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Abstract

One of the aims of ESPRIT project 322 on CAD Interfaces (CAD*I) is the
development of standards for data exchange between Product Definition

(Computer Aided Design) systems and Product Analysis (Finite Element and
Computer Aided Testing) systems.

This report describes a standard for a neutral file which can be used for
exchange of data between Finite Element preprocessors, Finite Element
analysis systems and Finite Element postprocessors. The lexical structure
and syntax of the file are formally defined. The semantics are defined in
terms of a reference model which is a formal description of all the
entities that can occur in the neutral file with their attributes.

Additionally, an informal description of all structures appearing in the
neutral file is given.

The report also looks at the problems of transferring geometry data from
Computer Aided Design systems to Finite Element preprocessors and proposes

some heuristic rules for the transformations which are needed in this
transfer.
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A General Information

A.1 Executive Summary

A.1.1 General Introduction

One major goal of ESPRIT Project No 322, CAD-Interfaces (CAD*I) is the
development of techniques for the exchange of product analysis data.

This report describes a set of specifications for the exchange of product
analysis data. A syntax for representing the analysis data in a neutral
file is presented; this syntax is formally described in Backus-Naur form.
A reference model for the finite element (FE) analysis data is given which
uses a formal data modelling language to define the fundamental data
entities, their attributes and interrelations. Syntactical expressions
(statements) for entities in these reference models are worked out. The
overall internal structure of the neutral file, and the interaction between

the neutral file and the computing environment via pre- and post-processors.
are presented.

The final part of this report presents an investigation into the problems
of transferring geometry data between CAD and FE systems and proposes some
initial heuristic rules.

A.1.2 Objectives

This report presents the results obtained by Working Group 6 of the CAD*I
project team. The objectives of Working Group 6 are:

1. development of a specification for a neutral file for exchange of
product analysis data, suitable for describing analytical data.

2. development of pre- and post-processors for a number of representative
FE pre-processors, FE analysis codes and FE post-processors.

3. benchmarking the developed techniques by exchanging suitable test files.
4. contributing to the international standardization activities.

5. development of heuristic rules for the transformation of CAD geometry
into FE geometry.
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A.1.3 Achievements.

A file for exchange of product analysis data stores a combination of
information that is used or generated at different stages of the analysis
process. Considering FE analysis, one can distinguish FE pre-processing
data, FE model and analysis data, and FE post-processing data. These
different processes may be implemented in different programs, possibly in
different computing environments.

The achievements that are reported on in this report are:

1. A definition of the syntax for the files. This syntax has been
discussed during various meetings with the Working Groups in the CAD*I
project that are developing techniques for exchange of product
definition data (in terms of wire frame, surfaces and constructive solid
geometry models).

2. A reference model for the data entities that are relevant in analytical
product analysis and syntactical expressions for the data entities.

3. A lay-out of concepts on the overall structure of the files and

interaction of the files with the computing environment via pre- and
post-processors.

4. Investigation into heuristic rules for the transformation of CAD
geometry to FE geometry.

The partners in Working Group 6 have implemented the file definitions and
written pre- and post-processors which act as interfaces between the
neutral file and application programs. The post-processors make use of
LR(1), a parser generator and a parser written in standard Fortran, and
also a lexical analyser. The use of these software tools has been very
successful and has convinced the partners in Working Group 6 that they
represent valuable aids for implementing the required processors.

A.1.4 Contribution to CAD*I

The prime objective of the CAD*I project is to develop interfaces for
transfer of product data between the different processes of the CAD
environment. This environment is often considered to include processes,
such as FE analysis and CAT and is therefore sometimes referred to by the
term Computer Aided Engineering (CAE). It is therefore essential that

interfaces allow for transfer of both product definition data and product
analysis data.

The work that is reported on in this paper concentrates on the aspect of
exchange of product analysis data. With the aim of having a highly unified
set of specifications for both product definition and analysis data, the
work has not been performed independently from the Working Groups active in
the area of specifications for exchange of product definition data but
rather in close collaboration. The results of this essential interaction
are reflected in various parts of this report, so that the results that are

reported on here truly contribute to the prime objective of the CAD*I
project.
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A.1.5 Description of the Report

This report describes the work in three major sections. Section A contains
an informal description of the results, background information (Chapter
A.2), scope of the work (Chapter A.3), example neutral files (Chapter A.4)
and an informal description of the file format (Chapters A.5 and A.6).

Section B 1is the reference section and constitutes the formal file
specification. Section C deals with implementation issues, describes the
pre- and post-processors that have been developed, and so on.

Section D contains a description of the work done on transformation of CAD
geometry into geometry suitable for FE preprocessing.
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A.2 Background Information

A.2.]1 Exchange of Product Analysis Data

Product analysis data includes all the data which is necessary to perform
an analysis on a product together with the results of that analysis. To
illustrate this point consider the data required and generated by a finite
element (FE) analysis.

First the geometry of the product may be generated using a CAD system and
this can then be input to a pre-processor where the product is ‘'meshed’
(split into elements). Within the pre-processor, material properties,
physical properties, loads and constraints are added to the model. All
this data is then passed to a suitable FE analysis program and the results
are given to a post-processor for display.

The above sequence poses problems at several stages. Each of the four
programs CAD, pre-processor, analysis and post-processor could exist on
different machines. The data to be transferred at each stage will most

probably be in different formats. The output from each program is usually
not suitable as input for the next program and any interfaces that exist
are specific to two particular programs only.

The objective of the CAD*I project is to define a technique by which this
data can be stored and transferred so that it can be written or read by any
of the programs. Only two interfaces need exist for each individual
program - one to read the standard data and one to write it. In this way

data can be transferred easily between different programs and different
machines.

A.2.2 Existing Standards

The first task when the Project began was to review available existing
standards. Three standards were considered by working group 6; ANSI
Y14.26M-1981, IGES Version 1 and IGES Version 2. The IGES standard was
originally designed for the transfer of engineering drawings.

ANSI Y14,26M-1981; a number of criticisms of this standard have been made;
they were reviewed briefly in the Technical Annex to the Contract. The
first part of the Standard, taken from IGES Version 1 is straightforward,
though capable of defining only simple constructs. Difficulties arise from
the second part; its relationship to the IGES file is by no means clear.
The data formats are inefficient and voluminous. There is no specific way
to deal with entities such as loads and constraints, other than as
properties associated with geometric entities.

IGES: Version 2 attempts to meet the criticisms which were levelled at
Version 1. It extends into new areas, of which finite element modelling is
of interest here. However, the Standard would still be inadequate for our
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purposes. Version 3, which was published recently, has not been studied in
detail by us.

The IGES Standard has also been reviewed in detail by working group 1,
which reached similar conclusions.

During the development of the CAD*I specifications the IGES organisation
decided to develop a new standard for product definition and analysis with
the name PDES (Product Definition Exchange Standard). The International
Standards Organisation subsequently decided not to develop a standard of
their own but to collaborate with IGES in the development of the new
standard. The new IS0 standard, although functionally the same as PDES, is
called STEP (Standard for the Exchange of Product data). Through the
International Standards Organisation CAD*I has been able to exert a
significant influence on the development of STEP.

A.2.3 Approach to Design of Specification.
As the intention is to provide a neutral file as part of a data base which

may be accessed from various programs, it was decided to design a form

which would be common to all files. To achieve this necessitates a method
which is

- as general as possible

- extendible to cover future needs

The files must be transferable between computers of different makes and.

different operating systems: this requirement is most generally satisfied

by files of ASCII characters. To ensure extendibility, the most
satisfactory approach is to have files in a form analogous to modern
structured programming languages: each entity in a file is defined by a

keyword, followed by all pertinent information within delimiters
(parentheses). To the program reading such a file, the keyword has the

nature of an operator, which instructs the program how it should handle the
information.

Software for writing such files gives no particular difficulty, but the
writing of software to read a file would be a very time consuming and
error-prone task. Fortunately, similar problems encountered by the
designers and authors of programming language compilers (Fortran, Pascal
etc.) have led to the development of generally available utilities for this
task. The first of these is a program to generate lexical analysis
routines, the second one a 'compiler compiler' which creates routines for
parsing the source statements. Examples of such utilities are: LEX
(lexical analyser generator) and YACC (parser generator) - both being

components of UNIX, and LR(l) (a parser pgenerator and parser written in
standard Fortran).

It was clear from the outset that the only satisfactory way was to adopt
formal methods for describing syntax. Only by these means is it possible
to guarantee complete lack of ambiguity. The method used is the Backus-
Naur Form (BNF). Most file structures, entities, etc. are described in two
different ways in this document: one is an informal description which is
understandable and reasonably accurate for the general user of the

- ———— - ——— g —
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standards and another description 1is given using formal languages to
prevent any ambiguities.

In the design of the specification great emphasis was put on a correct and
formal description of the file syntax and the entities occurring in the
file. The alphabet characters are carefully defined and from these tokens
are defined using regular expressions. A context-free grammar is used to
describe the syntactical structure of the file. The entities occurring in
the file and their attributes and relationships are defined using a data

modelling language called Express which is described in more detail in the
reference section.
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A.3 Example Neutral File

As an example outlining the structure of the neutral file the following
model is provided. The component used for the demonstration of the
structure of the neutral file is a cantilever beam.

The material is an isotropic linear elastic material. The two material
constants used to define the constitutive relatioqoare goung's modulus E
and Poisson's ratio nue. Here, they are E = 3.0x10 N/m“ and nue = 0.25.
Furthermore, the constant mass density rho is given as rho = 2600 kg/m”.
This information is given in the MATERIAL keyword.

The beam is subdivided into 48 hexahedron volume elements each with 8 nodes
giving a total of 117 nodes. The beam is shown in Fig. 1. The beam is fixed
at the right end of the beam, i.e. at nodes 109 to 117. The applied load is
a node load at the left end of the beam, i.e. at nodes 6, 7 and 15, in the

negative z-direction. The deformed configuration of the beam is shown in
Eig.. 2.

The above information is given in the OPENMODEL block. In the OPENANA block
is the description of the required analysis. Here, we perform a static
analysis and the requested output is the displacements for all nodes, the
six stress components for all nodes, von Mises equivalent stress for all
nodes and the principal stresses for all nodes.

The requested output is given in the OPENFERES block.

The corresponding neutral file is listed afterwards. However, some marked
sections of the file are omitted for the purpose of presentation.
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A.3 Example Neutral File

CAD*1_FORMAT BEGIN_ 19851011 1987/06/03 16:18

CAD*I_ FORMAT BEGIN 19881031 1987,/06/03 16:18

OPENMBDEL (#Eantilever: ,'Cantilever beam made of volume elements');
UNITS (#Cantilevar, 1.y 1.. 1., L., 273.15; 1., 1.,360.);
FREEDOM (#F57:'456',);

FREEDOM (#F64:'123456',);

NODE (#N1:1, 1.2, 0., O., ,#F57);

NODE (#N2:2, 1.1, 0., O.,,#F57);

NODE (#N3:3, 1.2, 0.15, 0., ,#F57);

NODE (#N4:4, 1.1, 0.15, 0., ,#F57);

NODE (#N5:5, 1.1, 0., 0.05, ,#F57);

omitted lines

NODE (#N113:113, 0., 0.3, 0., ,#F64);
NODE (#N114:114, 0., 0.3, 0.05,,#F64);
NODE (#N115:115, 0., 0., 0.1, ,#F64);

NODE (#N116:116, 0., 0.15, 0.1, ,#F64);

NODE (#N117:117, 0., 0.3, 0.1, ,#F64);

MATERIAL (#MO:'Isotropic material',ISC (3.E+10, 0.25, 2600.));
HEXA8 (#E1:1,#MO, ,#N109,#N100,#N101,#N110,#N111,#N102,
#N103,#N112);

HEXA8 (#E2:2,#MO, ,#N110,#N101,#N104 ,#N113,#N112,#N103,
#N105,#N114) ;

HEXA8 (#E3:3,#M0, ,#N101,#N92,#N95,#N104,#N103,#N94 ,#N96,
#N105) ;

HEXAS (#E&4:4,#MO, ,#N100,#N91,#N92,#N101,#N102,#N93,#N94,
#N103);

HEXA8 (#E5:5,#MO, ,#N111,#N102,#N103,#N112,#N115,#N106,
#N107 ,#N116);

omitted lines

HEXA8 (#E&44:44 ,#MO, #N5 #N6 ,#N7 ,#N8 #N20,#N23 ,#N24 ,#N21);
HEXA8 (#E45:45,#MO, ,#N9,#N2 #N4 ,#N10,#N11,#N5,#N8,#N12);
HEXA8 (#E46:46,#MO, ,#N10,#N4 ,#N14,#N17,#N12,#N8,#N16,
#N18);

HEXA8 (#E&47:47 ,#MO, ,#N4 ,#N3 ,#N13,#N14,#N8 ,#N7 ,#N15,#N16);
HEXA8 (#E48:48,#MO, ,#N2,#N1,#N3,#N4 ,#N5,#N6 ,#N7 ,#N8) ;
CLOSEMODEL (#Cantilever);

OPENANA (#Anal:#Cantilever,'Static analysis');

COLLECT (#O0OBl:'Collect object', (#E1,#E2,#E3,#E4 ,#E5,#E6,

#E7 ,#E8 ,#E9 ,#E10,#E11,#E12,#E13,#E14 ,#E15,#E16,#E17 ,#E18,#E19,
#E20,#E21,#E22 ,#E23 ,#E24 ,#E25,#E26 ,#E27 ,#E28 ,#E29,
#E30,#E31,#E32 ,#E33 ,#E34 ,#E35,#E36 ,#E37 ,#E38 ,#E39 ,#E40,

#E4]1 ,#E42 #E43 ,#E44 ,#E45 ,#E46 ,#E47 ,#E48)) ;

LOADP1 (#LP1:3,,-0.25);

LOADP1 (#LP2:3,,-0.5);

NODELOAD
NODELOAD
NODELOAD
ANSTATIC
ALLNODES

(#LP1,1,#N15);
(#LP2,1,#N7);
(#LP1,1,#N6);
(#AN1:#0B1, (1));
(#ALLL1: (#0Bl1));

OUTDISP (#AN1,#ALL1,);
OUTSTRESS (#AN1,NODAL(1,#ALL1,));
OUTSTRESS (#AN1,NODAL(2,#ALL1,));

11
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OUTSTRESS (#AN
CLOSEANA (3#Ana

OPENFERES (#FE
ANCASE (#AN1,S
DISPR (#N1,-4
DISPR (#N2,-4.
DISPR (#N3,-4
DISPR (#N&,-4.
DISPR (#N5,-9.

omitted lines

DISPR (#N113,
DISPR (#N114,
DISPR (#N115,
DISPR (#N116,
DISPR (#N117,
STRENOR (#N1,

STRENOR (#N2,

STRENOR (#N3,

3.331E-16,);

STRENOR (#N&,
7.401E-17,);

STRENOR (#NS5,
-1.62,);

omitted lines

STRENOR (#N113,
STRENOR (#N114,
STRENOR (#N115,
STRENOR (#N116,

-3.553E-15,);

STRENOR (#N117,

STREEQR (#N1,
STREEQR (#N2,
STREEQR (#N3,
STREEQR (#N&,
STREEQR (#N5,

omitted lines

STREEQR (#N113,
STREEQR (#N114,
STREEQR (#N115,
STREEQR (#N116,
STREEQR (#N117,

STREPRR (#N1,
-0.49273, 0.87
-0.57136,-0.72
STREPRR (#N2,
-0.57497, 0.95
-0.61117,-0.76
STREPRR (#N3,
-0.8871, 0.879
STREPRR (#N&,

.741E-08,-2.403E-10,-7.556E-07,

.738E-08,-2.579E-19,-7.560E-07,

e of Product Analysis Data

1,NODAL(3,#ALL1,));
L)t

RES]1:#Anal,'lst. load case');
TAT ., )3

707E-08,-3.168E-10,-6.608E-07,

703E-08,-2.498E-19,-6.614E-07,
355E-21,-3.579E-20,-6.608E-07,

coooco
coocoo
coooo
B 8 S TN

D

Ol 0., 0. 0.y 0sy 0455

O 0250 Oy Ok 40kG) O 5003

05, 0k, Ous, Ok O O 5.5

Ol Gian Okng 055 B=F 0, )i

O 055 1By 105 | 0z OF2)s

-50.6, 13.4,-7.08, 3.52,-33.3,-1.97,);
10063y 9.175,-2.57; 5,795 ,=38.3;+~1.682,);
-50.6, 13.4,-7.08,-6.661E-16,-33.3,

-100.3, 9.175,-2.57,-4.441E-16,-33.3,

2.368E-15,-5.921E-16, 0., 1.48E-16,-33.3,

=160k ;=231 o -A49 5 64sl:=138 5815:= 11875 )i
O Ous Oy 01, -8331531,=181: 758

1160., 231., 149., 64.7,-33.3, 18.7,);
1160., 231., 149.,-1.421E-14,-33.3,

1160., 231., 149.,-64.7,-33.3,-18.7,);
81.1184);

119.466);

80.817);

119, 011);

57.7455);

981.263);
66.1494);
981.263);
974.305);
981.263);

15.8298,-68.6761, 8.56632, 0.29046, 0.82028,

972 -0.02633, 0.47475, 0.37645,
927505

11.9039,-110.781, 5.18245, 0.21146, 0.79038,

51,-0.04218, 0.29328, 0.20755,

38, )3

13.4,-68.6192, 10.9392, 0.46157, 0.,

49, 0., 0.47591, 0.47591, 0.,-0.87949,);
9.17493,-110.568, 7.69779, 0.29101, O.,

—wy
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-0.95672, 0.9556, 0., 0.29465, 0.29465, 0.,-0.9556,);
STREPRR (#N5, 33.3394,-33.3394, 4.487E-06, 0.70627, 0.03436,
-0.70711, 0.70627, 0.03436, 0.70711, 0.99882, 0.04859, 0.,);

omitted lines

STREPRR (#N113,-142.758,-1165.49,-231.754, 0.047, 0.23995,
-0.96965, 0.99716,-0.06841, 0.03141,-0.0588
-0.96837,-0.24249,);

STREPRR (#N114, 38.1914,-38.1914, 5.14E-06, 0.61654. 0. 34623,
-0.70711, 0.61654, 0.34623, 0.70711, 0.87192, 0.48964, 0..)
STREPRR (#N115, 1165.49, 142.758, 231.754, 0. 99716, 0.06841,
-0.03141, 0.047,-0.23995, 0.96965, 0.0588
-0.96837,-0.24249,);

STREPRR (#N116, 1161.1, 147.905, 231.. 0.99946, 0.,
-0.03288, 0.03288, 0., 0.99946, 0.03582, 0., 0.99936,):
STREPRR (#N117, 1165.49, 142.758, 231.754, 0.99716.
-0.06841,-0.03141, 0.047, 0.23995, 0.96965,-0.0588
-0.96837, 0.24249,);

CLOSEFERES (#FERES1);

CAD*I_FORMAT END 19881031

CAD*I_FORMAT END___ 19851011

L3
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A.4 General File Structure

A.4.1 Product Definition and Product Analysis Domains

The CAD*I project is dealing with two data domains; CAD systems containing
product definition data, and product analysis data in FEM and experimental

systems. The two domains have an overlapping area which contains a
geometrical description of an analytic model, see fig. 3. This is a subset
of the complete CAD representation of the structure. In the analysis

domain this subset produced by CAD is the basis for further processing.

By ErF-

lapping
area

% :

Analysis domain

Fig. 3. CAD and Analysis Domains.

However, the FEM pre-processors often will require some structural changes
to the model provided by the CAD system. The geometric description of a
model, though part of the neutral file, is being designed by other working
groups of the CAD*I project and is therefore not covered in this document.
For the purpose of an analysis it is often required to change the geometry
(e.g. removal of irrelevant detail). If required the new geometry can be
described in the same neutral file. The description of the neutral file
allows for the analysis to point to a certain geometry description.

This is important because the CAD side must be able to read that part of
the file. So in the overlapping area all keywords and semantics have to be

checked mutually, whereas in the other areas the definitions of the
entities can be independent.
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A.4.2 Interaction between File and Processors

The neutral file can contain all information beginning with the geometricig
input in the overlapping area and ending with the optimization output. -
This makes it possible to have exactly one file for one model and in that

way to enable easy comparison of results (e.g. between calculation and
measurement).

There will be no data base management system for the manipulation of the
However, the interface to the applications program may be
divided into an application-independent part reading and writing the
neutral file and an application-dependent part which writes input files or
reads output files or communicates with the data base of the applications
program. This is shown in fig. 4.

neutral file.

)

neutral file

interface
programs

application-
independent
part

application-
dependent

input in

applications

program

part

output from
applications
program

Fig. 4. Interaction Between Neutral File and Applications.

The task of the CAD*I project is the definition of the neutral file as well
as the development of the interfaces

——
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A.4.3 Internal Organisation of the File

The neutral file for product analysis data-is structured as shown below:

- -
-

geometric model

/

FEM
mode L

FEM
model

analysis

analysis

results

results

Fig. 5. Structure

of neutral file.

17

This can be expressed in the neutral file by open/close constructs, which

are not designed to be nested, but rather come one after another,
referring to the next higher level.

each
The relevant block of information is

always situated between the OPEN and the CLOSE statement. These keywords
~are detailed in section B.2.



18 Exchange of Product Analysis Data



A.5 External Envelope Concept 19

A.5 External Envelope Concept

In the CAD*I environment files have to be transferred from one location to
another. Often several files containing different types of information
will be transmitted together. Then the problem occurs that the reading
processor will get not only those files which it can interpret, but also
files which were produced for being read by another processor.

In order to enable all processors at least to skip files which are unknown
to them, an envelope concept is defined for all files in the whole CAD*I
project. Each file gets a header and a trailer which indicates the area in
which a processor is working. One or several files (each with its own
header and trailer) form a so called metafile. That is the package which
is actually transmitted. It also has a header and a trailer indicating the
area where CAD*I files are stored. The header is dependent on the type of
neutral file. The general construction is:

metafile header
header of file 1

(content of file 1)

trailer of file 1
header of file 2

(content of file 2)

trailer of file 2
header of file 3

(content of file 3)

trailer of file 3
metafile trailer

This scheme is also used if there is only one file to be transferred.
Moreover, the concept allows different kinds of files, letters and even
comments to be combined in one file. The header is dependent on the type

of file. For the analysis data only the metafile header and a header for
the neutral file is used. They are:

metafile header : CAD*I_FORMAT_BEGIN_19851011
metafile trailer > CAD*I_FORMAT END 19851011
neutral file header : CAD*I_FORMAT_ BEGIN_19881031

neutral file trailer: CAD*I_FORMAT_END__ 19881031
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B Reference Section.

B.1 Syntax Definition

At the lowest level the neutral file is considered a stream of characters.
The analysis of its actual contents takes place in two phases. The first
phase (the lexical analysis) has as input the character stream and combines
the characters into tokens, also it removes blanks and comments where
required. The second phase (syntactical analysis) has as input the token
stream produced by the lexical analyser and builds the syntax tree for the
complete file, and in doing so it also drives the checking and
interpretation of the file contents (semantic analysis). The basic
character set is discussed in section B.1.1, the 1lexical analysis in
section B.1.2 and syntactical analysis is the subject of section B.1.3.

B.1.1 The Alphabet

The list of possible characters in the file is called the alphabet. As the
file is byte-oriented, the possible byte codes consist of the numbers 0 to
127. In this document these numbers are represented by graphical symbols
according to the following (customary) mapping. Byte codes not occurring in
this list (i.e. the numbers 0-31 and 127) are considered illegal in the
neutral file and are not part of the alphabet. The graphical representation
used in this document is given in the table.

32- 39 (space) ! it # $ % & '
40- 47 ( ) * + ; - /
48- 55 0 il 2 3 4 5 6 7
56- 63 8 9 3 : < = > &%
64- 71 @ A B c D E F G
72- 79 H I J K L M N 0
80- 87 P Q R S T 8] v W
88- 95 X Y / [ \ ] " _
96-103 % a b c d e f g
104-111 h i j k pE m n o
112-119 P q b s t u v \4
120-126 b4 y Z { | } ~
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B.1.2 Token Definitions

The first scanning of the file combines, where possible, separate
characters of the alphabet into tokens (examples of tokens are identifiers
and numbers). All legal tokens that can occur in the file form an infinite
set. The elements of this set are defined using the notation of regular

expressions. The rules to go from the regular expression to the associated
sets are as follows:

If a is a character of the alphabet, then a used in a regular expression
stands for the set {a}.

If R and S are regular expressions denoting the sets LR and LS,
respectively, then R | S denotes the set LR U LS.

RS denotes the set of all strings from LR concatenated with all strings
from LS.

R* denotes the set formed by taking elements from R zero or more times. For
instance, if R consists of the set (0, 1, 2, 3, 4, 5, 6, 7, 8, 9) then the
empty string and the strings 88, 8878 are all elements of R¥*.

R+ denotes the set formed by taking elements from R one or more times. For
instance, if R consists of the set {0, 1, 2, 3, 4, 5, 6, 7, 8, 9} then the
strings 88, 8878 are elements of R+.

Finally, [R] denotes the set of strings that are in R together with the

empty string, i.e. it indicates that optionally one element of R is to be
taken.

In the following list of expressions the curly braces ()} are used as
metasymbols. They are used to describe features of the language that are
difficult or cumbersome to capture in formal language. The regular
expressions that define the tokens in the neutral file are:
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lower=a | b | ... lz}@| [ INITT1H 11O~
{and the vertical bar '|' character itself}

upper = A | B | ... | Z | _

digit=0 | 1] ... ] 9

space = (blank character)

special = { remaining characters
alphanum = lower | upper | digit
alphabet = lower | upper | digit

non-q-char = {any character from

in alphabet )

| special | space

the alphabet except the quote ' )

non-dq-char = (any character from the alphabet except the double

quote " }

keyword = upper [ upper | digit }*

name = [ alphanum ]+
entityname = # name
entityreference = entityname
sign = + | -

integer = [ sign ] digit+

real = [ sign ] digit+ . digit* [ E [ sign ] digit+ ]
string = ' [ non-q-char | ' ' }* '

enumkeyword = upper [ upper | digit ]*
user-defined-name = " [ non-dq-character | " " ]* "

comment = ( * (any sequence of characters not containing *) } * )

Additionally the following lexical conventions apply:

Spaces (blanks) separate tokens. Consecutive spaces can always be collapsed
into one. The only exception is when spaces occur in strings, they are
treated as any other character in a string.

Newlines are ignored altogether.

Comments can appear anywhere except within tokens. They are ignored except

that they act as a token separator.
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B.1.3 BNF Description of the File

The BNF rules give a formal description of the syntax of the file. The
terminals of the language are the tokens as recognised by the lexical
analyser. For convenience in running the parser an extra production (the
first) is added and the start symbol of the grammar is therefore <SYSTEM
GOAL SYMBOL>. Production no. 24 provides for the case of a missing or

default parameter, as for instance occurs in the following statement in the
neutral file:

NODE(#99: 15, 4.4, 5.5, 6.6, , #FROOl);

The lexical analyser is assumed to return the special token eof when it
encounters the end of the neutral file. The productions are:

<SYSTEM GOAL SYMBOL> ::= <neutralfile>
<neutralfile> ::= <file> eof
<file> ::= <statement list> ;
<statement list> ::= <statement>

/ <statement list> ; <statement>
<statement> ::= <definition>

/ <property>

<definition> ::= keyword ( entityname : <parameter list> )
<property> ::= keyword ( <parameter list> )
10 <parameter list> ::= <parameter>

oL WwN

11 / <parameter list>,<parameter>
16 <parameter> ::= real

17 / string

18 / integer

19 / entityreference

20 / enumkeyword

21 / user-defined-name

22 / <embedded entity>

23 / ( <parameter list> )

24 74

25 <embedded entity> ::= keyword ( <parameter list> )

B.1.4 Description of EXPRESS for FE specification

The main part of this report is a description of all the keywords with
their parameters. Each keyword in section B.3 to B.5 is described in the
same way: a header line (printed in bold) which gives a quick overview of
the keyword and its parameters, followed by an Express-like definition of
the entity type for giving a formal definition of its attributes, a
description of the entity being defined and the meaning of the entity and
the parameters. This is finally followed by an example of how an instance
of such an entity would look in the neutral file.

Express is a language being developed by the International Standards
Organisation. A full description of the language can be found in 1ISO
document ISO/TC184/SC4/WGl and here will only be given a summary of the
aspects relevant for understanding the information in Part B. With the aim
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of better serving the purposes of the CAD*I project the language has been
slightly modified as compared with the original version.

B.1.4.1 Entities and Attributes

An Express entity type definition consists of a name, a list of attributes
and optionally a where clause. The name, occurring after the keyword
ENTITY, allows references to the entity to be made by other entities in the
Express model and always corresponds with the name as used in the neutral
file. The list of attributes in the Express definition corresponds with the
parameters in the neutral file. The where clause puts restrictions on the

possible values of the attributes. Comments are allowed within the comment
delimeters '(*' and '*)°',

The attribute list immediately follows the entity name. For each attribute
a name and a type is given, separated by a colon ':'. Where consecutive
attributes have the same type their names can be combined into a list of
names with the names separated by comma's. A list of possible attributes

types, together with the way they are represented on the neutral file,
follows:

B.1.4.2 Base Types

An integer type means that the attribute is an integer and is represented
on the neutral file as such.

A real type means that the attribute is a real number and is represented on
the neutral file as a real.

A string type means that the attribute is a string and is represented on
the neutral file as a string.

B.1.4.3 Entity references

An entity type name means that the attribute is a reference to an entity of
that type. On the neutral file it is represented either by an explicit
reference to an entity or an embedded entity of the correct type.

A select means that the attribute is a reference to an entity the type of
which cannot be determined in advance. Instead, the possible types that can
be referenced are listed explicitly as parameters of the SELECT. On the

neutral file such a parameter is either an explicit reference or an
embedded entity.

B.1.4.4 Enumeration

An enumeration means that the attribute has a relatively small number of
values which are listed explicitly as the parameters of the enumeration. On
the neutral file it is represented by the name of the selected value.
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B.1.4.5 Unique and Optional

The attribute types can be modified by the addition of the words unique or
optional. These have the following meaning:

If an attribute is labelled unique this means that the value of instances
of the attribute should be unique throughout the model.

An optional attribute does not need to be present in an instance of the
entity on the neutral file. If the attribute is not present then its place
on the neutral file is left empty. The separators for the attribute are not

deleted so an omitted attribute 1is characterised by two consecutive
comma's.

B.1.4.6 Aggregates

It is possible for the type of an attribute to be composite in the sense
that it is a number of values instead of a single value. Three aggregate
types exist: array, list and set. An array is used when the values can only
by addressed by their specific position in the array. An array attribute
can be thought of as providing 'slots' or placeholders for the values and
so an array has a field length which can be defined in the Express model
itself. A list is used when the collection of wvalues is ordered but not
explicitly numbered. A set is used when the collection of wvalues is
unordered and no duplication of values is allowed, which corresponds with
the mathematical concept of a set.

B.1.4.7 Other definition constructs 2

N
In addition to entity type definitions the following Express constructs can
be used.

TYPE. A type definition is a convenient way of writing select clauses
outside the main body of the entity. The same select is often shared
between entities as the type of one of their attributes and a type

definition provides the facility for sharing selects between several entity
definitions.

PROPERTY. A property definition can be used to add information to an
already existing entity. The express syntax consists of the word PROPERTY,
an attribute list, followed by the keyword OF, and a reference (possibly a

select). The reference is wused for stating which entity the property
attributes belong to.

LINK. A link can be used to mention facts that do not properly belong to a

single entity but to a combination of entities. A link can itself have
attributes.
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B.1.4.8 Constraints

The where clause puts restrictions on the values of the attributes. The
where clauses as used in part B have a relatively simple syntax and, with
one exception, the interpretation of their meaning should be obvious. This
exception is the use of the word 'NULL'. If an attribute A is optional it
is possible to formulate a constraint involving a test on the occurrence of
attribute A in the actual entity using the statement 'A=NULL' (which
returns a logical value).

It must be kept in mind that it is not intended to capture all possible
restrictions on all attribute values of the entities. This would be very
difficult to do as there is a gradual transition from direct constraints on
the file (example: NODAL, B.4.4, where type-code should be between 1 and
4), constraints that can be formulated in a simple manner as only one
attribute is involved (for example Poisson's ratio less than 1/2) to
complicated constraints that can only be checked by a full perusal of the
model (example: a model that is not sufficiently restrained so that its
stiffness matrix is singular). As a general rule only constraints that
exist for the purposes of the file itself are mentioned and simple other
constraints have been added where this seemed appropriate.

The implication of this is that not every neutral file which is legal under
the definitions of this report corresponds with a realistic analysis
problem: it is feasible (and, in fact, quite easy) to design a file which
fully complies with the formats and constraints on the values in the
neutral file, but which nevertheless does not represent a model which is
realistic in any sense.
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B.2 Levels of the Neutral File

The neutral file is divided into four levels, corresponding to stages in
the design cycle of a product. The statements belonging to a particular
level are enclosed between OPEN and CLOSE keywords in the physical file to
separate them from the rest. This means that a neutral file may contain

many different types of information in an ordered block structure, rather
than an unorganised heap.

The following keywords are provided for these constructs:

FEM level 1 (geometrical structure)
this is provided by CAD (overlapping area, fig. 3.) and may begin
with OPENWORLD. This world has a name, which can be referred by
other levels. The appropriate keywords and statements are given in
the CAD*I specification of a neutral file for CAD geometry [31].

FEM level 2 (FEM model):
OPENMODEL (model name:world_name, text_description);
CLOSEMODEL (model name);
model name can be referenced by the following levels,
world name is the name of the geometrical structure described
between OPENWORLD and CLOSEWORLD,it can be omitted (e.g.
because there is no product definition data)
text_description is a string constant.

The colon (:) indicates that in this statement a new entity is created
(defined).

FEM level 3 (analysis):

OPENANA (analysis_name:model name, text_description);

CLOSEANA (analysis_name);
model name was defined in OPENMODEL, analysis name may be

referenced by the result sets. The analysis is not placed inside
the model description, but in an unnested way after the CLOSEMODEL
statement.

FEM level 4 (FE results):

OPENFERES (set_name:analysis_name, text_description);

CLOSEFERES (set_name);
set name is a name for this special set of results (e.g.
displacements or stresses of one load case), the text may give

further information about this set (e.g. 7th eigenvector, frequency
= 254.3 Hz).

The structure explained here is applied to the example given in chapter
A.3;
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B.3 Keywords for FE Model Description

B.3.1 OPENMODEL (model_name:world_name, 'TEXT_DESCRIPTION');

ENTITY openmodel;

world name : OPTIONAL openworld;
TEXT : OPTIONAL string;
END_ENTITY,;

model name can be referenced by the following levels,

world name is the name of the geometrical structure described between
OPEN_WORLD and CLOSE_WORLD; if no product definition data exist, world name
may be omitted.

TEXT DESCRIPTION is an optional string constant.

Example:

OPENMODEL (#testmodel: ,'This model has no world');
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B.3.2 UNITS (modelname, LE, MA, TI,TE, TE_OFFSET, CU, LI,

PROPERTY units;

LE,MA,TI,TE : OPTIONAL real;

TE_OFFSET,CU,LI : OPTIONAL real;

ANGLE : OPTIONAL real;
OF

MODELNAME : openmodel

END_PROPERTY;

modelname, name of the FEM model

LE, length units per meter

length in m = length in local units / LE

MA, mass units per kilogram

TI, time units per second

TE, temperature units per kelvin

TE _OFFSET, offset of zero point in temperature
temp. in kelvin = temp. in local units / TE + offset
CU, current units per ampere

LI, light units per candela

ANGLE, units per full circle

default value for LE, MA, TI, TE, CU, LI is 1
default value for TE_OFFSET is O, for ANGLE 6.2831853...

Examples:

UNITS (#testmodel,100.,0.01,,,273.15,,,360.);

ANGLE) ;

(2 pi).

assigns a unit system with centimeters, tenth of a ton, seconds and

degrees Celsius to structure #testmodel. The
degree.

angle unit is a
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B.3.3 COORD (newcosys:oldcosys,Cl,C2,C3,PHI,THE,PSI,MIRROR,

TYPE_CODE) ;

ENTITY coord;

oldcosys : OPTIONAL coord;

Cl: €2 €3 . real;

PHI,THE,PSI . real;

MIRROR : OPTIONAL integer;

TYPE : ENUMERATION OF ( RECT,CYLN,SPHR );
WHERE

MIRROR >= 0 AND MIRROR <= 3;
END_ ENTITY;

newcosys 1is the mname of the coordinate system being defined.
oldcosys is the name of the referred (existing) coordinate system; if
omitted reference is made to the global (cartesian) coordinate system

C1,C2,C3 are the coordinates of the origin of the new system relative to
the existing coordinate system 'oldcosys'. They may be x,y,z values,
r,theta,z or r,theta,psi depending on whether 'oldcosys' is a rectangular,
cylindrical or spherical coordinate system.

PHI,THE,PSI are the Euler angles describing the orientation of the new
coordinate system relative to the old system. These angles always refer to
an imaginary rectangular cosys thus fixing the orientation of any type of

cosys. Positive angles are clockwise when looking in a positive direction
along the rotation axis.

To obtain the new system the old system is rotated first about the x-axis
by an angle PHI producing new y and z axes. Then this intermediate
coordinate system is rotated by an angle THE about its intermediate y axis
producing new x and z axes. The last rotation is an angle PSI around this
new z axis (which is the final one) producing the final x and y axes. This
transformation, from the XYZ system to the new coordinate system xyz, 1is
given by the matrix below.

X X
{ v )} = [matrix ] * ( Y )
z A
The elements of the matrix are:
cosTHE cosPSI cosPHI sinPSI + sinPHI sinPSI -
sinPHI sinTHE cosPSI cosPHI sinTHE cosPSI
- cosTHE sinPSI cosPHI cosPSI - sinPHI cosPSI +
sinPHI sinTHE sinPSI cosPHI sinTHE sinPSI
sinTHE - sinPHI cosTHE cosPHI cosTHE

MIRROR is an integer number denoting which axis of the newcosys shall be

inverted (mirrored). If omitted or set to zero then no mirroring is
performed.
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TYPE CODE can be RECT,CYLN or SPHR to specify the type of the new
coordinate system (rectangular, cylindrical, spherical respectively).

Example:

COORD (#co7: #co6, 0.,1.,0., 0.,-90.,0., O,RECT);
defines a new coordinate system #co7, which relatively to the old
system #co6 is shifted in y-direction and rotated around the y-
axis.
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B.3.4 FREEDOM (name:DOFS,cosys);

ENTITY freedom;

DOFS : string;

cosys : OPTIONAL coord;
WHERE

(* DOFS has all sorts of constraints in it *)
END_ENTITY;

Defines for three translations and three rotations which are fixed.

DOFS is a string constant of up to 6 numeric characters (1...6).
degrees-of-freedom are not mentioned.

Examples are:

1123456 fix all 6 degrees of freedom
‘456" fix rotations

L3¢ fix z-direction

fat all degrees of freedom are free

35

Free

Degrees of freedom which will be condensed or will get prescribed
displacements must be declared free (this is the default wvalue for not

mentioned degrees of freedom).

cosys is the name of a coordinate system

See note (1).

Example:

FREEDOM (#F35: '135',);
fixes directions x,z,phi-y in global coordinate system.
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B.3.5 NODE (name:NODE NUMBER,X,Y,Z,cosys,freedom);

ENTITY node;

NODE_NUMBER : UNIQUE integer;
X, Y, 2 ! real;
cosys : OPTIONAL coord;
freedom : freedom;

WHERE
NODE_NUMBER > O;

END_ENTITY;

NODE_NUMBER is the node number in the FEM programs,

X,Y,Z are coordinates of type real,

cosys is the name of a coordinate system; if omitted X,Y,Z are given in the
model coordinate system, if no model coordinate system is specified, it
defaults to a global cartesian system.

freedom is the name of a set of degrees-of-freedom.

See note (1).

Example:

NODE (#N117: 117,3.15,-2.52,-0.05,#Col,#F35);

defines node 117 with coordinates given in coordinate system #Col
and degrees of freedom given by #F35.
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B.3.6 ISO (name:E,NUE,RHO);

ENTITY iso;
E : real;
NUE : real;
RHO : real;
END ENTITY;

Defines a minimal set of properties of an isotropic material:

E = elastic modulus
NUE = Poisson's ratio
RHO = density
Example:

ISO (#is1:2.1E11, 0.3, 7850.);
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B.3.7 ISOFULL (name:E,NUE,RHO,AL,BE,EPS,H,TREF,K,CP);

ENTITY isofull;

E

NUE

RHO

AL

BE

EPS

H

TREF

K

(034
END_ENTITY;

. real;

: real;

. real;

: OPTIONAL real;
: OPTIONAL real;
: OPTIONAL real;
: OPTIONAL real;
: OPTIONAL real;
: OPTIONAL real;
: OPTIONAL real;

Fully defines the properties of an isotropic material:

E
NUE
RHO
AL
BE
EPS
TREF

CP

Example:

elastic modulus

Poisson's ratio

density

proportionality factor for damping
(stiffness contribution)
proportionality factor for damping
(mass contribution) [C] = AL*[K] + BE*[M]
critical damping ratio

thermal expansion coefficient

thermal expansion reference temperature
thermal conductivity coefficient

heat capacity

ISOFULL (#if2:2.1E1l1, 0.3, 7850.0,0.5,0.5,1.3,12E-5,300.,100.,3700.);
defines the properties of an isotropic material.
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B.3.8 ANISO2D (name:EM,RHO,AL,BE,EPS,HM,TREF,KM,CP,cosys);

ENTITY aniso2d;
EM
RHO
AL
BE
EPS
HM
TREF
KM
CP
cosys
END_ENTITY;

Defines the properties of

NUE -
RHO -
AL =
BE -
EPS -
TREF -
CP -
cosys =
EM (3x3) -
HM (2x2) -
KM (2x2) =

The matrices are given as
diagonal:

All,Al12,A13,...Aln,

: ARRAY [1 : 6] OF real;

. real;

: OPTIONAL real;

: OPTIONAL real;

: OPTIONAL real;

: OPTIONAL ARRAY [1 : 3] OF real;
: OPTIONAL real;

: OPTIONAL ARRAY [1 : 3] OF real;
: OPTIONAL real;

: OPTIONAL coord

a 2D anisotropic material:

Poisson's ratio

density

proportionality factor for damping
(stiffness contribution)

proportionality factor for damping

(mass contribution) [C] = AL*[K] + BE*[M]
critical damping ratio

thermal expansion reference temperature
heat capacity

reference to a coordinate system, if
this is omitted the default is the local
element coordinate system

2D elasticity matrix (6 values)

2D thermal expansion matrix (3 values)
2D thermal conductivity matrix (3 values)

39

lists of wvalues row by row beginning in the main

A22,A23,...A2n, with n= 2,3 or 6

The list of values is regarded as one parameter and is therefore included

in parentheses.
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Example:

ANISO2D (#an2:(2.1E10,2.2E10,2.3E10,2.4E10,2.5E10,2.6E10),
7000.,1.E-6,0.44,,(4.1E3,4.2E3,4.3E3),20.,
(5.1E-2,5.2E-2,5.3E-2),0.341,,);

lists the properties of an anisotropic material for 2D elements in
the global coordinate system.
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B.3.9 ANISO3D (name:EMM,RHO,AL,BE,EPS,HMM, TREF,KMM,CP,cosys);

ENTITY aniso3d;

EMM : ARRAY [1 : 21] OF real;
RHO . real;
AL : OPTIONAL real;
BE : OPTIONAL real;
EPS : OPTIONAL real;
HMM : OPTIONAL ARRAY [l : 6] OF real;
TREF : OPTIONAL real;
KMM : OPTIONAL ARRAY [1 : 6] OF real;
CP : OPTIONAL real;
cosys : OPTIONAL coord
END_ENTITY;

Defines the properties of a 3D anisotropic material:

RHO = density
AL = proportionality factor for damping
(stiffness contribution)
BE = proportionality factor for damping
(mass contribution) [C] = AL*[K] + BE*[M]
EPS = critical damping ratio
TREF = thermal expansion reference temperature
CP = heat capacity
cosys = reference to a coordinate system, if

this is omitted the default is the local
element coordinate system

EMM (6x6) = 3D elasticity matrix (21 values)
HMM (3x3) = 3D thermal expansion matrix (6 values)
KMM (3x3) = 3D thermal conductivity matrix (6 values)

The matrices are given as lists of values row by row beginning in the main
diagonal:

All,Al12,A13,.. .Aln,
A22,A23,...A2n, with n = 2,3 or 6

The list of values is regarded as one parameter and is therefore included
in parentheses.
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Example:

ANISO3D(#an3: (2.1E10,2.2E10,2.3E10,2.4E10,2.5E10,2.6E10,
2.7E10,2.7E10,2.7E10,2.7E10,2.7E10,2.7E10,2.7E10,
2.7E10,2.7E10,2.7E10,2.7E10,2.7E10,2.7E10,2.7E10,
2.7E10,),7000.,1.E6,0.44, , (4.1E3,4.2E3,4 . 3E3,
4.1E3,4.2E3,4.3E3),20.,
(5.1E-2,5.2E-2,5.3E-2,5.1E-2,5.2E-2,5.3E-2)
,0.341,,);

defines the properties of an anisotropic material for 3D elements
in the global coordinate system.
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B.3.10 MATERIAL (name:'TEXT',mat_subkw);

ENTITY material;

TEXT : OPTIONAL string;
mat_subkw : SELECT (iso,isofull,aniso2d,
aniso3d);
END_ENTITY;

Defines the material properties associated with an element. The material

may be designated isotropic or anisotropic depending on the keyword that is
referenced.

TEXT is an optional string, usually describing the material.

Example:

MATERIAL (#matl:'Structural Steel',#iso4);

defines a material, matl, the properties of which are given in
#iso4 .
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B.3.11 PBAR (name:A);

ENTITY pbar;

A . real;
WHERE

A>0.
END_ENTITY;

Defines the properties of a bar element:

A cross-sectional area

This may be referenced by elements of type BAR.
Example:

PBAR (#barl2:12.4E-4);
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B.3.12 BEAMG (name:A,AIYY,LAIZZ,AIYZ,AIP,SY,SZ,DY,DZ);

ENTITY beamg;

A : OPTIONAL real;
AIYY : OPTIONAL real;
AIZZ : OPTIONAL real;
AIYZ : OPTIONAL real;
ATP : OPTIONAL real;
SY : OPTIONAL real;
SZ : OPTIONAL real;
DY 1 real;
DZ . real;

WHERE
A> 0. ;
AIYY > 0. ;
AIZZ > 0. ;
AIYZ > 0, ;
AIP > 0. ;
SY > 05 §
SZ > 0. ;

NOT ( (A=NULL) AND (AIYY=NULL) AND (AIZZ=NULL)
AND (AIYZ=NULL) AND (SY=NULL) AND (SZ=NULL) );
END_ENTITY;

Defines the properties of a general beam element:

A cross-sectional area; if omitted the beam has no
resistance against tension and compression

AIYY,AIZZ ,AIYZ second moments of area; if omitted the beam has no
resistance against bending

AIP torsional constant; if omitted the beam has no
resistance against torsion
SY,SZ shear coefficients (cross-sectional area

divided by effective shear area); if omitted the
beam has no resistance against shear

DY,DZ local coordinates defining the point at which
stress is to be computated.

This may be referenced by elements of type BEAM2.

Example:

BEAMG (#b1:123.,342.,774.3,125.0,545.3,1.5,1.6,15.2,17.6);
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B.3.13 BEAMI (name:H,W,HF,TVW);

ENTITY beami; . .
H . real;
w : real;
HF . real;
™ . real;
WHERE
RF > 0.;
H > (2 * HF);
™W > 0.;
w > Tw,;
END ENTITY;

Defines the properties of an I section beam:

TW

> |-

W

<3 L

height of a profiled beam (size in local
y'-direction)

w width of a profiled beam (size in local
z'-direction)

HF height of flange (measured in local y'-
direction)

W thickness of web (measured in local z'-
direction)

The neutral axis is assumed to lie along the x-axis. This property may be
referenced by elements of type BEAM2.

Example:

BEAMI (#b15:24.5,13.7,1.2,4.5);
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B.3.14 BEAML (name:H,W,HF,TW);

ENTITY beaml;

H real;
w real;
HF real;
™ real;
WHERE
HF > 0.;
H > HF;
™ > 0.;
W > TW;
END_ENTITY;

Defines the properties of an L section beam:
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H height of a profiled beam (size in local
y'-direction)
W width of a profiled beam (size in local
z'-direction)
HF height of flange (measured in local y'-
direction)
™ thickness of web (measured in local z'-

direction)

The neutral axis is assumed to lie along the x-axis. This property may be
referenced by elements of type BEAM2.

Example:

BEAML (#bL7:24.5,13.7,1.2,4.5);
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B.3.15 BEAMU (name:H,W,HF,TW);

~

ENTITY beamu;

H ! real;
w : real;
HF ) : real;
™ . . real;
WHERE
HF > 0.;
H > HF;
-TW > 0.;
W > (2 % TW);
END_ENTITY;

Defines the properties of a U section beam:

TR o e
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=
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H height of a profiled beam (size in local
y'-direction)
W width of a profiled beam (size in local
z'-direction)
HF height of flange (measured in local y'-
direction)
v thickness of web (measured in local z'-
direction)

The neutral axis is assumed to lie along the x-axis. This property may be
referenced by elements of type BEAM2.

Example:

BEAMU (#bUl:24.5,13.7,1.2,4.5);



B.3.16 BEAMT (name:H,W,HF,TW);

ENTITY beamt;

H : real;
w : real;
HF ! real;
™ : real;
WHERE
F >0057
H > HF;
™ > 0.;
W > TW;
END_ENTITY;

Defines the properties of

W

an T
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section beam:

st
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ks
L
2L
Y - Z
TW
—= je—————
H height of a profiled beam (size in local
y'-direction)
W width of a profiled beam (size in local
z'-direction)
HF height of flange (measured in local y'-
direction)
v

direction)

The neutral axis is assumed to

referenced by elements of type BEAM2.

Example:

thickness of web (measured in local z'-

lie along the x-axis. This property may be

BEAMT (#bT91:24.5,13.7,1.2,4.5);
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B.3.17 BEAMO (name:D,DI);

ENTITY beamo;
D : real;

DI . : OPTIONAL real;
WHERE

D>0.;
D > DI;
END_ENTITY;

Defines the properties of an O section beam:

& A‘-i\\\\\
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D outer diameter of a round beam
DI inner diameter of a round beam (may be

omitted or set zero in case of solid beam)

The neutral axis is assumed to lie along the x-axis. This property may be

referenced by elements of type BEAM2.

Example:

BEAMO (#b065:99.9,43.5);
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B.3.18 BEAMR (name:H,W,HI,WI);

ENTITY beamr;
H : real;
1 ) ¢ real;
HI : OPTIONAL real;

WI : OPTIONAL real;
WHERE

HI > 0.;
H > HI;
Wl > 0.;
W > WI;
END_ENTITY;

Defines the properties of a rectangular section beam:

Wl

d |
b
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- w 2
H height of a profiled beam (size in local
y'-direction)
W width of a profiled beam (size in local
z'-direction)
HI,WI inner height, inner width of rectangular

beams (may be omitted or set zero in case
of solid beam)

The neutral axis is assumed to lie along the x-axis. This property may be
referenced by elements of type BEAM2.

Example:

BEAMR (#br001:33.4,55.6,12.6,23.9);
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B.3.19 STIFF (name:KX,KY,KZ, KXX,KYY,KZZ);

ENTITY stiff;

KX : OPTIONAL real;

KY : OPTIONAL real;

KZ : OPTIONAL real;

KXX : OPTIONAL real;

KYY : OPTIONAL real;

Kzz : OPTIONAL real;
END_ENTITY;

Defines the properties of a SPRING element:

KX,KY,KZ translational stiffnesses, valid for global
directions if auxiliary point is absent,
valid for local directions if local coordi-
nate system is given (by ORIENT)

KXX ,KYY,KZZ rotational stiffness around global or local

axes (depends on whether an auxiliary point
is given or not)

Example:

STIFF (#sti:9.1E6,7.1E6,5.1E6,0.0,8.1E6,0.0);

defines translational and rotational stiffnesses for a spring
element.
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B.3.20 DAMP (name:CX,CY,CZ,CXX,CYY,CZZ);

ENTITY damp;

cX

CY

CZ

CXX

CYY

CZZ
END_ENTITY;

: OPTIONAL real;
: OPTIONAL real;
: OPTIONAL real;
: OPTIONAL real;
: OPTIONAL real;
: OPTIONAL real;

Defines the properties of a DAMPER element:

CX,CY,CZ

CXX,CYY,CZZ

Example:

translational damping coefficients, valid
for global or local directions

rotational damping coefficients around global
or local axes

DAMP (#dwp: 1.5,2.4,0.0,12.9,0.0,11.1);

defines translational and rotational damping coefficients
damper element.

53
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B.3.21 PMASS (name:MX MY, MZ MXX,MYY,MZZ);

ENTITY pmass,

MX : OPTIONAL real;

MY : OPTIONAL real;

MZ : OPTIONAL real;

MXX : OPTIONAL real;

MYY : OPTIONAL real;

MZZ : OPTIONAL real;
END_ENTITY;

Defines the properties of a lumped mass element:

MX,MY,MZ translational mass (usually equal for all 3
directions) in global or local coordinates.
MXX , MYY ,MZZ rotational moments of inertia around global

or local axes

This property type may be referenced only by an element of type MASS.

Example:

PMASS (#pm85:2.4,3.1,82.4,2.7,45.3,44.9);
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B.3.22 THICK (name:PURPOSE_CODE,T);

ENTITY thick;
PURPOSE_CODE : ENUMERATION OF ( MEMBRANE, PLANESTRAIN,
PLATE, SHELL,AXISOLID, SHEAR) ;
T : real;
WHERE
T>0.;
END_ENTITY;

Defines the properties of a 2D element:

it thickness of a 2D element (constant over
the whole element)
P purpose code giving the type of 2D element

MEMBRANE - membrane element having plane stress
PLANESTRAIN - membrane element having plane strain
SHELL - thin shell element

PLATE - thin plate element

AXISOLID - axisymmetric ring element

55

SHEAR - a 2D element where transverse shear is important

This property may be referenced by TRI and QUAD type elements.
Example:

THICK (#thk4:MEMBRANE,1.0E-3);
defines the thickness of a membrane element.
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B.3.23 THICKV (name:PURPOSE CODE,T1,T2,T3,T4);

ENTITY thickv;
PURPOSE_CODE : ENUMERATION OF ( MEMBRANE, PLANESTRAIN,
PLATE, SHELL,AXISOLID, SHEAR) ;
TL; T2, T3 : real;
T4 : OPTIONAL real;
WHERE
Tl > 0.5
T2 > 0.;
p o SN0 T
T4 > 0Lk
END ENTITY;

Defines the properties of a 2D element:

T1,T2,T3., T4 thicknesses at the lst,2nd,3rd,4th corner
points of a 2D element (in case of
triangles T4 is omitted)
P, purpose code giving the type of 2D element
MEMBRANE - membrane element having plane stress
PLANESTRAIN - membrane element having plane strain
SHELL - thin shell element
PLATE - thin plate element
AXISOLID - axisymmetric ring element
SHEAR - a 2D element where transverse shear is important

This property may be referenced by TRI and QUAD type elements.

Example:

THICKV (#thkv2:PLATE,1.0E-3,2.0E-3,3.0E-3,4.0E-3);
defines the varying thickness of a plate element with four nodes.
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B.3.24 PROPERTY (name:prop_subkw);

ENTITY property;
prop_subkw : SELECT ( pbar,beamg,beami,beaml,beamu,
beamt,beamo,beamr,stiff,damp,
pmass, thick, thickv ) ;
END_ENTITY;

This statement defines the element properties and gives them a name that
can be referenced by the element statement. This keyword references a
keyword containing the properties relevant to a particular type of element.

Example:

PROPERTY (#prop4:#thkvl9);
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B.3.25 OR1l (name:node);

ENTITY orl;
a_node : node;
END_ENTITY

Specifies a node, referenced by the ORIENT keyword, to define a direction.

Example:

OR1 (#o0r22:#n467);

B.3.26 OR3 (name:X,Y,2);

ENTITY or3;
X YO Z : real;
END_ENTITY;

Defines a direction towards the coordinates given by X, Y, Z.

Example:

OR3 (#o0rll:-3.5,0.,-0.5);
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B.3.27 ORIENT (orient name:direction_definition);

ENTITY orient;

direction : SELECT (OR1,0R3);
END_ENTITY;

Defines the orientation of 1D elements where necessary. orient_name may be
referenced by BEAM2, SPRING, DAMPER and MASS.

The direction definition can be ORl (indicating that a node_name is given

to specify the direction) or OR3 (indicating that 3 coordinates of an
auxiliary node are given).

Example:

ORIENT (#0r88:#0r22);

defines Orientation #0r88 in the direction towards the node given
in the OR1l keyword #0r22.
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B.3.28 MASS (name:ELEM_NUHBER,prop,pl,x-orient,y-orient);

ENTITY mass;

ELEM_NUMBER : UNIQUE integer;

prop . property;

rl : node;

x_orient : OPTIONAL orient;

y_orient : OPTIONAL orient;
WHERE

(* the directions defined by X_ORIENT and Y _ORIENT %)
(* are at 90 degrees to each other.*)
END_ENTITY;

Defines a lumped mass at node pl; the values for mass and moments of

inertia are given in a property statement. ELEM_NUMBER is the unique
element number used by the FEM programs.

For translatory masses or if moments of inertia are given in global
coordinates the orientations can be omitted, otherwise orientations must be
given to define the directions of the local x and y axes.

Example:

MASS (#Ee:17,#P4 #N19,,);

defines a lumped mass in node #N19 whose coefficients are given in
#P4 in global coordinates.
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P1 AU X ,

P2

X

Local coordinate system for all 1D elements

Element is defined by nodes P1 and P2
The local x'-axis lies along the element
Auxiliary point defines local y' '-axis

Figure 6. Local Coordinate system for 1D elements.
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B.3.29 DAMPER (name:ELEM NUMBER,prop,pl,p2,orientation);

ENTITY damper;

ELEM_NUMBER : UNIQUE integer;

prop . property;

pl,p2 : node;

orientation : OPTIONAL orient;
END_ENTITY;

Defines a damper between nodes pl and p2; its damping coefficients are
given in the referenced property statement.

ELEM_NUMBER is the unique element number used by the FEM programs.
I1f orientation is omitted the damper is defined in global coordinates,
otherwise the element x-axis goes from pl to p2 and the element y-axis is

defined by the referenced ORIENT statement.

The local element coordinate system is shown in figure 6.

Example:

DAMPER (#Ed:7,#P10,#N15,#N16,);

defines damper #Ed as element number 7 with damping coefficients
#P10 given in global coordinates.
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B.3.30 SPRING (name:ELEH_NUMBER,prop,pl,pZ,orientation);

ENTITY spring;

ELEM_NUMBER : UNIQUE integer;

prop : property;

pl,p2 : node;

orientation : OPTIONAL orient;
END_ENTITY;

Defines a spring between nodes pl and p2; its stiffnesses are given in the
referenced property statement.

elem_number is the unique element number used by the FEM programs.
If orientation is omitted the spring is defined in global coordinates,
otherwise the element x-axis goes from pl to p2 and the element y-axis is

defined by the referenced ORIENT statement.

The local element coordinate system is shown in figure 6.

Example:

SPRING (#Ec:23,#P9,#N72,#N73,#0r5);
defines a spring element between nodes #N72 and #N73. The element
x-axis goes from #N72 to #N73, the element y-axis from #N72 to the
point given in #0r5. The stiffness coefficients are given in #P9.
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B.3.31 BAR (name:ELEM NUMBER,mat,prop,pl,p2);

ENTITY bar;
ELEM_NUMBER : UNIQUE integer;
mat : material;
prop : property;
Pl,p2 : node;
END_ENTITY;

Defines a bar element having stiffness only in longitudinal direction, ie.
it has no rotational degrees of freedom.

ELEM NUMBER is the element number used in the FEM programs, this number
must be unique for all elements.

pl and p2 are the names of the nodes at the ends of the bar;

mat and prop are the names of a material and of a property defined in
separate statements.

Example:

BAR (#Ea: 21,#M1,#P2,#N341,#N12);
defines Element 21 as a bar (called #Ea) between nodes #N341 and

#N12 with material (#Ml) and properties (#P2) being defined
elsewhere.
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B.3.32 BEAM2 (name:ELEH_NUMBER,mat,prop,pl,p2,orientation);

ENTITY beam?2;

ELEM_NUMBER : UNIQUE integer;

mat : material;

prop . property;

pl,p2 : node;

orientation : OPTIONAL orient;
END_ENTITY;

Defines a beam element between nodes pl and p2 with resistance against
tension/compression, bending, shear and torsion.

ELEM_NUMBER is the unique element number used by the FEM programs.

mat and prop are the names of a material and of a property defined in
separate statements.

orientation points to an ORIENT statement which defines the direction of
the element y-axis. (The element x-axis goes from pl to p2.)

The local element coordinate system is shown in figure 6.

Example:

BEAM2 (#Eb:22,#M1,#P20,#N23,#N123,#0r88);
defines the 22nd element as a beam between nodes #N23 and #N123.

The element y-axis valid for properties (defined in #P20) goes from
#N23 to the point given in #0r88.
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Figure 7. Node Ordering for Triangular 2D elements
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B.3.33 TRI3 (name:ELEM NUMBER,mat,prop,pl,p2,p3);

ENTITY tri3;
ELEM NUMBER
mat
prop
pl,p2,p3

END_ENTITY;

: UNIQUE integer;
: material;

: property;

: node;

Defines a triangular 2D element with three nodes. Material and properties
are given in separate statements.

ELEM_NUMBER is the unique element number used by the FEM programs.

Node ordering is shown in figure 7.

Example:

TRI3 (#Ef:24,#M2,#P11,#N1,#N2,#N3);

defines triangle 24 made from material #M2 between nodes #N1, #N2
and #N3. Thickness and purpose of the element are given in #P1ll.
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B.3.34 TRI6 (name:ELEM NUMBER,mat,prop,pl,p2,p3,p4,p5,p6);

ENTITY tri6;
ELEM_NUMBER
mat
prop
pl,p2,p3,p4,p5,p6
END ENTITY;

: UNIQUE integer,
: material;

. property;

: node;

Defines a triangular 2D element with six nodes.

Material and properties are given in separate statements.

ELEM NUMBER is the unique element number used by the FEM programs.

Node ordering is shown in figure 7.

Example:

TRI6 (#Eg:28,#M2,#P4 ,#N1 ,#N2 #N3 #N4 #N5 #N6);

defines element

28 with name #Eg between the listed

Thickness is given in #P4.

nodes.
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B.3.35 TRI7V (name:ELEM_NUKBER,mat,prop,pl,pZ,p3,p4,p5.P5,P7);

ENTITY tri7v;

ELEM_NUMBER : UNIQUE integer;

mat . material;

prop . property;

(* variable number of nodes *)

pl,p2,p3 : node;

p4,p5,p6,p7 : OPTIONAL node;
END_ENTITY;

Defines a triangular 2D element with up to 7 nodes. The 7th node is in the
middle of the element. Nonexistent nodes can be omitted. The corner nodes
(the first three) must always be supplied.

ELEM_NUMBER is the unique element number used by the FEM programs.

Material and properties are given in separate statements.

Node ordering is shown in figure 7.

Example:

TRI7V (#Eh:29,#M2,#P4 #N1,6#N2,#N3 ,#N4, ,#N6,);
defines element 29 with name #Eh between the listed nodes. The 5th
and 7th node are omitted. Thickness is given in #P4.
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Figure 8. Node Ordering for Quadrilateral 2D elements.
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B.3.36 QUAD4 (name:ELEM NUMBER,mat,prop,pl,p2,p3,p4);

ENTITY quadé4;

ELEM_NUMBER : UNIQUE integer;

mat : material;

prop : property;

pl,p2,p3,p4 : node;
END_ENTITY;

Defines a quadrilateral 2D element with 4 nodes
ELEM _NUMBER is the unique element number used by the FEM programs.

mat and prop are the names of a material and of a property defined in
separate statements.

Node ordering is shown in figure 8.

Example:

QUAD4 (#Ei:<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>