (FP, FCURLP)

Input Tapes: None

Output Tapes: None

Seratceh Tapes: None

Storage: Total Storage required is 1E816 Bytes
Subroutine User: PLUGH

Subroutines reguired: None

Remarks: None
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Subroutine Name: TRAIFT

Purpose: To generate a thermal load vector for a triangular
ring element

FEguations & Procedures: The input matrices are manipulated
by matrix algebra to form the thermal load vector.

Input arguments:

AT,FBAR: vector of coefficients of linear thermal expan-
sion

TMTZRC: base temperature

GAMARQ: transformation matrix

DCURL: matrix containing integral values

B transformed elastlc constant matrix

WIPR: print control

Output arguments:

FT: thermal lcad vector

Error returns: None

Calling sequence:

(ALFBAR, TMTZRO, GAMABQ, DCURL, E, FT, WIPR)
Input tapes: None

Output tapes: None

Scerateh tapes: None

Storage: ALFBAR(4), GAMABQ(6,6), DCURL(4,6), E(10), FT(6),
TEMP1 (4), TEMP2 (6), SAVE(4)

Subroutine User: PLUGH
Subroutines Used: MPRD, TPRD

Remarks: HNcne
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Subroutine Name: TFTPRT

Purpose: To display thermal load vector for triangular
ring element

Equations: TNone

Input arguments:

FT: thermal load vector
ALFBAR: coefficilents of linear expansion
TMTZR@: base temperature

O o (AT |

10.
lll

12.

13.

14,

Output arguments: None

Error Returns:

None

Calling Sequence: (FT,

Input Tapes: HNone
Output Tapes: None
Scratch Tapes: None

Storage Regulired:

Subroutine User: PLUGH

Subroutines Used: None

Remarks:

None

ALFBAR, TMTZRZ)

Total Storage requlred is 25016 Bytes.
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Subroutine Name: TRATIS

Purpose: To generate the stress matrix for triangular
ring element

Equations and Procedures: Given input constants, an
intermedlate matrix is formed, which is then multipliied
by the system matrices to form the final matrix

Input Arguments:

R, Z: coordinates of node points
GAMARQ: coordinate transformation matrix
E: elastic constant matrix

WIPR: print control

DZER#: work space

TEMP: node poilnt temperatures

Output Arguments: $TRE$S: stress matrix
Error returns: None

Calling sequence: (R, Z, GAMABQ, E, STRESS, WIPR, DZERO,
TEMP)

Input Tapes: None
Output Tapes: None

Scratch Tapes: None

Storage: R(3) Z(3), GAMABR(6,6), E(10), STRESS (4, 6) DZERF(L, 6
, ), ),

TEMP (4, 6)
Subroutine User: PLUGH
Subroutines Used: MPRD

Remarks: None
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Subroutine Name: TI$PRT

Purpose:

To display the stress matrix for a triangular

ring element

Foguations:

None

Trnput Arguments:

$TRESS: stress matrix

Output Arguments: None

Trror Returns: None

Calling Sequence: ($TRESS)

Input Tapes: None

Outout Tapes: None

Sceratch Tapes: None

Storage:

Total Storage required is lFCl6 Bytes.

Subroutine User: PLUGH

Subroutines Used: HNone

Eemarks:

None
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Subroutine Name: TRAIT$

Purpose: To generate thermal stress vector for a
triangular ring element

Equations and Procedures: The input matrices are combined,
using matrix algebra, to form the thermal stress vector.

Input Arguments:

E: elastlc constant matrix

ATFBAR: linear thermal expansion coefficients
TMTZR@: base temperature

WIPR: print control

Cutput Arguments:

T$: thermal stress matrix

Error Returns: None

Calling Sequence: (E, ALFBAR, TMTZR#, T$, WIPR)
Input Tapes: None

Output Tapes: None

Scratch Tapes: None

Storage:

E(10), ALFBAR (4), T$(4), SAVE(4)

Subroutine User: PLUGH

Subroutines Used: MPRD

Remarks: None
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Subroutine Name: TT$PRT

Purpose:

to display the thermal stress vector

triangular ring element

Equatlons:

None

Input Arguments:

T8: thermal stress vector

Qutput Arguments: None

Error Returns: None

Calling Sequence: (T$)

Input Tapes: None

output Tapes: None

Seratch Tapes: None

Storage:

Total Storage required is 10016 Bytes

Subroutine User: PLUGO

Subroutines Used: None

Remarks:

None
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Subroutine Name: TRAIM

Purpose: To generate a mass matrix for a triangular ring
element

FEquations and Procedures: The program

Generates a matrix [M] which is a function of the
mass coefficlents. _
(3) Generates a matrix [M] which is a function of [H]
and the table of integrals.
enerates the mass matrix [M] which is a function of
[% and the transformatlon matrix [GAMABQ] .
[M]= [camaBQ] T [M] [cAMARGQ]

glg Forms a transformation matrix [TMG]

Input Arguments:

AMASS1, AMASSZ2: mass coefficients

GAM: angle between material axes and element axes
GAMABG: coordinate transformation matrix

DELINT: table of integrals

WIPR: print control

XMASS1, TEMP, AMCRUL, TEMPl, AMBAR: storage

TMG: transformation matrix

Output Arguments:
XMASS: mass matrix
Lrror Return: None
Calling Sequence:

(AMASS1, AMASS2, GAM, GAMABQ, DELINT, XMA$$, WIPR, XMASSI,
TEMP, TMG, AMCURL, TEMP1, AMBAR)

Input Tapes: None
Cutput Tapes: None

Sceratch Tapes: None

Storage:

AMASS (2), GAMABQ (6,6) DELINT 12)

XMASS 21 XMASS1 { ; TEMP ), TMG(2 2), AMBAR(2,2),
TEMP1 ) AMCURL 21

Subroutine User: PLUGH
Subroutines Used: TPRD, MPRD

Remarks: None
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Subroutine Wame: TIMPRT

Purpose:
alement

Fauations:

To digplay the mass matrix of a triangular ring

None

Input Arguments:

KMASS:
AMCURL:

mass matrix

intermediate mass matrix

Output Arguments: None

Trror Returns:

falling Sequence:

Output Tapes:

Output Tapes:

Serateh Tapes:

Storage:

Total Storage required 1s lE816 Bytes.

None

None
None

None

Subroutine User: PLUGH

Subroutines 1Ised: None

Remarks:

None

(XMA$$, AMCURL)
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Subroutine Name: TRAIFS$

Purpose : To generate pre-strain load vector for a
triangular ring element.

Equations and Procedures: The routine uses the inputed
matrices and combines these to form the pre-strain load
vector.

Input Arguments:

EPSLAN Input pre-strain values
GAMARG: Transformation matrix
DCURL: Integral matrix

JoF Elastic constant matrix
WIPR: Print control

TEMP: Dummy storage

TEMPL,

TEMP2: Durmy storage

P$TMAT Dummy storage

Output Arguments:

F$: Pre-strain load vector
Error Returns: None
Calling Sequence:

(EPSLAN, GAMABQ, DCURL, E, F$, WIPR, TEMP, TEMP1, TEMP2,
P$IMAT)

Input Tapes: None
Output Tapes: None
Scratch Tapes: None
Storage Required:

EPSLON (4),GAMABQ (6,6%,DCURL (4,6), E(10), FS(6), TEMP(1),
TEMP1 (1), TEMP2 (6,4), PSLMAT(6,4)

Subroutine User: PLUGS
Subroutines Required: MPRD, TPRD

Remarks: None
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1. Subroutine Name: TF$PRT

Purpose: Display pre-strain load vector for triangular
ring

. IEguations: None
. Tnput arguments: F$: pre-strain load vector

5. Output arguments: None

3

!

5

6. Error returns: None
7. Calling sequence: (F$)

8. Input tapes: DNone

9, Output Tapes: None

10. Scratch tapes: None

11. Storage reguired: Total Storage required 1s 10016 Bytes.
12. Subroutine user: PLUG6

13. Subroutines required: None

14. Remarks: None

397



10.

11.

12.

13.

14,

Subroutine Name: TRAI$T

Purpose: To generate the pre-stress load vector for a
triangular ring element

Fouations & Procedures: The input matrices are combined
by matrix manipulations to form the pre-stress load vector.

Input arguments:

$IGZER: column of pre-stresses
GAMABQ : transformation matrix
DCURL: Integral value matrix
WIFR: print control

Output arguments:

F$T: pre-stress load vector
Error Returns: None

Calling sequence:

(3IGZER, GAMABQ, DCURL, F$T, WIPR)
Input tapes: None

Output tapes: None

Scratch tapes: None

Storage Reqguired:
$IGZER(4),GAMABQ(6,6),DCURL(M,6),F$T(6),TEMP(6)
Subroutine User: PLUGH
Subroutines reguired: TPRD

Remarks: None
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10.

qubroutine Name: T$TPRT

Purpose:

Disply pre-stress load vector for triangular

ring element

Fouations:

None

Tnput arguments: F$T

output arguments: None

Error returns:

None

falling Sequence: (F$T)

Input tapes:

Output tapes:

Scratch tapes:

Storage:

Total Storage required is 10016 Bytes.

None
None

None

cubroutine User: PLUGH

anbroutines used: None

Remarks:

None
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Subroutine Name: PL6PRT

Purpose: To display structural damping, viscous damping,
pre-strain and pre-stress matrices for a triangular ring
element

Equations: None

Input Arguments:

D$XP: structural damping vector

DVXP: viscous matrix

El: pre-stress multiplier matrix

PSIMAT: pre-strain multiplier matrix

Cutput Arguments: None

Error Returns: None

Calling Sequence: (D$XP, DVXP, El, P$LMAT)

Input Tapes: HNone

Output Tapes: None

Scratch Tapes: None

Storage: D$XP(45),DVXP(&5),E1(4,4),P$LMAT(&,4)
Subroutine User: PLUGH

Subroutines Used: None

Remarks: None
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Subroutine Name: PLUG 5

Purpose: To form the element matrices for a doubly curved
ring (toroidal ring) discrete element. This ring configura-
tion, defined by an arbitrary section of revolution of a
complete right circular toroidal shell, enables smoothly
continuous idealization of general axisymmetric thin shell
problems.

The matrices which are formed are:

1 Stiffness matrix

2 Stress matrix

3) Thermal load matrix + pressure load matrix
(4 Thermal stress matrix

Equations and Procedures: There are two cases treated for
this type of element. They are:

(1) The angles of the interior and exterior membranes are
not equal (Toroidal section)

(2) The angles of the intericr and exterior membranes are
equal. (Conic section).

In the second case, the interior angle is increased by a
factor of .50° sc that they can be treated as iIn case one,
A special case arises for the degenerate situation where
the two angles equal 90°. In this case a different path
is followed.

A varistiocnal (Lagrangian) approach is teken in formulating
the discrete element representation. On account of this, it
has been found necessary to use numerical integration
techniques, namely the Romberg technique and the numerical
quadrature technique.

The sequence of procedures is as follows:

(1) The first general part of the routine processes input
information, forming constants to be used in calcula-
tions. Also, several constants are extracted from
the inputed material and extra matrices.

(2) After testing as to the relative values of the membrane
angies (i.e. equal or not), the program selects the
correct path to take in forming the integrals used in
later calculations, Either the Romberg or Numerical
Quadrature methods are used to evaluate the integrals.

(3) Using the integrals and the program constants, the
program forms several intermediate element matrices.
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&) By several matrix operations (multiplications,
transformations, etc.), the stiffness matrix, AKEL,
is formed.

(5) In like manners, the program forms the thermal load
(FTEL) matrix, the pressure load (FPEL) matrix, the
combined thermal and pressure load (TPEL) matrix, the
stress ($EL) matrix, and the thermal stress (T$EL)
matrix.

(6) After all the calculations are completed, the program
calls a subroutine to print all the matrices.

Input Arguments:

1PL: Plug Number

NN¢ : Number of node points

R: % - ccordinates of nodes

Y: Y - coordinates of nodes

A Z - coordinates of nodes

TEMP: Node point temperatures

P: Node point pressures

Qb Node point i puted displacements

IP: Number of extra cards

KK: Code for Computation of element stiffness matrix
KH: Code for computation of element thermal load

K$: Code for computation of element stress matrix

KM: Code for computation of element mass matrix

KN Code for computation of element incremental matrix
KD$ - Code for computation of element structural damping
KDv: Code for computation cf element viscous damping
N@RD: Crder of element stiffness matrix

MAT : Material properties table

EXTRA: Specific element information

NDIR: Number of directions for each grid point

NDEG: Numbar of types of movement allowed
TUSEL: Dummy

EP%LQN: Pre-strain load vector

$a: Pre-stresses

INNg: Number of nodes

IC@NT: Code for use of grid point axes

NR: Number of rows in stress matrix
N@DE$: Node point numbers
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O
9.
10.

11i.

Output Arguments:

NERE: Error return

NATNK : Number of elements in lower half matrices
AKBL: Stiffness matrix

ANEL: Incremental matrix

1'PEL; Thermal load + pressure load matrix
HRI: Stress matrix

T$EL: Thermal stress matrix

AMAS$S:  Mass matrix

DAMPV : Visccous damping matrix

DAMP$:  Structural damping matrix

N$E: Number of elements in stress matrix
NMAGS ¢ Number of elements in mass matrix

NDAMPY: Number of elements in viscous damping matrix
NDAMP$: Number of elements in structural demping matrix
GPAXEL: (rid point axes transformation matrix

Ihrror Returns:
NERR No error

Plug number incorrect
Number of nodes incorrect

Number of input points incorrect
Order of matrix (nord) incorrect

o

By SUEAVE R

Calling Ssquence:

(tr., WNg, R, ¥, %, TEMP, P, Q$, IP, N@RD, NERR, N@JINK,
AKET, ANEL, TPEL, $EL, T$EL, AMA$$, DAMPV, DAMP$, NR,
INWg, NgDES, NMA$S, NDMPV, NDMP$, N$EL, KI, KF, K$, KM,
KDd, KDV, KN, IU$EL, EPSL@N, $@ MAT, EXTRA, GPAXEFL,
NEBIR, NDEG, ICENT)

fnput lapes: None

Output Tapes: Nona

Serateh Tapes: None

Sterage Reguired:

T(El% W(10,18) W1(18,18) R(2) Y(2) B(2) P(2) TEMP (12,3)
N@DES (L) w2 (18,18) w3 (18,18) TAKEL (18,18) AKEL(171)
GAMM (10,18) XT(6,12) Yi(6,12) X(6) B(10,18) D(10,10)

BT, 18,12 GAM(10,18) FMEZ (10,2) FMEL (10,2) FFEQ(10,2)
FFEL (10,2) B(2,2) AIK(2,2) AJK (2,2) ETg (2,1) ET1(2,1)
ALTE (2,1) ALTY (2,1) V1 (18,2) v2 (18,2) v3 (18,1) Vvi(18,1)
V5 (18,1) V6 (18.1) FPEL (18) FPcQ (10,1) TPEL (18) $EL
(15,18) XXI (3) EXTRA(1) $CURL (15,10) T$SEL (15) TELl (2,1)
TE2 (2,1) EML {2,1) EM2 (2,1) EP$LZN (1) $4 (1) MAT(1)
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13.

14.

Subroutine User: ELPLUG
Subroutines Required:

F4, F5, F6, ELTE$T, MPRD, GAMMAT, $CRLM, BMATRX, TPRD,
FCURL, $JLVE, DMATRX, M$TR, PLMX, PRINTS

Remarks: None
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The

Subroutine Name: METR
Purpose: To change the storage mode of a matrix.
Equations and Procedures: MSTR will perform the operation
on the right when MSA and MSR are equal to
MSR PROCEDURE
0 [A] 1is moved to [R]
1 The upper triangle elements of a general matrix
are used to form a symmetric matrix
2 The diagonal element of a general matrix are used
to form a diagonal matrix
0 A symmetric matrix is expanded to form a
general matrix
1 Pﬂ is mcved to Bﬂ
2 The diagonal elements of a symmetric matrix are
used to form a diagonal matrix
0 A diagonal matrix is expanded to form a general
matrix
1 A diagonal matrix is expanded toc form a symmetric
matrix
2 Bﬂ is moved to Eﬂ
codes for MZA and MZR stand for
General matrix form
Symmetric matrix form
Diagonal matrix form
ITnput Arguments:
[A] Input matrix
N Number of rows and columns in[g] and ﬁﬂ
MEA  Code designating storage mode of [A]
MZR Code designating storage mode of Eﬂ
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10.
11.
12.
13.
14 .

Qutput Arguments:

Eﬂ : OQutput matrix.

Error Returns: None

Calling Sequence: (A, R, N, M, £ A, M & R)

Input Tapes: None

Output Tapes: None

Scratch Tapes: None

Storage Require . Total Storage required is 29016 Bytes.

Subroutine User: PLUG 5

Subroutines Required: L @C

Remarks:

Matrix [A]may not be in the same storage as [R] .
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13.
14,

Subroutine Name: R@MBER
Purpose: To integrate f (x) from x = a to x = b.

Fquations and Procedures: The precision of large numbers
in terms of number of significant digits and the accuracy
of small numbers in terms of number of significant digits
is measured. The subroutine terminates when either of
these conditions is met.

Tnput Arguments:

A Lower 1imit

13: Upper 1limit

NZSTG: Number of correct significant digits
(not more than T7)

NUM: maximum number of halvings of (a,b)

to be made (not more than 99)

K@DE.: controls the form of the print-out

FUNCT: function of X - F4, F5, F6

X variable of integration

Output Arguments:

TITDENE: number of iterations

FINTG : value of the integral

PRECTIS : actual number of significant digits
gattained

Frror Returns: None

Calling Sequence: (A, B, N@SIG, PRECIS, NUM, ITD@ENE,
FINTG, K@DE, FUNCT, X)

Input Tapes: None

Output Tapes: None

Scratch Tapes: None

Storage Required:

Total Storage required is 74216 Bytes.
Subroutine User: PLUGH

Subroutines Requireda: FUNCT

Remarks: None
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Subroutine Name: Y4

Purpose: To set up a function to;be used by ROMBER
in the computation of 1, one of the six
basic integrals used in” PLUGH.

Equations and Procedures:
2

Fh = (xy) %671 sIv® (x;,) /DEN
where

DEN = X3 - X5 X5 + X2 X5 Cos (Xi)+ Xp Xy SIN (Xl)
Input Argument: L: array containing integration arguments

Output Arguments: F4: functional value

Error Returns: None

Calling Sequence:  FY4 (X)

Input Tapes: None

Output Tapes: None

Scratch Tapes: None

Storage Required: Total Storage required is 25616 Bytes.
Subroutine User: RIMBER

Subroutines Required: SIN, c@s

Remarks: None
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13.

14 .

Subroutine Name: FH
Purpose: To set up a function to be used by RIMBER in
the computation of -i g, one of the six basic integrals
used in PLUG 5.
Equations and Procedures:
X-=-1 .
F5 = (Xl) 6 " 2 sin (x;) cos(xl)/DEN
where

DEN = x3— Xo Xg t X, Xg COS (%) + %5 %y sin (xq)

Input Arguments:

X: array containing integration arguments
Output Arguments: F5 - functional value
Error Returns: None
Calling Seguence: F5(X)

Input Tapes: None

Qutput Tapes: None

Scratch Tapes: None

Storage Required: Total Storage required 1s 28216 Bytes.
Subroutine User: RZMBER

Subroutines Required: SIN, Cgs

Remarks: None
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Subroutine Name: F6

Purpose: To set up a function to be used by RPIMBER

in the computation of i%, one of the six basic integrals
used in PLUGS

Equations and Procedures:

F6 = CONST - Cos (X,)/DEN
where
DEN = Xy=XpXg + XoXg Cos (xl) - X5 %), sin (Xl}
CONST=
Xp=1
(Xl) 6 s Xg 1

Input Arguments:
X: array containing integration arguments
Qutput Arguments:
F6: functional value
Error Returns: None
talling Sequence: F6(X)
Input Tapes: None
Output Tapes: None
Seratech Tapes: None
Storage Reguired Total Storage required is 25616 Bytes.
Subroutine User: REMBER
Subroutines Required: HNone

Remarks: None
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Subroutine Name: QUADT

Purvose: To evaluate integrals by an enclosed quadrature
formula

Equations and Procedures:

Given the integrals of the form

] 3]
id - j’ £ g
2 X ry +§cosal

when it is true that

5 Con o
B S |

!
it follows that Ml m-1

. J+1 J+1 (-1) s cog X

iJ A E —_— —1
2 o
ry m=1 J+m ry
where En is the error term.
The formula converges when
m
iE i < _ 1 hE] CO..:nokl
nl — Jim+l r
1
Input Arguments:
R1: Change in coordinates (distance)
S Upper bound of integration
Nt Number of integral (N = j + 1) S Cos
CTRM: Criteria for convergence CIRM = o bosHy
r
1

Output Arguments:
®T: Value of approximation

Frror Returns: TIf the gquadrature doesn't converge after
1000 iterations, the program terminates.

Calling Sequence:

CATLI, QUADT (R1l, S, N, CTRM, XI)
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Input Tapes: None

Qutput Tapes: None

Scratch Tapes: None

Storage Required:

Subroutine User:

Total Storage requlred is 3C816 Bytes.

PLUGS

Subroutines Required: None

Remarks: None
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Subroutine Name: BMATRX

Purpose: To generate a matrix [}ﬂ , glven specific input,
for PLUGH

Equations and Procedures: The routine forms the terms of
the matrix by direct asslignment

Input Arguments:

S: Variable used to form terms of matrix
Output Arguments

B: completed transformation matrix

Error Returns: None

Calling Sequence: (B, $)

Input Tapes: None

Output Tapes: None

Scratch Tapes: HNone

Storage Reguireu. Total Storage required 1s 39816 Bytes.
Subroutine User: PLUGH

Subroutines Required: None

Remarks: Typical Element

B(6, 9) = -1.0/2.0 ¥ 5 ¥ § * 8)
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Subroutine Name: DMATRIX

Purpose: To generate g matrix ﬁﬂ , for Plug 5, given
specific input.

Equations and Procedures: The routine forms the terms of
the matrix by direct algebraic assignment

Input Arguments:

Vv \
C

CA
CA2 & tAll variables used to form
VA the terms

DM
DB
YT

/

Output Arguments:
Dﬂ : Completed Matrix

Error Returns: None
Calling Sequence

(D, Vv, C, CA, CA2, VA, DM, DB, YI)
Input Tapes: None
Output Tapes: None
Scratch Tapes: None
Storage Required: Total Storage required is BA6,. Bytes.
Subroutine User: Plug 5
Subroutines Required: None
Remarks: Typlcal Element
D(3,2) = DB * (2.*V*YI (4, 1) - 2.% YI(6,2) + D(4,1))
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Subroutine Name: GAMMAT

Purpose: To generate a matrix [@AMM],given another matrix

Eguations and Procedures: The routine rearranges the rows
of the input matrix to form the output matrix.

Input Arguments:
B: TInput Matrix
Output Arguments:

GAMM: Cutput Matrix
Error Returns: HNone
Calling Seguence: (GAMM, B)
Tnput Tapes: None
Output Tapes: None

Scratch Tapes: None

Storage Requlred: Total Storage requilred is 1AA16 Bytes.

Subroutine User: PLUGH
Subroutines Required: None
Remarks:

Typical Element GAMM (4, 3)
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10.

11.

12,

13.
14,

Subroutine Name: FCURL

Purpose: To generate 4 matrices, [FMEZ] ,[FME1l] , [FFEZ] ,
and [FFE1] , given specific input, for Plug 5

Equations and Procedures: The routine forms the terms
of the matrices by direct algebraic assignment.

Input Arguments:

YT .varliables used to form
S "the terms of the matrices.
LAM1

Output Arguments:

FME@
FMEL

FFES + output matrices

FFE1

Error Returns: None

Calling Sequence: (FMEg, FME1l, FFE@, FFEL, YI, $, LAM1)
Input Tapes: None

Output Tapes: None

Scratch Tapes: None

Storage Required:

FMEZ(10,2), FFEgZ(10,2), FME1(10,2), FFE1(10,2), YI(6,12)
Subroutine User: PLUGH

Subroutines Requlred: None

Remarks: Typical Element
FMEL1(4,2) = $1 * YI(4,5)
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Subroutine Name: PLMX

Purpose ! to generate a matrix [FPCQ:], given specific
input for Plug 5.

Equations and Procedures: The routine forms the terms of
the matrix by direct algebraic assignment.

Input Arguments:

YT
CANATL . Variables used to form
C@NgT2 * the terms of the matrix
Pi

Output Arguments:
FPCQ Jutput Matrix
Error Returns: None
Calling Sequence: (FPCQ, YI, C@NZT1l, C@NET2, P1)
Input Tapes: None
Output Tapes: None
Scratch Tapes: None
Storage Requlred:
Total Storage required 1s 22816 Bytes.
Subroutine User
PLUG 5
Subroutines Required: None

Remarks: Typical Element

FPCQ {6,1) = CONZT1 * (P1 * YI (1,2) - CONgT2 * YI(1,3))
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Subroutine Name: SCRIM

Purpose: To generate a matrix [$CURL] s Elven specific
input, for PLUGH

Equations and Procedures: This routine forms the terms
of the matrix by direct algebraic assignment.

Input Arguments:
XXT:
E:
H: Variables used to form the terms of the matrix
CONT :
R?:
ATF] .
R1l:
TAMI :
Output Arguments:
SCURL ¢ output element stress matrix
Error Returns: None
Calling Sequence:
($CURL, XXI, E, H, CGNT, RP, ALF1l, R1, LAMI1)
Input Tapes: None
OQutput Tapes: None
Scratch Tapes: TNone
Storage Required:
Total Storage required is 9F816 Bytes.
Subroutine User: PLUGH
Subroutines Required: None
Remarks:

Typical Element
$CURL(4,8) = $CURL(4,6) * 3.0 * XX2 - E(1,2) * 6.0 * XX1
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subroutine Name: $PLVE
Purpose: 'f'o solve for lambdas as functions of XI.
i.e. A = f (XI)

Equations and Procedures: The routine uses algebraic
techniques to arrive at a solution,

eg. )
XTI )
TAMZ = | Cos (ALl + RFP
RI-RP* (SIN (Al) + SIN AL + XTI}
RP
where Al, RL, RF are constants

L.AM3 and LAMY are similar

Input Arguments: Al
R1 :Variables used for calculation
RP( of the lambdas
XTI

cutput Arguments: LAMZ
LAM3 ): Output values
LAMI

Error Returns: None

Calling Sequence: (AL, Rl, RP, XI, LAM2, LAM3, LAMY, C@NT)

Input 'lapes: None
output Tapes: None
Scratch Tapes: None

Storage Required: Total Storage required 1is 33”16 Bytes.
Subroutine User: PLUG 5

subroutines Required: None

Remarks: Nohe
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Subroutine Name: PRINT5S

Purpose: To print, as output, the intermediate matrices
and single valued variables, generated in Plug 5,

Equations and Procedures: The routine contains the proper
write and format statements.

Input Arguments: All the variables to be printed.
(See calling sequence)

Output Arguments: None

Error Returns: None

Calling Sequence: (C, DM, DB, PHIB, RP, §$, BB, RT, P$I11,
P$I12, Ccg$l, $IN1, XI, YI, B, D, W, Wl, H, ALF2, ALF1l, W3,
Rl, Re, 21, #2, EP, ET, VPT, AXI, ABETA, TlI, T1d, T21I,
Te@, LAML, AIK, AJK, ET@, ET1, ALT@, ALT1, E, FMEZ, FME1,
FFE@, FFEl, FTEL, Pl, P2, CON$TL, CgN$T2, FPCQ, FPEL,
$CURL)

Input Tapes: None

Qutput Tapes: None

Scratch Tapes: None

Storage Required: W(10,18) W1(18,18) XI(6,12), YI(6,12),
B(10,18) D(10,10} FTEL(18

,1), FMEZ (10,2), FME1{10,2),
FFEF(10,2) FFE1{10,2) E(2,2), ATK(2,2), AJK 2,2) ET@(2,1
BT1(2,1), ALT#(2,1), ALT1(2,1), FPEL(18) FPCQ 10,1) w(18,18),
$CURL(15,10)

Subroutine User: PLUG 5

Subroutines Required: None

Remarks: None
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Subroutine Name: PLUG 14

Purpose: To compute the element stiffness, stress and
diagonal mass matrix.

Equations and Procedures: The routine first generates the
transformation matrix, PH, and prints it out (using P14PRT)
if option is in effect. It then calculates the stress matrix
depending on input code KI # 2. It now calculates the stiff-
ness matrix, transforms it to system coordinates using MULTF,
and expands it using PgYF. If KI = 2, the routine will then
calculate the lumped mass matrix and expand it using P@@F.

Input Arguments:

TPL: Plug Number (must equal 14)

NNg Number of node points (must equal 4)

X,Y,Z: Three vectors of length four each having the X,Y,Z
coordinates of the 4 node points.

NZRD: Order of stiffness and mass matrix (must equal 24)
KTI: Selective calculation code
MAT: Material properties array

MAT (2) = E - Young's Modulus

MAT (%) = u - Poisson Ratio

MAT (22) = DENSM - mass density
MAT (23) = C@NT - print control
EXTRA: Extra input array (EXTRA (1) = T = thickness)

Output Arguments:

NERR: Error return coeds

NZINK: Number of elements in symmetric stiffness matrix
(equals 300)

AKELXP: Singly subscripted array of element stiffness matrix
(symmetric lower half by rows)

SELXP: Singly subscripted array of element stress matrix
of gize 1 x 24

AMASS: Singly subscripted array of element mass matrix
(symmetric lower half by rows)

NRSEL: Number of rows in stress matrix (equals 1)
NMASS: Number of elements in symmetric mass matrix (equals
300)

NSELXP: Number of elements in stress matrix (equals 24)
TSELXP: Thermal stress vector of length 1 1s set to zero.
TPELXP: Applied load vector of length 2t is set to zero.

Error Returns: If NERR # O then error was detected in input
arguments. (See ELPLUG)

Calling Sequence:
(IPL, NN@g, X,Y,Z, TEMP, P, Q5, IP, N@RD, N@ZINK, AKELXP, ANEL,
TPELXP, SELXP, TSELXP, AMASS, NDMPV, NDMPS, NSELXP, KI, KF,

KS, KM, KDS, KDV, KN, IUSEL, EPSI®, S¢, MAT, EXTRA, GPAXEL,
NDIR, NDEG, IC@NT)
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8. Input Tapes: None
9. Output Tapes: None
10. Scratch Tapes: None

11: Storage Required: 505 decimal locations of work storage used
from unlabeled common block.

12; Subroutine User: ELPLUG
13: Subroutines Required:
ELTEST, PL4PRT, MULTF, P@@F

14: Remarks: All arguments in calling sequence not defined were
not used in subroutine.
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Subroutine Name: MULTF

Purpose: To preform the matrix multiplication B transpose
times A times B, where A is a symmetric matrix and B is a
rectangular matrix.

Hquations and Procedures:

¢ = B (transpose} * A x B

The routine first generates the product of a row of B
transpose times each column of A and stores this in a
temporary storage V. It then multiplies V times the appro-
priate columns of B to generate the corresponding row of C.

Input Arguments:

A The symmetric input matrix doubly dimensioned 8x8
with only symmetric lower half needed.

NA: Order of A must be less than 9.

B The rectangular input matrix doubly dimensioned
8x12 with size NA x NBC

NBC: Number of columns of B (less than 12)

V: A work storage vector of length NA.

Output Arguments:

C: The results of the multiplication, doubly dimensioned
12x12 with only symmetric¢ lower half returned. Size
is NBC x NBC.

Error Returns: DNone

Calling Sequence:

(A, NA, B, NBC, V, ()

Input Tapes: None

Output Tapes: None

Sceratch Tapes: None

Storage Required: Total Storage required 1is 35016 Bytes.

Subroutine User: PLUG 14

Subroutines Require; None

Remarks: None
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Subroutine Name: FOOF

Furpose: Expand element stiffness matrix (lower symmetric
by rows or upper symmetric by col) and element thermal

load vector and add the components Into the expanded matrix
and vector in their appropriate positions.

Procedure: Using the decoding vector determine the locations
of the components of the element stiffness matrix in the

new expanded {assembled stiffness) matrix and add these

old element components 1Into their new positions. The same
procedure 1s used for the thermal load vector.

Input Arguments:

LIST - decoding vector consisting of NORD components
the subscript of each component gives the old
(element) row or column and the component
itself gives the row or column in the new
expanded matrix.

NORD - order of o0ld element stiffness matrix (AKEL)
also length of old thermal load vector (FTEL).

AKEL - 0ld element stiffness matrix [@pper symmetric
by col{]

FTEL - 0ld thermal load vector.

Qutput Arguments:

AR - expanded stiffness matrix [gpper symmetric
by cols]

FCOL - expanded thermal lcad vector.

Error Returns: None

Calling Sequence:

(LIST,NORD,AKEL,FTEL,AK,FCOL)

Input Tapes: None
Output Tapes: None
scerateh Tapes: None

Storage Required: Total Storage required is 30016 Bytes.

Subroutine Users: PLUGS
Subroutines Required: None
Remarks: None
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Subroutine Name: PLAU4PRT

Purpose: To print out on the system output unit the vari-

ables in the input argument list.
Equations and Procedures:

Input Arguments:

Di2: variable printed out and labled L1Z2
D15: n n t It " L15
D35: 1t 1} " n A} L35
ALX: n 1 i n T LA_M}(
AIJY: f It " tt LA LAMY
ALZ: t 1L 1" ) " LAMZ
PX: " 1t n " 1" PSIX
PY: 1t n " " T PSIY
Pz: 1t i I 1 it PSIZ
XPY: n n I 1t it XPq
YP4: n 1" " n n YPLI»
PH: An 8 x 12 matrix printed out and labled ELEMENT

TRANSFORMATION MATRIX
Output Arguments: None
Error Returns: None

Calling Sequence:

(D12, D15, D35, ALX, ALY, ALZ, PX, PY, Pg, XP4, YP4, PH)

Input Tapes: None
Output Tapes: None

Scratch Tapes: None

Storage Required: Total Storage required 1s 41816 Bytes.

Subroutine User: PLUG 14
Subroutines Required: None

Remarks: None
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Subroutine Name: PLUGS

Purpose: Generate element matrices for the trapezoidal
ring element,

Equations and Procedures:

a) Call subroutine ELTEST to verify input control values.

b) Initlalize material properties, node point pressures,
geometric constants and integration constants.

¢) Call subroutine SUBINT to calculate other integrals.

d) Define transformation matrix to transform to displacement
degrees of freedom.

e) Generate mechanical property matrix, thermal coefficient
matrix, stiffrness matriz and thermal load matrix.

) Call subroutine POOF to calculate pressure load vector.

g) Call subroutine ERIC to inflate stiffness matrix and
element thermal load vector.

h) Generate stress matrix and thermal stress.

i) Call PBMASS to generate element mass matrices.

J) Print debug print if requested.

Input Arguments:

IPL - internal element 1dentification number (8)

NNO - number of element defining points (4)

XC - coordinates of element defining points

¥C - coordinates of element defining points

ZC - coordinates of element defining points

TPS - temperatures at element defining pcints

PVP - pressures at element defining points

QS - input displacements at element defining points
(not used)

IpP - not used

NORD - total element degrees of freedom (12)

K1 - number of storages required for element stiffness
matrix {(NORD¥ (NCED + 1}/2)

TNNO - not used

NL - array contalning grid point numbers of element
defining polnts

KK - suppression control for element stiffness matrix

KAF - suppression control for element thermal and
pressure load matrices

KS - suppression control for element stress matrix

KTS - suppression control for element thermal stress matrix

KAM - suppression contrc: for element mass matrix

KBS - suppression control for structural damping matrix

KDV - suppression control for structural viscous matrix

KSHN - suppression control for element incremental
stiffrness matrix

IUMEL - not used

EPSIO - input pre-strains
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10.

11.

Input Arguments, Contd:

SO - input pre-stresses
MAT - input temperature interpolated material properties
EXTRA - special element input
GPAXEL - grid point axes transformation matrices (not used)
NDIR - number of directions of element defining
points (3)
NDEG - number of solutlon degrees of freedom
(l-translation)
ICONT - grid points axes indicator

Qutput Arguments:

NERR - error indicator

2K - element stiffness matrix

ANELZ - element incremental stiffness matrix

XT - element thermal and pressure load matrix

SEL - element stress matrix

SZALEL - element thermal stress matrix

AMASS - element mass matrix

DAMPV - element viscous damping matrix

DAMPS - element structural damping matrix

NRSEL - number of rows 1in element stress and thermal
stress matrices

NMASS - number of storage required for element mass matrix

NDMPV - number of storages reguired for element viscous
damping matrix

NDMPS - numtber of storages required for element
structural damping matrix

HSEL - number of storages required for element stress
matrix

Error Returns:

If no error, then NERR 1s set to zero
If TPL # 28, then NERR is set to one
If NNO # 4, then NERR is set to two
If NCRD # 12, then NERR is set to four.

Calling Sequence:
Call PLUGB(IPL,NNO,XC,YC,ZC,TPS,PVP,QS,IP,NORD,NERR,K1,ZK,

ANEL3,XT,SEL,SZALEL,AMASS ,DAMPV ,DAMPS , NRSEL, INNO,
NL,EPSIO0,SC,MAT, EXTRA,GPAXEL,NDIR,NDEG, ICONT)

Input Tapes: None

Qutput Tapes: Nonhe

Scratch Tapes: None

Storage Required: Total Storage required is 588El6 Bytes.
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12.

13.

14.

Subroutine User: ELPLUG
Subroutlnes Requlred:

ELTEST, SYMPRT ,LOC , ELTEST ,MPRD , TPRD,MSTR, SUBINT , ZMRD , ZTRD,
KMPY ,ERIC,POOF,P8MASS

Remarks: None
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10.

11.

Subroutine Name: P8MASS
Purpose: To generate element mass matrix for PLUGE.

Equations and Procedures: The (8x8) reduced mass matrix
AMEL3 1s formed in terms of the 1ntegration constants.
Then the transformation to displacement degrees of freedom
ls performed. The matrix is then expanded to order
{NORDxNORD) by subrocutine POOF.

Input Arguments:

DENSM - element mass density vector (first element)

HH - transformation to displacement degrees of
freedcm

NORD - order of mass matrix (= 12)

NMASS - number of elements in mass matrix ( = 78)

I10 - I32 - Integration constants for rectangular cross

section ring

CHH - working storage (64)

SH - working storage (64)

LIST - code list for transforming system reduced
degrees of freedom to system expanded degrees
of freedom

AMASS - work storage (36)

Output Arguments:

AMASE - resultant mass matrix (symmetric 12 x 12)
AMEL3 - order 8 MASS matrix before transformation
and expansion to order 12

Error Returns: None
Calling Sequence:

Call PBMASS(DENSM,HH,AMASE,NORD,NMASS,I10,I11,I12,I20,I21,
I22,130,131,I132,CHH,SH,AMEL3,LIST,AMASS)

Input Tapes: None
Output Tapes: None
Scratch Tapes: None

Storage Required:

Total Storage requlired is 6C2  Bytes.
16
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12.

13.

14,

Subroutine User: PLUGS
Subroutines Required:
MPRD

TPRD

MSTR

POOF

Remarks: None
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10.

11.

Subroutine Name: SUBINT

Purpose: Solve integral used in integration constants
for PLUGB element matrix definitions.

Equaticons and Procedures:
Q
Z

H=ﬂ" DR DZ

Solve for H given R, Z and Q for values of 0, 1 and 2. The

R and Z values are coordinates of a trapezold area. The area
is divided into two triangles (4 and B). The centroid and
area of each triangle is found

(Ry» Z,s Ry Zg) (Ay, Ap)
A - B -
Ra Rp
H=H, + Hy
Input Arguments:
R - variable (double precision) array
Z - variable (double preclsion) array
Q - integer (exponent)
Qutput Arguments:
H - value of integral (dcuble precision)
Error Returns: None
Calling Sequence:
Cail SUBINT(R,Z,Q,H)
Input Tapes: None
Output Tapes: None
Scratch Tapes: None
Storage Required: Total Storage required is 2A6,. Bytes.
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12.
13.
14,

Subroutlne User: PLUGS
Subroutlnes Required: None

Remarks: R, 2 and H must be double preclision 1n
calllng program.
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10.
11.
12.
13.
14,

Subroutine Name: ZMRD

Purpose: Multiply two matrices to form a resultant
matrix. (This 1s a modification of MPRD to include double
precision.)

Equations and Procedures:

&l = [x] B8

Input Arguments:

A - first input matrix (double precision)

B - second input matrix (single precision)

N - number of rows in A matrix

M - number of rows in B matrix

L - number of columns in B

MSA - control on storage mode of A

MSB - control on storage mode of B } See remarks

Output Arguments:

R - resultant matrix (double precision)
Error Returns: None

Cglling Sequence:

Call ZMRD(A,B,R,N,M,MSA,MSB,L)

Input Tapes: None
Qutput Tapes: None
Scratch Tapes: None

Storage Required: Total Storage required 1l1s 3FE16 Bytes.

Subroutine User: PLUGS

Subroutines Required: LoC

Remarks:

1. General subroutine.

2. Storage control of A and B matrilx
0 - General
1 -~ Symmetric {(upper half)
2 - Dlagonal

3. A and R must be double preclision in callling program.
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10.
11.
12,
13.
14.

Subroutine Name: ZTRD

Purpose: Transpose a matrix and post multiply by
another to form a resultant matrix.

This rcutine is a modification of TPRD to Include
double precision.

Equations and Procedures:

(K] = [A]" (8]

[A] is not actually transposed.

Input Arguments:

A - first input matrix (single precision)

B - second input matrix (dcuble precision)

N - number ¢f rows in A and B

M - number of columns in A and rows in R

L - number of columns in B and rows in R

MSA - control of storage mode of A }  See remarks
MSB - control of storage mode of B

Output Arguments:

R - resultant matrix
Lrror Returns: None

Calling Seguence:

Call ZTRD(A,B,R,N,M,MSA,MSB,L)

Input Tapes: None
Qutput Tapes: None
Secratch Tapes: None

Storage Required: Total Storage required 1s 40616 Bytes.

Subroutine User: PLUGS
Subroutines Required: LOC
Remarks:
1. General subroutine.
2. Storage control of A and B matrix
0 - General
1 - Symmetric (upper half)
2 - Diagonal
3. B must be double precision in calllng program.

434



1aQ.
11,
12.
13.
14.

Subroutine Name: KMPY

Purpose: Multiply each element of a matrix by a scalar

to form a resultant matrilx.

Equaticns and Procedures: This subroutine multiplies
each element in the input matrix A, by a scalar C and
places the result in R. Soubroutine LOC calculates the
vector length IT of the resultant vector R.

Input Arguments:

A - name of input matrix
C - scalar multiplier
N - number of rows 1in matrix A
M - number of columns 1in matrix A
M - storage mode of matrix A
- 0 General
- 1 Symmetrilc
- 2 Diagonal

Qutput Argumerits:

R - name of output matrix
N,M,MS - defined above, refer to the R matrix also.
Error Returns: None

Calling Sequence:

Call KMPY(A,C,R,N,M,MS)

Input Tapes: None
Output Tapes: None
Scratch Tapes: None

Storage Required: Total Storage required is 1F816 Bytes.

Subrcutine Usger: PLUGS

Subroutine Required: LoC

Remarks: Cood comments are available in the subroutilne

listing.
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10,
11,
12.
13.
14,

Subroutine Name: ERIC

Purpose:

Compute pressure load vector (FP)

Equations and Procedures:

FP = SCAL

[iH"] [@F] [HE] [PV]

50 Multiply ITH col of HH *® QP to get WORK(8) vector
Multiply WORK * HP to get WORK2(8) vector
Multiply WORK2 * PV # SCAL to get FP(I)

Update I and go to 50

Input Arguments:

HH -
QP -
HP -
PV -
SCAL -

EQ.
EQ.
EQ.

21

7 (less 2II)
9
9

wmmt\:

.1.27

Output Arguments:

FP -

pr

essure load vector

Error Returns: None

Calling Sequence:

(HH, QP, HP, PV, FP, SCAL)

Input Tapes: None
Qutput Tapes: None
Scratch Tapes: None

Storage Requlred: Total Storage required is 36016 Bytes

Subroutine User: PLUGS
Subroutines Required: None
Remarks: Equation are given iIn "Formulation and Evaluation

of a Trapezoidal Cross Section:Ring Discrete Element",
R. H. Mallett, S. Jordan, November, 1966.
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Subroutine Name: PLUG1Y

Purpose: (1) To generate both membrane and flexural. element
matrices of a triangular thin plate, (2) If applicable,
generate incremental matrices for instabllity.

Equations and Procedures:

A.

Formulation of Equation -~ The formulation for any
computatlions involved in evaluating the element matrices
will be found in references (1) and (2). (See Remarks
section of this report.) Modifications were, however,
necesgsary to make the notatlon compatable with 3648
procedures and applications. The formulatlons and coding
are not necessarily 1In the same sequence or labelilng.

Initigl Computations -

1. Constants have to be set for:
a) If the element matrices are to be computed,
LAMDA(I) = 1 where

I =1, for membrane stiffness and stress

I = 2, for flexural stiffness and stress

I = 3, for membrane thermal load and stress
I = 4, for flexural thermal load and stress.

b, The incrementals will not be computed:
INCREM = 0 since ICONT = 0.

2. DMaterial propertles and element data from MAT and
EXTRA array noting that if either membrane or flexure
thickness 1is zero, the appropriate LAMDA above is
reset to zero:

3. According to reference (2), transformation matrices
have to be formulated with the appropriate direction

coslines.

a) PFrom cylinder coordinates to local coordinates
(x,} = [1,,] (x,} (1)

b) From cylinder coordinates to obligque coordinates
(x,} = [T,] (x,} (2)

where {x, } are the loccal x, y, z coordlnates
{x"} are the cylinder x, y, 2z coordinates
{xo} are some other orthogonal X' Y' Z' coordinates

[T, o] [T o) contain the respective direction cosines.

Since the element displacements are in local
coordinates, combinling equations (1) and (2) yields

{x,} = [T, ] [TOC]T{XO} = [TTOBL] {x,/} (3)
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Equations and Procedures {Contd.):

4., Transformation of the above cited displacements,
xl,xg,XB,yl,etc. into 3648 notation X15¥75% 5%, €ete.

will result in the formulation of

{xl,x2,x3,etc} = [T1718] {x{,¥,2y,etc) (4)

C. Plexural Computations - (All equations cited are in
Reference 1).

1. Using equation IV-6, the [B] matrix 1s formulated.

However, it should be noted that the SEL array is

used to relabel the displacements as W, ex and ey

(instead of I By, W).

2. Using equations IV-15, 16, and 17, the geometric
propertles of the element are first defined in local
and then in global coordinates. These are shown as
Figures IV-3 and IV-2 respectively.

3. If the incrementals are to be computed (Nx’ Ny, ny)
the following sequence of operations take place:

a) Using equation IV-14, the respective [C| matrices
are formulated.

b) The respective incremental 1s formulated according
to equation IV-1ll and then transferred to 3648
notation by [T1718].

4, The remalning element matrices are then fcecrmulated
according to the respective equations cited:

a) Stilffness - Equations IV-2, 6 and 10
b) Stress - Equation IV-24
¢c) Thermal Load - Equation IV-21
d) Thermal Stress - Equation IV-26
D. Membrane Computations - (All equations clted are in
Reference 1). The following membrane matrices are then
formulated according to the respective equation cited:
a) Element - Equations II-1, 5 and 11
b} Stress -~ Equation II-16
¢} Thermal Stress - Equation II-25
d) Thermal Load - Egquation II-22
E. Remaining Operations - The element stiffness, stress

and thermal load matrices are then transformed first to
global and then to 3648 notatilon.
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10.

Input Arguments:

NCE1l - number of node points

ZELC,YELC,ZELC -~ X, Y and Z coordinates

TEL,PEL - temperature and pressure array

NORD - order of element stiffness matrix

NCEI - node point numbers

GPAXEL - grid point axes transformation for element

KN - control for instability (if set = 1, incrmentals
computed)

ICONT - control of grid point axes transformatlon

MAT - material propertles array

EXTRA - element properties array

Output Arguments:

NOINK - humber of elements in stiffness matrix

AKELX - elements of stiffness matrix (symmetric -
bottom half)

FYELX - elements of thermal lcocad matrix

SELX - elements of stress matrix

PTEL - elements of thermal stress matrix

NRSEL - number of rows 1n stress matrix (5)

NSEL - number of elements in stress matrix (90)

Error Returns:

(a) NERR - standard plug checks from ELTEST
(b) If points (1) and (2) have same coordlnates call EXIT

(c) If 871 is singular - call EXIT.
Calling Sequence:

Call PLUG17(IPL,NCEl,XELC,YELC,ZELC,TEL,PEL,QSEL,IP,NORD,NERR,
NOINK,AKELX,ANELX1,FTELX,SELX,PTEL,AMASS,DAMPV,
DAMPS , NRSEL ,NNO,NCEI , NMASS,NDMPV ,NDMPS ,NSEL , KK,
KF,KS,KM,KDS,KDV, KN, IUSEL,EPSIC,S0,MAT ,EXTRA,
GPAXEL,NDIR,NDEG,ICONT)

Input Tapes: Neone
Qutput Tapes: None
Seratch Tapes: None
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11.

1z.

13.

14,

Storage Requlred:

a) Varilables b) Definition
T1718 (24,24) - Transformation matrix to 3648 notation
TTOBL (3,12) - Transformatlion matrix from local to
global or obllque coordinates
SEL (17,24) = Working area and stress matrix
ﬁ§§£¥ E§88§ } Incremental matrices in Cylinder

ANELEX (300,3) - Incremental matrices for Instability
in 3648 notation

Subrocutine User: ELPLUG

Subrcocutines Required:

DIRCCS BCB
BCB12 MATB
FTELQ MAE
SELQ KOBLIQ
Remarks:

a) Controls are reset 1ln programs to compute everything but
the incrementals. Initlal test phase had KN = 1 to check
these computations.,

b} Plug not tested out if elther the flexural or membrane
thickness 1s zero (certaln portions of plug will be bypassed
as LAMDA 1s set = 0).

¢} Thermal load will probably have toc be rederived as 2nd
input TEMP is thermal moments M* and not the thermal
gradient as prescribed for flexural elements (PLUGS 1
and 2).

d) References:

{1) Bell Report No. D2114-95005, "Derivation of the
Force - Dilsplacement Properties of Trilangular and
Quadrilateral Orthotrcpic Plates in Plane Stress
and Bending" - Gallagher, Huff - dated Jan. 1964.

(2) Bell Report No. D2114-95008, "Detailed Description

Computer Program for Stiffened Cylinder Analysis"
Gallagher, Huff, Dale - dated Jan. 1964.
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Subroutine Name: DIRCOS

Purpose: To evaluate the direction cosines given any 3
points that define a plane.

Equations and Procedures: Subscripts 1, 2 and 3 refer to
the 3 polnts of the plane. Dropplng a perpendicular from
point 3 to the line connecting 1 and 2 results in point a.
The following computations are done in order to determine
the dlrection cosines.

15, = (xy - %)% 4 (y, -y %+ (2, - 2))°

195 = (x5 - 2% 4 (y3 - y)° + (zg - 2)°

133 = (x3 - x2)2 + (y3 - y2J2 + (23 - z2)2

1o = (15, + 153 133)/2112

e xi—xl ’ Ny - yi-yl , Y - zi—zl
12 12 12

a2 T % * Ax 1la

Yo = 91 * J\y lla

2, = 24 + AZ lla

la3 = (k3= %)%+ (rg - v+ (2g - 2)°
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Equations and Procedures,(Contd.):

v om *37%a g = Y379q v = 2372,
3 3
X 1a3 ¥ la3 Z la3
Ve T Ay ?z - AZ Wy
vy = lz Wx - Ax ?Z
v = x_ ¥ = A_ ¥
z Xy y X
Input Arguments:
¥EL1,YELL1,ZEL1 - X, Y, Z coordinates of plane
Qutput Arguments:
XLAMDL M)
YLAMD1
ZLAMD1
APST1 1 direction cosines.
4PST1
ANUL
YNU1
ZNU1 -
ALIz21 - distance between point 1 and 2 of the plane.
Error Returns: None

Callling Sequence:

Call DIRCOS(XEL1,YEL1,ZEL1,XLAMDL,YLAMD1,2LAMD1,XPSI1,YPSI1,
XNV1,YNU1,ZNU1,ALI21)

Input Tapes: None
Qutput Tapes: None
Scratch Tapes: None
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11.
12.
13.

14,

Storage Required:

Subroutine User:

Total Storage required is 57616 Bytes.

PLUG17, PLUG18

Subroutines Required: None

Remarks:

None
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10.
11.
12.
13.
14,

Subroutine Name: BCB12

Purpose: To evaluate a triple product matrix where all
matrices are square.

Equations and Prccedures: Dependent upon an input
variable (ISIN2) when ISIN2 = 5,

skl = A Y7 T o7 Aty
when ISINZ = 11
AKEL = [AJT[CJ[AJ

where A now contains elements of A_l.

Input Arguments:

A - matrlx to be inverted or the inverted matrix
c - symmetrlc matrix bottom half
NORZ - order of matrices

JNL1 - dummy - set equal to 1

IKELW - print option

JEL1 - dummy - set equal to 1

ISINZ - input code for above

NEC1 - ncde polnts

SUBTI1 - title of matrilx

SUBTIZ2 - type of element

NCE?Z2 - number of grld pcints

Output Arguments:

AKEL - resulits of the above triple product.

Error Returns: If A 1s singular - print out error and EXIT.
Calling Sequence:

Call BCB12(A,C,NOR2,JNL1,IKELW,JEL1,ISIN2,AKEL,NCE2,NCE1,

SUBTI1,SUBTIZ2)
Input Tapes: None
Qutput Tapes: None
Scratch Tapes: None

Storage Required: Total Storage required is 120816 Bytes.

Subroutine User: PLUG17, PLUG18
Subroutines Required: None - has a bullt in inverse routine.
Remarks: Note that maximum size of matrix 1s only 12.

Lyy



10.
11.
1z2.
13.
14.

Subroutine Name: KOBLIQ
Purpose: To evaluate
(TTOBL)Y (AKEL) (TTOBL)

Equations and Procedures: TTOBL is a compressed trans-
formation matrix (3,12) that is labeled u, v, w for each
node point. Since AKEL 1s labeled Uys Ups Ug, etc., the

appropriate manipulation is done in this routine to do the
above product.

Input Arguments:

NI - order of matrices

TTOBL - tranasformation matrix of element
AKEL - element stiffness matrix

SUBTI1, SUBTI2 - labeling of printout

IKELW - print option

C - working storage

NAL - number of nodes defining element
NATI - node points

ROW - worklng storage

Qutput Arguments:

AKEL - element stiffness matrix
Error Return: None

Calling Segquence:

Call KOBLIQ(NI,TTOBL,AKEL,SUBTI1,SUBTI2,IKELW,C,NAl,NAI,ROW)

Input Tapes: None

Output Tapes: None

Scratch Tapes: None

Storage Requlred: Total Storage required is AF016 Bytes.
Subroutine User: PLUG17, PLUG18

Subroutine Requlred: None

Remarks: Note that dimension for ROW dictates slze of
multiplication.
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Subroutine Name: P1718M

Purpose: Initialize element properties from the material
table for membrane propertles with flexural data cnly from

10.
il.
12.
13.
14.

PLUG 17 and PLUG 18.

Equations and Procedures:

EXEL = MAT(14)
EYEL = MAT(15)
BETA = EXEL/EYEL
XYMU = MAT(16)
ALFAEL = MAT(17)
GXYEL = MAT(18)

Input Arguments:

MAT

Output Arguments:

EXEL
EETA
XYMU
GXYEL
ALFAEL

Error Return: N

one

Calling Sequence:

P1718M(MAT,EXEL,BETA,XYMU,GXYEL,ALFAEL)

Input Tapes: None
Cutput Tapes: None
Scratch Tapes: None

Storage Requlred:

Subrcutine User:

PLUG 17

Subroutine Required: None

Remarks:

Ncne

Lug

.
]

Total Storage required is 10016 Bytes.
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10.
11.
12.
13.
14.

Subroutine Name: SELQ

Purpose: To transform the stress matrix (generated by
PLUG17 and PLUG18) to the stress system required -
generally local).

Equations and Procedures:
[Slegans = [E] [TTOEL]

where _[$] is the stress matrix generated by 17 and/or 18.
[TTOBL| is the transformatlion matrix from global to local
or global to oblique.

Input Arguments:

NORD6 - number of columns 1in stress matrix
TTOBL - transformation matrlx

IKELW - print option

A - element stress matrix

NRSEL - number of rows 1in stress matrix
ROW - working storage

Qutput Arguments:

A - stress matrix transformed to local system
Errcr Returns: None

Calling Seguence:

Call SELQ(NORD6,TTOBL,IKELW,A,NRSEL,ROW)

Input Tapes: None

Output Tapes: None

Scratceh Tapes: None

Storage Required: Total Storage required is 66“16 Bytes.
Subroutine User: PLUG17, PLUG1S8

Subroutines Requlred: None

Remarks:

1. 12 elements at one time (membrane or flexure) are put

into the working area (ROW}.
2. Note again the labeling of:
(a) TTOBL = Uys Vis Wy ete.

(b) SEL = Up, Uy, Ugs Uy, ete.
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16.
11.

12.

Subrcutine Name: FTELQ

Purpose: To transform the element thermal {(lccal) load

into global or oblique system.

Equations and Procedures:

T, ot
{F}} [TTOBL] “{F_, .}

where TTOBL is the transformation matrix.

{Fgle} ls the element local thermal load
{F}i is the transformed load

Input Arguments:

NORD6 - size of the load vector
TTOBL - transformation matrix
IKELW - print option

THMOEL - local thermal load

ROW - workling storage

Cutput Arguments:

THMOEL - transformed thermal load
Error Returns: None

Caliing Seguence:

Call FTELQ(NORD6,TTOBL,IKELW,THMOEL,ROW}

Input Tapes: None

OQutput Tapes: None

Scratch Tapes: None

Storage Required: Total Storage required is 56016 Bytes.

Subroutine User; PLUG17,. PLUG18
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13. Subroutines Required: None

14. Remarks:

1. Note that dimension of ROW({1l2) indicates 12 elements
at a time transformed (membrane or flexure).
2. Note labeling of':

(a) [TTOBL] - F, ,F_,F_ , etc.
% AT
£
(b) {F. .} - P, F, , F , ete.
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Subroutine Name: PLUG18

Purpose: (1) To generate both membrane and flexural element
matrices of a quadrilateral thin plate, (2) If applicable,
generate incremental matrlces for instabllity.

Equations and Procedures:

A.

Formulation of Equatlon - The formulatlon for any
computations involved 1n evaluating the element matrices
will be found in references (1) and (2). (See Remarks
Section of this report.) Modifications were, however,
necessary to make the notation compatable with 3648
procedures and applications. The formulaticons and coding
are not necessarily 1n the same sequence or labeling.

Initlal Computations -

1. Constants have tc be set for:
a) If the element matrices are to be computed,
LAMBA(I) = 1 where

I = 1, for membrane stiffness and stress
I =2, for flexural stiffness and stress
I = 3, for membrane thermal locad and stress
I = 4, for flexural thermal load and stress.

b) The incrementals will not be computed
INCREM = Q0 since ICONT = J.

2. Material properties and element data from MAT and
EXTRA array noting that if elther membrane or flexure
thickness 1is zero, the appropriate LAMDA above 1s
reset to zero.

3. According to reference (2), transformatlon matrices
have to be formulated with the appropriate directiocn

cosines.

a) From ecylinder coordinates to local coordinates
(x,} = [T, ] {x) (1)

b) From cylinder coordlnates to cobligue cocrdinates
{x b = [T ) {x.) (2)
where {xg} are the local x, y, Z coordinates

{x”} are the cylinder x, y, 2 ccordinates
{xo} are some other orthogonal X' ¥' Z' coordinate

[Tgé] [T .] contain the respective direction cosines.

Since the element displacements are in local
coordinates, combining equations (1) and (2) ylelds

(x,} = [T, ] [r 1" {x,} = [r10BL] {x,} (3)
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Equations and Procedures (Contd):

4. Transformation of the above cited displacements
xl’XZ’X3’y1’etc‘ into 3648 notatlon x;,¥,,2{,%;,etc.

will result in the formulation of

{xl,xz,xg,etc} = [T1718] {xl,yl,zl,xg,etc} (4)

C. Flexural Computations - (All equations clted are in
Reference 1):

1. Using equatlon V-%, the (B) matrix 1s formulated.

However, it should be noted that the SEL array is

used to relabel the displacements as W, ex and ey

, W).
y )

2. Using equatlons V-19, and 21, the geometric properties
of the element are first defined in local and then in
global coordinates. These are shown as FPigures V-8
and V-7 respectlively.

3. If the incrementals are to be computed (Nx’ Ny, ny)

(instead of ex, e

the following sequence of operations take place:

a) Using equation V-11, the respective (C) matrices
are formulated.

b) The respective incremental is formulated accordling
to eguation V-12 and then transferred to 3648
notation by (T1718}.

4. The remaining element matrices are then formulated
according to the respective equations clted:

a) Stiffness - Equations V-2, 3rd and 5
b} Stress - Equations V-9 and 30
¢) Thermal Load - Egquations V-26

d} Thermal Stress

Equaticn V-32

D. Membrane Computaticns - (All equations cited are in
Reference 1). The foilowing membrane matrices are then
formulated according to the respective equation cited:

a) Element - Equations III-2, 8 and 12
b} Stress - Equation III-26
¢y Thermal Stress - Equation IIl-25
d) Thermal Load - Equation III-22
E. Remaining Operations - (1) The element stiffness, stress

and tnermal load matrices are then transformed first to
glocbal and then to 3648 notation, (2) The stress matrix

is now expanded to be consistent with 3648 applications by
(T183T).

451



Input Arguments:

NCE1l - number of node points

XELC,YELC,ZELC - X, Y and 2 coordinates

TEL, PEL - temperature and pressure array

NORD - order of element stiffness matrix

NCEI - node polnt numbers

GPAXEL - grid point axes transformation for element

KN - control for Instability (If set = 1, Incrementals
Computed)

ICONT - control of grid polnt axes transformations

MAT - materlal properties array

EXTRA - element propertiles array

Output Arguments:

NOINK - number of elements in stiffness matrix

AKELK - elements of stiffness matrix (symmetric -
bottom half)

PTELK - elements of thermal load matrix

SELKP - elements of stress matrix

PTELK - elements of thermal stress matrix

NRSEL - number of rows in stress matrix (4Q)

NSEL - number of elements in stress matrix (900)

Error Returns:

(a) NERR - standard pilug checks from ELTEST
(b) If peints (1) and (2} have same coordinates call EXIT

(¢) 1If BT 1g singular - call EXIT
Callling Sequence:

Call PLUG18(IPL,NCE1,XELC,YELC,ZELC,TEL,PEL »QSEL,IP,NORD,
NERR, NOINK AKELX ANELXl FTELX SELKP PTELK AMASS
DAMPV DAMPS IRSEL s NNO NCEI NMASS NDMPV NDMPS NSEL,
KK,KPF,KS, KM +KDS, KDV KN IUqEL EPSIO 30, MAT EXTRA
GPAXEL NDIR NDEG ICONT)

Input Tapes: None
Output Tapes: Neone
Scratch Tapes: None
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12.

13.

14.

Storage Reguired:

a) Varilables b)

T1718 (24,24) -
TTOBL (3,12) -
SEL(17,24) -

ANELX (300)
ANELY (300)

ANELXY (300)
ANELEX (300,3) -
Subroutine User: ELPLUG

Subroutlnes Required:

DIREC BCB
BCB12 MATE
FTELQ MAB
SELQ

KOBLIQ

Remarks:

Definltions

Transformation matrix to 3648
notation

Transformatlion matrix from local
to global or oblique coordinates
Working area and stress matrix

Incremental matrices in cylinder
notatlon

Incremental matrices for Instabllity
in 3648 notatlion

a) Controls are reset in programs to compute everything

but the incrementals.

Initial test phase had KN = 1 to
check these computations.

b) Plug not tested out i1f either the flexural or membrane
thickness is zero (certain portions of plug will be

bypassed as LAMDA is set

= 0).

¢) Thermal load will probably have to be rederived as Znd
input TEMP is thermal moments M* and not the thermal
gradient as prescribed for flexural elements (PLUGS 1

and 2).
d) References:

(1) Bell Report No. D2114-95005, "Derlvation of the
Force - Displacement Properties of Triangular
and Quadrilateral Orthotrcpic Plates in Plane

Stress and Bending" -

Jan. 1964,

Gallagher, Huff - dated

(2) Bell Report No. D2114-95008, "Detalled Description -
Computer Program for Stiffened Cylinder Analysis™ -
Gallagher, Huff, Dale - dated Jan. 1964.
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14.

Subroutlne Name:

Purpose:

TR18ST

To form transformation for stress and thermal
stress matrices to u, v, w notation

Equatlicns and Procedures: See element wrlte-up for
defined transformations.

Input Arguments:

NODE -

Qutput Arguments:

T1718
T183T

element nodes

transformation matrices

Error Returns:

Calling Seguence:

None

Call TR18ST(NODE,T1718,T18ST)

Input Tapes:

None

Output Tapes:

Scratch Tapes:

Storage Required:

Subroutine User:

Ncne
None
Total Steorage requlred is 35216 Bytes.

PLUG18

Subroutine Required: None

Remarks:

None
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11.

12.
13.
15.

Subroutine Name:

Purpose:

To e

FBMP18

valuate B matrix for quadrilateral plate

elements; ocut of plane.

Equations and Procedures: See element write-up for
definition of B matrix generation.

Input Arguments:

XEL -
YEL -

X
Y

coordinates
coordinates

Qutput Arguments:

B -

ou

Error Returns:

tput matrix

None

Calling Sequence:

Call FBMP18(XEL,YEL,B)

Input Tapes:

Qutput Tapes:

Scrateh Tapes:

None

None

None

Storage Reguired: Total Storage regquired is 39A16 Bytes.

Subroutine User:

PLUG18

Subrcutine Required: None

Remarks:

NOne
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Subrcutine Name: PLUG22

Purpose: Element matrlx generation for the incremental
frame element.

Eguatlons and Procedures: None

Input Arguments:

IPL - plug number

NNO - number of node poilints

XC - X-coordinates of nodes points

¥C - Y-coordlnates of node points

a0 - Z-coordinates of node points

TEL - temperatures at the node points

PEL - pressures at the node points

QS - input displacements of the node points

Ip - number of extra cards

NCRD - order of element stiffness matrix

NRSEL - number of rows in the stress matrilx

NN - number of nodes

NL - ncde polnt numbers

KK - code for computation of element stiffness matrix
KF - ccde for computation of element thermal load

K8 - code for computaticon of element stress matrix

KM - code for computation of element mass matrix

KT3 - code for computatlon of element thermal stress matrilx
ET - code for computatlon of structural damping matrix
KVM - code for computatlion of viscous damping matrix

KN - code for computation of incremental damping matrix
TUSEL - dummy

EPS - pre-strain load vector

S0 - pre-stress load vector

MAT - materlial propertlies matrix

EXTRA - extra information (angles, etc.)

NDIR - number of directions of mcvement -per grid point
NDEG - number of types of movement allowed per grid point
ICONT - code for use of grid polint axes

Qutput Arguments:

NERR - error return

NOINK - number of elements in lower half matrices
KSEL - stiffrness matrix

CNX - incremental stiffness matrix

FTEL - thermal load + pressure load matrix

SEL - stress matrix

456



10.

11.

1z.

13.

14,

Output Arguments (Contd):

SZALEL - therma- stress matrix

AMASS - mass matrix

DAMPV - viscous damplng matrix

DAMPS - structural damping matrix

NSEL - number of elements in stress matrix

NMASS - number of elements in mass matrix

NDPMPV - number of elements in viscous damplng matrix
NDMPS - number of elements in structural damplng matrix
GPAXEL - grid polnt axes transformation

Error Returns:
NERR no error
plug number incorrect

number of nodes lncorrect

number of input points incorrect
order of matrix (NORD) 1lncorrect

[ | I 1 1}
SN O

Calling Sequence:

Call PLUG22(IPL,NNO,XC,YC,ZC,TEL,PEL,QS,IP,NORD,NERR,NOINK,
KSEL,CNX,FTEL, SEL,SZALEL ,AMASS , DAMPV , DAMPS , NRSEL ,
NN,NL,NMASS , NDMPV , NDMPS ,NSEL , KK, KF, K8 , KM, KTS,ET,
KVM,KN, IUSEL,EPSIO,SO,MAT ,EXTRA ,GPAXEL,NDIR,NDEG,

ICONT)
Input Tapes: None
Output Tapes: None
Scratch Tapes: None

Storage Requlred: Total Storage required 1is 3FCC16 Bytes.

Subroutlne User: ELPLUG
Subroutines Required:

ELTEST, CTS, CTCQ, CECC, MAB, AXTRA2,SYMPRT, BCB, MATB, MSB,
FINP22,SQRT

Remarks: None
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10.

Subroutine Name: FINPZ22

Purpose: To form the lncremental matrix for the lncremental
frame element.

Equations and Procedures:

AIN(10) = (L)%*A
AIN{(1l4) = (L2)#a
AIN(15) = (4%L3/3)%A
AIN(19) = (L3)#*A
AIN(20) = (3%L4/2)%a
AIN(21) = (9®L5/5)*A
AIN(36) = (L)*a
AIN(L44) = (L2)#%4
AIN(45) = (4¥L3/3)%4a
AIN(53) = (L3)*A
AIN(54) = (3RLL/2)%a
AIN(B5) = (9¥L5/5)%4A

A1l other values of AIN are zero

Input Arguments:

L = %%+ Y2+ 2°
Ll = 1/L
L2 = 1,°
L3 = L3
4
L = L
L = L5
PRINT = print control
A = area of member (A)

Output Arguments:

AIN - lncremental matrix

Error Return: None

Calling Sequence:

Call FINP22(L,L2,L3,L4,L5,AIN,PRINT,A)
Input Tapes: None

Qutput Tapes: None

Scratch Tapes: None
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12.

13.

14.

Storage Reguilred:

Subroutine User:

Subroutine Required:

Remarks:

None

Total Storage reqguired is 3Ecl6 Bytes.

PLUG22

None
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10.

Subroutine Name: AXTRAl

Purpose: Apply griad

point axes transformation by pre-multi-

plication using either the actual transformation matrix or

its transpose.

Equations and Procedures:

Mour] = [[Gea) [M

where [MIDﬂ is the

EEP& is the

matrix,
[MOU'ﬂ is the

o] °oF [Moyd - [Geal

input element matrix,

[ Mry]

element grid point axes transformation

output transformed element matrix.

[yOUﬂ is stored in the same location aS[MIN] , therefore

the input element matrix is lost once the multiplication has
been effected. Advantage 1s taken, during multiplication,

of the fact thatlEPA]

1s structured as a set of (3 x 3) or

(2 x 2) matrices with main diagonal positions lying on the

main diagonal OfﬂaPA]

Input Arguments:

GPAXEL : Element grid point axes transformation matrix,Uan

QSEL : Input element matrix,[M @

NCOL : Number of cclumns in SE

NINO : Number of element node points

NDEG : Number of degrees of freedom

NDIR : Number of directions

ITRAN  : Control code, if ITRAN = ( then [MOUTJ = [rGP}g [MIN]
. T
if ITRAN = 1, then [MOUT] = [EPA] EMM‘]

Qutput Arguments:

QSEL : Output transformed element matrix,[M

Error Returns: None
Calling Sequence:

CALL AXTRAl (GPAXEL,
Input Tapes: Hone
Output Tapes: None

Scratch Tapes: None

OUTJ

QSEL, NCOL, NNO, NDEG, NDIR, ITRAN)
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12.
13.
14,

Storage Required: Total Storage required is HlElE Bytes.

COL (3)
ISAVE (3)

Subroutine User: ELPLUG

Subroutines Required: None

Remarks:
storage.

The output matrix is stored in the input matrix
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Subroutine Name: AXTRAS

Purpose: Apply grid point axes transformation by triple
product multiplication.

Equations and Procedures:

[an] = [Gpa]™ [sym] * [Fera)
where
U&PA] is the element grid point axes transformation
matrix
[SYNG is symmetric input element matrix
[AN] is symmetric output transformed element matrix

The triple product is obtalned by computing a row of the
intermediate product of [IGPA] T ¥SYM] and_ then
multiplying this intermediate row with [r@Pﬂ] to cbtain
a row in  [AN] .  Advantage is taken, during multiplic-
ation, of the facts that [SYM] and [AN] are symmetric
and also that [[GPa] is structured 3s a set of (3x3) or
(2x2) matrices with main diagonal elements lying on the
main diagonal of [rﬁPA]

Input Arguments:

GPAXEL : %%ﬁme?t grid point axes transformation matrix,
PaL

SYHM : Input element matrix, symmetric, singly sub-
cripted, stored lower half by rows, SYM]

NCOL : Number of columns in SYM (also number of rows
in SYM)

NNO : Number of element node points

NDEG ¢ Number of degreesz of freedom

NDIR : Number of directions

Qutput Arguments:

AN : Output transformed element matrix, symmetric,
singly subscripted, stored lower half by rows,
(AN]
Error Returns: None
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11.

12,

13.
14,

Calling Sedquence: Call AXTRAS

(GPAXEL, SYM, AN, NCOL, NNO, NDEG, NDIR)
Input Tapes: DNone

Output Tapes: MNone

Scratch Tapes: INone

Storage:

ROW (48)
Total Storage = 5178 = 33510.

Subroutine User: ELPLUG
Subroutines Reguired: LOC
Remarks:

SYM must be stored lower half by rows,
AN will be stored lower half by rows.

Internal intermediate storage in variable ROW is
dimensioned 48, TIf the order of [SYM] is greater
than 48, an appropriate increase must be made in
this Intermediate storage.
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Subroutine Name: ELPRT
Purpose: Print generated element matrices.

Equatlons and Procedures: Non-suppressed matrices are
printed, complete with titles.

Input Arguments:

NOINK - Number of storages in element stiffness,
incremental stiffness and mass matrices

AKEL - Array containlng element stiffness matrix

NORD - Number of element degrees of freedom

FTEL - Vector contalnling element load matrix

NNO -~ Number of element defining points

NODES - Array containing element defining grid point
numbers

NSEL - Number of storages in element stress matrix

NRSEL - Element stress order

SEL ~ Array containing element stress matrix

SZALEL - Vector containlng element thermal stress matrix

ANEL - Array containing element incremental stiffness
matrix

INEL - Element number

NMASS - Number of storages 1n element mass matrix

AMASS - Array containing element mass matrix

NDMFV - Not used

DAMPV - Not used

NDMPS - Not used

DAMPS - Not used

ILP - Element type code number

NUMOT - Number of output matrices

NAMOUT - Array contailning output matrix names

Qutput Arguments: None

Error Returns: None

Calling Sequence:

CALL ELPRT (NOINK,AKEL,NORD,FTEL,NNO,NODES,NSEL,NRSEL,SEL,
SZALEL ,ANEL,INEL ,NMASS ,AMASS ,NDMPV ,DAMPV ,NDMPS,
DAMPS,ILP,NUMOT ,NAMOUT)

Input Tapes: None

Output Tapes: None
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11.

12.

13.
14.

Seratch Tapes:

Storage Requlred:

Total Storage required 1is A3016 Bytes.

Subroutine User:

None

ELPLUG

Subroutines Required: None

Remarks:

None
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Subroutine Name: OUTMAT

Purpose: Sort element matrices on scratch tape and
output to Format Execution Monitor in an optimal manner

Equations and Procedures: First the array controlling
the selection and order of output of the matrices ( IKNOW )
is formed. The IKNOW array will contain the pass number
on which each computed output matrix will be written on
an output tape. Correspondence between the TKNOW array
and the output matrices is as follows:

TKNOW (6 : Transformation assembly matrix (TA)
TIKNOW(7 : Master element stiffness matrix (KEL)
TKNOW (& : Master element applied load matrix (FTEL)
IKNOW(9 : Master element stress matrix (SEL)
TKNOW(10) : Master element thermal stress matrix
(SZALEL)
TKNOW(11 : Master element incremental matrix (N)
IKNOW(12 : Master element mass matrix (M)

For each output matrix except the element applied load and
thermal stress matrices the following procedure takes place:

a. If the matrix has not been calculated, as determined
by a slash in its position in the NAMOUT array, its
position in the IKNOW array is set equal to zero.

b. If the matrix has been calculated, then its correspond-
ing output tape number is obtained from the IOSPEC
array and a search is done from the beginning of the
TOSPEC array to this matrice's position, counting the
number of times this tape number has been encountered.
This final count is the pass number on which this
matrix will be written and is placed into the matrix's
corresponding position in the IKNOW array.

After the IKNOW array has been formed it is searched for
the greatest number. This number will be the number of
passes required to output all of the computed matrices.

On each pass the following procedure is used. The scratch
tape containing the element matrices is rewound. This

tape consists of two records per element. The first record
contains element definition data, the second contains the
matrices for that element. The second record is read into
a dynamic storage area and interpreted by locating key
numbers that appeared in the record. A loop is entered
from one to NELEM. The contents of the IKNOW array are
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compared to the pass number, When a match is found the
corresponding matrix is written on 1ts cutput tape. Before
writing the first element's contribution on its output
taps, the appropriate matrix header is written. 1In most
cases the matrices will be output in compressed format.
However, in small applications when the maximum element
corder (RORDM) or the maximum element stress order
(NRSELM) is greater than one-half the sum of the element
orders {NORSUM) or the element stress orders (NRSSUM),
respectively, then the matrices will be output in
uncompressed format. A count is maintained in IR and IC
for each output matrix in order to place each element's
contribution in the correct position in the ocutput matrix.
At the end of the pass the appropriate matrix traller and
data set trailer labels are written. The TA matrix is a
special case in that it 1s generated from the element
definition data and then placed on its output tape. For
output of the element applied load and element thermal
stress matrices the following procedure is invoked,
During the first pass of the tape, 1f they were not
suppressed, the element applied load and thermal stress
matrices were stored in the blank common work area.
Following the first pass these two matrices are output

in either compressed or uncompressed format, dependent
upon the same criteria as all other matrices.

Input Arguments:

NUMOT : Number of ocutput matrices

NAMOUT : Nameg of output matrices

IOSPEC + Unit information regarding output matrices
NTAPS + Scrateh tape containing system information
NTAPL : Scratch tape containing element matrices
NSYS : System order

NTD . Number of degrees of freedom per grid point
HNORSUM 1 Summation of element orders

NR5SUM : Summation of element stress rows

NELEM : Number of elements

NWORKER : Number of working storages availlable

WORK : Common work area

NORDM : Maximum element order

NRSELM : Maximum element stress order

Output Arguments: None
Erreor Returns: None
Calling Sequence:

CALL USL6O(NUMOT, NAMOUT, IOSPEC, NTAP3, NTAP4, NSYS,
NTD, NORSUM, NRSSUM, NELEM, NWORKR, WORK, N@RDM, NRZELM)
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14,

Input Tapes:

NTAP3 : Contains system information
NTAPH : Contains element matrices in compact form

Output Tapes: Output tape units are supplied by the
Format Execution Monitor; matrices are output by columns
iIn compressed format. Appropriate matrix header and
trailer labels are written. An output matrix consists of
all the element matrices of that type placed such that
thelr main diagonal positions lie on the main diagonal

of the output metrix in succeeding positions.

Scratch Tapes: None

Storage Required:

Total Storage required is 136E16 Bytes.
Subroutine User: USQLB

Subroutines Required:

Ushsl

Usle2

Ushe3

Remarks: UNone
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Subroutine Name: Usldel

Purpose: Write & column of an output matrix 1n uncom-
pressed or compressed format.

Equations and Procedures: If XKODE is zero, the IWORK
array has NSUM zeros placed into it. Then, starting at
ISTART, NROW's of ISTORE are placed into the correspond-
ing positions in IWORK, The variable NUM = NSUM is the
number of words from TWORK that will be written on tape.
If KODE is one, each element of ISTORE is compared to
zero. If it is zero, it is ignored. If the element 1is
not zero, then it is placed in the IWORK array i1n the
first unused position and the next position in IWORK is
filled by the row number in the output matrix of the
non-zero element. The row number is corrected by ISTART
in order to place the contribution in the correct row of
the output matrix. NUM 1s a counter used to record the
number of non-zero numbers found and the number of words
that will be written from IWORK (NUM = 2% number of non-
zero elements in ISTORE).

Input Arguments:

ISTORE : Matrix column to be written

ICOL + Column number of ISTORE in matrix

ISTART + Starting row number in output matrix

NROW ¢ Number of rows in ISTORE

NTAPE : Output tape number

IWORK : Work area for compression of ISTORE

KODE : Determines whether matrix is to be put
into compressed form

NSUM : Sum of element orders

Output Arguments: None

Error Returns: Nene

Calling Sequence: Call USL61

(ISTORE, ICCL, ISTART, NROW, NTAPE, TWORK, KODE, NSUM)
Input Tapes: None

Output Tape: NTAPE

Record format is TCOL, KODE, NUM, (IWORK(I), I=l, NUM)
where ICOL is column number, KODE equals one or zero,
NUM is number of words remaining in record and IWORK is

the compressed or uncompressed version of ISTORE. Each
record then contains NUM + 3 words.
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Scratch Tapes:

Storage Required: Total storage required is 3E016 Bytes.

Subroutine User:

None

Usi460o

Subroutines Required: None

Remarks:

None
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14,

Subroutine Name: Ushe2

Purpose: <(reate a list which defines the location of the
contributions of an element to the assembly transformation
matrix.

Bguations and Procedures: The degrees of fresdom for each
node point, with respect to the system of grid points, are
calculated and placed in LIST. LIST is therefore of length
NNO*NTD. The formula for determining this location is:
LIST({K) NODES(I) - 1)*NTD + L

Il

where K
I
L

s .» NNO*NID
» e w0y NNO
s .» NTD

1]

Nl T
M ne s

3
k4
3

Input Arguments:

KNO - number of element node points

NODES - array containing element node point numbers
NTD - number of degrees of freedom per grid point
Output Arguments:

LIST - array containing row number in TA matrix for each
degree of freedom for each element node point,

Error Returns: none

Calling Sequence: CALL US462 (NNO, NODES, NTD, LIST)
Input Tapes: none

Qutput Tapes: nhone

Scratch 'lapes: none

Storage Requlired: total storage required is 1F016 Bytes.
Subroutine User: USHEQ

Subroutines Required: none

Remarks: none
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Subroutine Neme: USL63

Purpose: Obtain full column from symmetrically stored matrix

Equations and Procedures: For a symmetric matrix column is

equivalent to row. The corresponding row to ICOL is located

and the elements of that row up to and including the diagonal

€lement are placed in the first and succeeding position of

COL. If ICOL was the last column of the matrix the process

1s complete and control is returned to the calling program,

If ICOL was not the last column then each element in the

ICOL position of the remaining rows is placed into COL and

control is returned to the calling program,

Input Arguments:

SYM  symmetric matrix stored lower half by rows, singly sub-
scripted

N order of SYM

ICOL Coclumn number of SYM desired

OQutput Arguments:

CCL - full cclumn number ICOL

Error Returns: none

Caliing Sequence: CAL USL63 (8YM, N, ICOL, COL)

Input Tapes: none

Output Tapes: none

Scratch Tapes: none

Storage Required: Total storage required is 29Al6 Bytes.

Subroutine User: USL60

Subroutines Required: none

Remarks: none
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Subroutine Name: ELMAT

Purpose: To output as a format matrix element matrices
in compressed form to be used by structural mecdules outside
of the USEROU module.

Equations and Procedures: The tape containing the
information generated by subroutines REC3 and RECY4 1s read
and then merged to form one record on the ocutput tape for
each element. The record written for each element 1s as
follows:

JCOL,KODE,NUM,IEL,IPL,NORD,(LISTEL(I),I=1,NORD)
NOINK,(AKEL(I),I=1,NOINK)
NORD,(FTEL(I),I=1,NORD)
NNO,(NODES(I),I=1,NNO)
NSEL,(SEL(I),I=1,NSEL)
NRSEL,(SZALEL(I),I=1,NRSEL)
NOINK,(ANEL(I),I=1,NOINK)
NMASS,(AMASS(I),I=1,NMASS)

where,

JCOL - is the column number

KODE - is equal to 0 to indicate non-compression

NUM - is the number of words remaining in the record

NUM=2¥NOINK+2#NORD+NNO+NSEL+NRSEL+NMASS+10

1IEL - is the element number

IPL - is the element type (plug number)

LISTEL - a list array used to reorder the system degrees

of freedom of length NORD

AKEL - the element stiffness matrix of length NOINK

FTEL - the element thermal load matrix of length NORD

NODES - an array containing the reference points for

the element of length NNO

SEL - the element stress matrix of crder N3EL

SZALEL - the element thermal stress matrix of order NRSEL

ANEL - the element incremental matrix of order NOINK

AMASS - the element mass matrix of order NMASS

Input Arguments:

NELEM - number of elements in analysls

MAXELM - length of maximum element record

NAME - array containing name of output matrix

NSET - data set number of output matrlx

NTAPE - data set number of input element tape

NWORK - number of words of work storage avallable

MAT - work storage for reading NTAPE element data

Qutput Arguments: Nene
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Error Returns:

None

Calling Sequence:

ELMAT (NELEM,MAXELM, NAME , NSET , NTAPE , NWORK , MAT)

Input Tapes:

Cutput Tape:

Scratch Tapes:

NTAPE
NSET

None

Storage Required: Total Storage regquired is 6F216 Bytes.

Subroutine User:

US04B

Subroutine Required:

EUTL5
EUTLS

Remarks:

None
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APPENDIX IX

DIRECT MACHINE CONTROL IMPLEMENTATION DOCUMENT

This documentaticn is primarily intended for the
programmer analyst or systems analyst responsible for the
initial implementing and subsequent mainfenance of the
system.

There are flve sections in this document. Special
program considerations are presented 1in Section I (Reference
2). 1Included in this section is a description of internal
data storage, external or peripheral data storage, and
programming specifications followed. Section I1 deals wilth
the operational conslideratlons of the program. Included in
this section is a discussion of the procedure to be followed
in an initial implementation of the progran at an installation.
Data set assignments and storage limitations are discussed,
and some special control cards are described (Reference 2).
Section III describes how new agendum level abstraction
instructions may be added to the MAGIC system. Section IV
contains a catalogued procedure used for initial implementation
of the MAGIC System. Section V contains a preprinted form
to be used in reporting any problems with the implementation
or running of the MAGIC program.
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SECTION I

SPECIAL PROGRAMMING CONSIDERATIONS

A. INTERNAL DATA STORAGE
1. Common Storage

There are only four variables which remain in blank
common at all times. These four variables are initialized
when the machine resources module 1s compiled. The four
variables are stored in the first four words of blank common
and are defined as follows: (1) the first word contains an
integer which is the logical number of the system input data
set, (2) the second word contains an integer which 1s the
logical number of the system output data set, (3) the third
word contains an integer which is the order of the largest
matrix permitted in the system, (4) the fourth word contains
the number of words remaining in blank common (i.e., from word
five to the end). The remaining portion of blank common,
whose length is specified in word number four, is used by all
FORMAT TIT routines as working storage.

2. Storage c¢f Alphameric Information

All alphameric information (e.g., matrix names) is
stored one character per word. Consistency is retained by
reading all alphameric data into storage with an "A1l" format
and by compiling all alphameric data into storage using DATA
statements with an "1H" format.

3. Matrix Names

The names of all matrices processed by the program
are one (1) to six (6) characters in length. The first character
of a matrix name must be alphabetic. The matrix names are
stored one character per word. A seventh word is addended to
the six words which contain the characters constituting the
matrix name. This last word contains a plus (+) or minus (=)
integer one (1). The sign of the seventh word indicates the
sign of the matrix, (i.e., plus or minus). (Note: The
characters in words two (2) through six (6) may be blank.)
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i, Data Set Names

The names of master input and master output data
sets follow the same rules as matrix names, with one exceptilon.
The seventh word of the data set name does not necessarily
contain an integer one (1). Instead it contains an integer
which is specified by the user of the prcgram when the particular
data set was created. If the data set is neither a master input
data set nor a master output data set, the data set name consists
of six (6) blank characters followed by an integer zero (0).

5. Compression Scheme

The columns of all matrices are stored in one of two
formats, full or compressed.

If the number of zero elements in the column is greater
than Tifty percent, the column is stored in compressed format.
Wwhen a column is compressed, 1t is stored as follows:

o< =<

v
I

The V's are the non-zero values in the column and are
floating point numbers. The I's are the row numbers of each of
the V's and are stored as integers. The row number of any glven
value is denoted by the integer immediately following the value
in storage.

If the number of non-zero elements is not greater than

fifty percent, the column is stored in full format. When a
column is full, it 1s stored as follows:

\'
v
vV
A"
The V's are the Zero and nhon-zero elements off the

column and are floating point numnbers.
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B. DATA SET FORMATS
1. Data Set Header Record

The first logical record on all data sets which are
processed by the program is called a data set header. The
data set header 1s ten words long. The first word contains
an integer number which 1is minus ten (-10). This word indicates
that the record is a data set header. The second word contains
an integer zero (0). This word has no slgnificance in a data
set header. The third word contains an integer seven (7).
This word indicates the number of words remaining in the logical
record. The remaining seven words contaln an alphamerie data
set name 1f the data set 1s eilther a master input or master
output data set, or contain seven (7) zeros (0) if the data
set 1s not a master input or master output data set.

2. Data Set Trailer Record

The last logical record on all data sets which are
processed by the program is called g data set trailer. The
data set trailer is four (4 ) words long. The first word
contains an integer which is minus twenty (-20). This word
indicates that the record 1s a data set trailer. The second
word contains an integer zero (0). This word has no slgnil-
ficance in a data set trailer. The third word contains an
integer one (1). This word indicates the number of words
remaining in the logical record. The fourth word contains an
integer zero (0). This word has no significance in a data
set trailer.

3. Matrix Header Record

The first logical record in all matrices which reside
on data sets which are processed by the program is called a
matrix header. The matrix header 1s twelve (12) words long.
The first word contains an integer which is minus one (-1).
This word indicates that the record is a matrix header. The
second word contains an integer zero (0). This word has no
slgnificance in a matrix header. The third word contains an
integer nine (9). This word indicates the number of words
remaining 1n the logical record. The next seven (7) words
contain the characters which comprise the matrix name. The
last two words contain integer numbers which are the number
of rows and the number of columns, respectlvely, 1n the
matrix.
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4, Matrix Trailer Record

The last record in all matrices which reslde on data
sets which are processeéd by the program is called a matrix
trailer. The matrix traller is four (4) words long. The first
word contains an integer minus two (-2). This word indicates
that the record is a matrix trailer. The second word contains
an integer zeroc (0). Thils word has no significance in a matrix
traller. The third word contains an integer one {(1). This
word indicates the number of words remaining in the logical
record. The fourth word contains an integer zero (0). This
word has no significance in a matrix trailer.

5. Matrix Column Records

The logical records between the matrix header record
and the matrix traller record contain the columns of the matrix,
one column per logical record. The column records are varilable
in length. The length depends on the number of rows in the
matrix and the number of non-zero elements in the column. The
first word of column record contalns an integer which is the
column number. The second word contains an integer which is
either zero (0) or one (1). A zerc (0) indicates that the column
is full. A one (1) indicates that the column 1is compressed.

The third word contalns an integer which indicates the number
of words remaining in the logical record. Words four (4) to
the end contain the matrix column elements either in full or
compressed form. If a column does not contaln any non-zero
elements, a corresponding column is omitted from the data set.

C. PROGRAMMING STANDARDS

In the deslgn and ceding of the FORMAT II system every
effort was made to keep the system machine independent. With
this consideration in mind, the following rules were developed
and cbeyed.

a. The FORMAT II system is written entirely in FORTRAN IV.

b. No advantage was taken of the peculiarities in the
FORTRAN IV language.

¢. All variables are implicitly typed with the exception

of logical variables which cannot be 1mplicitly
typed.
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"EQUIVALENCE" statements were used only when they
were absolutely necessary.

No on-1line communication with the computer operator
is performed.

Blank common 1s used as worklng storage by all
routines. The size of blank common is compiled

into one control section (MRES) and .is made available
to all routines by belng stored in the fourth word

of blank common. Thus by recompiling only one
control section (MRES), the entire system is able

to take advantage of additicnal core storage which
may have been made available.

All references to FORTRAN logical data sets are
varliable. The numbers of all the FORTRAN logical
data sets available to The FORMAT II system are
compiled into one control section (MRES) and subse-
gquently made avallable to all routines. These data
set numbers may be changed by recompilation of one
control section (MRES) or via the input data.

A11 alphameric information is stored one character
per word, thus no adcantage of word size was taken.

No advantage of the bilt configuration of any
character was taken.

The FORMAT II system is extremely modular, making
additions and modiflecations as simple as pcssibple.

In general, very straight forward and conservative
coding practices were followed.
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SECTION II

OPFRATIONAL CONSIDERATIONS

A FORMAT II DATA SET PHILOSOPHY

The FORMAT II system is designed to make extensive use
of the input/cutput configuration of a given installation.
Since the philosophy of Format has been to keep the system
completely machine independent all references to input/output
devices is in terms of logical data sets. The FORMAT II data
set philosophy is described 1in the following pages. The main
topics covered are the manner in which an installation's
standard FORTRAN data set configuratlon is communicated to
the FORMAT II system, the minimum data set requirements of
the FORMAT TI1 system, and the method of selection of data
sets for use as FORMAT II system utllities.

A logical data set in the FORMAT II system can take on
cne to four Format system functions. The data may be a master
input data set; that 1is, one which contains matrices which
are required in the execution of the user's problem. The
data set may be a master output data set; that is, one which
is to contain matrices generated by the user's problem and which
is to be saved at the end of the problem execution. The data
set may be an input/output utility data set; that is, one
which may be used by the FORMAT I1 system during both pre-
processing and execution as intermediate storage. Finally
the data set may be the instruction data set. The only function
of this data set is to contain the executable format instructions
as generated during the preprocessing phase of a given run.
This instruction data set 1s subsequently read during the
execution phase cof the same run. In additicn to the four
previously mentioned FORMAT system functions, there are two
logical data set numbers which correspond to the system input
unit and system output unit of the operating system monitoring
execution of the FORMAT II system. These two data sets are
used by the FORMAT II system exclusively for reading cards on
or off=line and for printing on or off-line. Note that this
allows batech processing.

There are two ways in which an installation's standard
FORTRAN logical data sets are made available to the FORMAT II
system. One of the twc ways is by recompiling subroutine
MRES. This subroutine must have compiled into it the logical
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data set number corresponding to the system input unit and

the logical data set number corresponding to the system output
unit. The subroutine may have compiled into it information
about some or all of the installation's standard FORTRAN
logical data sets. This information consists of the five
following quantities for each data set: (1) the logical data
set number; (2) the FORMAT II system functlon of the data

set; (3) the device with which the data set is associated,
(e.g., tape); (4) the logical channel to which the device 1s
attached, (e.g., A); (5) the capacity of the data set in basie
machine units, (e.g., 5000 words). (A capacilty of zero (0)
indicates infinite capacity.) The second way the installation's
four standard FORTRAN logical data sets may be made available
to the FORMAT II system is by the use of the "NEW" option on
the $MAGIC card and a SETUP card for each of the standard
data sets. The "NEW" option has the effect of zeroing out

all the data set information which has been complled into the
subroutine, with the exception of the logical data set number
of the system input unit and the system output unilt. Each
SETUP card has the effect of re-establishing the five quantities
which are associated with each data set.

Once the installation's standard configuration has been
complled into the subroutine MRES, temporary modifications
may be made by the use of the "CHANGE" option on the $MAGIC
card and a DELETE card or UPDATE card, depending on the
particular modification to be made. The "CHANGE" option
indicates that the DELETE or UPDATE cards follow the $MAGIC
card. The DELETE card has the effect of zeroing out all
information associated with the speclfied data set. The UP-
DATE card has the effect of changing any or all the information
asscciated with an existing data set, that is a data set
whose associated information has been compiled into subroutine
MRES: or has the effect of making an additional data sets
avallable to the FORMAT II system if the data set did not
exist, that is, i1f the data set informatien associated with
the specified data set has not been compiled into subroutine
MRES.

There are several errors which wlll result from improper
specificaticn of logical data set information in the FORMAT II
system. The most serious of the errors are those which the
FORMAT II system, by virtue of its machine independence, can-
not detect and from which it cannot recover. These errors
are: (1) having specified an invalid logical data set number
for either the system input unit or the system output unit in
the compiled soubroutine MRES; (2) having specified the
number of a logical data set as a FORMAT IT system function
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which is not in binary mode or which is not defined as one of
the installation's standard FORTRAN logical data sets. These
incorrect specifications may result from the use of 4 "SETUP"
or "UPDATE" card, or improper use of subroutine MRES during
compilation. There are other errors which result from invalid
specification of logical data set information, which are
internal to the FORMAT II system and hence, can be detected

by the FORMAT II system. These errors are: (1) specifying a
logical data set as a FORMAT II system function, when the

data set is the system input or output unit; (2) specifying
duplicate data set numbers on two different SETUP cards; (3)
specifying a device type other than tape or disk for a data
set whose function is master input or master output; (4) not
specifying a sufficient number of data sets as belng available
to the FORMAT 1I system. JItem number 4 in the 1list of errors
will be clarified in the following pages.

The FORMAT Il system requires that a certain number of
logical data sets be avallable for use as system utilities
during the preprocessing phase and executlon phase. The function
and method of selection of all required utilities is described
below. The first data set selected by the preprocessor 1is
the data set which is to contain the executable Format
instructions. Since thils data set 1s a FORMAT II system func-
tion, it may have been established at the time all the system
functions were established. However, if no data set avallable
to Format has been given this system function, the preprocessor
selects for this function one of the data sets that has the
FORMAT II system function input/output utility. The next data
set selected 1s used as a communication medium between the pre-
processor modules. The preprocessor selectis a data set which
system function is input/output utility. This data set 1s
set outside to contain any matrices which may be card 1lnput.
During the allocation phase a fourth data set 1s selected for
temporary use by bthe allocator. Thils data set is also selected
from the FORMAT II input/cutput utilities. If no matrices
have been card input it is possible that the data set selected
by the allocator coincides with the data set which was to
contain the card input matrices. In general, the preprocessor
can function with a minimum of three (3) data sets if each
one has the FORMAT II system function of i1nput/output utiliity.
If card input matrices exlst in the user's problem, four (4
FORMAT II input/output utilities must exist.

The minimum data set requirements for the execution phase
are determined during allocation. The user's problem 1is
analyzed and the required number of master input and master
output data sets is determined. Specific data sets are selected
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from those whose FORMAT II system functlion is either master
input cor master output. If any data sets, whose system function
is master input or master output, have not been selected for

the user's problem, 1ts system function is changed from master
input or master output to input/ocutput utility.

Associated with each valid abstraction instruction is an
arithmetic mocdule which 1s under contrcl of the execution
monitor. Each of these arithmetic modules reguires a certain
number of secratch data sets 1n addition to the data sets
containing the matrices which are input to the instruction or
created by the instruction. As a result, the allocator scans
the user's abstraction instructions and determines the number
of scratch data sets reguired by each associated arithmetic
module. The maximum ¢f these numbers is then ascertained and
this number of data sets is set aside for future use as scratch
data sets. These data sets are selected from the data sets
whose FORMAT II system function is input/cutput utility. At
this point the matrices cccurring in the user's problem are
allocated to the remaining data sets whose system function is
input/output utility.

There are many errors which will occur when the minimum
requirements of the FORMAT II system are not met. All of these
errors are detectable by the FORMAT Il system. When one occurs
the approprlate errcr message 1s written. The moest common
error which occurs is not having enough input/output utilities
available to the preprocessor at the time of the selection of
an intermediate data set. When this condition arises, the error
message which is written on the system ocutput unit indicates
the Intermediate data set which the preprocessor has been
unable to select. The condition can be corrected by specifying
more data sets with the FORMAT II system function of input/out-
put utility. An error ccndition alsc results when the user's
problem requires more master input data sefs than exist with
the FORMAT II system funecflion of master input. The error
oceurs also for an insufficient number of master output data
sets.

B. STORAGE LIMITATIONS

The FORMAT II system is very flexible in its utilization
of working storage, In that all subroutines use blank common
as working storage and in that the allocation of blank common
storage is all dynamic. The length of blank common is
initialized in the CCOMMON statement in subroutine MRE3. The
size of blank common is bounded above only by the amount of
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core storage available at a given installation. For large
matrix problems it is desirable to have blank common as large
as possible, since the FORMAT II system utilizes all of the
available .blank common storage. The lower bound of the size
of blank common is determined by one of two things: (1) the size
of a particular FORMAT Il case, or {2) 708 words, whichever

is greater. The size of a FORMAT II case is a function of
such quantities as, the number of abstraction instructions,
the size of the matrices in the system, the number of matrices
in the system, etc. Since the allocation of blank common
storage is all dynamic and 1is a function of the size of the
user's problem, it 1is very difficult to calculate the exact
number of words of blank common reguired. However a few

guide lines will be given. In subroutine MRES a varilable
named KONST is initialized. This variable 1s the order of the
largest matrix which the FORMAT IT system will process. The
size of blank common working storage (i.e., the WORK array)
must be at least four and one haif times the value of the
variable KONST. Since the FORMAT II system 1s designed to
handle matrices of order up to 2000, the usual value of KONST
is 2000 and the mininum size of blank common working storage
is 9000 words.

C. INITIAL IMPLEMENTATION

The following is a discussion of the procedure a system
analyst should go through in initially implementing the
FORMAT II system at his installation. There are several para-
meters which define the basic machine configuration which must
be set. All these parameters are contained 1n subroutine MRES
and are defined as follows:

a) NPIT is the FCRTRAN logical data set number of the
system input data set.

b) NPOT is the FORTRAN logical data set number of the
system output data set.

¢) NAGEND is the FORTRAN logical data set number of the
data set which contains the agendum level abstraction
instructions. If your installation does not make use
of the AGENDUM capabilities set this variable to zero.

d) KONST is the order of the largest matrix which the
FORMAT 11 system will process.

e) NWORK is the length of the table WORK. This length

is the size of blank common less four. NWORK must
be at least four and one half times KONST.
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f)

g)

KONFIG is a table which describes all the FORTRAN
loglcal data sets which are available for use by the
the FORMAT II system. In the KONFIG table there

are five entries for each of the available data sets.
The first entry is the FORTRAN logical data set

number of an avallable data set. Each of these

data sets must be in binary mode. The second entry

In the KONFIG table is the FORMAT II system function
which the data set will have. At present there are
four FORMAT II system functions, master input data
set, master output data set, utility data set, and
instruction data set. A master Input data set is

one which may be mounted prior to a FORMAT II execution
and which may contain previously generated matrices.

A code of two (2) 1s entered in KONFIG for this type
of data set. A master output data set is one which
may be saved at the end of a FORMAT II execution and
whlch may contain matrices which are generated during
a FORMAT II execution. A code of three (3) is entered
in KONFIG for this type of data set. A master out—
put data set may be used in a later FORMAT II execution
as a master input data set. A utility data set is one
which 1is used by the FORMAT II system as scratch
storage. A code of one (1) is entered in KONFIG for
this type of data set. The instruction data set is
the data set in the information interface between

the preprocessor monitor and the execution monitor.

A code of four (4) 1s entered in KONFIG for this type
of data set. The third entry in the KONFIG table for
a data set 1s a code for the type of device which
contains the data set. The codes are one (1), two (2),
three (3), and four (4) indicating a device type of
tape, disk, drum, and a data cell, respectively. The
fourth entry in the KONFIG table is a code for the
logical channel to which each device 1is attached.

The codes are one (1) through ten (10) indicating
logical channels A through J respectively. The fifth
and final entry in the KONFIG table is the capacity

in basic machine units (e.g., words) of the data set.
A zero {(0) indicates that the data set 1s assumed to
be infinite in capacity. At present this characteristic
is non-functional.

One final variable must be initialized in subroutine

MRES. This variable is NUMR which is the number of
data sets defined in the KONFIG table.
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In assigning FORMAT II systems functions to the available
data sets, the following rules must be followed: (1) The data
set number of all available data sets (i.e., NPIT, NPOT, and
all data sets defined in the KONFIG) must be unique. (2) All
data sets defined in the KONFIG table must be avallable through
the Fortran system and must be in binary mode. (3) Only one
data set may be given the FORMAT II system function cf the
instruction data set. If the FORMAT II system function of
instruction data set 1s not specified for any data set, one
is selected from the utility data sets. (4) At least five
(5) utility data sets must be specified exclusive of that
which may be selected as an instruction data set. (5) Any
number of master input or master output data sets may be specified.

This concludes the initializaticon procedure in subroutines
MRES. The only other area the systems analyst need be concerned
with 1s the overlay structure of the FORMAT I system. The
overlay structure on a subroutine basis 1s illustrated in
Section III.

D. MACHINE RESOURCE DATA CARD

Tc assist the FORMAT systems analyst in initially
implementing the FORMAT system or in temporarily modifying
the existing loglcal machine configuration, several machine
resources data cards are available. These cards are (1) the
SETUP card, (2) the UPDATE card, and (3) the DELETE card.
These cards are used 1n conjunction with the options on the
$FORMAT card. The $MAGIC card defines the beginning cf a
FORMAT case. The coptions define the machine resources to be
used during the running of the case. The form of the card is:

1 16

$MAGIC STANDARD
NEW
CHANGE

Where the optilons are:
STANDARD - the standard machine configuration will be
used for this run.

NEW -~ a totally new machine configuration is to
be entered for this run using SETUP cards.

CHANGE - a change to the standard machine configuration
is to be made for this run using either
UPDATE or DELETE cards.

489



The machine resources data cards are defined as follows:

(1) SETUP cards are requlred if the NEW option has been
specified on the $MAGIC card. This set of cards defines a
new and temporary machine configuration. The form of the
card is:

7

SETUP (n, function, device, channel, capacity)
where the arguments are:

n -the logical data set number

function-the FORMAT II system function to be assigned
to this data set. This argument may be
MASTRI indicating master input data set,
MASTRO indicating master output data set,
IOUTIL indicating intermediate utility data
set, or INSTRN indicating the instruction
data set.

device -the type of external storage devlice that the
loglical data set is to reside upon. This
argument may be TAPE, DISK, DRUM, or CELL.

channel -the channel to which the device 1s attached.
This argument 1s an alphabetic character
from A thru J.

capaclty-the capacity of the logical data set in
basic machine units (e.g., words). A zero
indicates an infinite capacity.

(2) The UPDATE card is used if the change cption has been
specified on the $MAGIC card. This card defines changes or
additions to the standard machine configuratiocn. The form of
the card is:

I
UPDATE (n, function, device, channei, capacity)

Where the arguments are identical to those defined for the
SETUP card.
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(3) The DELETE card 1s used if the change option has
beer specified on the $MAGIC card. This card deletes a
data set from the standard machlne configuration. The form
of the card 1is:

T
DELETE (n)

Wnere the argument 1s:

n - the logical data set number of the data
set to be deleted.

The machine rescurces data cards immediately follow the
$MAGIC card in the deck setup. For more information cn the
machine resources data cards refer to subroutines MRES, MRESL,
MRES11, MRESZ.
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SECTION III

AGENDUM LEVEL ABSTRACTION INSTRUCTIONS

A. INTRODUCTION

An Agendum Level abstraction capablility has been incor-
porated into the MAGIC System. The abstraction instructions
for any type of analysis will be automatically generated for
the user when he specifies the corresponding option on the
$INSTRUCTION card. The Agendum library is expandable and the
addition of more abstraction instruction sequences (Agendum)
only requires the updating of subroutine AGENDM, and of course
the Agendum library itself. The use of an Agendum in no way
restricts the user because he can include in his input deck
his own abstractions to be merged with the selected Agendum.

B. MODIFICATIONS TO SUBROUTINE AGENDM

Subroutine AGENDM controls the selection from the Agendum
library of the abstraction instruction seguence requested on
the $INSTRUCTION card. At present, this subroutine has the
capability to select four Agendum; STATICS, STATICS2, DYNAMICS,
and STABILITY. In order to add more options the following
variables and arrays will have to be modified:

a) TYPE is the matrix which contains the names of
the abstraction sequences in the agendum library.
Increase the dimensions of this matrix and add the
new Agendum names via DATA statements.

b) LTYPE 1s an array which contains the length of each
Agendum name in the TYPE array. Increase the
dimension of this array and add the lengths of the
new Agendum names via the DATA statement in sequential
order corresponding to the names in the TYPE array.

¢) NTYPE is the variable which defines the number of

available Agendum 1n the library. Increase this
variable to the number of names in the TYPE array.
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C. SETTING UP THE AGENDUM LIBRARY

In subroutine MRES the variable NAGEND deflned the FORTRAN
loglcal unit number of the data set which contalns the Agendum
level abstraction instructions. Subroutlne AGENDM expects the
abstraction instructions in the library to have the same charac-
teristics as card images, eighty (80) byte records.

1. Agendum Control Cards

Each sequence of Abstraction instructions must be
proceeded by a control card which contains a name corresponding
to a name in the TYPE array in subroutine AGENDM. For example,
if the name STATICS appeared in the TYPE array then the
abstraction instructions corresponding to the statics analysis
would have to be proceeded by the control card $3STATICS, the
$ begins in card column 1 and there are no blanks allowed
in the control card.

The last card signifying the end of all agendum 1s
the $$END control card.

2. Examples of an Agendum Library

CCl
¥

$STATICS

Statlcs abstraction instruction

$DYNAMICS

Dynamics abstraction instructlon

$STABTILITY

Stability abstraction instruction

$$END (end of agendum library)}
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(a)

(b)

Examples of Agendum Usage

cCl1 cc7 CClé

¥ ¥ ¥
$MAGIC

$RUN GO
$INSTRUCTION  STATICS
$SPECIAL

[Report Form Input Deck for .USERO.Y.

$END

$MAGIC
$RUN
INPUT TAPE(QLD, 1969)
OUTPUT  TAPE(MAG,1970)
$INSTRUCTICN  DYNAMICS
A=DYNAM.ADD.LMASS
SAVE(MAG)DYNAM,LMASS, A
$SPECTAL

[ﬁeport Form Input Deck for .USERDA.

$END

4ok
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Instruction:



SECTION IV

MAGIC CATALOGUED PROCEDURE

The MAGIC program can be executed using a catalogued
procedure. TFor example, if the executable load module is
stored in the technical library under the program name
XY5630, the following catalogued procedure can be used for
initial implementation.

//MAGIC FEXEC PGM=XY5630

//FTO1IF001 DD  UNIT=SYSSQ,DISP=(NEW,DELETE),SPACE=(CYL,(5,4))
//FT02F001 DD  DDNAME=INPUT1

//INPUTY DD  UNIT=SYSSQ,DISP=(NEW,DELETE),SPACE=(CYL,(5,4))
//FT0O3F001 DD  DDNAME=INPUTZ

//INPUT2 DD UNIT=SYS3Q,DISP=(NEW,DELETE),SPACE=(CYL,(5 4))
//BTOL4F00L DD  DDNAME=OUTPUT

//0UTPUT DD UNIT=SYSSQ,DTSP=(NEW,DELETE),SPACE={CYL,(5,4))
//FTO5F001 DD  DDNAME=INPUT

//FT0O6F001 DD SYSOUT=A

//FTO7F001 DD  SYSOUT=B

//FT0O8F001 DD UNIT=3YSSQ,DISP=(NEW,DELETE),SPACE=(CYL,(5,4))
//FT0O9FC0L DD  UNIT=SYSS$Q,DISP=(NEW,DELETE),SPACE=(CYL,(5,4))
//FTLOFO0L DD UNIT=8YSSQ,DISP=(NEW,DELETE),SPACE=(CYL,(5,4))
//FT117001 DD UNIT=3YSSQ,DISP=(NEW,DELETE),SPACE=(CYL,(5,4))
//FT12F001 DD UNIT=SYSSQ,DISP=(NEW,DELETE),SPACE=(CYL,(5,4))
//FT13F001 DD UNIT=SYSSG,DISP=(NEW,DELETE),SPACE=(CYL,(5,4))
//FT14F001 DD UNIT=SY3S8Q,DISP=(NEW,DELETE),SPACE=(CYL,(5,4))
//FT15F001 DD  UNIT=SYSSQ,DISP=(NEW,DELETE),SPACE=(CYL,(5,4))
//FT16FC0L DD UNIT=SYSSQ,DISP=(NEW,DELETE),SPACE=(CYL,(5,4))
//FTLTR001 DD  UNIT=SYSSQ,DISP=(NEW,DELETE),SPACE=(CYL,(5.4))
//SYSABEND DD  SYSOUT=A

If the problem program required any input or output tapes
their definitions would be included into the procedure by
overriding the DDNAMES, INPUT1, INPUTZ2, or OUTPUT. For example,
if one input tape and one output tape was required then the
job step that envoked the catalogued procedure would be:
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//JOB

//JOBLIB bD

/ /GO EXEC
//MAGIC.INPUT1 DD
//MAGIC.OUTPUT DD
//MAGIC.INPUT DD

DSN=TECHNICL,DISP=SHR
MAGIC
{Tape definition)

(Tape definition)
*

MAGIC PROBLEM DECK

A
//END JOB
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Program Name

SECTION V

MAGIC II

TEST RUN REPORT

MAGIC II

Date of Run

Report Number

Customer Name

Locatlon

Machine Hours Used

Machine Configuration (include peripheral devices):

Type Operating System or Monitor Used (version, ete.):

(1) Objective of test run: {Discuss the routines or
instructions tested and expected results.)
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(2) Test run was:
Satisfactory (go to Item 8)

__ Unsatisfactory (go to Item 3).

(3) Check major reason for unsatisfactory run:
Program design

Program error
Documentation error
User error

Machine fallure

(4) Estimate of failure significance:

Critical (preventing further progress - go to
Item 5)

Significant (can continue but must be corrected
socn - go to Item 5)

Minor (go to Item 6).

(5) Attach trouble supplement sheets to provide a discussion
cf run results.

(6) Has Development Team been notified of the prcblem prior
to this report (1.e., during test session, immediately
after, etc.)?

No (go to Item 8)
Yes -- by prhone memo ; both;

on (go to Item 8).
date

(7) What action has been taken by Development Team?

(8) Additional comments, if any:

Signature of Coordinator
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Program Name

MAGIC II - TEST RUN REPORT

(Trouble Supplement Sheet)

MAGIC 11

Date of Run Report Number

Cus tomer Name

Location

INSTRUCTIONS: 1.

DISCUSSION:

Discuss run results, identify errors 1in
program and/or documentation, include
customer's comments or reactions, include
supporting information such as source
program, problem solution logie, memory
dumps, coples of manual pages, etc.

Attach numbered and completed trouble
supplements to appropriate MAGIC II TEST
RUN REPORT, page 1. When complete, send
one (1) copy to us and refain one (1)
copy .
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APPENDIX X

SECTION I

A. INTRODUCTION

The SUBSYS package consists of four subroutires written
in MAP. The first subroutine, .LOVRY, is placed in the
program deck, thus replacing the normal .LOVRY that IBSYS
would have provided. The function of this altered .LOVRY
is to receive control after the program has been loaded and
to then copy the main link (LINK 0), which is now resident
is core storage, onto a specified tape unit. Entry is then
made into LNKSTK, the second SUBSYS subroutine, which will
perform the function of copying LINK 0 from the tape written
by .LOVRY onto another tape. Also, LNKSTK wiil place the
cverlay load flle generated in the IBLDR phase and place it
on the same tape as LINK 0. Upon completion of a LNKSTK
execution, the entire program will be on tape 1n absolute
load mode in two files; the first containing LINK 0 and the
second contalning the overlay structure. At this point the
program may now be edited onto the System Library with the
aild of the third SUBSYS subroutine, COPYDK, in which case it
may be invoked by a $EXECUTE XXXXXX card, or the tape may be
saved in its two file per program form accessible by the
fourth SUBSYS subroutine, SEARCH. SEARCH has the capabllity
of locating any program on a SUBSYS generated program tape,
loading that program's LINK 0 into cord and then transferring
control to it.

Usage of a SUBSYS generated program tape is accompliszhed
by writing a FORTRAN load program that need contain only one
executable statement, CALL SEARCH (6HPROGNM). This wiil
cause SEARCH to locate the program, read the main link into
core and execute the main deck. The overlay is contained in
the next fille and the modified .LOVRY, now resident in core
with the main link, will control the loading of the overlay
links. The modified .LOVRY will also substitute backspace
file commands in place of rewlnd selections on the $0ORIGIN
cards 1n order to keep inside of the overlay file on the SURSYS
generated program tape.

A SUBSYS generated program tape may contain more than
one program, each being identified and located by the name
that was assigned to it by the User during the LNKSTK phase.
Execution of each program is initiated by a call to SEARCH
supplying the program name.

502



FORMAT IT, with the structural Generative System
insertion, is contained on one SUBSYS generated program
tape as three separate programs, named AFMTIIL, BFMTII and
.USEROY4., which are, respectively, the FORMAT II Preprocessor,
the FORMAT IT Execution Monitor and the Structural Generative
System. Sequence of usage of the three programs 1s indicated
on the following two lists, the first reflecting an appiica-
ticon in which the .USEROL., module (Structural Generative
System) is accessed and the second reflecting an application
in which the .USEROU4. module 1s not accessed.

B. EXAMPLES
1. .USEROU. Module Accessed

The FORTRAN load program will cause the loading of --

(a) AFMTII, which upon completion of processing
the input will issue a call to SEARCH
to load -

(b) EFMTIT, which upon encountering the .USERCA.
instruection will issue a call to
SEARCH, to load -

(c) JUSERO4,,which upon completion of matrix
generation will issue a call to SEARCH
to lecad -

(a) BFMTII, which upon completion of executicn of
the 1lnput abstraction instructions will
call SEARCH to load -

(e) AFMTII, which will begin processing the next
input data deck, if any.

2. JUSERO4. Module Not Accessed
The FORTRAN load program will cause the loading of --
(a) AFMTII, which upon completion of processing

the input will issue a call to SEARCH
to load,
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(b} BFMTII, which upon completion of execution of
the abstractlon instructions will call
SEARCH to load -

(c) AFMTII, which will begin processing the next
input data deck, if any.

.USER04. and non-.USERQ4. data decks may be batched
together on a single loading of the program.

Due to the fact that FORMAT II with the Structural
Generative System is actually three separate programs, the
necessary changes requlred for Implementation on a gilven
system must be made in each program. The same information
must be supplied to subroutine MRES in AFMTII that was needed
for direct machine control. Maln programs BFMTII and .USEROL4.
each have a subroutine RESET which must re-establlsh the size
of blank common.

The sequence of operations to generate a SUBSYS
program tape would be as follows:

1. IBSYS - start job
2. IBJOB - load AFMTII
3. LNKSTK - place AFMTII on SUBSYS program tape
4, 1IBJOB - load BFMTII
5. LNEKSTK - place BFMTII after AFMTII on
SUBSYS program tape
6. 1IBJOB - load .USEROL.
7. LNKSTK - place .USERQ4. after AFMTII and

BFMTIL on SUBSY3 program tape

It 1s extremely helpful, but not necessary, to the
above procedure that LNKSTK be placed into IBSYS as a sub-
system prior to executlng the above procedure. Further
examples are given in Section II, SUBSYS Documentation.
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SECTION IX

SUBSYS DOCUMENTATION

A. INTRODUCTION

The following section consists ailmost wholly of infor-
mation contained in the distributed documentation supplied
by SHARE regardilng SUBSYS. Alterations have been made to
enable one version of SUBSYS to be compatible on a stand
alone 7090/94 or on a Direct Couple System 7040/7090 or
TO44/7094.

Recognition for the bulk of the documentation is deserved
by Mr. David E. Bluett of Westinghouse Electric Corporation,
author of the original SUBSYS documentation.

This report describes a package of programs which will
operate upon any FORTRAN IV program in such a way as to
produce a program tape. The programs may be Overlay or
non-Overlay, and the program tape may contain any number of
such programs. The tape may then be used as a mounted program
library (similar to a CHAIN tape in FORTRAN I1) or may be
edited directly onto the system tape to produce executable
subsystem(s) under IBSYS.

B. BACKGROUND

The need for a package such as SUBSYS arose out of a
desire to put some high-activity, high-load-time Overlay
codes somewhere within the framework of IBSYS to proincreased
accessibility and decreased load and peripheral times. An
attempt was first made to insert a large Overlay code into
IBLIB, with the intention of still going through IBLDR, but
eliminating the large object deck. This method of attack
ran 1nto considerable troubles, the greatest of which was due
to the limited slze of the Subroutine Name and Dependency
Tables when doing a Librarian edit. It became obvious that
the most desirable situation would be the abillity to say:

$EXECUTE XXXXXX

thereby completely eliminating the need for input decks and
any connection with IBJOB. Examination of the IBSYS manual
showed that a subsystem under IBSYS should be an absolute
assembly and obey certain rules. It seemed that a FORTRAN
program, operating under IBJOB, already obeyed these rules
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more or lesg by definition, since IBJ@B is itself a subsystem.
The only problem seemed to be the conversion of the FORTRAN
code to an absolute assembly - a somewhat formidable task.
However, it soon became obvious that the main link of an
Overlay Job (including all the Library) was itself an "ab:solute
aseembly” once it was loaded, and that the link tape, once
written, was also in absolute scatter-loading format. The
problem was now reduced to three parts: (1) dumping out the
main link after it was loaded by IBLDR, (2% modifying the
Overlay tape to correspond to proper subsystem rules, and (3)
combining these two entities into one, ready for editing onto
the system tape for use as a subsystem under IBRSYS.

To solve part 1, a small program called CPYLKO {copy
Link 0) was written which receives control immediately after
execution and merely writes the main link out on tape. For
convenience, this program has been made part of .L@VRY, which
also had tc be modified to properly control the new subsystems.

Parts 2 and 3 were solved by a separate program, LNKOTK
(Link Stack), which modifies and combines the main link {as
written by CPYIKO) and the Overlay tape {as written by TELDR )
to form a two-file program tape.

Tests were performed, and it was proved that the cutput
tapes from LNKSTK could be edited onto the system tape and
successfully used as subsystems under IBSY3. REven though these
subsystems were placed on the system tape after IBJ@E and SFRT,
load time was reduced by about a factcr of 4, and peripheral
time {for input) reduced to esgentially zero., Card shuffling
errors in binary decks (a large source of lost runs) were
eliminated as was a large portion of the total job =etup time.
since LNKSTK has the ability to pack all of the record, execu-
tion time was usually improved, except in the cases of excess-
ive link tape rewinding [.L@VRY now must do a "backspsce File"
instead of a "rewind"),

Once this part of the package was operational, it was
realized that the program tapes produced by LNKSTK could be
mounted and operate just as well by themselves as they did as
subsystems on the system tape. Since more than one complete
program may reside on the program tape, all that was needed was
a small loading routine to perform the functions of SYSLDR, with
the added feature of program selection. To provide this func-
tion, the SEARCH routine was written, and, in addition to sub-
system generation, the SUBSYS package now provided the long-
gought solution to the saving of Overlay tapes. It should be
noted that the ability to save Overlay tapes came about essent-
ially as a by-product of the process for subsystem generation.
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C. TNSTRUCTIORNS FOR USE AND DETAILS ON THE SUB5YS PACKAGE

Acsume that a User wishes to make a program tape from an
axisting PORTRAN IV Overlay program. Whether this tape will
later be edited over as a subsystem or merely used as a "chain'
tape is immaterial, since the technique for making the tape
ic the same in elther case.

The special deck for ,LgVRY (with CPYIKO) is inserted
comewhere in the main 1ink of the program, and the job 1s sub-
nitted for running in the following way:

(1) fny dezired combination of $ATTACH or SSWITCH cards
if needed,

(#} o (and any other options desired or needed) on the
FIBJPR card.

(3) Only one link tape specified on the SPRIGIN cards.
(4y  The normal $ENTRY card (if any).

(5) No data (an end-of-file should immediately follow
the $DATA card).

The program will load (the Overlay tape being written
where directed by the $PRIGIN cards) and execute by transfer-
ring to the pre-exscution initialization seation (PREEX). The
firet inetruction in PREEY 1s TOX SYSTDR, 4, but a TTR to
APYILKO hag besen origined at UYSIDR in the TBSYS nucleus. The
SDVIKO section of LLEVEY is thus entered immediately via SYSIDR.

The main 1link will ncw be written out as one big raecord
on UYSCKZ. T SYSCKP iz already the Overlay link tape, the
sutput tave must be changed by altering an acssembly parameter
in CPYTKO. The size of the main link depends, of course on
the Jast Jocation used by this link, and this locatiocn is cal-
~ulated in CPYLKO. The main link will be written from SYSigc
through this last word, preceded by a few communication and
pointer words, and followed by an end-of-file. The output tape
from CPYLKO is left un-rewound, and control returns to IBSYS
via OYSRET. The cell 3YSIDR in the nucleus has been altered
by CPYLKC, so the next two cards in the deck (and the last two
of this first phase of the job) must be:

$IBSYS
$RESTERE

The next phase of the process is the combination of the
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output tape from CPYLKO with the Overlay tape to form the
final program tape. This combination is made by the Link
Stack program, which will normally be the next job on the
input tape. It is strongly suggested that LNKSTK (Link
Stack) itself be made a subsystem under IBSYS, since this
greatly simplifies the deck setup and eliminates the need

for protecting the Overlay tape during the loading of LNKSTK.
Instructions for making LNKSTK a subsystem are included as
Appendix VIIT, and this description will proceed on the
asgumption that this has been done.

After the JRESTYRE card, the cards are as follows:

$T9B

SEXECUTE LNKSTK

(LNKSTK data card, glving name, tapes, and
options)

End-of~-File card

Next may come either a return to the monitor
for signing off, a system tape edit, or a test
run on the new program tape using the SEARCH
routine.

Once LNKSTK is loaded, it will read its data card con-
taining the program name and the tape information required
(the data card format is detailed in Appendix VII), and perform
the following cperations:

1.

N

fewind all pertinent units and read the main link
ag written by CPYLKO,

Modify this link into proper scatter-loading format
and write it as one record on the specified cutput
tape, followed by an end-of-file.

Read the Overlay tape, modifying the link records
appropriately.

Write the modified links on the specified output tape,
followed by an end-of-file.

Print & map showing input and output record counts,
word counts, etc.

Rewind all pertinent units and exit.
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The program tape is written and ready for use. It may be
edited onto the system tape, loaded by means of the SEARCH pro-
gram or dismounted for Yater use.

As a summary by way of example, assume that it is desired
to make & program tape from a FORTRAN IV Overlay code called
STJ@B, edit this onto the system tape immediately following
IBJ@B, and then run a sample case. The deck set-up would be as
follows:

108 16
$IB3YS

$J4B

EXECUTE TBJ?B
$TRBJZB jobnam G ,MAP, etc.
$TBLDR DECK1

(start of decks for main link of program "TSTIEB"
Compiles and/or assemblies may be done in this run).

$TBLDR ,T@VRY
(special deck of .L@VRY with CPYLKO included somewhere
in main link).

boRTGIN (etart of link 1)

(remainder of program)

§$ENTRY card if normally included)
DATA
End-of-file card
$TBSYS
$RESTERE
$J@B
$EXRCUTE LNKSTK
(Link Stack data card, explained in Appendix VII)
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End-of-file card

$IBSYS
$IBEDT
*EDIT MAP, M@DS
*PLACE TSTJIYB,2,1,2
*REMARK NgW IN NAME TABLE AS 2ND SUBSYSTEM, 2 FTLES
*REMARK PISTTIPN TAPE AFTER IBJ@R
PILE *AFTER IBJQRB
*REMARE DUP IN TSTJ@R FRZM SYSxxx
*DUP SYSxXx,3YSUTL, 2
“REMARK ALL DPNE
Fnd-of-file card
FIBIYS
$PAUSE SET UP NEW SYSTEM TAPE, etc.
BIBSYS
5748 TSTJOB MAY NOW BE USED AS A SUBSYSTEM
SEXECUTE TSTIIR

(sample data deck for TSTJEB)
BEnd-of-file card

GCbviously, any number of subsystems may be DUPed on in
one «dit, providing the proper *PLACE, *AFTER, and *DUP cards
are used., In the IB3Y! edit, the unit 5YSxxx will be the
LHKSTE output tape, which is one of the data card parameters,

As an alternate possibility, assume the activity of TUTJIZR
te not sufficiently high to warrant it inclusion ag a subsystem,
but thet the load time is high enough to allow significant
gavings from the use of a program tape. The user therafore
desires to make a program tape to be mounted on OY3TB2. Tt
should be noted that program tapes produced by LNK3TX can oniy
e mounted on one drive due to the changed structure of .I@AVRY,
In other words, If the program tape for TATJ@R is made to run
on BS, then it must always run on B5. This so-called "running
link tape" is one of Che parameters on the TNKSTK data card and
must be SYSLB? for thils version of 3SUBSYS. The following ex~
emple iliustrates the use of the SEARCH routine in conjunction
with a program tape. The deck set-up is exactly the szame as
before, up through and including the EQF after the LNKSTK data
card. The last three identical cards will be re-listed for
continuity.

1 8 16

$EXECUTE LNKSTK
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(Tink Stack data card)

Fnd-ot-file card

hadB
ITEYRCUTE IBJ?B
LTRIZB GF  MAP

FIBFTC CALL

el

CATT, SEARCH (GHTSTI@RB)

LTHP
mND
STATA
(famvle data deck for TSTIER)

Ind-cf-tile card

This example assumes that SEARCH has been placed on the
IBJ@B library (IBLIB). If this is not the case, the binary
deck for SFARCH would follow the END card of the FORTRAN pro-
cram above. WNote that the calling seguence to SEARCH is
similar to that used for CHAIN in FORTRAN II, except that the
tape to be searched is omitted since it is assumed to be SYSLE2,

Search finds the specified program on SYSLBZ2 by name and
scatter-loads it right on top of itself, leaving only enough
to exccute @ trannfer to SYSTRA which will commence execution
of the desired program. The time saved when running with a
rounted vrogram tape and using SEARCH 1s obviously most depend-
ent on the time used to hang the tape. The time taken to load
ORARCH and its calling routine and to find and load the program
iz usually no more than ,004 hours.

D. SUMMARY

The SUBSYS package consisting of ,L@VRY with CPYIKO,
LMNKSTK, and SBARCH can provide considerable savings in setup,
peripheral, and main-frame time when used with 7080, 7094,
7043 /2 FORTRAN IV Overlay and non-Overlay ccdes,

Since no modifications are involved to TIBSYS or IRJ@B,
SUBSYS should be more "version independent" than other packages
available which do involve system mods. SUBSYS has been tested
on both wversion 12 and version 13 installations. This is a
tape-oriented package, and its value to a disk-oriented user
is questionable., Tt is left to the disk user tc make such an
evaluation,
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SECTION IIT

DETATLS ON LNKSTK

A, INTRODUCTICN

The information needed by LNKSTK to produce a program tape
is supplied by two sources: the communication words passed on
by CPYLKO, and the LNKSTK data card. The communication words
are obtained by LNKSTK when it reads the main link from tape,
and are described in Appendix IX,

B. LNKSTK DATA CARD FORMAT
Tield Columns Contents

1 1 -6 The program name as it will appear in
the first record of the program and on
the $EXECUTE card or SEARCH argument.
The name must be BCD, 6 character max.,
left adjusted in the field with trailing
blanks if less than 6 characters., If
this program is to become a subsystem,
the name must be different from any
other system record name.

2 8 - 13 Input tape on which LNKSTK may expect to
find the main link as written by CPYLKO.
This unit must be specified as SYSxxx,
and would be SYSCKZ? if running with the
distributed version of CPYLKO which uses
SYSCK2 for its output.

3 15 =20 Input tape containing the Overlay links
as written by IBIDR. This unit, which
mugt also be specified by its SYSUNI
name, is the tape presently containing
the Overlay links, regardless of what
SYSUNT it may have been (due to $ATTACH
and $SWITCH cards) when the program was
loaded. If this 1s not an Overlay Jjob,
the word "NGLINK" must be inserted in
this field.

4 22 - 27 This field is another SYSUNIT name which
specifies the "running link tape", or
the unit on which the program tape must
be mounted when running with the SEARCH
program and must be SYSLB? for the dis-
tributed version of LNKSTK and SEARCH,
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Field

\J1

Columns
29 - 34
3% - 39
41 - Ly
(1f Field
6 was
present)

Contents

If this is not an Overlay jcb, the word
"NGLINK" may be inserted in this field,
output tape for LNKSTK, also a SYSUNI
name. This name may be the same as that
in Field 2, but may not be the same as
the Overlay link tape in Field 3. Tt

may be, but is nct necessarily the same
as the "running link tape' in Field 4.

If the record packing coption is desired,
this field should contain the word
"pACK', If PACK is specified, all
records for each Overlay link (written

as L64 words by IBLDR) will be combined
to form one long record, The ,LRECT
table generated by the loader 1s modif-
jed by LNKSTK to reflect the new posi-
tiong of the links on tape. So called
"yemote sections" specified by $INCLUDE
cards cannot be handled by LNKSTK*. This
feature means that considerably less tape
is used for the link section of the pro-
gram, due to fewer record gaps. Link
loading is considerably faster, usually
resulting in an overall improvement in
execution time. If this option is not
specified, the records produced will be
U5 words, a BCD name being added to each
record (standard system record format).
This option is meaningless for a non-
Overlay Job.

Rewind options applying to the LNKSTK
output tape. Either RB and/or RA, in
either order, may cccupy this field, or
the field may be null,

% See Version 13 IBJ@B manual, C28-6389-0, page L3,
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Field

7

Columns

36 - 40
(if Field
65 was
absent)

Contents

Tc permit the stacking of more than
one program on the output tape, the
rewinds are strictly centrolled by
these options., If RB (rewind before
writing thls program) is specified,
LRKSTK will perform & rewind on the
output tape immediately before it
attempts to write the modified main
link. If RA (rewind after writing tnis
program) 1s specified, TNKSTK will
finish writing the last Overlay link,
write an E@F, and write a 3 word
trailer reccrd containing the word
"ENDTPE". It will then rewind the
cutput tape. This trailer record will
cause the word ENDTPE, to scatter-load
into SYSFAZ, enabling the SEARCH rou-
tine to recognize the end of the pro-
gram tape. RB must be specified for
the first (or only) program to be put
on the output tape, while RA mus®t be
gpecified for the last (cr only) pro-
gram. TII more than two programs are
to be stacked on the ocutput tape, any
"middle" programs would have neither
option specified to insure that

no rewinds are performed,

All fields are separated by commas (or any other non-blank
The remainder of the card after col. 45 is availa-

delimiter).
ble for comments,

Fields 1 ~ 5 must be present in the columns

assigned, while the last two fields are opticnal,

C. EXAMPLES

col,

1
*

TSTJIZB, SYSCK2, SYSUT2, SYSLB2, SYSUTS, PACK, RB, RA

STFT ,SYSCK2,S8YSLB3,SYSLB2, SYSCK2, PACK
SMALJB, SYSCK2, NGLINK, N@LINK, SYST.R2, RE

BICJ@B, SYSUT3, SYSCK2, SYSLB2, SYSUTT, PACK, RA

The setup for stacking more than one program on the out-
put tape is merely an extension of the case for one program,
The order of jobs in the deck would be similar to the follow-

ing:

514



Tha

these LNK

desired,.
the =ame
gram, S0

First Program

LNKSTK run (with RB on the data card)
Sacond Program

TNKSTK run (with no rewind optiong)

nth Program)
nth LNKSTK run, no rewinds)

T.ast Pfogram
INESTK run (with RA on the data card)

output tape would, of course, be the same on all
STK data cards, while the other options may be as
Overlay and non-Overlay programs may be stacked on
tape. A double E@F will follow a non-0verlay pro-
that each program will be 2 files for the SEARCH

routine (see Appendix X). TIf the system rewinds the LNKSTK
cutput tape between jobs or job segments, these rewinds must
be circumverted 1f more than cne program is to be stacked on
a given ocutput tape.

Tn addition to writing the main link in scatter-locad
format, LNKSTK provides entries for the following communica-
tion cells:

1, ILocation 2 - TTR LLESTR

2., Location 108 - TTE . FPTRF

3. Location 2308* - A corrected skew-check mask.

Il.  SYSTRA - TTR  PREEX {start of pre-executiocn

6. SYSFAZ

initialization)

7. SYSGET - "IRSXEC"

program name from data card

¥ A "feature" has been added in IBSYS Versicn 13 such that
any T@CP with a word count greater than 37?778 which enters
SYSTOH causes the record to be treated as if it were re-
dundant. Entry 3 above corrects this, but is only dcne 1f
LNKSTK”iS assembled for Version 13, See "Assembly Para-
meters .
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7. SYSL@C - zZero
8. L.JLIN (line ctr.) - zero

9. BYSCUR - hame of each record {(main or Overlay
as 1t is loaded

The program name enters SYSFAZ and SYSCUR when the main
link is loaded, and the name remains in SYSPAY throughout the
run. Each link record stores its name in SYSCUR as it is
loaded, so that the contents of SYSCUR will always represent
the last record read.

The link record name is a combination of the program name
and the link number if record packing is in effect, or the pro-
gram name, link number, and record number if packing is not in
effect.

Examples from "TSTJ@ZB":

Packing: TSTJoU Link 4)
No Packing: TST721 Link 7, Record 21)
All the link and record numbers will be BCD. The link
wlll occupy 2 characters if it becomes greater than G.

D. ASSEMBLY PARAMETERS

1. VRSICN - assembled as 13 by a "SET". Pertains to
the existence of SYSUT5-SYSUTO and to skew-mask
correcticn. BSee Appendix X, since the same para-
meter i1s centained in SEARCH to control T-@ table
assembly.

2. UNIT - assembled as SYSCK2. This is the output
unit on which LNKSTK will dump itself if entered by
a $ENTRY CPYLNK card. It must therefore- be specified
as the input unit on the INKSTK data card when pro-
ducing a program tape from LNKSTK itself (see
Appendix VIIT),

E. ERRCR MESSAGES
If any error is detected during a LNKSTK rn, a message:

ERRZR TN LINK STACK AT RELATIVE L@C XXXXX @CTAL (SEE LISTING).
CANN@T PR@CEED. is printed off-line. Examination of the
comments on the listing will reveal the nature of the error.
The message:

ERROR IN LINK STACK. FLUSH ANY REMAINING PARTS gF THIS
J@B HIT START T¢ DUMP
PPERAT@R ACTI@N PAUSE
i1s printed on-line. Depressing the START key will cause a core
dump via SYSDMP (AC, MQ, etc. are saved), but the operator 1is
responsible for flushing the rest of the run.
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. DUMP FEATURE

TP User modifications are made to LNKSTK, or if there
seems to be trouble during a LNKSTK run, it may be desirable
to obtain a core dump immediately after LNKSTK is through
with its processing. To provide this facility, a feature has
peen added to LNKSTK such that the console entry keys are
examined before LNKSTK returns to IBSYS via SYSRET. If any
prefix key (S, 1, or 2) or any combination of prefix keys is
down, INKSTK will exit via SYSDMP rather than via SYSRET.

The operator must, of course, be informed that the key@)
are to be set bhefore the termination of the LNKSTK run,

G. RESTRICTLONS

The fact that LNKSTK cannot handle “"remote” sections
specified on $TNCLUDE cards has already been mentioned, as
nhas the fact that only cne link tape may be called for con the
$ORIGIN cards.

Other precblems may arise from certain record size limita-
tions are imposed by SUBSYS and the systems which it must use.
LNKSTK has a buffer size of 28000,, words (665L0g), and this

represents the maximum size of any link record (the main link
would usually be the larvgest reccord, since it contains all

the library routines and possibly some named CgMM@AN), When
running strictly from a program tape, the SEARCH routine can
1cad a record in excess of the LNKSTK maximum (actually 28246
or 6?1268). However, things are not so simple when using the
system editor. At the time of this writing, no documentation
of any record size limitation has been found in either the
coding for EDTT@R or the IBSYS manual, but examination of the
actual T-¢ command in EDITOR shows the following limits:

IBSYS Ver. 12 (EDITOR Ver.5) - 24607, or 60037g
IRSYS Ver. 13 (EDITOR Ver.6) - 238407, or 56 440g

Analysis of a L@GIC or MAP will show whether a program is
within these limits. Insertion of one or two redundant $PRICGIN
cards in the main link is usually all that is needed to bring
the program back into line with LNKSTK and EDITZR.

In IBSYS Ver. 13, SYSLDR has been changed to check for
skew-errors by insisting that no bits enter bit position 3, 19,
and 20 of any scatter load ICP. This has been corrected by
the skew-mask described previously, which effectively allows
SYSIDR to load a record of any size. Regardless of the method
used, the practical size limit is still SYSEND-SYS@RG.
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SECTION IV

LNKSTK AS AN EXECUTABLE SUBSYSTEM

A, INTRODUCTION

If INKSTK is loaded from a binary deck, not only is the
deck setup for meking a program tape somewhat more complicated,
but certain SYSUTx files (which might contain the Overlay
links ) must be protected during the loading of INKSTK. The
ideal situation ig to have LNKSTK reside on the system tape ag
an executable subsystem, This adds no appreciable "bulk" to
the system tape, since ILNKSTK is only one file, consisting of
one 2200 word reccrd, and the deck setup of:

%JQB
IEXECUTE LNKSTK
(LNKSTK date card)

is certainly as compact and simple as could be degired,
B, INSTRUCTIONS FOR MAKING LNKSTK ITSELF A SUBRSYSTEM

LNKSTK heas its own built-in equivalent of CPYIKO, called
UPYLNK, which may be entered in the case where it is desired to
have LNKSTK operabe on itself, &ince this entry is not the
general case, 1t is not made automatically as it is in the
CPYLKO section of .LZVRY, but must be made by a $ENTRY card.
The deck setup to make a program tape from LNKSTK itself and
edit it over to the system tape immediately after IBJ@B is as
follows:

1 8 16
$TBSYS

iJQB

$EXECUTE TBJZB
$IBIER G# ,MAP

$IBLDR LNKSTK

(LNKSTK binary deck)
$DKEND LNKSTK
%ENTRY CPYTLNK
DATA
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108 16
data card: TNKOTK, 3YSCK2 , NL.INK, N¢LINK,SY3CK2 ,RB,RA
mnd-of-file card
HTRSYS
LIDB
$IREDT
*EDIT MAP, M@DS
*PLACE,  LNKSTK,1,1,2
FITE *AFTER  IBJZB
“DUP SYSCK?,SYSUT1, 1
fnd-of-file card
JIR3YS

Tn thisz example, the $ENTRY card will cause LNKSTK to
write itself out on 3IYSCK?2 (this tape is an assembly parameter
in LNKSTK) before transferring to its normal entry, It will
then read ite deta card and proceed as it would on any non-
dyverlay job. Note the fellowing on the data card:

1. The program name 1s specified as LNKSTK (similarly on
the *PLACE card), and this is the name that must be
cpecified on the $EXECUTE card when using the sub-
syetem,

o, The input tape for the main (and conly) link is specif-
i1ed asz OYICK?.

3., The NPLINK feature iz gpecified in place of the normal
1ink tape designations, signifying that this 1is not an
Overley Jjob.

L, S8YSCK? is also used for the cutput tape, illustrating
the fact that the output tape for LNKSTK may be the
aame az the main link onput tape.

5. The PACK option is not specified, since this would be
mesningless for a non-Overlay Jjob.

6. 9ince this is the only program to be put on the output
tape, both the RB (rewind before) and RA (rewind after)

The new system tape, containing LNKSTK as the 2nd subsystem

under IBSYS, will be produced on whatever unit is attached as
3YSUTI.
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SECTION V

DESCRIPTICON OF THE MODIFIED .L@VRY WITH CPYLKO

The standard IBM routine .L@VRY, whose function is the
loading of Overlay links, has been somewhat modified for use
with the SUBSYS package. The largest change, of course, is
the addition of the CPYLKOQ routine, which is discussed else-
where in this write-up. Other changes are as follows:

1. The table of legal link tapes (UNITAB) has been
reduced to one location, since now only cne link
tape is usged, whether running as a subsystem or
a5 a program tape. All general references to
UNITAB (as a table) have been removed, and the
UNITAB index in the .LRECT table is no longer
examined. The single UNITAB cell in .L@VRY is
new get by LNKSTK during its processing of the
main link, the desired ﬁrunning” link tape being

specified on the LNKSTK data card. Since oniy

one link tape may now be used, certain codes which

have an extremely high activity of link loading

and link tape rewinding may run considerably longer

under this system, possibly enough to negate its

worth. This is something that is best determined
empirically,

2. All disk and hypertape coding has been removed for
Simplicity, since SUBSYS is a tape oriented package.

3. The IBSYS Version 13 Mod. which adds the skew error
check 1s not included, since this has not proved
to be troublesome in our installation. Tt may easily
be inserted by the User if desired.

I, The subsystenm (or program tapes) are now two files,
the main link being one, and the Overlay links the
second. .LPVRY must then skip over the EgF after
the main link on the first entry and alter each BRSF.
BSF's now replace rewinds when a rewind is requested
by REW on the $@RIGIN card.
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5. TIf the PACK option is specified on the LNKSTE
date card, all records for cne Overlay link will
be packed into.one long record, thereby reducing
the length of tape needed for the program and
shortening the time for link loading. However,
the .LRECT table produced by the loader wiil no
longer reflect the correct reccrd counts and tape
positions for each link. Thls table is automatical-
ly modified in LNKSTK tc reflect the true "one
record per 1link" status of the link file on the
tape. No change to .L@VRY 1s involved here.

Aside from these changes, .L@VRY is essentially the
same. The number of words removed is about the same as the
number of words added by the addition of CPYLKO. 1In the
process of writing the main link from SYSLOC through 1ts
last word, CPYLKC also passes on to LNKSTK:

1. The address of PREEX

2 The addresses of .ILXSTR and .FPTRP

3. The address and length of the ,LRECT table.
4, The address of UNITAB in .L@VRY.

A1l other information needed by LNKSTK is present on the
data card.

The length of the main link 1s calculated at execution
time in CPYLKO. A search is performed from SYSEND-1000 back-
ward (towards location O), looking for the first word that
is not an STR 0,,0. This is assumed to be the last word of
the main link. Tnis is reliable as long as IBLDR periorms
as it is supposed to in its final section, and this method
is certainly preferable to using an assembly parameter as
was formerly done.

The standard error message in L@VRY is written on first

entry if the UCB's for the unit specified in UNITAB and SYSLB1
show both these units at load point.
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SECTION VI

DESCRIPTION OF THE SEARCH ROUTINE

A, INTRODUCTION

The general function of the SEARCH routine has been
described earlier in this manual. The scatter-load and
redundancy-checking routine is origined at ?20008 to prevent

i1t from being destroyed as a large main link is scatterload-
ing in., The initialization and table sections of the program
Wwill be destroyed in this process, since they are needed only
once. The search for the program is dependent on the BCD name
supplied in the calling sequence. The program name from tape
will be scatter-loaded into SYSFAZ. When SYSFAZ becomes
non-zero, SEARCH compares itsg contents with the name from

the CALL. If they are the same, the scatter-load is allowed
to continue, and, if not redundant, control then passes to

the main link via SYSTRA. If the names are not the same,

the scatter-load is immediately terminated and 2 files are
skipped. The process is then repeated until either the
program is found or the word "ENDTPE" enters SYSFAZ, signify-
ing the end of the tape. If this trailer label is encountered
an error message is printed and the program exits via SYSDMP.

3

B. CALLING SEQUENCE
In FORTRAN or MAP: CALL SEARCH (Argl)
where Argl is the program name as AHxxxxxx

It 1s strongly suggested that SEARCH be edited onto the
IBJ@B library as soon as it has been reassembled for the
particular installation.
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C. ASSEMBLY PARAMETERS

1. VRSI@N is assembled as 13 by a "SET", and represents
the version of IBSYS in use. It pertains only to
the existence of SYSUT5 - SYSUT9 and is used with
TFT's and IFF's to control the assembly of the I-J
tables,

2. BCDTAR - table of BCD SYSUNI names.
3., SYSTAB - table of SYSUNI indices.
. RDSTAB - tables of read selects.

A11 of these I-@ tables must be examined and made
to conform to the installation I-@ configuration.

D. ERROR MESSAGES

Due to a number of possible causes such as illegal tape
dezlgnation, the word "ENDTPE" entering SYSFAZ, ete,, the
message:

PROGRAM '"XXXXXX' IS NOT ON SYSLBZ . . . SCRRY

is printed on-line, followed by a dump. If the
arguments lock all right, the cell SYSFAZ should be
examined.

If the main link record is still redundant after 10 tries,
the message:

REDUNDANCY READING SYSLB2 . . . SEARCH DISCONTINUED is
printed on-line, followed by a dump.
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SECTION VII

SUBSYS SUBROUTINES

A, INTRODUCTION

The following 1s an example of how SUBSYS was imple-
mented. It describes the subroutines which were added to
the MAGIC System for SUBSYS control. The Overlay chart,

B, should replace Figure I.7 in Appendlx I for SURSYS
control.
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C. LIST OF SUBSYS SUBROUTINE FUNCTIONS

.USEROQY. (Main deck) Control reset of system para-
meters, call SEXEQ and return control to
BFMTIT

SRESET Reset system input unit, system output unit,

maximum matrix limit, size of work area,
print control and re-establish blank common
area

SEXEQ Read and interpret .USERCY4. instruction
and pass control to USCY
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D.

L

8.

10.
11.
12,

13.

14,

SUBROUTINE DOCUMENTATION FOR SUBSYS

Subroutine Name: USEROH (Main Deck)

Purpose: Provide main deck control under SUBSYS
implementation

Equation and Procedures: Logical variable ERROR is set
to false, Subroutine SRESET is called to reset system
parameters. Subroutine SEXEQ is then called to execute
the .USEROYL. abstraction instruction., SUBSYS subroutine
SEARCH is then called to return to the BFMTII program.
Tnput Argument: None
Cutput Argument: None
Error Returng: If logical variable ERROR is found to be
true after performing subroutine SEXEG, then an error
message to this effect is printed and continuation of
execution is attempted.
Calling Sequence: None
Input Tapes: None
Output Tapes: None
Scratch Tapes: None
Storage Required: Total storage is 120g (8010).
Subroutine User: None
Subroutines Required: SRESET

SEXEQ

SEARCH

Remarks: None
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o o 1 Oy

10.
11.
i2.
13.
14,

Subroutine Name: SRESET

Purpose: Reset system parameters under SUBSYS implemen-
tation

Equations and Procedures: There are seven system parameters
which must be resst due to operating under SUBSYS. They
are:

1) NPIT : System input unit number

2) NPOT : System output unit number

3) KONST : Maximum matrix order capability

4 NWORK : Number of storages in work area

5 IPRINT : OQutput print control

©)  WORK  Dimensioned work storage area (to be in
blank common)

(7) NINST : Unit number containing instructions

NINST is defined to have a value of one.

NPIT, NPOT, KONST, NWORK and IPRINT are reset by reading
them from the return instruction on NINST. NINST is
searched until the return instruction is located, then
NINST is backspaced and the return instruction is read
again, this time the required system parameters are read,
thus resetting their values. The work storage area, WORK,
is allocated into blank common by a COMMON statement in
SRESET .

Input Arguments: None

Output Arguments:

NINST ¢ Fortran logical unit number centalning instructions
IPRINT : Output print control

NPO1 : System output unit number

Error Returns: None

Calling Sequence: (NINST, IPRINT, NPO1)

Input tape: NINST - Abstraction instruction input tape.
Output Tapes: None

Scratch Tapes: None

Storage Required: Total storage is 1638 (11510).
Subroutine User: USERO4

Subroutines Required: None

Remarks: None
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NOREN G sl N o)

10.
11.
12.
13.
14,

Subroutine Name: SEXEQ

Purpose: Extract and separate the required information from
the USFRO4 instruction on the instruction tape

Equation and Procedure: The USERO4 instruction is read
from the instruction tape into the common work storage
area. From information contained in the first six words

of the instruction record the succeeding data in the record
is separated into its component sections and placed into
the calling sequence to USO4.

Input Arguments:

NINST : Instruction tape number
IPRINT : Output print control

Qutput Arguments:

ERROR : Error condition indicator

Error Returns: None

Calling Sequence: (NINST, IPRINT, ERROR)

Input Tape: NINST - Abstraction instruction tape
Output Tapes: None

Scratch Tapes: None

Storage Required: Total Storage is 2175 (13610).
Subroutine User: USERO4

Subroutine Required: USO4

Remarks: None
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APPENDIX XTI

DOCUMENTATION FOR ELEMENT INSERTION
INTO THE MAGIC SYSTEM
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SECTION I

FINITE ELEMENT MATRIX SUBROUTINES DEFINITION RULES

A subroutine must be generated which may be used by ELPLUG
in order to generate the element matrices required for finite
element analysis in MAGIC. This module may be written and
checked out independent of MAGIC. The checked out routines may
then be added to MAGIC by following the "INSERTION OF FINITE
ELEMENT MATRICES INTO MAGIC", page 539.

For purposes of clarification, the standard subroutine
writeup format is used in describing the necessary rules.
This format is similar to the subroutine writeup format used
in the Volume III Programmer's Manual.

A. SUBROUTINE NAME

Any subroutine name may be chosen. Later, when the
module is inserted into MAGIC, the name may be changed to
satisfy ELPLUG rules.

B. PURPOSE

To generate the finite element matrices required to
generate statics, stress dynamics, or stabllity analysis, this
module must be suitable for insertion into MAGIC.

c. EQUATIONS AND PROCEDURES
1. Equations

a) Equations must satisfy the requirements and
assumptions of displacement method finite

element analysis.

b) All matrices must be generated with system
degrees of freedom ordered according to grid
point, that is: ul,vl,wl,uz,vz,w2,w3,v3,w3,

etc. where u, = u for grid point 1, u, = u
for grild point 2, etc.

533



c)

2. Proced

a)

b)

c)

d)

e)

The total number of degrees of freedom
= NORD = number of grid points x number of
degrees of freedom per point. For example,

if an element has u,v,w, ex,ey,ez for each
grid point and has three grid points, then
NORD = 6 x 3 = 18.

ures

Element materlal properties, element grid point
data and geometric properties are supplied as
input through the argument 1list. The form of
this input 1s described under "INPUT ARGUMENTS",

Using matrix methods, all element matrices

must be generated in system coordinates. That
is, all transformations required must be per-
formed internal to the subroutine. A selection
of matrix computations must be supplied, based
on input selection controls.

OQutput matrices are supplied to the MAGIC system
through the calling sequence, described under
"OUTPUT ARGUMENTS™.

This module shculd be checked out independently
of MAGIC and then inserted into MAGIC, using
standard rules for insertion.

General Flow

INPUT described
in INPUT
ARGUMENTS

A

If K3=1, compute stress matrix
of order NRSEL x NORD

ERROR TEST (des

in ERROR RETURNS)

cribed

\

If KTS=1, compute thermal stress
vector of order NRSEL x 1

If KK=1, comput

matrix in AK of order

NORD¥*NORD in si
scripted symmef

e stiffness \

If KM=1l, compute mass matrix of

l -
ngly sub order NORD x NORD in singly sub-

ric form

N\

scripted symmetric form

y

If KF=1, comput

pressure load vector of

order NORD#*1

Set up output controls:
e thermal/ NRSEL = no. stress points
NOINK = NORD ¥ (NORD+1)/2

\

RETURN
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D. INPUT ARGUMENTS

1.

= 0 or 1.
matrix.

Centrol Information

A1l suppression controls should be tested for value
If the value = 0, do not compute the appropriate
If the value = 1, do compute the matrix.

IPL = Internal element identification number

KK = Suppression control for element stiffness
matrix

KH = Suppression control for element thermal

and pressure load matrices

KS = Suppression control for element stress
matrix
KTS = Suppression control for element thermal

stress matrix
KM = Suppression control for element mass matrix

KN = Suppression ccontrol fer element incremental
stiffness matrix

Dimension Information

NNO Number of grid points on element

NORD

Total number of degrees of freedom = order
of stiffness matrix

Gridpoint Cocrdinate Data

xC = X coordinates of element gridpoints of
length NNO
YC = Y coordinates of element gridpolnts of

length NNO

ZC

v coordinates of element gridpoints of
length NNO
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TC = Grid poilnt temperatures for element of
length NNO

PC = Grid point pressures for element of
length NNO

4. Material Property Input

These properties are input temperature interpolated
element related material propertles stored in a one-dimensional
array: MAT. This array was generated in ELEM by ccmputing the
effective element temperature and then interpoclating the
material file tables for necessary values.

a) MAT Array - MAT(1l) contains temperatures at
which variables will be interpolated:

i) Elastic Properties

MAT(2) Ex

MAT(3) Ey Young's Modulus
MAT(4) EZ

MAT(5) Yy

MAT(6) sz Poisson's Ratio
MAT(7) Yox

MAT(8) oy

MAT(9) ay Thermal Coefficients
MAT(10) o, of Expansion
MAT{11) ny

MAT(12) Gyz Shear Modulus
MAT(13) sz

11) MAT(14) - MAT(21) 1s reserved for future use.

iii)Other Parameters

MAT(22) Mass Density -~ DENSTY
MAT(23) Option for element print - WIPR
MAT(24) Initial temperature - TZERO
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E. OUTPUT ARGUMENTS

All symmetric arrays are stored such that only the lower
half is stored by rows in single subscripted form.

1.

Control Information

NERR

= Error set control (described under ERROR
RETURNS).

Dimension Information

NOINK

NRBEL

NSEL

NMASS

Number of words in symmetric matrix
NORD x {(NORD+1)/2

Number of stress components = number
of rows in stress matrix

Number of words 1in stress matrix
= NRSEL # NORD

Number of words in mass matrix.

Output Element Matrices

a)

c)

d)

e)

Stiffness Matrix - AKEL = Singularly subscripted
array which represents storage of length

(NORD x (NORD+1))/2. Elements of lower half

of symmetric matrix of order NORD x NORD must

be stored in system coordinates. The com-
putation of this matrix should be suppressed

if KK = 0.

If KF = 1, compute FTEL = thermal + pressure
element load matrix column of order NORD x 1.

If KS = 1, compute SEL = stress matrix of
order (NRSEL x NORD) where NRSEL = number of
stress components.

If KTS
= STEL

1, compute thermal stress matrix
NRSEL x 1 matrix coclumn.

If KM = 1, compute MASS matrix in same form as
stiffness matrix.
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) NOINK = number of storages for stiffness

matrix.

g) NRSEL = number of stress points on stress
matrix.

h) NMASS = number of storages for mass matrix,

if no mass matrix exists, set NMASS = 1.

4. EXTRA
EXTRA = a total of 5 input element properties is

possible as input tc MAGIC. Element thicknesses or other
geometric properties are obtained from this array.

F. ERROR RETURNS

Set NERR = 0 if no error

Set NERR = 1 if finite element number (IPL) is incorrect
Set NERR = 2 if number of Nodes (NNO) is incorrect

Set NERR = 3

if order of matrlx = NORD is inceorrect.

G. CALLING SEQUENCE
Call (Subroutine Name) (IPL,NNO,NORD,KK,KF,KS,KTS,KM,
KN,XC,YC,ZC,TC,PC,MAT,EXTRA,NOINK,NRSEL ,NSEL, NMASS,
AKEL,FTEL, SEL, STEL,AMASS, NERR)
H. STORAGE
All singular subscript arrays should be dimensioned (1).
SEL must be dimensioned (NRSEL,NORD).
I. SUBROUTINE USER
ELPLUG must be updated to accept this routine. "INSERTION
OF FINITE ELEMENT MATRICES INTO MAGIC" should be consulted for
the changes necessary to ELPLUG and MAGIC.
J. SUBROUTINES USED

Any subroutines may be used and written for use in this
routine.
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SECTION II

INSERTION OF FINITE ELEMENT MATRICES INTO MAGIC

As MAGIC is a General Purpose Structural Analysis Program,
certain sections can be considered as modules. Revisions to
the program is accomplished by insertion of new subroutines
or modules. This concept of inserting or "plugging" finite
element matrices into a program was originally a concept in
1956 of Turner of Boeing. Thus the term "plug" means
inserting different finite element equations into MAGIC.

Revisions to MAGIC Include the Following:

A. Revisions to .USERO4. Module

B. Revisions to STRESS Module

C. Revisions to FORCE Mcdule

D. Revisions to EPRINT Module

E. Revisions to OVERLAY of Program

F. Revisions to the Plug Subroutines Themselves.
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A. REVISIONS TO .USERO4. MODULE

1. Subroutine ELEM

a)

b)

c)

Revise the "Table of Contents" of elements,
if necessary. Consult current listing for
present form.

Refer to "REVISIONS TO ELEM AND FELEM" in
order to update the DATA and DIMENSION
statements for the arrays:

NUMOLD
IPLNO
NDSEL

Increase the value of NUMPLG by +1 for each
plug added.

2. Subroutline FELEM

a)

b)

Update the "Table of Contents" of elements,
if necessary. See Table I.

Revise the data statement for the NEWNUM
array, if necessary. Refer to "REVISIONS
TO ELEM AND FELEM", page 551.

3. Subroutine ELPLUG

a)

b)

c)

Mcdify the computed GOTO statement so that
control passes to statement number MNOO when
IPL assumes the value MN. (NOTE: MN is the
crie or two digit plug number.)

Insert the CALL PLUGMN with appropriate calling
Sequence at statement number MNOO.

Insert instructions to bypass the grid point
axls transformation, if necessary. These
transformations must be skipped in all plugs
which handle grid point axis transformation
inside the plug itself.
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B.

REVISIONS TQ THE STRESS MODULE

1.

Subroutine STRESZ

a)

b)

c)

d)

e)

£)

g)

Increase the DIMENSION of the array PLUGS.
This array contains the piug number of all
the element types avallable to the MAGIC
system.

Update the variable NPLUGS. This variable
should be the same as the dimension of the
PLUGS array.

Add the new element type plug number te the
DATA statement which defines the PLUGS
array.

Update the GOTO statement which transfers
control to the WRITE statement which writes

the heading for the stresses of that particular
element type. The statement number to trans-
fer to is calculated by IPL¥*1000.

Add the WRITE statement with format number
IPL¥1000+1. Then define the following
variables:

i) NSC = the number of stress components
for this element
i11) IFMT = the updated value of NPLUGS
iii) KFMT = 1,2,3,4 or n depending on the format

needed to write out the stress values.
The actual format will be discussed
in Section V.

Add the statement GOTO 320.
The heading printed out for the stresses of this

element should conform to the format of all the
other headings.
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C. REVISIONS TO THE FORCE MODULE

1.

Subroutine FORCE?

a)

b)

d’

e)

)

g)

Increase the DIMENSION of the array PLUGS.
This array contains the plug number of all
the element types available to the MAGIC
system.

Update the variable NPLUGS. This variable
should be the same as the dimension of the
PLUGS array.

Add the new element type plug number to the
DATA statement which defines the PLUGS array.

Update the GOTO statement which transfers
control to the WRITE statement which writes
the heading for the forces of that particular
element type. The statement number to trans-
fer to is calculated by IPL*1000.

Add the WRITE statement with format number
TPL*1000+1. Then define the following
variables:

i) NFC = the number of components of force
For this element

il1) IFMT = the updated value of NPLUGS*100

1i1i) KFMT = 1,2,3,4 or n depending on the

format needed to write out the
force values. The actual fformat
will be discussed in Section V.

Add the statement GOTO 320.
The heading printed out for the forces of this

element should conform to the format of all
other headings.
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b. REVISION TO THE EPRINT MODULE

1. Subroutine EPRINT

a)

b)

c)

d)

e)

£)

g)

Increase the DIMENSTON of the array PLUGS.
This array contains the plug number of all
the element types avallable to the MAGIC
system.

Update the variable NPLUGS. This varlable
should be the same as the dimension of the
PLUGS array.

Add the new element type plug number to the
DATA statement which defines the PLUGS array.

Update the GOTO statement which transfers
control to the WRITE statement which writes
the headings for the stresses or forces of
that particular element. If TPRT=1, then

net element stresses are to be wrltten. The
statement number to transfer to is calculated
by 600+IPL. If TPRT=2 then net element
forces are to be written. The statement
number to be transferred tc is calculated by
T00+IPL.

Add the WRITE statement with format number
800+IPL for stresses and 900+IPL for forces.
For both stresses and forces define the
variables:

1) NC = number of stress or force components

ii) IFMT = the updated value of NPLUGS for
stresses and for forces it equals
NPLUGS#*100.

iii) KFMT = 1,2,3,4 or n depending on the

format needed to write out the
stress and force values. The
actual format 1s discussed under
STRPRT revisions belcw.

Add the statement GOTO 2Q0.
The headings to be printed should be exactly

the same as those written in subroutines STRESZ
and FORCE?.
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Subroutine STRPRT

Subroutine STRPRT is called by STRES2, FORCEZ2, and
EPRINT.

a)

b)

¢)

This routine contains the format statements
necessary to Wwrlte the stress or force values.
At present, there are four different formats
available, defined by FMT1, FMT2, FMT3 and FMT4.
The value of KFMT as defined in STRES2, FORCE?
and EPRINT will point to one of these formats.
If any of the present formats are not applicable
for the printing of the values of a new element
type then the following must be done.

1) Define a new format statement in a DATA
statement. Gilve it the name FMTn. Set
KFMT=n.

ii) DIMENSION this format.

111) Update the GOTO statement which transfers
to the WRITE statement which uses the new
FORMAT FMTri. Calculate the statement
number by KFMT¥100.

The column headings that are to be printed for
the new stresses and forces must also be added
to this rcutine. Update the GOTO statement
which transfers control to the correct WRITE
statement. For stresses, the statement number
is IPL¥1000 and the format number of the write
statement is IPL*¥1000+1. For forces the state-
ment number is IPL*1000+3 and the format number
is IPL*100+2.

The FORMAT statement which contains the headings

for the columns should follow a format similar
to those already included in the routine.
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E. REVISIONS TO OVERLAY

The overlay will have to be revised whenever new sub-
routines are added to MAGIC. This overlay structure may be
a function of the particular version on a particular machine.
There 1s no standard procedure but a general guldeline 1is
available: NEWPLUGS may be placed on new links whlch are on
the same level as existing plugs since only one plug will be
necessary 1in core at one time.
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F.

PLUGS AND SUBROUTINE CHANGES

Obtain listing of PLUG which has been written and
checked out by following the rules under "Finite
Element Matrix Subroutine Definitions Rules",
page

Equivalence all working dimensions to WORK storage
by referring to "Equivalence of Local Work Areas
in MAGIC", page

Insert this card immediately after the subroutine
PLUGMN statement:

COMMON NPIT,®,KONST,DUMMY(7097),
WORK (NLAST)

When NLAST is defined as the last location of the
WORK storage array referenced in Item (2) above.

REPEAT(3) above for every subroutine used by PLUGMN.

546



G. CHECKLIST TABLES FOR USE IN INSERTION

This table contains all of the revisions listed. These
tables should be used in order to be sure that all steps have
been completed.

When revised ltem has been completed, write an X in the
space provided.

A, .USERO4.
1. Subroutine ELEM
5. Revise the "Table of Contents"

(1) REVISED

(2) Nc Revision Necessary

b. Revise NUMOLD
(1) DATA Statement
(2) DIMENSION Statement

Revise IPLNO
(1) DATA Statement
(2) DIMENSION Statement

Revise NDSEL
(1) DATA Statement
(2) DIMENSION Statement

c. Increase NUMPLUG by +1
?. Subroutine FELEM

2. Table of Contents Revision
b. NEWNUM Array Revision

3. Subroutine ELPLUG

a. Computed GOTO Statement NO.

b. Call PLUGMN - Plug No.

¢. QGrid Point Axis Transformation
(1) Included Inside PLUG
{2) Not Included Inside PLUG
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B.

C.

STRESS MODULE

1.

Subroutine STRES?

Increase dimension of PLUGS
Update NPLUGS
Update PLUGS DATA Statement

Update GOTO Statement for Element
Stress Headlngs

GOTO Statement No.
e. Add WRITE Statement

9 0 T

Redefine:
(1) NS¢

(2) IFNT
(3) EKFMT

Add statement GOTO 320
g. Insert New Heading for Stress Print

FORCE MODULE

1.

Subroutine FORCE?2

a Increase Dimension of PLUGS
b. Update NPLUGS

c Update PLUGS DATA Statement
d

Update GOTO Statement for Element
Force Headings

GOTO Statement No.
e. Redefine:

(1) NFC
(2) IFMT
(3) KFMT

Add Statement GOTO 320
g. Insert New Heading for FORCE Print
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D. EPRINT MODULE
1. Subroutine EPRINT

Increase Dimension of PLUGS
Update NPLUGS
Update PLUGS DATA Statement

Update GOTO Statements for Element
Stress and Force Headings

e. Add WRITE Statements

a o o P

Redefine:
(1) NC

(2) IFMT
(3) KFMT

Add Statement GOTO 200

Insert Headings which are same as for
STRES2 and FORCEZ2

2. Subroutine 3TRPRT

a. Define FMTn DATA Statement
Set KFMT=n
Dimension FMTn
Update GOTO Statement
GOTO (KFMT#*100)

b. Update FORMAT and GOTO Statements
for Print of Column Headings

STRESSES:
Format No. (IPL*1000+1)
GOTO (IPL¥*1000)

FORCES:
Format No. (IPL¥1000+2)
GOTO (IPL*1000+3)
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E. REVISIONS TO OVERLAY

1.

Revise OVERLAY of Program

F. PLUGS AND SUBROUTINE CHANGES

1.

2.

Set up and Checkout PLUG Subroutines
Equivalence WORK Storages

Insert: COMMON NPIT,®,KONST,DUMMY, WORK
in all Subroutines
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SECTION IIIX

REVISIONS TO ELEM AND FELEM

A. REVISIONS TO FELEM
1. Defining NEWNUM (contained in FELEM)

The logical grouping of elements selected for MAGIC
is shown in Table I. The "plug" numbers are shown in Table I
also. Using Table I as a reference, the MAGIC numbering
system is arranged in ascending order, inserting a zero for
an unidentified element. This results 1n data for a NEWNUM
array shown in Table 1T. Referring to Table I and Table II,
let 1 = plug number, J = MAGIC (NEWNUM). Then the array
NEWNUM is defined by: NEWNUM(J) = I. NUNUM only must be
revised if new group is added.

B. REVISIONS TO ELEM
1. Defining NUMOLD

At a given point in time, NUMOLD is shown in Table IIL.
It is defined by the following: NUMOLD(I) = J. When T and A
above have the same meaning as 1in (4) above, NUMOLD must be
revised where a new plug ls added.

?. Defining IPLNO

IPLNO represents the group number of existing MAGIC
elements and must be extended for any new element matrix set.
This array represents the NUMOLD array after zercs have been
deleted.

3. Defining NDSEL

NDSEIL, represents the number of stress points coded for
existing elements in MAGIC. This number is the one actually
coded in the plug and corresponds to NRSEL described under
reference "Definition of Calling Sequence for ELEMENT Matrix
Subroutines.”
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For example, referring to Table I, if a sandwich
plate is to be added, I = 18, J = 28; that 1s, PLUG 18
representing group No. 28 1is to be added. Suppose that only
5 stress polnts are considered for this element. Then the
revised statements and arrays are shown in Table ITTI(A).
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TABLE I

TABLE OF CONTENTS FOR FELEM ELEMENT DESCRIPTION‘

I MA%IC NUMBER
PLUG (NEWNUM) NODES DESCRIPTION OF ELEMENT

1 21 8 Quadrilateral Shell

2 20 6 Triangular Shell

3 22 3 Triangular Plate of Constant Stress

4 23 Yy Quadrilateral Plate of Constant

Stress

5 30 2 Torodial Ring

6 40 3 Triangular Ring

7 11 3 Frame

8 43 b Trapezocdial Ring

9 42 1 Core {(Ring)

10 50 ! Tetrahedran

11 24 4 Shear Panel (Translation Only)
12 26 3 Sandwich Plate

13 51 6 Triangular Prism

14 25 4 Shear Panel {Translation and

Rotation)

15 10 2 Axlal

16 12 3 Stiffener

17 27 3 Triangular Plate

18 28 4 Quadrilateral Plate

19 43 2 Truncated Cone

20 52 8 Rectangular Prism

22 13 - Incremental Frame

Example for the "Quadrllateral Plate":

18
Group No. = 28

I
J

i
]

Plug No.
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TABLE II

NEWNUM DATA STATEMENT IN
SUBROUTINE FELEM

DIMENSION NEWNUM(5a)

DATA NEWNUM/

1

[S2 TR ) B S V'S

0,0,0,0,0,0,0,0,0
15,7,16,22,0,0,0,0,0,0
2,1,3,4,11,14,12,17,18,0
5,0,0,0,0,0,0,0,0,0
6,8,9,19,0,0,0,0,0,0
10,13,20,0,0,0,0,0,0,0/
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TABLE III

DATA STATEMENTS IN SUBROUTINE ELEM

These tables represent MAGIC with the following plug numbers:

1,2,4,5,6,14,17,18

(a) DIMENSION NUMOLD (17)
DATA NUMOLD

{b) DIMENSION IPLNO (7)
DATA IPLNO

(e) DIMENSION NDSEL (7)
DATA NDSEL

/21,20,0,0,30,40,11,0,0,
0,0,0,0,25,0,0,27,/

/21,20,30,40,11,25,2?/

/4%0,32,15,4,12,1,8/
NUMPLG = 7

TABLE III(a)

Represents NUMOLD, IPLNO and NDSEL after addition of quadri-

lateral plate (example):

(a) DIMENSION NUMOLD (18)
DATA NUMOLD

(b) DIMENSION IPLNO (8)
DATA IPLNO

(c) DIMENSION NDSEL (8)

DATA NDSEL
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SECTION IV
EQUIVALENCE OF LOCAL WORK ARRAYS

The MAGIC System uses g large area of blank common to
store all temporary and work arrays for the .USEROY4. module.
The array is set up 1n routine ELPLUG and modified in each
of the plugs. All local arrays used by subroutines called
by a plug may be defined 1in this large common ares by an
equivalence statement in the plug. Thus no additional storage
1s required after the common work array has been defined.

NWORK = the maximum number of WORK storages available
to the MAGIC System. The value of this parameter is set in
the MAGIC routine MRES.

NLAST = NWORK - 7096 = total number of work storages
available for equivalence of local arrays.

A, WORK ARRAY EQUIVALENCES FOR PLUG SUBROUTINES
1. Obtain "plug" listing, with array map.

2. Check argument list of plug and determine dimensional
arrays which appear 1in argument 1ist. These arrays
are not local to plug and therefore should not be
equivalenced,

3. Remaining arrays must now be equivalent to work
array in plug. All these arrays are local to
plug itself.

Y. Check dimension statement and equivalence of all
these local arrays successively.

5. Now search through all array maps of subroutines
called by plug and place alil arrays local to the
called subroutines (which are dimensioned 10 or
above) in the argument 1ist. Equivalence these
arrays to the work array in the plug itself. Enter
the appropriate dimension statement in the plug.

6. Now check equlvalence storage map and equivalence
the longest rumber of each equivalence group to
the next available locatlon of WORK. Enter
dimension statements if necessary. Leave the
original equivalence statements 1n.
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7. See the following example where subroutines SUB1,
SUB2, SUB3 with local arrays Li, L2, LOC, EXTRA
are to be called by PLUGX. For this example
NWORK = 13000. NLAST = 1300 - 7096 = 5900.

PLUGX( AMASS, STRESS,FTEL,ETC. )

COMMON NPIT,NPOT,KONST,DUMMY(7097),WORK(SQO“)
DIMENSION L1(50), L2(420), LOC(100), EXTRA(300)
EQUIVALENCE (WORK(1),L1(1))

" (WORK(51),L2(1))

" (WORK(131),L0C(1))

" (WORK(231),EXTRA(1))

" (WORK(531), --~--

CALL SUB1 (AMASS,L1,L2)
y - Arrays not used 1n PLUGX
,LOC) put which are local to
SUB1, SUB2, and SUB3.
CALL SUB3 (FTEL,EXTRA) They must be dimensiloned
in PLUGX.

Call SUB2 (STRESS

Search all subroutines called by PLUGX for local arrays and
put the dimension and equivalence in PLUGX to conserve
storage.

SUBROUTINE SUB1(AMASS,L1,L2,...)
DIMENSION AMASS(...),L1(50),L2(4,20)

N Two work arrays used %o

calculate MASS

SUBROUTINE SUB2 (STRESS,LOC,...)
DIMENSION STRESS(...),LOC(100)

‘k\\\\\\\ Work array used to

caleulate STRESS

SUBROUTINE SUB3 (FTEL,EXTRA,...)
DIMENSION FTEL(...),EXTRA(300)

‘L\\\\\““WOrk array
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COMMON WORK AREA FOR .USEROL.

1 NPIT
NPOT
KONST

fu

DUMMY(997)
1000 v

SEL

LISTOL
SZALEL Area reserved for

element (plug)
LISTFL generated matrices

F common to all elements

ETC.

v

ANEL(1)

7100

Work area available
to plugs
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