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1. Introduction

The purpose of this manual is to describe the execution of pre- and post-

l
|
I
l

processors and their associated analysis programs on the University of i1aryland
Univac 1103. The manual contains sections which describe system attributes
affecting tne execution of the programs; and sections which describe those
programs available in the library.

The Univac 1138 operating under the EXEC 3 operating system supports two
modes of access simultaneously. These modes are "Demand" and "Batch". The
demand mode allows the user to access the computer by means of a remote terminal;
and with minor exceptions makes all of the system features normally available to
"patch" users available to "demand" users in a real-time environment.

In the demand mode tne user may utilize system programs for file management,
for file editing and for submission of programs for execution. In the Univac 1108
ZXEC 3 environment there is no difference between a demand program and a batch
program; a program may be executed in either mode. However; the computer
operations staff may restrict the demand user to a smaller core than that available
in batcn. (The author has exercised NASTRAM in the demand mode; and, the system
responds by executing the program immediately.)

The "demand" environment is a new world for those of us who have graduated
successively from the earliest programmable computers to those of 3rd generation
machines with operating systems which allow man-machine interaction. The purpose
of developing these pre-processors and the associated analysis programs in this
environment is to provide a model, however unsophisticated, that will serve as an

indication of the direction that computer usage is taking.
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2. General Procedures
2.1. Connecting up to the machine

The procedure for connecting to the computer varies with the type of
terminal and telephone equipment being used. One first starts by turning the
terminal (and sometimes telepnone equipment) on, and dialing the computer. A
busy signal means that all incoming lines to the computer are in use. A no-
answer may mean the computer is shut down, but during normal hours usually means
that the system has just "crashed" and is being re-started. A high-pitched "tone"
indicates the computer is ready. If a teletype with an integral dial is being
used, tha connection is now complete; if a Bell System data set is used, one
snould press tne "DATA" button and cradle the handset; users of acoustic couplers

should place their telephone handset in the coupler.

After establishing the connection (and bafore typing anything else), nit
tne "BREAK" key on your terminal. If the system responds with *QUTPUT INTERRUPTED*,
you nave dialed into a telephone line whose previous user did not hang up
properly. Type the single string '@@X TIP' followed by a carriage return and
then an JFIN command to get rid of the previous user's run. After printing the
accounting information for the previous user, tine system will request your
account numoer. You should then proceed as below under "identifying yourself".

If the system does not respond to the "BREAK", proceed to identify your

terminal as noted below.




2.1.1. Identifvina vour terminal

Once the connectinn is established, you must identify the terminal boinn
used by typing in a valid site I.D. number which will be made .vailahle to
aualified users. A valid site [.D. should result in a response from the
computer, Occasionally, the system may not respond to a valid site 1.0, If
retyping it several times does not heln, consult the "trouble shootinan” tables
in Appendix A for corrective action,

Ince the terminal has been identified, it is available for use. Any
number of independent GRUN's may be sioned nn and terminated (3FIf'ed) while
the terminal is "active". The system will allow a terminal to be active for a
brief period when no job is actively using it (i.e. at initial sian-on or after
a previous job has @FIN'ed); if no new ARUN's start within the allotted time,
the svstem will automatically disconnect the terminal.

2.1.2. Identifying vourself
Once tae terminal is active, the system will ask you to identify vourself
by typing, "ACCOUNT NUMBER?". In response to this, vou may tvne:
(1) only your account number
(2) any or all fields of an EXEC? "RUN" card startina with the
account number and continuina with project, time estimates, ~tc.
(3) an entire EXEC3 2RUN card image as shown below:
@RUN <RUNID>, <ACCOUNT NUMBER>, <PROJECT ID>, <TIME>, <PAGES>
where
RUNID is the six character identification aiven to this session.
If omitted the system will aenerate an 1.D. The user is
cautioned to record this I.D. for usc in identifvina hiah-
sneed nrinter output.

ACCOUNT NUMBER is made available to authorized users.

PROJECT ID is a twelve character I.D. which becomes the file
qualifier if oresent.

TIME is the maximum aexecution time in minutes.

PAGES is the maximum number of pages of outnut.

2-2
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In most cases, alternative (3) is recommended in order to provide comniete
accounting information. After enterinqg the above information, depress the
carriaae return (C-R) to inform the system that you are finished. It will
respond by asking for your nassword, which should then be tyneu in. Valid
account numbers and associated passwords will be supnlied to nualified users.

If any errors occur in the sian-on procedure, the system will ask for the
account number again. Otherwise, it will print your RUNID and today's time and
date. The RUNID is internally qenerated if options (1) or (2) are taken in
entering the account number. If the entire @ARUN card is supplied then the RUNID
i taken from the GRUN card. The user is cautioned to record the RUNID since
it will be reguired to identify output that is directed to one of the high-sneed
nrinters,

After sign-on is complete, the system will in?orm you of the status of

your workspace (which is a special file called the TPFS.) This is a nrotacted

area of drum which the system establishes for you as a work area. 'lormally
the workspace is discarded when vou terminate a terminal session and a new one
is established at the next terminal session. If the system crashes durina a
terminal session, however, the workspace will be retained and recovered the
first time you sign on after the crash.

Since system crashes rarely involve "down" times of more than a few
minutes, workspaces which are saved because of a system crash are short-livad.
They wili usually be immediately available if one signs back on to the machine
on the day of the crash. If not recovered on that dav, thevy will be rolled out
onto tape, and a short wait will be required to recover them. Workspaces not
recovered within two days after being rolled out to tape are nurged from the

system.
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2.2. Tyning Terminal Input
2.2.1. Editing Input Lines

Input to the system from a demand terminal is nrocessed a line at a time as
it is tyoed; each line must be followed by a C-" before it will be accente!. At
any time before the C-R key is typed, the line may be edited. Typina a question
mark will cause the entire line to be deleted; tvning an underline (back arrow
on some teletype terminals) will cause deletinn of the last non-deleted
character on a line (thus the last four characters are deleted by typing four
underlines). Although the system will accept either unner or lower case iinut,
lower case letters will be translated into upper case.
2.2.2. ASCII Control Codes

When in normal (not full ASCII) input mode, many of the ASCII communicatinns
control codes have special meanina. On teletyne terminals, these codes are

usually generated by holding down the CIRL key and striking an alphabetic key,

although some (like ESC) have a key of their own. Control codes not noted in
the table below are translated by the system inton question marks. The codes

which are used are:

CODE KEY USE

XON CTRL-Q start form [ pnaper tape inout
(see EXECS PRM)

XOFF CTRL-S terminate form I mode (must o
sent twice)

TAPE CTRL-R start form II paper tape input
(see PRM)

T-A-P-E CTRL-T terminate form II

SHIFT-0UT CTRL-N start full ASCII input (see UNM
documentation)

SHIFT-IN TRL-0 terminate full ASCII input

S AR 5 ST S T T e
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HRU or ENQ
EOT

RUBOUT
BREAK

ESC

2.2.3. Interrupting the Computer

-@ex TIP

CTRL-E causes system to echo its sign-on
line, useful in determining whether
system is "up"

CTRL-D disconnects terminal from comnuter

RUBOUT ignored

BREAK interrupts currentlv executina nrogram,
see below
ESC can be used before typino question

mark to allow innut of auestion mark
rather than deletion of line

The BREAK key on teletype terminals is used to interrupt the computer. When
BREAK is hit, the computer will respond with *QUTPUT INTERRUPTED*, temporarily

suspend what it is doing, and wait for input describing further action to be

taken. The currently defined actions are:

Abort whatever is goina on and return control
immediately to the system executive. If any
printout was produced prior to the break, it
will be printed before the system waits for
input.

Ignore the Break and continue. Especially
useful when using CRT display terminals to
“freeze" the contents of the screen for
examination before proceeding.

Interrupt the current action of the executine
program and wait for innut. This action is
specific to the BED, ®APL, and RBASIC
processors. In other circumstances, BPEAK-C-R
is equivalent to BREAK-X,
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2.3. System Functions
In order to utilize the terminal device to access the comnuter and execute

the nrogram the user must have the capability to:

(1) Create files

(2) Move files

(3) Purge files

(4) Edit files

(5) call for program execution

The treatment given to these commands will be sufficient to allow the use
of the svstem, but will be brief and incomnlete. The user should consult
references (3) and (4) for more detail.

2.3.1. Files and elements

Users familiar with other timesharina svstems should note that the EXEC?
concent of a "file" is more aeneralized than that of many nther systems. A
file is a collection of entities called elemerts. Since files contain elements
the file-naming procedure must be capable of identifying a specific element of
a file. The file name convention is as follows:

QUALIFIER*FILENAME . ELEMENTNAME

The various parts of the name may be omitted by the user with default
values as follows.

NUALIFIER Taken to be:
(1) The project 1.D. if giver on the 2RUN card
(2) The first six digits of the account number

FILENAME Taken to be a special file called the TPFS if omitted.
The TPF$ is the user's worksnace.




Suppose, for example, that a user had logged on using the project I.L.
“SYMPOSIUM", and wisned to identify the element ELMT in the file SYMPOSIUM*
TPF$. ; then the specification of ELMT in a suitable system command would pe
sufficient, since the system would supply the correct default names for the
qualifier and file name.

The user should note that the file is the basic cataloged entity on the
EXEC8 system. A file is almost always indicated by a terminating period (.).
The period may be omitted only when the system would understand that a file is
designated if omitted.

2.3.2. Creating and Cataloging Files
The following sequence of commands will catalog (save) a file:
@CAT,J FILE,F
@FREE FILE.
®ASG,A FILE.

At this point FILE exists but is empty. Data or elements may now be
entered into the file by using the text editor a described in section 2.3.6.
2.3.3. Moving Files

The user may operate directly on a file in permanent storage, or
alternatively on a copy of the file in the TPF$. The @COPY command is used
to copy the file's contents from one storage location to another. The form of
command is:

@COPY <SREC1>, <SPEC2>

where

SPEC1 is the file name of the file contents to be moved, if blank

the TPF$ is assumed.

SPEC2 is the file name for the destination of the file contents,
if omitted, the TPF$. is assumed.

2-7




2.3.4. Assigning Files

Files may be created for the duration of the run by the command

@ASG,T FILENAME,F
A file that already exists may be assigned to the present run by the
command
@ASG,A FILENAME.
2.3.5. Purging Files i
The user may purge a permanent cataloged file by the command
@DELETE FILENAME. ]
If the file is temporarily assigned to the run, it may be purged by the
command
WFREE FILENAME.

The Q@FREE command frees a file from the current run. If it is desired to

erase the current contents of a file the following command may be used

@ERS FILENAME.

2.3.6. Text Editor
The University of Maryland text editor is described by reference 2. We will
give a brief description of the features wnich are required to create and edit
data files.
The editor is called by the command RED <Spec>, where <Spec> refers to an
element or a file. The editor operates in two modes; EDIT and INPUT. If the
file is empty, the editor assumes the INPUT mode; otherwise, the EDIT mode is
assumed. Mode cnange is affected by a C-R.
2.3.6.1. Input mode
In this mode any character date entered on the keyboard is entered in the €

file. Each physical line of input is terminated by a C-R. The system editing

2-8




features described in section 2.2.1. are available in this mode. The input mode
is terminated two successive C-R's; if an @-sign is entered in either mode the
editing session is terminated and control is returned to the system executive.
2.3.6.2 Edit ifode

In this mode the editor prompts the user with an asterisk (*) to enter an
edit command. The U of M text editor has a great deal of sophistication;
however a few commands will suffice for our purposes. The form of the command

is a command mnemonic followed by a blank with control information.

Command Description

G LN Go to and print line number LN

L String Locate and print the first line in which "string" occurs
NL Move down L lines and print

Ul Move up L lines and print

C #String#Stringl# At the current line, change String to Stringl.
The delimiters (#) may be any character not
included in the string.

PL Print L lines of text starting with the current line.
oL Print L lines of text starting with the next line.

DL Delete L lines of text, starting with the current line.
T Position the pointer to the top of the file

E End the editing session

2.3.7. Redirecting Output

The program output in either mode may be redirected (from the terminal or
tne line printer for demand and batch, respectively) by the use of the @BRKPT
command. The form of the command is,

@BRKPT PRINTS$/FILENAME




where FILENAME is NOT terminated by a period.

The file must be cataloged.
If we desired to redirect tne output to a file\called QuUT, for examgiz,

tne follawing sequence of commands could be used:

QCAT ,J OUT,F (catalog the file)
QFREE OUT. (free tne file)
@ASG,A OUT. (assign with A-option)

@BRKPT BRINT$/0JT (direct the print file to OUT)
On the teletype all output is now redirected to OUT. To redirect tae
output back to the teletype type:
3BRKPT PRINTS
2.3.3. Program Exacution
Tne EXEC 8 features which are available to tne demand usar are discussed in
references (3) and (4). We will present only those commands which are requ red
for the execution of programs in either batch or demand mode. The basic
difference in the two modes is that demand programs are executed immediately
in real time while batch requests are submitted to the batch-queue. The advantage
of the latter is that the terminal is free to perform other tasks during batch
execution of tne program.
2.3.8.1. Demand Execution
The symposium input data processors (IDP) and their associated analysis
programs are saved on the files
SYMPOS TUM*P REPROCESSOR.
and

SYMPOSIUM*PROGRAM. ’
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The user may interrogate either file to determine the availaole executable
modules oy using tne system command.
JPRT,T <FILENAME>
After determining the contents of the files, any of the absolute modules
may be executed directly in the demand mode by the system command
5 XQT  <SPEC>
where <SPEC> is the complete element name for the executable module. For example
the element SAP exists in the preprocessor file, and may be executed by the
command.
@XQT  SYMPOSIUM*PREPROCESSOR. SAP
2.3.8.2. Batch Execution
There are at least two ways to submit a job to the batch queue for execution;
these are the @BATCH and OSTART system commands.
The 3BATCH comnand has the following form.
@BATCH <SPEC>, <DATA>, RMENGR
wheré <SPEC> is the absolute module to be executed, and <DATA> is the name of the
cataloged data file containing the input data. This command is relatively simple;
but, it will cause the output of the analysis program to be printed on one of the
system's higher speed printers. Since there is no means of redirecting the
program output to a data file this command should be used only by those users
who have ready access to University of Maryland physical facilities.
The START- command on the other hand allows the user more flexibility; but,
at the price of having to construct a file containing the run stream images
required to perform the required task. The form of the command is:

@START <spec>




where <spec> is the name of an element or a file containing run stream images.
The START- command simply inserts a file containing run stream images in the
batch queue; the user must define the run stream images required to control the
computer data management and execution.

For example, assume that we had generated a data file "INPUT" using the
IDP for the analysis program SAPIII. We wouldtlike to execute the SAPIII
program and redirect the output to the file OUT which‘you could inspect at some
later time using the text editor.

We would begin by first cataloging the file which will contain the run-
stream images; let us call this file RUNIT., then we input the following system
commands :

ACAT,U RUNIT
@FREE, RUNIT.
@ASG,A RUNIT.
Next, we will use the editor to enter the run stream images into RUNIT:
@ED RUNIT.
#RUN  <RUNID>, <ACCT 10>, <PROJECT I.D.>, <TIME>, <Pages>

#ASG,U @AUT (catalog the output file)
#FREE QUT.

#ASG,A PUT,

#BRKPT PRINT$/QUT (redirect the output)

#XQT SYMPOSIUM*PROGRAA.SAPIII (execute SAPIII)
#ADD <qualifier>*INPUT. (add the data file)

#FIN (required to terminate this job)
(C-R) (carriage-return to enter edit mode)
2-12




We would now be in the "EDIT"-mode. Hote that each of the control state-
ments has been preceeded by a #-Sign rather than an @-sign. This was done
because the 3-sign would have caused the control to return to the system. We
will therefore change tihe # to an @-sign and list the file at the same time by
the editing commands;

T - go to the top of the file
C,, /#/0/ - change the # to @ in every line in the file

—— s wed Sy Ty N

To exit the editor we now enter
E - end the edit session
Tne required submission can now be accomplished by the system command
@START RUNIT.
2.3.9. Printing File Contents

A hard copy of the file contents can be obtained by using a system command

to request that it be printed on a high-speed printer. The command is:

ASYM <SPEC>,, RMENGR
T The file "OUT" created by the analysis program SAPIII could be printed
by the command

' @SYM OUT.,, RMENGR

2-13 !
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3. Program Function
3.1. Input Data Processors

The input data preprocessors (IDP) are computer programs that are normally
executed in the demand mode and which allow the user to create an input data file
for the appropriate analysis program. The preprocessors operate in eitnher of
two modes; prompting or data file.

In the prompting mode the IDP carries on a dialogue with the user; it
asks for input data sets, and defines the input data items. The IDP then writes
a formated output file which is the input file for the appropriate analysis program.

In tne data file mode the user preprepares tne responses to the IDP
prompting requests in a data file or data element using the text editor (see
Section 2.3.6). The user then executes the IDP and in response to the request,
“Do you want to enter data from a data file", responds "yes". The IDP will then
request the name of the data file or element that contains the input data file.
The IDP input will then be read from this file without the prompting that is
associated with the interactive mode, The system may be directed to read the
responses to tne IDP prompting from a precreated data file by using the command

@ADD <spec>

where <spec> is the name of the data file or element.

The IDP's presented by this symposium generally lack the capability of
recovering from a data transmission error. Such an error, which may be due to
a data generation error or problem in long distance communications lines, will
cause a normal exit from the IDP. The only option available to the user is that
of re-executing the program. Prior to re-executing, the data file that was
created in the previous execution should be deleted by means of the system command:

@DELETE FILENAME.




The use of the pirompting mode seems most desirable as: a teaching

device to help the user determine the sequence and type of data required; as a
means of inputting unformatted input; and, as a means of checking data prior
to execution of the analysis program. Tne more normal usage would seem to be
that of the data file mode. If the attempted execution of the IDP in the data
file mode leads to an undecipherable error message it is suggested that the
prompting mode be utilized with the data file %ADD'ed to the run stream. This
will cause the IDP to print all prompting but to read the input from the data
file. This may assist the user in determining the incorrect entries in the
data file.

3.2. Analysis Programs

The analysis programs are executable in either the batch or demand
environments; subject to site core size limitations. The input data for the
programs may be prepared by means of the appropriate IDP; or in the case of
a program wnich requires a formatted input file and for which no IDP has been
created, by means of the text editor.

If tne program is executed in the demand mode the data file is added to
the input data stream by means of an @ADD <SPEC> - command. This command
causes the EXEC8 system to use the <spec>- file for input rather than the normal
system input device.

The analysis program output will normally be returned to the terminal
device. In the case of one of the small special purpose analysis programs this
may be acceptable. However, the output associated with most of the larger programs
is quite extensive so that some means of redirecting the program output is desirable.

This feature called "Breakpointing" is discussed in section 2.3.7. You should
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carefully note that once the output has been redirected, all computer responses
will be written on that file until the system has been informed to do otherwise.
The command @BRKPT PRINT$ must be given to direct the output back to the terminal.
The analysis program may be sufficiently large that it cannot be executed
in the demand mode; or, requires more execution time than is reasonable for
demand submission. In this case the job should be submitted to the batch queue

using tne system commands discussed in section 2.3.8.2
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4.0 SAP - Structural Analysis Program

4.1 Introduction

SAP III, A Structural Analysis Program for Static and Dynamic Response of
Linear Systems is described in reference (4).

on tae Univac 1108 under control of the EXEC3 operating system using single

precision aritnmetic.

The program nas the following analysis capability:

1.

S owN

Tne structural systems to be analyzed may be composed of combinations of

a number of different structural elements.

Static Analysis
Natural ilodes and Frequencies
Modal Response Spectrum

odal Dynamic Response

following element types:

p—y
.

2
3
4
5
6
7
8
9

The program capabilities and theoretical pasis are described in reference (4).

The purpose of this section of the report is to describe (1) the IDP which

.
.

three-dimensional truss element
three-dimensional beam element

plane stress and plane strain element
two-dimensional axisymmetric solid
three-dimensional solid

thick shell element

thin plate or thin shell element
boundary element

pipe element (tangent and bend)
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The analysis program is executed

The program presently contains the




generates the formated input file for SAPIII; and (2) execution of tne SAPII:
IUP and analysis programs on the University of Maryland Univac 1103, i
4.2 SAPIII Input Data Preprocessor
Tne SAPIII IDP operates in the Demand mode and allows tne user to supply
unformated input data in a program-controlled logical sequence. The IDP then

performs some elementary checks and writes a file which contains the formated 1

SAPIII input. The IUP executes in either of two modes, interactive or data file.

In the interactive mode the user supplies tiae required data in response to
program-generated prompting. In the data file mode the user prepares a file
containing tne IDP input in exactly the same sequence as that required by tne
interactive mode. The IDP then by-passes all interactive responses and reads
tne data from the pre-prepared fila, In either input node the preprocessor will
print a summary of the SAPIII data. The summary data is obtained by reading tne
FORMAT'ed SAPIII input file created by the IDP; and, thus provides a means of
checking the correctness of tnis file.

Tne IDP logically omits requasting redundent input data; and, logically
will not print redundent information in the output summary. Thus, if the user
has specified the static option, the IDP will not request parameters which

pertain only to the dynamic analysis. The IDP will insert all required data

including blank card images in the SAPIII input file.

The input data iteis required by the SAP preprocessor are shown by Table 4.1.
This data may be entered under IDP in the interactive mode; or a data file may be
created and referenced vy appropriate response to IDP interrogation as dascr-bed

by section 3.1.

PRI

|
|
|
1
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4.2.1. Interactive mode

In the interactive mode the IDP describes the input data requirements so
that the experienced user may describe a physical problem in terms of SAPIII
parameters with little or no reference to the SAPIII user's manual. It is
highly recommended that the inexperienced analyst use the interactive mode in
conjunction with the SAPIII manual. The user will note that the IDP generally
has the same variable names as those given in the SAPIIl manual; and, that the
logical sequence of input is the same.

In either mode the IDP requests the name tnhat the user wishes to assign to
the IUP output file. Upon termination of the IDP the named file will contain
the formatted input data file for the SAPIII analysis program. This file
is cataloged under the users' account number as a private file. The non-1108
user should note that the entire file name is:

QUALIFIER*NAME
Where the qualifier is that which was generated at sign-on time.
The user may enter the file name in full including any qualifier and
read and write keys as follows:
QUALIFIER*NAME/KEY1/KEY2
Where KEY1 is a write key
KEY2 is a read key
The user is cautioned to retain these keys in a secure place, if provided;
especially if a CRT terminal is used.
4.2.2. Data File (non-prompting mode)

In this mode the analyst prepares a data file containing the data described
by Table 4.1. The elements of the data file are read by the IDP in the same
logical sequence used by the interactive mode. In the data file mode the

prompting is bypassed.
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4.2.3. Description of IDP Input Requirements

Tne data elements defined on Table 4.1 are generally given the same names

as those found in the SAP users manual; and, the user is directed to eitner the

users manual, reference (4), or to the interactive execution of the program for

their description.
There are some differences between the SAPIII batch program input require-

ments, and tne data set requested by the IDP., These are:

Data which applies to the dynamic analysis are not requested
if the number of loads (LL) is greater than zero.

Data which describes element loads are not requested if the
dynamic option (LL.EQ.O) is chosen.

Element loads can be set to zero by answering "yes" to an
appropriate program query.

Node data input terminates when the node number equals the
total number of nodes, NUMIP.

Element data terminates when the element number egquals the
total number of elements specified in a group.

The user may specify an isotropic material for the shell
element; the preprocessor then calculates the material
sti1ffness matrix.

A1l data must be entered correct as to type; i.e. real numbers
must have decimal point. The normal FORTRAN convention for
variable types 1s followed, except as noted in the variable
description which is given by the interactive mode.

Jdumerical codes are used in place of holorith data for
(a) idode point coordinate system specification.

(b) Connect and Load data for pipe element.
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4.2.4. Example - Uniformly Loaded Cantilever B2am

Consider the problem of a beam subject to a uniform load as shown below

f="7/
Es 19 o2
> T R0 00 Tt T W TR B, WG R S T
/0" Z = fw?
| S5 P . o

We chose to descretize the beam as shown.

U
Ly

Because of the structural topology w2 can use both node point and element
generation features of the SAP-program. Node point data for nodes 2 through 6
will be automatically generated by the analysis program if on the data associated
with node 2,KN=0 and for node 6, KN=1.

Similarly the element data for elements 1 through 5 may be generated by
setting KN=1 on the input data for element 1.
4.2.4.1 Interactive Mode

Before calling for execution of the preprocessor we note that:

(1) NuMNP = 7
NETYP =1
LL =]
MODEX =20
KEQB =0

(2) Rectangular Coords will be used

(3) That node 1 and 7 are fully fixed;
that nodes 2 through 6 must have degrees of freedom
numbers 1, 3, 4 and 5 constrained in order to make the
stiffness matrix nonsingular
that node 7 is required to define the local X-Y plane
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(4) Tne distributed load must be modeled using either fixed
end forces or concentrated nodal forces - we choose to
use the fixed end forces

The interactive preprocessor execution is as follows, where the user

responses to program or system requests are underlined.

exQT SYMPDSIUM*PREPRDCESSDR-SAP

wxxk® TSO006%k%xks%
INPUT DATA PREPRNCESSMR FOR S«A.Pe.

UNIVAC 1100-SERIES VERSION. INPUT DATA IS TD BE ENTERED FRM EITHER

THE INTERACTIVE DR THE DATA FILE MODE USING FREE FORM INPUT AS

DESCRIBED IN THE UNIVAC FORTRAN V MANUALe. IN THIS MCDE THE

INDIVIDUAL ELEMENTS OF THE DATA SET ARE SEPARATED BY CMMMAS (,).

NOTE THAT THE DECIMAL POINT (.) IS REQUIRED FOR REAL NUMBERS. THF

NORMAL FORTRAN CONVENTION IS FOLLOWED FOR VARIARLE NAMES UNLESS

OTHERWISE INDICATED BY APPENDING AN ANNOTATION TO THE VARIABLE

DESCRIPTION ?

ENTER NAME OF DUTPUT DATA FILE
SAPIN

DO YOU WANT TD ENTER DATA FROM A DATA FILE (YES DR NO) }
8o |
ENTER TITLE (NOT TO EXCEED 72 CHARACTERS) 1

UNIFORMLY LOADED CANTILEVERED BEAM

“MASTER CONTROL INFORMATION-

ENTER THE DATA SET (NUMNP, LRE
NONIP. SSURER. o NODESNELTYP.LL»HODEX:KEOB) WHERE ¢
NELTYP=NUMBER OF ELEMENT TYPES
LL NUMBER OF STRUCTURAL LNADS

*GE«1 STATIC LDAD CASE
*EQ.0 DYNAMIC LOAD CASE
MODEX PROGRAM EXECUTION MODE
*EQ.0 PRNBLEM SOLUTION
*EQe1 DATA CHECK ONLY

KEQB SET EQUAL. TO ZEROD (SEE NOTE 8)
T7515150,0
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-NODAL POINT DATA-

ENTER SUFFICIENT DATA SETS OF THE FOLLOWING FORM T(O DEFINE 7 NODES

CICHN» CIX(N»1)51=146)5XsY5Z5KN>T) WHERE?S
IC IS A COORD CODE
«EQ.1 RECTANGULAR
«EQ.2 CYLINDRICAL
N =NODE NUMBER
IX=FIXITY CODE FOR DeQO«.F (I)
«EQ.0 NO CONSTRAINT ON D.D.F (1)
+EQel DeD.F (1) CONSTRAINED
(X»Y>»7) COORDS OF NODE N
KN=NODE DATA GENERATION CODE
T =TEMPERATURE

151515151515105150¢50050020505

2251505151515052e500 . .

15651505151515051050e50es51500

27s1ls1lsls1515150es]e . .

-ELEMENT DATA-

ELEMENT DATA MUST BE SPECIFIED FOR 1| ELEMENT GROUPS

ENTER DATA SET (NTYPE,NELMT,NMAT) FOR GROUP 1| WHERE:
NTYPE= ELEMENT TYPE
NELMT=N{O OF ELMTS IN GROUP
NMAT =NO OF MATERIAL PROPERTIES

2s551

-THREE DIMENS IONAL BEAM ELEMENT-

ENTER THE DATA SET (NPROP,NFIX) WHERES
NPROP=NUMBER OF PROPERTY SETS
NFIX =NUMBER OF FIXED-END FORCES

1.0

ENTER 1 MATERIAL CARDS OF THE FORM (MID,E,NU»RHO,WT) WHERES
MID =MATERIAL I.De
E =MODULUS OF ELASTICITY
NU =POISSONS RATIO
RHO =MASS DENSITY
WT =WEIGHT DENSITY

L2l eE753s0050




ENTER 1| PROPERTY CARDS OF THE F(RM (PID,AREA, SHR2,SHR3, ITOR, [2,13)
WHERE?

PID =PROPERTY l.D. CINTEGER)

AREA=AXIAL AREA

SHR2=SHEAR AREA IN LOCAL 2-DIRECTION
SHR3=SHEAR AREA IN LOCAL 3-DIRECTI(ON
ITOR=TORSIONAL CONSTANT (REAL)

12 =FLEXURAL INERTIA ABOUT 2-DIRECTION (REAL)

13 =FLEXURAL INERTIA ABOUT 3-DIRECTICN (REAL)
151¢50e50e51eslerle

DO YOU WANT TO SET ALL ELEMENT LOAD FACTORS TO ZERO (YES MR NM)
YES

BEAM CONNECTIVITY

ENTER SUFFICIENT DATA SETS (NELM,1,J,K,MID»P1D, IDA, IDBs IDC» IDD» IREL,.IRE
L,KG)

TO DEFINE S5 ELEMENTS WHERE:?
NELM=ELEMENT NO.
(1,J,K)-NODE NUMBERS
MID =MATERIAL [+De.
PID =PROPERTY I.De (INTEGER)
C(IDA, IDB» IDC, IDD)-FIXED-END FORCE ID S FOR LOWD CASES (A,R,C,>D)
(IREL, JREL)-END RELEASE CODE
KG =ELFMENT GENERATION PARAMETER
NOTE!!! DATA SET FOR LAST ELEMENT MUST BE DEFINED

121:20751515,05050505050,1
5255697515150,0,0,0,050,0

-CONCENTRATED LOAD/MASS DATA

ENTER THE DATA SET (N»L,FX»,FY>FZ,MX»MY,MZ) WHERE:
N =NODE NOD.
L =STRUCTURAL LOAD CASE
(FX,FY,FZ) - FORCES OR TRANSLATIONAL MASSES
(MX,MY,MZ) - MOMENTS 0OR ROTARY INERTIAS (REAL)

TERMINATE WITH A ZERO DATA SET
2515090250050 05005005¢
;.l’o.' .2'0.’9.’0‘.9.
4515009025002 00500200

55150¢5¢25,0¢50050450¢
6s15005¢2500s0050¢50¢

05050¢50¢50050050e500¢
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-ELEMENT LOAD MULTIPLIERS-

ENTER 1 DATA SETS (ELM(I),I=1,4) WHERE ELM(I) ARE THE LOAD
FACTORS FOR LOAD CASES (A,»B,C,D)

Qes0es0e50.

DO YOU WANT A SUMMARY OF THE SAP INPUT DATA (YES PR ND )
XES

*s®%x INPUT DATA SUMMARY FOR SeAePe *%k¥x

NIFORMLY LOADED CANTILEVERED BEAM

-MASTER CONTROL INF(ORMATION-

NUMNP =
NELTYP=
LL
NF
NDYN
MODEX
NAD
KEQB

COO0OQO ™=~

-NODE POINT DATA-

NODE COORD COORDINATES NODE NODAL
NO ID X1 X2 X3 INC TEMPERATURE
1 0000 «0000 «0000 1] «0000
2 «2000+01 «0000 «0000 0 «0000
6 «1000+02 <0000 «0000 1 «0000
7 0000 «1000+01 0000 0 «0000

NODE PERMANENT SINGLE POINT CONSTRAINTS
NO X1 X2 X3 R1 R2 R3
1 1 1 1

P RIPPRITIRESER W e =)

-0 Q0 -

NN -
_0Q 0 -

1 1 1 1
1 1 1 1
1 1 1 1

-ELEMENT DATA- 5
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- THREE-DIMENSIONAL BEAM ELEMENT- |

NELMT= 5
NPROP= |
NFEF = 0 -
NMAT = 1 |
MID E NU RHO wT ‘
1 «100+08 «300 000 .000
PID AREA SHEAR 1 SHEAR 2 J 1-22 1-33
1 1.00 «000 000 1.00 1.00 1.00
GRAV ELEMENT LOAD FACTORS i
DIR CASE a CASE B CASE C CASE D '
X «000 +000 «000 «000
Y «000 «000 «000 .000 ¢
z «000 «000 «000 «000
BEAM DATA
ELMT NODE NODE NODE MID PID FIXED-END FORCE l.Ds CODE CODE GEN
NO 1 J K A R c D 1 J PARAM
1 1 2 7 1 1 0 0 0 0 0 0 1
S S 6 7 1 1 0 0 0 0 0 0 0

-CONCENTRATED LOADS/MASSES-

NOUDE LOAD FORCES MCMENTS

NO CASE X Y z X Y 7
2 1 «000 «200+00 «000 «000 «000 «000
3 1 «000 «200+00 «000 «000 «000 «000
4 1 <000 «200+00 «000 «000 «000 «000
5 1 «000 «200+00 «000 «000 «000 «000
6 1

<000 «200+00 <000 «000 «000 <000

-ELEMENT LOAD MULTIPLIERS-

LOAD ELEMENT MULTIPLIER
NO CASE A CASE B CASE C CASE D
1 «000 «000 «000 «000

1S THERE AN ADDITION CASE (YES OR NOD
NO

NORMAL EXIT. EXECUTION TIME: 3258 MILLISECONDS.




——  Seemed e

4,2.4.2 Data File Mode

The input data for the data file mode is to be stored in an element called

“EXAMPLE1". The editing session used to create this file is as follows:

BB BEABEYEL- 11 120- c00r
INPUT

CANTILEVERED BEAM WITH UNIFORM LOADING
751515050
15151515151515150e50.50¢5050.¢
152,150515151505¢250050e,5,0,0¢
156515051515150510e50¢50e2150.
1975151009251 5150e5)050e5050¢
2,551

1,0

151¢E75¢350+50¢
151¢50050e51ceslesle

YES

1515257515150,0,0,0505051

1,7

5955565751515050,0,0,05,0-0
2515005¢250¢50e504500
3515005¢250¢50050050¢
4515005¢250050e50e50.
55150¢5¢250050050¢50¢
6515005¢150¢50¢50¢5005¢«
05050¢50¢50e50¢50¢50¢
0¢50e50e50¢

YES

NO
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After verifying that the data file is correct. The IDP is executed using

the element EXAMPLE1 as follows:

@XQT SYMPOS IUM#*PREPROCESSOR.SAP

UNIVAC 1100-SERIES VERSION.
THE INTERACTIVE OR THE DATA FILE MODE USING FREE FORM

*xkkkk TSO006**kk*

INPUT DATA PREPROCESSOR FOR S.A«Pe.

DESCRIBED IN THE UNIVAC FORTRAN V MANUAL.
INDIVIDUAL ELEMENTS OF THE DATA SET ARE SEPARATED By COMMAS (,).
DECIMAL POINT (.) IS REQUIRED FOR REAL NUMBERS.
NORMAL FORTRAN CONVENTION IS FOLLGWED FOR VARIABLE NAMES UNLESS
OTHERWISE INDICATED BY APPENDING AN ANNOTATION TO THE VARIABLE

NOTE THAT THE

DESCRIPTION

ENTER NAME OF OUTPUT DATA FILE

SAPIN

IN THIS MODE THE

DO YOU WANT TO ENTER DATA FRIM A DATA FILE (YES OR NO)

YES

ENTER NAME OF INPUT DATA FILE

EXAMPLE]

*%x%x* [NPUT DATA SUMMARY FOR SeA«Pe *kkk

CANTILEVERED BEAM WITH UNIFORM LOADING

-MASTER CONTROL INFORMATION-

NUMNP =
NELTYP=
LL
NF
NDYN
MODEX
NAD
KEQB

CO0OQQO ™=
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-NODE POINT DATA-

NODE COORD COORDINATES NODE NODAL
NO ID X1 X2 X3 INC TEMPERATURE

1 «0000 «0000 <0000 0 «0000

2 «2000+00 <0000 <0000 0 <0000

6 «1000+02 «0000 <0000 1 «0000

7 «0000 «1000+01 «0000 0 «0000

NODE PERMANENT SINGLE POINT CONSTRAINTS
NO X1 X2 X3 R1 R2 R3
i 1 1 1 1 1

NN -

1 0 1 1 1 0
1 0 1 1 1 0
1 1 1 1 1 1

-ELEMENT DATA-

- THREE-DIMENS I ONAL BEAM ELEMENT=-
NELMT= S
NPROP= 1 !
NFEF = 0 |
\_ NMAT = 1 ,
‘ MID E NU RHO WwT
1 «100+08 «300 «000 «000 ]
PID AREA SHEAR 1 SHEAR 2 J 1-22 I-33 l
1 1.00 <000 «000 1.00 1.00 1.00 ,’
GRAV ELEMENT LOAD FACTORS
DIR CASE A CASE B CASE C CASE D
X <000 <000 «00Nn «000
Y «000 «000 . «000
z <000 «000 . +000
BEAM DATA
ELMT NODE NODE NODE WM™MID PID FIXED-END FORCE 1.D. CNDE CODE GEN ;
NO 1 J K A B c D 1 J PARAM ]
1 1 2 7 1 1 0 0 0 0 0 0 1
5 5 6 7 1 1 0 0 0 0 0 0 0
4
gi
|
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NODE
NO

oV WN

NO

LOAD
NO
1

NORMAL EXIT.
DATA IGNORED -

-CONCENTRATED LOADS/MASSES~-

FORCES

Y
«200+00
«200+00
«200+00
«200+00
«100+00

«000
<000
«000
«000
«000

-ELEMENT LOAD MULTIPLIERS-

ELEMENT MULTIPLIER

LOAD

CASE X
1 <000
1 <000
1 «000
1 «000
1 «000
CASE A

«000

CASE C
000

EXECUTION TIME:
IN CONTROL MODE

CASE D
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«000
<000
«000
«000
«000

MOMENTS

Y
-000
«000
«0N0
<000
«000

3397 MILLISECONDS.

000
«000
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«000




4.2.4.3. Formatted SAP Input File

The formatted SAP input file may be listed by means of the text editor. The

session required to list the output file, SAPIN is shown below.

@ED SAPIN.
ED 28C 03/14-11:15-¢00):F
EDIT
*P S0
UNIFORMLY LNADED CANTILEVERED BEAM
7 1 1 0 0 0 0 0
1 1 1 1 1 1 1 .000 <000 .000 0
<000
2 1 0 1 1 1 0 2.00 <000 .000 0
«000
6 1 0 1 1 1 0 100 .000 .000 1
.000 :
7 1 1 1 1 1 1 .000 1.00 .000 )
.000
2 S 1 0 1
1 <100408  .300 <000 .000
1 1.00 <000 .000 1.00 1.00 1.00
«000 «000 «000 «000
.000 .000 .000 .000
.000 .000 .000 <000
1 1 2 7 1 1 0 0 0 0 0 0 1
5 5 6 7 1 1 0 0 0 0 0 0 )
2 1 .000 «200 «000 <000 <000 <000
3 1 .000 .200 «000 <000 <000 900
4 1 .000 <200 <000 <000 <000 <000
5 1 <000 <200 .000 «000 «000 <000
6 1 +000 +200 .000 .000 .000 <000
0 0 .000 «000 .000 «000 «000 <000
«000 .000 <000 «000
EOF AT LINE 21
*G 19 ,
6 1 .000 <200 «000 «000 .000 <000
*¥C /e2/e1/
6 1 .000 <100 .000 <000 <000 <000
*E
END EDIT 21 LINES OUTPUT #
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4.3. SAP-Analysis Program
The SAP analysis program can be executed in either of two modes, both of
which utilize the formatted input data file produced by the IDP. The SAP
analysis program can be executed in the "Demand" mode for small-to-intermediate
sized problems; and, for large problems may be submitted to the "Batch" queue.
The only important difference in the two modes is that the usar is free to
perform other tasks on the terminal if the batch mode is utilized.
4.3.1. 0Oemand ‘lode
The SAP analysis program is executed by entering the following system
commands from the TTY;
3XQT SYMPOSIUM*PROGRAM.SAPIII
@AUD <SPEC>
where <SPEC> is the name of the input file which was created by the preprocessor.
4.3.2. Batch Mode
The SAP program may be submitted to the "batch" queue by the command
@BATCH SYMPYPOSIUM*PROGRAM.SAPIII, <data> , RMEN3R
where
<data> is the name of the data file
created with the preprocessor.
4.3.3. Redirecting Output
You may choose to have tne program output saved on a catalogad file in
either the demand or batch mode. In this case you must
(1) Catalog a file
(2) Inform the system to redirect output
(3) Execute the program

(4) If on demand, inform system to direct output to TTY after
execution
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The basic commands necessary to perform steps (1), (2) and (4) are given
in section 2.
The third step depends on the mode of operation. The following are examples
of run stream controls for both modes.
4.3.3.1. Demand
@CAT, U SAPOUT
@FREE SAPQUT.
3BRKPT PRINT$/SAPOUT
@XQT SYMPOSIUM*PROGRAM.SAPIII
@ADD SAPIN.
@BRKPT PRINTS$
At this point control would be returned to the remote terminal, and the
SAP-output could be examined using the text editor.
4.3.3.2 Batch
In order to redirect the output to a cataloged file in the batch mode we
must create a procedure file and use the system command @START rather than GBATCH
to submit the job to tne batch queue as indicated in section 2.3.8.2. The
procedure file is created using the text editor. In the example shown below the
file START is created which contains the required run stream card-images.
These images are then submitted to the batch queue by the command Q@START START.
9ASG,U START,F (assign file "START")
@ED START. (use editor to create file)
#RUN <RYBUD>, <ACCOUNT NO>, <PROJECT>, <TIME>, <PAGES>
#CAT ,J SAPOUT ,F
#FREE SAPOUT.
#BRKPT PRINT$/SAPOUT
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#XQT SYMPOSIUM*PROGRAM. SAPIII
#ADD SAPIN.
#FIN
C-R (Return to edit mode)
#C,, /#/0/  (change #'s to 3's)
@START START.
ilote that @-signs cannot be entered directly in the editor input mode.
The #'s have thus been entered in place of the @-sign and the editor nas oeen

utilized to change # to 0.

4.3.4, Scanning the output
The text editor may be used to scan the output by entering
@ED SAPOQUT.
The displacements may be found by
L DIST
The forces may be found by
L FORCE
The lines of text following the selected current line may be printed by
0 NL
Where NL is the number of lines to be printed.
4.3.5. Printing Output
The output may be printed on the high-speed printer by entering
@SYM SAPOUT., ,RMENG
If you do so, and wish to have the output mailed you must use the text

editor to enter your name and mailing address in the output file.




4.3.6. Analysis Program Output.

The output of the SAP-analysis program for the example problem is as

follows.
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CANTILIVERTC 2EAM WITH UNITCRM LCADINA

ceLN R et I NP CPE ¥ ATICN

NUMICR 07 NCOAL PCINTS
NURITR €F CLEMENT TYEES
NUM3TR OF LOAD CASES
NUM3TE €€ FREGUEACIES
ANALVSTYT €0CC (NOYN)
fCeCe STATIZ
T3e19 V¥CCAL ZXTRACTICN
£3ece  SCERECED RESECNST
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Table 4.1-SAP Praeprocessor Input Data Elements ;

| 72 Column Title

IT.  (NUMNP,NELTYP,LL ,MODEX,KEQB)
If LL.LE.O Go to IIA

GT.0 Go to III

ITA. (NF,KDYN,ND)

IIT. Data Sets
(IC,N,IX(1 6),(X,Y,Z),KN,T)
MUST END WITH N=NUMNP

IV.  (NTYPE,NELMT ,NMAT)
A NON-ZERO ENTRY FOR NMAT REQUIRED FOR ALL ELMT. TYPES

IV.1 FOR NTYPE.EQ.1 IV.1
.A NMAT SETS (MID,E,a,p,A,Y)
.B SKIP IF LL.EQ.O
YES IF ALL ELMT LOADS ARE ZERO i
4 SETS (A,B,C,D) OTHERWISE ‘
.C DATA SETS
(NEL,I,J,MID,T,K)
MUST END WITH NEL=NELMT
IV.2 FOR NTYPE.EQ.2

.A (NPROP ,NFIX)

+8 NMAT SETS (MID,E,v,p,Y)

.C NPROP SETS (PI1D,A,SA2,SA3,J,122,133)
.D SKIP IF LL.EQ.O

YES IF ELMT LOADS ARE ZERO
3 SETS (A,B,C,D)OTHERWISE

i
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TABLE 4-1 (continued)

.E SKIP IF NFIX.EQ.O
NFIX SETS (NFIX,FEFATI() 6),FEFATI() 6))
.F DATA SETS (NELM,I,J,K,MID,PID,IDA,IDB,IDC,IDD,IREL,JREL,KG)
MUST END WITH NELM=NELMT
IV.3 FOR NTYPE.EQ.3
.A (NTEMP ,MODE)

.B NMAT SETS AS FOLLOWS:

.B.1 (MID,NTEMP,y,p,B)

.B.2 NTEMP DATA SETS (T‘En’Es’E
.C SKIP IF LL.EQ.O

YES IF ELMT LOADS ARE ZERO

4 SETS (TL,PL,XL,YL,ZL) OTHERWISE
.D DATA SETS (NEL,I,J,K,L,MID,TREF,PRES,OP,kG,T)

t*%ns *Vnt *Vst *Cns *%n 2% *%t)

MUST END WITH NEL=NELMT
IV.4 FOR NTYPE.EQ.4
.A (NTEMP,NOPT ,MODE)
.B.1 (MID,NTEM,y,p,B)
.B.2 NTEM SETS (T,En,Es,Et,v
.C SKIP IF LL.EQ.O
YES IF ELMT LOADS ARE ZERO
4 SETS (TL,PL,XL,YL,ZL) OTHERWISE

ns *Vnt Vst *Bns *%n 9% ¢ )

.D DATA SETS (NEL,I,J,K,L,MID,TREF,PRES,NOP,KG,T)
MUST END WITH NEL=NELMT
IV.5 FOR NTYPE.EQ.5
A LS
.B NMAT SETS (MID,E,v,v,a)
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TABLE 4-1 (continued)

.C SKIP IF LS.EQ.O
LS SETS (LID,LT,P,Y,NFACE)
DG
.E SKIP IF LL.EQ.O
YES IF ELMT LOADS ARE ZERO
5 DATA SETS (A,B,C,D) OTHERWISE
.F DATA SET (EID,NODES(1+8),10,MID,INC,LS(1+4),FACE(1,2),T)
MUST END WITH EID=NELMT

IV.6 FOR NTYPE.EQ.6
.A ANSWER TO "IS MATERIAL ISOTROPIC?"
.A.1 YES, NMAT SETS (MID,p,a,E,v) .0 <v < .5
.A.2 NO, NMAT SETS (MID.p.ux,uy,az,Cxx,ny,st,ny,CyS,ny)
.B SKIP IF LL.EQ.O
YES IF ELMT LOADS ARE ZERO
5 DATA SETS (A,B,C,D) OTHERWISE
.C DATA SETS (NEL,I,J,K,L,NO,MID,KG,T,PRESS,TEMP,GRAD)
MUST END WITH NEL=NELMT
IV.7 FOR NTYPE.EQ.7
.A SKIP IF LL.EQ.O
YES IF ELMT LOADS ARE ZERO
DATA SET (A,B,C,D) OTHERWISE
.B DATA SETS (NODE,I,J,K,L,ID,IR,KN,DISP,ROT,STIFF)
LAST ELMT MUST BE DEFINED
Iv.8 FOR NTYPE.EQ.8
A NL
.B NMAT SETS (MID,E,NU,Y,%)
.C SKIP IF NL,EQ.O
NL DATA SETS (LID,LT,P,Y,NFACE)
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TABLE 4-1 (continued)

.0 (TREF,G)

«E SKIP IF LL.EQ.O
YES IF ELMT LOADS ARE ZERO
5 DATA SETS (A,B,C,D) OTHERWISE

.F DATA SETS (EID,10,MID,INC,LS(1+4),T,NODE(1+16))
MUST END WITH EID=NELMT

IV.9 FOR NTYPE.EQ.9

VI.

A (MAXTP ,NSECT ,NBRP ,MAXTAN)
.B NMAT SETS AS FOLLOWS:
.B.1(M,NT)
.B.2 (LABEL(36 cols.))
.B.3 NT DATA SETS (T,E,vsa)
.C NSECT SETS AS FOLLOWS:
.C.1 (N,D,T,SF ,WT,RHO)
.C.2 (LABEL(18 cols.))
.D NBRP NODE NUMBERS
.E SKIP IF LL.EQ.O
YES IF ELMT LOADS ARE ZERO
5 DATA SETS (A,B,C,D) OTHERWISE
.F.1 DATA SETS (N.CODE,I.J,MID,SID.T.P.A].AZ,A3,K)
.F.2 OMIT IF CODE.EQ.0 (R,CODE,X,Y,Z,F)
MUST END WITH N=NELMT

(N,L,FX,FY,FZ ,MX MY ,MZ)

TERMINATE WITH ZERQ SET

SKIP IF LL.EQ.O

LL DATA SETS (A,8,C,D)

IF (LL.GT.0) ANSWERS TO FOLLOWING QUESTIONS, OTHERWISE PROCEED TO VII.
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TABLE 4-1 (continued)

Q.1 “"DO YOU WANT A SUMMARY OF SAP INPUT DATA?" (YES OR NO)
Q.2 "IS THERE AN ADDITIONAL CASE?" (YES OR NO)
VII. (IFNDYN,EQ.1,2, or 3) (IFSS,NITEM,RTOL,COFQ,NFO)

.A (NDYN.EQ.2 or 4)
DAMP IF (NDYN.EQ.2)
A.1 (NFN,NGM,NAT,NT,NOT,DT, & ALPHA.BETA {IF (NDYN.EQ.4)}

A.2 SKIP IF (NFN.EQ.0)  (N,IC,IFN,IAT,XM)
TERMINATE WITH A ZERO DATA SET
A.3 SKIP IF NGM.EQ.0  (NFNX,NFN,Y,NFN,Z,NATX,NAT.Y .NAT.Z)
A.4 SKIP IF NAT,EQ.0
NAT ARRIVAL TIMES  (A(1),I=1,NAT)
A.5.A NFN SETS
(NLP,SFTR)
HED (LE.60 COLS)
A.5.8 NLP PAIRS (T,F)
A.6.A.1 (KKK,ISP)
A.6.A.2 (N,IC(1),1=1,6)
TERMINATE WITH ZERO SET
A.6.8.1 (KKK,ISP) i
A.6.8.2 (N,IS(I),I=1,12) |
TERMINATE WITH A ZERO SET i

Answer Q.1 and Q.2, above, to terminate dynamic input data

.B (NDYN.EQ.3)
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5.0 VISCEL/ELAS - Viscoelastic Analysis of Linear Systems
5.1 Introduction

VISCEL, a general-purpose computer program for the analysis of linear
viscoelastic structures is described in reference (5). This program contains
the ELAS-program capability as a subset; and incorporates the basic ELAS input
data set. The ELAS-program and input data are described by reference (6). The
modifications to the basic ELAS input required to perform a viscoelastic analysis
are described in reference (5).

The VISCEL and ELAS programs, together with program documentation, are
available from COSMIC (7). The ELAS program is also maintained and distributed
by its author; and, is available from the Duke University.

This report describes the exacution of the (1) an interactive program which
generates the formatted input file for VISCEL; and (2) the execution of the input
data processor (IDP) and the VISCEL analysis program on the University of
Maryland Univac 1108.

5.2 VISCEL/ELAS Input Data Preprocessor

The VISCEL IDP operates in the Demand mode and allows the user to input
unformated data in a program-controlled logical sequence. The IDP performs
some elementary error checks and writes a file which contains the formated input
required by the VISCEL analysis program. The IDP operates in either of two
modes, interactive or data file; and, further allows the user to control the
amount of computer generated prompting in the interactive mode.

In the interactive mode the IDP issues prompting information which is
displayed by the terminal device. The user then inputs the requested informa-

tion directly by means of the keyboard in unformated form; i.e. the data elements
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completely define each data element.

are delimited by commas. Tais interaction continues until all of the input
requirements have been satisfied. In the data file mode the user prepares the
unformatted input to the IDP; and, then informs the IDP the name of the data
file. The IDP then reads the input data directly from the data file in exactly

the same sequence as the interactive mode; but, completely bypasses the prompting

information.

In either mode the sequence required for the IDP input is shown by Table 5.1.
For the most part the input data elements have the same names and meaning as
those variables defined in the program users manual. However it is recommended

that the interactive mode be executed initially with maximum promoting in order to.

The user will note that the IDP does not request all of the program control
information described in the ELAS/VISCEL users manuals. The IDP does not allow
the use of externally prepared subroutines such as "CORG", "MESG", and "BUNG",
nor does it allow the inclusion of data cards such as those required by the

relabelling options, ISHUF = 2 or 3. The following parameters are preset in

the IDP.
ITAP = 2
ITAS = 9
ICOR = 0
IBUN = 0
IMES = 0

In addition the following parameters have a more restrictive definition
than given in the users manual:
0 < ISHUF <1
0 <IPIR <1
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The user will notice that the IDP requests redundent information. For example.
the parameter IT is requested as control information; and, the number of elements
is also required in element descriptions. This redundancy is required in order
to simplify tne IDP; if tnese redundancies were eliminated the data management
tasks would be increased. The IDP does contain an error check to assure that
redundant control parameters are consistant.

You will note that the IDP requires a data item in addition to that normally
required by the analysis program - the class of structure. The various structural
classes are described by the interactive mode of the IDP with maximum prompting;
and are defined by Table A-5 of reference (5). The class number determines tne
type of elements that may be used; and, the IDP logic restricts the user to the
class/element relation defined by the table referenced above.

Tne only difference between a normal ELAS run and a viscoelastic run is the
inclusion of the parameter ISUCA which, again is defined in the IDP as follows:

. EQ.0 Signals termination of the input; if ISUCA has not

been previously defined then this indicates that a
standard ELAS run is to be made

. LT.0 Allows multiple runs
. GT.0 Indicates Viscoelastic run
. EQ.1 Master data and following modified data

. GT.1 For additional modified data sets.
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5.2.1 Interactive Mode

In the interactive mode the IDP sets up a question - answer dialogue with
the user. The IDP defines a data set to be input and then accepts the input in
unformatted form directly from the terminal keyboard. The ELAS/VISCEL IDP has
two level of prompting which is controiied by user request. The minimum
prompting mode requests data elements by displaying the data element mneumonics;
while the maximum prompting mode defines each of the data elements.

In either the interactive or the data file mode the IDP creates a formatted

input file for the VISCEL/ELAS analysis program. This file which is stored on
a mass storage device must be identified by means of a file name. The program
thus requests the user to enter a name for the file., The IDP will then catalog
s the file; and, an error will result if the file already exists. The user should

note that the file is cataloged as a private file and may be named using read

keys as follows.

QUALIFIER*NAME/KEY1/KEY2/

where KEY1 is the write key; KEY2 is the read key. The user is cautioned to

retain these keys in a secure place, if used.
5.2.2 Data File Mode

In this mode the user prepares a data file containing the responses to the

IDP either off-line using a paper tape or tape cassette; or on line using the
text editor. The data elements are described by Table 5.1. The purpose of this
input mode is to allow the user to prepare an input file for the IDP so that the

prompting produced by the IDP can be bypassed.
The IDP will query the user to determine if the data file mode is to be

used. If so, the user is requested to enter the name of the file containing the
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prepared file of unformatted input. The IDP will then read from this file to
satisfy read requests completely by-passing the interactive prompting.
Occasionally the user may make an error in preparing the data file which
will cause a read-error in the IDP, and an error exit. The information printed
by the system at this time will be of little assistance in identifying the data
elements which are in error. A recommended procedure at this point is to place
the IDP in the prompting mode; but to cause the IDP to read the pre-created data
file. This can be accomplished by responding "NO" to the question "DO YOU WANT
TO ENTER DATA FROM A DATA FILE?". Then in response to the first prompt for data

the data file is added by the command
@ADD QUALIFIER*NAME

The IDP now prints all prompting, but reads the data from the data file.
It is then possibie to identify the data elements in error by noting at which

point the error exists.

5.2.3 IDP Input Requirements

The order in which the IDP prompts the user for input differs slightly
from the ELAS/VISCEL manuals, and provides default values for scratch tapes etc.
In addition, the IDP does not allow the user to input parameters which would

require user prepared subroutines.

5.3 Examples

The ELAS examples are taken from reference 8.

5.3.1 Planar Truss Case

The planar truss is as shown by figure 5.1
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E, = 250,000 t/1t7, Ay = 0.1 £t?, 1=1,...,5

E, = 250,000 t/1t?, Ay = 0,2 £t?, 1=6,...,10

E, = 500,000 t/rt?, Ay = 0.1 12, ge11,.,,,10

E, = 500,000 t/rt?, 4y = 0.3 1t2, 1=16,...,20
For (AE), = constant, 1=1,,.,,20 case see the
solution™in Hyperatatic Stimctures, J.A.L.Matheson

Nel.I, Acedermic Press, Juc., nhow Tork 1959,
s8-162.

pp.l

T4
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FIGURE 5.1 Planar Truss

Before proceeding to execute the IDP we will have to refer to the ELAS/VISCEL
manuals to define certain of the control parameters. Referring to Table 5.2,
which is taken from reference (5) we see that the planar truss is structural
class number one; and, that there is only one element type associated with this
structural class; the planar truss. Finally, referring to Table 5.3 we see that

the parameters IDEG, NVERT, NWDS have the following values:

IDEG = 2 (column 4 of Table 5.3)
NVERT = 2 (column 3 of Table 5.3)
NWDS = 5 (column 5 of Table 5.3)

With this information we can write the data elements of data sets 2,3,4, and

Data Elements
(M, 20, 2)

(0, 0, 0, 2, 5, 4)
(1,0,1,0,0,0,0)
(2, 0, 0, 0, 0)




Where we have indicated by setting NDBC = 4 that four displacement boundary
conditions are to be supplied; and by ITYPE = 0 that isotropic material properties

are to be used.




5.3.1.1 Interactive Mode

The interactive input mode for the creation of the formatted ELAS/VISCEL

input file is as follows; where the formatted ELAS input data is to be written
onto a file called PR@BO1.

exQT SYMPOS ! UM*PREPROCESSMR. VI SCFL

*xkkxk TSOOT *kkkkx

INPUT DATA PHEPROCESSOR FOR ELAS/VISCFL

ENTER NAME 0OF 0OUTPUT DATA FILE
ERM1O1

Dfi YOU WANT TO ENTER DATA FRMM A DATA FILE (YES 0OR Nfi)
N0

DO YOU WANT MINIMUM PROMPTING (YES OR N0
NO

UNIVAC 1100-SFRIES VERSION. INPUT DATA TO BE ENTERED FRM FEITHEF

THE INTERACTIVE MODE OR THE DATA FILE MODE USING FREE FORM INFUT AS
DESCRIBED IN THE UNIVAC FCORTRAN VUV MANUALe. IN THIS MODE THF INDIVIDUAL
FLFEMENTS OF THE INPUT DATA SET ARE SEPARATED BY C(MMAS. THE DFCIMAL
POINT ¢«) IS REQUIRED FOR RFAL NUWMBERS; THE NORMAL FORTRAN SIGY CONVEN-
SION IS FOLLOWED FOR VARIABLE NAMES UNLESS OTHERWISE NMNTED.

ENTER TITLE (72 COLUMNS OR LESS)
BLANE TRUSS PROBLEM IN MANUAL NO K
r,

-COHNTROL INFORMATIMN=

ENTER THE DATA SET CIN,IT,IDEG)
IN =TOTAL NUMBER OF NODES
IT =TOTAL NUMRER OF ELEMENTS k
IDEG =NUMBER OF DEGRFES OF FREEDM AT NODE POINTS
11,20,2




" i
Y T &
3

ENTER THE DATA SET CITYPE, IGFM, ISTRsNVERT,NWDS,NDBC)
ITYPE-MATERIAL INDICATOR
«E0.0 ISOTROPIC
«EQel MRTHOTROPIC
«EN.2 ANISHTRNOPIC
IGEM -GF™METRY INDICATOR
«EN.0 TWO-1) IN X-Y PLANE
«F0el THREF-D
: ISTR =PLANE STRAIN INDICATOR
3 y «EGel PLANE STRAIN
{ « Qe 0O PLLANF STKESS
; . NVERT=MAZ Nf (F ELEMENT VODES
b . NWDS =A% NO 0OF INBUT ITEMS TO DESCRIRE ELEMENT
NDBS =TNTAL NN F DEFLECTIMN BOUNDARY CINDITIMNS

!!n N50s25554

ENTER THE DATA SET (IMAT.NTIC>IAREA>IT0OR, 1YY»177,1IMFI)
IMAT =T(UITAL NO (iF MATERIALS
NTIC =TNHTAL NO MNF THICKNESSES
IAREA=TOTAL NO 0OF CRUOSS-SECTIMNAL ARFAS
ITOR =TOTAL NO (iF TORSI(INAL CINSTANTS
IYY =TOTAL NO OF MOMENTS 0OF INERTIA ABNUT Y=-NXIS
1727 =TOTAL N0 0OF MOMENTS 0OF INERTIA AROUT 7Z-AXIS
IMFI =TOTAL NO NF ANGLES FIXING LOCAL Y AND 7-AXFS

2,05,3,0,0,0,0

ENTER THE DATA SET (1P, IPRS, ITEMP, IGRADY, IGRAD7)
1P =TOTAL NO OF CONCENTRATED LOADS
IPRS =TOTAL NO OF PRESSURES
ITEMP =TOTAL NO OF TEMP INCREASES
IGRADY=TOTAL NO OF TEMP GRADIENTS ALONG LOGCAL Y
IGRADZ=TOTAL NO OF TEMF GRADIENTS ALONG LOCAL 7
2‘0,0,0’0

ENTER LINK AFTER WHICH EXECUTION IS TERMINATED
«EQe1 INPUT
«EQe2 GENERATION
«ENe3 DFEFLECTIMN
«FE0Q+4 STRESS
4

ENTER PRINT PARAMETER
«EQs0 MINIMUM
«EQe1 INTERMEDIATE :
«EQs2 DETAILED 3,

i




ENTER RELARELING PARAMETER
«EQe0 NO RELARBEL
«EQe1 RELNBEL

ENTER COORD SELECTIMON INDICATOR FOR SHFLLS
«kEQe0 LMNCAL X IS 1=-2 LINE OF LOWEST NUMRFRED ELMT
«<Qs1 PRINCIPAL
0

ENTER (G1,G2,G3)-DIRECTION COSINES 0OF ACCELERATION
Oes0es0e

ENTER MAGNITUDE OF ACCFLERATIDN VECTOR TIMES (NIT MASS

0e

-MATERIAL PROPERTIES-

ENTER 2 DATA SETS (E,G,ALPHA)
F =M(0NDULUS OF ELASTICITY
G =SHZAR MODULUS
ALPHA=CUEF OF THERMAL EXPANSI(N
MATERIAL NO 1}
250000e50e500
MATERIAL NO 2
S00000e50e500

-CROSS SECTIONAL AREAS-

ENTER 3 DATA SETS (l,AREA)
1 =AREA SET 1.D.
AREA=CRMSS-SECTIONAL ARFA
leel
222
3se3 i
THE INTERPRETATION OF MEANINGLESS INPUT WAS ATTEMPTED.
THE FLLOWING RECORD IS ERRONEQOUS OR DNES NOT CORRESPOND TO FORMAT SPECI
FICATIONS: :
FJO:; - E

10 CALLED AT SEQUENCE NUMBER 000133 O0OF TSO010

Notice that the system has made an enron in intenpreting the input data.
Rather than tenminating, the session will be continued; and, the text ?
editon will be utilized to modify the foamatted data §ife PRPBOT.
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2

[

=NMDE POINT GEMMETIIRY=

IS 1T41S A PLANAR PROBLEM (YES 0OR N{D
YES

ENTFR 11 DATA SETS (X,Y)
NADE 1
l.'o.
NMDE 2
Ces10.
NODE 3
Des?0e
NODE 4
.,”"10.
NODE 5
1000201
NMDE 6
156,15
NODE 7
20¢,10.
NODE 8

205,20,
NODE 9

ag" 10.
NODE 10
a!!.‘as!.
NODE 11
;is!'gs!.

|

|

-DEFLECTION BOUNDARY CIWDITIONS-

ENTER 4SETS (NODE, IDOFsNNDE=-P, I DNF=-P, VALUE)
NODE =NODE NO OF INDEPENDENT De0eFe
IDOF =DeD.Fe« NOo
NODE-P=NODE N0 (OF RELATED De0.F.
IDOF=P=De e Fe N
VALUE =COEFFICIENT

d21,151500 |
d22,1,220e
115151151508
11,2,1152500

I I s 1 S S PN 3 b




-FLFMENT DESRIPTIONS-

THE TYPES NF FINITE ELEMENTS WHICH MAY RBE USED TN DESCRIRF ANY
STRUCTURAL SYSTEM IS DEPENDENT AN THE CLASS NF STRUCTURAL SYSTFM.

THF CLASSES (1F STRUCTURAL SYSTEMS ALLNWED IN THIS PRNAGEAY AWF AS
FOLLOWS

CLASS DESRIPTIMON
1 PLANAR TRUSS
2 SPACE TRUSS
3 PLANAR FRAME
4 SPACE FRAME
5 GRIDWORK FRAME
6 PLANLE. STRESS
7 PLANE STRAIN
2] PLATE BENDING
9 GENFRAL SOLID
10 GENEKRAL SHELL3 BENDIVMG, MEMBRANE
11 GFNERAL SHELL, MEMBRANE
12 SOHLID OF REVOLUTIMON
| 52 SHELL OF REVOLUTION, MEMBRANE
14 SHELL OF REVOLUTIMNN; BENDING, MEM3RANE

ENTEK CLASS NF STRUCTURE
1

YOU HAVE SPECIFIED STRUCTURAL CLASS 1

THE CN4PATABLE FLEMENTS FOR THIS STRUCTURAL CLASS ARE SPFCIFIFD RY
TABLE 111-2 OF THE ELAS MAVUAL3; AND, YNU ARE RESTRICTFD TO THFSFK
FLEMENTS BY THE PREPROCESSOQOF.

ENTER NUMBER OF TYPE 1| ELEMENTS

20

ENTER 20 DATA SETS NF THE FOLLNAWING FOIRM
(N1,N2,NMAT»> IAREA, IPRESS, ITFEYP)
N1 =NODE NUMBER 0OF FIRST UVERTEX
N2 =NODE NUMRER 0OF SECOND VERTX
MAT =MATERIAL TYPE NUMBER
NAREA =CROSS=-SECTIONAL AREA TYPE NUMBER
IPRESS=PRESSUE TYPE NUMBER
ITEMP =UNIFORM TEMP INCREASE TYPE NUMRER
ELMT |
152,15150,0
?2@ELMT 2
2,351,15050
ELMT 3
1,4,1,150,0

i i
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ELMT 4

224,151,050
ELMT S

FL4T 6
3521525050
ELMT 7
455515250, 0
FLMT &8
45751525050
MLMT 9
E 20
FLMT 10
226,152,050
FLMT 11
62,5%,2,1,0,0
ELMT 12
6,752515,050
ELHMT 13
248525,1,0,0
FLMT 14
T155%,251,050
ELMT 15 E
lells25150,0
ELMT 16
7+,9525,3,0,0
ELMT 17

l

ELMT 1%
B5105253,05,0
ELMT 19
9,11,253,0,0
B.MT 20
9,10525350,0

-CONCENTRATED NMNDE FORCES AND MOMENTS-

ENTERX 2 DATA SETS 0OF THE FORM (NODE, ID0OF, VALUE) WHFRE:
NGDE=NODE LABEL ND.
IDOF=DEG REE OF FREEDOM CODE
«EQe.1 FORCE IN X-DIR
+EQ.2 FORCE IN Y-DIR
«EQ.3 FDRCE IN 7Z=-DIR
«EQe4 MOMENT ABOUT x=~AXIS
«ENeS5 MOMENT ABOUT Y=~AXIS
+EQe6 MOMENT ABNUT 7~AXIS

VALUE=MAGNITUDE OF FORCE COMPONENT
5525,=10.
2 'l o

:

ENTER INCREMENTAL PARAMETER ISUCA

«FQ.0 STAYDARD LINEAR ELASTIC (ELAS) SOLUTINV
;_ oLTel MULTIPLE RUN
i «GE.1 VALUE OF M FOR VISCOELASTIC SOLUTIMN

'o
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LO YOU WANT A SUMMARY OF THE INPUT DATA (YES 0OR NO)

- SUMMARY OF ELAS/VISCFL INPUT DATA-

PLANE TRUSS PROBLEM IN MANUAL NO 4

-CONTROL INFORMATIMI-

NUMHBER OF NODESeccoecoe
NUMBER NF ELMTSececos
DOOOF PER NODEO......
MATERIAL INDICATORee e
GEOMETRY INDICATOReee
TWi-D THEORY INDICeee
MAXe N0 VERTICESeeceee
MAXe NO WNRDS/ELMTes o
NA NOF DBC UVITSeececee
EXECUTION OPTIONeeesoe
PRINTOUT INDICATOReso
RELAREL INDICATORecso
CNOKD GEN INDICATORe. .
DBC GEN INDICATOReecee
ELMT GEN INDICATOReee
LOCAL CODOR INDICATOR.
Gleceoeoooscsceccsocsoscccnsce
Ge..'.-...'..'......‘

G3escocoovccscscsccces

ACEI.O'...'..II.......

N o=

0O00QCO=2bUUNOOOMNMO~

« 0000
«0000
«0000
«0000

NOe
NQOe
NDe.
NO.
NO.
NOe.
NQOe
NOe.
NOe
NOe.
NO.
NOe

MATL

OF
OF
OF
oF
OF
0F
nF
0OF
oF
oF
OF
OF

CONCENTRATED LOADS..
PRESSUIRESeecccccccsoce
MATERIALS.CO.I.....‘
THICKNESSESesecoceoee
TEMPe INCREASESececes
Y=-GRADIENTSeecccccos
7Z=-GRADIENTSeosecccces
CROSS SECTe AREASeee
TORSIONAL CONSTANTS.
Y=-MOMe OF INERTIAeeo
Z=MOMe OF INERTIAece.
LOCAL COORD SYSTEMS.

-MATERIAL PROPEKTIES-

E G
«25000+06 «00000
«50000+06 «00000

COO0OQ0OWOOO0OONMO M

ALPHA
«00000
«00000
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C

TYPE
1
2
0

NODE

W N0 -

o

—- O VX~NOW

—

DEPENDENT

NODE

ELMT ELMT MATL NODE NODE

NO

OQUVXINOULD WL -

—

£ S

VAL UE
«10000+00
«20000+00
« 00000

-CROSS SECTIONAL AREAS-

=¥ kSH POINT DEFINITIONS-

X

«0000

<0000

«N000

«1000+02
«1000+02
«1500+02
«2000+02
«2000+02
«3000+02
«3000+02
«3000+02

Y Z

« 0000 «0000
«1000+02 «0000
«2000+02 « 0000
«+1000+02 «0000
«1500+02 « 0000
«1000+02 «0000
«2000+02 »0000
«1000+02 «0000
«2000+02 «0N000
«0000 «0000

-DEFLECTION CONSTRAINTS-

DOF

0D == 0D =
—
e et pue

INDEPENDENT
NODE

-ELEMENT DESCRIPTIONS-

TYPE TYPE

L
et b Gt bt e e s e e

DOF VAL UE
1 « 00000
2 «00000
1 00000
2 « 00000
ANGL AREA JMMX JMMY JUM7 PRES TFEMP JSDY .JSD7

1

NEDPLDWWND ™MD -

2 TYFE TYPE TYPE TYPE TYFE TYFE TYPF TYPF TYPE
2 0 1 0 0] 0 (4 0 0 0
3 0 1 0 0 0 0 0 n 0
] 0 1 0 0 0 0 0 0 0
4 0 1 0 0 c 0 0 0 0
4 0 1 0 0 0 0 0 0 0
5 0 2 0 0 0 0 0 0 0
5 0 2 0 0 0 0 0 0 0
7 0 2 0 0 0 0 0 0 0
6 0 2 0 0 0 0 0 0 0
6 0 2 0 0 0 0 0 0 0
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1t t 2 6 8 N ) 0 0 c 0 0 0 0
12 1 P 6 7 n 1 0 0 0 0 0 n 0
i3 1 2 5 8 0 ! n 0 0 0 n n 0
14 1 2 7 ) 0 1 0 0 n n n n 0 |
15 1 2 7 11 n 1 0 0 0 0 0 n n
16 1 2 7 9 0 3 n 0 0 0 0 0 0
17 1 2 7 10 0 3 0 0 0 0 0 n n
1% 1 2 8 10 0 3 0 0 0 n 0 n n
19 1 2 g 11 0 3 0 0 0 n n n n
20 1 2 9 10 0 3 0 0 0 0 0 n n
t -C WWCENTHATED NGDAL LOAL-
NODE DGOF VAL UE
5 2 =.1000+02
EV: OF INPUT FOR LINFAR ELASTIC PROBLFHM
1S TH:E ANOTHEi DATA CASE (YES OR D)
N6
1
NORHMAL FXITe EXECUTION TIME: 2268 MILLISECONDS.

DATA IGVARED - IN CONTROL ™GODE

The output file PRPBOI. will now be edited to change the area information
that was misinterpreted by the program. We also noted during the summary of
input data that the connectivity information for member 10 is incorrect. The
element is presently connected between nodes 2 and 6; this will be corrected
to be between nodes 5 and 6. The editor session to correct PR@BO1. is as

follows.

5-16
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L

LERERIBL 89 19: 50-cuny s F
EDIT
«G 4
i .100+00 2
*C /0 .000/3
1 «100+00 2

« 200 0
<300/
«200 3

« 000

«300

L

r
« 00D

1

2

3

£

1

6

7

#

9

10

11

11

-1

-2

=3

-4

-5

-6

-7

-

-9

-1

1 -11
{ -12
" -13
-14
-15
-16
-17
-18
-19
-20
52

| LW
*L

*C /2

*P 50

20200025

1 «250+06
1 «100+00 2

101
101
101
101
101
101
101
101
121
101
1n2
102
1n2
102
102
102
102
102
1na
102

OEND
ECF AT LINE 38

=10
=10 101 200 0
6/5

« 000

« 0000
« 0000
« 3000
«1000+02
« 1000+02
« 1500+02
« 2000+02
«2000+02
«3000+02
«3000+02
« 3000+02
11 «00
100 0
100
100 0
100 0
100 0
200 0
200 0
200 0
200 0
200 0
100 0
100 0
100 0
100 0
100 0
300 0
300 0
300 0
300 (4]
360 (¢}
«1000+02

6/

*E

R s e —— [ —

-10 101 200 0

« 200

2 02000023000 0410000002)

« 1NN 2
3 300
« 000D
«1000+07
« 2000+0°
«1000+02
«2000+02
«1500+02
«1000+02
«2000+02
«1000+02
«2000+02
. 0000

12 12

NRovoaNupodDLS DWW

ODTO0O0O0OCO0O0O0O0O200020000DO0

ROOVEXNNNNNOANNDDDWWNO =0 —

5 6 0

END EDIT 38 LINES OUTPUT

2 =.1000+0

FLANE TRUSS PROBLEM IN MANUAL O

«50

0
0
0
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2

0 %

N+N6

« 0000
« 0000
« 0000
« 0000
«0000
« 0000
« 0000
« 0000
«0000
« 0000
«0000

Lt

OO0 CcCCcC OO0 O0OCOQOC
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5.3.1.2 Data File Mode
The input data for the VISCEL/ELAS IDP is created by using the text editor.

First a file must be created using the system commands

@CAT,UP ELASPROBS
OFREE ELASPROBS.

An element called TRUSS will now be created using the UoM text editor as

follows:

@ED TRUSS
INPUT

(The input data has not been shown)

e




Note that the element TRUSS was created in the workspace and copied to the
file ELASPROBS.TRUSS by the command

@COPY, S  TRUSS, ELASPROBS.

The IDP is now executed in the data file mode as follows, where, again we

assume that PR@BO1 contains the formatted output file.

XQT SYMPOSIUA#PREPRTGCESSTR. V! SCEL

kdkkkk TSOQT7 k¥kk ek

INPUT DATA PREPROCESSOR FUR ELAS/VISCEL

- ENTER NAME OF OUTPUT DATA FILE
PRGBO1 .
——————

{ D3 U WANT TG ENTER DATA FRG1 A DATA FILE (YES OR W)
Y ES

ENTER vAME OF INPUT DATA FILE
ELASPROBSs TRUSS

- SWIMARY OF FLAS/VISCEL INPUT DATA-

PLANAR TRUSS CASE

=CONTROL INFCRMATION=-

NUMBER GF WODESeeeeees 11
NUMBER OF FLMTSeeceese 20
DeTGeF PER WCDEesseoeosoe
MATERIAL INDICATGOReee
GEJMETRY INDICATGRees
TWG=-D THEGRY INDICess
MAX. ‘JG VERTICESO es e
MAX. NO WORDS/ELMTees
WO OF DBC UNITSeceses

PN OOOMN

5-19
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i

|

EXECUTION OPTIGNeseee
PRINTTUT INDICATCRe..
KELABEL INDICATORecs.
COTRD GEN INDICATCHe.
DBC GEN INDICATGReseo
ELIIT GEN INDICATORes e
LOCAL CGOR INDICATOR.
Gl'l.l.....'.......‘.
Ge'.l......‘........l
Ga.......'.....'...l.

ACl‘L.O..Q.Q..........

OO0 OoODO N>

« 0000
« 0000
«0000
« 0000

WNhe GOF CONCLITRATED .0AD'Ses 2

N« OF PRESSURESeeecccecces
.JC- nF ;']AT’.”IALS..C'.IOI...
N3¢ OF THICKVESSESeeceeeoens
:\;S' JF Y'GRA‘NIH‘;TS..-....‘Q
Wite (F Z=GRALIEVTSecccososcoe
NDe OF CHOSS SECTe NRENSes.
UTe OF TCORSIGNAL CONSTANTS.
Wihe UF Y=UTIle OF INERTINeee.
NTe OF Z=0iTdie OF INEKTIAee
Woe OF LTCAL COGRD SYSTEMS.

- IATERIAL PROPERTILES-

ANnTL E

1 «25007+06 «0NNOO0
2 «5N00N+06 «N0000

=CRGSS SECTIONAI,

TYPE VALT'E
1 «10000+00
?  «20000+00
3 «30000+0C

QOO W DO ND

ARFAS=

-MESH POINT DEFINITICNS-

WOLL X

1 « 0000 «N000

2 « 0000 «1000+02
3 «0000 «2000+02
4 «1000+02 «1000+02
5 «10N0+02 «2000+N2
6 «1500+0°2 «1500+02
7 «2000402 «1000+02
8 « 2000402 «2000+0N2
9 « 3000402 «1000+02
10 «3000+02 «2000+0°
11 «3000+02 « 000N

AL FHA
«00000
« 00000

Z

« 0000
«0000
«0000
«0000
«0000
«0000
«0000
«0000
«0000
<0000
« 0000
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=DEFLECTICN CTWSTRAINTS-

DEPEVDENT INDEPENDENT

i e oee N 0D

NODFE DGF NODE  DOF VAL {JE
1 1 1 1 « 00000
1 2 1 2 « 00000
11 1 11 1 « 00000
11 2 11 2 «00000

-FLEMENT DESCRIPTIONS-

ELMT ELHT MATL NGDE WNODE ANGL AREA JifdX JU4Y JI197 FRES TEMP JS[Y J<SD?

W&  TYPE TYPE |1 2 TYFE TYPE TYPE TYFE TYFE TYPF TYPE TYF) TYFFE
1 1 1 1 2 r 1 0 0 0 0 0 n 0
e 1 1 2 3 0 1 C 0 0 0 n 0 n
3 1 1 1 4 C 1 0 0 0 0 0 C 0]
& 1 1 2 4 C 1 0 0 0 0 0 r n
S 1 1 3 4 8 1 0 0 0 0 0 0 0
(] 1 1 3 ) Q 2 0 0 0 0 n 0 0
7 1 1 4 ) 0 2 0 0 0 c 0 0 0
g 1 1 4 7 0 2 C 0 0 0 0 0 0
92 1 1 4 6 0 2 0 0 (5] 0 0 * n
10 1 1 ) 6 0 2 0 0 n 0 0 r n
11 1 2 6 8 0 1 0 0 0 0 0 0 0
e 1 2 6 7 0 1 & 0 0 0 0 n 0
13 1 2 5 8 0 1 0 0 0 Q 0 0 0
l4 1 2 7 8 0 1 0 0 0 (0] 0 0 0
15 1 2 7 11 0 1 0 0 0 0 0 n n
16 1 2 7 9 0 3 0 0 ] Q 0 o 0
17 1 2 7 10 0 3 0 0 0 0 Q 0 0
18 1 2 8 10 0 3 0 0 0 0 0 C 0
19 1 2 9 11 0 3 0 0 0 n 0 0 0
2 1 2 P 10 0 3 0 0 0 0 0 0 ]
=CONCEUTRATED WNODAL LGAD -
NODE  DGF VAL UE
5 ¢ =+1000+02
EJ!> OF INPUT FOR LINEAR ELASTIC PROBLEM1 !
NORMAL EXITe EXECUTIT TIMES 2771 WMILLISECONDS.
i
5-21
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5.3.1.3 Analysis Problem Execution

Using one of the two modes in the IDP we have created a file PRPBO1. which
contains the input data for the VISCEL/ELAS analysis program. The analysis
program can be executed in the demand mode, but since the output may be more
than we care to view on the terminal we will redirect the output by the command
@SUSPEND and resume terminal printing by @RESUME. These two commands are trans-
parent, and serve the function of BRKPT'ing. We also note that since the input

is in file PRPBO1 we must append it to the input stream by an @ADD-card.

9§H§R§$QPGSI“H*PQGGﬁvﬁAH.VISCFL
eADL FRIUB0L.

€ RESLUE

LXAMIVE, PRINT, DFLETE, OR HCLD? E
EDIT

The nesults wilk be scanned to detenmine whether they agree with
published nebultaathe intenative sessdion <8 as follows.

*L_NOJDAL D
NODAL DEFLECTIANS

0 L1}

NODAL DEFLECTIGNS

NOD? X=-DISPLMT Y -DISPLHMT 7Z-DISPLMT X ROTATN. Y=ROTATN. 7Z-ROTATV.

1 «0000 «0000 « 0000 «0000 « 0000 «0000
2 =e6366-03 =.1566-02 « 0100 « 0000 « 0000 2 «N0D00
3 =e1954=-02 =-43133-72 0200 «00CO « 0000 «0000
4 =.6366-03 =.6247-02 0000 « 0000 « 0000 <0000
5 =e2737-02 =«7706-02 0000 « 0000 « 0000 « 0000
6 -«1721-02 -+5926-02 «0000 « 0000 «0000 «0000
*E
5-22
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The nesults agnee, the contents of the output §ile are thus printed
at RMENGR

EXAMINEs, PRINT, DELETE, OR HGLD? P

WHERE? RMENG?
SENT BY: SHAFET ¢ RiIFNGR

S

5.3.1.4 Printed Results

The output file for the example problem is as follows:




FLES.PLY FROGZ1S.C7.71/

FLANE TPUSS PRCTLTM IN MANUAL NC 8

RS EMERSE S TQUILIBRIUM
TOTAL NUMSER QF NOOES 11
TCT AL NUMETR OF CLEMENTS 20
JERPE=S oF FRCEEGM DER NOCE
ITVFC VALUE

IG™ vALYUE

ISTR VALUE

MO <BF V=RITICES PER SLEMONT
WECRES PCR ELSMENTY DESCRPTING
0CF D77 TNPUT UNTTS

"CelF C,LCAT INFUT UNITO
NO<OF (2R TESSU2E TYPTS

NCesCF MATERIAL TYFES

NOCr THICKNESS TYPES

NCeClF TEMP,CHANCE TYPES
NO.OF Y-TEMP.,GRAD.,TYPES
NCeCF T-TEMP,CRAD.TYPES
MO0 AREA TYPES

NCefT TORSTICON CCNS.TYFES
NOOF Y—“OMNT.OF INLTY?ES
MCeCF Z-MOMKT,OF IN.TYFES
“0.%F AMNGLE FY TYPTS

TANY vrLuT

INP vALYU~™

TCHLFE VALUE

iC0R CALUE

TEUN VALUE

IMTS VALUE

TFTE VALUE

SCRATCH TAPE NUMBER

BLAT INPUT TAPE NUMBER
ACTELERATN®UNIT MASS ,CCCC
ACTFL.NIReT0Se 020 L000

2
o]
0
0
2
>
4
2
0
2
o]
c
o]
3
)
0
a
o]
0
4
1
o]
o]
o]
2
0
9
o]

.
(=]
o

J




NET AL DEFLTETICNT

ara

I

-
-

N

c
2]
-

1
Al

(=DISTLMY Y-2TSPLMT Z-DVSPLMT X-RNTATNe. Y-20TATN.

—el766-02
=213 3=02
~oS247-92
a2 73T =072
—el T2 =2
~ah 2B =0T

-.572€-92
-.2772-C2
-.£471-02
- 4729903 -,2711-02

-e3242-02

7-0DTATN.

oL7CC
<O an
o LOCL
Seriiaks:
o LTCE
PYsiaiate
o ETCC
oC7°C
Sleiniatal
Slealale

080"




STPESC AND MCMENT 3T SULTANTZ AT THE NCOBES CF CNT DIMONSTOMNAL ELEMENTC,
WANTZTITS AT IN LOCAL COORDINLTE SYSTEMS AT THC ENCS OF ELEMENTS

-+93574+C1 .0OCO «0000 Clafingata «000C «3000
-~e9€744+4C1 LCCOC «CCO «"CCC «0°CC «CCCC :
¥T 1408C +00C +0GOET 002 14000 20027 LUCY 000 1.00°0°
=931 M2=db @ ¢UEQU «0000 2000 «0CCO «000C
=yli2d='6  «+CCOC «CO0C «7CCC «CCCC «0CCC
¥T w07 #7G7? SDEOET =07 777 SLECZT  S0ERN wOEL 1+TUL 3
«SE72+4C1 .CO000 «00C0 «20NY , «00CC .000"
+SE%8+01 C0CO «0070 «300°9 «0CCX «00C2
X7 13892 4900  SOO0ET 008 14030 HUCTET 4C07 U0 14800 g
=sicie+ll HLCCUC «CCCC «"CCC «CCC.C «CTCC i
—.’,9160"1 .'_’C‘T_' oqccn .JC""T .OC‘C“ OOC"\” ‘

1',' 4
A
2 el b i giioln

HES SR EBE TR n=X a-Y =Z Edi=1 M-Y s
INE2 28e XT P20 1,280 G990 T=1.20000 80 SARRZT - LEBES . B80 1200
b T2 =4,281€+21 JEEEE «0CCC «CCEE «CNCC «CCO0C
- 2o 0 =g 291ExD) 8088 «CC30 «207"° «C7CZ «C02C
FOIE JESL¥T . J9EC 1.C0E ¢ «RREET=1.8008  GCRENGETEZT S GIGET GDER 11 TCC
4 201 =T dikee 01 S£208 «CNAC «2C7"7 «CCCC «02C7
= e e it (5 2 0 R s el 016 «TC2C «"CrC «CTCC +CEEE
INTY SASENE e TR NS TET NI EEE T =l TR NG T OIS AR S S a2 a8
= 12 —<2E00eEY G TEOE «"0CC e"ClZ «C7CC §tafells)
> g 1 -.2604+01 LCCOC « 2CCG «"CCC Clalaale «CCCT
ST 208 XT v 05 408 S Q8EET - <209 14008 W Te0ZT " L CDY LR08 1 .ERC
o 1 —.2400-67  JC0CT +« DOED Cialellgle «CTCC «CCCC
L 1 =e1492-0T7 <8088 Pslsinte; «707"° «C0CT «C0Qa°
EOTE 208 T L GTT PR CSAGEEET NIIRT TGRS EEZ T e B 6T G EE 1 E0E
5 BT o« 55T+ CL L 200C «332C Citleaa +CECL 2087
€ g JHES BAOT o SECET « 2EED «"CCTC «CTCC «COCC
SOTIR TES XTI 1.302 . JA98  L0835T  <BER 1.008 " L20T2ZT eCEN | <COE 1577
S T 1 e ESEETT GOEEE -« 20E0 «"CCT «CCCC «ZEGL
% 9. 1 =e3916+EL  .0298 «0023 «BED «CC0OC «CCC7
TegR coc MY 82 Tenan s SUE0ET-1e000 B8 T80 ET. L0808 L.CEE LJE0E
2 G 1 —e7Z2ATsnT - GEEET «TCCC o G CIEE «CCCC «CCCC
% S 1 —e?122°9+01 LJECESE «NCCC «"C"C «L0CC +ECCC
NN TOS XT 12933 0 L9080 NS 86ET 608 1003 L UYL GAED | 5060 FahT2
2 4 1 « 5332400 BT2C «300C <7077 «CC0% Slalajes
9 R +5332+038 <0EQ7 «C000 «00°"° «CCCCT «CCC0C
NIz Cos XT o v 2T SOG0ET —e7BL <797 <BRDZT  LECE2 oU00 l.2020
= s T ol ole e BB o ef e «70CC «"CCC oLCT «C7CC
3 g 1 =etS2R+01" JOERT .0000 .J007 «38ET «CC2N 4
ToEIF SCS XT  &URY —L7S7 GRORET LB 7 sV GEEC2T  JCEL. SBEE 1,700 ;

2 £ 1 =.3820+01 LEEOC «CCCC «"CCT «CCCC «CCC
17 5 1 —«7T320401 +8EB00 «00720 «2077 «0CCC «03C2
JI0TIE €0S AT 27 S7ET . SOEEET =007 707 LEEZT «0CC  <CCC 1.7 CC
1¢ -1 —eT3Z20+C1 <2008 «C0720 «]C7° «3CCC <020
11 3 1. -e2320¢91 €006 «32000 «307" «00CT «C0CC
F7CLF COS YT  &FET = lG7 - SUEEZT  «IBT 707 - @ECEZE WP CLT  #ULE ReEEC
215 5 1 =28200+01 +C008 «C372C <2007 «00CZ «00727
1? Tl =426 401  LEPET «TCCC o “BEE «CCRC «CTCL
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Table 5.1 - VISCEL/ELAS Preprocessor
Input Data Elements
Data Item
1. TITLE
2. (IN,IT,IDEG)
3.* (ITYPE,IGEM, ISTR,NVERT,NWDS,NDBC)
4,* (IMAT ,NTIC,IAREA,ITPR,IYY,IZZ,IMFI)
(IP,IPRS,ITEMP,IGRADY,IGRADZ)
LINK - link after which execution is terminated
. IPRINT - print parameter
. ILABEL - relabelling parameter

o o2} ~ o (2]
. . .

ISHELL - coordinate selection indicator for shells
10. (61,G2,G3)

11. ACCELERATION

12. Enter IMAT sets according to value of ITYPE

. EQ. 0 (E,G,a)

- EQ. 1 (Dqys Dyas Dygs Dyps Dops Dyys Dggs Dges
- EQ. 2 (Dyqs Dyps Dy3s Dygs Dygs Dygs Dpas Dpgs

D

D337 D340 D350 D3gs Dpgqs Dggs Dygs Dgss

029 a3)

13. IF(IPRS.EQ.0) enter no data, otherwise enter IPRS pairs:

(ISID, PRESS)
where ISID is the set identification number

14, IF(NTIC.EQ.0) enter no data; otherwise enter NTIC pairs
(IS1D,THICKNESS)

Dgg» a7 ap)
D... D

D

Dgg -

Deg> o1»

24° 725 "26
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15.

16.

17.

18.

n.

20.

21,

22.

23.

24,

25‘

TABLE 5-1 (continued)

IF(ISDT.EQ.0) enter no data; otherwise enter ISDT pairs
(ISID, TEMPERATURE)

IF(ISDY.EQ.0) enter no data; otherwise enter ISDY pairs
(I1SID,Y-TEMP GRADIENT)

IF (ISDZ.EQ.0) enter no data; otherwise enter ISDZ pairs
(ISID, Z-TEMP GRADIENT)

IF(IARE.EQ.0) enter no data; otherwise enter IARE pairs
(ISID,AREA)

IF(IMMX.EQ.0) enter no data; otherwise enter IMMX pairs
(ISID, TORSIONAL CONSTANT)

IF(IMMY .EQ.0) enter no data; otherwise enter IMMY pairs |
(ISID, Y-MOMENT OF INERTIA)
Ik "™Z.EQ.0) enter no data; otherwise enter IMMZ pairs %
(1SI0,Z-MOMENT OF INERTIA) :
IF(IMFI.EQ.)) enter no data; otherwise enter IMFI pairs 1
(IS1D,PHI)
ANS (YES OR NO) - IS THIS A PLANAR PROBLEM?
Enter IN data sets
. EQ.YES (X,Y)
. EQ.NO (x,Y,2)
If (IBUN.EQ.0) enter no data; otherwise enter IBUN sets (NODE,IDOF, NODE',
IDOF', VALUE) :

ICLASS - class of structure

il et e b s i s

5-29




ot R

TABLE 5-1 (continued)

25.A.1 .EQ.1; enter NELM - number of type 1 elements
enter NELM data sets
(N1,N2 ,NMAT ,IAREA, IPRESS, ITEMP)

25.8.1 .EQ.2; same as 26.A

25.C.1 ..EQ.3; enter NELM - number of type 2 elements
25.C.2 ; enter NELM data sets
(N1,N2 ,NMAT , TAREA, IZ, IPRESS, ITEMP,, IGRADY)
25.D.1 .EQ.4; enter NELM - number of type 4 elements
; enter NELM data sets
(N1,N2 ,NMAT ,IAREA,1Y,1Z,ITAR,IANGLE ,IPRESS, ITEMP, IGRADY, IGRADZ)
25.E.1 .EQ.5; enter NELM - number of type 3 elements

; enter NELM data sets
(N1,N2 ,NMAT ,IY,IT@R, IPRESS, IGRADZ)

25.F.2 s enter NELM1 data sets
(N1 ,N2,N3,NMAT , ITKN, IPRESS, ITEMP, IGRADZ )

25.F.1 .EQ.6; enter NELM1 number of type 5 elements ’

25.F.3 IF(NELM1.GE IT) enter no data; otherwise enter NELM2 - number of type
6 elements

25.F.4 ; enter NELM2 data sets
(N1,id2,N3,N4 ,NMAT, ITKN, IPRESS, ITEMP, IGRADZ)

25.G6.1 .EQ.7; same as 27.F

25 .H.1  .EQ.8; enter NELMT1 - number of type 7 elements
25 .H.2 ; enter NELMT1 data sets 4




—

25H.3

25.H.4

251.1
25.1.2

25.1.3

25.1.4

28.4.1

25.J.2
25.J.3

25.J.4

25.K.1
25.K.2

25.K.3

25.K.4

TABLE 5-1 (continued)

(N1,142,N3,NMAT , ITKN, IPRESS, IGRADZ )
IF(NELMT1.GE.IT) enter no data; otherwise enter NELMT2 - number of
type 3 elements
; enter NELMT2 data sets
(Nl,NZ,N3,N4,NMAT,ITKN,IPRESS,IGRADZ).
.EQ.9; enter NELH11 - number of type 9 elements
; enter NELM] data sets
(N1,N2,N3,N4 ,NMAT, IPRESS, ITEMP)
3 IF(NELM1.GE.IT) enter no data; otherwise enter WELM2 - number
of type 10 elements
; Enter NELM2 data sets
(NY,N2,13,N4,N5,16 ,N7 N8, IMAT , IPRESS ,NTEMP)
.EQ.10; enter NELM] - number of type 11 elements
; enter NELM] data sets
(N1,N2,43,NMAT , ITKN, IPRESS, ITEMP, IGRADZ )

3 IF(NELMI.GE.IT) enter no data
otherwise enter NELM2 - the number of type 12 elements
; enter NELM2 data sets
(N1,N2,N3,N4 ,NMAT , ITKN, IPRESS, ITEMP, IGRADZ) i
.EQ.11; enter NELM1 - number of type 13 elements
; enter {ELM] data sets
(N1 ,N2 ,N3,NMAT , ITKN, IPRESS, ITEMP)
; IF(NELM1.GE.IT) enter no data, otherwise enter NELM2 -
the number of type 14 elements i
; enter NELM2 data sets
(N1,N2,N3,N4, NMAT,ITKN,IPRESS,ITEMP)
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TABLE 5-1 (continued)

25.L.1 .EQ.12; enter NELM1 - number of type 15 elements

25.L.2 ; enter NELM1 data sets |
(N1,N2,N3,NMAT , ITKN, IPRESS,, ITEMP) ?
25.L.3 s IF(NELM1.GE.IT) enter no data; otherwise enter NELM2 -

the number of type 16 elements
25.L.4 . enter WELM2 data sets :

(N1,N2,N3,N4 ,NMAT, ITKN, IPRESS, ITEMP) 1
25.M.1 .EQ.13; enter NELM - the number of type 17 elements '

25.M.2 ; enter NELM data sets
(N1,N2,NMAT, ITKN, IPRESS, ITEMP) 1

25.N.1 ; enter NELM data sets
(N1,N2 ,NMAT, ITKN, IPRESS, ITEMP, IGRADZ)

26, IF(IP.EQ.D) enter no data; otherwise enter IP data sets
(iNODE , IDOF ,VALUE)
27. ISUCA

28. IF(ISUCA.NE.Q) enter 3*, 4* followed by applicable data items 14-23 26-27.
This is the method of inputting the time dependent material properties. The
termination of time dependent properties is indicated by setting ISUCA = 0.

29. ANS - Response to question "DO YOU WANT A SUMMARY OF THE INPUT DATA (YES

OR NO)"
30. ANS -~ Response to question "IS THERE ANOTHER DATA CASE (YES OR NO)"
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TABLE 5.2 Types of elements available for different cases of ]
structures (element type numbers are shown in the
shaded squares) 4

g

Column number 1 2 3 4 5 6 7 8
H 2
3 z E 7 e
- - - ° —_
£ £ |8 Slels(E|5|3
c E E I L 1T T A
¢ 2 o ol ] - I © 5 =
] Case ) “l2|lslelslsl@lo
ko devesiniion CI R R R I O R
gscripit N (B 7 2 (o T I B < P (e
1 | Planar truss 1
2 | Space truss )
3 | Planar frame 2
4 | Space frame 4
5 | Gridwork frame 3
6 | Piane stress 51 6
7 | Plane strain S ]
8 | Plate bending 7 8
9 | General solid ?-{ 10
10 | General shell; bending, membrane nin
11 | General shell, membrane 13] 1
12 | Solid of rcvolution . 5] W
13 | Shell of revolution, membrane \7
14 | Shell of 1 ofution; bending, membrane {5 i

TR S s
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6. SATANS
6.1 Introduction

The SATANS program solves Sanders' nonlinear shell equations for shells of
revolution by means of a finite-difference approximation in both spatial and
temporal variables. The theoretical development for the program is described by
references (9) and (10).

The governing equations are reduced to coupled sets of four linear second
order partial differential equations in terms of the shell meridional coordinate
and the time by expanding the surface loads and the dependent variables in terms
of appropriate fourier series. The nonlinear terms are treated as pseudo loads.

The spatial and temporal derivatives are approximated by finite difference
operator having orders of error of the increment squared. A modification of the
Houbolt implicit backward difference scheme for time derivatives is used to insure
stability of the numerical determination of the time response.

The applied loads may consist of any combination of pressure loads, thermal
loads, and boundary loads and initial conditions that are symmetrical about a

datum plane in the shell.

6.2 SATANS Input Data Preprocessor

The SATANS IDP operates in the demand mode and allows the user to supply
unformatted input data in a program-controlled logical sequence. The IDP performs
some elementary checks and writes a formatted input file for the SATANS analysis
program,

The IDP operates in either of two input modes: interactive and data file
modes. In the interactive mode the IDP prompts the user for data elements which

are then entered from the terminal. In the data file mode the user pre-prepares
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the responses to the IDP input requests and saves them on a cataloged file. The
IDP will then by-pass all prompting; and, will read the unformatted input from the
data file,

In either mode the IDP will print a summary of the SATANS input. This summary
is actually obtained by reading the formatted SATANS input file thus providing a
check on both the correctness of the data items and the file structure.

The input data items required by either mode are the same. These data items

are presented by Table 6.1.
6.2.1 Interactive Mode

The IDP is executed in the interactive mode by responding “NO“ to the query,
"Do you want to enter data from a data file?“ The IDP will then lead the user
through the creation of the SATANS input file by prompting for data elements which
the user is to enter from the terminail device.

The IDP will set certain parameters by default according the users specifica-
tion of a static or dynamic analysis. Thus, for example the parameters that are

used only for a dynamic analysis are not requested if ISORD = 0.
6.2.2 The Data File Mode

The data file mode allows the user to pre-create the responses to the IDP
requests for data according to Table 6.1 and thus to completely by-pass the
prompting mode. In either the data file or interactive modes, the user may
request that a summary of the input data be printed at the terminal.

The new user may find it convenient to use the IDP in the full prompting
interactive mode as a teaching aid. The IDP will fully describe each of the

data elements, and will provide the logical branches for input data.
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6.3 Changes to Standard SATANS Input Data

The SATANS program in the form described by reference 10 utilizes a minimum
number of parameters for problem description, but, involves the user in defining
loads, stiffness variations and geometry by means of user provided FORTRAN sub-
routines, This choice certainly lightens the program developers task; but, may
impose an impossible burden on the engineer who is not also a programmer.

The task of providing the necessary data generation modules is formidable,
and beyond the scope of this effort. An attempt has been made to assist the user
to some degree, however by defining the mode numbers to be considered in the
solution (item 3 on table 6.1), and by including a subroutine for the generation
of the geometrical parameters for the more common shell shapes including the
sphere, cone and cylinder. The user is requested to define the shell type and
the associated geometric parameters by input items 11 on Table 6.1.

The explanation of the input parameters requested by the IDP for the various
shape options is given by figures 6.1, 6.2 and 6.3 for the sphere, cone and
cylinder, respectively. The user is referred to the users manual, reference 10
for a description of the shell parameters for the case of a general shell of

revolution.
6.4 User Prepared Subroutines

The user must provide subroutines which define the surface pressure, the
thermal loads, the stiffness and the initial condition. The function of these

subroutines is described below.

6.4.1 Stiffness

The stiffness parameters are calculated by the subroutine:
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BDB (K, B, DB, 0, DD)

The nondimensional stiffness quantities b, db/dZ, d, and dd/dE
are defined in BDB for each meridional station. The correspondence
between the stiffness quantities at the Kth station and the F@PRTRAN
variables is as follows:

B = (b), = (B),/(Eh)

B = (§@)y = )
0.0
D = (@) = (D) /(End)
dd daD
D = (gg)g = EE)K(_2;§)
o O
where

B = jEdc/(l-ve)
D = [¢Prac/(1-7)

6.4.2 Surface Pressure
The surface pressures for the MNMAX fourier coefficients are to be defined
by the subroutine:
PLOAD (K

The nondimensional Fourier coefficients of the meridiona

1
circumferential and normal components of the pressure load, p (n),
n < “
(n) respectively, are defined in PLPAD for each meridional

station as a function of the Fourier index.

n
Pg ), and p

) = (™) = (o, ™), (a0 p)
PO = (")) = (ag ™), (a/o ) ’

mM) = 6, = ™) (e/o )

Note that these are stored as functions of M only.




S

6.4.3. Thermal Load

The thermal load and moment coefficients are to be defined by the subroutines

TLOAD‘K)
The gondimensional Fourier coefficients of the thermal loads
% (n) (n) 4 (t (n)) a el ( (n) i
T » gz \(Bp and 7= (my ) ere defined in TL@AD(K)

for each meridional station as a function of the Fourier index. The
FYRTRAN variables are defined as follows:

() = (6, ™) = (e, ™), /(0 )

(n)
pr(n) = (& (6, = AL (a/o )

) = (™) = (1, ™), (a0 %)
dmén)

() = (F(m, M), = (—3) (/e )

6.4.4 Initial Conditions

For the case of a dynamic response the initial conditions are defined by the

subroutine:
INITL -
U(n)(Eo/aco)
z(1,1) = (™) - Ve fac,)
W™ (g /ac,)
el )|
L I-= 1’2s3’l‘
v (& Jao )--W B ow 1,8
(o] (o]
4z (™) a v®) (& /ag ) VRIS AL)
Z a
Zp¢r(1,L) = (—EE—_)K o ) o/ %%
W (Eo/aco)
_Mgn) (a/°°h°3)- .

J

The index L runs from 1 to KMAX+2 for NN(1), and from 1+KMAX+2 to
2(¥MAX+2) for NN(2), etc. The first element for each value of n
corresponds to the initial ficticious station, the next element
corresponds to the first station on the shell, etc.
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6.4.5 COMMON Data Blocks

The parameters required to define the variables, and the

variables themselves must be made available to the various subroutines. Generally

speaking these data elements are transmitted by NAMED COMMON statements. The

data elements and the associated NAMED COMMON are presented by Table 6.2.

6.4.6 User Definition of Subroutines

Due to the unusual nature of this program the user must modify existing
subroutines prior to execution of the SATANS analysis program. The user thus
proceeds in a radically different manner to execute SATANS than is used to
execute the other programs. Rather than using the normal @XQT statement first

proceed by making the following system command

@ADD SYMPOSIUM*PROGRAM.SATANS
This statement will copy several elements into the workspace including the

following default symbolic elements for user prepared subroutines:

gL REeT)

SUBPCUTINE 3234 e394039C920%)
oTaL NU
coMMuCN

1/°L22/TKNTLAST oCHARY IR C/EL LS
2/NUsU1017) oVI1T0aW1ILT) oV 2017) o U2017) oW (18) 0320170,V 3 (12D, 42013)
S2EL1O/DEL :
£ SEIFTYTSS DATA
BETgRY

-un
o W s

€. 20D .20

A452
Ayco
A4g"
A4e1
A4 8”
A4e 2
Ay6u
A4ge




o i iy A ;
Syt SIuTINLG TuIT s e
COWMON STLITI2700 e 2 T 208220 )2 2 W9 22890 LEC : f“?:
1 201082270 T 4220)/°L57 T 22F) ¢S 25905 9 AL0AT e Ay 2T
LA7 LSRN CIS VeNhTNET ~ Lg4cy
3 S TRUL/MEM AN/ TEL I/ MAXM/TILI T KMAY 1y YMAX 29 NTONY Z TT LG/ YAy 4L P Ay 22
25 22T L Ao sC N B2 TR S/ LICEABCROLITESD G ALoe
S AN e AS1Y4

Jre—— | — com— —_— S -l

COSToUT T KD FLEAD LK) e A471
SN 2 A4 7™
1L LS /TN T UAST sC Ry SES/ZBL /RN IT o MNINTTY o AY72
STLELZ(Ge22C )9S 0SSN ALSED e A4 74
GATPL LA MAY £ AYTC
SZCLT/PELIT YePYLLD) P TLLD) 5 AY7¢
COMMOR/ZTI2LY/KMA Xy KL e AYT7
SOMMON/Z3L 8 2R (207 Jig © A0 23 w:CMTL 27 3) f A473
YLESRF LI EE w TR oy AYyT"
T2 2L AR OAR, 2 1T TAMASS L 20 1) & A4 8"
Or T e A4ET
ey TLOARTEL )Y
SUZTICUTINE TLOASIK ) ) Ay 87
oTAL NU % AY4EY
CIVMMON . A48T
1/ITL1I/MNFAY/ZT2L/ANCTIT) o MNINITY % Ayec
FLLELTVEL T e S TR0 e 2T L1 OMT (1) v A4387
T/OL22/TKN T LACToCHAR,CIC % Ayge
4/7°L%/7714e220)9S2Ce 2SS eALOAY2L 1YY 57 A4 89
- FRUPUZCIC YoV ICIC) oI (173 o T (10 oUZ o7 Yo W2 L2T) o L2030 e V2LITYW21L") C ~Qer
1/73L37LSTEPITR o4 Ay 31
DrETUON G Aye?2
N7

6-7




The user may now modify any one of the symbolic elements by using the

U of M text editor (as we will demonstrate in a later section).
6.4.7 SATANS Analysis Program Execution

Once the user has completely defined the desired subroutines the SATANS

analysis program is executed by the command:

@ADD XQTSATANS
followed by the addition of the input file with the command

@ADD FILENAME. :

As in the other analysis systems, the user may wish to @SUSPEND and @RESLME.
Let us suppose that the IDP had created the input file SAT@UT  then the program

would be executed by the commands

@SUSPEND

@ADD XQTSATANS
@ADD SATAQUT.
@RESUME

If you are curious about what the element XQTSATANS is doing you may list
it using the text editor.

6.5 Example Problem

Consider the problem of determining the linear static response of a cylindrical

shell subjected to the edge moments as shown.
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Mx(n) = cosh3d (n = 0» 29 5’ 20)
E = 30 x 106 psi
v =.3
t = 1 inch

A1l surface pressures, thermal loads and initial conditions are zero.

6.5.1 Creation of SATANS Input

We will use dimensional input, and will request dimensional output. The

interactive execution of the IDP is as follows; where the data file SATIN

is to be created.
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0XQT SYNPOSIUNGPREPROCESSOR. SATANS

¢9¢¢¢ PREPROCESSOR FOR SATANS ¢sesse
DO YOU VANT MININUM PROMPTING CYES OR NO)
NO

DNTER NAME OF QUTPUT DATA FILE
SATOUT

DC YOU WANT TO ENTER DATA FROM DATA FILE CYES OR NO)

EBTER PROBLEM DESCRIPTION (.LE.72 COLS)
CYLINDRICAL TEST CASE

= CONTROL INFORMATION-
INTER THE DATA SET (1SORD, KMAX,MNMAXs MAXM)
1SORD-ANALYSIS TYPE INDICATOR
eEQe0e STATIC ANALYSIS
o@Ee 1 ¢ DYNAMIC ANALYS1S
KMAX aNO OF BQUALLY SPACED MERIONAL STATIONS
MIRMAXeND OF FOURIER TERMS USED TO DESCRIBE B.Ce AND LCADS
MAXM =NO OF FOURIER TERMS IN SGLUTION

0,800,404

ENTER & NODE NUMBERS
0 :

=STATIC ANALYS] S~

ENTER THE.DATA SET (L SMAX,LCHMAX, | TRNAX, DELOADs EPS)
LSMAXSNO OF LOAD INTENSITIES
LCHMAXaNC OF LOAD INCREMENT REDUCTIONS
ITIMAXSNMAX NO OF ITERATIONS
DELOABSL OAD INCRENENT
EPS @CONVERSENCE CRITERION

lolololesle

*PHYSICAL PROPERTIES-

ARE PROPERTIES Cl.E. LOADS GEOM ETC) IN DINENSIONAL FOMM
C(YES: OR W0
0 :

SSEY NSRS S



X —— pe——y i L fomen 3

e..a.gg.,g.

e ——————

BITER POISSONS RATIO
23

ENTER THE DATA SET ¢S160, ELAST, TKN, CHAR)
S1G0 sREF. STRESS
ELASTREF: NODWLUS OF ELASTICITY
™N =REF. THICKNESS
CHAR oCHARACTERISTIC SHELL DIMNENSION
lesloeoles S0,

IS THE OQUTPUT TO BE IN NONDINENSIONAL FORM C(YES OR NO)
YES

< BOUNDARY COND! T1OMNS-~
1S SHELL CLOSED AT INITIAL STATION C(YES OR NOD)

DO YOU ViSH TO ENTER ONLY THE DIAGONAL ELEMENTS OF OM4EGA AND LAMDA
MATRICES C¢YES OR BD)

DNTER THE ELEMENTS OF THE ONEGA MATRIX (BY ROVWS) AT THE
FIRST STATION i
AoV | ;

d020000050,
ROV 2

ROV 3
[ ] [ ] o

ROV 4

] (]

SITER THE ELEMENTS OF THE LAMDA MATRIX (BY ROVS) AT THE

FIRST STATION
ROV 1

ROV £

ROV &

ENTER BLENENTS OF THE BL.-VECTOR AT THRE ?i”‘l‘ STATION
002002020208

1S SR.L CLOSED AT FINAL STATION CYES OR NO)

N
B0 YOU VISH 70 ENTER OMA.Y THE DIAGONAL ELENENTS OF OMEGA AND LAMDA
NATRICES (YES OR NOD)

JES
BITER DIASONAL ELENENTS OF IHE OMEGA MATRIX AT THE LAST STATICN
(YR X) °

ITER DIAGONAL ELEMENTS OF THE LAMDA MATRIX AT THE LAST STATION
1/7¢0090002

DITER BLINENTS OF THNE EL-VECTOR AT THE LAST STATION




-QUTPUT CONTROL-
ENTER. THE DATA SET C(NTHMAX, I FREQ, I PRINT, INODE)

NTIMANGNO OF ANGULAR POSITIONS ¢ LE.6)
‘ IFREQ @PRINT FREQUENCY ALONG A MERIDION
f IPRINTeSOLUTION PRINT FREQUENCY
f INODE -MODE DATA [NDICATOR

+EQ.0 SUMMED QUTPUT

«EQe1 MODAL OUTPUT

3 Qelelel

<GEOMETRIC PARAMETERS-
BITER GEOMETRY CODE NUMBER
o20.,] SMHERE
i +EQ.8 CONE
+EQe¢3 CYLINDER
«EQs 4 GENERAL

YOU HAVE SPECIFIED CYLINDRICAL GEOMETRY
INTER THE DATA SET (RADIUS,LENGTH)

£002, 90,

20 YOU VANT A SUMMARY OF INPUT DATA (YES OR NO)
YES:

00¢s SUMMARY OF SATANS INPUT eeee
CYLINDRICAL TEST CASE

<CONTROL INFOMRMATION-

SORD « -]

INAX o 20

MMAXSY &

NAS o Q

LAY ]
LCIMAXR |

1 TRAIR |

 { [ ] 0

TRED o «00000
DELOAD® ¢10000+01}
s 9 ¢10000+01
ITAPE » ]




g Lo g

«P{YSICAL PARAMETERS-

N L] + 3800000
sje0 9« «10000+01
BAST « « 10000001}
THICK =» +10000+0)
CHAR = « 30000+ 08

= QUTPUT CONTML PARAMETERS-

IMGODE = 1
NDIMENm
NTHMAXw
IFREQ =
IPRINT

L~

-MODE NUMBERS-

0 g S 20

~BOUNDARY CONDITIONS-

FIRST STATION
-OMEGA MATRIX~
+10000+01 «+ 000080

» 00000 +1000Q+01

+ 00000 « 00000

«00000 + 00000
LAMDA MATRIX-

«00000 +« 00000

« 80000 + 00000

+00000 +00000

+ 00000 « 009890
«El. VECTOR-

«00000 + 06000

LASS STATION

-ONE@A MATRIX-

« 008000 «00000

« 00800 «10000¢0)

« 98 0E + 50080

« 00000 « 00080

“LAMDA MATRIX-
* 10000401} +00009

+ 00000 +0000¢

+ 00000 « 00060

+00000 +00000
¥, VECTORe

+ 00000 « 000089

«00000
+ 00000

«10000¢0!

«00000

00000
« 00000
+00000
» 00000

« 00600
000000

» 10000001

000000
« 00000
«00000
« 00000

THE FOLLOVING MCDES ARE INCLUDED IN THE ANALYSIS

+ 00000
«00000
« 00000
« 00000

¢ 00000
+00000
« 00000
« 10000401

+280000-01

« 00000
+ 00000
« 00000
« 00000

+ 00000
« 00000
« 00000

.+ 10000+01

«20000-01




- GEOMETRIC PARAMETERS-

CYLIMDRICAL GEOMETRY
RADIUSn « 3000008
LDG TH= «50000+082

1S TMERE ANCTHER CASK (YES OR NO)
wg

6.5.2 Listing of SATANS Input File

The SATANS input file created by the IDP is as follows:

BOF AT LINE 26

SL
EMD EDIT 86 LINKS. OUTPUT

? - :
ED 28D 05/06-10810-C00)sF
EDIT
sP 50
CYLINDRICAL TEST CASE
1 0 1 ] (] 0 [ ]
1 0
23000000 +10000¢01 010000001 «10000+01
«10000¢01 «10009+01
0 ;
[ ] -} S 80
+ 10000000+ 01 «+00000000 00000000
«00000000 + 1000000001 «00000000
«00000000 «00800000 . «10000000+01
+ 00000000 «00000000 » 00000000
+ 00809000 + 00000000 + 00000000
« 00000000 200000000 « 000000080
« 00000000 « 00000000 « 00000000
+ 00000000 « 00000000 + 00000000
+ 00000000 +00000000 « 00000000
«39880000 + 00000000 « 00000000
+ 000000080 « 10000000+01 « 08000000
+ 00000000 « 00000000 ¢10000000+01}
« 00000000 + 00000000 200000000
¢ 10000000+01 «00000000 + 00000000
« 00000000 + 00000000 +00000000
« 00000000 « 00000000 « 00000000
+ 00000000 « 00000000 « 00000000
- 09080608 +00000000 « 00800000
3
«350000¢02 *+50000+02

«S50000+02

a4 q 1 1
« 00000

+ 00000000
« 00000000
« 00800000
+ 00000000
« 00000000
+ 080000000
« 00000000
+ 10000000+0!
«20000000-01
+« 00000000
« 00008000
«00008000
« 00000000
« 00000000
« 00000000
+00000000
¢+ 10000000001
«20000000-01
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6.5.3 Modification of User Prepared Subroutines

The default symbolic elements for the subroutines are brought into the

workspace by the command

@ADD SYMPQSIUM*PROGRAM, SATANS.
Considering the listings of the symbolic elements presented in section
6.4.6 we see that only the stiffness subroutine BOB must be changed.
Since the input is dimensional we must define dimensional quantities for

B & D which are constants given by

o aEL
(1 -v%)
v
G Al _ Bt
s e,

The subroutine BDB is thus modified as follows using the text editor.

%% 28D 05/06-10315-C00F
EDIT

SHY 72

L1

SUBROUTINE BDB(Ke Bs DBs De DD)

REAL WU

/8L 387 TKN» ELASTs CHAR, $5GO/BL 1 5
| '4 »
S8/ UL ¢ 10;0 VC105WIT 102, VRC10), UBC10), VRC1 9, U102, VIC19), UATS T}
3/8L17 /DAL

ARETUNN

mp
EQF AT LINE 8

ol 2
RETUNN

sl
3/BL17/DEL
STAB ¢ 7

-

-—



L J
ILLEGAL CHARACTER SEQUENCE

L
INPUT 2

B;\OI(IO‘QGOOQ)
DeR/12¢

DB=0.

DD=@.

E
-h EPIT 12 1. TMFE NIWw R

6.5.4 Analysis Program Execution

The analysis program is executed using the data file SATANSIN. as input as

follows:

2SUSPERD
SADD XQTSATANS
9ABD SATQUT.

EXAMINE, PRINT, DELETE, OR ROLDP? Kk

EDIT
ol _Ns.
OMAP NAP, SATANS:

ol
0XQT SATANS:
L/

oL 3
STA

I «100=04 +335-04
£ =c304003 81904
3 +e311003 <178-04
A =e310003 +689-03

b M3
STA NS N TH N ST
NS N TH 8 ST

Qs

-0 167-02
~e768-04
«e 17903
e 488=-W"

ok
EXAMINE, PRINT, DELETE, OR HOLD? P

VHERE? BMENGR
SENT BYS SHAFES ¢ RMENGR

¢ 100001
<236 04
«3%6~03
¢ 13104

nT

neT

300+ 00
«T07-02
¢167-0)
39308

n ST

N ST
«000
«800
« 000
« 000




6.5.5 Analysis Program Output

The printout of the analysis program for this example problem is as follows.
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Figure 6.1 Spherical Shell Parameters

6-23




le— RMAX 4»4.I |

b -

ANGLE (DEGREES)

b

Figure 6.2 Conical Shell Parameters
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Figure 6.3 Cylindrical Shell Parameters
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Table 6.1 - SATANS Preprocessor Input Data Elements

1. 72 Column Title

2. (ISORD, KMAX, MNMAX, MAXM)

3. (NN (I), I =1, MAXM)

4.A If (ISORD.EQ.0) enter following data set; otherwise go to 4.B
(LSMAX, LCHMAX, ITRMAX, DELOAD, EPS)

4.8 If (ISORD.GT.0) enter following data (LSMAX, ITRMAX, IC, TEEO, DELOAD,
EPS, ITAPE)

5.A Answer (Yes or No) to query "Are properties in dimensional form?"

5.8 Enter Poisson's Ratio

5.C If answer is "no" enter the following data set

(SIGO, ELAST, TKN, CHAR)

6. Answer (Yes or No) to query: "Is the output to be in nondimensional form?“

7.A Answer (Yes or No) to query: "Is the shell closed at the first station?"

7.8 Answer to query "Do wish to enter only the diagonal elements of the OMEGA

and LAMDA matrices?" (yes or no)
7.CY If answer is "yes" enter
7.C.1 Diagonal Elements of OMEGA
7.C.2 Diagonal Elements of LAMDA
7.CN  If answer is "no" enter
7.C.1 A1l elements of OMEGA (by row)
7.C.2 A1l elements of LAMDA (by row)
7.C.3 For either 'yes' or 'no' enter elements of EL-VECTOR
8.8 Same as 7.8
8.C Same as 7.C
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Table 6.1 (Concluded)

9. (NTHMAX, IFREQ, IPRINT, IM@DE)
10. If (NTHMAX.GT.0) enter data set (ANGLE(I), I = 1, NTHMAX)
11. Enter GEOMETRY CODE (IGEOM)

.EQ.1 Sphere

.EQ.2 Cone

.EQ.3 Cylinder

.EQ.4 General Shell

11.1 If (IGEOM.EQ.1)
(PHIMIN, PHIMAX, RADIUS)
11.2 If (IGEOM.EQ.2)
(RMIN, RMAX, ANGLE)
11.3 If (IGEOM.EQ.3)
(RADIUS, LENGTH)
11.4 If (IGEOM.EQ.4)

11.4A DEL \\\\\
11.4B KMAX SETS (R, OMT, OMXI, DEOMX, GAM)

12.  Answer to query “Do you want a summary of the input data?" (Yes or no)

13.  Answer to query "Is there another case?" (Yes or no)
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Table 6.2 COMMON Data Elements

| COMMON Data Elements
é /BL32/ TKN, ELAST, CHAR, SIGO
E /BL1S/ NU }
/BL17) DEL ‘
/18L2/ NN(10) J
/1BL1) MNMAX
/BL3/ PR(10), PXx(10), PT(10)
/1BL4/ KMAX, KL
/BL5/ TT(10), EMT(10), DT(10), DMT(10)
/BL10V/ 20(4,220), 22(4,220), 23(4,220)
/BL100/ SORD, TEEO i
/1BLY/ MAXM
%
%
3
:
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7.0 SAASIII
7.1 Introduction

SAASIII, is a general purpose finite element program for the stress
analysis of axisymmetric and plane solids with different orthotropic tempera-
turesdependent material properties in tension and compression. The program
theoretical and user information are presented by reference (11).

This report describes the execution of

(1) An interactive input data preprocessor which produces the formatted

input data file for the SAASIII analysis program.

(2) The execution of the analysis program on the University of

Maryland UNIVAC 1108.
7.2 SAASIII

The SAAS IDP operates in the Demand mode and allows the user to input
unformatted data in a program-controlled logical sequence. The IDP performs
some elementary error checks and writes a file which contains the formatted
input modes, interactive or data file; and, further allows the user to control
the amount of computer generated prompting in the interactive mode.

In the interactive mode the IDP issues prompting information which is
displayed by the terminal device. The user then inputs the requested information
directly by means of the keyboard in unformatted form; i.e., the data elements
are delimited by commas. This interaction continues until all of the input
requirements have been satisfied. In the data file mode the user prepares the
unformatted input to the IDP; and, then informs the IDP the name of the data
file. The IDP then reads the input data directly from the data file in exactly

the same sequence as the interactive mode; but, completely bypasses the prompting
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In either mode the sequence required for the IDP input is shown by

Table 7.1. For the most part the input data elements have the same names and
meaning as those variables defined in the program users manual. However it is
recommended that the interactive mode be executed initially with maximum promp-

ting in order to completely define each data element. '

The user will note that the IDP does not request all of the data items
described by the user's manual. Specifically the IDP does not request any
parameters which are associated with plotting.

7.2.1 Interactive Mode

In the interactive mode the IFP sets up a question-answer dialogue
with the user. The IDP defines a data set to be input and then accepts the input
in unformatted form directly from the terminal keyboard. The SAASIII IDP has
twe levels of prompting which are controlled by user request. The minimum
prompting mode requests data elements by displaying the data element mneumonics;
while the maximum prompting mode defines each of the data elements.

In either the interactive or the data file mode the IDP creates a
formatted input file for the SAASIII analysis program. This file which is
stored on a mass storage device must be identified by means of a file name. The
program thus requests the user to enter a name for the file. The IDP will then
catalog the file; and, an error will result if the file already exists. The !
user should note that the file is cataloged as a private file and may be named
using read keys as follows:

QUALIFIER*NAME/KEY1/KEY2/

wheré KEY1 is the write key; KEY2 is the read key. The user is cautioned to

retain these keys in a secure place, if used.
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7.2.2 Data File Mode

In this mode the user prepares a data file containing the responses
to the IDP either off-line using a paper tape or tape cassette; or on-line
using the text editor. The data elements are described by Table 7.1. The pur-
pose of this input mode is to allow the user to prepare an input file for the
IDP so that the prompting produced by the IDP can be bypassed.

The IDP will query the user to determine if the data file mode is to be
used. If so, the user is requested to enter the name of the file containing the
prepared file of unformatted input. The IDP will then read from this file to
satisfy read requests completely by-passing the interactive prompting.

Occasionally the user may make an error in preparing the data file
which will cause a read-error in the IDP, and an error exit. The information
printed by the system at this time will be of little assistance in identifying
the data elements which are in error. A recommended procedure at this point is
to place the IDP in the prompting mode; but to cause the IDP to read the pre-
created data file. This can be accomplished by responding "NO" to the question
"DO YOU WANT TO ENTER DATA FROM A DATA FILE?". Then in response to the first
prompt for data the data file is added by the command

@ADD QUALIFIER*NAME

The IDP now prints all prompting, but reads the data from the data file.

It is then possible to identify the data elements in error by noting at which
point the error exists.
7.3 Examples

The SAASIII examples are taken from reference (11).
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7.3.1 Hollow Cylinder with Uniform Internal and External Pressure

(Lame' Cylinder)

The four element idealization of the cylinder is shown by Figure

Figure 7.1 Four Element Idealization of Cylinder

The loads and physical parameters are as given below

9y = 5000 psi

10,000 psi

Q
[}

3 x 106 psi

m
[}

ry* 1 in
r.=2in
v = .3

7.3.1.1 Interactive Mode

The interactive input mode for the creation of the formatted
SAASIII input file is shown below, where the formatted file is to be called
LAME
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UM00L10
UOM 1108 31.159BsD

ACCOUNT WUMBER? QRLN SHAFER. 301 14SHARRY, SCHAEFFER: 52300

PASSVORD?
) 1

TAPE USERS SEE °NEVS,F OCVERDUE- TAPE'®
RWNIDs SHAFES 05/08/74 18812033

A0UAlL, _SYMPOSIIM
NEV VORKSPACE CREATED
READY
[ o SAA
¢e¢ INPUT DATA PREPROCESSOR FOR SAAS3 s#¢

ENTER NAME OF QUTPUT DATA FILE
LAME

DO YOU VANT TO ENTER DATA FORM A DATA FILE CYES OR NO3)
DO YOU VANT MININUM PROMPTING CYES OR NG)
HOV MANY CASES?

WHAT IS THE TITLE FOR THIS CASE?
<CONTROL PARAMETERS~

ENTER PLANE STRESS/STRAIN OPTION
«BQ.0 NEITHER
eEQe!l PLANE STRAIN
eEQe2 PLANE STRESS

ENTER NUMBER OF NON-LINEAR APPROXIMATIONS
a0
ENTER. THE MESH GENERATION PARAMETER
eEQe1 FOR NESH GENERATION

1

ENTER THE DATA SET ¢ ITCARDS, IPCARDS)
+EQe® DATA ON NODE CARDS
*EQe~1 DATA ON TAPElL4Q
eEQe~2 CONSTANT PROPERTIES

ENTER DATA _SET ¢ IMAT, IPRESS, ] S{BAR)
IMAT sNUMBER OF DIFFERENT MATERIALS
IPRESSaNUNBER OF BOUNDARY PRESSURE CARDS
ISHEARSNIUMBER OF BOUNDARY SIEAR CARDS
pVLTY |
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ENTER DATA SET ( TREF,NTC,NFREQ)
TREF aREFERENCE TEMPERATURE

NTC oNWNBER OF TENSIIN/COMPRESSION APPROX
NFREQ (CALCULATE FREQUENCY IF +EQe1)

107

“MESH GENERATION PARAMETERS-

NIT
PCl
PCJ
> )
Jou

ENTERED
IF
IF
IrF
IF

Ir
R

ENTER
)

ENTER THE DATA SET:

(MAX1,» MAXJs» NLSEG,
MAXI - MAX I
MAXJ = MAX J
NLSEG - NJ OF LINE SEGMENT CARDS

= NO OF BOUNDARY CGNDITITNS CARDS

NMAT - NO OF MAT BLOCK CARDS

NBC» NMAT,

NO OF ITERATIONS
POLAR PARAMETER 1
POLAR PARAMETER J
1 CURV MOD
J CURV MOD

30304+8015050505000
-LINE SEGMENT INFCRMATION-

POINT COORDINATES IN THE €1,J)=-SPACE AND CR,Z)-SPACE ARE TO BE
ACCTRDING TO THE VALUE OF A CONTROL PARAMETER, N ¢
+EQ. 0 ENTER ONLY FIRST POINT TO DEFINE A POINT

NIT,

PCl,

PCJ, 1C4s» JOM)

*EQe | ENTER FIRST AND SECOND TO DEFINE A LINE
*EQe 2 ENTER FIRST AND SECOND T0 DEFINE A DIAGTNAL
*EQe 3 ENTER THREE PCINTS TO DEFINE CIRCULAR ARC VWITH

FIRST AND LAST DEFINING ENDS
*EQe 4 ENTER (R,Z) ONLY TO DEFINE ARC VITH THIRD PGINT AS CENTE

4 DATA SETS

AS FOLLOVS:
caos XR

0 R-LOAD

1 R-DISP

R=LOAD

3 R-DISP

CIloJIoR1sZ1000esl13,JU3sRI23)

'}Tn.n..n.“,;. lesRe
“.IO:%i_-_ﬁu_h.Muh

S20308e0R003010R001a

dedeke

Ss10800800lplslenle

< BOWNDARY CSIDTTION INFORMATION-

DATA IS. READ TGO ASSIGN BOUNDARY CONDITION TO A BLOCK OF ELEMENTS
BOUNDED BY 11,18, J1sJ2e
DITER . 8 DATA SETS (11,18, J1,J2 CODEs XRs X2Z)
jiele OR JieJg TO DEFINE A LINE
ilel2 AND JisJ2 TO DEFINE A POINT
XR AND XZ ARE FORCE AND/OR DISPLACEMENTS ACCORDING TC CODE VAL UE

¢4
Z-LOAD
Z-LOAD
Z-pisp
Z-pisp
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-m"""gammm. BLOGK INFOMMATION-

ENMTER 1 DATA SETS (MATID,MINI,MAX]I,MINJ,MAXJs ALPHA)
MATID =NATERIAL [.De
Niula MINIMNUM I
MARIS MAXINWM 1
MINJm MININW J
MAXJ» MAXINUN J
ALPHA=NATERIAL PROPERTY INCLINATION ANGLE
21030103000
=MAT ROPERTY INFORMATICON-

THE PROGRAM ALLOWS FOR THE GENERAL CASE OF A TEMPERATURE VARYING
ORTHOTROPIC MATERIAL VITH DIFFERENT PROPERTIES IN TENSION AND
COMPRESSION. FOR THE GENERAL CASE THE MATERIAL PRGPERTY INFCRMATION
1S. TO BE ENTERED USING FREE FGCRMAT IN EXACTLY THE ORDER SPECIFIED IN
THE SAAS~1I1 USERS MANUALS WITH EACH LOGICAL CARD TERYINATED BY A
CARRIAGE RETURN.

FOR THE CASE OF AN ISOTROPIC MATERIAL HAVING THE SAME PORPERTIES
IN TENSION AND COMPRESSION YOU MAY ELECT TO INPUT A MINIMWM CF DATA
DO YOU WISH TO ELECT THE LATER OPTIONT

FOR EACH OF 1 MATERIALS ENTER THE FOLLOVING DATA SET
CMID,NT» RHO» TEX, POR)
MIDs MATERIAL [«De NUMBER
NT = NUMBER OF TEMPERATURES AT WHICH MATL PRUOPERTIES ARE DEFINED
RHO= MATL DENSITY (@ IF STATIC PROBLEM)
TEXe THERMAL EXPANSICN PARAMETER CIF 1, FREE THERMAL STRAIN,
IF 0, COQEFFICIENT OF THERMAL EXPANSION)
PORs EFFECTIVE POROCITY
FOLLOVED BY THE DATA SET 2
CCTCIIoECTIIANWCI NN ALPHACL ) SIGNACI IS RATIOCEY )0 =1oN D)
ALPHA ® FREE THERMAL STRAIN OR CCEF OF THERMAL EXPANSION
FOR TEX = § OR 0 RESPECTIVALY
SIGMA = YIELD STRESS
RATIO = RATIO OF EFFECTIVE PLASTIC TO ELASTIC MODULUS

A2ls0/=0280s0s

<BOUNDARY PRESSURE [NFORMATION-

ENTER .. 4 DATA SETS (1,JP)
1 =NQDE 1
J SNODE J
P oNORMAL. PRESSURE
70453000,
°
[T
230 o
DO Y A SUMMARY QOF INPUT DATA?
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-SUNNMARY OF INPUT DATA-
NUMBER OF CASES = 1

LAME CYLINDER

SOLUTION OPTION 0
PLANE STRAIN IF 1!
PLANE STRESS IF g

START QPTION 1
START AT BEGINNING IF 1)
START VITH CONTCUR PLOT IF 2

STOP CPTION
AFTER MESH PLOT IF 1
BEFORE CONTGUR MLCT IF @

DEFORMED GRID PLOT IF 1

PLOT PARAMETER

NO OF NONLINEAR APPROX

MESH GENERATION IF 1)

NO OF TEMPERATURE CARDS

NO OF NGDAL POINTS

NC OF ELEMENTS

N0 OF PRESSURE CARDS

NO OF MATERIALS

NO OF BOUNDARY PRESSURE CARDS

RO OF BOWDARY SHEAR CARDS

REFERENCE TEMPERATURE

NO OF TEN./COMPe APPROX

NATURAL FREQ PARAMETER

-MESH GENERATION CONTROL-

o

o
0P°02~0000~000

MAX] = 3

MAXJ) = 3 =

NO OF LINE SEGS = 4
NO BeCe CARDS. ® . 8

NO OF MATL BLOCKS .» |
NO OF _ITERATIONS = (]
PCPl » Oe

PCPJ & ( 1

§1=CURV = 0

J=CURV = ]

=LINE SEGMENT DATA-

COORDS OF 1ST POINT CGORDS CF 28D POINT
1 J R Z 1 J R z
1 1 1000 1000 {1 3 1.000 2000
1 3 1000 24000 3 3 2000 20000
3 3 2000 2000 3 | 2000 1,000
3 1 2000 1¢000 1 1 1000 1000
*BOUNDARY CONDITION DATA-
LI Ul LwJ W CCDE R Xz
3 | 1 - [ 1Y
3 3 3 o 2. .
7-8

COCRDS QF 3RD PGINT

(- X-X- X-]

J

0000

z

«000
¢ 000
+000
« 000

PARAM

T

- b o o




*NATERIAL BLOCK ASSIGNMENT-
NATID LI u w w ALPHA

! ! 3 1 J 0o
*NATERIAL PROPERTY INFORMATION-

THERE IS CARE) ! DIFFERENT NATERIAL GROUPS

DATA FOR MATERJAL NUMBER | PFOLLOVS
mm’“. feDe NUNBER-ccccoccccccscascacnccne |
NO OF TEMP. AT WHICH PROPERTIES ARE DEFINED |
MASS DENS] TV cocccccncncsrossonccccccccncans + 00000
THERMAL EXPANSION PARAMETER-cccccccccaccccas 400000
EFFECTIVE POR0OS] TYccccccaccacsccccnncaaccona 400000
NATERIAL SYMMETRY PARAMETER-=ccocccscecceces @
TEMPERATURE @ 00000000

TENSILE COMPRESSIVE THERM/YIELD
E-N ¢ 30000+07 * 30000407 ALFHA-N 00000
E-M « 00000 «00000 ALPHA-N 00000
E-TH 00000 « 00008 ALPHA-T .00000
NU-¥N 30000 30000 SIGMA-N .00000
NU-NT 00000 « 00000 SIGMA-N « 00000
NU=-NT .00000 « 00000 SIGNA-T 00000
G- «00000 00000 PIMR «00000

=BOUNDARY PRESSURE-

NODE-1 NODE-J PRESSURE

7 ] « 50000004
Q | « 50000004
3 é « 50000+ 04
() 9 « 10000005
END OF CASE
END OF DATA
NORMAL EXITe EXECUTION TIMES 2018 MILLISECONDS.

We note grom the summarny of the input data that boundary
pressure associated with point (3,6) 48 incoamrect; the value
5000. should be 10000. We will therefore edit the gile LAME.,
and change the value of pressure.
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LANE. 3
ED 86D 03708-12337-¢00)¢F

EDIT
P )¢

LAME CYLINDER

o 1 o 0 1 0 0 0 01
3 3 L] 1 0 «00000 « 00000
1 1 100 100 1 3 1.00 2.00 0 1
1 3 100 £.00 3 3 2.00 2000 0 1
3 3 g.00 200 3 1 2,00 1.00 0 1
3 1 200 1.00 1 t .00 1.00 0 1
| 3 | 20000 «00000 +« 00000
] 3 3 80000 < 00000 +00000
1 1 3 3 « 000
| I «00000 «00000 «00000 2
«00000 30000007 .00000 00000 30000
00000 -
¢ 30000007 00000 «00000 ¢ 30000 « 00000 «00000 o
00000
«00000 +00000 « 00000 +00000 * 00000 00000 .
00000
7 4 5000.0
L] 1 5000.0
3 ¢ 5000.0
é 9 10000,
END OF CASE
END OF DATA
EOF AT LINE 21
]
We can now gind and change the appropriate Line of LAME,
by means of the foflowing edit commands ;

‘fl_ﬁ_i
N
3 6 500000

o S 10000.0

oF
“END EDIT 81 LINES OUTPUT

BPETONRERS R
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7.3.1.2 Data File Mode |
The input data for the SAASIII will be created in the element |
LAME of the file SAASPROBS by using the text editor. First a file SAASPROBS %
must be created by using the system commands: /
@CAT, UP  SAASPROBS.
@FREE SAASPROBS.
@ASG,A SAASPROBS.
The data is now input by means of the text editor as follows.
@ED SAASPROBS.LAME
INPUT
(The input data is now shown)
The IDP is now executed in the data file mode as follows, where,

again we assume that LAME contains the formatted output file.

T

0XQT ¢ ES e SAAS
v b= LILETED

" ses INPUT DATA PREPROCESSGR FOR SAAS3 ¢e¢e

BITER NANE OF OUTPUT DATA FILE
LAME

DO YOU WANT TO ENTER DATA FORM A DATA FILE (YES OR ND)
XES

INTER BANE OF INPUT DATA FILE




-SUMMARY OF INPUT DATA-
NUMBER OF CASES = 1

LAME CYLINDER

SILUTION OPTION 0
PLANE STRAIN IF 1
PLANE STRESS IF ¢

START OPTION !
START AT BEGINNING IF |
START WITH CONTOUR PLOT IF 2

STOP QPTION
AFTER MESH PLOT LF |
BEFORE CONTOUR PLOT IF 2

DEFORNED GRID PLOT IF |

PLOT PARAMETER

NO OF NOMLINEAR APPROX

MESH GENERATION IF |

NO OF TEMPERATURE CARDS

NO OQF NODAL POINTS

NO OF ELENENTS.

NO OF PRESSURE CARDS

N0 OF MATERIALS

NO OF BOUNDARY PRESSURE CARDS

NO OF BOUNDARY SHEAR CARDS

REFERENCE TEMPERATURE

N3 OF TEN./COMP. APPROX

NATURAL FREQ PARAMETER

“MESH GENERATION CONTROL-

[}
00°®0M2-DOOO~000

MAX] = 3

MAXJ = 3 F

N0 OF LINE SEGS » |
NO BeCe CARDS. = . 2

NOD OF MATL BLOCKS e |
NO OF .ITERATIONS = 0
PCPL = ®s

PCPY ®» O¢

I=CURV = ]

J>CURV » [}

“LINE SESMENT DATA-

COORDS OF 1ST POINT COORDS OF sMD POINT

1 g =R z t J R
1 1 14000 1.000 1 3 1,000
1 3 1.000 2.000 3 3 £.000
3 3 2,000 28000 3 1 2,000
3 1 2000 14000 ! 1 1,000
~BOUNDARY CONDITION DATA-
M u W W CGDE ]
AR SN 2.
RN St N g.
7-12

z 1 J
2000 0 O
2,000 0 O
1,000 0 ©
1000 06 O
b ¢4
O 0.
0. G.

«000
«000
* 000
« 000

COORDS OF 3RD POINT

«000
<000
000
« 000

PARAM

- o 0 g
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“NATERIAL BLOCK ASSIGNMENT-
WATID L1 i w w ALPHA

! ! 3 1} J 0e
=MATERIAL PROPERTY INFORMATION-

THERE 1S.CARE) 1 DIFFERENT MATERIAL GROUPS

DATA FOR NATERIAL WUMBER 1 FOLLOVS
MATERIAL leDe NUNBERecconoccccnccscccsscncvccns .
WO OF TEMP. AT WHICH PROPERTIES ARE DEFINED 1
MASS D.s‘"-..-.-...-..-0.-.--.-----------. «00000
THERMAL EXPANSION PARAMETER-cccecccccececccae 400000
EFFECTIVE PORDS] TY-cvcovcococccoccncccvsconcocas « 00000
MATERIAL SYMNETRY PARAMETER=-cc-cccccccceees £
TEIMPERATURE = 00000000

TENSILE COMPRESSIVE THERM/YIELD
E-N +30000+07 ¢ 30000+ 07 ALPHA ¥ « 00000
E-M 00000 « 00000 ALPHA"N .00000
E-TH «00000 « 00000 ALPHA-T <00000
NU=MN ¢30000 < « 30000 SIGMA-M .00000
NU=MT 00000 «00000 SIGMA-N «00000
NU=NT 00000 +00000 SIGNA-T 00000
G-MN «00000 + 00000 PIMR 00000

=BOUNDARY PRESSURE-

NODE-1 NODE-J PRESSURE

7 4  <50000404
a 1 ¢50000¢04
3 6  <10000405
5 9 10000405
DID OF CASE
IND OF DATA
NOMMAL EXIT. EXECUTION TINKS 2149 NILLISECONDS.




7.3.1.3 Analysis Program Execution

Using one of the two modes in the IDP we have created a file

LAME, which contains the formatted input data for SAASIII. The analysis
program requires more core than is normally available for demand execution.
The program will thus be sent to the batch queue for execution by means of
the OSTART command. First, however, we must create a run stream to execute
the program. Let's call this run stream START-SAAS we then proceed as
follows:

@CAT,UP START-SAAS.

@FREE START-SAAS.

@ASG,A START-SAAS.

The output of the SAASIII program will be copied to SAASOUT using

the following run stream

@ED START-SAAS.

INPUT

#RUN  runid , acct no , SYMPOSIUM, 5, 500

#CAT,U SAASOUT

#FREE SAASOUT.

#ASG,A SAASOUT.

#BRKPT PRINT3/SAASOUT

#XQT PROGRAM.SAAS

#ADD LAME.

#FIN

The #'s are now changed to @'s by using the change feature of the

editor.
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After satisfying yourself that the file is correct it is submitted
to the batch queue by the command
@START START-SAAS.
7.3.1.4 Analysis program Output Listing
The listing of the results of SAASIII for the Lame' cylinder

problem is as follows.
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ad
.

(7] [ )] ~ N wn & w N
. . . . . . .

-
(=]

10.A

10.8.1
10.8.2

10.C

10.D0
1.
11.A.1
11.A.2
12.
12.A.1
12.A.2

TABLE 7.1 SAASIII Preprocessor Input Data Elements

Title (.LE.72 Characters)

Plane stress/strain option

Number of non-linear approximations

Mesh generation parameter (MGP)

(NGDES, NELMTS)

(ITCARDS, IPCARDS)

(IMAT, IPRESS, ISHEAR)

(TREF, NTC, NFREQ)

IF (NFREQ.EQ.0) enter no data, otherwise enter (R,Z)

IF (MGP.NE.1) enter no data, otherwise enter the data set

(MAXI, MAXJ, NESEG,NBC,NMAT,NIT,PCI,PCJ,ICM,JCM)
Enter NLSEG sets as follows

N

(Il’ J]. R]. Z], oo 13. J3, R3, Z3)
Enter NBC data sets as follows

(1, 12, J1, J2, ICODE, XR, XZ)

Enter NMAT data sets as follows
(MATID, MINI, MAXI, MINJ, MAXJ, ALPHA)
IF(ITCARD.EQ.0) enter no data otherwise
if (ITCARD.GT.0) enter ITCARD sets (R,Z,T)
if (ITCARD.EQ.-2) enter (T)
IF (IPCARD.EQ.0) enter no data, otherwise
1f (IPCARD.GT.0) enter IPCARD sets) (R,Z,P)
if (IPCARD.EQ.-2) enter P
IF (MGP.NE.1) proceed to item 15
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TABLE 7.1 (Continued)

13. Enter NODES data sets (NODE, CODE, R, Z, XR, XZ, T (if ITCARD.EQ.0),
PC 1f IPCARD.EQ.0)).
14, Answer query "Do you input minimum data?"
14.A YES Enter IMAT data sets
(MID, NT, RHO, TEX, POR)
(Ti’ Ei' NUi, ALPHAi, SIGMAi, RATIOi) i=1,NT
14.A NO
Enter IMAT data sets
(MID, NT, RHO, TEX, POR)
followed by NT data sets for each MID:

(T, Eyer Eng» Eot» “mnt> “Met® “Not® East)
( Encs Encr Egc® VMne® VMot Noc® Easc!
(ays ays ags oys oy o)
15.  enter (IPRESS) data sets
(I, J, PRESS)
16. enter (ISHEAR) data sets
(I, J, SHEAR)
17. Answer to query "Do you want summary of input data?"
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