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SUMMARY

This report presents a procedure for design of database for structural
analysis and design optimization. The procedure involves three distinct
steps: (i) collection of information, (ii) analysis of data flow and
(iii) identification of relations and data sets. The procedure is used to
design a database for analysis and design of systems for linear, nonlinear,
static and dynamic responses. Databases of two existing analysis programs,
ADINA and GIFTS, are studied to gain insights into their designs. These are
the state-of-the-art analysis programs that create large databases. However
their database management systems are ‘tightly coupled to the program and
cannot be used for any extensions. ‘An intelligent and flexible database
management system that has been implemented on the PRIME system is
described. The system implements both the numerical and relational data
models. These models are judged to be more suitable for engineering
applications. A detailed description of the capabilities of the system is
presented. Using the sytem, the proposed database design will be implemented
and evaluated in the future.

vi

.

L aga, o 0"
f L S

NN e

b k

p ' e e e Ty

LR B SO SN .

.
4
LI PP

-
.
-
)
o
)
-
‘o
iy
o
by
N
‘e
o




M AN AN
R s

1

1. INTRODUCTION

Analysis and design of engineering systems involves operations on a large
amount of data. With the availability of sophisticated database management
systems, the data can be organized effectively in databases. A good database
containing all the relevant information required in analysis and design will
enable designers to use the data in an efficient manner. With the aid of a
database, engineer seeks the required data directly from the database instead
by conventional means such as charts and tables. The data stored in a
database may be used either interactively or through application programs.
During design process, new data is created and existing data in the database
is modified. Database may become highly disorganized and unmanageable unless
it is designed properly to allow systematic use of data. Therefore, design of
efficient database is one of the important tasks needed for engineering system
design and its optimization.

A database is defined as a collection of interrelated data stored
together without harmful or unnecessary redundancy to serve multiple
applications. The data are stored so that they are independent of programs
which use the data. A common and controlled approach is used in adding new
data and in modifying and retrieving existing data within the database. The
data is structured so as to provide a foundation for future application
development. It is important to note that database contains actual data as
well as the relationship between data values.

Users in the field of structural analysis and design optimization can be
application program developers, interactive users, structural system design
program developers, and the database administrator. Application programmers
are involved in developing special applications which are not available in
existing structural design programs. However, an interactive user is
generally concerned with quick retrieval and storage of data required in
arbitrary sequence of computation. System program developers are those who
need well-organized database to develop system analysis and design packages in
an efficient way. Thus, it is necessary to cater to the need of all these
users by a well-designed database.

Database design is a complex task and requiring a systematic approach and
a suitable design methodology. It starts with collection of all relevant
information needed in system analysis and design optimization. A1l the user's
requirements have to be met in the design of database. The existing databases
available for structural analysis and design have to be studied. The method
of data organization and their good and weak aspects have to be analyzed.
This will enable the new database to be designed to incorporate all the
favorable features of existing databases and avoid all the weaknesses that
might arise in the new database.

This report deals with the database design for structural analysis and
design optimization. It is critically important to properly design a database
for such applications. These applications need dynamic interaction with the
database; i.e., during the run-time data needs to be fetched and new data
needs to be created in the database. Improperly designed database can be more
harmful than helpful. the program can be highly inefficient if a proper
database 1is not designed and the database management system is not highly
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sophisticated. This report present various steps and detailed design of a
database. Databases of two well known existing finite element programs for
analysis of complex systems are studied. These programs can handle linear,
nonlinear, static, and dynamic analysis of advanced systems. Insights gained
from the study of these databases are used to design a new database.

The requirements of a database for structural design applications are
given in Chapter 2. The concepts of global and 1local databases are
explained. Techniques of data organization are also given there. Details of
ADINA's database are described in Chapter 3. Analysis of GIFTS database is
given in Chapter 4. Data required for FEM-based structural synthesis are
described in Chapter 5. A new database is designed in Chapter 6 based on the
database requirements of Chapter 2. A database management system suitable for
engineering analysis and design 1is described in Chapter 7. Finally,
discussion and conclusions are given in the last chapter.




2. DATABASE DESIGN PROCEDURES

2.1 INTRODUCTION

For a good database design, certain well-defined procedures must be
followed to meet the specified requirements. Before a database is designed,
required information is collected. The information is organized to develop a
data model. Based on this, we can design a suitable database meeting
requirements of several application programs and interactive use. In this
chapter, detailed requirements of a database, some guidelines for information
collection and data organization, and concepts of global and local database
are given.

A comprehensive survey of database management concepts and systems has
been recently presented (Sreekanta Murthy, et al, 1983; Sreekanta Murthy,
Reddy, and Arora, 1984; Sreekanta Murthy and Arora, 1984). These reviews
indicate that the use of database management in scientific computing is
increasing. The subject has become quite mature in business type
applications. Considerable work needs to be done to properly design databases
in engineering application. The scientific community has recoganized this
need. Therefore research efforts in the area have seen a steady growth in the
recent years. General description and concepts of database management in
scientific computing have been presented by Fellipa (1979, 1981). Data
management in finite element analysis has been studied by Pahl (1981). Data
management in FEM-Based optimization software has been discussed by Rajan and
Bhatti (1983). The role and application of database management in integrated
computer-aided design has been discussed by Blackburn, Storaasli and Fulton
(1982). It can be observed from this review that the importance of data
management and proper database design have been well recoganized. It is
expected that suitable methods and systems will be developed and reported.
More databases will be designed and implemented for engineering applications.

2.2 WHY A DATABASE IS NEEDED?

Computer programs for optimal design of large structural and mechanical
systems can be developed for automatic computation based on well-known design
optimization methods. Finite element techniques are usually adopted to
analyze a system within a design iteration. In general, finite element
techniques require large computation time and data storage. Furthermore, the
amount of data handled is directly dependent on the number of iterations
performed in iterative schemes. Therefore, a careful consideration of data
handling aspect is necessary in design optimization.

It is important to realize that engineering design optimization and
engineering analysis are fundamentally different in nature. In analysis, it
is generally assumed that a solution exists and numerical methods used are
stable. Also, many engineering problems require use of the data only a few
times during the solution procedure. In optimal design, on the other hand, we
find solutions in an iterative manner. Existence of even a nominal design
satisfying constraints 1is not assumed, much less existence of an optimal
design. Therefore, it becomes essential for the designer to exercise control
over the suitable design optimization method that has to be used. In such a
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case, the data used by one method should be made available for use in another
method. The concept of centralized database becomes important. A centralized
database which allows interaction between a finite element program and an
optimization program can be used to improve design iteratively. Such a
database provides an option for the designer to interrupt the program
execution and provides flexibility for designer to change the design
parameters. With a properly designed database when used in conjunction with
interactive computer graphics offers a considerable aid to the engineer
involved in design optimization.

2.3 REQUIREMENTS OF DATABASE

General requirements of a database for structural analysis and design
optimization are identified as follows:

(1) It should include all the data needed for structural analysis and
design.

(2) It should serve many applications and interactive needs.

(3) It should be designed so that new types of data and new applications
can be easily added.

(4) It should allow individual perspectives of data. This means that if
a particular user needs only a portions of data from database,
provision of data access in parts must be available.

(5) Data redundancy should be minimized. Duplication of data in the
database must be avoided.

(6) It should have flexibility for data manipulation (ADD, DELETE,
INSERT, MODIFY)

(7) Suitable data structures should be allowed such as data sets,
hierarchical and relational structure (Sreekanta Murthy, et al,
1983).

(8) It should be designed to allow for data classification based on use
e.9., geometry data, material data, structural properties data,
optimization data). This facilitates storing all related data i~ a
database.

(9) It should contain accurate information and have data integrity.
Data intergrity means the correctness of data in the database.

(10) It should hold consistent information in various data groups.
Information about a particular data object represented in various
data sets must be consistent. For example, Nodal coordinate data
and nodal degree of freedom data must contain same value of node
number.
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(11) It should be independent of application programs. The database must
be designed without any referance to any particular program. This
will enable impartial design of database. Also, this makes the
database suitable for any application program.

(12) Mechanisms for security and protection should be provided.

Malr e i

2.4 INFORMATION COLLECTION STEPS

Design of a database requires use of well defined step. Collection of
information about the database is a first step. The following guidelines are
used in information collection:

(1) Discuss with users of database and find out their requirements.
(2) Find out the data needed for analysis and optimization methods.
(3) Write down the sequence of data usage.

(4) Identify the data entities and assign a unique name to them.
(5) Determine their approximate size.

(6) Find out the properties of data entities. For example an entity
'Element' has properties such as Shape, Nodes, Material. Property
identification will help in collecting data associated with a
particular entity.

(7) Find out the data needed for possible future use.

< 2.5 ORGANIZATION OF DATA

Collected information based on the guidelines discussed in the previous
section has to be grouped together according to their properties and
relations. The most common way of grouping data is based on data sets or
relations. Data set approach is based on organization of data into rows,
columns, or submatrices. Relational approach is based on two-dimensional
tabular form of data organization. Details of these two types of data
organizations are discussed in this section.

2.5.1 Data Set

A data set is collection of data in the form of rows, columns, or
submatrices. The data of same type are grouped together and identified using
a unique name. The type of data sets can be short integer, long integer,
single and double precision reals, or character words. Data storage and
retrieval in the data sets are based on row and column identification
numbers. A submatrix in a data set is located using its row and column
numbers. Parts of data sets may be stored or retrieved by specifying
appropriate elements of a row, column, or submatrix.
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Data set approach is quite useful for organization of numerical data.
Large-order matrices can be easily represented using submatrix data sets.

2.5.2 Relations

Tables are the most convenient way of representing some data. A
relational data model is constructed from a tabular representation of data.
The rows of the table are generally referred as tuples. The columns are
referred as attributes. This model can be easily implemented and quite
convenient to use. A relation can be easily expanded by addition of tuples.
The relational algebraic operations such as PROJECT, JOIN, and SELECT can be
used to form new relations. Figure 2.1 shows a typical relational model of
data for finite element technique. Relation is named TRIG and contains tuples
of triangular element data. There are six attributes for this relation;
element, material and connected node numbers, and thickness.

A relation can contain data types of short or long integers, single or
double precision real constants, and characters. Attributes of a relation can
be of different data types. For example, element number in the relation TRIG
is an integer, whereas thickness is a real data type.

2.6 GLOBAL AND LOCAL DATABASE

After the data are grouped into data sets or relations, next step is to
store them in a database or many databases. One approach of storing data sets
or relations is based on concept of global and local databases. A global
database is a central depository of data needed in many applications or
users. The global database is useful in collecting all data which are common
to many applications or users. Whereas a local database is used by a single
user or application. The local database contains only the data required for
an application program or part of the application program.

The global and local database concept is quite useful in structural
analysis and design optimization. The data such as geometry, material
properties, and details of structural member of a system can be stored in a
global database. The application programs retrieve these data to perform
various computations. During the process of computation, intermediate results
have to be saved in a local database. Once the analysis and design of the
structural system is finalized, the results are transfered to global database
for future use.

It is possible to provide various security and protection mechanisms
using global and local databases. Only those with authorized password can be
allowed to access parts of the global data. "Read Only" or "Modifying Access"
can be provided to various data sets. This allows consistent modification of
data in databases.
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Figure 2.1 Typical Relational Data Model




L o

7

1

44

TN
aia A

Yo % '
I R

v s v .

‘et e vt 0l Al

B N e W "




3. ANALYSIS OF ADINA DATABASE

3.1 [INTRODUCTION

Designing an efficient database for structural analysis and design
optimization needs an investigation of databases for the existing analysis
programs. Among them, ADINA has been known to be an efficient, reliable and
well-written program for linear and nonlinear static and dynamic analysis.
This chapter presents details of ADINA database and related materials. Since
our concern is analysis of ADINA's database, subsequent sections are devoted
to the structure of program, database in ADINA and explaination of database
files.

Section 3.2 contains flow of input data in ADINA, Section 3.3 describes
the concept of ADINA., Its database structure is summarized in Section 3.4.
Details of each tape (file) are given in Section 3.5.

3.2 FLOW OF INPUT DATA IN ADINA

This section contains the flow of input data in ADINA is described in
this section. More details are given in ADINA User's Manual (Report AE81-1).

I. HEADING CARD
II. MASTER CONTROL CARDS

Card 1 ~ Structural Control Card

Card 2 - Structural Control Card

Card 3 - Load Control Card

Card 4 - Mass and Damping Control Card

Card 5 ~ Frequency Solution Control Card

Card 6 - Time Integration Method Control Card

Card 7 - Incremental Solution Strategy Control Card
Card 8 - Print-Out Directives Control Card

Card 9 - Porthnle Creation Control Card

IT11. SOLUTION DETAILS CARDS
1. Block Definition Cards for Effective Stiffness Matrix
Reformation Time Steps
. Block Definition Cards for Equilibrium Interation Time Steps
Block Definition Cards for Print-Out Time Steps
Block Definition Cards for Nodal Quantities Print-Out
Block Definition Cards of Time Steps for Saving Nodal Response
. Block Definition Cards of Time Steps for Saving Element
Responses

P wrN
.

IV. TIME FUNCTIONS DATA
1. Time Functions Control Card
2. Time Functions Data

V. NODAL POINT DATA
1. Definition of Skew Coordinate Systems
2. Defintion of Mid-surface Normal Vector Sets
3. Nodal Point Data
4, Displacement Constriants Data




VII

VII.

XI.

XIT.

XTI,

XIv.

XV.

XVI.

XVII.

STRUCTURAL MASSES, DAMPERS AND MODAL DAMPING FACTORS
1. Concentrated Masses
2. Concentrated Dampers
3. Modal Damping Factors

INITIAL CONDITIONS
a. control card
b. card input of initial nodal-point displacements, volocities
and accelerations
c. card input of initial temperatures

TRUSS ELEMENTS
1. Element Group Control Card
2. Section and Material Property Data Cards
3. Element Data Cards

2/D SOLID ELEMENTS
1. Element Group Control Cards
2. Material Property Data Cards
3. Stress Output Table Cards
4, Element Data Cards

3/D SOLID ELEMENTS
1. Element Group Control Card
2. Material Property Data Cards
3. Stress Output Table Cards
4, Element Data Cards

BEAM ELEMENT
1. Element Group Control Card
2. Geometric and Material Linear Section Property Cards
3. Nonlinear Beam Property Cards
4,1 End Release Table
4.2 Stress Output Table Cards
5. Element Data Cards

[SOPARAMETRIC BEAM ELEMENTS
1. Element Group Control Card
. Section and Mate-~ial Property Data Cards
. Stress Output Table Cards
. Element Data Cards

WM

PLATE/SHELL ELEMENT
1. Element Group Control Card
2. Material Property Data Cards
3. Stress-Resultant Output Table Cards
4, Element Data Cards

SHELL ELEMENTS
1. Element Group Control Card
2. Material Propety Data Cards
3. Stress Output Table Cards
4, Shell Thickness Table Cards
5. Element Data Cards

L RIS
Y A

-
¥
.

.
“p
»
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XXI. 2/D FLUID ELEMENTS
1. Element Group Control Card
2. Material Property Data Cards
3. Element Data Cards

XXII. 3/D FLUID ELEMENTS
1. Element Group Control Card
2. Material Propety Data Cards
3. Element Data Cards

XXXII. APPLIED LOADS DATA

A. Structure Loads Data
1. Concentrated Loads Data
2. 2/D Pressure Loading Data in Y-Z Plane
3. 3/D Pressure Loading Data
4, 2-Node BEAM Distrubted Loading Data
5. ISO/BEAM Distributed Loading Data
6. PLATE/SHELL Pressure Loading Data
7. SHELL Pressure Loading Data
8. Mass Proportional Loading Data
9. Nodal Temperature Data
10. Nodal Temperature Data

B. Substructure Loads Data

XXXII1, FREQUENCY CALCULATION CARD
a. determinant search solution card
b. subspace iteration method card

3.3 STRUCTURE OF ADINA

In this section, concise description of program ADINA is given. More
details can be found in ADINA reports and Bathe (1982).

3.3.1 what is ADINA?

ADINA (Automatic Dynamic Incremental Nonlinear Analysis) is a computer
program for the static and dynamic displacemnt and stress analysis of solids,
structures and fluid-structure systems. The program can be employed to
perform linear and nonlinear analysis. Since in many cases only a linear
analysis is required, and a nonlinear analysis should be preceded by a linear
analysis, the program has been designed to perform a linear analysis very
effectively. Following a linear analysis, a nonlinear analysis can be carried
out with only a relatively few input changes. The companion program ADINAT is
for analysis of linear and nonlinear, steady state and transient heat transfer
problems.

3.3.2 Organization of ADINA

The complete solution process in program ADINA is divided into four
distinct phases:

.....

.....................

..........................
..................

................................
.............................................

.....
st Tt
....
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1) Finite Element Mesh and Element Data Input

In this phase the control information and the nodal point input data are
read and generated by the program. The equation numbers for the active
degrees of freedom at each nodal point are established. The initial
conditions are read. The element data are read and generated, the element
connection arrays are calculated and all element information is stored on a
tape (database file).

2) Assemblage of Constant Structure Matrices

Before the solution of equilibrium equations is carried out, the linear
structural stiffness, mass, and damping matrices are assembled and stored on
tape (or other low-speed storage). In addition, the effective linear
structural stiffness matrix (combination of stiffness, damping and mass
matrices) is calculated and stored.

3) Load Vector Calculations

The externally applied load vectors for each time (load) step are
calculated and stored on a tape.

4) Step~by-Step Solution

During this phase solution of the equilibrium equations is obtained at
all time (or load) points. In addition to the displacement, velocity, and
acceleration vectors (whichever applicable), the element stress are calculated
and printed. Before the time integration is performed, the lowest frequencies
and corresponding mode shapes may be calculated. In linear analysis, dynamic
solution can be obtained using mode superposition.

3.3.3 Available Elements
The program ADINA presented contains the following element types:

Truss elements

Two-dimensional solid elements
Three-dimensional solid elements
Beam element

Isoparametric beam elements
Plate/shell element

Shell elements

2-D fluid elements

1
2
3
4
5
6
7
8
9) 3-D fluid elements

A~ — S — o
—r? N M o Nt v S et S

3.3.4 Available Material Models

Depending on the element type, the following material descriptions are
presently available in ADINA.




Truss Elements

linear elastic

nonlinear elastic

thermo=-elastic

elastic-plastic
thermo-elastic-plastic and creep

Two-dimensional Elements
jsotropic linear elastic
orthotropic linear elastic
isotropic thermo-elastic
curve description model
) concrete model
elastic-plastic materials, von Mises and Drucker-Prager yield
conditions
thermo-elastic-plasti-creep, von Mises yield condition
Mooney-Rivlin material

Three-dimensional Elements

isotropic linear elastic

orthotropic linear elastic

isotropic thermo-elastic

curve description model

concrete model

elastic-plastic materials, von Mises and Drucker-Prager yield
conditions

thermo-elastic-plastic-creep, von Mises yield condition

Two-node Beam Element
linear elastic
elastic-plastic, von Mises yield condition

Isoparametric Beam Elements
linear elastic
elastic-plastic, von Mises yield condition

Three-node Plate/Shell Element

isotropic linear elastic

orthotropic linear elastic
elastic-plastic, Illyushin yield criterion

Shell Element
linear elastic
elastic-plastic, von Mises yield condition

3.3.5 Usage of ADINA

In the preceding subsections, ADINA was introduced as a computer program
for the static and dynamic displacement and stress analysis of solids,
structures and fluid-structure systems. Because ADINA is one of the most
well-tested and reliable linear and nonlinear static and dynamic analysis
program, it can be used as an analysis module for any design optimization
program. As an example, one can couple program ADINA with the design
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optimization computer program such as IDESIGN to optimize some realistic
structures. Various nonlinear (material and geometric) analysis capabilities
of ADINA offers a wide range of nonlinear design optimization applications.
In the near future, coupiing of ADINA and IDESIGN will be accomplihsed.

3.4 DATABASE IN ADINA

The database of ADINA is organized in several files. With a little
effort, it is possible to access any information from the database.

Program ADINA opens 25 files at the beginning of execution and dumps the
given and generated data into them (in ADINA, they are called Tapes).
Following subsections describe the database file (i.e., sequential or random
access, formatted or unformatted record length of each file, and unit number
on which the file is opened).

Y‘r i

3.4.1 Tape Allocation

Depending on the required information, ADINA stores various data on
sequential access files (except tapes 2, 10, 16, and 17) or random access
files (tapes 2, 10, 16, and 17).

TAPE Istores 1inear element group data, and stores also substructures
element group data

TAPE 2 stores nonlinear elements group data
TAPE 3 stores externally applied loads

TAPE 4 stores the linear stiffness matrix
(when NEGL.NE.O .or. NSUBST.NE.O only)

TAPE 5 is the input file generated for execution when comment cards are
allowed in the input stream otherwise it is the initial input file

TAPE 6 is the output tape

TAPE 7 stores effective linear stiffness matrix in direct time integration,

and used as scratch file during model superpositon analysis —~

TAPE 8 stores sequentially -
(1) ID array o
(2) during input i
initial DISP, VEL, ACC vectors Y

on output final DISP, VEL, ACC vectors and nonlinear element group o3

data for restart ")

TAPE 9 stores mode shapes and circular frequencies (if frequency solution v
was requested), and used as a scratch file during equilibrium T
iteration ?1

!
i
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TAPE 10 stores D - L factors of effective linear or nonlinear stiffness
matrix in tme integration

TAPE 11 stores sequentially

§ (1) mass matrix (consistent mass if IMASS.EQ.2)

» (2) damping vector

2 TAPE 12 1is initially used as scratch in load calculation

’ stores the effective nonlinear stiffness matrix in the time
.i integration, for the nonlinear stiffness matrix for eigensystem
S solution

TAPE 13 stores initially time function values and prescribed displacements
data during time integration

TAPE 14 stores substructures data

TAPE 15 stores load vector for each time, substructure ID arrays and master
structure nodal responses at all time steps

TAPE 16 stores substructure factorized stiffness matrices
TAPE 17 stores substructure nodal loads for all time steps

TAPE 18 stores data in BFGS interation and vectors 1input to subspace
iteration, also temporarily stores reduced substructure stiffnesses

TAPE 19 stores vectors in subspace iteration
TAPE 22 stores load vector during equilibrium iteration

TAPE 23 stores substructure nodal responses at all time steps, and
temporarily stores concentrated masses and dampers

TAPE 50 is the initial input fiie in which comment cards are included in
the input stream

TAPE 56 stores nodal point temperatures

TAPE 59 stores preprocessed input data (if used)

F]
-

TAPE 60 is the porthole (graphics) file for saving nodal/element responses
(if requested)

3.4.2 Details of Opening/Closing Files

On prime system, current version of ADINA has the following options for -
each file: form (formatted or unformatted), access (sequential or random o
access file), and recl (record length) for each database (tape-file).

PR R
e et et A LR
UL s T WP VT S WS L

TAPE 1 form=unformatted, access=sequential, recl=4000

TAPE 2 access=direct, recl=12000 o
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TAPE 3 form=unformatted, access=sequential, recl=1000
TAPE 4 form=unformatted, access=sequential, recl1=1000
TAPE 5 ADINA°IN, status=old

TAPE 6 ADINA* QUT, status=unknown

TAPE 7 form=unformatted, access=sequential, rec1=400C0
TAPE 8 form=unformatted, access=sequential, rec1=4000
TAPE 9 form=unformatted, access=sequential, recl1=4000
TAPE 10 access=direct, recl=12000

TAPE 11 form=unformatted, access=sequential, recl1=1000
TAPE 12 form=unformatted, access=sequential, recl1=1000
TAPE 13 form=unformatted, access=sequential, rec1=1000
TAPE 14 form=unformatted, access=sequential, rec1=1000
TAPE 15 form=unformatted, access=sequential, rec1=1000
TAPE 16 access=direct, recl=12000

TAPE 17 access=direct, rec1=12000

TAPE 18 form=unformatted, access=sequential, recl=1000
TAPE 19 form=unformatted, access=sequential, rec1=1000
TAPE 22 form=unformatted, access=sequential, rec1=1000
TAPE 23 form=unformatted, access=sequential, rec1=1000
TAPE 50 form=unformatted, access=sequential, recl1=1000
TAPE 56 form=unformatted, access=sequential, rec1=1000
TAPE 59 " form=formatted, access=sequential, recl=4000

TAPE 60 form=unformatted, access=sequential, recl1=4000

3.5 DATABASE FILES IN ADINA

This section contains detailed description of each database file in
ADINA.
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3.5.1 Tape 1

Specifications:

* sequential access file

16

° stores linear element group data, also stores substructures
element group data.
TAPE 1 Element Group: Truss
Description Variable Dimension
Element group control NPAR 20
information
NPAR :
NPAR(1)=1
NPAR(2)  Number of truss
element in this group
NPAR(3) Type of nonlinear analysis
0. linear analysis
1. materially
nonlinear only
2. updated Lagragian
formulation
NPAR(4) Element birth and
death option
0. elements are
active through
the solution
1. elements becomes
only active
at the time of birth
2. elements becomes
inactive at the
time of death
NPAR(S) Element type code

0. general 3-D truss
1. axisymmetric
truss (ring)

o ':'.‘_W' WV TRTE T @Y.




Element Group: Truss (Continued)

Description Variable Dimension

NPAR(6)  Skew coordinate system
reference indicator

0. all element nodes
use the global
system only

1. some element
node d.o.f.
are referred
to a skew
coordinate system

NPAR(7)  Maximum no. of nodes
used to describe
any one element

NPAR(10) Numerical integra-
tion order to be
used in Gauss
quadrature formula

NPAR(15) Material model number
0. default set to 1
linear elastic
nonlinear elastic
thermo-elastic
. elastic-plastic
(isotropic)
5. elastic-plastic
(kinematic)
6. thermo-elastic-
plastic and
creep (isotropic)
/. thermo-elastic-
plastic and
creep (kinematic)

W N
*

NPAR(16) Number of different
sets of material/
section properties

9
-

NPAR(17) Number of material v:ﬁ

model constants e

for NPAR(15)=2

Mass density DEN NPAR(16) o

Cross sectional area AREA NPAR(16) ;%




.....................

TAPE 1 Element Group: Truss (Continued)
Description Variable Dimension
Nodal D.0.F. number LM 3*NPAR(7)*NPAR(2)
Element nodal coordinates XYZ 3*NPAR(7)*NPAR(2)
Material property set number MATP NPAR(2)
Element initial strain EPSIN NPAR(2)
Stress printing flag IPS NPAR(2)
Element birth/death time ETIMV MM*NPAR(2)
MM=1 IF NPAR(4)>0
Element displacement at EDISB MM* 3*NPAR(7)*NPAR(2)
birth time MM=1 IF NPAR(4)>0
Working array WA NPAR(2)*NPAR(18)*NPAR(10)
Material constants PROP NPAR(17)*NPAR(16)
NPAR(15):=

1. Young's modulus
2. strain at 1
point 1, e
strain at
point 2, e

L X}

2

strain at point

NPAR(17)/2
stress at

point 1, ¢
stress at

point 2, o

stress at point
NPAR(17)/2

3. temperature at
point 1, e1

temperature at
point 2, 62

temperature at
point 16, 616
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Element Group: Truss

19

(Continued)

Description

Variable

Dimension

6.

Young's modulus at
point 1, Ey

Young's modulus at
point 2, Ej

Young's modulus at
point 16, El6

mean coefficient of
thermal expansion
at point 1, @y

mean coefficient of
thermal expansion
at point 2, a,

mean coefficient of
thermal expansion
at point 16, a6

XNPTS = number of
temperature point
default set to 16

TREF = reference
temperature

Young's modulus, E

initial yield
stress, ?y

strain hardening
modulus, Et

Young's modulus, E
initial yield
stress, o

strain hardening
modulus, Et

temperature at
point 1, el

temperature at
point 2, 02

temperature at
point 16, 916

R B
.,

LA
e b Yy )
b ol PP

s %0 B AT e N R S
A B AP




.............................................

Element Group: Truss (Continued)

Description Variable Dimension

Young's modulus o
at point 1, Ey

Young's modulus
at point 2, E,

Young's modulus
at point 16, Eqg
yield stress in
simple tension .
at point 1, °y

yield stress in !
simple tension )
at point 2, ¢ v

LN ] yz -—

yield stress in
simple tension
at point 16, ¢

y o
strain hardening 16 P

modulus in simple -
tension at )
point 1, ET1

strain hardening :
moduiJys in simple -

tension at g
point 2, ET2

strain hardening X
modulus in 2
simple tension
at point 16, -
Er =

16

mean coefficient
of thermal g
expansion at ¢
point 1, ay -

mean coefficient
of thermal
expansion at

point 2, ay e

se e




Element Group: Truss (Continued)

Description Variable Dimension

mean coefficient
of thermal
expansion at
point 16, %6

creep law
constants ag

creep law
constants ay

XNPTS = number
of temperature
point = 0,
default set
to 16
XREF = reference
temperature
XKCRP = creep
law number
ALPHA = time inte-
gration parameter
XISUBM = maximum
number of
time step
subdivisions = 0;
default set to 10
XINTE = maximum
number of
iteration per
subdivision =
0; default
set to 15
XNALA = algorithm
in indicactor -
0. set to 1
1. equal sub-
divisons are
used per
time step
self-adaptive
size sub-
divisions are
used per
time step




Element Group:

22

(Continued)

Description

Dimension

calculation
convergence
tolerance
default set

TOLPC = inealstic

strain tolerance
= 0; default set

Global node number

Element number of nodes

Skew coordinates flag

3*NPAR(7)*NPAR(2) *NPAR(7)
NPAR(2) -
NPAR(2)*NPAR(7)
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- TAPE 1 Element Group: 2/D Solid Elements
i Description Variable Dimension
o Element group control NPAR 20
Y information
NPAR:
NPAR(1)= 2
s
O NPAR(2)  Number of 2/D
- solid element
ol in this group
NPAR(3) Code indicating
type of non-
linear analysis
0. linear
analysis
1. material non-
linear analysis
2. total
Lagrangian
3. updated
Lagrangian
NPAR(4) Element birth and
-, death option
v 0. elements are
active through-
¥ out solution
1, elements become
only active at
the time of
X birth
- 2. elements be-
X come inactive
at the time
of death
NPAR(5) Element type code
0. axisymmetric
1. plane strain
2. plane stress
s 3. 3-D plane
. stress
»
NPAR(6)  Skew coordinate

system reference
indicator

aes w
PR
WA

¥
.0 » o4
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TAPE 1 Element Group: 2/D Solid Elements (Continued)

Description Variable Dimension

0. all element
nodes use the
globa® system
only

1. some element
node d.o.f.
are referred
to a skew
coordinate
system

NPAR({7)  Maximum number
of nodes used to
describe any one
element

NPAR(8) Degeneration indicator

0. number spatial
isotropy
correction

1. degenrated 8-
node elements
(side 1-8-4)
are spatially
isotropic

NPAR(10) Numerical inte-
gration order to
be used in Gauss
quadrature formula

NPAR(13) Number of stress
output location
tables
0. output stresses
at integration

points

NPAR(15) Material model RS
number > 0 and _,ﬁ
<14 L
0. default ]
set to 1 ]
1. isotropic 1
linear &%

elastic .-




Element Group: 2/D Solid Elements

(Continued)

Description Variable

Dimension

2. orthotropic
linear elastic

3. isotropic
thermo~elastic

4. curve
description
(with tension
act-off or
cracking)

5. concrete
(with cracking
and crushing)

6. empty

7. elastic-plastic
(Drucker-
prager-cap)

8. elastic-plastic
(von Mises,
isotropic
hardening)

9. elastic-plastic
(von Mises,
kinematic
hardening)

10, thermo-elastic
plastic and
creep (von Mises
isotropic
hardening)

11, thermo-elastic-
plastic and
creep (von Mises,
kinematic
hardening)

12, empty

13.incompressible
nonlinear
elastic
(Mooney-Rivlin
plane stress
only)

14, user-supplied

NPAR(16) Number of different
sets of material
properties
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TAPE 1 Element Group: 2/D Solid Elements (Continued) ?f}
]
Description Variable Dimension
o
NPAR(17) Number of con- o
stants per property o)
set for NPAR(15) i
8. multilinear 3
mode) -
9. multilinear =]
model o
14, user supplied -
otherwise o
not applicable . y
o
NPAR(20) Dimension of storage "
array required for -
element history
0. if NPAR(15) <
14. > 0 if
NPAR(15) = 14
Nodal D.0.F. number LM 2*NPAR( 7 )*NPAR(2)
Element nodal coordinates YZ 2*NPAR(7)*NPAR(2)
Element number of nodes [ELT NPAR(2)
Stress printing flag IPST NPAR(2)
Element material angle BETA NPAR(2)
Element thickness THICK NPAR(2)
Q: Material property set number MATP NPAR(2)
.
- Mass density set number DEN NPAR(16)
?! Material constants PROP NPAR(17)*NPAR(16)
- NPAR(15): L
g 1. Young's i
. modulus, E 4
T' possior's ]
. ratio, v :f1
2. a-direction N
modulus, E )
b-direction N
modulus, Eb Y
o
<
=
-
e el o e e




TAPE 1

Element Group: 2/D Solid Elements
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(Continued)

Description

Variable

Dimension

c-direction
modulus, E.
strain
ratio, v
strain
ratio, v
strain
ratio, v

ab

bc
shear modulus,

Gab
temperature at
point "1", 8y
temperature at
point "16", 016

Young's modulus
at point "1%, Ey
Young's modulus at
point "16", E16

Poisson's ratio
at point "1", Vi
Poisson's ratio
at point "16", V16
mean coefficient
of thermal expan-
sion at point "1", @
mean coefficient
of thermal expan-
sion at point "16", %6
XNPTS = number of
temperature points
EQ.0; default set
to 16
TREF = reference
temperature

1
e volume
straint at
point "1"

2 * o6
ey




Element Group: 2/D Solid Elements (Continued)

Description Variable Dimension

loading
bulk modulus
at point "1"

2 .0
LD

1
Kip

6 s
Kip >
KtN unloading E,
bulk modulus :}-
point "1" I
2 :"..
KUN cee NG

KuN
GtD loading

shear modulus o

at point "1" o

GED loading o

shear modulus )

at point "2"

.................................................................................
................................................
.............................................

............
....................................................
...............




Element Group: 2/D Solid Elements (Continued)

Description

Variable Dimension

LD
6
Gl p

5. tangent
modulus
at zero
strain, 55

6. Poisson's

ratio, v

7. Young's
modulus, E

Poisson's
ratio, v

Yield function
parameter, a
Yield function
parameter, k

Cap hardening

parameter, W
Cap hardening
parameter, D

Tension cut-off
limit, T

In1t1§1_cap 0.3

position, I1
8. & 9.

a. bilinear
elastic-plastic
model

Young's
modulus, E
Poisson's
atio, v
Yield stress
in simple
tension ¢
Strain
hardening
modulus, Et

b. multilinear
elastic-plastic
model
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TAPE 1 Element Group: 2/D Solid Elements (Continued)

Description Variable Dimension

Young's
modulus, E
Poisson's
ratio, v
Yield
stress, )
Yield
strain, €1
Stress at
point 2
Strain at
point 2
Stress at
point 3
Strain at
point 3
Stress at
point 4
Strain at
point 4

Stress at
point 7
Strain at
point 7
10, & 11.
6, temperature
at point “1"

62 XX

816 temperature
at point "16"

Eq Young's fﬁ'
modulus at ]
point "1" J

E2 LI )

Eyg Young's g
modulus at ]
point "16" e
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TAPE 1 Element Group: 2/D Solid Elements (Continued)

Description Variable Dimension

vy Poisson's
ratio at
point "1"
\)2 es e
v, Poisson's
16 ratio at
point "16"

i o yield

& Y1 stress in

o5 simple

- tension

= at point "1"

= .YZ

 _ o yield

16 stress in
simple
tension
at point "16"

ET strain
1 hardening
modulus in
simple
tension
at point

E L N

ET strain
16 hardening
modulus in
simple
tension
at point "16"

a;  mean coef-
ficient of -
thermal ex- e
pansion at NS
point "1" o




Element Group: 2/0 Solid Elements (Continued)

Description Variable Dimension

ay mean coef-
ficient of
thermal ex-
pansion at
point "“16"

ag creep
law constants

al es e

aj creep
law constants

XNPTS = number
of temperature
points EQ.O;
default set
to 16,
TREF = reference
temperature
XKCRP = creep
law number
ALPHA = time
integration
parameter
XISUBM = maximum
number of
time step
subdivisions
£Q.0; default
set to 10.
XNITE = maximum
number of
iteration per
subdivision
£EQ.0; default
set to 15.
XNALG = algorithm
indicator
£Q.0; default
set to 1. o
EQ.1; equal i{f

size sub- o
divisions B
are used =
per time step

.........................
.................................
..............................
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TAPE 1 Element Group: 2/D Solid Elements (Continued) Ny
Description Variable Dimension
EQ.2; self- o
adaptive o
size sub- o
divisions "y
are used .
per time step .
TOLIL = stress
calcualtion
convergence
tolerance
EQ.0; default -
set to .005 -
TOLPC = inelastic L
strain -
tolerance .
EQ.0; default -
set to .10
13. ¢
C2
14. (prop
(J,N),J=1, -
NPAR(17), ‘...:;.‘
N=1,NPAR(16)) i
Working array WA NPAR(20)*NPAR(10)**2*NPAR(2) t:il
IF(NPAR(19)>0) THEN ey
NDWS(NPAR(15) )*(NPAR(15))* ~
NPAR(7) e
Midside nodes NODS NPAR(7)-4 e
Element expiry time array ETIMV MM*NPAR(2) -
IF (NPAR14)=1)MM=1 _—
Element birth time nodal coordinates EDISB MM*NPAR(2)*2*NPAR(7) t;f
IF(NPAR(4)=1)MM=1 o
Stress output location tables ITABLE NPAR(13) RS
Stress out location 1 ;i
Stress out location 2 }:;
Stress out location 3 QZ,
i
.
1‘.?‘
e e e e D e e e e e e T e e e e T I L L L L T L T i;i_
-------- R L L e A SR S

Ty e YTy e



TAPE 1 Element Group: 2/D Solid Elements (Continued)

Description Variable Dimension

Stress out location 4
Stress out location 5
Stress out location 6
Stress out location 7

Stress out location 8

Stress out location 9

Skew coordinates flag ISKEW MM*NPAR(2)*NPAR(7)
IF(NPAR(6)>0)MM=1

Spatial isotropy correction indicator IS0 MM*NPAR(2)
[F(NPAR(8)>0)MM=1

Displacement at previous step PDIS 2*NPAR(7)*NPAR(2)

P oy v
PREPLEAEN i) ) it
PR T L
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- TAPE 1 Element Group: 3/D Solid Elements
; Description Variable Dimension
Element group control NPAR 20

- information

NPAR:
NPAR(1)=

NPAR(2)

NPAR(3)

NPAR(4)

NPAR(6)

3

Number of 3/D
SOLID elements
in this group

Flag indicating
type of nonlinear

analysis
0. Tlinear
analysis

1. material non-
linear analysis

only
2. total
Lagrangian
3. updated

Lagrangian

Element birth and
death option
0. elements are
active through-
out solution
1. elements become
only active at
the time of birth
2. elements become
inactive at the
time of death

Skew coordinate
system reference
indicator
0. all element
nodes use the
global system
only
1. some element
node d.o.f. are
referred to a
skew coordinate
system

WAN JF IR
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TAPE 1

Element Group: 3/D Solid Elements

......

(Continued)

AR
e NN
N

Description Variable

Dimension

NPAR(7)

NPAR(8)

NPAR(10)

NPAR(11)

NPAR(13)

NPAR(15)

Maximum number of
nodes used to des-
cribe any one element

Degeneration indicator

0. no spatial
isotropy
corrections

1. degenrated 20-
node elements
are spatially
isotropic (15-node
prisms or 10-node
tetrahedra)

Numberical integra-
tion order to be
used in Gauss
quadrature formula
for r-s plane

Numerical integra-
tion order to be
used in Gauss
quadrature formula
for t-direction

Number of stress
output location
tables

Material model number
GE.0 and LE.12
0. default set
to 1
1. isotropic
Tinear elastic
2. orthotropic
linear elastic
3. isotropic
thermo-elastic
4, curve des-
cription (with
tension cut-
off or cracking)

]
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TAPE 1 Element Group: 3/D Solid Elements (Continued)
Description Variable Dimension
5. concrete
(with cracking
and crushing)
6. empty
7. elastic-plastic
(Drucker-
1 Prager-Cap)
- 8. elastic-plastic
< (von Mises,
= isotropic
hardening)
3 9. elastic-plastic
o (von Mises,
Ly kinematic
~ hardening)
S 10. thermo-elastic
: plastic and
o creep (von Mises
;: isotropic
- hardening)
) 11. thermo-elastic-
plastic and
creep (von Mises,
kinematic
hardening)
12. user-supplied
NPAR(16) Number of different
sets of material
properties
NPAR(17) Number of con-
stants per maerial
property set for
NPAR(15)
8.8 multilinear
mode)
9. multilinear
mode
12. user supplied
otherwise not
applicable
NPAR(18) Number of material
axes orientation
sets (in orthotropic
linear analysis)
e e T T e L e e AN RN
T e e T i g T e e i I e S i S N




NPAR(15):
1. Young's
modulus, E
Poission's
ratio, v
2. a-direction
modulus, Ej
b-direction
modulus, Ey
c-direction
modulus, E.
Strain
ratio, v
Strain ab
ratio, v
Strain
ratio, Vbe

ac
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TAPE 1 Element Group: 3/D Solid Elements (Continued)
Description Variable Dimension
NPAR(20) Dimension of
storage array
required for
element history
Nodal D.0.F. number LM 3*NPAR(17)*NPAR(2)
Element nodal coordinates XYZ 3*NPAR(17)*NPAR(2)
Element number of nodes IELT NPAR(2)
Element geometry number of nodes TELTX NPAR(2)
Stress printing flag IPST NPAR(2)
Spatial isotropy correction IS0 NPAR(2)*NPAR(8)
indicator
Material property set number MATP NPAR(2)
Midside nodes NOD9 (NPAR(7)-8)*NPAR(2)
Similar stiffness and mass IREUSE NPAR(2)
matrices indicator
Mass density set number DEN NPAR(16)
Material constants PROP NPAR({17)*NPAR(16)

"n ot "'""/'H
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Element Group: 3/D Solid Elements

(Continued)

Description

Variable

Dimension

I.: 4 .

Shear
modulus, G
Shear ab
modulus, G

Shear ac

modulus, Gbc

8, temperature
at point "1"

62 e e

616 temperature
at point "16"

E; Young's
modulus at
point "1"

EZ oe e

Eig Young's
modulus at
point"16"

v, Poisson's
ratio at
point "1"

v, vos

V16 Poisson's

ratio at
point "16"

@, mean coef-
ficient of
thermal expan-
sion at point "1"

a, P

a, . mean coef-

ficient of
thermal expan-
sion at
point "16"
XNPTS = number
of temperature
points EQ.O;
default set
to 16.

TREF = reference

temperature

e% volume strain
at point "1"

2
ey
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{ TAPE 1 Element Group: 3/D Solid Elements {Continued)
Description Variable Dimension
3
&y
e4
v
5
&y
e6 volume
strain at
point "€"

K&D loading
bulk modulus
at point "1"

Kip

KED loading
bulk modulus
at point "6"

KaN unloading
bulk modulus
at point "1"

2
KUN LN

K un-
Toading
bulk modulus
at point "6"

GéD loading
shear modulus
at point "1"




TAPE 1 Element Group: 3/D Solid Elements (Continued)
Description Variable Dimension
GED loading
shear modulus
at point "2"
3
GLD * 00
4
GLp
5
G p
6
Gp

5. Tangent modulus
zero strain,

~

Eo

Poisson's
ratio v
7. Young's
modulus, E
Poisson's
ratio, v
Yield function
parameter, a
Yield function
parameter, k
Cap hardening
parameter, W
Cap hardening
parameter, D
Tension cut-off R
limit, T -
Initial cap o~
position, 0;a ]
1 =
8. & 9. '
a. bilinear ,
elastic-plastic )
model AR
Young's
modulus, E
Poisson's
ratio, v
Yield stress
in simple

tension, ¢
9 y ,- :

.- e
:"1,; cole

P
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TAPE 1 Element Group: 3/D Solid Elements {Continued)

Description Variable Dimension

o Strain hardening
- modulus, Ey
h b. Multilinear

» alastic-

plastic model
Young's modulus, E
Poisson's

ratio, v
Yield

stress, 9
Yield

strain, €y
Stress at

point 2
Strain at

point 2
Stress at

point 3
Strain at

point 3
Stress at

point 4
Strain at

point 4

Stress at

point 7

Strain at

point 7 .

10. & 11. fjh

6, temperature
at point "1" -

62 LE N ]

616 temperature o]
at point "16" -

Ey Young's
modulus at
point "1"

Y

L]

[ ]

L ]
} M
(SN I

E2

v’ .
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TAPE 1 Element Group: 3/D Solid Elements (Continued)

v

. D .4 A v o
NN -, JAREr R
o LA Seta

Description Variable Dimension

E16 Young'S
modulus at
point "16"

v. Poisson's
ratio at
point Illll

\)2 oo '
v,,. Poisson's =
16 ratio at :
point "16"

g, yield

stress in -
. simple ten- -
sion at

point "1"

S ces
Yo o
o yield -
16 stress in -
simple ten-
sion at
point "16"

E; strain el
1 hardening £ 4
modulus N
in simple
tension at
point "1"

[ .

T2 g

F.T strain o

16 hardening N

. modulus o
N in simple o
tension at €.
point "16" N
St
a; coefficient T

of thermal A

expansion -

at point "1" B
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TAPE 1 Element Group: 3/D Solid Elements (Continued)

Description Variable Dimension

az LR N

%6 coefficient
of thermal
expansion
at point "16"

ag creep
law constants

al L N ]
a; creep
law constants

XNPTS = number
of temperature
points
EQ.0; default
set to 16.
TREF = reference
temperature
XKCRP = creep
law number
ALPHA = time in-
tegration
parameter
XISUBM = maximum
number of
time step
subdivisions
EQ.0; default
set to 10.
XNITE = maximum
number of
iteration per
subdivision
£Q.0; default
set to 15.
XNALG = algorithm
indicator
EQ.0; default
set to 1.
EQ.1; equal size

- subdivisions
' are used o
» per time -

step :1

P Y
B AR
PR
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TAPE 1 Element Group: 3/D Solid Elements (Continued)
Description Variable Dimension
£EQ.2; self-
adaptive
size sub-
divisions
are used per
. time step
- TOLIL = stress
calcualtion
. convergence
tolerance
h TOLPC = inelastic
s strain
' tolerance
: 12. (prop(N,N),
2 J=1,NPAR(17),
E N=1,NPAR(16)
- Working array WA NPAR(20)*NPAR(10)**2*NPAR(11)
. IF(NPAR(19)>0)NDWS
- (NPAR(15) )*(NPAR(7))*
2 NPAR(2)
Element expiry time array ETIMY MM*NPAR(2)
IF NPAR14)>1 MM=1
Element birth time nodal EDISB MM*NPAR(2)*3*NPAR(7)
coordinates IF NPAR(4)>1 MM=1
Stress output location tables ITABLE NPAR(13)

Stress out location 1
Stress out location 2

Stress out location 16

Direction cosine arrary DCA NPAR(18)

(if NPAR(15)=0)

Material axis orientation MAXESV NPAR(2) T
A storage vector =3

Skew coordinates flag ISKEW NPAR(2)*3*NPAR(7) 9’22

Displacement at previous steps POIS NPAR(2)*3*NPAR(7) e
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TAPE 1 Element Group: Beam Elements
Description Variable Dimension
Element group control NPAR 20

information

NPAR:
NPAR(1)= 4

NPAR(2)  Number of BEAM
elements
in this group

NPAR(3) Code indicating type
of nonlinear analysis
0. linear analysis
1. material nonlinear
analysis only
2. updated
Lagrangian

NPAR(4) Element birth
and death option

0. elements are
active through-
out solution

1. elements become
only active at
the time of
birth

2. elements become
inactive at
the time of death

NPAR(5) Element type code
0. two-dimensional
action
1. three-dimensional
action

NPAR(6)  Skew coordinate
system reference
indicator

0. all element
nodes use the
global system
only




TAPE 1 Element Group: Beam Elements (Continued)

Description Variable Dimension

1. some element
node d.o.f.
are referred
to a skew
coordinate system

NPAR(7) Section identifica-

tion flag
0. default set
to 1
l. rectangular
section

2. pipe section

PPy P GO o e an S
A . 0
L PP TN A I A I I

NPAR(9)  Numerical integra-
tion order for
r-direction

NPAR(10) Numberical integra-
tion order for
s-direction

NPAR(11) Numerical integra-
tion order for
t-{(or 8) direction

NPAR(12) Number of end
release tables

NPAR(13) Number of stress
output location

tables

£Q.-1 print and
save nodal
forces

EQ.0 print and save o
stresses at N

all integra-
tion points
GT.0 print and save

stresses at

: selected

- integration

; points as de-

- fined in the

. stress output
tables

. ‘,. -'..:‘ ....-'
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TAPE 1 Element Group: Beam Elements
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(Continued)

Description Variable

Dimension

NPAR(14) Maximum number of
stress output
locations in each
table

NPAR(15) Material model number
0. default set to 1
1. Tlinear elastic
2. elastic-plastic

NPAR(16) Number of different

sets of

section/material

properties
Young's modulus E
Shear modulus G
Mass density DEN
Second moment of area about R-axis XI
Second moment of area about S-axis YI
Second moment of area about T-axis LI
Normal + shear section area AREA
Element nodal coordinates XYZ
Nodal D.0.F. number LM
Stress printing flag IPS
Material set number MATP
Material constants PROP

NPAR(15):
1. Young's
modulus, E
Poisson's
ratio, v

NPAR(16) IF NPAR(3)=0
NPAR(16) IF NPAR(3)=0
NPAR(16) IF NPAR(3)=0
NPAR(16) IF NPAR(3)=0
NPAR(16) IF NPAR(3)=0
NPAR(16) IF NPAR(3)=0
NPAR(16) IF NPAR(3)=0
3*NPAR(16) IF NPAR(3)=0
9*NPAR(2)
12%NPAR(2)
NPAR(2)
NFAC*NPAR(17)*NPAR(16)

NFAC=1 IF NPAR(3)=0 then
NFAC=0

S —

e
. -.v
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TAPE 1 Element Group: Beam Elements (Continued)

Description Variable Dimension

First section
dimension, DO
Second section
dimension, DI
2. Young's
modulus, E
Poisson's
ratio, v
First section
dimension, DO
Second section

g dimension, DI

: Initial yield

- stress, o,

Strain hardening
modulus, Et

[ - Flag for transverse shear effects ISHEAR NFAC*NPAR(16)

- Working array WA NFAC*NPAR(9)*NPAR(10)*
NPAR(11)*11*NPAR(2)

F Stress output location tables ITABLE LL*NFAC*NPAR(13) '

- Stress output at lst selected LL=NPAR(14)/16

- integration point LLL=NPAR(14)-LL*16 N
IF(LLLGT.O)LL=LL+1 s
LL=LL*16

Stress output at 16th selected g
integration point Q.

Stress output at 17th selected
integration point

Stress output at NPAR(14)th
selected integration point

Gauss elimination coefficients SR (6+48*NPAR(5) )*NFAC*NPAR(2) ?5i

Element expiry time array ETIMY MM*NPAR(2)
IF NPAR(14)>1 MM=1

...............................................
.........................
..............................
......................
................................................................................
...................................

...............................
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