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ISO 10303-104:2000(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical com-
mittee has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates
closely with the International Electrotechnical Commission (IEC) on all matters of electrotechnical stan-
dardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

Draft International Standards adopted by the technical committees are circulated to the member bodies
for voting. Publication as an International Standard requires approval by at least 75 % of the member
bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this part of  ISO 10303 may be the subject
of patent rights. ISO shall not be held responsible for any or all such patent rights.

International Standard ISO 10303-104 was prepared by Technical Committee ISO/TC 184, Industrial
automationsystemsand integration, SubcommitteeSC 4, Industrial data.

This part of ISO 10303 is a member of the integrated resources series. The integrated resources specify
a single conceptual product data model.

This International Standard is organized as a series of parts, each published separately. The structure of
this International Standard isdescribed in ISO 10303-1. The numbering of theparts of this International
Standard reflects its structure:

— Parts 11 to 14 specify the description methods;

— Parts 21 to 29 specify the implementation methods;

— Parts 31 to 35 specify the conformance testing methodology and framework;

— Parts 41 to 50 specify the integrated generic resources;

— Parts 101 to 107 specify the integrated application resources;

— Parts 201 to 237 specify the application protocols;

— Parts 301 to 337 specify the abstract test suites;

— Parts 501 to 520 specify the application interpreted constructs.

A complete list of parts of ISO 10303 is available from the internet:
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<http://www.nist.gov/sc4/editing/step/titles/>

Should further parts of ISO 10303 be published, they will follow the same numbering pattern.

Annexes A and B form a normative part of this part of ISO 10303. Annexes C, D, and E are for informa-
tion only.
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Introduction

ISO 10303 is an International Standard for the computer-interpretable representation and exchange of
product data. The objective is to provide a neutral mechanism capable of describing product data
throughout the life cycle of a product independent from any particular system. The nature of this de-
scription makes it suitable not only for neutral file exchange, but also as a basis for implementing and
sharing product databases and archiving.

This International Standard is organized as a series of parts, each published separately. The parts of
ISO 10303 fall into one of the following series: description methods, integrated resources, application
interpreted constructs, application protocols, abstract test suites, implementation methods, and confor-
mance testing. The series are described in ISO 10303–1. This part of ISO 10303 is a member of the
integrated resources series.

This part of ISO 10303 is concerned with information exchange needs of finite element analysis. Many
types of analyses can be conducted to ensure the performance and integrity of a product. Different
aspects of a product may be idealized and then analyzed as a continuum. Exact mathematical models for
any but the simplest continuum shapes are intractable. Therefore analytical methods that represent the
continuum as discrete tractable shapes are used. There are many discrete analytical methodologies, some
of which are finite element, finite difference, and boundary element. This part of ISO 10303 addresses
only finite element analysis.

In performing an analysis with finite element analysis methods the continuum of a product is discretized
into a finite element model that consists of a mesh of points (nodes) which are connected with elements.
The elements represent finite portions of the product that when connected with shared nodes collectively
respond as would the entire product. The elements have associated physical and material properties.
There are also coordinate systems, groups, and administrative information associated with the finite
element model. Load, constraint, and analysis output control information, along with analysis selection
information, are combined with the finite element model to form a complete input to an analysis. Once
an analysis is performed, analysis results information may be output at the nodes and at one or more
positions within an element. There may be other output information not associated with a position
within the finite element model such as total strain energy.

This part of ISO 10303 specifies the resources for the exchange of the information associated with the
discretized (finite element) model, and the analysis controls, boundary conditions, and analysis results
information that are associated with it. It is expected that the reader of this part of ISO 10303 is familiar
with finite element analysis techniques.
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Industrial automation systems and integration —
Product data representation and exchange —
Part 104:
Integrated application resource:
Finite element analysis

1 Scope

This part of ISO 10303 specifies the resources for finite element analysis input and output information.
This includes finite element models, the analysis control information, and the analysis results. The
finite element analysis information model is partitioned into four schemas: thestructural_response_-
definition_schema, thestructural_response_representation_schema, thefinite_element_analysis_-
control_and_result_schemaand thefea_scalar_vector_tensor_schema.

NOTE 1 The EXPRESS-G schema level model in Figure 1 shows the relationships of the four schemas and
their relationships to other parts of ISO 10303.

NOTE 2 The following rules apply to the entire FEA information model:

— a model shall be combined with a control to produce a complete FEA input;

— a result shall be combined with a model and a control to be valid.

NOTE 3 The FEA information model includes the consideration of a multi-disciplinary analysis environ-
ment, which is presented in detail in annex E.

1.1 Analysis type scope

The following types of analyses are within the scope of this part of ISO 10303:

— linear static analysis and linear dynamic modes and frequencies analysis of general 3D stress, plane
stress, axisymmetric strain, and simple plane strain, based upon h-version finite element formulation
using 2D and 3D continua and embedded elements which include thick shells, thin shells, beams,
and bars.

The following types of analyses are outside the scope of this part of ISO 10303:

— linear static analysis of generalized plane strain.

1.2 Structural response definition schema scope

The following are within the scope of thestructural_response_definition_schemaof this part of
ISO 10303:
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— the definitional aspects of a finite element analysis model;

— the definitional aspects of a finite element;

— the definitional aspects of a node.

geometry_
schema

geometric_
model_
schema

fea_scalar_vector_
tensor_schema

measure_
schema

structural_response_
representation_schema

finite_element_analysis_
control_and_result_schema

material_
property_
definition_
schema

group_
schema

topology_
schema

structural_response_
definition_schema

support_resource_
schema

product_property_
definition_schema

product_property_
representation_schema

representation_
schema

material_
property_

representation_
schema

Figure 1 – FEA schema level model in EXPRESS-G

1.3 Structural response representation schema scope

The following are within the scope of thestructural_response_representation_schemaof this part of
ISO 10303:

— nodes, h-version finite elements, and the associated element material and geometric property repre-
sentations that combine to form a discretised mesh;

— material representations;

— coordinate space representations;

— administrative information.

2 c
ISO 2000 – All rights reserved

Copyright International Organization for Standardization 
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

Not for Resale, 12/20/2013 07:14:28 MSTNo reproduction or networking permitted without license from IHS

--`,,,,,,,,`,`,,,,,`,```,``,,,-`-`,,`,,`,`,,`---

Full document details: ISO 10303-104-2000

http://www.avadocuments.com/doc/iso-10303-104-2000
http://www.avadocuments.com/doc/iso-10303-104-2000


ISO 10303-104:2000(E)

The following are outside the scope of thestructural_response_representation_schemaof this part of
ISO 10303:

— p-version finite elements.

1.4 Finite element analysis control and result schema scope

The following are within the scope of thefinite_element_analysis_control_and_result_schemaof this
part of ISO 10303:

— analysis selection and related information;

— environment information;

— output control information;

— nodal and element output information;

— output information applying to a whole model;

— administrative information.

1.5 Scalars, vectors, and tensors schema scope

The following scalars, vectors and tensors which are necessary to represent the input and output of
finite element analyses are within the scope of thefea_scalar_vector_tensor_schemaof this part of
ISO 10303:

— scalars;

— 2D and 3D first order tensors;

— 2D and 3D second order tensors;

— 2D and 3D symmetric fourth order tensors.
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2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute
provisions of this part of ISO 10303. For dated references, subsequent amendments to, or revisions of,
any of these publications do not apply. However, parties to agreements based on this part of ISO 10303
are encouraged to investigate the possibility of applying the most recent editions of the normative docu-
ments indicated below. For undated references, the latest edition of the normative document referred to
applies. Members of ISO and IEC maintain registers of currently valid International Standards.

ISO/IEC 8824-1:1998, Informationtechnology —  Abstract SyntaxNotation One (ASN.1): Specification  
of basic notation.

ISO 10303-1:1994, Industrial automation systems and integration — Product data representation and
exchange — Part 1: Overview and fundamental principles.

ISO 10303-11:1994,Industrial automation systems and integration — Product data representation and
exchange — Part 11: Description methods: The EXPRESS language reference manual.

ISO 10303-41:1994, Industrial automation systemsand integration — Product data representation and
exchange— Part 41: Integrated generic resources: Fundamentalsof product description and support.

ISO 10303-42:1994, Industrial automation systemsand integration — Product data representation and
exchange— Part 42: Integrated generic resources: Geometric and topological representation.

ISO 10303-43:1994, Industrial automation systemsand integration — Product data representation and
exchange— Part 43: Integrated generic resources: Representation structures.

ISO 10303-45:1998,Industrial automation systems and integration — Product data representation and
exchange — Part 45: Integrated generic resource: Materials.
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3 Terms, definitions, abbreviations, and symbols

For the purposes of this part of ISO 10303, the following terms, definitions, abbreviations, and symbols
apply.

3.1 Terms defined in ISO 10303-1

For the purposes of this part of ISO 10303, the following terms defined in ISO 10303-1 apply.

— application;

— application context;

— application protocol;

— application resource;

— data;

— data exchange;

— generic resource;

— information;

— information model;

— integrated resource;

— model;

— product;

— product data;

— structure.

3.2 Other terms and definitions

For the purposes of this part of ISO 10303, the following terms and definitions apply.

3.2.1
2d_model
a finite element model that has geometry restricted to a plane that is either swept around an axis of
symmetry (axisymmetric model) or projected perpendicular to a plane (planar model) to create the third
dimension of the volume.
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3.2.2
3d_model
a finite element model that has one or more 3D finite elements.

3.2.3
analysis step
the act of proceding from an initial state to a new state in the analysis as required by a control process.

3.2.4
control
the operations that are carried out upon a model as a set of analysis steps. A model may have one or
more sets of control information.

3.2.5
control process
the way in which a model is caused to depart from its initial state. For linear analysis a control process
specifies a final state of the model.

3.2.6
h-version
the method of hierarchically reducing elements in size to provide a finer analysis resolution, producing a
larger number of smaller elements

3.2.7
p-version
the method of parametrically increasing the order of the elements while the size and shape remains
constant, to provide a finer analysis resolution

3.2.8
result
the response of a model to a control as calculated by a finite element analysis application.

3.2.9
state
an aggregation of information about the analysis variables of a model that describes the model at an
instant.

3.2.10
state definition
values of the analysis variables of a model that are calculated by or requested from a finite element
analysis application.
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3.3 Symbols

For the purposes of this part of ISO 10303, the following symbols apply. The notation in Table 1 is used
in the definition of element coordinate systems:

Table 1 – Element coordinate system definition symbols

Symbol Definition

X Vector quantity
hi Vector normalisation
� Vector (cross) product
� Scalar product
jj Vector magnitude

The notation in Table 2 is used to denote the axes of a coordinate system:

Table 2 – Element coordinate axis symbols

Normalized axes Definition of the coordinate system

(�,�,�) an element parametric system
(x,y,z) an element orthogonal system

(x0,y0,z0) an intermediate element orthogonal system
(used in the derivation of an element orthogonal system)

(X,Y,Z) a specified arbitrary system
(i,j,k) the 2D analysis plane definition system

3.4 Abbreviations

For the purposes of this part of ISO 10303, the following abbreviations apply.

DOF degree of freedom

FEA finite element analysis

ref reference
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4 Structural response definition schema

The following EXPRESS declaration begins thestructural_response_definition_schemaand identifies
the necessary external references.

EXPRESS specification:

*)
SCHEMA structural_response_definition_schema;

REFERENCE FROM product_property_definition_schema
(property_definition,

shape_aspect);
(*

NOTE The schema referenced above can be found in the following part of ISO 10303:

product_property_definition_schema ISO 10303-41

4.1 Introduction

The subject of thestructural_response_definition_schemais the definitional aspects of a finite element
analysis model that describe the structural response of a product.

4.2 Fundamental concepts and assumptions

The definitional aspects of a finite element model are related to the representational aspects that they de-
scribe by aproperty_definition_representation association to astructural_response_property. This
relationship is enforced by the rules in thestructural_response_property_definition_representation
entity in thestructural_response_representation_schema.

NOTE The relationships of the definitional and representational aspects of the FEA information model,
which are established by theproperty_definition_representation andstructural_response_propertyenti-
ties, are shown in Figure 2.

4.3 Structural response definition schema entity definitions

4.3.1 structural_response_property

A structural_response_propertyrelates the response of a finite element model representation of a prod-
uct to the properties characterizing the product.
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Figure 2 – FEA information model high level relationships EXPRESS-G
partial model
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EXPRESS specification:

*)
ENTITY structural_response_property

SUBTYPE OF (property_definition);
END_ENTITY;
(*

4.3.2 fea_model_definition

An fea_model_definitiondescribes a specific finite element analysis model. A finite element analy-
sis model is a collection of information associated with the definition of a finite element analysis of a
product.

EXPRESS specification:

*)
ENTITY fea_model_definition

SUBTYPE OF (shape_aspect);
END_ENTITY;
(*

4.3.3 node_definition

A node_definitionis a description of the shape aspect of a product that a node represents. Nodes are the
discretized points in the continuum being modelled that are connected with elements.

EXPRESS specification:

*)
ENTITY node_definition

SUBTYPE OF (shape_aspect);
END_ENTITY;
(*

4.3.4 element_definition

An element_definitionis a description of the shape aspect of a product that a finite element represents.
A finite element is an analytical subdivision of a continuum connected to nodes to model the continuum
being analyzed.
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EXPRESS specification:

*)
ENTITY element_definition

SUBTYPE OF (shape_aspect);
END_ENTITY;
(*

EXPRESS specification:

*)
END_SCHEMA; -- structural_response_definition_schema
(*
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5 Structural response representation schema

The following EXPRESS declaration begins thestructural_response_representation_schemaand
identifies the necessary external references.

EXPRESS specification:

*)
SCHEMA structural_response_representation_schema;

REFERENCE FROM fea_scalar_vector_tensor_schema
(scalar,

symmetric_tensor2_2d,
symmetric_tensor2_3d,
symmetric_tensor4_2d,
symmetric_tensor4_3d);

REFERENCE FROM finite_element_analysis_control_and_result_schema
(curve_element_variable,

measure_or_unspecified_value,
surface_2d_edge,
surface_2d_face,
surface_3d_edge,
surface_3d_face,
surface_element_variable,
volume_2d_edge,
volume_2d_face,
volume_3d_edge,
volume_3d_face,
volume_variable);

REFERENCE FROM geometric_model_schema
(solid_model);

REFERENCE FROM geometry_schema
(axis2_placement_2d,

axis2_placement_3d,
cartesian_point,
cross_product,
curve,
cylindrical_point,
degenerate_pcurve,
direction,
geometric_representation_context,
geometric_representation_item,
normalise,
point,
point_on_curve,
point_on_surface,
point_replica,
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spherical_point,
surface);

REFERENCE FROM group_schema
(group,

group_relationship);

REFERENCE FROM material_property_definition_schema
(material_property);

REFERENCE FROM material_property_representation_schema
(material_property_representation);

REFERENCE FROM measure_schema
(context_dependent_measure,

length_measure,
parameter_value,
plane_angle_measure,
thermodynamic_temperature_measure);

REFERENCE FROM product_property_representation_schema
(property_definition_representation);

REFERENCE FROM representation_schema
(representation,

representation_item,
representation_relationship,
using_representations);

REFERENCE FROM structural_response_definition_schema
(element_definition,

fea_model_definition,
node_definition,
structural_response_property);

REFERENCE FROM support_resource_schema
(identifier,

label,
text);

(*

NOTE The schemas referenced above can be found in the following parts of ISO 10303:

fea_scalar_vector_tensor_schema Clause 7 of this part of ISO 10303
finite_element_analysis_control_and_result_schema Clause 6 of this part of ISO 10303
geometric_model_schema ISO 10303-42
geometry_schema ISO 10303-42
product_property_definition_schema ISO 10303-41
product_property_representation_schema ISO 10303-41
representation_schema ISO 10303-43
material_property_definition_schema ISO 10303-45
material_property_representation_schema ISO 10303-45
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measure_schema ISO 10303-41
structural_response_definition_schema Clause 4 of this part of ISO 10303
support_resource_schema ISO 10303-41

5.1 Introduction

The subjects of thestructural_response_representation_schemaare the generalized nodes, elements,
materials, and element properties which are combined to create an FEA model of a product.

NOTE 1 The overall structure of the FEA information model and the external relationships with the Inte-
grated Resources are shown in Figure 1.

NOTE 2 Many model generation and representation features contained in input files for some FEA appli-
cations are not reproduced exactly as an application would represent them within this information model,
but the requisite information can be derived from the more generic form in this part of ISO 10303. Hence
information may be expanded during conversion from the input file for an FEA application into the structures
in this part of ISO 10303. If the information is then converted back, an equivalent but expanded input file
may be obtained.

5.2 Fundamental concepts and assumptions

The fundamental concepts and assumptions include the uniqueness of a finite element analysis model, the
relationships of a finite element model to a product, the geometric founding and the definition of 2D and
3D finite element models, identifiers, coordinate systems, element integration, units and measures, the
interface with the Materials schema, the relationships between the model definition and representation,
control, and result portions of a finite element analysis.

NOTE 1 The concept of subtyping to allow extensibility with a minimum of impact on the existing infor-
mation model was a key design philosophy. Several single subtypes occur in the Finite Element Analysis
information model for reasons of upward compatibility and extensibility.

NOTE 2 The element entities are subtyped for extensibility with a minimum of disturbance to the existing
information model (See Figures 7, 8, and 9). Extensibility to other analysis disciplines is discussed in annex
E.

5.2.1 Product relationship

The relationship between a finite element analysis model and the product it represents is specified using
a structural_response_propertyentity.

5.2.2 Finite element analysis model relationships

Nodes, elements, surface element properties, curve element properties, FEA materials, groups, and con-
trols are associated with a unique finite element model.
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5.2.3 Geometric founding and analysis space

The fea_modelis a representationand is therefore geometrically founded in a coordinate space. This
reference defines the basic coordinate system of thefea_model. See ISO 10303-43 for a definition of
geometric founding. The number of dimensions (two or three) of the basic coordinate system establishes
the dimensionality of the analysis. In turn 2D elements must reside in 2D spaces, and 3D elements must
reside in 3D spaces.

5.2.4 Identifiers

An identifier within the FEA information model commonly is an integer. In this part of ISO 10303
integer identifiers are represented by string identifiers that may contain only digits. An identifier can be
any string of characters, both letters and digits, in any combination.

5.2.5 Coordinate systems

The placement coordinate systems and geometric founding specified in ISO 10303-42 are generalized in
this part of ISO 10303 to include spherical and cylindrical coordinate systems. All coordinate systems
shall be right handed. These coordinate systems apply to models, controls, and results information.

5.2.6 Element matrix integration

Many finite elements require numerical integration of the matrices that are generated from the element
specification. Element matrix information is included in this part of ISO 10303 to provide flexibility in
defining element matrix integration options. This information is optional. A textual description may be
associated with an element to provide a simple integration specification option.

NOTE It is intended that the element integration and basis information provide the translator or interface
writer with information for a best guess match for the more unusual types of elements.

5.2.7 Units and measures

Units are assigned in a context, and the value of the measure is assigned directly. Thus the units for each
of the aspects of a measure such as mass or length are obtained from therepresentation_contextentity
associated with thefea_modelentity.

5.2.8 Interface with the materials schema

The FEA idealisation of material response behavior matrices is included in this part of ISO 10303.
Information associated with a material such as supplier and information generation environment is given
in ISO 10303-45.
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NOTE FEA element integration points and composite materials in material layers are correlated to plies
by geometric position. The plies are defined by an Application Protocol using this part of ISO 10303 as a
resource. This makes possible the use of a completely general integration and output point location definition
capability within all elements.

5.2.9 Finite element analysis model, control, and result relationships

Result information may exist only with respect to an analysis control, which in turn may only exist with
respect to a finite element model. This is enforced by theresult entity referrring to acontrol entity which
in turn refers to afea_model.

5.2.10 Use of element

When element is used alone it is a general term refering to all element types. If a specific element type
is being referenced, the specific element type will be used.

5.3 Structural response representation schema type definitions

The following TYPES are a resource for the entities in thestructural_response_representation_-
schema.

NOTE The types in this clause are organized in groups of similar subject matter.

5.3.1 axi_or_plane

An axi_or_planespecifies whether anfea_model_2dis axisymmetric or planar.

EXPRESS specification:

*)
TYPE axi_or_plane = ENUMERATION OF

(axisymmetric,
planar);

END_TYPE;
(*

Enumerated item definitions:

axisymmetric: the fea_modelis an axisymmetric analysis model where 2D element geometry is as-
sumed to be swept about thej axis of the founding coordinate system to create a volume.

planar: the fea_modelis a 2D analysis model where 2D elements are assumed to be extruded perpen-
dicular to the analysis plane to create a volume.
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5.3.2 coordinate_system_type

A coordinate_system_typespecifies the allowable types of coordinate systems.

Figures 3, 4, and 5 define conventions for cartesian, cylindrical, and spherical coordinate systems, re-
spectively.

Locat ion

z

x

yX

Y

Z

Figure 3 – Cartesian coordinate system definition

Locat ion

z

θ
X

Y

Z

r

Figure 4 – Cylindrical coordinate system definition
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Locat ion

φ

θ

X

Y

Z

r

Figure 5 – Spherical coordinate system definition

EXPRESS specification:

*)
TYPE coordinate_system_type = ENUMERATION OF

(cartesian,
cylindrical,
spherical);

END_TYPE;
(*

Enumerated item definitions:

cartesian: the coordinate system is of type cartesian.

cylindrical: the coordinate system is of type cylindrical.

spherical: the coordinate system is of type spherical.
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5.3.3 element_order

An element_orderspecifies the allowable geometric order of the element interpolation functions of a
finite element.

EXPRESS specification:

*)
TYPE element_order = ENUMERATION OF

(linear,
quadratic,
cubic);

END_TYPE;
(*

Enumerated item definitions:

linear: the element basic interpolation order is linear.

quadratic: the element basic interpolation order is quadratic.

cubic: the element basic interpolation order is cubic.

5.3.4 plane_2d_element_purpose

A plane_2d_element_purposespecifies the allowable assumptions of response through the thickness of
a finite element.

EXPRESS specification:

*)
TYPE plane_2d_element_purpose = SELECT

(enumerated_plane_2d_element_purpose,
application_defined_element_purpose);

END_TYPE;
(*

5.3.5 enumerated_plane_2d_element_purpose

An enumerated_plane_2d_element_purposespecifies the allowable assumptions of response through
the thickness of a finite element.
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EXPRESS specification:

*)
TYPE enumerated_plane_2d_element_purpose = ENUMERATION OF

(plane_stress,
plane_strain);

END_TYPE;
(*

Enumerated item definitions:

plane_stress:a specialised case of 2D plane elements where the stress normal to the element is zero.

plane_strain: a specialised case of 2D plane elements where the strain normal to the element is zero,
but the stress is not.

5.3.6 application_defined_element_purpose

An application_defined_element_purpose is the specification of an allowable response purpose to be
considered for an element.

EXPRESS specification:

*)
TYPE application_defined_element_purpose = STRING;
END_TYPE;
(*

5.3.7 volume_element_purpose

A volume_element_purposespecifies the allowable types of strain-displacement relationship assumed
for a volume element.

EXPRESS specification:

*)
TYPE volume_element_purpose = SELECT

(enumerated_volume_element_purpose,
application_defined_element_purpose);

END_TYPE;
(*
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5.3.8 enumerated_volume_element_purpose

An enumerated_volume_element_purposespecifies the allowable types of strain-displacement rela-
tionship assumed for a volume element.

EXPRESS specification:

*)
TYPE enumerated_volume_element_purpose = ENUMERATION OF

(stress_displacement);
END_TYPE;
(*

Enumerated item definitions:

stress_displacement:the element considers only stress-displacement behaviour.

5.3.9 surface_element_purpose

A surface_element_purposespecifies the allowable types of strain-displacement relationship assumed
for a surface element.

EXPRESS specification:

*)
TYPE surface_element_purpose = SELECT

(enumerated_surface_element_purpose,
application_defined_element_purpose);

END_TYPE;
(*

5.3.10 enumerated_surface_element_purpose

An enumerated_surface_element_purposespecifies the allowable types of strain-displacement rela-
tionship assumed for a surface element.

NOTE The surface_element_purposeis referenced as a SET of SETs to allow the appropriate com-
binations of coupled and uncoupled responses, such as ((.MEMBRANE_DIRECT.)(.MEMBRANE_-
DIRECT.,.BENDING_DIRECT.)) to specify that an element has membrane direct and coupled membrane
- bending direct responses.
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EXPRESS specification:

*)
TYPE enumerated_surface_element_purpose = ENUMERATION OF

(membrane_direct,
membrane_shear,
bending_direct,
bending_torsion,
normal_to_plane_shear);

END_TYPE;
(*

Enumerated item definitions:

membrane_direct: in-plane deformations of the surface element contribute to the element’s strain en-
ergy.

membrane_shear: in-plane shear deformations contribute to the element’s strain energy.

bending_direct: changes in curvature of the surface element contribute to the element’s strain energy.

bending_torsion: torsional deformations of the surface element contributes to the element’s strain en-
ergy.

normal_to_plane_shear:normal-to-plane shear deformations contribute to the element’s strain energy.

5.3.11 curve_element_purpose

A curve_element_purposespecifies the allowable types of strain-displacement relationship assumed for
a curve element.

EXPRESS specification:

*)
TYPE curve_element_purpose = SELECT

(enumerated_curve_element_purpose,
application_defined_element_purpose);

END_TYPE;
(*
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5.3.12 enumerated_curve_element_purpose

An enumerated_curve_element_purposespecifies the allowable types of strain-displacement relation-
ship assumed for a curve element.

NOTE Thecurve_element_purposeis referenced as a SET of SETs to allow the appropriate combina-
tions of coupled and uncoupled responses, such as ((.AXIAL.)(.TORSION.,.WARPING.)) to specify that an
element has axial and coupled torsion - warping responses.

EXPRESS specification:

*)
TYPE enumerated_curve_element_purpose = ENUMERATION OF

(axial,
y_y_bending,
z_z_bending,
torsion,
x_y_shear,
x_z_shear,
warping);

END_TYPE;
(*

Enumerated item definitions:

axial: axial deformation along the curve of the element contributes to the element’s strain energy.

y_y_bending: changes in curvature about the curve element’s localy axis contribute to the strain energy.

z_z_bending: changes in curvature about the curve element’s localz axis contribute to the strain energy.

torsion: torsion about the curve of the element contribute to the element’s strain energy.

x_y_shear: shear deformation in the xy plane of the curve contributes to the element’s strain energy.

x_z_shear: shear deformation in the xz plane of the curve contributes to the element’s strain energy.

warping: warping deformation of the cross-section of the curve contributes to the element’s strain en-
ergy.
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5.3.13 volume_3d_element_shape

A volume_3d_element_shapespecifies the allowable geometric shapes of a 3D finite element.

EXPRESS specification:

*)
TYPE volume_3d_element_shape = ENUMERATION OF

(hexahedron,
wedge,
tetrahedron,
pyramid);

END_TYPE;
(*

Enumerated item definitions:

hexahedron: a six-sided polyhedron where all sides are quadrilaterals.

wedge: a five-sided polyhedron where three sides are quadrilaterals, and two are triangles.

tetrahedron: a four-sided polyhedron where all sides are triangles.

pyramid: a five-sided polyhedron where four sides are triangles and one a quadrilateral.

5.3.14 element_2d_shape

An element_2d_shapespecifies the allowable geometric shapes of a 2D finite element.

EXPRESS specification:

*)
TYPE element_2d_shape = ENUMERATION OF

(quadrilateral,
triangle);

END_TYPE;
(*

Enumerated item definitions:

quadrilateral: a four-edged polygon.

triangle: a three-edged polygon.
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5.3.15 matrix_property_type

A matrix_property_type specifies an allowable matrix property type to be considered for an expicit or
volume element.

EXPRESS specification:

*)
TYPE matrix_property_type = SELECT

(enumerated_matrix_property_type,
application_defined_matrix_property_type);

END_TYPE;
(*

5.3.16 enumerated_matrix_property_type

An enumerated_matrix_property_typespecifies the allowable property types of an explicit or volume
element matrix. The type is used to define the matrix integrated within an explicit or volume element thus
allowing different interpolation rules and integration methods to be used for different types of response
relationships.

EXPRESS specification:

*)
TYPE enumerated_matrix_property_type = ENUMERATION OF

(stiffness,
mass,
damping);

END_TYPE;
(*

Enumerated item definitions:

stiffness: the matrix contributes to the explicit or volume element small displacement linear elastic
stiffness matrix.

mass: the matrix contributes to the explicit or volume element mass matrix.

damping: the matrix contributes to the explicit or volume element damping matrix.

5.3.17 application_defined_matrix_property_type

An application_defined_matrix_property_type is the specification of an allowable matrix property type
to be considered for an element.
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EXPRESS specification:

*)
TYPE application_defined_matrix_property_type = STRING;
END_TYPE;
(*

5.3.18 surface_matrix_property_type

A surface_matrix_property_type specifies an allowable matrix property type to be considered for a
surface element.

EXPRESS specification:

*)
TYPE surface_matrix_property_type = SELECT

(enumerated_surface_matrix_property_type,
application_defined_matrix_property_type);

END_TYPE;
(*

5.3.19 enumerated_surface_matrix_property_type

An enumerated_surface_matrix_property_typespecifies the allowable property types of a surface el-
ement matrix. The type is used to define the matrix integrated within a surface element thus allowing
different interpolation rules and integration methods to be used for different types of response relation-
ships.

EXPRESS specification:

*)
TYPE enumerated_surface_matrix_property_type = ENUMERATION OF

(membrane_direct,
membrane_shear,
bending_direct,
bending_torsion,
normal_to_plane_shear,
membrane_direct_mass,
membrane_shear_mass,
bending_direct_mass,
bending_torsion_mass,
normal_to_plane_shear_mass,
mass);

END_TYPE;
(*
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Enumerated item definitions:

membrane_direct: the matrix contributes direct membrane stiffness to the surface element small dis-
placement linear elastic stiffness matrix.

membrane_shear: the matrix contributes shear membrane stiffness to the surface element small dis-
placement linear elastic stiffness matrix.

bending_direct: the matrix contributes direct bending stiffness to the surface element small displace-
ment linear elastic stiffness matrix.

bending_torsion: the matrix contributes bending torsional stiffness to the surface element small dis-
placement linear elastic stiffness matrix.

normal_to_plane_shear: the matrix contributes normal to plane shear stiffness to the surface element
small displacement linear elastic stiffness matrix.

membrane_direct_mass:the matrix contributes direct membrane mass to the surface element mass
matrix.

membrane_shear_mass:the matrix contributes shear membrane mass to the surface element mass ma-
trix.

bending_direct_mass: the matrix contributes direct bending mass to the surface element mass matrix.

bending_torsion_mass:the matrix contributes bending torsional mass to the surface element mass ma-
trix.

normal_to_plane_shear_mass:the matrix contributes normal to plane shear mass to the surface ele-
ment mass matrix.

mass: the matrix contributes mass to the surface element mass matrix.

5.3.20 curve_matrix_property_type

A curve_matrix_property_type specifies an allowable matrix property type to be considered for a curve
element.

EXPRESS specification:

*)
TYPE curve_matrix_property_type = SELECT

(enumerated_curve_matrix_property_type,
application_defined_matrix_property_type);

END_TYPE;
(*
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5.3.21 enumerated_curve_matrix_property_type

An enumerated_curve_matrix_property_typespecifies the allowable property types of curve element
matrix. The type is used to define the matrix integrated within a curve element thus allowing different
interpolation rules and integration methods to be used for different types of response relationships.

EXPRESS specification:

*)
TYPE enumerated_curve_matrix_property_type = ENUMERATION OF

(axial,
y_y_bending,
z_z_bending,
torsion,
x_y_shear,
x_z_shear,
warping,
axial_mass,
y_y_bending_mass,
z_z_bending_mass,
torsion_mass,
x_y_shear_mass,
x_z_shear_mass,
warping_mass,
mass);

END_TYPE;
(*

Enumerated item definitions:

axial: the matrix contributes axial stiffness to the curve element small displacement linear elastic stiff-
ness matrix.

y_y_bending: the matrix contributes y bending stiffness to the curve element small displacement linear
elastic stiffness matrix.

z_z_bending: the matrix contributes z bending stiffness to the curve element small displacement linear
elastic stiffness matrix.

torsion: the matrix contributes torsional stiffness to the curve element small displacement linear elastic
stiffness matrix.

x_y_shear: the matrix contributes y shear stiffness to the curve element small displacement linear elastic
stiffness matrix.

x_z_shear: the matrix contributes z shear stiffness to the curve element small displacement linear elastic
stiffness matrix.
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