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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 hormally carried out
through 1ISO 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,
govermmeTtat-armdTor-govermeTtat;, i arsom wittr iSO afso take part i the work 1S©Tyllaborates
clpsely with the International Electrotechnical Commission (IEC) on all matters of electrotechpical stan-
dardization.

International Standards are drafted in accordance with the rules given in the ISONEC Directiyes, Part 3.
Draft International Standards adopted by the technical committees are circulated to the member bodies
far voting. Publication as an Internationa Standard requires approval by at least 75 % of the mermber

bodies casting a vote.

Attentionis drawnto the possibilitythatsomeof the elementf this partof 1SO 10303may bethe subject
of patent rights. ISO shall not be held responsible for any or-all.such patent rights.

Irl]‘ternational Standard 1SO 10303104 was prepared by Technicd Committee ISO/TC 184, Industtial
alitomatian systems and integration, Subcommittee SC 4,,Industrid data.

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

This International Standard is organized as a series of parts, each published separately. The structure of

thiis International Standard is describediin’l| SO 103031. The numbering of the parts of this Internatignal
Standard reflects its structure:

— Parts 11 to 14 specify the description methods;
— Parts 21 to 29 specify the implementation methods;
— Parts 31 t0.35 specify the conformance testing methodology and framework;

— Parts:41 to 50 specify the integrated generic resources;

—t CRarts 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:

XX ©IS0O 2000 — All rights reserved
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<http://lwww.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 pr
throughout the life cycle of a product independent from any particular system. The nature

oduct data
of this de-

scription makes it suitable not only for neutral file exchange, but also as a basis for implementing and

sharmgproduct databases and-arciving:

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

T
ty|
aspects of a product may be idealized and then analyzed as a cantinuum. Exact mathematic
any but the simplest continuum shapes are intractable. Therefore analytical methods that r
continuum as discrete tractable shapes are used. There afe many discrete analytical method
off which are finite element, finite difference, and boundary element. This part of ISO 10303
only finite element analysis.

nis part of ISO 10303 is concerned with information exchange needs of finite element anal

In
in
T
re

performing an analysis with finite element analysis methods the continuum of a product is

fo a finite element model that consists of aimesh of points (nodes) which are connected wit
e elements represent finite portions of the product that when connected with shared nodes
spond as would the entire product:tThe elements have associated physical and materig
There are also coordinate systems, groups, and administrative information associated wi
element model. Load, constraint, and analysis output control information, along with analysi
in’Lormation, are combined with'the finite element model to form a complete input to an analy
an analysis is performedanalysis results information may be output at the nodes and at ¢
positions within an element. There may be other output information not associated with

wthin the finite element'model such as total strain energy.

T
di
in
w

nis part of 1IS@ 20303 specifies the resources for the exchange of the information associaf
scretized (finite element) model, and the analysis controls, boundary conditions, and ana
formation.that are associated with it. It is expected that the reader of this part of ISO 10303
th finite'element analysis techniques.

pes of analyses can be conducted to ensure the performance “and integrity of a product.

The parts of
hpplication

and confor-
mber of the

sis. Many
Different
hl models for
bpresent the
blogies, some
addresses

!

Hiscretized

h elements.
collectively
| properties.
h the finite
5 selection
sis. Once
ne or more
a position

ed with the
ysis results
is familiar
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Industrial automation systems and integration —
Product data representation and exchange —

Part 104 o
Integrated application resource:

Finite element analysis

1

This
This

11

The

finite element analysis information model is partitioned into four schemasstthetural_respons
definition_schema the structural_response_representation_schemahefinite_element_analys
control_and_result_schemaand thefea_scalar_vector_tensor_schema

Scope

part of ISO 10303 specifies the resources for finite element analysis inputand output ir

formation.

includes finite element models, the analysis control information, and-the analysis regults. The

e_-

is -

NOTE 1 The EXPRESS-G schema level modelin Figure 1shows the relationships of the four sthemas and

their relationships to other parts of ISO 10303.
NOTE 2 The following rules apply to the entire FEA information model:

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

— aresult shall be combined with a medel and a control to be valid.

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

Analysis type scope
following types of-analyses are within the scope of this part of ISO 10303:

linear stati¢'analysis and linear dynamic modes and frequencies analysis of general 3D 9
stress, axisymmetric strain, and simple plane strain, based upon h-version finite element
using.2D and 3D continua and embedded elements which include thick shells, thin she
and-bars.

The

1.2

Touowing ypes O analyses are outside the Scope Ot this Part oriov 1UsUs0

linear static analysis of generalized plane strain.

Structural response definition schema scope

environ-

tress, plane
ormulation
Ils, beams,

The following are within the scope of th&tructural_response_definition_schemeaof this part of

ISO

10303:

(©IS0O 2000 — All rights reserved
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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_‘ finite_element_analysis_~
schema control_and_result_schema
N—
)

schema

T [®] ?

group_ 0 topology_
/~ material _ "\ | Q schemal schema

geometric_ (representation_\ ® %ea_scalar_vector_ measure_¢
model_ schema tensor_schema schem&
~———— B

property_ 53
definition_ O structural_response_

schema representation_schema

B
I

[ structural_response_ |
definition_schema

material_
property__ product_property ( support_resource_ A product_property_
representation_ representation—=schema schema definition_schema
N_ schema / \ /|

Figure 1'— FEA schema level model in EXPRESS-G

113 Structural response representation schema scope

The following are within the scope of trstructural_response_representation_schemaf this part of
1§0.10303:

— 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 (©IS0O 2000 — All rights reserved
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The following are outside the scope of thieuctural_response_representation_schemaf this part of
ISO 10303:

— p-version finite elements.

1

4 Finite element analysis control and result schema scope

T

1

T
in

=

part of ISO 10303:

he following are within the scope of tlii@ite_element_analysis_control_and_result_schenu t

analysis selection and related information;
environment information;

output control information;

nodal and element output information;

output information applying to a whole model;

administrative information.

5 Scalars, vectors, and tensors schema scope
ne following scalars, vectors and. tefisors which are necessary to represent the input ar

ite element analyses are withif"the scope of fiee_scalar_vector_tensor_schemaf this par
0O 10303:

scalars;
2D and 3D first\order tensors;
2D and 3D"second order tensors;

2D _and 3D symmetric fourth order tensors.

his

d output of
[ of
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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 neasint edions of the normative d

plies. Members of ISO and IEC maintain registers of currently valid International Standard

ISO/IEC 88241:199B, Informaticntechnology — Abstact Syntax Notation One (ASN. 1) >Specific
of| basic notation.

190 103031:1994 Industrid automatia systems and integration — Product dafa representation 3
exchange — Part 1: Overview and fundamental principles.
exchange — Part 11: Description methods: The EXPRESS language reference manual.

190 1030341:1994, Industrid automatian systems and integration — Product data representation g
exchange — Part 41: Integrated generic resouces: Fundanentalsof product description and suppo

190 1030342:1994, Industrid automatian systems atid'integration — Product data representation g
exchange — Part 42 Integrated generic resources:-Geonetric and topological representation.

190 1030343:1994, Industrid automatigi‘systems and integration — Product data representation g
exchange — Part 43: Integrated genericresouces: Representation structures.

exchange — Part 45: Integrated generic resource: Materials.

ocu-
referred to

12}

Ation

nd

ISO 10303-11:1994industrial automation systems and integration —Product data representation and

ind
1.

ind

ind

ISO 10303-45:1998Industrial automation systems and integration — Product data representation and

4 ©I1SO 2000 — All rights rese
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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;
—t application protocol;
—t application resource;
— data;

— data exchange;

— generic resource;

—t information;

— information model;
—t integrated resource;
—t model;

— product;

— product data;

— Structure.

312 Other terms and definitions

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

3.21

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.

(©1SO 2000 — All rights reserved 5
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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

control process
thie way in which a model is caused to depart from its initial state. For linear analysis a cont

the method of hierarchically reducing elements in size to provide a finer analysis resolution, g
larger number of smaller elements

3pR.7
p4version

constant, to provide a finer analysis xesolution

3p.8
result
thie response of a modehto a control as calculated by a finite element analysis application.

3pR.9

stpte

am aggregation of information about the analysis variables of a model that describes the r
instant.

| process.

have one or

ol process

roducing a

thie method of parametrically increasing the order of the elements while the size and shape remains

nodel at an

32410

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

() | Vector normalisation
x | Vector (cross) produg
- | Scalar product

|| | Vector magnitude

—

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

Table 2 — Element coordinate@xis symbols

| Normalized axes| Definition of the coordinate system |

(&,m,0) | an element parametric system
(x,y,z) | an element orthogonal system
(x',y’,z’) | an intermediate €lement orthogonal system
(used in the derivation of an element orthogonal system)
(X,Y,Z) | a specified-arbitrary system
(13.k) | the 2D.analysis plane definition system

3|4 Abbreviations

For the purposes of thispart of ISO 10303, the following abbreviations apply.

DOF degree of freedom
FEA finite element analysis
ref reference

(©I1S0O 2000 — All rights reserved 7
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4  Structural response definition schema

The following EXPRESS declaration begins gtauctural_response_definition_schemand identifies

the necessary external references.

E\Inhl_(\(‘ H '
NN oo opJTUILALIUTI

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

41 Introduction

Tlhe subject of thetructural_response_definition_schemas the definitional aspects of a finite el
amalysis model that describe the structural response of a product.

442 Fundamental concepts and assumptions

Tlhe definitional aspects of a finite element model are related to the representational aspects
s¢ribe by gproperty_definition’_representation association to atructural_response_property. T|
relationship is enforced-by the rules in teuctural_response_property _definition_representa
emtity in thestructural-fesponse_representation_schema

which aresestablished by tipeoperty_definition_representation andstructural_response_propertye
ties, are shown in Figure 2.

4(3 Structural response definition schema entity definitions

ement

that they de-
his
lion

NOTE The\telationships of the definitional and representational aspects of the FEA informatjon model,

nti-

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.

8 ©IS0O 2000 — All rights reserved
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representation_O
item analysis_item_
element_ ] Q within_
geometric_ representation
S[1:7] relationship node_geometric_| C
L relationship
element_
representation

7

(| fea_model O——

node__
representation

I

product O— pro_dL_Jgt_
O m definition_
definition ||

relationship
B P
representation F! .
characterized_ |
| product_ ‘
T | definition |
\
L _
Q-
structural _ M J — = é (5
response_ preperty . - — _ )
property_ (O—— definition_ | ghzrrw?t(i:ti”ZEd_‘ | shape._ | cftl)_aratcterlzed_
definition_ representation | gennitio || definition | objec

representation ‘ L T [ B T S

4 b 3

product_ @ M
property_ | - N shape_aspect_
definition definition_ O shape_aspecloi relationship
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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

A
Si

E

3.2 fea_model_definition

n fea_model_definitiondescribes a specific finite element analysis model. A finite eleme
5 model is a collection of information associated with the definition of a finite’element ang

product.

XPRESS specification

E
(*

4

A
di

E

NTITY fea model_definition
SUBTYPE OF (shape_aspect);
ND_ENTITY;

3.3 node_definition

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

XPRESS specification

4

NTITY node_definition
SUBTYPE<QOF (shape_aspect);
ND_ENTITY;

ht analy-
lysis of a

des are the

n-A ] 4 PR g W
9.4 CICITICTIL_UTTITTIUUT

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.

10
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EXPRESS specification

")

ENTITY element_definition
SUBTYPE OF (shape_aspect);

END_ENTITY;

ISO 10303-104:2000(E)

(*

EXPRESS specification

*)
END_SCHEMA; -- structural_response_definition_schema

(*

(©I1S0O 2000 — All rights reserved
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5 Structural response representation schema

The following EXPRESS declaration begins te&uctural_response_representation_schemand
identifies the necessary external references.

E\Inhl_(\(‘ H '
NN oo opJTUILAUUTI

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 EROM 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,

12 ©ISO 2000 — All rights reserved
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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_responge-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

support_resource_schema ISO 10303-41

51 Introduction

T
m

ne subjects of thetructural_response_representation_schemare the generalized nodesg ele
aterials, 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 wit
grated Resources are shown in Figure 1.

NOTE 2 Many model generation and representation features contained jinsinput files for some
cations are not reproduced exactly as an application would represent,them within this informa
but the requisite information can be derived from the more generic forin this part of ISO 103
information may be expanded during conversion from the input file foran FEA application into the
in this part of ISO 10303. If the information is then converted, back, an equivalent but expande
may be obtained.

5(2 Fundamental concepts and assumptions

Tlhe fundamental concepts and assumptions include the uniqueness of a finite element analys
relationships of a finite element model to a preduct, the geometric founding and the definition
3D finite element models, identifiers, coordihate systems, element integration, units and me
interface with the Materials schema, the‘telationships between the model definition and rep
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 existi
mation model was a key.design philosophy. Several single subtypes occur in the Finite Eleme
information model for reasons of upward compatibility and extensibility.

NOTE 2 The eléement entities are subtyped for extensibility with a minimum of disturbance to th
information madel (See Figures 7, 8, and 9). Extensibility to other analysis disciplines is discuss
E.

5(2.1 Product relationship

Clause 4 of this part of ISO 10303

ments,

h the Inte-

FEA appli-
lion model,
D3. Hence
structures
H input file

is model, the
of 2D and
pasures, the
esentation,

ng infor-
nt Analysis

e existing
Pd in annex

Thérelationship between a finite element analysis model and the product it represents is spé

ecified using

astructural_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.

14
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5.2.3 Geometric founding and analysis space

Thefea_modelis arepresentationand is therefore geometrically founded in a coordinate space. This
reference defines the basic coordinate system ofeemodel 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 aBespand 3D elements must
resiae T 3Dspaces:

5(2.4 Identifiers

An identifier within the FEA information model commonly is an integer. In this part of ISQ 10303
inrteger 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

Tihe placement coordinate systems and geometric founding spécified in ISO 10303-42 are ggneralized in
this part of ISO 10303 to include spherical and cylindricalcoordinate systems. All coordina'tl‘(: systems
shall be right handed. These coordinate systems applyto.models, controls, and results inforfnation.

5(2.6 Element matrix integration

Maany finite elements require numerical integration of the matrices that are generated from the element
specification. Element matrix informatioriis 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 Itis intended thatthe element integration and basis information provide the translator ¢r interface
writer with information fer.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
off the aspects of a measure such as mass or length are obtained fr@présentation_contextentity
associated-with thiEea_modelentity.

5(2:8 Interface with-the materials schem

TCTTCo OTrToTTT10C

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 1ISO 10303-45.

ISO 2000 — All rights reserved 15
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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’éxist with
rgspect to a finite element model. This is enforced byekalt entity referring to acontrol entity which
in[turn refers to dea_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 . gteictural_response_representatign_-
s¢hema

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

5(3.1 axi_or_plane

Anp axi_or_planespecifies whetheraiga_model_2ds 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 thexis of the founding coordinate system to create a volume.

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

16 (©ISO 2000 — All rights reserved
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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.
z A

Location

Figure 3 — Cartesian coordinate system definition

i |

Logation

~Y

Figure 4 — Cylindrical coordinate system definition
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Location

~V

Figure 5 — Spherical coordinate systeni-definition

EXPRESS specification

*
)
TYPE coordinate_system_type = ENUMERATION ©OF
(cartesian,

cylindrical,

spherical);

END_TYPE;

Enumerated item definitions

cqrtesian: the coordinate system is of type cartesian.
cylindrical: the egordinate system is of type cylindrical.

spherical: the.coordinate system is of type spherical.

18 ©IS0O 2000 — All rights reserved
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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.

E\Inhl_(\(‘ H '
NN oo opJTUILAUUTI

E

PE element _order = ENUMERATION OF
(linear,
quadratic,
cubic);

ND_TYPE;

humerated item definitions

f

Cy

5

E

guadratic: the element basic interpolation order is quadratic.

ear: the element basic interpolation order is linear.

bic: the element basic interpolation order is cubic.

3.4 plane_2d_element_purpose

plane_2d_element_purposspecifiesthe allowable assumptions of response through the thi
finite element.

XPRESS specification

")

E
(*

PE plane_2d.element_purpose = SELECT
(enumerated_plane_2d_element_purpose,
application_defined_element_purpose);
ND_TYRE;

ckness of

5

3.5 enumerated_plane_2d_element_purpose

An enumerated_plane_2d_element_purposspecifies the allowable assumptions of response through

th

e thickness of a finite element.

(©I1S0O 2000 — All rights reserved
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EXPRESS specification

")

TYPE enumerated_plane_2d_element_purpose = ENUMERATION OF
(plane_stress,
plane_strain);

E LD TN
IND—T YT,
(*

Enumerated item definitions

plene_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,
buyit the stress is not.

5(3.6 application_defined_element_purpose

Anp application_defined_element_purpose is the specification of an allowable response pufpose to be
cgnsidered for an element.

EXPRESS specification

TYPE application_defined_element_purpose = STRING;
END_TYPE;

5(3.7 volume~element_purpose

A|volume_elementDpurposaspecifies the allowable types of strain-displacement relationshipjassumed
for a volume efement.

EXPRESS specification

*

)

TYPE volume_element_purpose = SELECT
(enumerated_volume_element_purpose,
application_defined_element_purpose);

END_TYPE;

(*
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3.8 enumerated_volume_element_purpose

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

DRhEQCQ H '
NN oo opJTUILAUUTI

PE enumerated_volume_element_purpose = ENUMERATION OF

ress_displacementthe element considers only stress-displacement behaviour.

3.9 surface_element_purpose

surface_element_purposepecifies the allowabletypes of strain-displacement relationship

PE surface_element_purpose’ = SELECT
(enumerated_surface glement_purpose,
application_definmed. element_purpose);

3.10 enumerated_surface_element_purpose

T
(stress_displacement);

END_TYPE;

(*

Enumerated item definitions

st

5

A

for a surface element.

EXPRESS specification

%)

T

END_TYPE;

(*

5

A

fi

q

N enumerated_surface_element_purposspecifies the allowable types of strain-displaceme

assumed

nt rela-

nship assumed for a surface element.

NOTE Thesurface_element_purposds 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 directamed memb
- bending direct responses.

(©I1S0O 2000 — All rights reserved
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EXPRESS specification

*

)

TYPE enumerated_surface_element_purpose = ENUMERATION OF
(membrane_direct,

membrane_shear,

bclldillu_dilcbt,

bending_torsion,

normal_to_plane_shear);

END_TYPE;

Enumerated item definitions

erngy.
miembrane_shear: in-plane shear deformations contribute to.fhie element’s strain energy.

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

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

bending_torsion: torsional deformations of the surface element contributes to the element’s
erngy.

5/3.11  curve_element_purpose

afcurve element.

EXPRESS specification

*
)
TYPE curve_‘element_purpose = SELECT
(enumerated_curve_element_purpose,
application_defined_element_purpose);
END TYPE;

(*

22 ©ISO 2000 — All rights rese
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5.3.12 enumerated_curve_element_purpose

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

NOTE Thecurve_element_purposes referenced as a SET of SETs to allow the appropriate combina-

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 en
y |y_bending: changes in curvature about the curve element’s lpeadis contribute to the strain e
z |z_bending: changes in cdrvature about the curve element’s lmeais contribute to the strain en
torsion: torsion aboutthe 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
x|z_shear: shear‘deformation in the xz plane of the curve contributes to the element’s strain
warping: .warping deformation of the cross-section of the curve contributes to the element’s
engy.

at an

ergy.
ergy.
ergy.

energy.
energy.

strain en-

(©I1S0O 2000 — All rights reserved
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5.3.13 volume_3d_element_shape

A volume_3d_element_shapspecifies 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

Anp element_2d_shapspecifies.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.

E\Ir\l—\l—r\(\ H 1
NN oo opJTUNILAUUTI

TYPE matrix_property_type = SELECT
(enumerated_matrix_property_type,
application_defined_matrix_property_type);
END_TYPE;

(*

5(3.16 enumerated_matrix_property_type

Ap enumerated_matrix_property_typespecifies the allowableproperty types of an explicit or yolume

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

EXPRESS specification

*
)
TYPE enumerated_matrix_property_ type = ENUMERATION OF
(stiffness,

mass,

damping);

END_TYPE;

(*

Enumerated:itém definitions

stjffness::the matrix contributes to the explicit or volume element small displacement linegr elastic
stjffress 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.

ISO 2000 — All rights reserved 25
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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\consider
syrface 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 sur

di
ships.

EXPRESS specification

*
)
TYPE enumerated_surface_matrix_property_type = ENUMERATION OF
(membrane_direct,

membrane_shear,

bending_direct,

evl:ent matrix. The type is used to.déefine the matrix integrated within a surface element thy
erent interpolation rules and integration methods to be used for different types of respong

ed for a

face el-
s allowing
be relation-

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
placement linear elastic stiffness matrix.

small dis-

bending_direct: the matrix contributes direct bending stiffness to the surface element small
mient linear elastic stiffness matrix.

bending_torsion: the matrix contributes bending torsional stiffness to the surface element {
placement linear elastic stiffness matrix.

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

membrane_direct_mass:the matrix contributes direct membrane mass to the surface elen
mitrix.

miembrane_shear _massthe matrix contributes shear membrane mass to the surface elemen
trix.

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

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

ngrmal_to_plane_shear_massthe matrix contributes normal to plane shear mass to the suf
ment mass matrix.

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

5/3.20 curve_matrix_property_type

Alcurve_matrix_propetty type specifies an allowable matrix property type to be considered fo
element.

EXPRESS-specification

displace-

small dis-

b element

ent mass

mass ma-

S matrix.

mass ma-

face ele-

I'a curve

")

TYPE _curve matrix property tyvpe = SEILECT
—I L J I

(enumeratgd_curve_m atrix_property_type,
application_defined_matrix_property_type);
END_TYPE;
(*

(©I1S0O 2000 — All rights reserved
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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 e
Ness matrix.

yly_bending: the ymatrix contributes y bending stiffness to the curve element small displacen
elpstic stiffness matrix.

elpstijc stiffness matrix.

torsian: the matrix contributes torsional stiffness to the curve element small displacement i

astic stiff-

ent linear

z |z_bending: the matrix contributes z bending stiffness to the curve element small displacement linear

ar 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.

28 ©IS0O 2000 — All rights rese
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warping: the matrix contributes warping stiffness to the curve element small displacement lin
stiffness matrix.

axial_mass: the matrix contributes axial mass to the curve element mass matrix.

y_y_bending_mass:the matrix contributes y bending mass to the curve element mass matrix

ear elastic

z z bending massithe matrix contributes z bending mass to the curve element mass matrix.

torsion_mass: the matrix contributes torsional mass to the curve element mass matrix.
xy_shear_massthe matrix contributes y shear mass to the curve element mass matrix:
X |z_shear_massthe matrix contributes z shear mass to the curve element massimatrix.
warping_mass: the matrix contributes warping mass to the curve element mass matrix.

miass: the matrix contributes mass to the curve element mass matrix.
5(3.22 matrix_symmetry

A|matrix_symmetry specifies the allowable types of symmetry of a square matrix. The type
metry determines the position in an ARRAY attribute &ach term of a matrix. Except for asym

miatrices, only the lower half of the matrix is populated:

For asymmetric matrix of size n (where n denotesthe number of freedoms defined by the dsg
freedom_list) the position of the terms shall be:

1 (symmetric)
2 n+ad
3 n+2 2n
. 3n—2
n 2n—1 3n—-3 . - - n(n+1)/2

For adiagonahmatrix of size n (where n denotes the number of freedoms defined by the dsg
freedom_list) the position of the terms shall be:

=

of sym-
metric

gree_of -

gree_of -

-
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EXPRESS specification

")

TYPE matrix_symmetry = ENUMERATION OF

(symmetric,
diagonal);

[T W V4 =Y

El
(*

E

DT,

humerated item definitions

SY
di

5

A

E

mmetric: the matrix and its transpose are identical.

pgonal: the matrix has non-zero terms on the main diagonal only.

3.23 degree_of freedom

XPRESS specification

")

E

(*

A

E

PE degree_of freedom = SELECT
(enumerated_degree_of_freedom,
application_defined_degree_of_freedom);
ND_TYPE;

3.24 enumerated_degree_of freedom

N enumerated_degree_of_freedonspecifies the allowable degrees of freedom to be consic
e intended analysis.

XPRESS specification

")

TYPE enumerated_degree_of freedom = ENUMERATION OF

(x_translation, y_translation, z_translation,
X_rotation, y_rotation, z_rotation,
warp);

END_TYPE;

(*

30

degree_of_freedomis the allowable degrees of freedom to'be considered for the intended gnalysis.

ered for
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Enumerated item definitions

X_translation: a translation degree of freedom along the x-axis.

y_translation: a translation degree of freedom along the y-axis.

z_translation: a translation degree of freedom along the z-axis.

X_
Y]
Z_

W

A
b4

E

rotation: a rotation degree of freedom about the x-axis.
rotation: a rotation degree of freedom about the y-axis.
rotation: a rotation degree of freedom about the z-axis.

Arp: a warping degree of freedom of a curve element cross-section.

3.25 application_defined_degree_of freedom

n application_defined_degree_of_freedoris the specification of an‘allowable degree of free
b considered for the intended analysis.

XPRESS specification

A
el

E

PE application_defined_degree_of freedom.&) STRING;
ND_TYPE;

3.26 curve_element-freedom

curve_element_freedomspecifies the allowable degrees of freedom to be considered fo
ement.

XPRESS spegification

")

PE. curve_element freedom = SELECT
(enumerated_curve_element_freedom,

dom to

[ a curve

A " (P (| £ ! 3\
applicauuri_ucTnicu_ucTyrcc__Ul_ITETUUITt),

END_TYPE;

(*
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5

.3.27 enumerated_curve_element_freedom

An enumerated_curve_element_freedorspecifies the allowable degrees of freedom to be considered
for a curve element.

DREQQ H i
NN oo opJTUITTLAtiVTl

E
(*

E

PE enumerated_curve_element freedom = ENUMERATION OF
(x_translation, y_translation, z_translation,
X_rotation, y_rotation, z_rotation,
warp,
none);
ND_TYPE;

humerated item definitions

Y.

Y.

W

N(

A
sy

|translation: a translation degree of freedom along the x-axis.

[translation: a translation degree of freedom alongthe y-axis.

|translation: a translation degree of freedomyalong the z-axis.

|rotation: a rotation degree of freedom about the x-axis.

rotation: a rotation degree of freedom about the y-axis.

_|rotation: a rotation degree of freedom about the z-axis.

Arp: a warping degree of freedom of a curve element cross-section.

ne: no degree of freedom of a curve element is specified.

3.28 integration_rule

N integration_rule specifies the allowable types of numerical integration rules to be cons
btypes:of'the volume, surface and curve integration entities.

EXPRESS specification

")

TYPE integration_rule = ENUMERATION OF

(gaussian,
simpson);

END_TYPE;

(*

32
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Enumerated item definitions

gaussian: gaussian integration.

simpson: bart simpson’s rule integration.

5 2 70 h frunet:
J.aJ I L

Alshape_functionspecifies the allowable types of interpolation function.

EXPRESS specification

*
)
TYPE shape_function = ENUMERATION OF
(lagrangian,

serendipity,

hermitian,

unspecified);

END_TYPE;

Enumerated item definitions

lagrangian: the shape function is based<wupon lagrangian polynomials.

serendipity: the shape function is based upon the serendipity modification of the lagrangian
als.

hermitian: the shape functienis based upon hermitian polynomials.

umspecified: the shape function is not specified.

5/3.30 velume_2d_element_representation

Alvolume »2d”_element_representatiors either an axisymmetric or plane volume 2D element.

EXPRESS specification

holynomi-

*

)

TYPE volume_2d_element_representation = SELECT
(axisymmetric_volume_2d_element_representation,
plane_volume_2d_element_representation);

END_TYPE;

(*

(©I1S0O 2000 — All rights reserved
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5.3.31 surface_2d_element_representation

A surface_2d_element_representatiois either an axisymmetric or plane surface 2D element.

EXPRESS specification

*
)
TYPE surface_2d_element_representation = SELECT
(axisymmetric_surface_2d_element_representation,
plane_surface_2d_element_representation);
END_TYPE;

(*
5(3.32 curve_2d_element_representation

Alcurve_2d_element_representatioiis either an axisymmetric or plane curve 2D element.

EXPRESS specification

TYPE curve_2d_element_representation = SELECT
(axisymmetric_curve_2d_element_representation,
plane_curve_2d_element_representation);
END_TYPE;

5/3.33 volume_2d:element_descriptor

Alvolume_2d_element_descriptois a collection of information that specifies either an axisyn
ofl plane volume element.

EXPRESS-specification

")

hmetric

TYPE volume 2d element descriptor = SFIFCT

(axisymmetric_volume_2d_element_descriptor,
plane_volume_2d_element_descriptor);
END_TYPE;

(*
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5.3.34 surface_2d_element_descriptor

A surface_2d_element_descriptors a collection of information that specifies either an axisymmetric
or plane surface element.

E\Inhl_(\(‘ H '
NN oo opJTUILAUUTI

TYPE surface_2d_element_descriptor = SELECT
(axisymmetric_surface_2d_element_descriptor,
plane_surface_2d_element_descriptor);
END_TYPE;

(*
5(3.35 curve_2d_element_descriptor

Alcurve_2d_element_descriptors a collection of information that specifies either an axisymmjetric or
plane curve element.

EXPRESS specification

TYPE curve_2d_element_descriptor = SELECT
(axisymmetric_curve_2d_element-descriptor,
plane_curve_2d_element_desgriptor);
END_TYPE;

5/3.36 volume) 3d_element_coordinate_system

Alvolume_3d_element_coordinate_systei the orthogonal coordinate system for a volume BD ele-
mient that shaflbe either an arbitrary or a parametric coordinate system.

EXPRESS specification

*

)

TYPE volume_3d_element_coordinate_system = SELECT
(arbitrary_volume_3d_element_coordinate_system,
parametric_volume_3d_element_coordinate_system);

END_TYPE;

(*
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5.3.37 volume_2d_element_coordinate_system

A volume_2d_element_coordinate_systei the orthogonal coordinate system for a volume 2D ele-
ment that shall be either an arbitrary or a parametric coordinate system.

E\Ir\l—\l—r\(\ H 1
NN oo opJTUNILAUUTI

TYPE volume_2d_element_coordinate_system = SELECT
(arbitrary_volume_2d_element_coordinate_system,
parametric_volume_2d_element_coordinate_system);
END_TYPE;

(*
5/3.38 surface_3d_element_coordinate_system

Alsurface_3d_element_coordinate_systeiman orthogonal caordinate system for a surface 3D plement
thiat shall be either an aligned, constant, or a parametric.caordinate system.

EXPRESS specification

*
)
TYPE surface_3d_element_coordinate_system = SELECT
(aligned_surface_3d_element_coordinate_system,
parametric_surface_3d_element—coordinate_system,
constant_surface_3d_element. coordinate_system);
END_TYPE;

(*
5/3.39 surface 2d_element_coordinate system

Alsurface_2d<elément_coordinate_systein a coordinate system for a surface 2D element that shall
be either an\aligned or a parametric coordinate system.

EXPRESS specification

*

)

TYPE surface_2d_element_coordinate_system = SELECT
(aligned_surface_2d_element_coordinate_system,
parametric_surface_2d_element_coordinate_system);

END_TYPE;

(*

36 ©ISO 2000 — All rights reserved


https://standardsiso.com/api/?name=3049a7d726b1a379594044382a78eb72

ISO 10303-104:2000(E)

5.3.40 curve_3d_element_coordinate_system

A curve_3d_element_coordinate_systems an orthogonal coordinate system for a curve 3D element
that shall be either aligned or parametric.

E\Inhl_(\(‘ H '
NN oo opJTUIILAUUTI

TYPE curve_3d_element_coordinate_system = SELECT
(aligned_curve_3d_element_coordinate_system,
parametric_curve_3d_element_coordinate_system);
END_TYPE;

(*
5(3.41 curve_element_end_coordinate_system

Alcurve_element_end_coordinate_systein a coordinate system for the end offset and end rglease of
curve elements.

EXPRESS specification

TYPE curve_element_end_coordinate_system = SELECT
(fea_axis2_placement_3d,
curve_3d_element_coordinatexsystem);
END_TYPE;

5(3.42 directionally _explicit_element_coordinate_system

Al directionally_explicit_element_coordinate_systems a directionally explicit element coordinate
system that shall be either an aligned or arbitrary coordinate system that is used for orienting property
informatiomassociated with a directionally explicit element.

EXPRESS specification

*

)

TYPE directionally_explicit_element_coordinate_system = SELECT
(directionally_explicit_element_coordinate_system_arbitrary,
directionally_explicit_element_coordinate_system_aligned);

END_TYPE;

(*
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5.3.43 element_aspect

An element_aspecis the aspect of an element(volume, face, or edge) to be associated with a geometric
shape representation.

E\Inhl_(\(‘ H '
NN oo opJTUIILAUUTI

TYPE element_aspect = SELECT
(element_volume,
volume_3d_face,
volume_2d_face,
volume_3d_edge,
volume_2d_edge,
surface_3d_face,
surface_2d_face,
surface_3d_edge,
surface_2d_edge,
curve_edge);

END_TYPE;

(*

5(3.44 element_volume

An element_volumes the entire volume of-aalement_representation

EXPRESS specification

")
TYPE element_volume( =) ENUMERATION OF
(volume);

END_TYPE;

(*

Enumerated item definitions

volume the votume of anm efermernt.
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5.3.45 curve_edge

A curve_edges the edge of a curve element.

EXPRESS specification

ISO 10303-104:2000(E)

TYPE curve_edge = ENUMERATION OF
(element_edge);
END_TYPE;

Enumerated item definitions

element_edge:the edge of a curve element.

5/3.46 node_or_node_group

Alnode_or_node_grougs a node or set of nodes.

EXPRESS specification

TYPE node_or_node_group = SELECT
(node_representation,
node_group);

END_TYPE;

5(3.47 element_or_element_group

EXPRESS specification

An element\or_element_groups an element or set of elements.

*

)

TYPE element_or_element_group = SELECT
(element_representation,
element_group);

END_TYPE;

(*
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5.4 Structural response representation schema entity definitions:
Finite element analysis model

A finite element analysis model is a collection of information that represents the finite element analysis
of a product. This information includes generalised nodes, elements, materials, properties, and groups
which are combined to form a discrete mesh model of the product.

5

Anp fea_modelrepresents a specific finite element analysis model.

EXPRESS specification

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

4.1 fea_model

ENTITY fea_model

U

E
(*

A

SUPERTYPE OF (ONEOF(fea_model_2d,
fea_model_3d))
SUBTYPE OF (representation);

creating_software . text;
intended_analysis_code : SET [1:?] OF text;
description . text;
analysis_type . text;

NIQUE

UR1: SELF\representation.name;

ND_ENTITY;

tribute definitions

cr
sh
in
W
Sy

eating_software;-the name of the software used to creatdesn model The version of the soft
all be specified.

fended_-analysis_codethe set of one or many names of the intended analysis code tfed ano
hs créated for. Each intended analysis code shall have the vendor, version, computer syste
stem and descriptions specified.

ware

del
m, operating

description: a description of théea_modelproviding supporting information supplied by the author(s)
of the model.

analysis_type: a description of what type of analysis is to be performed withférs model

40

NOTE The model id, a unique application defined identifier of@am _mode| is specified by th@ame

attribute of thaepresentation supertype.
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Formal propositions

UR1: the model id shall be unique to each finite element analysis model.

5.4.2 fea_model 3d

An fea_model_3ds anfea_modelthat has geometry in three dimensions for 3D analyses.

EXPRESS specification

ENTITY fea _model 3d

SUBTYPE OF (fea_model);

WHERE

WR1: SELF\representation.context_of items\
geometric_representation_context.coordinate_space_dimension = 3;

END_ENTITY;

(*

Formal propositions

W

5

R1: the dimension count of the founding coordinate system shall be 3.

4.3 fea_model_2d

Anp fea_model_2ds anfea_modélwhose geometry is restricted to a plane for planar or axisy
analyses.

EXPRESS specification

W

ENTITY feaymodel_2d

SUBTYPE OF (fea_model);
type ‘of_2d_analysis : axi_or_plane;
HERE

mmetric

WRI. SELCFrepresentation.context_of_items\
geometric_representation_context.coordinate_space_dimension = 2;

END_ENTITY;

(*
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Attribute definitions

type_of_2d_analysis:indicates whether thiea_modelis axisymmetric or planar.

Formal propositions

WR1: the dimension count of the founding coordinate system shall be 2.

5(4.4 structural_response_property definition_representation
a finite element model, node or element and its representation.

EXPRESS specification

ENTITY structural_response_property_definition_representation
SUBTYPE OF (property_definition_representation);

WHERE
WR1: ((STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA. +

'STRUCTURAL_RESPONSE_PROPERTY’) IN TYPEOF
(SELF\property_definition_representation.definition));
WR2: (((STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA.FEA_MODEL’

Alstructural_response_property_definition_representationis an association hetween the prop

erty of

IN TYPEOF
(SELF\property_definition_representation.used_representation))
AND
(STRUCTURAL_RESPONSE_DEFINITION_SCHEMA.FEA_MODEL_DEFINITION’
IN TYPEOF
(SELF\property_definition_representation.definition.definition)))
OR
(CSTRUCTURALZRESPONSE_REPRESENTATION_SCHEMA.ELEMENT_REPRESENTA[TION’
IN TYPEOF
(SELF\property_definition_representation.used_representation))
AND
(STFTRUCTURAL_RESPONSE_DEFINITION_SCHEMA.ELEMENT_DEFINITION’
IN' TYPEOF
(SELF\property_definition_representation.definition.definition)))
OR
((STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMANODE _REPRESENTATIO
IN TYPEOF
(SELF\property_definition_representation.used_representation))
AND
(STRUCTURAL_RESPONSE_DEFINITION_SCHEMA.NODE_DEFINITION’
IN TYPEOF

(SELF\property_definition_representation.definition.definition))));
END_ENTITY;
(*
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Formal propositions

WR1: the property being represented shall Istractural_response_property.

WR2: the fea_modelshall be associated with the shape definition of a model, oretement_-

representation shall be associated with the shape definition of an element, ooitie _representat
shall be associated with the shape definition of a node.

5(4.5 fea_representation_item
An fea_representation_itemis the different types of coordinate system for a finite element. THh

element_representatiorsubtypes.

EXPRESS specification

ENTITY fea_representation_item
SUPERTYPE OF (ONEOF
(arbitrary_volume_3d_element_coordinate_system,

parametric_volume_3d_element{eoordinate_system,
arbitrary_volume_2d_element\coordinate_system,
parametric_volume_2d_elemeént_coordinate_system,
aligned_surface_3d_element_coordinate_system,
parametric_surface_3d-element_coordinate_system,
constant_surface_3d-element_coordinate_system,
aligned_surface 2d_element_coordinate_system,
parametric_surfdce_2d_element_coordinate_system,
aligned_curve_3d_element_coordinate_system,
parametric” curve_3d_element_coordinate _system,
parametric_curve_3d_element_coordinate_direction,
curve 2d_element_coordinate_system,
directionally_explicit_element_coordinate_system_arbitrary,
directionally_explicit_element_coordinate_system_aligned))

SUBTYPE QFE representation_item);

END_ENTITYS

(*

ion

e use of

thie appropriate type of coordinate system for a type of element is governed by rules within ¢ach of the
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5.5 Structural response representation schema entity definitions:

Node and element geometry, geometric coordinate systems, and geometric

associativity

Nodes are the discretized points in the continuum being modelled that are connected with elements.

There are three types of nodemide_geometric node anddummy node
In| a finite element analysis modehade shall have the following purposes:

— anodeshall be a discretisation point for the field variables of the finite element-analysis
finite element analysis model field has independent variables only abties.

— anodeshall be connected to an element.

connected to an element.geometric_nodeshall define the geometnry of an element.

EXAMPLE 1 The point associated withgeometric_nodemay’provide an off-axis position for a
element to define the orientation of the section properties:

At[[ernatively, a model may contain sordemmy_nodes-that are not discretisation points for fiel
ables. Thesdummy_nodes are used as place halders in elemmrde_liss when the optional (c
additional in this information model) mid-edgeé;mid-side, and mid-volume nodes are not pres

Geometric coordinate systems provide a‘frame of reference for finite element analysis modeg
constructs.

a finite element analysis model.

All FEA coordinate systems shall be defined with respect to the master or basic coordinate syg
by therepresentationentity SUBTYPE reference in tHea_modelentity. The master coordinate s
shall be Cartesian,-All coordinate systems shall be right handed. The FEA information model

coordinate systems to include cylindrical and spherical types. To this end, subtypes have bg
thie following 1ISO 10303-42 entities:

—t direction: specialised with a subtype to allow the definition of direction ratios with nodes

model. A

A|model may contairgeometric_node that are not discretisation points for field variables and not

curve

1 vari-
alled
ent.

| geometric

EXAMPLE 2 Nodal coordinates and material axis orientations are types of geometric information within

tem defined
ystem
jeneralizes
en added to

— axis2_placement_3d specialised with a subtype to allow specification of the coordinate system

type.
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Nodes are aggregated together inagle_setin order to facilitate geometric founding. An application
protocol will define ashape_representatiorsubtype that will in turn aggregatenmde_setand option-
ally a placemententity, which also may be combined with other entities from ISO 10303-43 to complete

re

lationships with other coordinate frames.

An element coordinate system is derived from element nodal geometry. All element nodal geometry is

fo
S6
m

A

E

:yy:z or x:y are significant.

btwith a placementby a combination ofnapped_itemandrepregentation_relationshipentities
anner consistent with the shape representation specifications of a referencing application (

NOTE Figure 6 shows the relationships of FEA with Geometry and Representation.

5.1 direction_node
direction_node s the components of the direction vector defined hy-a line frome_1to node
ne actual magnitudes of the components have no effect upon the direction being defined; on

NOTE Itis assumed that this vector will be normalised when used.

XPRESS specification

D

W

NTITY direction_node
SUBTYPE OF (direction);
node 1 :\node_representation;
node 2 *“ node_representation;
ERIVE
SELF\direction.direction_ratios : LIST [2:3] OF REAL :=
build_direction_node (node_1, node_2);
HERE
WR1: SIZEOF (QUERY(item <* node_1\representation.items |
‘GEOMETRY_SCHEMA.CARTESIAN_POINT’ IN TYPEOF (item))) = 1,
WR2: SIZEQOEMQUERY(item <* node_2\representation.items |
'"GEOMETRY_SCHEMA.CARTESIAN_POINT’ IN TYPEOF (item))) = 1,
WR3: _NOT ((direction_ratios[1] = 0.0) AND
(direction_ratios[2] = 0.0) AND
(direction_ratios[3] = 0.0));

E

mmded by firstaggregatimpde representatiorentitres imenode_setand-thenassocrating thede_-

na
rotocol.

| 2
ly the ratios

NDENTITY;

(*
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Figure 6 — EXPRESS-G partial model illustrating finite element analysis
relationships with geometry and representation
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Attribute definitions

node_1: the first node used to define the direction vector.
node_2: the second node used to define the direction vector.

direction_ratios [1]: the component of the direction in the X axis.

direction_ratios [2]: the component of the direction in the Y axis.

direction_ratios [3]: the component of the direction in the Z axis; this will not be presentiin th¢ case of
a D space.

Formal propositions

WR1: node_1shall represent a cartesian point.
WR2: node_2shall represent a cartesian point.
W

R3: the magnitude of the direction vector shall be greater.than zero.

5(5.2 fea_axis2_placement_2d

An fea_axis2_placement_2& a location and orientation in 2D space, and declares that the Hlacement
Cpordinate System may be either Cartesian, €ylindrical, or Spherical. All coordinate systems in a finite
element analysis model shall be right handed.

EXPRESS specification

ENTITY fea_axis2_placement_2d
SUBTYPE OF (axis2_placement_2d);

system_type . coordinate_system_type;
description . text;
END_ENTITY;

(*

Attribute definitions

system_type:the type of placement coordinate system, which may be a right handed Cartesian, Cylin-
drical, or Spherical coordinate system.

description: additional information about the formulation or purpose of the coordinate system.

NOTE The coordinate system id, a unique application defined identifierfeammxis2_placement_2ds
specified by th@ameattribute of therepresentation_itemsupertype.
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In

formal propositions

IP1: the combination of afea_modeland coordinate system id shall be unique within a finite element
analysis model.

5

5.3 fea axis?2 placement 3d

A
C
el

E

n fea_axis2_placement_3 a location and orientation in 3D space, and declares thatthe H
pordinate System may be either Cartesian, Cylindrical, or Spherical. All coordinate system
ement analysis model shall be right handed.

XKPRESS specification

E
(*

A

NTITY fea_axis2_placement_3d

SUBTYPE OF (axis2_placement_3d);

system_type . coordinate_system_type;
description . text;

ND_ENTITY;

tribute definitions

SY

dd

drical, or Spherical coordinate system:

Informal propesitions

stem_type: the type of placement ceordinate system, which may be a right handed Cartes

NOTE The coordinate system id, a unique application defined identifierfearaxis2_placement_
specified by th@amgattribute of therepresentation_itemsupertype.

IH

amalysismodel.

1: the.combination of afea_modeland coordinate system id shall be unique within a finite ¢

escription: additional information about the formulation or purpose of the coordinate systen.

lacement
5 in a finite

an, Cylin-

pds

blement
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5.5.4 node_set

A node_setis the aggregation afiode_representationentities for geometric founding in a common
coordinate frame.

ENTITY node_set

SUBTYPE OF (geometric_representation_item);

nodes : SET [1:?] OF node_representation;

WHERE

WR1: SIZEOF (QUERY (tmp <* nodes |
tmp\representation.context_of _items :<>:
nodes[1]\representation.context_of items)) = 0;

END_ENTITY;

(*

Attribute definitions

nodes: thenode_representatios to be founded in‘@.common coordinate frame.

Formal propositions

WR1: the geometric representation.context of each of the nodes in the set shall be the same.

5(5.5 analysis_item' within_representation

An analysis_item_within, representatioris a reference to an individusdpresentation_itemuseg in
a specifiedepresentation

EXPRESS-specification

EINTITY analysis_item_within_representation;

name . label;

description . text;

item . representation_item;

rep . representation;
WHERE

WR1: SIZEOF (QUERY (tmp <* using_representations(item) |
tmp :=: rep)) = 1,
END_ENTITY;
(*
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Attribute definitions

name: the word or group of words by which tlaalysis_item_within_representatioris known.
description: the word or of group of words that characterizeainalysis_item_within_representation

item: arepresentation_itemused in theepresentationreferenced by rep.

rep: therepresentationthat the item is used in.

Formal propositions

WR1: the referencedepresentation_itemshall be used in the referencegpresentation

5(5.6 node_geometric_relationship

Alnode_geometric_relationshipis the association of a node or set of nodes with a geomettic shape
rgpresentation item.

EXPRESS specification

ENTITY node_geometric_relationship;

node_ref . node_or_node_group;
item . analysis_item_within_representation;
WHERE

WR1: '"GEOMETRY_SCHEMA.GEOMETRIC_REPRESENTATION_ITEM’ IN TYPEOF(item.item);
END_ENTITY;

(*

Attribute definitions

node_ref: theqode or set of nodes being related to geometry.

—

item: the.geometric representation item to which the node or set of nodes is being related.

Formal propositions
Ll Lo

WR1: the item associated with the node or set of nodes shall be a geometric representation item.

50 ©ISO 2000 — All rights reserved


https://standardsiso.com/api/?name=3049a7d726b1a379594044382a78eb72

ISO 10303-104:2000(E)

5.5.7 element_geometric_relationship

An element_geometric_relationships the association of an aspect (edge, face, or entire volume) of an

element or set of elements with an appropriate type of geometric representation item.

E\Inhl_(\(‘ H '
NN oo opJTUIILAUUTI

ENTITY element_geometric_relationship;

element_ref . element_or_element_group;
item . analysis_item_within_representation;
aspect . element_aspect;

WHERE

WR2: consistent_geometric_reference (aspect, item.item);
WR3: consistent_element_or_group_reference (aspect, element_fef);
END_ENTITY;

(*

Attribute definitions

element_ref: the element or set of elements being related to geometry.

—

item: the geometric representation item to which the element aspect is being related.

aspect: the edge, face, or volume for the element or set of elements.

Formal propositions

W

WR2: the elementaspect shall be related to the appropriate geometric shape representatid
ment edges shallbe'related to a curve, element faces to a surface, and the volume of an elem
miodel.

W

R3: theelement aspect shall be consistent with the element type for the element or set of

WR1: '"GEOMETRY_SCHEMA.GEOMETRIC_REPRESENTATION_ITEM: IN TYPEOF(item.item);

R1: the item associated-with the element or set of elements shall be a geometric representation item.

n item. Ele-
ent to a solid

elements.
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5.6 Structural response representation schema entity definitions:
Node representation

Node representations are in the most general sense locations within a finite element model. These loca-
tions may be associated with geometric shape representations.

5(6.1 node_representation

A|node_representationis location within a finite element model that may have assaociated degrees of
freedom.

EXPRESS specification

ENTITY node_representation

SUPERTYPE OF (ONEOF
(node,
dummy_node,
geometric_node))

SUBTYPE OF (representation);

model_ref . fea_model,
UNIQUE

UR1: model_ref, SELF\representation.name;
END_ENTITY;

Attribute definitions

mjodel_ref: an application.defined identifier of tiea_modelwhich possesses the node.

NOTE The npde-id, a unique application defined identifier abde_representation is specified by the
nameattribute:ofthaepresentation supertype.

Formal propositions

URI) the combination of afea_modeland node id shall be unique within a model.
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5.6.2 node

A nodeis a discretisation point for the field variables of the finite element analysis model.

EXPRESS specification

")
ENTITY node
SUPERTYPE OF (node_with_vector ANDOR
node_with_solution_coordinate_system)
SUBTYPE OF (node_representation);
WHERE
WR1: SIZEOF (QUERY(item <* SELF\representation.items |
'"GEOMETRY_SCHEMA.POINT’
IN TYPEOF (item))) = 1;
END_ENTITY;

(*

Formal propositions

WR1: there shall be exactly one position associated witlb@e The position (POINT) is the coordi-
nates of the node with respect to the founding pfacement coordinate system in theadenget

5(6.3 node_with_vector

Alnode_with_vectoris a discretisation point with a normal for the field variables of surface elements in
a finite element analysis model.

EXPRESS specification

ENTITY node ‘with_vector

SUBTYRE,'OF (node);

WHERE

WR1i"SIZEOF (QUERY(item <* SELF\representation.items |
'"GEOMETRY_SCHEMA.DIRECTION’

NN D O Lid ARRY 4
N— Y PEOF—(ttemy)))— L,

END_ENTITY;
(*

Formal propositions

WR1: there shall be exactly one surface normal associated withde with_vector The surface
normal (DIRECTION) is defined at the node with respect to the founding placement coordinate system,
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which is needed only when a node is connected to surface elements that require this information. The
normal may correspond to thé — axis of thesolution_coordinate_system

5.6.4 node_with_solution_coordinate_system

A node with solution coordinate systens a discretisation point with a solution coordinate system

for the field variables of elements in a finite element analysis model.

EXPRESS specification

ENTITY node_with_solution_coordinate_system

WHERE

END_ENTITY;

(*

F

SUBTYPE OF (node);

WR1: ( (SIZEOF (QUERY(item <* SELF\representation.items |
'STRUCTURAL_RESPONSE_REPRESENTATION, SCHEMA." +
'FEA_AXIS2_PLACEMENT_3D’

IN TYPEOF (item))) = 1)
AND
(SELF\representation.context_of _items\
geometric_representation_context.coordinate~space_dimension = 3) )
OR
( (SIZEOF (QUERY(item <* SELF\representation.items |
'STRUCTURAL_RESPONSE*REPRESENTATION_SCHEMA." +
'FEA_AXIS2_PLACEMENT_2D’
IN TYPEOF (item)))~&- 1)
AND
(SELF\representation.context_of _items\
geometric_representation_‘context.coordinate_space_dimension = 2) );

prmal propositiofis

W
of
S
th

R1: there shall be exactly one solution coordinate system associated withdea and it shal
the same coordinate space dimension as the corresponding geometric representation ¢
lution’” coordinate system (FEA_AXIS2_PLACEMENT_3D or FEA_AXIS2_PLACEMENT]

be
ontext. The
| 2D) is

e“coordinate system in which the degrees of freedom of the node are defined.

Informal propositions

IP1: the coordinate system types shall correspond betweéamns andplacemens if the points are
cylindrical, spherical, or cartesian.
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5.6.5 dummy_node

A dummy_nodeis a placeholder in the node list for an element representation. It is used where an
element representation does not have one or more of the mid-edge, mid-face, or mid-volume nodes that

are shown in the node sequence diagrams in Figures 10 through 39.
node sequence diagram in Figure 20. Thus for an eight-noded serendipity elechemiyng_nodemay
included in the ninth position in the node list. In addition, if any of the four mid-edge nodes.are-als
adummy_nodeshall be used in its place in the node list.
NOTE An instantiation of an FEA model has only one instancgéusimy_node
EXPRESS specification
")
ENTITY dummy_node
SUBTYPE OF (node_representation);
END_ENTITY;
(*
5/6.6 geometric_node
Algeometric_nodes a node that is for geomeétric reference only and therefore shall not be col
an element.
EXPRESS specification
")
ENTITY geometric_node
SUBTYPE OF (node_representation);
WHERE
WR1: SIZEGF (QUERY(item <* SELF\representation.items |
'"GEOMETRY_SCHEMA.POINT’
IN TYPEOF (item))) = 1;
END_ENTITY;
(*

0 missing,

nected to

Formal propositions

WR1: there shall be exactly one position associated witeametric_node The position (POINT)
is the coordinates of the node with respect to the founding placement coordinate system in the using
node_set

(©I1SO 2000 — All rights reserved
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5.6.7 substructure_node_relationship

A substructure_node_relationshipis a association of two nodes where each node is in a separate sub-
structure. During matrix assembly the two nodes will be merged to provide assembly between the two

subsructures.

EXPRESS specification

ENTITY substructure_node_relationship

SUBTYPE OF (representation_relationship);

WHERE

WR1: 'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA.NODE_*REPRESENTATIO
IN TYPEOF (SELF\representation_relationship.rep_1);

WR2: 'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA.NODE_REPRESENTATIO
IN TYPEOF (SELF\representation_relationship.rep_2);

END_ENTITY;

(*

Formal propositions

WR1: the rep_1 attribute shall be associated witiode _representation

WR2: the rep_2 attribute shall be associated witiode_representation

5(7 Structural responserepresentation schema entity definitions:
Element representations

Elements are analytical subdivision of a continuum connected to nodes to model the continuu
alyzed. Different types.of elements have different characteristics due to different idealisations
tinuum being analyzed. The idealisations are represented in the subtypesleftieat_representa
entity.

EXAMPLE 1 Surface element and volume element are among the types of different idealisatio
element’has a thickness, but a volume element does not.

m being an-
of the con-
on

ns: surface
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The subtypes are defined as follows:

— volume element A volume element includes all elements which describe a volume continuum, and
have properties appropriate for a volume.

EXAMPLE 2 A 2D quadrilateral in an axisymmetric analysis is a volume element.

— surface element A surface element includes all elements which describe a surface contijuum, and
have properties appropriate for a surface.

EXAMPLE 3 A curve 2D element in an axisymmetric analysis is a surface element.

— curve element A curve element includes all elements which describe @;curve of materipl (cable,
truss, or beam), and have properties appropriate for a cable, truss, or’beam.

EXAMPLE 4 A pointin an axisymmetric analysis is a curve element.
— point element A point element includes point masses, greunded springs, and grounded dampers.
—t directionally explicit element. A directionally explicit.element includes all elements which are

defined by explicit matrices, and which have an ‘erientation defined in part by the location of the

nodes of an element.

EXAMPLE 5 Two noded springs, dampers, and coupled masses are all directionally explicit ele-
ments.

— explicit element An explicit element includes elements which have an explicit matriX defini-
tion.

EXAMPLE 6 Explicit€lements include externally defined elements and substructures.

Tlhe geometry of a volume, surface or curve element is defined by the element shape, vaiiable order,
cqordinate (and optionally the surface normal) for each of the nodes of an element, and the details of
thie shape functions of an element for geometric interpolation. A computer readable definition of the

or curve element has an attributariable shape functionthat can be used to describe the geometric
shape function.

Aspects of element geometry (edge, face, volume) may be related to an appropriate geometric shape

representation. In particular, an edge may be related to a curve, a face to a surface, and the volume to a
solid model.
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Volume, surface, and curve element representations are subtyped for 2D (plane stress, plane strain or
axisymmetric analyses), and for 3D. This split of subtypes reflects the physical idealisation of the element

rather than merely the topology. As a consequence, the physical properties appropriate for each element
subtype are stated precisely by the appropriate entity.

NOTE 1 Theelement_representationentity has subtypes as shown in Figure 7.

element_
representation

D R O A

T
th
V(
w

P
Cy

axisymmetric_ axisymmetric_
olume_3d plane_volume surface_3d plane_surface
— = volume_2d_ — — — = surface_2d_ — —
dlement_ | 2d_element_ element_ | 2d_element_
representation element_ : representation representation element_ . representation
i representation representation
. axisymmetric
: irectionall - rv - lan rve_2
point_element_| gxel(i:ci? ;e{ﬁent explicit_element | gILJem%rid_ curve_2d_ Eémi}ctu e_2d_
representation re prest—:‘_ntation | representation répresentation element_ representation
p P representation P

Figure 7 =Element subtyping

ne element coordinate system attributes of volume, surface, and curve elements are sp
e representation_itemsubtypefea_representation_item The association of the proper subty
lume, surface, and curye.elements with the appropriate subtypegretentation_itemis speci
th EXPRESS rules.

NOTE 2 TheEXPRESS-G Partial Model in Figure 8 shows the relationship of volume elemer
and FEA material property representations. Surface and curve elements have similar relationsh
have a relationship to element property entities.

pint eléments are different representations of nodal response matrices than the volume,
rveelements. Rather than |mpI|C|tIy deflnlng the element nodal response matrlces as t

ecified with
pes of
fied

ts to FEA
ips, and also

surface, and
he volume,

, and

damplng nodal response matrices of an element. Thus a pomt element is a single node element that
is a convenient way to define these matrices, rather than the more general matrix definition capability
offered by the multi-noded explicit elements. The element coordinate system attributes of the matrices
are associated with theitement_representatiorby rules, as discussed above for volume, surface, and
curve elements.
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NOTE 3 The EXPRESS-G Partial Model in Figure 9 illustrates the relationships of the SUBTYPE trees of

the point, directionally explicit and explicit elements.
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representation

representation

volume_3d_ volume_3d_
—C) element_ O element_
representation descriptor
[
axisymmetric_
volume_2d
. . element_
axisymmetric_ descriptor
e volume_2d_
element_ O element_
representation material

2

plane_volume_|

plane_volume_|

—) 2d_element_ () 2d_element_
representation descriptor
O

fea_ . representation_

representation  [Om————— .

: item

item
arbitrary arbitrary_ parametric_ parametric_
volume _2d volume_3d_ volume_2d volume_3d_
element_ element_ element_ element_
coordinate_ coordinate_ coordinate_ coordinate_
system system system system

Figure 8 — Volume element properties EXPRESS-G partial model
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element_
representation

1
(@) @) @)
directionally point_element_ explicit_elementy
explicit_element | representation representation
representation
point_element_|
matrix
1
directionally (E O (E O
explicit_ . o
element stationary_ grounded_ grounded_ explicit_element_|
coefficient mass spring damper matrix

T

Figure 9 — Point, directionally explicit and explicit elements EXPRESS
partial model

Alnodal response matrix defined by a point, directionally explicit or explicit element, shall be

spring for a pointelement, defined as follows:

f=Kd

damping: A damping between nodes for a directionally explicit or an explicit eleme
grounded damper for a point element, defined as follows:

®

bne of;

stiffness: A stiffness between nodes for a directionally explicit or an explicit element, or a grounded

nt, or a

t=Dv

mass: A mass for a directionally explicit, explicit or point element, defined as follows:

f=Ma
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where:
K isthe element stiffness matrix;

D is the element damping matrix;

—stheetementmass matrix;
f isthe vector of generalised forces applied to the element at nodal degrees offreedom;
d isthe vector of generalised displacements imposed upon nodal degrees-of freedom
v is the vector of generalised velocities imposed upon nodal degrees’of freedom;

a is the vector of generalised accelerations imposed upon nodal degrees of freedom.

5/7.1  element_representation

An element_representationis the aspect of a finite element that represents the mathematical relation-
ships between the nodes of a finite element model.

EXPRESS specification

ENTITY element_representation
SUPERTYPE OF (ONEOF(volume"3d_element_representation,
axisymmetric_volume_2d_element_representation,
plane_volume_2d_element_representation,
surface_3d_element_representation,
axisymmetric_surface_2d_element_representation,
plane_surface_2d_element_representation,
curve_3d_element_representation,
axisymmetric_curve_2d_element_representation,
plane_curve_2d_element_representation,
point_element_representation,
directionally_explicit_element_representation,
explicit_element_representation,
substructure_element_representation))
-SUBTYPEOF (representationy;
node_list : LIST [1:?] OF node_representation;
WHERE
WR1: SIZEOF (QUERY(item <* node_list |
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'"GEOMETRIC_NODE’
IN TYPEOF (item))) = O;

END_ENTITY;
(*
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tribute definitions

node_list: the list of nodes that make up the element.

Formal propositions

NOTE 1 The node list defines the connection of an element to other elements within the model

NO 'a a me &0 e-elemen --mn:_n ''''''

functions define the shape and orientation of an element. The position of a node in the node list
the element shape and order as established graphically in the figures in 5.8.

W

Informal propositions

R1: there shall be no geometric nodes in the list of nodes for the elemet:

IH

5

A

does not include mid-edge, mid-face, and mid-volume nodes.

EXPRESS specification

1: TYPE dummy_nodesshall be used as placeholders in tiede_listif the element formulg

7.2 volume_3d_element_representation

volume_3d_element_representatiois a 3D-Shape.

E

U

W

NTITY volume_3d_element_representation
SUBTYPE OF (element-representation);

model_ref . fea_model_3d;
element_descriptor : volume_3d_element_descriptor;
material . element_material;

NIQUE

UR1: medel ref, SELF\representation.name;

HERE

WR1SIZEOF (QUERY(item <* SELF\representation.items |

t shape
depends on

tion

'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +

62
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IN TYPEOF (item))) +

SIZEOF (QUERY/(item <* SELF\representation.items |
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'ARBITRARY_VOLUME_3D_ELEMENT_COORDINATE_SYSTEM’
IN TYPEOF (item))) = 1;

WR2: SIZEOF (QUERY(item1l <* material.properties |
(SIZEOF (QUERY (item2 <*
item1\property_definition_representation.used_representation.items |

©ISO 2000 — All rights reserved
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SIZEOF (STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA. +
'FEA_LINEAR_ELASTICITY’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_MASS_DENSITY’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +

'FEA_TANGENTIAL_COEFFICIENT_OF_LINEAR_THERMAL_EXPANSION’,

'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +

"FEA_SECANT_COEFFICIENT_OF_LINEAR_THERMAL_EXPANSION’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_MOISTURE_ABSORPTION’] * TYPEOF (item2)
) =1
) =1
) >= 1,
WR3: 'REPRESENTATION_SCHEMA.PARAMETRIC_REPRESENTATION_CONTEXT’
IN TYPEOF (SELF\representation.context_of items);
FU1l: required_3d_nodes (
SELF\element_representation.node_list,
element_descriptor.shape,
element_descriptor\element_descriptor.topology_order);
ND_ENTITY;

tribute definitions

el

F

mjodel_ref: an application defined identifier of tliea_modelwhich possesses the volume 3D el

miaterial: the material properties associated withadume_3d_element_representation

NOTE The element id, a unique application defined identifier oflement_representation is spec
by thenameattribute of thaepresentation supertype.

prmal propositions

representation

U
m
W
E
\

odel.

| EMENT_COORDINATE_SYSTEM) or an arbitrary material coordinat
\ MEDN Wi i nith

ement.

ement_descriptor: a collection of information that specifiesralume_3d_element_representation

fied

R1: the combination of afea_modeland element id shall be unique within a finite element gnalysis

R1: there shall be either a parametric material coordinate system (PARAMETRIC_VOLUME_3D_-
e system (ARBITRARY_-

nt_-

The material coordinate system (parametric or arbitrary) is the orientation of the element coordinate sys-
tem for the material of theolume_3d_element_representationThex axis of the element coordinate
system shall coincide with the axis of the material coordinate system, ghaxis of the element co-
ordinate system shall coincide with tlyeaxis of the material coordinate system, and zhexis of the

el

ement coordinate system shall coincide with4teis of the material coordinate system.
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WR2: there shall be at least one of the followifega_material_property_representation_items
types referenced byraaterial: fea_linear_elasticity, fea_mass_densityfea_tangential_coefficie

ub-
nt -

of_linear_thermal_expansion fea_secant_coefficient_of_linear_thermal_expansipnand fea_-

moisture_absorption

WR3: there shall be a parametric representation context associated with the element.

FfﬁmmmmmmthWJper
nymber based on the shape and order of/tiieme_3d_element_representatian

5(7.3 axisymmetric_volume_2d_element_representation
Ap axisymmetric_volume_2d_element_representatiors a 2D shape swept-about thexis of

representationshall lie in the {,j) plane of the founding coordinate system.

EXPRESS specification

ENTITY axisymmetric_volume_2d_element_representation
SUBTYPE OF (element_representation);

model_ref . fea_model_2d;
element_descriptor . axisymmetric_yolume_2d_element_descriptor;
angle_property . axisymmetric: 2d_element_property;
material . elementDmaterial;

UNIQUE
UR1: model_ref, SELF\representation.name;

WHERE

WR1: model_ref.type_of 2d_‘analysis = axisymmetric;

WR2: SIZEOF (QUERY(item <* SELF\representation.items |
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'PARAMETRIC_VOLUME_2D_ELEMENT_COORDINATE_SYSTEM’
IN.TYPEOF (item))) +

SIZEOF _(QUERY (item <* SELF\representation.items |
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'ARBITRARY_VOLUME_2D_ELEMENT_COORDINATE_SYSTEM’
IN TYPEOF (item))) = 1;

WR3:SIZEOF (QUERY(item1l <* material.properties |

(SIZEOF (QUERY (item2 <*
item1\property_definition_representation.used_representation.items |

the

(i) plane of the founding coordinate system (see 5.2.3). akisymmetric_\volume_2d_elemgnt_-

SIZEOF (STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA. +
'FEA_LINEAR_ELASTICITY’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_MASS_DENSITY’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_AREA_DENSITY’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +

'FEA_TANGENTIAL_COEFFICIENT_OF_LINEAR_THERMAL_EXPANSION’,

'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
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'FEA_SECANT_COEFFICIENT_OF_LINEAR_THERMAL_EXPANSION’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_MOISTURE_ABSORPTION] * TYPEOF (item2)
) =1
) =1
)) >= 1,
WR4: 'REPRESENTATION_SCHEMA.PARAMETRIC_REPRESENTATION_CONTEXT’

IN TYPEOF (SELF\representation.context_of_items);
FU1l: required_2d_nodes (

SELF\element_representation.node_list,

element_descriptor.shape,

element_descriptor\element_descriptor.topology_order);
END_ENTITY;

(*

Attribute definitions

model_ref: an application defined identifier of tfea_modelwhich pessesses the axisymmetric
2D element.

element_descriptor: a collection of information thatispecifies aaxisymmetric_volume_2
element_representation

amgle_property: the properties for an axisymmetric section. Analysis applications often ass
thie value of the angle attribute of this property:is 2

miaterial: the material properties associated with aaxisymmetric_volume_2d_elems
representation

NOTE The element id, a unique’application defined identifier oflement_representation is spec
by thenameattribute of thaepresentation supertype.

Formal propositions

R1: the combination of afea_modeland element id shall be unique within a finite element &
odel.

R2% there shall be either a parametric material coordinate system (PARAMETRIC_VOLUN

olume

d -

sume that

nt_-

fied

inalysis

/E_2D -

u
m|
WR1: thefea_modelshall be axisymmetric.
W
E

EMENT COORDINATE_SYSTEM) or an arbitrary material coordinate system (ARBITH

YARY -

VOLUME_2D ELEMENT_COORDINATE_SYSTEM) associated with axisymmetric_volum
2d_element_representation

The material coordinate system (parametric or arbitrary) is the orientation of the element
system for the material of thexisymmetric_volume_2d_element_representationThex axis of

e_-

coordinate
the

element coordinate system shall coincide withsttexis of the material coordinate system, ghaxis of
the element coordinate system shall coincide withyttexis of the material coordinate system, and the
z axis of the element coordinate system shall coincide wittxtheis of the material coordinate system.

(©I1S0O 2000 — All rights reserved

65


https://standardsiso.com/api/?name=3049a7d726b1a379594044382a78eb72

ISO 10303-104:2000(E)

WR3: there shall be at least one of the followifega_material_property_representation_itemsub-
types referenced by material: fea_linear_elasticity, fea_mass_densityfea_area_density fea_-
tangential_coefficient_of linear_thermal_expansion fea_secant_coefficient_of_linear_thermal_-

expansion andfea_moisture_absorption

WR4: there shall be a parametric representation context associated with the element.

Fgt—thenumberof nodesimthenode tistofaxsymmetric_votume—2d_—efement _represent
shall be the proper number based on the shape and order axidyammetric_volume_2d_eleme
representation

5(7.4 plane_volume_2d_element_representation

A|plane_volume_2d_element_representatiois a 2D shape in thd,§) plang‘ofthe founding co
nate system (see 5.2.3) with a depth perpendicular toiff)eplane. Aplane_volume_2d_elems
representationshall lie in the {,j) plane of the founding coordinate system.

EXPRESS specification

ENTITY plane_volume_2d_element_representation
SUBTYPE OF (element_representation);

model_ref : fea_model 2d;
element_descriptor : plane_volume® 2d_element_descriptor;
depth_property . plane_2d)element_property;
material . element_material;

UNIQUE
UR1: model_ref, SELF\representation.name;

WHERE

WR1: model_ref.type_of 2d,analysis = planar;

WR2: SIZEOF (QUERY(item <* SELF\representation.items |
'STRUGTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'PARAMETRIC_VOLUME_2D_ELEMENT_COORDINATE_SYSTEM’
IND TYPEOF (item))) +

SIZEQE(QUERY (item <* SELF\representation.items |
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'ARBITRARY_VOLUME_2D_ELEMENT_COORDINATE_SYSTEM’
IN TYPEOF (item))) = 1;

WR3:* SIZEOF (QUERY(item1l <* material.properties |

(SIZEOF (QUERY (item2 <*

ation
nt_-

ordi-
nt_-

item1\property_definition_representation.used_representation.items |

SIZEOF (STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_LINEAR_ELASTICITY,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_MASS_DENSITY’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_AREA_DENSITY’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +

'FEA_TANGENTIAL_COEFFICIENT_OF_LINEAR_THERMAL_EXPANSION’,
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'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_SECANT_COEFFICIENT_OF_LINEAR_THERMAL_EXPANSION’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_MOISTURE_ABSORPTION’] * TYPEOF (item2)
) =1
) =1
) >= 1;
WR4: "REPRESENTATION_SCHEMA.PARAMETRIC_REPRESENTATION_CONTEXT’
IN TYPEOF (SELF\representation.context_of items);
FU1l: required_2d_nodes (
SELF\element_representation.node_list,
element_descriptor.shape,
element_descriptor\element_descriptor.topology_order);
END_ENTITY;

(*

Attribute definitions

model_ref: an application defined identifier of tHea_modelwhich possesses the plane volume 2D
element.

element_descriptor: a collection of information that- specifies plane_volume_2d_elemgnt_-
representation

depth_property: the properties for a plane section. Analysis applications often assume that the value
of the depth attribute of this property is 1.0.

miaterial: the material properties assogciated witplane_volume_2d_element_representation

NOTE The element id, a unigue’application defined identifier ocflament_representation is specified
by thenameattribute of thaepresentation supertype.

Formal propositions

R1: the combination of afea_modeland element id shall be unique within a finite element gnalysis
odel.

R2< there shall be either a parametric material coordinate system (PARAMETRIC_VOLUME_2D_-
| EMENT COORDINATE SYSTEM) or an arbitrary material coordinate system (ARBITRARY_-
VOLUME_2D ELEMENT_COORDINATE_SYSTEM) associated with glane_volume 2d -
element_representation

u
m|
WR1: thefea_modelshall be planar.
W
E

The material coordinate system (parametric or arbitrary) is the orientation of the element coordinate
system for the material of thglane_volume_2d_element_representationThex axis of the element
coordinate system shall coincide with tReaxis of the material coordinate system, thexisof the
element coordinate system shall coincide with yhaxis of the material coordinate system, and zhe

axis of the element coordinate system shall coincide witlz ttvas of the material coordinate system.
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WR3: there shall be at least one of the followifega_material_property_representation_itemsub-
types referenced by material: fea_linear_elasticity, fea_mass_densityfea_area_density fea_-
tangential_coefficient_of linear_thermal_expansion fea_secant_coefficient_of_linear_thermal_-
expansion andfea_moisture_absorption

WR4: there shall be a parametric representation context associated with the element.

Ffﬁmmmmmmﬁhm
proper number based on the shape and order giliree_volume_2d_element_representation

5

A
2]

E

7.5 surface_3d_element_representation

surface_3d_element_representatiois an element that is a surface with a specified section
D shape (a triangle or quadrilateral) in 3D space.

XPRESS specification

E

U

W

NTITY surface _3d_element_representation
SUBTYPE OF (element_representation);

model_ref . fea_model_3d;
element_descriptor . surface_3d_element _descriptor;
property . surface_element_property;
material . element_material;

NIQUE

UR1: model_ref, SELF\representationiname;

HERE

WR1: SIZEOF (QUERY(item <*_SELF\representation.items |
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'PARAMEFRIC_SURFACE_3D_ELEMENT_COORDINATE_SYSTEM’
IN TYPEOF (item))) +

SIZEOF (QUERY(item <* SELF\representation.items |
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'CONSTANT_SURFACE_3D_ELEMENT_COORDINATE_SYSTEM’
IN TYPEOF (item))) +

SIZEOF (QUERY(item <* SELF\representation.items |
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'ALIGNED_SURFACE_3D_ELEMENT_COORDINATE_SYSTEM’
IN TYPEOF (item))) = 1;

WR2: SIZEOF (QUERY(item1l <* material.properties |

68

(SIZEOF (QUERY (itemZ <&

item1\property_definition_representation.used_representation.items |

SIZEOF (STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_LINEAR_ELASTICITY,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_MASS_DENSITY’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_AREA_DENSITY’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +

the

that is a
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'FEA_TANGENTIAL_COEFFICIENT_OF_LINEAR_THERMAL_EXPANSION’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_SECANT_COEFFICIENT_OF_LINEAR_THERMAL_EXPANSION’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_MOISTURE_ABSORPTION’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_SHELL_MEMBRANE_STIFFNESS’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA.” +
'FEA_SHELL_BENDING_STIFFNESS’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_SHELL_MEMBRANE_BENDING_COUPLING_STIFFNESS;
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA; \+
'FEA_SHELL_SHEAR_STIFFNESS’] * TYPEOF (item2)

) =1

) =1
)) >= 1,

WR3: 'REPRESENTATION_SCHEMA.PARAMETRIC_REPRESENTATION_CONTEXT’
IN TYPEOF (SELF\representation.context_of items);

FU1l: required_2d_nodes (
SELF\element_representation.node_list,
element_descriptor.shape,
element_descriptor\element_descriptor.topology .erder);

END_ENTITY;

(*

Attribute definitions

model_ref: an application defined identifier of tfiea_modelwhich possesses the surface 3D element.
element_descriptor: a collection of.information that specifiesarface_3d_element_representatiaon
property: the section properties of the surface.

miaterial: the material properties associated witkuaface_3d_element_representatian

NOTE The element id, a unique application defined identifier aflament_representation is specified
by thenameattribute of therepresentation supertype.

Formal propositions

URZXD the combination of afea_modeland element id shall be unique within a finite element analysis
model.

WR1: there shall be either a parametric property coordinate system (PARAMETRIC_SURFACE_-
3D_ELEMENT_COORDINATE_SYSTEM), a constant property coordinate system (CONSTANT_-
SURFACE_3D_ELEMENT_COORDINATE_SYSTEM), or an aligned property coordinate system
(ALIGNED_SURFACE_3D_ELEMENT_COORDINATE_SYSTEM) associated witlswaface_3d_-
element_representation
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The property coordinate system (parametric, constant, or aligned) is the orientation of the coordinate
system for the element material and section properties. Barface_3d_element_representatiothe
property coordinate system is defined such that #@sis is normal to the element surface at each point

on the surface of the element.

WR2: there shall be at least one of the followifega_material_property_representation_itemsub-
types referenced by material: fea linear elasticity, fea mass densityfea area density fea -
ta|ngential_coefficient_of_linear_thermal_expansio,n fea_secant_coefficient_of linear_thermal_-
expansion fea_moisture_absorption fea_shell_membrane_stiffnessfea_shell_bending cstiffiess
feia_shell_membrane_bending_coupling_stiffnesandfea_shell _shear_stiffness

WR3: there shall be a parametric representation context associated with the element.

FU1: the number of nodes in the node list daface_3d_element_representatioghall be the prpper
nyimber based on the shape and order oktirtéace_3d_element_representatian

5(7.6 axisymmetric_surface_2d_element_representation

An axisymmetric_surface_2d_element_representatiois an element that is a surface with a specified
section thatis a 1D shape (curve) that is swept aboytdkis of the {,j) plane of the founding coordinate
system (see 5.2.3). Aaxisymmetric_surface_2d_element. representatioghall lie in the {,j) plane

of the founding coordinate system. An illustration of\a 2D founding coordinate system is |[shown in
Figure 49.

EXPRESS specification

ENTITY axisymmetric_surface_2d_element_representation
SUBTYPE OF (element_representation);

model_ref . fea_model_2d;
element_descriptor : axisymmetric_surface_2d_element_descriptor;
property . surface_element_property;
angle_property . axisymmetric_2d_element_property;
material . element_material;

UNIQUE
UR1: model-ref, SELF\representation.name;

WHERE

WRI:»-model_ref.type_of 2d_analysis = axisymmetric;
WRZ2:" SIZEOF (QUERY(item <* SELF\representation.items |
'STRUCTURAI RESPONSE RFPRESENTATION SCHEMA'®™ +
'PARAMETRIC_SURFACE_2D_ELEMENT_COORDINATE_SYSTEM’
IN TYPEOF (item))) +
SIZEOF (QUERY(item <* SELF\representation.items |
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'ALIGNED_SURFACE_2D_ELEMENT_COORDINATE_SYSTEM’
IN TYPEOF (item))) = 1;
WR3: SIZEOF (QUERY(iteml <* material.properties |
(SIZEOF (QUERY (item2 <*
item1\property_definition_representation.used_representation.items |
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SIZEOF (STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA. +
'FEA_LINEAR_ELASTICITY’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_MASS_DENSITY’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_AREA_DENSITY’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +

E
(*

A

'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_SECANT_COEFFICIENT_OF_LINEAR_THERMAL_EXPANSION’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_MOISTURE_ABSORPTION’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA:" '+
'FEA_SHELL_MEMBRANE_STIFFNESS’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_SHELL_BENDING_STIFFNESS’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_SHELL_MEMBRANE_BENDING_COUPLING_STIFFNESS’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_SHELL_SHEAR_STIFFNESS’] * TYPEOF (item2)
) =1
) =1
) >= 1,
WR4: 'REPRESENTATION_SCHEMA.PARAMETRIC, REPRESENTATION_CONTEXT’
IN TYPEOF (SELF\representation.context:of items);
FU1l: required_1d_nodes (
SELF\element_representation.node_iist,
element_descriptor\element_descriptor.topology_order);
ND_ENTITY;

tribute definitions

m
2l

el
el

D element.

ement_representation

P

perty*the section properties of the surface.

odel_ref: an application defined identifier of tfea_modelwhich possesses the axisymmetric

ement_descriptor: a collection of information that specifies aaxisymmetric_surface_

'FEA_TANGENTIAL_COEFFICIENT_OF_LINEAR_THERMAL_EXPANSION’,

surface

4d_-

amgle_‘property: the properties for an axisymmetric section. Analysis applications often assume that

th

m
re

g vatue of the angte attribute of this propertyis 2

aterial: the material properties associated with asxisymmetric_surface_2d_element_-

presentation

NOTE The element id, a unique application defined identifier aflament_representation is specified

by thenameattribute of thaepresentation supertype.
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Formal propositions

UR1: the combination of afea_modeland element id shall be unique within a finite element analysis

model.

WR1: thefea_modelshall be axisymmetric.

_ELEMENT_COORDINATE_SYSTEM) or an aligned property coordinate system (_ALI(
SURFACE_2D_ELEMENT_COORDINATE_SYSTEM) associated with atisymmetricsurfag
2d_element_representation

The property coordinate system (parametric or aligned) is the orientation of the.coordinate syj
element material and section properties. Foraisymmetric_surface 2d_element_represent
thie property coordinate system is defined such thatxthgis is normal to the 2D analysis plane
direction of thek axis of the analysis 2D definition coordinate systemsandzthgis is normal to
element surface as shown in Figure 49.

R3: there shall be at least one of the followifen_material_praperty_representation_items
types referenced by material: fea_linear_elasticity, fea_masS_densityfea_area_density fe
ngential_coefficient_of_linear_thermal_expansion fea_secant_coefficient_of_linear_therm
pansion fea_moisture_absorption fea_shell_membrane_stiffnessfea_shell _bending_ stiffn
@ _shell_membrane_bending_coupling_stiffnesandfea_shell_shear_stiffness

e
fe)

W

F
sh
re

R4: there shall be a parametric representation eontext associated with the element.

J1: the number of nodes in the node list of@kisymmetric_surface_2d_element_represent
all be the proper number based on the order of akésymmetric_surface 2d_eleme
presentation

5(7.7 plane_surface: 2d_element_representation
A
th
o]
of

plane_surface_2d_element_representatiois an element that is a surface with a specified
at is a 1D shape (curve) in thijf plane of the founding coordinate system (see 5.2.3) with
erpendicular to thd §)plane. Aplane_surface_2d_element_representaticshall lie in the {,j) pla
the founding ceordinate system.

EXPRESSspecification

stem for the
htion

in the

the

Lib-
h -
al_-
ess

htion
nt_-

section
a depth
hne

")

ENTITY plane_surface_2d_element_representation
SUBTYPE OF (element_representation);

model_ref . fea_model_2d;
element_descriptor . plane_surface_2d_element_descriptor;
property . surface_element_property;
depth_property . plane_2d_element_property;
material . element_material;

UNIQUE

UR1: model_ref, SELF\representation.name;
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WHERE

WR1: model_ref.type_of 2d_analysis = planar;

WR2: SIZEOF (QUERY(item <* SELF\representation.items |
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'PARAMETRIC_SURFACE_2D_ELEMENT_COORDINATE_SYSTEM’
IN TYPEOF (item))) +

SIZEOF (QUERY/(item <* SELF\representation.items |

"STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA.™ +
'ALIGNED_SURFACE_2D_ELEMENT_COORDINATE_SYSTEM’
IN TYPEOF (item))) = 1;
WR3: SIZEOF (QUERY(iteml <* material.properties |
(SIZEOF (QUERY (item2 <*
item1\property_definition_representation.used_representation.items |
SIZEOF (STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA” +
'FEA_LINEAR_ELASTICITY,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_MASS_DENSITY’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_AREA_DENSITY’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_TANGENTIAL_COEFFICIENT_OF/LINEAR_THERMAL_EXPANSIO
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_SECANT_COEFFICIENT_OFE>LINEAR_THERMAL_EXPANSION’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_MOISTURE_ABSORPTION’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_SHELL_MEMBRANE_STIFFNESS’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_SHELL_BENDING_STIFFNESS’,
'STRUCTURALCRESPONSE_REPRESENTATION_SCHEMA." +
'FEA_SHELL J)MEMBRANE_BENDING_COUPLING_STIFFNESS’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_SHELL_SHEAR_STIFFNESS’] * TYPEOF (item2)
) 71
) =1
) >= 1,
WR4: 'REPRESENTATION_SCHEMA.PARAMETRIC_REPRESENTATION_CONTEXT’
IN TYPEOF (SELF\representation.context_of items);
FU1: requiréd_1d_nodes (
SELF\element_representation.node_list,
element_descriptor\element_descriptor.topology_order);
END_ENTITY;

(*
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Attribute definitions

model_ref: an application defined identifier of tHea_modelwhich possesses the plane surface 2D

element.

element_descriptor: a collection of information that specifies plane_surface_2d_element_-

representation

pvloperty: the section properties of the surface.

dd
off

bpth_property: the properties for a plane section. Analysis applications often assume that
the depth attribute of this property is 1.0.

miaterial: the material properties associated witplane_surface_2d_element_representation

NOTE The element id, a unique application defined identifier oflament_representation is spec

by thenameattribute of thaepresentation supertype.

Formal propositions

R1: the combination of afea_modeland element id shall be unique within a finite element &
odel.

R1: thefea_modelshall be planar.

R2: there shall be either a parametric property coordinate system (PARAMETRIC_SU
D ELEMENT_COORDINATE_SYSTEM) or an aligned property coordinate system (ALI(Q
URFACE_2D_ELEMENT_COORDINATE_SYSTEM) associated with p@lane_surface_2
Ement_representation

U
m
W
W
2]
S

el

T
el
cq
of
su

WR3: there shall)be at least one of the followifega_material_property_representation_items
types referenced by material: fea_linear_elasticity, fea_mass_densityfea_area_density fe
tangential<{coefficient_of linear_thermal_expansion fea_secant_coefficient_of linear_thern
expansion fea_moisture_absorption fea_shell_membrane_stiffnessfea_shell_bending_stiffn
felaShell_membrane_bending_coupling_stiffnesandfea_shell _shear_stiffness

e property coordinate system (parametric or aligned) is the orientation of the coordinate syj
ement material and sectionsproperties. Fplame _surface_2d_element_representatiotine prop
ordinate system is defined such that: fhexis is normal to the 2D analysis plane in the di
thek axis of the analysis 2D definition coordinate system, andzthgis is normal to the ele
rface.

the value

fied

inalysis

RFACE_-
SNED._-
d_-

stem for the
brty

rection
ment

L1b-
h -
al_-
ess

WR4: there shall be a parametric representation context associated with the element.

FU1: the number of nodes in the node list gblane_surface_2d_element_representatioshall be
proper number based on the order of piene_surface_2d_element_representation
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5.7.8 curve_3d_element_representation

A curve_3d_element_representations an element that is a 1D shape (a curve) with a specified cross
section.

E\Inhl_(\(‘ H '
NN oo opJTUIILAUUTI

ENTITY curve_3d_element_representation
SUBTYPE OF (element_representation);

model_ref . fea_model_3d;
element_descriptor : curve_3d_element_descriptor;
property . curve_3d_element_property;
material . element_material;

UNIQUE
UR1: model_ref, SELF\representation.name;

WHERE

WR1: SIZEOF (QUERY(item <* SELF\representation.items|
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'PARAMETRIC_CURVE_3D_ELEMENT._COORDINATE_SYSTEM’

IN TYPEOF (item))) +
SIZEOF (QUERY/(item <* SELF\representation.items |
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'ALIGNED_CURVE_3D_ELEMENT_COORDINATE_SYSTEM’
IN TYPEOF (item))) = 1,
WR2: SIZEOF (QUERY(iteml <* matefial.properties |
(SIZEOF (QUERY (item2 <*
item1\property_definition_representation.used_representation.items |
SIZEOF (STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_LINEAR_ELASTICITY,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA) MASS_DENSITY’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_AREA_DENSITY’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_TANGENTIAL_COEFFICIENT_OF_LINEAR_THERMAL_EXPANSION’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_SECANT_COEFFICIENT_OF_LINEAR_THERMAL_EXPANSION’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_MOISTURE_ABSORPTION’] * TYPEOF (item2)
) =1

) =1
) >= 1;

WR3: 'REPRESENTATION_SCHEMA.PARAMETRIC_REPRESENTATION_CONTEXT’
IN TYPEOF (SELF\representation.context_of items);

FU1l: required_1d_nodes (
SELF\element_representation.node_list,
element_descriptor\element_descriptor.topology_order);

END_ENTITY;

(*

ISO 2000 — All rights reserved 75
© g


https://standardsiso.com/api/?name=3049a7d726b1a379594044382a78eb72

IS

O 10303-104:2000(E)

Attribute definitions

model_ref: an application defined identifier of tfiea_modelwhich possesses the curve 3D element.

element_descriptor: a collection of information that specifiecarve_3d_element_representation

pr

operty: the cross section properties ofarve_3d_element_representation

m

aterial: the material properties associated wittuave _3d_element_representation

NOTE The element id, a unique application defined identifier cflament_representation’is,spec
by thenameattribute of thaepresentation supertype.

prmal propositions

W
ty
e

W
F
n

R1: the combination of afea_modeland element id shall be unique within a finite element &
odel.

R1: there shall be either a parametric property coordinaté,system (PARAMETRIC_CUR
| EMENT_COORDINATE_SYSTEM) or an aligned property coordinate system (ALIG
URVE_3D_ELEMENT_COORDINATE_SYSTEM) associated with a&urve_3d_eleme
presentation

e property coordinate system (parametric or aligned) is the orientation of the coordinate
e element material and section properties.

R2: there shall be at least one of the followifen_material_property_representation_items
pes referenced by material: fea_linear elasticity, fea_mass_densityfea area_density fe

tangential_coefficient_of_linear_therfal_expansion fea_secant_coefficient_of_linear_thern

pansion andfea_moisture_absorption
R3: there shall be a parametric representation context associated with the element.

J1: the number of nodes’in the node list otarve_3d_element_representatioshall be the pr

Umber based on the-arder of therve _3d_element_representation

fied

inalysis

VE_3D_-
NED_-
nt_-

system for

ib-
i_-
al -

bper
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5.7.9 axisymmetric_curve_2d_element_representation

An axisymmetric_curve_2d_element_representatiois an element with a specified cross section that
is a OD shape (a point) that is swept aboutjlaeis of the {,j) plane of the founding coordinate system
(see 5.2.3). Amaxisymmetric_curve_2d_element_representatioshall lie in the {,j) plane of the
founding coordinate system.

EXPRESS specification

ENTITY axisymmetric_curve_2d_element_representation
SUBTYPE OF (element_representation);

model_ref . fea_model_2d;
element_descriptor : axisymmetric_curve_2d_element_descriptor;
property . curve_2d_element_property;
angle_property . axisymmetric_2d_element_property;
material . element_material;

UNIQUE
UR1: model_ref, SELF\representation.name;

WHERE

WR1: model_ref.type_of 2d_analysis = axisymmetric;

WR2: SIZEOF (QUERY(item <* SELF\representation.items |
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'CURVE_2D_ELEMENT_COQORDINATE_SYSTEM’

IN TYPEOF (item))) = 1;
WR3: SIZEOF (QUERY(iteml <* matetial.properties |

(SIZEOF (QUERY (item2 <*

item1\property_definition representation.used_representation.items |

SIZEOF (STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_LINEAR_ELASTICITY,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA’ MASS_DENSITY’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_AREA_DENSITY’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_TANGENTIAL_COEFFICIENT_OF_LINEAR_THERMAL_EXPANSION’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_SECANT_COEFFICIENT_OF_LINEAR_THERMAL_EXPANSION’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +

'FEA_MOISTURE_ABSORPTION] * TYPEOF (item2)
) =1

) =1
) >= 1,
WR4: 'REPRESENTATION_SCHEMA.PARAMETRIC_REPRESENTATION_CONTEXT’
IN TYPEOF (SELF\representation.context_of items);
FU1l: required_0d_nodes (
SELF\element_representation.node_list);
END_ENTITY;

(*
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Attribute definitions

model_ref: an application defined identifier of tiea_modelwhich possesses the axisymmetric curve

2D element.

element_descriptor: a collection of information that specifies arisymmetric_curve_2d_element_-

representation

property: the cross section properties of axisymmetric_curve_2d_element_representatian

amgle_property: the properties for an axisymmetric section. Analysis applications often ass
thie value of the angle attribute of this property is 2

miaterial: the material properties associated with aaxisymmetric_curve_2d_eleme
representation

NOTE The element id, a unique application defined identifier oflement) representation is spec
by thenameattribute of thaepresentation supertype.

Formal propositions

R1: the combination of afea_modeland element id shall be unique within a finite element &
odel.

R2: there shall be a property coordinate system (CURVE_2D_ELEMENT_COORD

U

m

WR1: thefea_modelshall be axisymmetric.

W

SYSTEM) associated with aaxisymmetric- curve_2d_element_representatian
T

ne property coordinate system is-thie orientation of the coordinate system for the element n
section properties.

WR3: there shall be at leastyone of the followifep_material_property_representation_items
types referenced by material: fea_linear_elasticity, fea_mass_densityfea_area_density fe
tangential_coefficient \of linear_thermal_expansion fea_secant_coefficient_of_linear_thern
expansion andfea~moisture_absorption

WR4: there shallbe a parametric representation context associated with the element.

shall be.the proper number for a point element.

sume that

nt_-

fied

inalysis

NATE_-

naterial and

Lib-
i_-
al_-

FU1: the faumber of nodes in the node list of arisymmetric_curve_2d_element_representation
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5.7.10 plane_curve_2d_element_representation

A plane_curve_2d_element_representatiois an element with a specified cross section that is a 0D
shape (a point) in thd,§) plane of the founding coordinate system (see 5.2.3) with a depth perpendicular
to the ¢,j) plane. Aplane_curve_2d_element_representatioshall lie in the {,j) plane of the founding
coordinate system.

EXPRESS specification

ENTITY plane_curve_2d_element_representation
SUBTYPE OF (element_representation);

model_ref . fea_model_2d;
element_descriptor . plane_curve_2d_element_descriptor;
property . curve_2d_element_property;
depth_property . plane_2d_element_property;
material . element_material;

UNIQUE
UR1: model_ref, SELF\representation.name;

WHERE

WR1: model_ref.type_of 2d_analysis = planar;

WR2: SIZEOF (QUERY(item <* SELF\representation.items |
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'CURVE_2D_ELEMENT_COQORDINATE_SYSTEM’

IN TYPEOF (item))) = 1;
WR3: SIZEOF (QUERY(iteml <* matetial.properties |

(SIZEOF (QUERY (item2 <*

item1\property_definition representation.used_representation.items |

SIZEOF (STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_LINEAR_ELASTICITY,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA’ MASS_DENSITY’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_AREA_DENSITY’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_TANGENTIAL_COEFFICIENT_OF_LINEAR_THERMAL_EXPANSION’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_SECANT_COEFFICIENT_OF_LINEAR_THERMAL_EXPANSION’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +

'FEA_MOISTURE_ABSORPTION] * TYPEOF (item2)
) =1

) =1
) >= 1,
WR4: 'REPRESENTATION_SCHEMA.PARAMETRIC_REPRESENTATION_CONTEXT’
IN TYPEOF (SELF\representation.context_of items);
FU1l: required_0d_nodes (
SELF\element_representation.node_list);
END_ENTITY;

(*
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Attribute definitions

model_ref: an application defined identifier of tiea_modelwhich possesses the plane curve 2D ele-

ment.

element_descriptor: a collection of information that specifiesplane_curve_2d_element_-

representation

pvloperty: the cross section properties opane_curve_2d_element_representation

depth_property: the properties for a planar section. Analysis applications often assume tha
ofithe depth attribute of this property is 1.0.

miaterial: the material properties associated witplane_curve_2d_element_representation

NOTE The element id, a unique application defined identifier oflament_representation is spec
by thenameattribute of thaepresentation supertype.

Formal propositions

R1: the combination of afea_modeland element id shall be unique within a finite element &
odel.

R2: there shall be a property coordinate system (CURVE_2D_ELEMENT_COORD

U

m

WR1: thefea_modelshall be planar.

W

SYSTEM) associated withglane_curve_2d element_representation
T

e property coordinate system is the-erientation of the coordinate system for the element n
section properties.

WR3: there shall be at least one of the followifen_material_property_representation_items
types referenced by material: fea linear_elasticity, fea_mass_densityfea_area_density fe
tangential_coefficient_of\linear_thermal_expansion fea_secant_coefficient_of linear_thern
expansion andfea_maisture_absorption

WRA4: there shallbe a parametric representation context associated with the element.

FU1: the number of nodes in the node list opkane_curve_2d_element_representatioshall be
prloper number for a point element.

the value

fied

inalysis

NATE_-

naterial and

ib-
i_-
al -

the

5(741 element_descriptor

An element_descriptoris a collection of information that specifies an element.
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EXPRESS specification

")

ENTITY element_descriptor

SUPERTYPE OF (ONEOF (volume_3d_element_descriptor,
axisymmetric_volume_2d_element_descriptor,

E

A

|J:Gll IC_VU:UI 1 IC_ZCII_C:CI T It_dCDbl Il.JtUI y
surface_3d_element_descriptor,
axisymmetric_surface_2d_element_descriptor,
plane_surface_2d_element_descriptor,
curve_3d_element_descriptor,
axisymmetric_curve_2d_element_descriptor,
plane_curve_2d_element_descriptor));

topology_order . element_order;
description . text;
ND_ENTITY;

tribute definitions

to|
sh

appropriate topology diagram in 5.8.

pology_order: the highest degree polynomial interpolation function used to describe the
ape of any edge of an element, which in turn.iscused to relate the node list of the eler

jeometric
nent to the

description: additional information about the formulation or purpose of an element.
5(7.12 volume_3d_element_descriptor
Alvolume_3d_element_descriptois a collection of information that specifies a volume 3D element.
EXPRESS specification
")
ENTITY volume 3d_element_descriptor

SUBTYPE) OF (element_descriptor);

purpose : SET [1:?] OF volume_element_purpose;

shape : volume_3d_element_shape;
ENDOENTITY;
(*
Attribute definitions

purpose: the enumerated value specifying the response of a volume 3D element.

shape: the geometric shape of a volume 3D element.
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5.7.13 axisymmetric_volume_2d_element_descriptor

An axisymmetric_volume_2d_element_descriptois a collection of information that specifies an ax-

isymmetric volume 2D element.

E\Ir\l—\l—r\(\ H 1
NN oo opJTUNILAUUTI

ENTITY axisymmetric_volume_2d_element_descriptor
SUBTYPE OF (element_descriptor);

purpose : SET [1:?] OF SET [1:?] OF
volume_element_purpose;
shape : element_2d_shape;
END_ENTITY;

(*

Attribute definitions

representation The purpose is a SET of SETs in order to allow the appropriate combinations g

p%:rpose: the enumerated value specifying the respense adasymmetric_volume_2d_elems
and uncoupled responses.

shape: the geometric shape of @axisymmetric.volume_2d_element_representation

5(7.14 plane_volume_2d:element_descriptor

Al|plane_volume_2d_element.descriptois a collection of information that specifies a plane
2D element.

EXPRESS specification

ENTITY plane_volume_2d_element_descriptor
SUBTYPE OF (element_descriptor);

purpose : SET [1:?] OF SET [1:?] OF
volume_element_purpose;
shape : element_2d_shape;
assumption : plane_2d_element_purpose;
END_ENTITY;

(*

nt_-
f coupled

olume
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Attribute definitions

purpose: the enumerated value specifying the response méne_volume_2d_element_-
representation The purpose is a SET of SETs in order to allow the appropriate combinations of
coupled and uncoupled responses.

shape: the geometric shape ofidane volume 2d element representation

assumption: the use of glane_volume_2d_element_representatiowith 2D shape to model-g vol-
umme.

5(7.15 volume_3d_element_basis

Alvolume_3d_element_basiis the information that forms the basis of a volume 3D element.

EXPRESS specification

ENTITY volume_3d_element basis;

descriptor : volume_3d_element _‘descriptor;

variable . volume_variable;

variable_order . element_order;

variable_shape_function : shape_function;

evaluation_points : LIST [1:?] OF-volume_element_location;
END_ENTITY;

(*

Attribute definitions

descriptor: the association’'to the information describingddume_3d_element_representation

variable: the variable’to be associated with an order and shape functionvioluene_3d_element_-
representation

variable_order: the mathematical order of polynomials used to define the shape function.

variable<shape_function: the type of polynomial shape function used to interpolate the variabje within
avolume__3d_element_representation

antatinmvhara thazariahl |S
eHtatHoMerethevyaHase

e\ alriation naite: tha lacationewithin avrabiima 24 alamant ranrac
ot H—p e HHS—HEe10EaHe RS WHRH R YO e —=8—6Eee

— Atrepres
evaluated using theariable_shape_function
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5.7.16 volume_2d_element_basis

A volume_2d_element_basiis the information that forms the basis of a volume 2D element.

EXPRESS specification

ENTITY volume_2d_element_basis;

descriptor : volume_2d_element_descriptor;

variable . volume_variable;

variable_order . element_order;

variable_shape_function : shape_function;

evaluation_points : LIST [1:?] OF volume_element_location;
END_ENTITY;

(*

Attribute definitions

descriptor: the association to the information describingodume_2d_element_representation

variable: the variable to be associated with an order and shape functionvioluene_2d_element_-
representation

variable_order: the mathematical order of polynomials used to define the shape function.

variable_shape_function: the type of pelynomial shape function used to interpolate the variable within
aVolume_2d_element_representation

evaluation_points: the locations within avolume_2d_element_representatiomvhere thevariablg
evaluated using theariable_shape_function

S

5(7.17 surface’ 3d_element_descriptor

Alsurface_3d_element_descriptois a collection of information that specifies a surface 3D element.

EXPRESS specification

")
ENTITY surface_3d_element_descriptor
SUBTYPE OF (element_descriptor);

purpose : SET [1:?] OF SET [1:?] OF
surface_element_purpose;
shape : element_2d_shape;
END_ENTITY;

(*
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Attribute definitions

purpose: the enumerated value specifying the responsesofface_3d_element_representatianThe
purpose is a SET of SETs in order to allow the appropriate combinations of coupled and uncoupled
responses.

shape: the geometric shape ofsurface 3d element representatian

5(7.18 axisymmetric_surface_2d_element_descriptor

An axisymmetric_surface_2d_element_descriptais a collection of information that specifies an ax-
isymmetric surface 2D element.

EXPRESS specification

ENTITY axisymmetric_surface_2d_element_descriptor

SUBTYPE OF (element_descriptor);

purpose : SET [1:?] OF SET J1:?] OF
surface_element “purpose;

END_ENTITY;

(*

Attribute definitions

presentation The purpose isia SET of SETs in order to allow the appropriate combinations @f coupled

p%:rpose: the enumerated value specifying the response odvasymmetric_surface_2d_elemant_-
d uncoupled responses.

5(7.19 plane.surface_2d_element_descriptor

A|plane_surface.2d_element_descriptois a collection of information that specifies a plane gurface
2D element.

EXPRESS specification

")
ENTITY plane_surface_2d_element_descriptor
SUBTYPE OF (element_descriptor);

purpose : SET [1:?] OF SET [1:?] OF
surface_element_purpose;
assumption : plane_2d_element_purpose;
END_ENTITY;

(*
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Attribute definitions

purpose: the enumerated value specifying the response ofplane_surface_2d element_ -
representation The purpose is a SET of SETs in order to allow the appropriate combinations of coupled
and uncoupled responses.

assumption: the use of a curve element to model a surface.

5(7.20 surface_3d_element_basis

Alsurface_3d_element_basis the information that forms the basis of a surface 3D.element.

EXPRESS specification

ENTITY surface_3d_element_basis;

descriptor . surface_3d_element_descriptor;

variable . surface_element_variable,

variable_order . element_order;

variable_shape_function : shape_function;

evaluation_points : LIST [1:?] OF surface_element_location;
END_ENTITY;

(*

Attribute definitions

descriptor: the association to the information describinguaface_3d_element_representatian

variable: the variable to be associated with an order and shape functiondorface_3d_element_-
representation

variable_order: the.mathematical order of polynomials used to define the shape function.

variable_shapeZfunction: the type of polynomial shape function used to interpolate the variable within
asurface_3d-element_representatian

evaluatienypoints: the locations within aurface_3d_element_representatiowhere thevariablg is

evaluated using theariable_shape_function

86 ©IS0O 2000 — All rights reserved


https://standardsiso.com/api/?name=3049a7d726b1a379594044382a78eb72

ISO 10303-104:2000(E)

5.7.21 surface_2d_element_basis

A surface_2d_element_basis the information that forms the basis of a surface 2D element.

EXPRESS specification

ENTITY surface _2d_element_basis;

descriptor . surface_2d_element_descriptor;

variable . surface_element_variable;

variable_order . element_order;

variable_shape_function : shape_function;

evaluation_points : LIST [1:?] OF surface_element_location;
END_ENTITY;

(*

Attribute definitions

descriptor: the association to the information describingpeface_2d_element_representatian

representation
variable_order: the mathematical order of polynomials used to define the shape function.

variable_shape_function: the type of polynomial shape function used to interpolate the variab
asurface_2d_element_representatian

evaluation_points: the locations within aurface_2d_element_representatiowhere thevariablg
evaluated using theariable_shape_function
5(7.22 curve\3d_element_descriptor

Alcurve_3d_element_descriptois a collection of information that specifies a curve 3D elemer

EXPRESS specification

variable: the variable to be associated with an order and shape functiondorface_2d_element_

e within

S

—

*
)
ENTITY curve_3d_element_descriptor
SUBTYPE OF (element_descriptor);
purpose : SET [1:?] OF SET [1:?] OF
curve_element_purpose;
END_ENTITY;

(*
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Attribute definitions

purpose: the enumerated value specifying the responseafrae_3d_element_representationThe
purpose is a SET of SETs in order to allow the appropriate combinations of coupled and uncoupled
responses.

5(7.23 axisymmetric_curve_2d_element_descriptor

An axisymmetric_curve_2d_element_descriptois a collection of information that specifies an ax-
isymmetric curve 2D element.

EXPRESS specification

ENTITY axisymmetric_curve_2d_element_descriptor

SUBTYPE OF (element_descriptor);

purpose : SET [1:?] OF SET [1.2] OF
curve_element_purpose;

END_ENTITY;

(*

Attribute definitions

representation The purpose is a SET.of SETs in order to allow the appropriate combinations ¢f coupled

p%:rpose: the enumerated value spegifying the response obxieymmetric_curve_2d_elemgnt_-
and uncoupled responses.

5(7.24 plane_cdrve_2d_element_descriptor

Al|plane_curve_2d.‘element_descriptors a collection of information that specifies a plane curve 2D
element.

EXPRESS specification

")
ENTITY plane_curve_2d_element_descriptor
SUBTYPE OF (element_descriptor);

purpose : SET [1:?] OF SET [1:?] OF
curve_element_purpose;
assumption : plane_2d_element_purpose;
END_ENTITY;

(*
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Attribute definitions

purpose: the enumerated value specifying the responseptde_curve_2d_element_representation
The purpose is a SET of SETs in order to allow the appropriate combinations of coupled and uncoupled
responses.

assumption: the use of the element to model a curve.

5(7.25 curve_3d_element_basis

Alcurve_3d_element_basis the information that forms the basis of a curve 3D element.

EXPRESS specification

ENTITY curve_3d_element_basis;

descriptor . curve_3d_element_descriptor;

variable . curve_element variable;

variable_order . element_order;

variable_shape_function : shape_function;

evaluation_points : LIST [1:?] OF curyelelement_location;
END_ENTITY;

(*

Attribute definitions

descriptor: the association to the information describinguave_3d_element_representation

variable: the variable to bé associated with an order and shape function darva_3d_elemepnt_-
representation

variable_order: the.mathematical order of polynomials used to define the shape function.

variable_shapeZfunction: the type of polynomial shape function used to interpolate the variable within
aturve_3d_elément_representation

eyaluatienx'points: the locations within acurve_3d_element_representatiorwhere thevariable
evaluated using theariable_shape_function

S
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5.7.26 curve_2d_element_basis

A curve_2d_element_basis the information that forms the basis of a curve 2D element.

EXPRESS specification

ENTITY curve_2d_element_basis;

descriptor : curve_2d_element_descriptor;
variable . curve_element variable;
END_ENTITY;

(*

Attribute definitions

descriptor: the association to the information describinguave 22d__element_representation

variable: the variable to be associated with an order and shape function darva_2d_elemept_-
representation
5(7.27 point_element_representation

Al|point_element_representations a single.noded explicit element.

EXPRESS specification

ENTITY point_element_representation
SUBTYPE OF (element_representation);

model_ref . fea_model,

description . text;

matrix_set : SET [1:?] OF point_element_matrix;
UNIQUE

URL1: model_ref, SELF\representation.name;
WHERE

WR1L: SIZEOF (QUERY(item <* SELF\representation.items |
'STFRUCTURALRESPONSE REPRESENTAHON
'FEA_AXIS2_PLACEMENT_3D’

IN TYPEOF (item))) = 1;

FU1l: required_0d_nodes (

SELF\element_representation.node_list);
END_ENTITY;

(*

SCHEMA '
A 4Rl —lA2ran
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Attribute definitions

model_ref: an application defined identifier of tfiea_modelwhich possesses the point element.

description: information about th@oint_elementpurpose.

matrix_set: the explicit element matrices.

NOTE The element id, a unique application defined identifier oflament_representation is spec
by thenameattribute of thaepresentation supertype.

Formal propositions

UR1: the combination of afea_modeland element id shall be unique withina finite element 3
mjodel.

WR1: there shall be exactly one coordinate system associated it element_representatid
Almatrix coordinate system (FEA_AXIS2_PLACEMENT_3D)ds the coordinate system with r
which all of the matrices of the point element are defined. A/he degrees of freedom at a node
w(th respect to the local orthogonal triad of the specified:coordinate system at that node.
FU1: the number of nodes in the node list gbaint_element_representatiorshall be the proper
ber for a point element.

5(7.28 point_element_matrix

A|point_element_matrix is a matrix:that represents a stationary mass, grounded spring, or
damper.

EXPRESS specification

ENTITY point_element_matrix

SUPERTYRE. OF (ONEOF(stationary_mass,
grounded_spring,
grounded_damper));

ENDAENTITY;

fied

inalysis
n
bspect to

are defined

num-

grounded

(*
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5.7.29 stationary_mass

A stationary_masss a point element nodal response matrix of type stationary mass. The

stationary_massmatrix is populated as follows:

E

[ )
iy

NOTE In all physical cases mass acts equally in all directions.

XPRESS specification

E

E

A

tribute definitions

m
A
A
A
m

ass: the point masses in.the different directions is populated as follows:

coordinate system:the coordinate system which is used to specify the offset.

NTITY stationary_mass

SUBTYPE OF (point_element_matrix);

mass : ARRAY [1:3] OF<eontext_dependent_measure;
moments_of inertia : symmetric_tensor2.3d;

coordinate_system . fea_axis2_placement_3d,;

offset_vector : ARRAY [1:3].OF context_dependent_measure;
ND_ENTITY;

ray item 1 is the mass)acting in tkedirection, and is denoted.. in the matrix shown above;
ray item 2 is the mass acting in tiyedirection, and is denotedt,, in the matrix shown above;
ray item 3 is the mass acting in tealirection, and is denoted ., in the matrix shown above;

oments_ofuinertia: the moments of inertia of a point (denoted Qy. ... 7.. in the matrix sh
aﬁ)ove) inthe different directions. The values of the inertias should be set to 0.0 if unwanted.
are evaluated about the centre of mass.

DWN
"he inertias

offset_vector: the distance from the node to the position of the centre of mass with respect to the local
orthogonal triad of the specified coordinate system at the node.

92
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5.7.30 grounded_spring

A grounded_springis a point element nodal response matrix of type grounded spring. The
grounded_spring matrix is populated as follows:

( kt,, " \

kt.
kry
kry
kr,

EXPRESS specification
")
ENTITY grounded_spring

SUBTYPE OF (point_element_matrix);

stiffness_coefficients : ARRAY [1:6] OF context_dependent_measure;
END_ENTITY;
(*

Attribute definitions

stjffness_coefficients:the stiffnesses in the different directions is populated as follows:

ray item 1 is the translational stiffiess in tkelirection, denotedt,. in the matrix shown above
ray item 2 is the translational stiffness in thelirection, denotedt, in the matrix shown above
ray item 3 is the translationalstiffness in thelirection, denotedt ., in the matrix shown above
ray item 4 is the rotational stiffness about thelirection, denotedr,. in the matrix shown abov
ray item 5 is the rotational stiffness about thelirection, denotedr,, in the matrix shown abovs
ray item 6 is the rotational stiffness about thdirection, denotedr., in the matrix shown abovg

>>>>> >

5(7.31 grounded_damper

A| grounded_damper is a point element nodal response matrix of type grounded damp
grlounded_dampermatrix is populated as follows:

DD

ar;
dt,
dt,
dr,
dry
dr,
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EXPRESS specification

")

ENTITY grounded_damper

SUBTYPE OF (point_element_matrix);
damping_coefficients : ARRAY [1:6] OF context_dependent_measure;

T W sl N e o e o W2

El
(*

A

U_LINTTTT,

tribute definitions

o

q

>>>>> >

A
ng
dd

amping_coefficients: the damping in the different directions is populated asfollows:

All elements of the matrix are populated from the single coeffidierfthe matrix is of the form:

ray item 3 is the translational damping in thelirection, denotedt in‘the matrix shown above
ray item 4 is the rotational damping about théirection, denoted#,. in the matrix shown abovj
ray item 5 is the rotational damping about théirection, degotedr, in the matrix shown abov
ray item 6 is the rotational damping about thdirection, denotedr . in the matrix shown abov

7.32 directionally_explicit_element_representation

directionally_explicit_element_representatians a two noded element for which the matrices
bss, damping and mass) are characterized by a single coefliciéifie x direction of the matr
bfined with respect to a coordinate system.

+k -k -+ degree of freedom 1, node 1

-k +k -+ degree of freedom 2, node 2

degree of degree of

Different degrees of freedom can be specified for the two nodes. For a simple axial spring or damper the
x translation degree of freedom in the aligned system is specified for both nodes. A two node explicit

element can be used instead of a directionally explicit element, but an explicit element is less convenient
because it is necessary to define each of the four matrix terms separately. Also, an aligned coordinate

ray item 1 is the translational damping in thedirection, denotedt,. in the matrix shown abovg.
ray item 2 is the translational damping in thealirection, denotedt, in-the matrix shown abovs.

I

nnnnnn

-1 froaadarm 2
meTuvurit 4., IMCTCTUVvII! <,

node 1 node 2

system cannot be defined for an explicit element.
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EXPRESS specification

")
ENTITY directionally_explicit_element_representation
SUBTYPE OF (element_representation);

model_ref . fea_model,
oyatC| 1 ID_QI Id_fl CCdUI "o . L:ST [22] CF oyatC| 1 I_GI Id_fl CCdUI LLN
description . text;
coefficient . directionally_explicit_element_coefficient;
UNIQUE
UR1: model_ref, SELF\representation.name;
WHERE

FU1l: required_1d_nodes (
SELF\element_representation.node_list,
linear);

END_ENTITY;

(*

Attribute definitions

miodel_ref: an application defined identifier of thea_modelwhich possesses the directionally explicit
element.

systems_and_freedomsthe coordinate systemS*and degrees of freedom with respect to which all of
thie matrices of thelirectionally _explicit_element_representationare defined. List item 1 specifies

thie coordinate system and degree of freedom at node 1 and list item 2 specifies the coordinate system
and degree of freedom at node 2.

description: information about the purpose ofirectionally _explicit_element_representation

cqefficient: the single coefficient that characterizes the matricesdifetionally _explicit_elemen
rejpresentation

~+
I
1

NOTE The elementid, a unique application defined identifier aélament_representation is specified
by thenameattribute of thaepresentation supertype.

Formal propositions

URZ: ‘the combination of afea_modeland element id shall be unique within a finite element analysis

FU1: the number of nodes in the node list adigectionally_explicit_element_representatiorshall be
the proper number based on the linear order offirectionally_explicit_element_representation
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5

.7.33 system_and_freedom

A system_and_freedonis the coordinate system and degree of freedom fiirectionally_explicit_-

el

ement_representatiomode.

DRhEQCQ H 1
NN oo opJTUNILAUUTI

E
(*

A

NTITY system_and_freedom;

matrix_coordinate_system
directionally_explicit_element_coordinate_system;

freedom : degree_of freedom;

ND_ENTITY;

tribute definitions

m|
di

5

A
di

E

atrix_coordinate_system: the coordinate system with:respect to which all of the matrice
Fectionally_explicit_element_representatiorare defined for a node. This system can be an

system derived form the positions of the element nodes, or it can be an arbitrary system.
system shall not be specified if the two nodes of.the element are coincident.

freedom: the degree of freedom at a node dfigectionally_explicit_element_representation

7.34 directionally_explicit_element_coefficient

directionally_explicit_element_-coefficientis the coefficient that characterizes the matrices
rectionally explicit element:

XPRESS specification

5 of the
aligned
An aligned

5 of the

ENTITY directionally _explicit_element_coefficient;
property type . matrix_property type;
coéfficient : context_dependent_measure;
ENDOENTITY;
(*
Attribute definitions

property_type: the enumerated value specifying the type of matrix (stiffness, mass, or damping).

coefficient: the coefficient that defines the matrix.
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5.7.35 explicit_element_representation

An explicit_element_representationis an element in which the associated matrices (stiffness, mass,

and damping) are specified directly.

E\Inhl_(\(‘ H '
NN oo opJTUIILAUUTI

ENTITY explicit_element_representation
SUBTYPE OF (element_representation);

model_ref . fea_model,

description . text;

matrix . explicit_element_matrix;
UNIQUE

UR1: model_ref, SELF\representation.name;
WHERE

WR1: SIZEOF (QUERY(item <* SELF\representation.items |
(STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_AXIS2_PLACEMENT_3D’)

IN TYPEOF (item))) = 1;
WR2: SIZEOF (matrix.node_dof _list) =
SIZEOF (SELF\element_representation.nede-list);
END_ENTITY;

(*

Attribute definitions

model_ref: an application defined identifier of tfiea_modelwhich possesses the explicit eleme
description: information about aexplicit_element_representatiorpurpose.

miatrix: the explicit element matrix.

NOTE The.element id, a unique application defined identifier oflament_representation is spec
by thenameattribute of therepresentation supertype.

Formal\propositions

ent.

fied

URT:
model.

analysis

WR1: there shall be exactly one matrix coordinate system associated wigxglitit_element_-

representation

A matrix coordinate system (FEA_AXIS2_PLACEMENT_3D) is the coordinate system with respect to
which all of the matrices of aexplicit_element_representationare defined. The degrees of freedom
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at a node are defined with respect to the local orthogonal triad of the specified coordinate system at that
node.

WR2: the lengths of the degree of freedom list and the required node list shall be the same.

5.7.36 explicit_element_matrix

An explicit_element_matrix is stiffness, mass, or damping matrix associated witheaplieif_-
element_representation

EXPRESS specification

ENTITY explicit_element_matrix;

property_type . matrix_property_type;

symmetry . matrix_symmetry;

node_dof_list : LIST [1:?] OF LIST [1:?] OF{degree_of freedom;

matrix_values : LIST [1:?] OF context_dependent_measure;
WHERE

WR1: SIZEOF (matrix_values) = number_of_terms {(node_dof_list, symmetry);
END_ENTITY;

(*

Attribute definitions

property_type: the type of matrix (stiffness, mass, or damping).
symmetry: the symmetry of the matrix (Symmetric or diagonal).

node_dof_list: the degree-of-freedom at the nodes. The first list shall have the dimension of the number
off explicit_element_repreSentationnodes, the second list shall have the dimension of the nymber of
freedoms for that node.

miatrix_values: thecoefficients that define the matrices of &xglicit_element_representation

NOTE( \Fhe matrix is square with freedoms in the sequence specified by the node_dof _list. The number
of independent terms in the matrix and their position in the list depends on the attribtrie_symmetfry.
Refer to thematrix_symmetry TYPE for the definitions of how these matrices are populated.

Formal propositions

WR1: the length of thenatrix_valueslist shall be appropriate for the size and symmetry of the matrix.
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5.7.37 substructure_element_representation

A substructure_element_representatioris a model that may have reduced degrees of freedom and is
assembled into another model.

NOTE1 The connectivity between the substructure nodes and the model is established with the

cubcetructira nada ralationchinantifyv
HOSHHGHH RO —FeratHoRSHHPeRHEY-

EXPRESS specification

ENTITY substructure_element_representation
SUBTYPE OF (element_representation);

model_ref . fea_model,

substructure_model_ref . fea_model,
UNIQUE

UR1: model_ref, SELF\representation.name;
END_ENTITY;

(*

Attribute definitions

model_ref: thefea_modelin which the substructure element is to be assembled.

substructure_model_ref: thefea_mode|that possesses the substructure element.

NOTE 2 The element id, a(unique application defined identifier of sastructure_element_-
representation, is specified by theameattribute of therepresentation supertype.

Formal propositions

UR1: the combination of afea_modeland element id shall be unique within a finite element analysis
mjodel.

5(8 Structural response representation schema definitions: Element
topologies

The relationship between a node and the element geometry is determined by its position in the element
node list. This relationship depends on the element shape and order, and is shown below for each element
shape and order.

The orientation of the parametric coordinate system has been defined for each type of element. This

orientation has the relationship to the nodes referenced from the element node lists as shown in the
element node sequence diagrams below. The sequence of vertex nodes has the same relationship to the
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orientation of the parametric coordinate system for each order of a particular element shape, hence for
clarity of presentation the orientation of the parametric coordinate system of an element is only shown in
the diagram for the linear element of a particular shape. The axes of the element parametric coordinate
system are denoted by,{,(). The values ofg,7,() shall range from -1.0 to 1.0.

Triangular, wedge, tetrahedron, and pyramid elements are defined with collapsed rectangular coordinate
systems—Thefigures for theseetements denote-whichnode s thesingutarity by specifyingthe edge of
thie element to which an axis of the parametric coordinate system is parallel.

Tihe sequence of the nodes in the element node list has been defined for each typ&-of element. In each
cgse the following classes of nodes are in the sequence:

— vertex nodes are required for the definition of the element geometry andshall be specifi¢d;
— edge nodes are additional nodes to be specified based on the shape and order of the element;
—t face nodes are additional nodes to be specified based on.the'shape and order of the element;

— body nodes are additional nodes to be specified baséd on the shape and order of the elément.

For each element SUBTYPE, the WHERE rule ensures that the proper number of nodes are|supplied.

The element node list shall refer to the nodes ir:the following order:

—t vertex nodes are referenced first inuthede_listattribute of theelement_representationentity
where the position in the list is the,;number in the diagram;

— any additional nodes (edge, face or body) are then referenced Ioyptlee listattribute wherg the
position in the list is the-iumber in the diagram;

— face and body nodes'may be omitted from the node list.

NOTE ~Adummy_nodeis referenced as a placeholder if an element formulation does not have a mid-
edge¢mid-face, or mid-volum@de shown in the node sequence diagrams in Figures 10 thrqugh 39.

Tihe ordering of the element faces and edges is determined by the ordering of the vertex podes. The
element node sequence, face, and edge diagrams follow in Figures 10 through 39:
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® —_— e
1 £ 2
(-1.0) (1.0)

Figure 10 — Curve 3D or surface 2D elements - linear

Figure 11 — Curve 3D or surface 2D elements - quadratic

o ° ° °
1 3 4 2

Figure 12 — Curve 3D or surface 2D elements - cubic
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L 2D analysis plane

definition system

bottom ~

edge node

face outward normal
top | inthe direction of the positive element orthogonal.coordinate system z axis.
bottom | in the direction of the negative element orthogaenal coordinate system z axis.

Figure 13 — Surface 2D elements - faces and edges

(-1.0, 1.0
3
n paralléel
to side)13
n
§
L N
1 2
(-1.0, -1.0) (1.0, -1.0)

Figure 14 — Surface 3D or volume 2D elements - triangle - linear
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Figure 15 — Surface 3D or volume 2D elements - triangle - quadratig

7/

Figure 16 — Surface 3D or volume 2D elements - triangle - cubic
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2
edge nodes
1 12
2 2 3
3 31
face outward normal
top in the direction of the positive element orthogonal coordinate system z axis.
bottom | in the direction of the negative element orthogonahkcoordinate system z axis.

Figure 17 — Surface 3D elements - triangle faces and edges

edge node

1 1
2 2
3 3

104

face node

1 1 2
2 2 3
3 3 1

Figure 18 — Volume 2D elements - triangle faces and edges
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(1.0, 1.0 (1.0, 1.0
4 3
|

2
(1.0, -1.0)

Figure 19 — Surface 3D or volume 2D%elements - quadrilateral - linegr

2

Figure 20 — Surface 3D or volume 2D elements - quadrilateral - quadratic
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edge
1 12 \
2 2 3
3 3 4 bottom
4 4 1
face outward normal

top | in the direction of the positive element orthogonal coordinate system z axis.
bottom | in the direction of the negative element orthogonal coordinate system z axis.

Figure 22 — Surface 3D elements - quadrilateral faces and edges
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0

edge node
~N
1 1
2 2
3 3
4 4
face nodes
1 12
2 2 3
3 3 4
4 4 1

1.0,1.0,-1.0
( 3 )

Figure 23 — Volume 2D elements - guadrilateral faces and edges

(1.0, 1.0, 1.0)
7

(-1.0, 1.0, 1.0)

|
<10, 1.0, -1.0) |
bips A
- - 6 ~
- (1.0,-1.0, 1.0) > <
-7 5
" (-1.0,-10, 1.0)
- - -
-—
il
y
(1.0, -1.0, -1.0)
1
(-1.0,-1.0, -1.0)

Figure 24 — Volume 3D elements - hexahedron - linear
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Figure 26 — Volume 3D elements - hexahedron - cubic
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edge nodes
1 12
2 23
3 34
4 41
5 56
fage nodes 6 6 7
1 1432 7 78
2 5678 8 8 5
3 1265 9 15
4 3762 10 26
5 3487 11 37
6 15814 12 48

Figure 27 — Volume 3D elements - hexahedron faces and edges
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n pgrallel (-1.0,1.0,1.0)
to sides 6

13, 46

(-1.0, 1.0, -1.0)
3

(-1.0, =10, 1.0)

2
(1.0, -1.0, -1.0)

(-1.0, -1.0, -1.0)

Figure 28 — Volume 3D elements <wedge - linear

Figure 29 — Volume 3D elements - wedge - quadratic
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Figure 30 — Volume 3D elements <wedge - cubic
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Figure 31 — Volume 3D elements - wedge faces and edges
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(-1.0, -1.0, 1.0)
(-1.0, 1.0, -1.0)
3 AN
/Y S/

n parallel

to side 13

{ parallel

(1.0, 1.0, -1.0) 1 to side 14
(-1.0, -1.0, -1.0)

Figure 32 — Volume 3D elements - tetrahedron - linear

Figure 34 — Volume 3D elements - tetrahedron - cubic
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4
—= nodes edge
//
- 1 1
2 2 3
3 31
4 14
5 2 A
6 3°4
face nodes
1 123
2 142
3 243
4 341

Figure 35 — Volume 3D elements - teétrahedron faces
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Figure 38— Volume 3D elements - pyramid - cubic
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Figure 39 — Volume 3D elements - pyramid faces and edges

5(9 Structural response representation schema entity definitions:
Element coordinate systems

The coordinate systems that are used for.element information fall into three different categorles:

—t an arbitrary placement coordinate system that is defined without reference to the geonetry of the
element. Such a system can-be used to orient property information associated with a volume 3D
element.

—t an aligned orthogonal'system in which the orientation of the axes for a surface or curye element
coordinate system-at each pointin the element is partly defined by the element geometry;

— a parametric coordinate system whereby each point within an element is derived from the orienta-
tion of the'parametric axes for the element at that point. The parametric axes are not hecessarily
orthogonal. Such a system can be used when a curved surface of orthotropic or anisotropic material
is modelled by volume or surface 3D elements.

If aToTn-cartesiarr coordinate systenTis specifiedforarmetement thermmformationmatapoint within an
element is defined with respect to the local orthogonal cartesian coordinate system whose axes are co-
incident to the specified system at that point. An aligned system at a point is also derived from an
orthogonal cartesian coordinate system whose axes are coincident to the specified coordinate system and
the element geometry at that point.
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Element information may be defined with respect to an orthogonal system of coordinate axes derived
from the parametric coordinate system of the element. A parametric coordinate system orientation is
established graphically for each element type along with the element node sequence in the figures in 5.8.
In this clause only two axes for each orthogonal coordinate system are specified. The third axis is then
chosen according to right hand rule to complete the triad. The axes of an orthogonal element coordinate
system are denoted fy,z). The orthogonal system may be an intermediate orthogonal system, with the
elpmentorthogonat-systemretated-tothe-intermediate orthogonatcoordinatesystembyone angle (for
surface elements) or three angles (for volume elements).

Finite element information is defined with respect to an orthogonal coordinate system«that shall obey the
following rules:

— for a surface element, threaxis of the coordinate system is defined to remain normal to the element
surface. Hence for a non-planar (curved) element the orientation of.the coordinate sys$tem varies
over the element surface. Theaxis of a surface element is normal.to the surface in both| 2D and
3D analyses.

—t for a curve element, the axis of the coordinate systemis defined to be tangential to the curve.
Hence for a curved element the orientation of the coordinate system varies along the cufve.

5(9.1 aligned_axis_tolerance

An aligned_axis_tolerances a value for the tolerance of the alignment of coordinate systems

EXPRESS specification

ENTITY aligned_axis_tolerance;

model_ref . fea_model,
tolerance . context_dependent_measure;
END_ENTITY;

(*

Attribute-definitions

model_ref: the model to which the tolerance applies.

tolerance: the value of the alignment tolerance.
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5.9.2 arbitrary_volume_3d_element_coordinate_system

An arbitrary_volume_3d_element_coordinate_systenis an arbitrary orthogonal coordinate s
for a volume 3D element.

E\Inhl_(\(‘ H '
NN oo opJTUILAUUTI

ENTITY arbitrary_volume_3d_element_coordinate_system
SUBTYPE OF (fea_representation_item);
coordinate_system . fea_axis2_placement_3d;
END_ENTITY;

(*

Attribute definitions

coordinate_system:the coordinate system for the volume 3D/element. At a point within the
inLormation is defined with respect to the local orthogonal coordinate system triad of the speg
dipate system at that point.

5(9.3 parametric_volume_3d_element_coordinate_system

Alparametric_volume_3d_element_coordinate_systein the orthogonal coordinate system fof
ume 3D element. At each point in the*élement an intermediate orthogonal coordinate syster
from the parametric coordinate system of an element. Let the ffiad ) denote the axes of the
meetric coordinate system, and (y’,z") denote the axis of an intermediate orthogonal coordinate
The orthogonal coordinate system used to define information for the element, dengtel (s relg
to this intermediate orthogornal coordinate systefy(,z") by Euler angles.

ystem

blement,
ified coor-

a vol-

nis derived
para-
system.
ted

For the purpose of réference by attribudess_1andaxis_2 let{ =1, =2 and( = 3. The intermedliate
ofthogonal coordinate system shall be derived from the parametric coordinate system by [the various
combinations.ghxis_landaxis_2as follows:
—  axis=1= 1 andaxis_2=2:

x = ¢

z = ({{xn)
— axis_1= 2 andaxis_2=3:

y' =7

x' = (nx()
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— axis_1= 3 andaxis_2=1:

7z = (
y' = ({{x§)
axis—H=—l-andaxis—2=3
x = ¢
"= {(x§)
— axis_1= 2 andaxis_2=1:
"=
z = ({xn)
— axis_1= 3 andaxis_2=2:
7z = (
x' = [ Q)

The derivation of an orthogonal coordinate-systemefxis_1= 1 andaxis_2= 2 is shown in Figurg 40
fof a linear hexahedron element. Here,tRgy(z) system is not rotated from th&’'(y’,z’) systemfand
is|therefore coincident. The andz’ axes are perpendicular to tli§e plane. They andy’ axes|are
perpendicular to the’z’ andxz planes, positive right-hand rule.

EXPRESS specification

ENTITY parametfic-volume_3d_element_coordinate_system
SUBTYPE_QOF-(fea_representation_item);

axis_1 . INTEGER;

axis_2 . INTEGER;

eu_angles . euler_angles;
WHERE

\AIRA - Lfonsie 1 = 1\ AND (oo 1 =2\ AN
VVINL. \GI\ID_J. - J.) M\INLS \GI\ID_J. - \J) M\INLS

(axis_2 >= 1) AND (axis_2 <= 3) AND
NOT (axis_1 = axis_2);

END_ENTITY;

(*
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5

fFigure 40 — Orthogonal volume 3D element coordinate system derival
foraxis 1 =1andaxis 2=2

Attribute definitions

axis_1: the first parametric axis used'to derive the orthogonal coordinate system.
axis_2: the second parametric axis used to derive the orthogonal coordinate system.

ey_angles:three Euler angles that define the orthogonal element coordinate sysies) ith resy
to (x',y’,2').

Formal propositions

WR1: thedwo defining axes of the coordinate system shall be 1, 2, or 3, and they shall not b¢

5(9:4 arbitrary_volume_2d_element_coordinate_system

on

ect

b the same.

An arbitrary_volume_2d_element_coordinate_systenspecifies an arbitrary orthogonal coordinate
system for a volume 2D element, for which tkeaxis shall be normal to the 2D analysis plane and

in the direction of thék axis of the 2D analysis plane definition coordinate system.

The orientation of the coordinate systems is shown in Figure 41 &ks is the axis of symmetry, and
theij plane is the 2D analysis plane. The plane is coincident with thg plane. They axis is oriented

by the vectodirection.

(©I1SO 2000 — All rights reserved
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AXIS OF

/ SYMMETRY

2D ANALYSIS PLANE

~igure 41 — Arbitrary volume 2D element-coordinate system orientation

EXPRESS specification

ENTITY arbitrary_volume_2d_element.coordinate_system
SUBTYPE OF (fea_representation’ _item);

orientation . direction;
WHERE

WR1: SELF\geometric_fepresentation_item.dim=2;
END_ENTITY;

Attribute definitions

mient.

or|ieentation: the direction used to orient the orthogonal coordinate system at each point withjn the ele-

Formal propositions

WR1: the space dimensionality of the direction shall be 2.
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5.9.5 parametric_volume_2d_element_coordinate_system

A parametric_volume_2d_element_coordinate_systeim an orthogonal coordinate system for a vol-
ume 2D element. An intermediate orthogonal coordinate systég &) is derived from the parametric
coordinate systent(n) of an element. The’ axis of the intermediate orthogonal coordinate system is
normal to the 2D analysis plane and in the direction of khexis of the 2D analysis plane definition

Cq
sh

T

T
Sy
pe

for axis= 1 they’ axis of the intermediate orthogonal system is on the same dirgetion as
of the parametric coordinate system;

for axis= 2 thez’ axis of the intermediate orthogonal system is in the same direction as
of the parametric system.

ne orthogonal coordinate system defined for the element, dengged)(is related to the interme
ofthogonal systemx(,y’,z’) by an angle.

AXIS OF

/ SYMMETRY

2D ANALYSIS PLANE

oTdiTTate SyStenT. AT axis of the mtermediate orthogormat toordimate systernm i the2B—amalysis plane
all be derived according to tleis attribute as follows:

the axis

he axis

diate

ne derivation of an orthogonal coordinate system for axist= 1 is shown in Figure 42. Here, iz (
stem is not rotated from the&'(y’,z’) system and is.therefore coincident. Theand x’ axes
erpendicular to thérn plane. Thez andz’ axes are perpendicular to tivéy’ andxy planes, pog
right-hand rule.

are
itive

Figure 42 — Parametric volume 2D element coordinate system derivation

foraxis=1

(©I1S0O 2000 — All rights reserved
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EXPRESS specification

")
ENTITY parametric_volume_2d_element_coordinate_system
SUBTYPE OF (fea_representation_item);

axis : INTEGER;

QIIH:C . p:QIIC_ClIIH:C_IIICClDUIC,
WHERE

WR1: (axis >= 1) AND (axis <= 2);
END_ENTITY;

Attribute definitions

axis: the axis of the parametric and intermediate coordinate systems-that are aligned.

angle: the angle from th&'’ to thex axis measured in a positive sense abouttlaxis.

Formal propositions

WR1: the defining axis of the coordinate system shall be either 1 or 2.

5(9.6 aligned_surface_3d_element_coordinate_system

An aligned_surface_3d_element_coordinate_systeman aligned orthogonal coordinate system for a
surface 3D element that is derived ffom the local orthogonal triad of the specified arbitrary ¢oordinate
system and the normal to the surface of an element. Let the &jgck] denote the axes of the aligned
ofthogonal system, and 1eX(¥;Z) denote the local orthogonal triad of the specified arbitrary [system.

At each pointin the element-thzeaxis of the aligned orthogonal system shall be normal to the surface of
an element such that:

z-7Z >0

They axis of the aligned orthogonal system is such that:

y = (z x X)

Hence theX axis is projected on the surface of the element to formxtlagis of the aligned orthogonal
system. It is important that the aligned orthogonal coordinate system be well conditioned. To ensure this
Z shall be specified such that:
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z - Z > tolerance |z| |Z]

where the tolerance is specified byaligned_axis_toleranceentity for the model.

The derivation of a surface 3D element aligned orthogonal coordinate system from an arhbitrpry coordi-
nate system is shown in Figure 43.

3arb

Figure 43 — Aligned surface 3D element coordinate system derivation
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EXPRESS specification

")

ENTITY aligned_surface_3d_element_coordinate_system

SUBTYPE OF (fea_representation_item);
coordinate_system : fea_axis2_placement_3d;

T W sl N e o e o W2

El
(*

Attribute definitions

U_LINTTTT,

Cq

5

A

Cq
re

sy

face 3D element. An intermediate orthogonal coordinate systept) at any point on the elem¢
derived from the parametric coordinate system. This intetmediate orthogonal system shall
from the parametric system according to the valuaxa$ attribute as follows:

The z’ intermediate orthogonal axis shall be normal to the surface in the direction gffiaeamg

perpendicularto-thén plane. They andy’ axes are perpendicular to thé&’ andxz planes, pos
right-handdule.

ordinate_system:the coordinate system for the element.

9.7 parametric_surface_3d_element_coordinate system

parametric_surface_3d_element_coordinate_systeis an orthogonal coordinate system for

for axis = 1 thex’ axis of the intermediate orthogonal system is in the same direction as
of the parametric coordinate system;

for axis= 2 they’ axis of the intermediate orthogonal system is in the same direction as
of the parametric coordinate system.

ordinate system axis. The orthogonal coordinate system defined for the element, dejpyo#
lated to the intermediate orthogonal coordinate sysiém’(z’) by theangleattribute.

stem is not rgtated from the&'(y’,z") system and is therefore coincident. Thendz’' axes

a sur-
bnt is
be derived

the axis

he axis

tric

as(

Tlhe derivation of an-orthogonal coordinate system for axis = 1 is shown in Figure 44. Here,y{# (

are
itive
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fFigure 44 — Parametric surface 3D element coordinate system derivation

foraxis=1

EXPRESS specification

ENTIRY" parametric_surface_3d_element_coordinate_system
SUBTYPE OF (fea_representation_item);

axis . INTEGER,;

angle : plane_angle_measure;
WHERE

WR1: (axis >= 1) AND (axis <= 2);
END_ENTITY;

(*
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Attribute definitions

axis: the axis of the parametric and intermediate orthogonal coordinate systems that are aligned.

angle: the angle from the&' to thex axis measured in a positive sense abouttheis.

F

prmal propositions

W

A
sy

E

R1: the defining axis of the coordinate system shall be either 1 or 2.

9.8 constant_surface_3d_element_coordinate_system

constant_surface_3d_element_coordinate_systdman aligned orthogonalcoordinate syste
rface 3D element, and is defined for each point on the surface as follows:

an intermediate orthogonal coordinate system is derived ftom the parametric coordin
at the centroid of the element in the way specified forpeametric_surface_3d_eleme
coordinate_system

an aligned orthogonal coordinate system is derived from this intermediate orthogonal sy
way specified for entityligned_surface_3d_element_coordinate _system

XPRESS specification

W

E
(*

A

NTITY constant_surface_3d_element_coordinate_system
SUBTYPE OF (fea_representation_item);

axis : INTEGER;

angle : plane_angle_measure;
HERE

WR1: (axis >z~1)“AND (axis <= 2);

ND_ENTITY;

tribute definitions

m for a

ate system
nt_-

stem in the

axis: the axis of the parametric and intermediate orthogonal coordinate systems that are aligned.

angle: the angle from the&' to thex axis measured in a positive sense abouttheis.

Formal propositions

WR1: the defining axis of the coordinate system shall be either 1 or 2.
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5.9.9 aligned_surface_2d_element_coordinate_system

An aligned_surface_2d_element_coordinate_systeman aligned orthogonal coordinate system for a
surface 2D element.

For thealigned_surface_2d_element_coordinate_systeimex axis shall be normal to the 2D analysis
ol : L : ) _ . RIS

of the aligned orthogonal coordinate system shall be normal to the surface of an element)iy e
ection, andy — z x x such that:

z-d>0

whered is the specified direction.

ItJs important that the aligned orthogonal coordinate system be welleonditioned. To ensudestyad,
bé specified such that:

d - x > tolerance |d{|X]

where the tolerance is specified byaligned_axis_toleranceentity for the model.

The derivation of a surface 2D element aligned coordinate system is shown in Figure 45.

EXPRESS specification

ENTITY aligned_surface_2delement_coordinate_system
SUBTYPE OF (fea_gepresentation_item);

orientation . direction;
WHERE

WR1: SELF\geometric_representation_item.dim=2;
END_ENTITY;

(*

Attribute definitions

orientation: the direction used to orient the orthogonal coordinate system at each point within the ele-
ment.

Formal propositions

WR1: the space dimensionality of the direction shall be 2.
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AXIS OF DIRECTION

/ SYMMETRY

2D ANALYSIS PLANE

Figure 45 — Aligned surface 2D elementcoordinate system derivatign

5(9.10 parametric_surface_2dcelement_coordinate system

Alparametric_surface_2d_element_coordinate_systeim an orthogonal coordinate system for a sur-
face 2D element. The orthogonal axis shall be in the direction of the parametric &xiBhex orthpg-
omal axis is normal to the 2D analysis plane and in the direction oktheis of the 2D analysis plane
definition system. The derivation of an orthogonal coordinate system is shown in Figure 46.

EXPRESS specification

ENTITY parametric_surface_2d_element_coordinate_system
SUBTYRE) OF (fea_representation_item);
END_ENTITY;

(*
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AXIS OF

/ SYMMETRY

2D ANALYSIS PLANE

fFigure 46 — Parametric surface 2D element coordinate system derivation

5(9.11 aligned_curve_3d_element_coordinate_system

An aligned_curve_3d_element_coordinate_systeim an aligned orthogonal coordinate systein for a
cyrve 3D element. Let the triadt fy,z) denote the axes of the aligned orthogonal system anX|&f {Z)
denote the local orthogonal triad ©of,the specified arbitrary system. At each point in the element the
axis is tangential to the curve such that:

x-X>0
Thez axis of the-aligned orthogonal system is such that:

z=(xxXY)

Tlhederivation of the aligned orthogonal system needs to be well conditioned. To ensXestiad be
specified such that:

x - X > tolerance |x| |X|

where the tolerance is specified byaligned_axis_toleranceentity for the model.

The derivation of a curve 3D element aligned orthogonal coordinate system is shown in Figure 47.
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Figure 47 — Aligned curve 3D element coordinate’system derivation

EXPRESS specification

ENTITY aligned_curve_3d_element_coordinate _system
SUBTYPE OF (fea_representation_item);
coordinate_system . fea_axis2_placement_3d;
END_ENTITY;

Attribute definitions

cqordinate_system:thecoordinate system for the element.

5(9.12 parametric_curve_3d_element_coordinate_system

A|parametric’ curve_3d_element_coordinate_systeis an orthogonal coordinate system that is de-
rived from the parametric coordinate system for a curve 3D element. Let thexstriad) denote axgs of
thie orthogonal system and kétdenote the specified direction. TkRerthogonal axis is tangential fo the

clipve in-tha diraction of thanaramatric-a¥icThaz arthoaonalavis-ice dafined csuch that:
Hre—HtHe-GHecHoH-oHtheparaiethcafisS e A BB 5o HbaS1S GeHeaSuththat:

z=(xxd)

The derivation of the orthogonal system needs to be well conditioned. To ensudestiadl be specified
such that:
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y - d > tolerance |y| |d|

where the tolerance is specified byaligned_axis_toleranceentity for the model.

The derivation of an orthogonal coordinate system is shown in Figure 48.

Z

DIRECTION

Figure 48 — Parametric curve 3D element coordinate system derivatipn

EXPRESS specification

ENTITY parametric_curve_3d_element_coordinate_system

SUBTYPE OF (fea”representation_item);

direction : parametric_curve_3d_element_coordinate_direction;
END_ENTITY;

Attribute definitions

direction: a direction used to orient the orthogonal coordinate system at each point in the element.
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5.9.13 parametric_curve_3d_element_coordinate_direction

A parametric_curve_3d_element_coordinate_directiorfs the parametric direction used to orient the
orthogonal 3D coordinate system for a curve 3D element by the use of a direction.

E\Inhl_(\(‘ H '
NN oo opJTUILAUUTI

ENTITY parametric_curve_3d_element_coordinate_direction
SUBTYPE OF (fea_representation_item);

orientation . direction;
WHERE

WR1: SELF\geometric_representation_item.dim=3;
END_ENTITY;

(*

Attribute definitions

ofientation: a direction used to orient the orthogonal ceordinate system at each point in the ¢lement.

Formal propositions

WR1: the space dimensionality of the direction shall be 3.

5(9.14 curve_2d_element_coordinate_system

Alcurve_2d_element_coordinate_systeiis an orthogonal coordinate system for a curve 2D glement.
The x axis is tangential to-the curve in the direction of thexis of the 2D analysis plane. Tlyegxis

off the aligned orthogopal system shall be in the specified direction. The derivation of an ¢rthogonal
coordinate systemrissshown in Figure 49.

EXPRESS specification

*
)
ENTITY Turve_2d_etement_coordinate_syStem
SUBTYPE OF (fea_representation_item);
orientation . direction;
WHERE
WR1: SELF\geometric_representation_item.dim=2;
END_ENTITY;

(*
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Figure 49 — Curve 2D element coordinate system derivation

tribute definitions

0
o:Ithogonal coordinate system at each point in the element.

Formal propositions

ientation: the direction of they axis, which is defined in the 2D analysis plane, used to o

W

5

A
Sy

R1: the space dimensionality of the direction shall be 2.

9.15 directionally_explicit_element_coordinate_system_arbitrary

directionally_explicit_element_coordinate_system_arbitrarys an arbitrary orthogonal coorg
stem-for a directionally explicit element.

ient the

inate

EXPRESS specification

")

ENTITY directionally_explicit_element_coordinate_system_arbitrary

SUBTYPE OF (fea_representation_item);
arbitrary_system . fea_axis2_placement_3d;

END_ENTITY;

(*
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Attribute definitions

arbitrary_system: an arbitrary coordinate system. Information is defined with respect to the

local or-

thogonal triad of the specified system. The information is evaluated at the nodes of an element.

5.9.16 directionally explicit element coordinate system aligned

A| directionally_explicit_element_coordinate_system_aligneds an aligned orthogonal (coorg
system for orienting a directionally explicit element.

EXPRESS specification

ENTITY directionally_explicit_element_coordinate_system_aligned
SUBTYPE OF (fea_representation_item);

aligned_system . curve_3d_element_coordinate’, system;
END_ENTITY;

(*

Attribute definitions

aljgned_system:a curve 3D element coordinate system. The information is evaluated at the n
element. A coordinate system is defined.for the directionally explicit element as if it were a lir
element.

5(9.17 euler_angles

An euler_angless used to.define a coordinate system relative to a defining coordinate system
thie defining coordinate system will be an element coordinate system, and the relative coordi
used to define anisotropic material directions.

EXPRESS specification

linate

podes of an
ear curve

Typically
nate system

angles : ARRAY [1:3] OF plane_angle_measure;
END_ENTITY;

(*
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Attribute definitions

angles: the relative orientation of a new (rotated) coordinate system with respect to a defining
system using a series of three consecutive rotations. This method is known as Euler angles.
coordinate system1, y1, z1 is rotated about thel axis over angle angles[1], with the angle p

coordinate
The original
ositive

right hand rule. This yields coordinate systei®, y2, z2. Coordinate system2, y2, z2 is rotated

apoutthey2axis over angteangtest2}; with-theangte positive right frandrofe—This yretds
systemx3, y3, z3. Coordinate system3, y3, z3 is rotated about th&3 axis over angle anglg
positive right hand rule. This yields the final coordinate system.

10 Structural response representation schema entity definitions:

)
Element matrix integration

Alffinite element formulation is typically composed of many different matrices, including stiffne
amd others. For some of the more complex elements, the stiffness matrix may be partitioné
efal matrices. Each of these matrices typically needs to be integrated, mostly over the elen
volume. Many of these matrices are mathematically compléx that explicit integration is nog
and, therefore, numerical integration techniques are used,)Fer each matrix being integrated,
integrated matrix definition can specify the interpolation:rule for the quantity within the eler
the method of integration of the quantity. An element may have different interpolation rules fo
mitrices. Diagonal (lumped) matrices are often used for element mass and damping. Such
not treated as a special case, but are specified By humerical integration points at the nodes o

As described in 5.8, a volume, surface orcurve element has shape functions for geometric in]
The definitions of these shape functions depend on the element type, and in some element f
thie actual element node coordinates.and normals. The element descriptor entity for the partic
type specifies the element shape (such as triangle or quadrilateral), the element order, and &
tion that can be used to make'the element geometric shape functions definitions precise. A
w|thin an element are specified using the parametric axes system derived from the element
tions for geometric interpolation. However, the interpolation of other quantities within an elern
not use the same shape functions. Each quantity may have a different interpolation rule tha
by the shape functiens and the element geometry. The element shape function specifies the
ornder for the guantity and a text description that can be used to make the shape function dg
thie quantity precise.

NOTE 1 Forvolume, surface, and curve elements it is possible to define an explicit numerical
by.an arbitrary selection of integration points and weights within the volume of the element. Thi

pordinate
s(3],

5S, Mass,
bd into sev-
nent area or
t feasible,
the element
nent, and

r different
matrices are
f an element.

terpolation.
brmulations,
ular element
text descrip-
\ll locations
shape func-
nent need

it is defined
interpolation
finitions for

integration
5 is shown

in Fiqure 50 for volume elements.

However for surface and curve elements it is more common to define field and section integration meth-
ods separately whefeld integration is integration over the surface or along the length of an element,

andsection integrationis the integration through the thickness of a surface element or over

the cross

section of a curve element. The separate field and section integration definitions are used even when each

point of a numerical field uses the same integration method. For linear analyses, section inte

grations are

usually carried out algebraically; thus only one integration point would be defined through the section.
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X X
X X
X X X X
X X X X

Figure 50 — Volume -element integration points

NOTE 2 Figure 51 illustrates the\location of integration points in the field of a surface element and through

the section (thickness) of the.element. The section positions are with respect to the entire sgction depth,
which is the sum of all the plies in a layered material. A series of extent searches needs to [be made to
correlate integration points)with a given ply. See the Fundamental Concepts and Assumptions $ubclause of
this clause for discussion on why this modelling method was selected.

There are three cheices of defining the location of an integration point within a volume element.

NOTE 3 _“The EXPRESS-G Partial Model shown in Figure 52 is presented as an aid in visualising the
integration options for volume elements.

The algebraic integration option does not have integration points as this option defines that the integration
is|dane exactly. The rule option defines that an integration rule and integration order is used fo integrate
the matrix. The explicit option is the most general numerical integration option where the integration
positions and weights are explicitly defined. This option is included to avoid having to catalogue all
the many types of integration rules. The explicit integration option will form the foundation for the
description of analysis output points when that portion of this standard is complete.

0

EXAMPLE Integration rule includes Gaussian integration and Simpson’s rule.
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Figure 51 — Surface element integration points
olume_3d_ - . Thi ; ;
dlement | | Note: This basic data model structure is alsd
) - volume_3d_element used for:
integrated_ “ field_integration | , :
rhatrix with i 9 | - volume_2d_element_integration
definition N T o
olume 3d , .
element_ .‘;]'f""r’"tf—n volume_3d_field_| volume_3d_field_
integrated_ integration_ integration_rule integration_explicit|
matrix algebraic

Figure 52 — Volume element integration EXPRESS-G partial model
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The way in which the location of an integration pointis defined within a surface or curve element depends
on whether surface-section or surface-field integration is being used.

NOTE 4 The curve and surface element integration EXPRESS-G Partial Model is shown in Figure 53 to
aid in visualising the integration options available.

surface_3d SRS Note: This basic data model structure is also
- - element
e¢lement_ . — used for:
) integrated_ . .
integrated_ matrix_with - volume_2d_element_integration
natrix ==
definition
- curve_3d_element_integration
-curve_2d_elementhintegration
N 7 N 1
surface_3d_element 0 ngﬁgﬁt—sd— | surface_section_ ‘
field_integration ; — q integration |
‘ ‘ integration !
;Tg i
surface_3d_field_| surface_3d_field_ _element__ surface_section_ surface_section_
) - ; - —.| | integration_ : : : - =
integration_rule integration_explicit algdDyaic integration_rule integration_explicit

model

Figure 53 — Surface and curve element integration EXPRESS-G part

For surface-sectionptegration there are no integration points within an element as the intg
both surface andsection is carried out exactly.

For surface=field integration the location of an integration point within an element is define
a [field location specified using the element parametric coordinate system and a section 10
rgspect'to the element coordinate system. In a surface 3D element a field location has twd

cqofdinates, a surface 2D element or curve 3D element has a single parametric coordinatg

al

gration for

d by both
cation with
parametric

, and a field

location is undefined for a 2D curve element. The field integration can be carried out by either algebraic
(exact integration), rule or explicit integration options. The definition of these options is identical to that
presented in the discussion on volume elements above.

In a surface element a section location is defined by the distance from the reference plane of the element
in the direction of thez axis of the surface element property coordinate system. In a curve element a

section location is defined by the distances from the reference axis of the element in the y and z directions
of the curve element property coordinate system. A section location is defined using physical distances,
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not unit distances. The field and section axes when used in combination to define a location within a

surface or curve element do not necessarily form a right hand triad.

The following paragraphs are included as a reference for the theoretical basis of the integration referenced

in this standard.

gyiantity at one or more points within the element. The integral is a weighted sum of these-v
location of the integration points and the weighting assigned to them are defined either-by &
integration rule (Gaussian or Simpson’s rule) or by an explicit list of locations and weights.

Tlhe integration rules specify points within a unit space, usually within the rangé’of -1.0 to 1.0.
integration by rule is specified then these unit distances are converted to physical distances s
each field integration point. Hence section integration by rule can only be. specified for a sur
defined thickness.

The form of the summation and the weighting depend of the type of the element. The specifi
volume, surface and curve elements follow:

5(10.1 Volume 3D Element

For a volume 3D element, the integral quantity can-be obtained numerically by a summation g

T
Q=" jiwiq

=1

where:
n is the number of points'within the volume;

q; isthe value ofthe’quantity at point i;

w; 1S the weighting for the evaluation at point i;

Ji isthe-determinant of the Jacobian matrix at point i.

Tlhis form of integration may also be used for a surface 3D element or curve 3D element, ha

jon of that
alues. The
numerical

If section
eparately for
ace with a

c forms for

f the form:

wever it is

mjote,usual to use separate field and section integrations for these elements.

5.10.2 Volume 2D Element

For a volume 2D element, the integral quantity can be obtained numerically by a summation of the form:

e
Q=Y sijiwig
=1
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where:
n is the number of points within the volume;

q; isthe value of the quantity at point i;

H +la H lats £ +la L 41 + H -
Wy 15 UIT VVCIUI T Ig TUT U1 ©Tvaiudalivll at I.JUII L1
j; isthe determinant of the Jacobian matrix at point i;

s; is either the depth of section for a plane stress or strain element or therdistance frgm the axis
of symmetry for an axisymmetric element, of pointi.

This form of integration may also be used for a surface 2D element, however it is more ugual to use
separate field and section integrations for these elements.

5(10.3 Curve 2D Element

For a curve 2D element, the integral quantity can be obtained numerically by a summation of|the form:

Q= Zn: s; 89 q;
i=1

where:

n is the number of points within the volume;

q; isthe value of the quantity/at point i;

w; is the weighting for'the evaluation at point i;

s; is either the-depth of section for a plane stress or strain element or the distance frgm the axis
of symmetry feran axisymmetric element, of pointi.

5(10.4 Surface 3D or Curve Element

For asurface 3D or curve element with separate integration the integral quantity can be obtained numer-
icplly-by a summation of the form:

Q=" jiwl Q

=1
where@? is the integral of the quantity through the section at field point i, which can be obtained
numerically by a summation of the form:

m

5_2: s .

Qi - w]’ (Z]z
J=1
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where:

F

w

w

n is the number of points over the field;

m is the number of points through the section;

nyimerically by a summation of the form:

7 1S thevatueof thequantity at sectiompomtjand-fretd-pomtT;

~

w; is the weighting for the evaluation of the field integration at point i;

w? is the weighting for the evaluation of the section integration at point j;

Y

Ji isthe determinant of the Jacobian matrix at field pointi.

10.5 Surface 2D Element

br a surface 2D element with separate integration the integral quantity can be obtained nur
summation of the form:

Q=Y jiwl Q:

=1
nere)? is the integral of the quantity through.tfie section at field point i, which can be

R i Sji W5 Gji
j=1
here:
n is the number of points over the field;
m is the number-ef points through the section;
¢;; is the\alue of the quantity at section point j and field point i;

s;; «Is either the depth of section for a plane stress or strain element or the distance frg
of symmetry for an axisymmetric element, of section point j at field point i;

herically by

obtained

m the axis

1
ot

m‘f s thavwaiahtina far tha avaliiatian af tha fiald intaaration at noint 1
H StHE- W et g1o—He-Ev tHoH-otHe-HetaHtegratonatpohits

w; is the weighting for the evaluation of the section integration at point j;

Ji isthe determinant of the Jacobian matrix at field pointi.
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5.10.6 volume_3d_element_integrated_matrix

A volume_3d_element_integrated_matrixs the matrix to be integrated for a volume 3D element, and
the method of integration.

E\Ir\l—\l—r\(\ H 1
NN oo opJTUNILAUUTI

ENTITY volume_3d_element_integrated_matrix;

descriptor : volume_3d_element_descriptor;
property_type . matrix_property_type;
integration_description . text;

END_ENTITY;

(*

Attribute definitions

descriptor: the association to the information describingsdiime_3d_element_representation
pr[aperty_type: the type of matrix being evaluated.

infegration_description: the interpolation rule andintegration method.

5(10.7 volume_3d_element,integrated_matrix_with_definition

Alvolume_3d_element_integrated-matrix_with_definitionis the method of integration.

EXPRESS specification

ENTITY volume_3d_element_integrated_matrix_with_definition
SUBTYPE QF(volume_3d_element_integrated_matrix);
integrationtdefinition : volume_3d_element_field_integration;
END_ENTTY;

(*

Attribute definitions

integration_definition: a definition of the integration within the 3D volume.
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5.10.8 volume_3d_element_field_integration

A volume_3d_element_field_integrations a volume 3D field integration shall be either algebraic, by
rule, or explicit.

E\Inhl_(\(‘ H '
NN oo opJTUIILAUUTI

TYPE volume_3d_element_field_integration = SELECT
(element_integration_algebraic,
volume_3d_element_field_integration_rule,
volume_3d_element_field_integration_explicit);
END_TYPE;

(*

5(10.9 element_integration_algebraic

Ap element_integration_algebraids an element integrationdhat is exact; therefore, no numerical inte-
gration information is required.

EXPRESS specification

TYPE element_integration_algebraic =~ENUMERATION OF (algebraic);
END_TYPE;

5(10.10 volume_3d_element_field integration_rule

Alvolume_3d_element_field_integration_rules the integration rule and order for a volume 3D ele-
mient.

EXPRESS specification

")

ENTITY volume_3d_element_field_integration_rule;

integration_method . integration_rule;
integration_order : ARRAY [1:3] OF INTEGER;
END_ENTITY;

(*
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Attribute definitions

integration_method: the integration rule for the quantity being integrated.

integration_order: the order of the specified rule for the quantity being integrated. A separate integra-
tion order is specified for each parametric axis direction established graphically in 5.8 in the sequence

(€

1,0).

5

A
el

E

10.11 volume_3d_element_field_integration_explicit

volume_3d_element_field_integration_explicis the explicit numerical integration for a volun
ement.

XPRESS specification

E

E

A

NTITY volume_3d_element_field_integration_explicit;
integration_positions_and_weights: SET [1:?] OF volumeposition_weight;
ND_ENTITY;

tribute definitions

C(

5

A

E

integration_positions_and_weights:the integration positions for the quantity being integrated,

rresponding weights for each integrationigos.

10.12 volume_paesition_weight

volume_position_weights an integration position within a volume element, and its weightin

XPRESS specification

ne 3D

and the

y factor.

ENTIARYY volume_position_weight;
integration_position . volume_element_location;
integration_weight : context_dependent_measure;
END_ENTITY;
(*
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Attribute definitions

integration_position: the integration position for the quantity being integrated.

integration_weight: the weight for the integration position.

5p6-13 votume—2d—element—integrated—matrix
Alvolume_2d_element_integrated_matrixs the matrix to be integrated for a volume 2D-elems
thie method of integration.
EXPRESS specification
*)
ENTITY volume_2d_element_integrated_matrix;
descriptor : volume_2d_element_descriptor;
property_type : matrix_property_type;
integration_description . text;
END_ENTITY;
(*
Attribute definitions
descriptor: the association to the information describingddume_2d_element_representation

in

5

A

E

pr[aperty_type: the type of matrix being evaluated.

egration_description: the interpolation rule and integration method.

10.14 volume-2d_element_integrated_matrix_with_definition

volume_2d_element_integrated_matrix_with_definitioris the method of integration.

KXPRESS. specification

")

ENTITY volume_2d_element_integrated_matrix_with_definition

SUBTYPE OF (volume_2d element_integrated_matrix);
integration_definition : volume_2d_element_field_integration;

END_ENTITY;

(*

(©I1S0O 2000 — All rights reserved

nt, and

145


https://standardsiso.com/api/?name=3049a7d726b1a379594044382a78eb72

ISO 10303-104:2000(E)

Attribute definitions

integration_definition: a definition of the integration within the 2D volume.

5.10.15 volume_2d_element_field_integration

Alvolume_2d_element_field_integratiofis a volume 2D field integration that shall be either algebraic,
by rule, or explicit.

EXPRESS specification

*
)
TYPE volume_2d_element_field_integration = SELECT
(element_integration_algebraic,
volume_2d_element_field_integration_rule,
volume_2d_element_field_integration_explicit);
END_TYPE;

5(10.16 volume_2d_element_field.integration_rule

Alvolume_2d_element_field_integration_rulgs;the integration rule and order for a volume 2D ele-
mient.

EXPRESS specification

ENTITY volume_2d_element_field_integration_rule;

integration_method . integration_rule;
integration_order : ARRAY [1:2] OF INTEGER;
END_ENTITY;

(*

Attribute definitions

integration_method: the integration rule for the quantity being integrated.

integration_order: the order of the specified rule for the quantity being integrated. A separate integra-
tion order is specified for each parametric axis direction established graphically in 5.8 in the sequence

(&m)-
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5.10.17 volume_2d_element_field_integration_explicit

A volume_2d_element_field_integration_explicits the explicit numerical integration for a volume 2D

element.

E\Inhl_(\(‘ H '
NN oo opJTUILAUUTI

ENTITY volume_2d_element_field_integration_explicit;
integration_positions_and_weights: SET [1:?] OF volume_position_weight;
END_ENTITY;

Attribute definitions

integration_positions_and_weights:the integration positions for the quantity being integrated,
cqrresponding weights for each integrationifios.

5(10.18 surface_3d_element_integrated_matrix

Alsurface_3d_element_integrated_matrixs the-matrix to be integrated for a surface 3D elemg
thie method of integration.

EXPRESS specification

ENTITY surface_3d_elemént integrated_matrix;

descriptor . surface_3d_element_descriptor;
property_type . surface_matrix_property_type;
integration_description . text;

END_ENTITY;

Attribute definitions

and the

ent, and

descriptor: the association to the information describinguaface_3d_element_representatian
property_type: the type of matrix being evaluated.

integration_description: the interpolation rule and integration method.
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5.10.19 surface_3d_element_integrated_matrix_with_definition

A surface_3d_element_integrated_matrix_with_definitions the method of integration.

EXPRESS specification

ENTITY surface_3d_element_integrated_matrix_with_definition
SUBTYPE OF (surface_3d_element_integrated_matrix);
integration_definition . surface_3d_element_integration;
END_ENTITY;

Attribute definitions

infegration_definition: a definition of the integration within the 3D sade.

5(10.20 surface_3d_element_integration

A|surface_3d_element_integratioris the method ‘of integration for the field and section of a |surface
3D element.

EXPRESS specification

ENTITY surface_3d_element-integration;

field : surface_3d_element_field_integration;
section . surface_section_integration;
END_ENTITY;
(*

Attribute definitions

fi

eld: ‘the integration of the quantity being integrated over the field é&ef of the element.

section: the integration of the quantity being integrated through the section (thickness) of the element.
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5.10.21 surface_3d_element_field_integration

A surface_3d_element_field_integratiois a surface 3D field integration that shall be either algebraic,
by rule, or explicit.

E\Inhl_(\(‘ H '
NN oo opJTUILAUUTI

TYPE surface_3d_element_field_integration = SELECT
(element_integration_algebraic,
surface_3d_element_field_integration_rule,
surface_3d_element_field_integration_explicit);
END_TYPE;

(*

5(10.22 surface_section_integration

A|surface_section_integratioris a surface 3D section integration that shall be either algebraic), by rule,
of explicit.

EXPRESS specification

*
)
TYPE surface_section_integration = SELECT
(element_integration_algebraic,
surface_section_integration_rule,
surface_section_integration.explicit);
END_TYPE;

(*

5(10.23 surface_3d_element_field_integration_rule

A|surface_3delement_field_integration_rulés the integration rule and order for a surface 3D ele-
mient.

EXPRESS specification

")

ENTITY surface_3d_element_field_integration_rule;

integration_method . integration_rule;
integration_order : ARRAY [1:2] OF INTEGER;
END_ENTITY;

(*
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Attribute definitions

integration_method: the integration rule for the quantity being integrated.

integration_order: the order of the specified rule for the quantity being integrated. A separate integra-
tion order is specified for each parametric axis direction established graphically in 5.8 in the sequence

(€

7).

5

A
el

E

10.24 surface_3d_element_field_integration_explicit

surface_3d_element_field_integration_explicit the explicit numerical integration for a surfg
ement field.

XPRESS specification

E

E

A

NTITY surface _3d_element_field_integration_explicit;
integration_positions_and_weights: SET [1:?] OF surfacé/position_weight;
ND_ENTITY;

tribute definitions

C(

5

A

E

integration_positions_and_weights:the integration positions for the quantity being integrated,

rresponding weights for each integrationigos.

10.25 surface_position_weight

surface_position_weighis an integration position within a surface element, and its weightin

XPRESS specification

ce 3D

and the

g factor.

ENTIARYY surface_position_weight;
integration_position . surface_element_location;
integration_weight : context_dependent_measure;
END_ENTITY;
(*
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Attribute definitions

integration_position: the integration position for the quantity being integrated.

integration_weight: the weight for the integration position.

5 10 20 cricfarao coe
LVUV.L U SQUTTAUVC OCTU

A|surface_section_integration_rulds the integration rule and order for a surface element-section.

EXPRESS specification

ENTITY surface_section_integration_rule;

integration_method . integration_rule;
integration_order . INTEGER,;
END_ENTITY;

(*

Attribute definitions

integration_method: the integration rule for the quantity being integrated.

integration_order: the order of the specified rule for the quantity being integrated.

5(10.27 surface_section_integration_explicit

Alsurface_section_integration._expliciis the explicit numerical integration through the sectign for a
syrface element.

EXPRESS specification

ENTITY-surface_section_integration_explicit;
integration_positions_and_weights : SET [1:?] OF
surface section position weight;

END_ENTITY;
(*

Attribute definitions

integration_positions_and_weights:the integration positions and weights through the thickness of the
section for the quantity being integrated.
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5.10.28 surface_section_position_weight

A surface_section_position_weighs the integration weight and position in a surface element section.

EXPRESS specification

ENTITY surface_section_position_weight;

integration_position . surface_section_element_location;
integration_weight : context_dependent_measure;
END_ENTITY;

(*

Attribute definitions

infegration_position: the integration position through the thickness of the surface section.

infegration_weight: the weight for the integration position:

5(10.29 surface_2d_element_integrated _matrix

Alsurface_2d_element_integrated_matrixs thematrix to be integrated for a surface 2D elemgnt, and
thie method of integration.

EXPRESS specification

ENTITY surface_2d_element_integrated_matrix;

descriptor . surface_2d_element_descriptor;
property_type . surface_matrix_property_type;
integration_description . text;

END_ENTITY;

(*

Attribute definitions

descriptor: the association to the information describinguaface_2d_element_representatiaon
property_type: the type of matrix being evaluated.

integration_description: interpolation rule and integration method.
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.10.30 surface_2d_element_integrated_matrix_with_definition

surface_2d_element_integrated_matrix_with_definitioris the method of integration.

EXPRESS specification

E

E

A

NTITY surface_2d_element_integrated_matrix_with_definition
SUBTYPE OF (surface_2d_element_integrated_matrix);
integration_definition . surface_2d_element_integration;
ND_ENTITY;

tribute definitions

5

A

E

infegration_definition: the integration within the surface.

10.31 surface_2d_element_integration

surface_2d_element_integrations the method ofiintegration for the length of a surface 2D e

XPRESS specification

E

E

A

NTITY surface_2d_element_integration;

element_length . surface_2d_element_length_integration;
section . surface_section_integration;
ND_ENTITY;

tribute definitions

el
fin

ement._length: the integration of the quantity being integrated along the length of the curvé
es the surface 2D element in the 2D analysis plane.

lement.

e that de-

section: the integration of the quantity being integrated through the section (thickness) of the element.
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5.10.32 surface_2d_element_length_integration

A surface_2d_element_length_integratioms a surface 2D length integration that shall be either alge-
braic, by rule, or explicit.

E\Inhl_(\(‘ H '
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TYPE surface_2d_element_length_integration = SELECT
(element_integration_algebraic,
surface_2d_element_length_integration_rule,
surface_2d_element_length_integration_explicit);
END_TYPE;

(*

5(10.33 surface_2d_element_length_integration_rule

Alsurface_2d_element_length_integration_rulés the integration rule and order for a surface 2D ele-
mient.

EXPRESS specification

ENTITY surface_2d_element_length_integration_rule;

integration_method . integration_rule;
integration_order . INTEGER,;
END_ENTITY;

(*

Attribute definitions

integration_method: the integration rule for the quantity being integrated.

integratien., order: the order of the specified rule for the quantity being integrated.
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5.10.34 surface_2d_element_length_integration_explicit

A surface_2d_element_length_integration_explicits the explicit numerical integration for a surface

2D element length.

E\Inhl_(\(‘ H '
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ENTITY surface_2d_element_length_integration_explicit;
integration_positions_and_weights: SET [1:?] OF surface_position_weight;
END_ENTITY;

Attribute definitions

integration_positions_and_weights:the integration positions for the quantity being integrated,
cqrresponding weights for each integrationifios.

5(10.35 curve_3d_element_integrated_matrix

Alcurve_3d_element_integrated_matrixs the matrix to be integrated for a curve 3D element,
method of integration.

EXPRESS specification

ENTITY curve_3d_element_integrated_matrix;

descriptor . curve_3d_element_descriptor;
property_type . curve_matrix_property_type;
integration_description . text;

END_ENTITY;

(*

Attribute definitions

and the

and the

descriptor: the association to the information describinguave_3d_element_representation
property_type: the type of matrix being evaluated.

integration_description: the interpolation rule and integration method.
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5.10.36 curve_3d_element_integrated_matrix_with_definition

A curve_3d_element_integrated_matrix_with_definitioris the method of integration.

EXPRESS specification

ENTITY curve_3d_element_integrated_matrix_with_definition
SUBTYPE OF (curve_3d_element_integrated_matrix);
integration_definition : curve_3d_element_integration;
END_ENTITY;

(*

Attribute definitions

infegration_definition: a definition of the integration within theeurve.

5(10.37 curve_3d_element_integration

A|curve_3d_element_integratiornthe method of integration for the length and section of a clirve 3D
element.

EXPRESS specification

ENTITY curve_3d_element_jntegration;

element_length : curve_3d_element_length_integration;
section . curve_section_integration_explicit;
END_ENTITY;

(*

Attribute definitions

element_length: the integration of the quantity being integrated along the length of the elemepnt.

section: the integration of the quantity being integrated over the section of the element.
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5.10.38 curve_3d_element_length_integration

A curve_3d_element_length_integrations a curve 3D length integration that shall be either algebraic,
by rule, or explicit.

E\Inhl_(\(‘ H '
NN oo opJTUIILAUUTI

TYPE curve_3d_element_length_integration = SELECT
(element_integration_algebraic,
curve_3d_element_length_integration_rule,
curve_3d_element_length_integration_explicit);
END_TYPE;

(*

5(10.39 curve_3d_element_length_integration _rule

Alcurve_3d_element_length_integration_rulés the integration rule and order for a curve 3D element.

EXPRESS specification

ENTITY curve_3d_element_length_integration_rule;

integration_method . integration_rule;
integration_order : INFEGER,;
END_ENTITY;

(*

Attribute definitions

integration_method: the integration rule for the quantity being integrated.

integration~order: the order of the specified rule for the quantity being integrated.
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5

.10.40 curve_3d_element_length_integration_explicit

A curve_3d_element_length_integration_explicits the explicit numerical integration for a curve 3D

el

ement length.

DRhEQCQ H '
NN oo opJTUIILAUUTI

E
(*

A

NTITY curve_3d_element_length_integration_explicit;
integration_positions_and_weights: SET [1:?] OF

curve_3d_element_position_weight;
ND_ENTITY;

tribute definitions

in

5

A
w

E

fegration_positions_and_weights:the integration positionsfar the quantity being integrated,

cqrresponding weights for each integrationifios.

10.41 curve_3d_element_position_weight

curve_3d_element_position_weighis an_.integration position within a 3D curve element,
pighting factor.

XPRESS specification

A

NTITY curve_3d_element_position_weight;
integration_position . curve_volume_element_location;
integration_weight : context_dependent_measure;
ND_ENTITY;

tribute definitions

in

in

158

and the

and its

tegration_position: the integration positions for the quantity being integrated.

tegration_weight: the weight for each integration ptisn.
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.10.42 curve_section_integration_explicit

A curve_section_integration_explicitis the explicit numerical integration for a curve element cross
section.

DRhEQCQ H '
NN oo opJTUILAUUTI

A

NTITY curve_section_integration_explicit;
integration_positions : SET [1:?] OF curve_section_element_location;
ND_ENTITY;

tribute definitions

5

m

E

fegration_positions: the integration positions across the section for the quantity being integd

10.43 curve_2d_element_integrated, matrix

curve_2d_element_integrated_matrixs the matfix to be integrated for a curve 2D element,
ethod of integration.

XPRESS specification

E
(*

A

NTITY curve_2d_element_jintegrated_matrix;

descriptor : curve_2d_element_descriptor;
property_type . curve_matrix_property_type;
integration_description . text;

ND_ENTITY;

tribute definitions

rated.

and the

property_type: the type of matrix being evaluated.

integration_description: the interpolation rule and integration method.
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5.10.44 curve_2d_element_integrated_matrix_with_definition

A curve_2d_element_integrated_matrix_with_definitioris the method of integration.

EXPRESS specification

ENTITY curve_2d_element_integrated_matrix_with_definition
SUBTYPE OF (curve_2d_element_integrated_matrix);
integration_definition . curve_2d_element_integration;
END_ENTITY;

Attribute definitions

infegration_definition: a definition of the integration within theeurve.

5(10.45 curve_2d_element_integration

Alcurve_2d_element_integrations the method of integration for the section of a curve 2D ele

EXPRESS specification

ENTITY curve_2d_element_integration;
section : LIST [1:?] OF curve_section_element_location;
END_ENTITY;

Attribute definitions

section: a@efinition of the integration of the quantity being integrated over the section of the ¢

nent.

blement.
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A1 Structural response representation schema entity definitions:

lement locations

A field variable may be evaluated for a list of locations within an element. This list of locations is
specified by reference to the entity within this section, which is appropriate to the element type.

5

A

E

11.1 fea_parametric_point

N fea_parametric_pointis a position within a finite element, and specifies its parametric coq
7, and(.

XPRESS specification

E

W

E
(*

A

NTITY fea_parametric_point
SUBTYPE OF (point);

coordinates : LIST [1:3] OF parameter)value;

HERE

WR1: valid_parametric_coordinate (coordinates);

WR2: SIZEOF (TYPEOF (SELF) *
[GEOMETRY_SCHEMA.CARTESIAN_POINT’,
'"GEOMETRY_SCHEMA.POINT_ON-CURVFE’,
'"GEOMETRY_SCHEMA.POINT_ON” SURFACE’,
'"GEOMETRY_SCHEMA.DEGENERATE_PCURVE',
'"GEOMETRY_SCHEMA.POINT_REPLICA’,
'"GEOMETRY_SCHEMA . SPHERICAL_POINT’,
'"GEOMETRY_SCHEMA.CYLINDRICAL_POINT])
= 0;

ND_ENTITY;

tribute definitions

Cq
Sq

ordinates;\the coordinates of the position. The first value of the coordinate i§ twordinate
rcond the)coordinate, and the third tiiecoordinate (if applicable).

Formmat-propositions

WR1: each coordinate shall lie in the range from -1.0 to +1.0.

WR2: only the SUBTYPE ofea_parametric_pointshall exist in this instance.

(©ISO 2000 — All rights reserved
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5.11.2 volume_element_location

A volume_element_locations a location within a volume element, and specifies its parametric coordi-
natest, n and(.

E\Ir\l—\l—r\(\ H 1
NN oo opPJTUNILAUUTI

ENTITY volume_element_location;
coordinates . fea_parametric_point;
END_ENTITY;

Attribute definitions

coordinates: the coordinates of the location. The first value 6f the coordinate i§ tteordinate the
second they coordinate, and the third tiiecoordinate (if applicable).

5(11.3 surface_volume_element_logation

Alsurface_volume_element_locatiois a locationwithin the volume of a surface element.

EXPRESS specification

ENTITY surface_volume_element_location;

field_location . surface_element_location;
section_location . surface_section_element_location;
END_ENTITY;

(*

Attribute definitions

fi

eld-_location: the location over the surface of the element.

section_location: the location on the section (through the thickness) of the element.

5.11.4 surface_element_location

A surface_element_locatioms a location on the surface of a surface element, that specifies its paramet-
ric coordinateg and, if appropriatey.
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EXPRESS specification

")
ENTITY surface_element_location;

coordinates : fea_parametric_point;
END_ENTITY;

(*

Attribute definitions

coordinates: the coordinates of the location. The first value of the pair is&ledordinate, and the
se¢cond they coordinate (if applicable).

5(11.5 surface_section_element_location

A|surface_section_element_locatiois a location on the section (through the thickness) of a|surface
element. A section location can be specified as an offset from'the nominal plane of the surface, or as a
dimensionless section coordinate.

Within a surface of a composite material, a field variable may be discontinuous at a material boundary.

If |p section location is specified at a material boundary, a flag can be set to indicate whether the value of
thie variable is to be evaluated above or below-the discontinuity.

EXPRESS specification

ENTITY surface_section_element_location

SUPERTYPE OF (ONEOF (surface_section_element_location_absolute,
surface_section_element_location_dimensionless));

above_material_diseontinuity : LOGICAL;

END_ENTITY;

(*

Attribute-definitions

fableds to be

alr\n\lr\ mataorial dicen . vE
POvVC oS —_GTSCoTTtoty

evaluated.

If the value is TRUE, then the variable is evaluated on the side of the discontinuity in the direction of
the positivez axis of the property coordinate system for the element. If the value is FALSE, then the
variable is evaluated on the other side of the discontinuity. If the value is UNKNOWN, then there is no
discontinuity.
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5.11.6 surface_section_element_location_absolute

A surface_section_element_location_absoluig a location on the section (through the thickness)of a
surface element that is specified by giving a distance from the nominal plane of the surface.

E\Inhl_(\(‘ H '
NN oo opJTUIILAUUTI

ENTITY surface_section_element_location_absolute

SUBTYPE OF (surface_section_element_location);

offset . context_dependent_measure;
END_ENTITY;

(*

Attribute definitions

offset: the distance of the location from the nominal plane-ef.the element.

A|positive value indicates an offset in the direction of the positivaxis of the property coordjnate
system for the element.

5(11.7 surface_section_element_location_dimensionless

Alsurface_section_element_location_dimensionlass location on the section (through the thigkness)
ofla surface element that is specified Dy giving a dimensionless section coordinate.

EXPRESS specification

ENTITY surface_section_element_location_dimensionless
SUBTYPE OF_(surface_section_element_location);

coordinate : LIST [1:1] OF parameter_value;
WHERE
WR1:«valid_parametric_coordinate (coordinate);
END_ENTITY;
(*
Attribute definitions

coordinate: the section coordinate of the location. A section coordinate of 1.0 indicates the surface of
the element in the direction of the positiweaxis of the property coordinate system for the element. A
section coordinate of -1.0 indicates the other surface.
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Formal propositions

w

R1: the section coordinate shall be within the range from -1.0 to +1.0.

5.11.8 curve_volume_element_location

A

EXPRESS specification

curve_volume_element_locatiofis a location within the volume of a curve element.

ENTITY curve_volume_element_location;

field_location . curve_element_location;
section_location . curve_section_element_location;
END_ENTITY;

(*

A

tribute definitions

fi

6

Id_location: the location along the length of the element.

section_location: the location on the section:(through the thickness) of the element.
5(11.9 curve_element_location
A|curve_element_locationis a_location along the length of a curve element, that is specifigd by its
parametric coordinatg
EXPRESS specification
")
ENTITY curve _element_location;
coordipate . fea_parametric_point;
END_ENTITY;
(*
Attribute definitions
coordinate: the coordinate of the location. The value is theoordinate.
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5.11.10 curve_section_element_location

A curve_section_element_locatiors a location on the section (through the thickness) of a curve ele-
ment. A section location is specified by giving distances from the nominal axis of the curve.

E\Inhl_(\(‘ H '
NN oo opJTUIILAUUTI

ENTITY curve_section_element_location;
offsets : ARRAY [1:2] of context_dependent_measure;
END_ENTITY;

Attribute definitions

offfsets: the distances of the location from the nominal axis ofthe element.

Alpositive value for the first coordinate indicates an offsetdn the direction of the pogitaes of the
prioperty coordinate system for the element.

A|positive value for the second coordinate item indicates an offset in the direction of the pasiie
of the property coordinate system for the element.

5(12 Structural response representation schema entity definitions:
Finite element analysis matetial properties

The material specifications and properties for an element are referenced throughfaseatatterigl_-
property_representation entities. The material specifications are inherited from entities agsociated
w|th a material_property. representation, which in turn may have ariea_material_property_-
representationsubtype.

NOTE See Rigure 54 for a perspective on how fis® material_property_representationentity asso-
ciates finite/element analysis model information with entities from ISO 10303-45.

EXAMPLE Eachfea_material_property representationis defined with respect todata_environmient
entity that is specified by a reference from an instantiationrobserial_property_representation and|the

associated material produetpresentation related entities. The environment variables (such as Jempera—

definition_representationentities referenced by thdata_environmententity. There is a single FEA mate-

rial property representation item for each material property and associated environment variables per where
rule WR1 in thefea_material_property representationentity. Anelement_materialaggregates together
material_property_representation entities to represent all the material propertiesessary to define an
element.
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5.12.1 element_material

An element_materialis the aggregation of the material properties of the continuum that a finite element
represents.

E\Inhl_(\(‘ H '
NN oo opJTUILAUUTI

ENTITY element_material,

material_id . identifier;

description . text;

properties : SET [1:?] OF material_property_representation;
END_ENTITY;

(*

Attribute definitions

miaterial_id: a unique application defined identifier for the material to be used during the finit¢ element
analysis.

description: a text narrative about the substance:

properties: the material properties that characterize a finite element.

Informal propositions

IH1: the combination offea_model referenced by an element using aement_material and
miaterial_id shall be uniquewithin a finite element analysis model.

5(12.2 fea_material_property_geometric_relationship

Anp fea_materjal\property_geometric_relationshipassociates finite element material propertjes to a
geometric_representation_itermwithin the context of a particular representation.

EXPRESS specification

*

ENTITY fea_material_property _geometric_relationship;

material_ref : fea_material_property_representation;
item . analysis_item_within_representation;
WHERE

WR1: 'GEOMETRY_SCHEMA.GEOMETRIC_REPRESENTATION_ITEM’ IN TYPEOF(item.item);
END_ENTITY;

(*
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Attribute definitions

material_ref: the material properties to be associated.

item: thegeometric_representation_itento which material properties are to be related.

O(E)

Formal propositions

WR1: there shall be a geometric shape representation item associated with the finite elem
properties.

5(12.3 fea_material_property_representation

nite element represents. The property is defined with respect tqQ the’data environment spe
miaterial_property_representation supertype.

NOTE For layered composite material properties for surface‘elements the total thickness for th
defined by adding up all the ply thicknesses in the matefjal. The plies are defined by a defining
Protocol.

EXPRESS specification

ENTITY fea_material_property_representation

SUBTYPE OF (material_property_representation);

WHERE

WR1: SIZEOF (QUERY (item <*

SELF\property_definition_representation.used_representation.items |
SIZEOF (STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA. +

JFEA_LINEAR_ELASTICITY,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_MASS_DENSITY’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_AREA_DENSITY’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_TANGENTIAL_COEFFICIENT_OF_LINEAR_THERMAL_EXPANSIO

bnt material

Anp fea_material_property_representationis a property of the substance of the continuum that a fi-

cified in the

P element is
Application

'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +

FEA_SECANT_COEFFICIENT_OF_LINEAR_THERMAL_EXPANSION’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_MOISTURE_ABSORPTION’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_SHELL_MEMBRANE_STIFFNESS’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_SHELL_BENDING_STIFFNESS’,
'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_SHELL_MEMBRANE_BENDING_COUPLING_STIFFNESS,

(©I1S0O 2000 — All rights reserved
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'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA." +
'FEA_SHELL_SHEAR_STIFFNESS’] * TYPEOF (item)
) =1
) =1
WR2: '"MATERIAL_PROPERTY_DEFINITION_SCHEMA.MATERIAL_PROPERTY’ IN
TYPEOF (SELF\property_definition_representation.definition);
END_ENTITY;

(*

Formal propositions

WR1: there shall be exactly one of the followifga_material_property_representation_items{b-
types associated with dea_material_property_representation

— fea_linear_elasticity,

— fea_mass_density

— fea_area_density

— fea_tangential_coefficient_of linear_thermal_expansign
— fea_secant_coefficient_of linear_thermal_.expansipn

— fea_moisture_absorption

— fea_shell_membrane_stiffness

— fea_shell_bending_stiffness

— fea_shell_membrane_bending_coupling_stiffness

— fea_shell_shear stiffness

WR2: thedefiqition attribute that is inherited from thgoperty_definition_representation supertype
oflanfea_material_property_representationshall be amaterial_property.

5(12:4 fea_material_property representation_item

An fea_material_property_representation_itemis the representation of mechanical material proper-
ties suitably idealized for finite element analysis.
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EXPRESS specification

")

ENTITY fea_material_property_representation_item

SUPERTYPE OF (ONEOF (fea_linear_elasticity,
fea_mass_density,

E
(*

5

A
Sf
ch

w

ICQ_GI ca_UC| |o||.y,
fea_tangential_coefficient_of linear_thermal_expansion,
fea_secant_coefficient_of linear_thermal_expansion,
fea_moisture_absorption,
fea_shell_membrane_stiffness,
fea_shell_bending_stiffness,
fea_shell_membrane_bending_coupling_stiffness,
fea_shell_shear_stiffness))
SUBTYPE OF (representation_item);
ND_ENTITY;

12.5 fea_linear_elasticity

onse of arfea_material to a small change in strain at a constant temperature. The resf
ange in stress caused by a small change in strain'as follows:

3 3
Ao = Z Zdijkl Acyy

k=11=1

here:
d: is the fourth order elasticity tensor;
Ac: isachange in the stress tensor;

Ag: is;achange in the strain tensor.

NOTE This property is usually a function of temperature and other independent variables.

EXPRESS specification

")

ENTITY fea_linear_elasticity

SUBTYPE OF (fea_material_property_representation_item);
fea_constants : symmetric_tensor4_3d;

END_ENTITY;

(*

(©I1S0O 2000 — All rights reserved
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Attribute definitions

fea_constants:the values of the elasticity properties.

5.12.6 fea_mass_density

An fea_mass_densitys the mass ofea_material per unit volume of an element in a strain free, state.

NOTE This property is usually a function of temperature and other independent variables:

EXPRESS specification

ENTITY fea_mass_density

SUBTYPE OF (fea_material_property_representation_item);
fea_constant . scalar;

END_ENTITY;

Attribute definitions

fefa_constant: the value of the FEA mass density property.

5(12.7 fea_area_density

An fea_area_densityis the mass ofea_material per unit area of a surface element in a strain frge state.

NOTE This property(isyusually defined in a strain free state that has a reference temperatuie and other
independent variables.

EXPRESS specification

ENTIRY" fea_area_density

SUBTYPE OF (fea_material_property_representation_item);
fea_constant . scalar;

END_ENTITY;

(*

Attribute definitions

fea_constant: the value of the FEA area density property.
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5.12.8 fea_tangential_coefficient_of linear_thermal_expansion

An fea_tangential_coefficient_of_linear_thermal_expansiois the relationship of a change in thermal
strain in an element to a small change in temperature as follows:

PA VS e W A AV §

wnere:

o is the tangential coefficient of linear thermal expansion for the material at tempefatyire

Ae: is the change in the strain tensor caused by the small change.in temperature at femperature
T

AT: is a change in temperature in the neighborhood afiywhich the incremental thgrmal
expansion is linear;

T: isthe temperature.

NOTE This property is usually a function of temperature and other independent variables.

EXPRESS specification

ENTITY fea_tangential_coefficient_of” linear_thermal_expansion
SUBTYPE OF (fea_material.\property_representation_item);
fea_constants : symmetric_tensor2_3d;
END_ENTITY;

(*

Attribute definitions

fefa_constants:the value of the FEA tangential coefficient of linear thermal expansion tensor.
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5.12.9 fea_secant_coefficient_of linear_thermal_expansion

An fea_secant_coefficient_of_linear_thermal_expansias the relationship of the thermal strain of an
element caused by a change from a reference temperature to a specified temperature as follows:

7o g 1o)

where:
a(T): is the secant coefficient of linear thermal expansion for the matetial at tempefat
e: is the thermal strain caused by a change in temperature from its.referencq yaiug;
T,. isthe reference temperature;

T: isthe temperature.

Tlhe secant and the tangential coefficients of linear thermal expansion are different if the coe
temperature dependent.

NOTE This property is usually a function of temperature and other independent variables.

EXPRESS specification

ENTITY fea_secant_coefficient-of linear_thermal_expansion
SUBTYPE OF (fea_material_property_representation_item);

fea_constants : symmetric_tensor2_3d;
reference_temperature . thermodynamic_temperature_measure;
END_ENTITY;

(*

Attributetdefinitions

fela “eonstants:the value of the FEA secant coefficient of linear thermal expansion tensor.

ure

ficients are

reference_temperature: the value of the reference temperature.
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5.12.10 fea_moisture_absorption

An fea_moisture_absorptionis the relationship of a change in moisture strain in an element to a small
change in moisture as follows:

e = P st

wnere:

3 is the coefficient of linear moisture expansion for the material at moisture cahtpnt

Ace: isthe change in the strain tensor caused by the small change inrmoisture at moisture content
M;

AM: isthe change in moisture;

M: isthe moisture content.

NOTE This property is usually a function of temperature and other independent variables.

EXPRESS specification

ENTITY fea_moisture_absorption

SUBTYPE OF (fea_material_property_representation_item);
fea_constants . ‘symmetric_tensor2_3d;
END_ENTITY;

(*

Attribute definitions

fela_constants:the value of the FEA linear moisture expansion tensor.
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5.12.11 fea_shell_membrane_stiffness

An fea_shell_membrane_stiffness the collection of mechanical properties representing a linear re-
sponse of dea_material to a small change in membrane strain. The response is a change in surface
membrane force caused by a small change in membrane strain as follows:

2
AN, = Z Zdijkl Acyy

k=11=1

where:
d: is the shell membrane elasticity tensor;
N: isthe 2D second order surface membrane force tensor;

¢ isthe 2D second order membrane strain tensor:

1 t
where:
o Jv
Jx Oz
o T
dy Oy
and where:

J: is the Jacobian;
J': is the transpose of the Jacobian;
u: is displacement in the direction;

v: IS displacement in theg direction.

NOTE This property is usually a function of temperature and other independent variables.

EXPRESS specification

*
)
ENTITY fea_shell_membrane_stiffness
SUBTYPE OF (fea_material_property_representation_item);
fea_constants : symmetric_tensor4_2d;
END_ENTITY;

(*
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Attribute definitions

fe

5

a_constants:the value of the FEA surface membrane elasticity tensor.

12.12 fea_shell_bending_stiffness

A
of
m

w

E

n fea_shell_bending_stiffnesss the collection of mechanical properties representing a linear
anfea_materialto a small change in curvature. The response is a change in surface aggreg
oment caused by a small change in curvature as follows:

2
AD;j = Z Z dijri Acy

k=11=1

here:
d: is the shell bending elasticity tensor;
D: isthe 2D second order aggregate surface bending moment tensor;

c: is the symmetric 2D second order surface curvature tensor:

o
o2 0zdy
0*w 0%w

Cdxdy  Oy?

where:

w: is displacement in the direction.

NOTE This property is usually a function of temperature and other independent variables.

XPRESS specification

response
hte bending

ENTITY fea_shell_bending_stiffness
SOBFHPE—OF(fea—muateriat-property—representation—termy:
fea_constants : symmetric_tensor4_2d;

END_ENTITY;

(*

Attribute definitions

fe

a_constants:the value of the FEA shell bending elasticity tensor.
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5.12.13 fea_shell_membrane_bending coupling_stiffness

An fea_shell_membrane_bending_coupling_stiffnessthe collection of mechanical properties repre-
senting a linear response of f@a_material to a small change in curvature. The response is a change in
surface membrane force caused by a small change in curvature as follows:

2
AN, = Z Z dijri Acy
k=11=1

where:
d: is the shell membrane bending coupling elasticity tensor;
N: isthe 2D second order surface membrane force tensor;

c: is the symmetric 2D second order surface curvaturetensor.

NOTE This property is usually a function of temperature“and other independent variables.

EXPRESS specification

ENTITY fea_shell_membrane_bending_coupling_stiffness
SUBTYPE OF (fea_material_propertycrepresentation_item);
fea_constants . symimetric_tensor4_2d;
END_ENTITY;

(*

Attribute definitions

fela_constants;the value of the FEA shell membrane bending coupling elasticity tensor.

5(12.14 fea_shell shear_stiffness

An‘dea_shell_shear_stiffness the collection of mechanical properties representing a linear fesponse

of anfea_materialto a small change in surface out of plane shear strain. The response is a change in
surface aggregate out of plane shear forces caused by a small change in surface out of plane shear strain
as follows:

2
AE = Z Sij AaS]‘
j=1
where:
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s: is the shell shear elasticity tensor;
F: is the 2D surface aggregate out of plane shear force vector;

e: is the 2D surface out of plane shear strain vector:

[ Ow  Ou
Jr 02
Jw  Ov
oy o2

where:
u: is displacement in the direction.
v: is displacement in thg direction.
w: is displacement in the direction.

NOTE This property is usually a function of temperature ‘and other independent variables.

EXPRESS specification

ENTITY fea_shell _shear_stiffness

SUBTYPE OF (fea_material_propertycrepresentation_item);
fea_constants : symimetric_tensor2_2d;
END_ENTITY;

(*

Attribute definitions

fefa_constants:the value of the FEA shell shear elasticity tensor.

5(13 Structural response representation schema entity definitions:
Element properties

Element properties are information associated with elements that are not derivable from the element
connectivity and the associated node geometry.

Volume elements have no associated physical properties other than material properties, so no property

entities exist for them. The volume elements refer directly to a material to supply all other needed
property information.

(©I1SO 2000 — All rights reserved 179


https://standardsiso.com/api/?name=3049a7d726b1a379594044382a78eb72

ISO 10303-104:2000(E)

5.13.1 Surface element properties

Surface elements are idealised volumes, and as such require other property values, such as
complete their definition.

thickness, to

A surface element can model a volume of material where the geometry of the volume is specified by

a ;
thickness at each point on the surface. The thickness is often defined by nodal valuestwh
interpolated by the element shape functions.

NOTE 1 Other independent definitions of thickness over the surface of an element-are possi
one described by bicubic polynomials. These independent definitions are not in thig part of ISO 1

the current information model.

A

P
Cq

w

ternatively a surface may be a composite or fabricated shell for-which the geometric a
operties may be separated in a simple way. A full description.of the material and sectig
ntained in a referencing application protocol. In this case anfaggregate section thickness is
thin a finite element analysis model, and is not supplied.

T
C(

ne material model may contain constitutive matricesto describe directly the aggregate beh
mposite or fabricated surface.

—

s also possible to specify constitutive matrices for a non-homogeneous surface within the fin
odel. This is done by supplying a separate effective thickness and effective material for ¢
embrane, bending, shear, and membrane-coupling matrices. A precise definition for these
atrices and for the different effective" thicknesses and effective materials is given in the
low.

m
b4

T
m
th
Nn(
Ci
ki
1o

e engineering theory forthe thermo-mechanical behaviour of a shell defines the kinemati
ation within the entire volume of the surface element with respect to variables defined with
e reference surface.of an element. Classical thin shell theory assumes that normals remair

pbal of minimum potential energy for the displacement formulation elements - is not affecte
hematic assumptions. However the kinematic assumptions allow strains and stresses to bg
give quantities such as curvatures, and bending and twisting moments.

For_an analysis of a surface that assumes linear material behaviour it is possible to conside

tions, and a
ch are then

ble, such as
0303 at the

present, though a subtyping has been constructed to allow inclusion at a latendate with minimum impact on

nd section
n shall be
not required

aviour of a

te element
pbach of the
constitutive
baragraphs

ts of defor-
respect to
straight and

prmal to the reference surface. The principal underlying the finite element method - the variational prin-

d by such
generalised

r separately

thie integration through the thickness and the integration over the surface. Consider the strai

h energy for

a surface element is given by an integral of the form:

1
u

V=5

/ / B'D Bdtdsu
sur face Jthickness

where:
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u represents the vector of nodal generalised displacements for the element;

B represents the element shape function derivatives which relate the nodal generalised displace-

ments to strains at any point within the element such that:

e=Bu

point within the element such that:
c=D¢

where:
o isthe stress tensor components in a vector form;

¢ is the strain tensor components in a vector form.

Alternatively, for an analysis with linear material behaviour the integration through the thickng
carried out algebraically so that the strain energy is given by an integral of the form:

1
V:—ut/ B" D' B'ds u
2 sur face

wnere:

B’ represents the element shape function derivatives which relate the nodal generalis{
ments to strains at any point within the element such that:

e =Bu

D’ represents-the constitutive matrix for the surface which relates the generalised strg

eralised stresses at a point on the surface such that:
O_/ — D/ 5/

where:

D represents the elasticity matrix for the material which relates the strains to the-stjesses at a

PSS can be

pd displace-

ins to gen-

o' _is the vector of memhbrane force and hnnding moment r-nmpnnnnf:-

<@

S

<@
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within which:

Nyoy Nyy, Ny are components of membrane force;

My, My, M,,, are components of bending moment.

! _isthe vector of membrane strainand curvature rnmpnnnnfc'

81’1’
Syy
Yoy
X

Xyy
Toy

within which;:

€z Eyys Yoy @re the components of membrane stréin;

Xexr Xyys Toy are the components of curvature,

NOTE 2 The curvature componengs. and x,, arezpositive when the center of curvature is on|the +
side. The sign convention is shown in Figure 55.

7z

Xy

Figure 55 — Bending moments

At a point on the surface with thicknessand offsetp, the limits for section integration are (- % to

p+ %). At this point theD’ matrix is defined with respect to the coordinate axes for the surface section
properties by:
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hD,, hpD,,
D/: 1 3 2

where:

D,, isthe membrane elasticity matrix, which for a isotropic material has the form:

1 v 0
D = E v 1 0
= (1-v)
0 0
2

where:
E is Young’'s modulus;
v is Poisson’s ratio.

For some applications it may be desired to use different material and section properties tq define the
different sub-matrices ab’. When this is desired, the-following form &¥ is obtained:

hm Dmm hprmc
D/ - 1 3 2
hprmc (Ehb‘l’hbp )Dmb

where:
D,.n isthe membrahe elasticity matrix;

D,.;, isthe bending elasticity matrix;

D,,. isthe membrane - bending coupling matrix;
h,, dsthe membrane thickness;

hy is the bending thickness.

For some applications it may be desirable to use separate material and section properties for shear be-
haviour. In this case an aggregate constitutive matrix can be formed to relate shear strain to shear force
as follows:

where:
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Vz, V, are components of shear force;

£z, Ey. are components of shear strain,

hs is the effective shear thickness for transverse shear;

I - -l 1 e el g £ L
L/ 15 UIC TlASULILY TTAatlIA 1O Sticdal.

wnere:

(G is the shear modulus.

Model in Figure 56.

10
oy

For an isotropic material the elasticity matiix, has the form:

NOTE 3 The relationships of the surface element property'subtypes are shown in the EXPREY

bS-G Partial

srrfacet_ surface uniform_surface_
elemen = ;
property —C) section_field_ section
constant
surface 1 uniform_surface_|
section_field | | section_layered
surface_
—(O) section_field_——C surface_section
varying

Figure 56 — Surface element properties EXPRESS-G partial model
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5.13.2 Curve element properties

Curve elements, like surface elements, are idealised volumes, and as such require other property values,
such as cross-sectional area, to complete their definition.

A curve element has a single parametric axis that is established graphically in 5.8. The position of this
ayis s defimed by thepositions of the odes of amreterment, theshape furnctions of amreterment, and any
element end offsets.

The parametric axis runs between the end positions of the element.

NOTE 1 The end positions can be offset from the end nodes of an element as.Shown in Figure[57.

element end
position

offset
vector

o1 2 @

Figure 57 — Curve:element end offsets

Tlhe parametric axis cannot be offset fron the mid-span nodes of higher order curve elements.

Cprve element section properties are defined with respect to the y and z axes of the property coordinate
system of an element, whose.grigin is on the parametric axis of the element.

NOTE 2 Neither the 'section centroid or shear centre need to lie on the parametric axis of thel element as
shown in Figure 58!

Alcurve 3D element can be divided into intervals that may have different material and propefty specifi-
cgtions. The.intervals within a curve element shall be defined in a sequence from node 1 to pode 2. For
each interval ‘except the last, the fims of the interval end that is closest to end 2 of the elemgnt shall

be specified. A parametric position of 1.0 is specified for the last interval to ensure that it ends at the end
of theselement. A position within a curve element is defined with respect to the parametric foordinate
system for the element such that:

— position-1.0 is the end of the element closest to node 1;

— position 1.0 is the end of the element closest to node 2.

NOTE 3 An element divided into 2 equal length intervals is shown in Figure 59.
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Figure 58 — Curve element property coordinate system Qrigin orientati
-1.0 0.0 +10
T —e
. )

Figure 59 — Curve elementiinterval specification conventions

The end fixings of a curve 3D element determine the way in which it is connected to its node
is|described by an end offset and-an end release, as described in the following two paragrap

The end of a curve elemént can be offset from its node so that a rigid body provides the link b
end of the element and the node. The offset is defined as the distance from the node to the en
thie element. This distance can be specified with respect to an arbitrary coordinate system or
coordinate systemat the end of the element. The orientation of the property coordinate syste
de¢pend on théoffset.

One or_more degrees of freedom can be released between a hode and the end of the elem
releaSed degree of freedom, a connecting stiffness shall be specified (which may be zero). T

on

s. A fixing
ns.

etween the

d position of
the property
m may itself

ent. For each
"he released

degrees of freedom may be specified with respect to an arbitrary coordinate system or t

ne property

coordinate system at the end of the element. The strain efeepgociated with the release is given by:

1
=-kd*
V=3

where:
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k is the release stiffness;

d is the difference between the displacement for the degree of freedom on either side of the
release.

If a release and offset are specified at the same end of the element then the release acts between the node
a € rigid body lINking the end of the element to the node.

NOTE 4 Arelease and offset are both shown in Figure 60.

offset
vector

release

element end

/ position
]
J |

Figure 60 — Curve element end.release and end offset

NOTE 5 The relationships of the surface element property subtypes are shown in the EXPRE$S-G Partial
Model in Figure 61.

5/13.3 surface_element property

Alsurface_element_propertyis,the section properties for a surface element.

NOTE The material of the surface is specified by subtypdeafmaterial_property representatign_-

item. Material propefty Subtypes that apply to surface elements have a rule associating the prpperty to an
element. If several-material property matrices are needed then each would be an instance ¢f a separate
environment in‘atiea_material_property_representation_item

EXAMPLE Membrane, bending, membrane-bending coupling, or shear are types of materjal property
matrices.

EXPRESS specification

")
ENTITY surface_element_property;

property_id . identifier;

description . text;

section . surface_section_field;
END_ENTITY;

(*
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curve 3d
curve_element_: clement curve_element |
end_offset — end_release
- property -

4

curve element
interval

curve 2d curve_element_
element section_derived_

a definitions
property

Ll mn TN

curve_element
(O~— interval_linearly_
varying

curve_element_
interval_constant

curve_element_

- section_definitian

Figure 61 — Curve element properties EXPRESS-G partial model

Attribute definitions

property_id: an application defined identifier of the surface element properties.
description: the surface\element properties.

section: the properties over the field of the surface element.

Informal propositions

IH1;/the combination of afiea_modelreferenced by an element usingarface_element_propgrty
amdproperty id shall be unique within a finite element analysis model

5.13.4 surface_section_field

A surface_section_fields a surface section field that shall be either constant or varying.
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EXPRESS specification

")
ENTITY surface_section_field
SUPERTYPE OF (ONEOF (surface_section_field_constant,
surface_section_field_varying));

E T W sl N e o e o W2
INLJ L LILIL

(*

5/13.5 surface_section_field constant

Alsurface_section_field_constans a surface section field that has a constantvalue over the field of a
surface element.

EXPRESS specification

ENTITY surface_section_field constant
SUBTYPE OF (surface_section_field);
definition . surface_section;
END_ENTITY;

(*

Attribute definitions

definition: the surface section definition for the surface element. There is only one value that |s constant
over the entire surface.

5[13.6 surface) ‘section_field_varying

A|surface_section-field_varyings a surface section field that varies over the field of a surface ele-
meent. The values in the surface section definition list (which correspond in order to the nogle list) are
interpolated-ising the element shape functions.

EXPRESS specification

")
ENTITY surface_section_field_varying
SUBTYPE OF (surface_section_field);

definitions : LIST [1:?] OF surface_section;
additional_node_values : BOOLEAN;
END_ENTITY;

(*
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Attribute definitions

definition: the surface section definition for the surface element. The values in the surface section defi-
nition list (which correspond in order to the node list) are interpolated using the element shape functions.

additional_node_values:indicates whether values are given for all nodes of the element (TRUE), or
just the vertex nodes (FALSE).

5(13.7 surface_section

A|surface_sectioris a surface section definition that shall be uniform, with or without'layers.

EXPRESS specification

ENTITY surface_section
SUPERTYPE OF (ONEOF (uniform_surface_section,
uniform_surface_section_layeréd));

offset : measure_or_unspecified_value;

non_structural_mass : measure_or_unspecified_value;

non_structural_mass_offset : measure_or_unspecified_value;
END_ENTITY;

(*

Attribute definitions

offset: the distance between the neutral plane for bending and the reference surface which i$ defined by
thie positions of the nodes and-the element shape functions. Surface element properties are|defined with
rgspect to the property coordinate system of the element. If the offset is positive, the neutral plane for
bending is on the same side of the reference plane as the positive 3 direction of the property coordinate
system.

non_structural .mass: the non-structural mass per unit area of the reference plane of the syrface ele-
ment. This mass is in addition to the structural mass which is calculated from the volume of the element
and the density of the material of the element.

non_structural_mass_offset:the offset direction which is defined with respect to the referenge plane

ofl the surface which in turn is defined by the positions of the nodes and the element shapé¢ functions.
Surface element properties are defined with respect to the property coordinate system of the element.
If the offset is positive, the offset direction is on the same side of the reference plane as the positive 3

direction of the property coordinate system.
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5.13.8 uniform_surface_section

A uniform_surface_sectionis a surface section field that is uniform through the thickness of a surface

element.

E\Inhl_(\(‘ H '
NN oo opJTUILAUUTI

ENTITY uniform_surface_section
SUBTYPE OF (surface_section);

thickness . context_dependent_measure;

bending_thickness : measure_or_unspecified_value;

shear_thickness : measure_or_unspecified_value;
END_ENTITY;

(*

Attribute definitions

thickness: the membrane thickness of the surface element.

sypplied, itis assumed to be of the same valuthi@kness

shear_thickness:the effective thickness fortransverse shear (shear normal to the reference g
aftribute shall be supplied if the surface*element permits shear deformation. If it is not supp
element that supports shear deformation, then the analysis program shall use the appropria
uniform shell.

5(13.9 uniform_surface_section_layered

Aluniform_surface_section_layereds a surface section field that is layered through the thickr
surface element. Alltayer information shall be specified in a using application protocol. The
and if necessarythe bending and shear thickness of the element shall be specified by the sur
thicknesses and the layer properties and orientations.

EXPRESS specification

bending_thickness: this attribute specifies the effective thickness for bending of the surface. If it is not

lane). This
lied for an
e value for a

essof a
thickness,
n of the layer

")

ENTITY uniform_surface_section_layered
SUBTYPE OF (surface_section);

END_ENTITY;

(*
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5

.13.10 fea_surface_section_geometric_relationship

An fea_surface_section_geometric_relationshiis the association of a surface section definition to a
geometric shape representation item.

E\Inhl_(\(‘ H '
NN oo opJTUILAUUTI

W

E
(*

NTITY fea_surface_section_geometric_relationship;

section_ref . surface_section;

item . analysis_item_within_representation;
HERE

WR1: '"GEOMETRY_SCHEMA.GEOMETRIC_REPRESENTATION_ITEM’ NN’ TYPEOF(item.iteim);
ND_ENTITY;

Attribute definitions
section_ref: the surface section definition being related.to geometry.
item: the geometric representation item to which,the surface section definition is being related.
Formal propositions
WR1: the representation item assagiated with the surface section definition shall be a geometric repre-
sentation item.
5(13.11 curve_3d- element_property
Alcurve_3d_elementZpropertyis a cross-section for a curve 3D element.
EXPRESS-specification
")
ENTITY curve_3d_element property;
property_id . identifier;
description . text;
interval_definitions : LIST [1:?] OF curve_element_interval,
end_offsets : ARRAY [1:2] OF curve_element_end_offset;
end_releases : ARRAY [1:2] OF curve_element_end_release;
END_ENTITY;

(*
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Attribute definitions

property_id: an application defined identifier for the property, and is unique within the finite element
analysis model.

description: the curve element properties.

in — : —The intervals
shall be defined in sequence beginning with the interval closest to node 1 and ending with’the interval
clpsest to node 2.

end_offsets: the end offsets for the curve element. The item 1 of the array referemces the dgfinition of
thie end offset at node 1 of the element. Item 2 references the definition of the end offset at npde 2 of the
element.

end_releases:the end releases for the curve element. The item 1 of therarray references thé definition
offthe end release at node 1 of the element. Item 2 references the definition of the end release at node 2
of{the element.

Informal propositions

IH1: the combination of afea_modelandproperty_id shall be unique within a finite element analysis
mjodel.

5(13.12 curve_element_interval

Alcurve_element_intervalis a curve element interval that shall be either constant or linearly varying.

EXPRESS specification

ENTITY curve_element interval
SUPERTYPE OFJ(ONEOF (curve_element_interval_constant,
curve_element_interval_linearly_varying));

finish_position : curve_element_location;
eu_angles . euler_angles;
END_ENTITY;
(*
Attribute definitions

finish_position: the position of the end of the interval closest to node 2 of the curve element. The
position is defined by the coordinate with respect to the parametric axis established graphically in 5.8.
The intervals of a curve element are listed in the attrilnterval_definitions of the curve_3d_element_-
property. The start position farach interval in the list (except the first) is the finishipos of the
previous interval. The start position for the first interval in the list has a parametric coordinate -1.0. This
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is the end at node 1. The finish position for the last interval has a parametric coordinate of 1.0. A finish
position of 1.0 shall be supplied for the last interval in the list.

eu_angles:three Euler angles that define a relative coordinate system with respect to the element para-
metric coordinate system that is used to define the material directionsx Tirgerial direction shall

be aligned with the relative coordinate systeraxis, similarly the materiay direction shall be aligned

with the relative coordinate systeynaxis, and the material direction shall be aligned with the relative

cgordinate systemsaxis.
5(13.13 curve_element_interval_constant
Alcurve_element_interval_constants a curve section that is constant over an.interval of a cU
mient.
EXPRESS specification
")
ENTITY curve_element_interval_constant
SUBTYPE OF (curve_element_interval);
section . curve_element_section. definition;
END_ENTITY;
(*
Attribute definitions
section: the section definition for the interval.
5(13.14 curve_element_interval_linearly_varying
Alcurve_element_interval_linearly_varyingis a curve section that varies linearly over an inter
curve element.
EXPRESS.specification
")

rve ele-

val of a

ENTITY curve_element_interval_linearly varying

SUBTYPE OF (curve_element_interval);

sections : ARRAY [1:2] OF curve_element_section_definition;
END_ENTITY;
(*
194 ©ISO 2000 — All rights reserved


https://standardsiso.com/api/?name=3049a7d726b1a379594044382a78eb72

ISO 10303-104:2000(E)

Attribute definitions

sections: the section definitions at each end of the interval. Iltem 1 of the array references the section at
the end of the interval nearest to node 1 of the element. Item 2 of the array references the section at the
end of the interval nearest to node 2 of the element.

5(13.15 curve_2d_element_property

Alcurve_2d_element_propertyis the section properties of a curve 2D element.

EXPRESS specification

ENTITY curve_2d_element_property;

property_id . identifier;

description . text;

section . curve_element_section_definition;
END_ENTITY;

(*

Attribute definitions

property_id: an application defined identifier for the property, which is unique within the finite{element
amalysis model.

description: the curve element properties.

sg¢ction: the section definitionfor the element.

Informal propositions

IH1: the combination of afea_modelandproperty_id shall be unique within a finite element analysis
mjodel.
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5.13.16 curve_element_section_definition

A curve_element_section_definitioms the section at a point on the curve element.

EXPRESS specification

ENTITY curve_element_section_definition
SUPERTYPE OF (curve_element_section_derived_definitions);

description . text;
section_angle . plane_angle_measure;
END_ENTITY;

(*

Attribute definitions

description: the curve element definition.

section_angle:the orientation angle of the curve element'section about the curve elenaemg. The
angle is positive with respect to the right hand rule.

5(13.17 curve_element_section: derived_definitions

Alcurve_element_section_derived_definitionis cross-sectional information for a curve element.

EXPRESS specification

ENTITY curve_element.section_derived_definitions
SUBTYPE OF (eutve_element_section_definition);

cross_sectionalharea . context_dependent_measure;

shear_area : ARRAY [1:2] OF measure_or_unspecified_value;
second_moment_of area : ARRAY [1:3] OF context_dependent_measure;
torsional.constant . context_dependent_measure;

warping_constant : measure_or_unspecified_value;

location_of _centroid : ARRAY [1:2] OF measure_or_unspecified_value;

lofation of chaar cantra - ADDAY [1-21 OE maaciira ar rncnacifiad vabiia-
1OCaHOR—O—SHea—EehRte — ] =—HEaSHEe—Or—HRSPecHeaYades

Iocation:of:non_structural_mass
: ARRAY [1:2] OF measure_or_unspecified_value;

non_structural_mass : measure_or_unspecified_value;
polar_moment : measure_or_unspecified_value;
END_ENTITY;

(*

196 ©ISO 2000 — All rights reserved


https://standardsiso.com/api/?name=3049a7d726b1a379594044382a78eb72

ISO 10303-104:2000(E)

Attribute definitions

cross_sectional_areathe cross sectional area of the section.

shear_area: the shear area of the section. Array item 1 specifies the shear area effective for d

eformation

in the xy plane of the property coordinate system. Array item 2 specifies the shear area effective for

deformation in thexz plane of the property coordinate system. An Eulerian beam formulation

assumes

thiat there is no shear deformation, that is, the shear area is infinite. For such elements no shg¢
bé specified.

bar area need

second_moment_of_areathe second moments of area about the section centroid,. The components of

thie inertia tensor with respect to tieandz axes of the property coordinate system are-stored as
array item 1 contains,,, array item 2 contains.., array item 3 contains, ...

torsional_constant: the torsional stiffness of the section. A precise definition of this attribute]
any warping contributions is as follows:

Af T

AL JG
where:

# is the angle of twist;

T isthe applied torsional moment;

L isthe length of the curve;

J is the torsional constant whase units &exgth)?;

GG is the shear modulus:of the material.

warping_constant: the warping coefficient of the section. The torsional behaviour of a curve

00 0? 00

wnere:

T._Sis'the applied torsional moment;

is|described by the torsional constant and the warping coefficient using the following equation:

follows:

without

element

[ _is the torsional constant:

& is the shear modulus of the material;
C,, is the warping constant whose units &tength)®;
E is the elastic modulus of the material;

# is the angle of twist;
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x is distance along the axis of the curve element.

location_of_centroid: The distance of the section centroid from the parametric axis. Array item 1
specifies the distance in the direction of the property coordinate sysi@xis. Array item 2 specifies

the distance in the direction of the property coordinate systemxis.

location_of_shear_centre: The distance of the section shear centre from the parametric axis. Array
specifies the distance in the direction of the property coordinate systetis.

SPHEe€ CS ce », O VIRV, v, 0016 - SYStS$ Ly n2

location_of _non_structural_mass:The distance of the non-structural mass from the parametric axis.
Array item 1 specifies the distance in the direction of the property coordinate sysa&ig: Array ifem
2 specifies the distance in the direction of the property coordinate systexis.

non_structural_mass: the non-structural mass per unit length of the curve element parametric axis.

polar_moment: the polar moment of area of the curve element. This attribute is used to calculate the
dynamic inertia of the curve element. It is NOT used to calculatethe torsional stiffness. [The polar
moment is the sum of the perpendicular moments unless there.are contributions from non-structural
m@ass.

5(13.18 fea_curve_section_geometric.relationship

An fea_curve_section_geometric_relationshijs the@ssociation of a curve section definition tg a geo-
metric shape representation item.

EXPRESS specification

ENTITY fea_curve_section_geometric_relationship;

section_ref . curve_element_section_definition;
item . analysis_item_within_representation;
WHERE

WR1: 'GEOMETRY~SCHEMA.GEOMETRIC_REPRESENTATION_ITEM’ IN TYPEOF(item.item);
END_ENTITY;

(*

Attribute definitions

section_ref: the curve section definition being related to geometry.

item: the geometric representation item to which the curve section definition is being related.

Formal propositions

WR1: the representation item associated with the curve section definition shall be a geometric represen-
tation item.
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5.13.19 curve_element_end_offset

A curve_element_end_offseis the offset of the end attachment of a curve element.

EXPRESS specification

ENTITY curve_element_end_offset;

coordinate_system : curve_element_end_coordinate_system;
offset_vector : ARRAY [1:3] OF context_dependent_measure;
END_ENTITY;

(*

Attribute definitions

cqordinate_system:the coordinate system that is used to specify the end offset.

offset_vector: the distance from the node to the end pasition of the element with respect tq the local
ofthogonal triad of the specified coordinate system at.the node.
5(13.20 curve_element_end release

Alcurve_element_end_releasare the releases of a curve element end.

EXPRESS specification

ENTITY curve_element_end’ release;

coordinate_system . curve_element_end_coordinate_system;
releases : LIST [1:?] OF curve_element_end_release_packet;
END_ENTITY;

(*

Attribute definitions

coordinate_system:the coordinate system that is used to specify the end release.

releases:pairs of the degrees of freedom released between the node and the element with respect to
the orthogonal triad of the specified coordinate system evaluated at the node, and the associated release
stiffness.
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5.13.21 curve_element_end_release_packet

A curve_element_end_release_packitthe release degree of freedom and stiffness of a curve element

end. If a degree of freedom is not released then the joint stiffness is infinite.

E\Inhl_(\(‘ H '
NN oo opJTUIILAUUTI

ENTITY curve_element_end_release_packet;

release_freedom . curve_element_freedom;
release_stiffness . context_dependent_measure;
END_ENTITY;

(*

Attribute definitions

release_freedom:the degrees of freedom released betweenthe node and the element with re
ofthogonal triad of the specified coordinate system evaluated at the node. If there are no r¢
thie enumeration afione shall be used.

release_stiffness:the stiffness associated with the degree of freedom. If no stiffnesses are d
value is set to 0.0.

5(13.22 axisymmetric_2d, ‘element_property

An axisymmetric_2d_element_propertydefines the properties for all types of axisymmetric 3
meents.

EXPRESS specification

ENTITY axisymmetric_2d_element_property;
angle : plane_angle_measure;
END_ENTITY;

(*

spect to the
bleases then

bsired, the

D ele-

Attribute definitions

angle: the segment considered in an axisymmetric analysis.
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5.13.23 plane_2d_element_property

A plane_2d_element_propertydefines the properties for all types of plane 2D elements.

EXPRESS specification

ENTITY plane_2d_element_property

SUPERTYPE OF (simple_plane_2d_element_property);

depth . context_dependent_measure;
END_ENTITY;

(*

Attribute definitions

depth: a depth of a plane stress or plane strain section.

5(13.24 simple_plane_2d_element_property

Alsimple_plane_2d_element_propertyas no further properties.

NOTE This entity is supplied for extensibility of the information model.

EXPRESS specification

ENTITY simple_plane_2d celement_property
SUBTYPE OF (plane~2d_element_property);
END_ENTITY;

5(14 Structural response representation schema entity definitions:
Groups

Algraup is a-set of elements,hodes or groups within-the EEA information model. A group may be used

to collect entities that have a common attribute such as colour.

5.14.1 fea_group

An fea_groupis a group that shall be either be a group of elements or nodes.

(©I1SO 2000 — All rights reserved 201


https://standardsiso.com/api/?name=3049a7d726b1a379594044382a78eb72

ISO 10303-104:2000(E)

EXPRESS specification

")

ENTITY fea_group

SUPERTYPE OF (ONEOF(element_group,

node_group))

E
(*

A

model_ref . fea_model,
ND_ENTITY;

tribute definitions

[l Y el 4 AY
 Ur \UIUU'J},

m

odel_ref: an application definied identifier of tiea_modelwhich possesses the group.

Informal propositions

NOTE The group id, a unique application defined identifier off@an ‘group is specified by thename
attribute of thegroup supertype. Similarly a description is specified by tescription attribute of|the
group supertype.

EXAMPLE The description may be whatever labelkthe analyst chooses for group identification, such

as 'Bu 1’,’AY_0328’, or 'eseridir’.

IH
m

5

A

E

N element_groupis a@roup containing only elements.

XPRESS specification

1: the combination of arfiea_modeland group id shall be unique within a finite element gnalysis
odel.
14.2 element_group

NTIRY" element_group

SUBTYPE OF (fea_group);

elements : SET [1:?] OF element_representation;

END_ENTITY;

(*

Attribute definitions

elements: the elements being grouped.

202
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A

14.3 node_group

node_groupis a group containing only nodes.

EXPRESS specification

ISO 10303-104:2000(E)

E
(*

A

NTITY node_group
SUBTYPE OF (fea_group);

nodes : SET [1:?] OF node_representation;

ND_ENTITY;

tribute definitions

N(

A

E

des: the nodes being grouped.

14.4 fea_group_relation

n fea_group_relationis an aggregation of FEA groups.

XPRESS specification

E

W

E

F

NTITY fea_group_relation
SUBTYPE OF (group_relationship);
HERE

WR1: 'STRUCTURAL.RESPONSE_REPRESENTATION_SCHEMA.FEA_GROUP’

IN TYPEOE-(SELF\group_relationship.relating_group);

WR2: 'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA.FEA_GROUP’

IN TYPEOF (SELF\group_relationship.related_group);
ND_ENTITY;

pratal propositions

WR1: the relating_group attribute shall be associated witfeangroup

WR2: the related_group attribute shall be associated witteangroup.
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5.14.5 volume_3d_element_group

An volume_3d_element_grougs a group containing only volume 3D elements.

EXPRESS specification

ENTITY volume_3d_element_group
SUBTYPE OF (element_group);
WHERE
WR1: SIZEOF(query(item <* elements |
NOT (STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA. +
'VOLUME_3D_ELEMENT_REPRESENTATION’ IN TYPEOFR \(item))))=0;
END_ENTITY;

(*

Formal propositions

WR1: there shall be onlyolume_3d_element_representatioentities in the group.

5(14.6 volume_2d_element_group

Alvolume_2d_element_groups a group centaining only volume 2D elements.

EXPRESS specification

ENTITY volume_2d_element_group
SUBTYPE OF (element_group);
WHERE
WR1: SIZEOE(QUERY(item <* elements |
(NOT("'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA.'+
'AXISYMMETRIC_VOLUME_2D_ELEMENT_REPRESENTATION’
IN TYPEOF(item)) AND
NOT (STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA. +
'PLANE_VOLUME_2D_ELEMENT_REPRESENTATION’
IN—TYPEOSF(iter)))))=6;

END_ENTITY;
(*

Formal propositions

WR1: there shall be only volume 2d element representation entities in the group.
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5.14.7 surface_3d_element_group

A surface_3d_element_groups a group containing only surface 3D elements.

EXPRESS specification

ENTITY surface_3d_element_group
SUBTYPE OF (element_group);
WHERE
WR1: SIZEOF(query(item <* elements |
NOT (STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA. +
'SURFACE_3D_ELEMENT_REPRESENTATION’ IN TYPEQF. (item))))=0;
END_ENTITY;

(*

Formal propositions

WR1: there shall be onlgurface_3d_element_representatioentities in the group.

5(14.8 surface_2d_element_group

Alsurface_2d_element_groups a group containing only surface 2D elements.

EXPRESS specification

ENTITY surface_2d_element_group
SUBTYPE OF (element_group);
WHERE
WR1: SIZEOE(QUERY(item <* elements |
(NOT("'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA.'+
'AXISYMMETRIC_SURFACE_2D_ELEMENT_REPRESENTATION’
IN TYPEOF(item)) AND
NOT (STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA. +
'PLANE_SURFACE_2D_ELEMENT_REPRESENTATION’
IN—TYPEOSF(iter)))))=6;

END_ENTITY;
(*

Formal propositions

WR1: there shall be only surface 2D element representation entities in the group.
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5.14.9 curve_3d_element_group

A curve_3d_element_groups a group containing only curve 3D elements.

EXPRESS specification

ENTITY curve_3d_element_group
SUBTYPE OF (element_group);
WHERE
WR1: SIZEOF(query(item <* elements |
NOT (STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA. +
'CURVE_3D_ELEMENT_REPRESENTATION’' IN TYPEOF ,(item))))=0;
END_ENTITY;

(*

Formal propositions

WR1: there shall be onlgurve_3d_element_representatioentities in the group.

5(14.10 curve_2d_element_group

Alcurve_2d_element_groups a group containing only curve 2D elements.

EXPRESS specification

ENTITY curve_2d_element-group
SUBTYPE OF (element_group);
WHERE
WR1: SIZEOE(QUERY(item <* elements |
(NOT("'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA.'+
'AXISYMMETRIC_CURVE_2D_ELEMENT_REPRESENTATION’
IN TYPEOF(item)) AND
NOT (STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA. +
'PLANE_CURVE_2D_ELEMENT_REPRESENTATION’
IN—TYPEOSF(iter)))))=6;

END_ENTITY;
(*

Formal propositions

WR1: there shall be only curve 2D element representation entities in the group.
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A5 Structural response representation schema function definitions

These definitions are used to ensure the correctness of information in many of the finite element analysis

m

5

odel schema information model entities.

15.1 required 0d nodes

A

E

required_0d_nodesverifies that the node list for a 0D (point) element contains a single-nod

KPRESS specification

%)
FU

A

UNCTION required_0d_nodes
(node_list : LIST [1:?] OF node_representation)-BOOLEAN;

RETURN (SIZEOF (node_list) = 1);

ND_FUNCTION;

gument definitions

N(

A
off
ng

E

pde_list: input argument consisting of a list of one to many of the nodes in a OD element.

15.2 required_1d_nodes

%)
FU

1%

required_1d_nodesverifies:that the node list for a 1D (curve) element contains the propef number
nodes based on the order of the element. The number of nodes shall be equal to the number of end
bdes, plus any additional nodes for the element.
XPRESS specification
UNCTION required_1d_nodes
(mode_list . LIST [1:?] OF node_representation;
order : element_order) : BOOLEAN;
LOCAL
end_nodes . INTEGER;
additional_nodes . INTEGER;
END_LOCAL,;
end_nodes = 2;
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IF (order = linear) THEN
additional_nodes := 0;

END_IF;

IF (order = quadratic) THEN
additional_nodes = 1;

END_IF;

IF (order = cubic) THEN

additional_nodes = 2;
END_IF;

RETURN (SIZEOF (node_list) = end_nodes + additional_nodes);
END_FUNCTION;
(*

Argument definitions

ngde_list: input argument consisting of a list of one to many of the nodes in a 1D element.

ofder: input argument defining the geometric order of interpelation of the element.

5(15.3 required_2d_nodes

prloper number of nodes based on the shape\and order of the element. The number of nodes §
to either the sum of the vertex and edge-nodes, or the sum of the vertex, edge, face, and bo
thie element.

EXPRESS specification

")
FUNCTION requireds2d_nodes

Alrequired_2d_nodesverifies that the node listfor a 2D element (triangle or quadrilateral) contains the

shall be equal
dy nodes for

(node_list : LIST [1:?] OF node_representation;
element_shape . element_2d_shape;

order : element_order) : BOOLEAN;
LOCAL

veriex_nodes . INTEGER;

edge_nodes . INTEGER,;

edge face bhody nodes - INTEGFR:
END_LOCAL;

IF (element_shape = triangle) THEN

vertex_nodes = 3;

IF (order = linear) THEN
edge_nodes =
edge_face body nodes = 0;

END_IF;

IF (order = quadratic) THEN

0;

208 ©ISO 2000 — All rights rese
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edge_nodes = 3;
edge_face body nodes X

END_IF;

IF (order = cubic) THEN
edge_nodes = 6;
edge_face_body nodes :

END_IF;

I
X

END_IF,

IF (element_shape = quadrilateral) THEN

vertex_nodes = 4;

IF (order = linear) THEN
edge_nodes =
edge_face _body nodes = 0;

END_IF;

IF (order = quadratic) THEN
edge_nodes = 4
edge_face body nodes 5;

END_IF;

IF (order = cubic) THEN
edge_nodes = 8;
edge_face body nodes 12;

END_IF;

END_IF;

0;

RETURN ((SIZEOF (node_list) = vertex_nodes + edge_nodes) OR
(SIZEOF (node_list) = vertex_nodes + edge_face_body nodes));

ND_FUNCTION;

gument definitions

el

ngde_list: input argument consisting of a list of one to many of the nodes in a 2D element.

ement_shape:input argument defining the geometric shape of the element.

ofder: inputargument defining the geometric order of interpolation of the element.

(©I1SO 2000 — All rights reserved
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5.15.4 required_3d_nodes

A required_3d_nodesverifies that the node list for a 3D (hexahedron, wedge, tetrahedron, or pyramid)
element contains the proper number of nodes based on the shape and order of the element. The number
of nodes shall be equal to either the sum of the vertex and edge nodes, or the sum of the vertex, edge,

face, and body nodes for the element.

EXPRESS specification

*)
FUNCTION required_3d_nodes

vertex_nodes = 8§;
IF (order = linear) THEN
edge_nodes

END_IF;

IF (order
edge_nodes
edge_face body nodes

END_IF;

IF (order = cubic) THEN
edge_nodes
edge_face body_nodes

END_IF;

END_IF;

vertex nodes = 6;

edge_face_body nodes :

(node_list : LIST [1:?] OF node_representation;
element_shape : volume_3d_element_shape;

order : element_order) : BOOLEAN;
LOCAL

vertex_nodes . INTEGER;

edge_nodes . INTEGER,;

edge_face body nodes . INTEGER;
END_LOCAL;

IF (element_shape = hexahedron) THEN

guadratic) THEN

IF (element”shape = wedge) THEN

0;

0;

12;
19;

= 24,
56;

IF(order = linear) THEN
edge_nodes = 0;
nr‘lgn_fnr‘n_hnr‘ly_nnr‘lnc =0

END_IF;

IF (order = quadratic) THEN
edge_nodes = 9;
edge_face_body nodes := 12;

END_IF;

IF (order = cubic) THEN
edge_nodes = 18;
edge_face_body nodes := 34;

210
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A

END_IF;
END_IF;
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IF (element_shape = tetrahedron) THEN

vertex_nodes = 4;
IF (order = linear) THEN
edge_nodes

0;

edge_tace_body_nodes :=
END_IF;

edge_nodes
edge_face body nodes

END_IF;

IF (order = cubic) THEN
edge_nodes
edge_face body nodes

END_IF;

END_IF;

IF (element_shape = pyramid)

vertex_nodes = 5;

IF (order = linear) THEN
edge_nodes
edge_face_body nodes :=

END_IF;

edge_nodes
edge_face body nodes

END_IF;

IF (order = cubic) THEN
edge_nodes
edge_face body nodes

END_IF;

END_IF;

RETURN ((SIZEOE -(node_list)
(SIZEOQF(node_list)

ND_FUNCTION;

gument definitions

0;

IF (order = quadratic) THEN

= 6;
6;

= 12;
16;

THEN

= 0;
0;

IF (order = quadratic) THEN

=8
9;

£ 16;
25;

= vertex_nodes + edge_nodes) OR
= vertex_nodes + edge_face body nodes));

node_list: input argument consisting of a list of one to many of the nodes in a 3D element.

element_shape:input argument defining the geometric shape of the element.

order: input argument defining the geometric order of interpolation of the element.

(©I1S0O 2000 — All rights reserved
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5

A

15.5 number_of terms

number_of_termsis used to derive the number of terms in a matrix.

EXPRESS specification

*

F

R

E
(*

A

UNCTION number_of terms

(node_dof _list : LIST [1:?] OF LIST [1:?] OF degree_of freedom;
matrix_type : matrix_symmetry) : INTEGER,;

LOCAL
num_terms . INTEGER;
number_of freedoms . INTEGER;

END_LOCAL;

number_of freedoms := 0; (* loop for each item in the outer {ist¥)
REPEAT i := 1 TO SIZEOF (node_dof _list); (* find size of\inner list*)
number_of freedoms := number_of freedoms + SIZEOFY(node_dof_list[i]);
END_REPEAT;
IF (matrix_type = symmetric) THEN
num_terms := (number_of freedoms * (number_of freedoms+1)) DIV 2;
END_IF;
IF (matrix_type = diagonal) THEN
num_terms := number_of freedoms;
END_IF;
FTURN (num_terms);

ND_FUNCTION;

gument definitions

ng
off

de_dafulist: input argument consisting of a list of one to many of a list of one to many of the
freedom in a matrix.

degrees

number_of_terms: integer output argument that is set to the total number of terms in the matrix.

212
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5.15.6 valid_parametric_coordinate

A valid_parametric_coordinate ensures each of the parametric coordinates lies in the range from -1.0

to +1.0.

E\Ir\l—\l—r\(\ H 1
NN oo opJTUNILAUUTI

*)
FUNCTION valid_parametric_coordinate

(coordinates : LIST [1:3] OF parameter_value): BOOLEAN;
LOCAL

i : INTEGER;
END_LOCAL;

REPEAT i:=1 TO HIINDEX(coordinates);
IF ((1.0 < coordinates[i]) OR (coordinates[i] < -1.0)) THEN
RETURN (FALSE);
END_IF;
END_REPEAT;

RETURN (TRUE);
END_FUNCTION;
(*

Argument definitions

5(15.7 build- direction_node

node inthe argument list.

cqordinates: input argumenteensisting of the element parametric coordinates that are being

Albuild_direction_node calculates the components of a direction that is defined by a vectonfsd
1to node_2 The components are expressed in a cartesian coordinate space whose axes a
w|th those\of 'the cartesian, cylindrical, or spherical coordinate space defining the location

checked.

3‘]_-
e coincident
pf the first

EXPRESS specification

*

FUNCTION build_direction_node

(node_1 : node_representation;
node_2 : node_representation): LIST [2:3] OF REAL;
LOCAL

(©I1S0O 2000 — All rights reserved
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nodal_direction_ratios : LIST [2:3] OF REAL;
u . direction;
i . INTEGER,;
ndim . INTEGER,;
rep_items : SET [1:?] of representation_item;
node_1 point . cartesian_point;
node_2_point . cartesian_point;
END_TOCAL;

rep_items = node_l.items;

REPEAT i := 1 TO SIZEOF(rep_items);

IF (GEOMETRY_SCHEMA.CARTESIAN_POINT' IN TYPEOF(rep_items][i])) THEN
node_1 point := rep_items]i];
ESCAPE;

END_IF;

END_REPEAT;

rep_items = node_2.items;

REPEAT i := 1 TO SIZEOF(rep_items);

IF (GEOMETRY_SCHEMA.CARTESIAN_POINT’ IN TYPEOQOf(rep_items][i])) THEN
node_2_point := rep_items]i];
ESCAPE;

END_IF;

END_REPEAT;

ndim := HIINDEX(node_2_point.coordinates);
REPEAT i := 1 TO ndim;
u.direction_ratios[i] := node_2_point.coordinatesi] -
node, I~point.coordinatesi];
END_REPEAT;

u[:= normalise (u);

REPEAT i := 1 TO ndim;
nodal_direction_ratios][i] ~=-u.direction_ratios]i];
END_REPEAT;

RETURN (nodal_direction_ratios);

END_FUNCTION;
(*

Argument definitions

node_1: identifies the first node defining the direction. This node is the origin point of the direction.

node_2: identifies the second node defining the direction. This node is the point defining the positive
sense of the direction.

nodal_direction_ratios: output argument that contains the calculated direction.
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5.15.8 consistent_geometric_reference

A consistent_geometric_referencensures that a given element aspect (volume, face, edge) is related
to the appropriate type of geometric representation item. The element aép@ent_volumeshall

be related to a solid model; element aspectisime_3d_facevolume_2d_facesurface_3d_faceand
surface_2d_faceshall be related to either a geometric surface or a topological face surface; and element

EXPRESS specification

")

FUNCTION consistent_geometric_reference (

aspect . GENERIC;

item : geometric_representation_item)): BOOLEAN;
LOCAL

sIrs . STRING;

feacr . STRING;

aspect_type : SET [1:?] OF STRING;

item_type : SET [1:?] OF *STRING;
END_LOCAL;
sIfs 'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA.’;

fepcr = 'FINITE_ELEMENT_ANALYSIS_CONTROL_AND_RESULT_SCHEMA.;

agpect_type := TYPEOF (aspect);
itgm_type = TYPEOF (item);

IF (GEOMETRIC_MODEL_SCHEMA.SOLID_MODEL' IN item_type) THEN
IF ((srrs + 'ELEMENT (VOLUME’) IN aspect_type) THEN
RETURN (TRUE);
END_IF;
END_IF;

IF ((GEOMETRY_SCHEMA.SURFACE’ IN item_type) OR
(TOROLOGY_SCHEMA.FACE_SURFACE’ IN item_type)) THEN
IF SIZEOF ([(feacr + "VOLUME_3D_FACE)),
(feacr + 'VOLUME_2D_FACE)),
(feacr + 'SURFACE_3D_FACE)),

agpectyotunme —3dedgevotume _2d_edgesurface _3u_edgeandsurface _2d—edystaitbe et
tol either a geometric curve or a topological edge curve. The function shall return TRUEGth
aspect is paired with an appropriate geometric representation item, and return FALSEothery

nted
e element
ise.

(feacr ¥+ SURFACE_ZD_FACET] *
aspect_type ) = 1 THEN
RETURN (TRUE);
END_IF;
END_IF;

IF ((GEOMETRY_SCHEMA.CURVE'’ IN item_type) OR

(TOPOLOGY_SCHEMA.EDGE_CURVE'’ IN item_type)) THEN
IF SIZEOF ([(feacr + 'VOLUME_3D_EDGE)),
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(feacr + 'VOLUME_2D_EDGE’),
(feacr + 'SURFACE_3D_EDGE),
(feacr + 'SURFACE_2D_EDGE),
(srrs + 'CURVE_EDGEY)] *
aspect_type ) = 1 THEN
RETURN (TRUE);
END_IF;

END_TF,
RETURN (FALSE);
EIND_FUNCTION;
(*

Argument definitions

aspect: identifies the element aspect.

—

item: identifies the geometric representation item.

5(15.9 consistent_element_or_group.reference

Alconsistent_element_or_group_referencensures-that a given element aspect (face, edge, v
cgnsistent with the element type for a given element or set of elements. The function shall re
the element aspect is associated with the-element type for a given element representation,

elements in a given element group.

—

EXPRESS specification

")

FUNCTION consistent, lelement_or_group_reference (

aspect . GENERIC;

element : GENERIC) : BOOLEAN;
LOCAL

sIrs . STRING,;

i . INTEGER,;
END” LOCAL;

blume) is
turn TRUE
Dr for all the

srrs = 'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA.’;

IF ((srrs + 'ELEMENT_REPRESENTATION’) IN TYPEOF(element)) THEN
RETURN (consistent_element_reference (aspect, element));
END_IF;

IF ((srrs + 'ELEMENT_GROUP’) IN TYPEOF(element)) THEN
REPEAT i := 1 TO HIINDEX (element.elements);
IF NOT (consistent_element_reference (aspect, element.elements]i]))
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THEN
RETURN (FALSE);
END_IF;
END_REPEAT
RETURN (TRUE);
END_IF;

RETURN (FALSE);

END_FUNCTION,;
(*

Argument definitions

element: identifies the element or group of elements.

aspect: identifies the element aspect.

5(15.10 consistent_element_reference

A|consistent_element_referencensures that a given element aspect (face, edge, volume) is gonsistent
with the element type for amlement_representation.The element aspeeiement_volumemay| be
associated with any element type; element aspaitame_3d_faceandvolume_3d_edgeshall be| as-
sociated with a volume 3D element; elementiaspeotsme_2d_faceandvolume_2d_edgeshall be
associated with a volume 2D element; element asgeoface_3d_faceandsurface_3d_edgeshall be
associated with a surface 3D element; element aspadizce_2d_faceandsurface_2d_edgeshall be
associated with a surface 2D element;.and the element aspeet edgeshall be associated with afcurve

2D or 3D element. The function shall return TRUE if the element aspect is paired with an appropriate
element representation, and réturn FALSE otherwise.

EXPRESS specification

")

FUNCTION consistent_element_reference (

aspect . GENERIC;

element . element_representation) : BOOLEAN;
LOCAL

sIrs . STRING;

feacr : STRING;

aspect_type : SET [1:?] OF STRING;

element_type : SET [1:?] OF STRING;
END_LOCAL;

SITs 'STRUCTURAL_RESPONSE_REPRESENTATION_SCHEMA.';
feacr := 'FINITE_ELEMENT_ANALYSIS_CONTROL_AND_RESULT_SCHEMA.;
aspect_type := TYPEOF (aspect);
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element_type := TYPEOF (element);

IF ((srrs + 'ELEMENT_REPRESENTATION’)
IN element_type) THEN
IF ((srrs + 'ELEMENT_VOLUME’) IN aspect_type) THEN
RETURN (TRUE);
END_IF;
END_TF,

IH ((srrs + 'VOLUME_3D_ELEMENT_REPRESENTATION’)
IN element_type) THEN
IF (((feacr + 'VOLUME_3D_FACE’) IN aspect_type) OR
((feacr + 'VOLUME_3D_EDGE’) IN aspect_type)) THEN
RETURN (TRUE);
END_IF;
END_IF;

IH (((srrs + "AXISYMMETRIC_VOLUME_2D_ELEMENT_REPRESENTATION’)
IN element_type) OR
((srrs + 'PLANE_VOLUME_2D_ELEMENT_REPRESENTATION")
IN element_type)) THEN
IF (((feacr + 'VOLUME_2D_FACE’) IN aspect_type) OR
((feacr + 'VOLUME_2D_EDGE’) IN aspect_type)) THEN
RETURN (TRUE);
END_IF;
END_IF;

IH ((srrs + 'SURFACE_3D_ELEMENT_REPRESENTATION’)
IN element_type) THEN
IF (((feacr + 'SURFACE_3D_FACEY),'IN aspect_type) OR
((feacr + 'SURFACE_3D_EDGE’) IN aspect_type)) THEN
RETURN (TRUE);
END_IF;
END_IF;

IH (((srrs + "AXISYMMETRIC_SURFACE_2D_ELEMENT_REPRESENTATION’)
IN element_typé) OR
((srrs + 'PEANE_SURFACE_2D_ELEMENT_REPRESENTATION’)
IN element_type)) THEN
IF (((feacr,'+ 'SURFACE_2D_FACE’) IN aspect_type) OR
((feacr + 'SURFACE_2D_EDGE’) IN aspect_type)) THEN
RETURN (TRUE);
END_IF;
ERDIF

IF (((srrs + 'CURVE_3D_ELEMENT_REPRESENTATION’)
IN element_type) OR
((srrs + 'AXISYMMETRIC_CURVE_2D_ELEMENT_REPRESENTATION’)
IN element_type) OR
((srrs + 'PLANE_CURVE_2D_ELEMENT_REPRESENTATION’)
IN element_type)) THEN
IF ((srrs + 'CURVE_EDGE’) IN aspect_type) THEN
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RETURN (TRUE);
END_IF;
END_IF;

RETURN (FALSE);

END_FUNCTION,;
(*

Argument definitions

element: identifies the element representation.

aspect: identifies the element aspect.

EXPRESS specification

*)
END_SCHEMA; -- structural_response_representation_schema

(*
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6 Finite element analysis control and result schema

The following EXPRESS declaration begins firete_element_analysis_control_and_result_schema
and identifies the necessary external references.

E\Ir\l—\r—r\r\ H i
NN oo opJTUITTLAtiVTl

SCHEMA finite_element_analysis_control_and_result_schema;

REFERENCE FROM fea_scalar_vector_tensor_schema
(anisotropic_symmetric_tensor2_2d,
anisotropic_symmetric_tensor2_3d,
anisotropic_symmetric_tensor4_2d,
isotropic_symmetric_tensor2_3d,
orthotropic_symmetric_tensor2_3d,
scalar,
symmetric_tensor2_2d,
symmetric_tensor2_3d,
symmetric_tensor4_2d,
tensorl,
tensorl_2d,
tensorl_3d);

REFERENCE FROM geometric_model_schema
(solid_model);

REFERENCE FROM geometry_schema
(curve,
point,
surface);

REFERENCE FROM measure_schema
(context_dependent_measure,
count_measure,
lengthrmeasure,
plane~angle_measure);

REFERENCE FROM structural_response_representation_schema
(analysis_item_within_representation,
axisymmetric_curve 2d element descriptor,
axisymmetric_curve_2d_element_representation,
axisymmetric_surface_2d_element_descriptor,
axisymmetric_surface_2d_element_representation,
axisymmetric_volume_2d_element_descriptor,
axisymmetric_volume_2d_element_representation,
curve_2d_element_coordinate_system,
curve_2d_element_descriptor,
curve_2d_element_group,
curve_2d_element_representation,
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curve_3d_element_coordinate_system,
curve_3d_element_descriptor,
curve_3d_element_group,
curve_3d_element_representation,
curve_element_location,
curve_section_element_location,
curve_volume_element_location,
degree_of_freedom,
directionally_explicit_element_representation,
element_descriptor,

element_group,

element_representation,
explicit_element_representation,
fea_axis?2_placement_3d,

fea_model,

node_group,

node_representation,
plane_curve_2d_element_descriptor,
plane_curve_2d_element_representation,
plane_surface_2d_element_descriptor,
plane_surface_2d_element_representation,
plane_volume_2d_element_descriptor,
plane_volume_2d_element_representation,
point_element_representation,
substructure_element_representation,
surface_2d_element_coordinate_system,
surface_2d_element_descriptor,
surface_2d_element_group,
surface_2d_element_representation,
surface_3d_element_coordinate " system,
surface_3d_element_descfiptor,
surface_3d_element_group,
surface_3d_element_representation,
surface_element_togation,
surface_sectiop~.element_location,
surface_volume-element_location,
volume_2d_element_coordinate_system,
volume<2d_element_descriptor,
volume_—2d_element_group,
velume_2d_element_representation,
volume_3d_element_coordinate_system,
volume_3d_element_group,
volume_3d_element_descriptor,

votune _3d_element_TepresentatiorT,
volume_element_location);

REFERENCE FROM support_resource_schema
(identifier,
label,
text);

(*
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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
geometric_model_schema ISO 10303-42
geometry_schema ISO 10303-42
measure_schema ISO 10303-41
structural_response_representation_schema Clause 5 of this part of ISO 10303
support_resource_schema ISO 10303-41

6|1 Introduction

The subjects of théinite_element_analysis_control_and_result_schenae the'controls necess
perform a finite element analysis, and the analysis output generated from.thie analysis of a ¢
ofla finite element model and a control.

6|2 Fundamental concepts and assumptions
The fundamental concepts and assumptions include the €oncepts of control, step, state, pr

thie roles of astate_definition in defining and containing-analysis output information, and u
mieasures.

NOTE AnEXPRESS-G Partial Model illustrating the control and result relationshipsis shown in

6|2.1 Control

Alcontrol for a finite element analysis describes the operations carried out upon the model
amalysis steps. A model may have one or more sets of control information.

Tlhe control information afso-includes the administrative and configuration control informatio
cgnstraints upon the model at each analysis step.

6(2.2 Cantrol process

Alcontrol.process defines the way in which a model is caused to depart from its initial state.
analysis (no other type is within scope) a control process specifies a final model state.

ary to
ombination

hcess, result,
nits and

—igure 62.

as a set of

n, and the

For linear

change from the initial state to the final state of the following model state information:

— external loads;

EXAMPLE 1 Forces and moments in a stress/displacement analysis are types of externa

— independent field variables that effect the material of an element;

The nhjnrti\/p for the finite element ::malyciq applir‘afinn is_to calculate the response of the model to the

| loads.
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Figure 62 — Finite element analysis control EXPRESS-G partial model
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EXAMPLE 2 Temperature and moisture are independent field variables that effect the material of an

element by causing initial stresses or strains.

— the values of constraints.

6.2.3 Result

Alresult for a finite element analysis consists of the response of a model to a control as.calg
finite element analysis application.

Alresult has the following structure:

— acontrol has one or more sets of result information. Each set of result information corres
separate execution of an finite element analysis application.

— a result has one or more analysis sub-steps for nonlinear ‘analyses. The finite elemg

application divides the analysis steps specified by the controtinto sub-stepsin order to c

— for each analysis sub-step there is a single state that describes the model at the end of t

6|2.4 Analysis step
Anp analysis step may either beantrol_analysis_stepr aresult_analysis_stepA control_analysi
step defines an operation on the model by specifying an initial state and a process. Nodal

arle associated with @ntrol_analysis.stepas are output requests. rAsult_analysis_stepnay o
regference aalculated_state

6/2.5 State

Alstate is the aggregation of the information known or requested about the analysis variableg
af an instant.

Tlhe state infarmation includes:

— the'nodal variable values;

ulated by a

pondsto a

bnt analysis
arry out the

calculation. For a linear analysis (no other type is in scape), each analysis step has a single sub-step.

he sub-step.

S -
constraints
nly

of a model

— the field variable values within the elements;

— the values of constraints.

The state information is defined @tate_definitions. When astate describes an analysis that requires a

symmetry and harmonic specification then a complex instantiatistaté with state_with_harmo

nic

is required. The component ofliaearly_superimposed_statas specified by astate_componenthat

in itself is astate
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6.2.6 State definition
A state definition describes the values of the analysis variables of a model.

A state definition refers to either an output request state, specified state, calculated state

, or linearly

superimposed state. The type of information to be output is specified dbgte definition entity

superimposed_state

Alstate_definitiontherefore either:

— defines an analysis output message.
The variable may be:

— avariable expressed with respect to solution degrees of freedom at a node of the model
— afield variable at a point within an elementof the model, or aggregated within one or morg
— analysis status messages.

EXAMPLE Errors, warnings; or notes are analysis status messages.

In| each type obtate_definitionthere is a where-rule constraint that enforces the correct com
ofivalue and variable.

6|2.7 Units-and measures

Upits are assigned in a context, and the value of the measure is assigned directly.

6|3 Finite element analysis control and result schema type definitig

ined in astate_definition?entity which references gpecified_statecalculated_state or alinearly

re con-

— defines an output request set by specifying the variable for which valuesSiare to be calculated;

— defines a state of a node, element, or a portion of the model by specifying the values of & variable;

elements;

binations

ns

The following are a resource for the entities in the finite element analysis control and result
the FEA information model.

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

A model_or_control_elemenenables an attribute to reference either a control (constraint element) or a
model element.

E\Ir\l—\l—r\(\ H 1
NN oo opJTUNILAUUTI

*
)
TYPE model_or_control_element = SELECT
(element_representation,
constraint_element);

END_TYPE;

(*
6(3.2 cylindrical_harmonic_number

Alcylindrical_harmonic_number is a number identifying the harmonic forcglindrical_harmonig_-
control and astatein an axisymmetric analysis.

EXPRESS specification

*
)
TYPE cylindrical_harmonic_number = ANTEGER;
WHERE

WR1: SELF >= 0;

END_TYPE;

(*

Formal propositions

WR1: a harmonic number shall be positive or zero.

6(3.3 volume_3d_face

A volume_3d_facds an element face of a volume 3D element.
Figures 27, 31, 35, and 39 in 5.8 establish graphically the relationship between the element face number

and the positions in the volume 3D elemeequired_node_listfor the vertex nodes. The element faces
are in the same positions with respect to this list for each element order.
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EXPRESS specification

*)
TYPE volume_3d face = INTEGER;
WHERE

WR1: (SELF >= 1) AND (SELF <= 6);

E LD TN
IND—T YT,
(*

Formal propositions

WR1: avolume 3D element face shall be in the range from 1 to 6.

6(3.4 volume_2d face
Alvolume_2d_facds an element face of a volume 2D element,
Figures 18 and 23 in 5.8 establish graphically the relationship between the element face nunpber and the

positions in the volume 2D elemergquired_node_listforthe vertex nodes. The element faces are in
thie same positions with respect to this list for each efement order.

EXPRESS specification

*
)
TYPE volume_2d face = INTEGER;
WHERE

WR1: (SELF >= 1) AND_(SELF <= 4);
END_TYPE;

(*

Formal propositions

WR1: a 2B volume element face shall be in the range from 1 to 4.

6135 volume_3d_edge

A volume_3d_edgeés an element edge of a volume 3D element.
Figures 27, 31, 35, and 39 in 5.8 establish graphically the relationship between the element edge number

and the element edge positions in the volume 3D element. The element edges are in the same positions
with respect to this list for each element order.
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EXPRESS specification

*)
TYPE volume_3d_edge = INTEGER,;
WHERE

WR1: (SELF >= 1) AND (SELF <= 12);

E LD TN
IND—T YT,
(*

Formal propositions

WR1: avolume 3D edge shall be in the range from 1 to 12.

6(3.6 volume_2d_edge
Alvolume_2d_edgeés an element edge of a volume 2D element.
Figures 18 and 23 in 5.8 establish graphically the relationship between the element edge humber and

thie element edge positions in the volume 2D element. . Fhe element edges are in the same ppsitions with
rgspect to this list for each element order.

EXPRESS specification

TYPE volume_2d_edge = INTEGER;
WHERE

WR1: (SELF >= 1) AND_(SELF <= 4);
END_TYPE;

Formal propositions

WR1: avolume 2D edge shall be in the range from 1 to 4.

6137 surface_3d_face

A surface_3d_facds a top or bottom of a surface 3D element.
Figures 17 and 22 in 5.8 establish graphically the relationship between the element face number, and the

top and bottom of a surface 3D element. The element faces are in the satr@npagth respect to this
list for each element order.
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EXPRESS specification

*)
TYPE surface_3d _face = INTEGER,;
WHERE

WR1: (SELF >= 1) AND (SELF <= 2);

E LD TN
IND—T YT,
(*

Formal propositions

WR1: a surface 3D element face shall be in the range from 1 to 2.

=

formal propositions

shall be the negative parametric axis side of the element.

6/3.8 surface_3d_edge

Alsurface_3d_edgés an element edge of a surface 3D element.

thie element edge positions in the surfaee 3D element. The element edges are in the same p
rgspect to this list for each elementerder.

EXPRESS specification

*
)
TYPE surface_3d~edge = INTEGER;
WHERE

WR1: (SELF >= 1) AND (SELF <= 4);
END_TYPE;

(*

Formal propositions

WR1: a surface 3D element edge shall be in the range from 1 to 4.

(©I1SO 2000 — All rights reserved
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Figures 17 and 22 in 5.8 establish graphically the relationship between the element edge humber and
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6

A

3.9 surface_2d face

surface_2d_faces the top or bottom of a surface 2D element.

Figure 13in 5.8 establishes graphically the relationship between the face number, and the top and bottom
of a surface 2D element. The faces are in the same positions with respect to this list for each element
onder:

E

XPRESS specification

")

TYPE surface_2d face = INTEGER,;
WHERE

WR1: (SELF >= 1) AND (SELF <= 2);
END_TYPE;
(*
Formal propositions

WR1: a surface 2D face shall be in the range from-¥to 2.

formal propositions

2

6
A

Fi

IH1: an element face of 1 shall be the positivparametric axis side of the element, an element

Shall be the negativeparametriclaxis side of the element.

3.10 surface 2d edge
surface_2d_edgéscaielement edge of a surface 2D element.

gure 13 in 5.8 establishes graphically the relationship between the element edge number &

positions in.the'surface 2D element. The element edges are in the same positions with respe

for each._element order.

face of

ind the edge
ct to this list

£

EXPRESSspetification

")

TYPE surface_2d_edge = INTEGER;
WHERE

WR1: (SELF >= 1) AND (SELF <= 2);

END_TYPE;

(*

230
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Formal propositions

WR1: asurface 2D element edge shall be in the range from 1 to 2.

6.3.11 field value

Alfield_valueis the value of a field variable.

EXPRESS specification

*
)
TYPE field_value = SELECT
(unspecified_value,

scalar,

tensorl_2d,

tensorl 3d,
anisotropic_symmetric_tensor2_2d,
isotropic_symmetric_tensor2_3d,
orthotropic_symmetric_tensor2_3d,
anisotropic_symmetric_tensor2_3d);
END_TYPE;

(*

613.12 unspecified_value

Ap unspecified_valuds a type that-specifies an undefined value.

EXPRESS specification

")
TYPE unspecified.value = ENUMERATION OF
(unspecified);

END_TYPE;

(*
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6.3.13 measure_or_unspecified_value

A measure_or_unspecified_valuis a measure value or is not specified.

EXPRESS specification

*
)
TYPE measure_or_unspecified_value = SELECT
(context_dependent_measure,
unspecified_value);

END_TYPE;

(*
6|3.14 boundary_variable

Alboundary_variable s a field variable on a boundary of an element.

EXPRESS specification

*
)
TYPE boundary_variable = SELECT
(boundary_surface_scalar_variable,
boundary_surface_vector_3d_variable,
application_defined_scalar_variable,
application_defined_vector_3d_variable);
END_TYPE;

(*
6/3.15 boundary aggregated_variable

Alboundary_aggregated_variablas an aggregated field variable on a boundary of an element.

EXPRESSvspecification

*
)
TYPE boundary_aggregated_variable = SELECT
(aggregated_vector_3d_variable,
application_defined_vector_3d_variable);
END_TYPE;

(*

232 ©ISO 2000 — All rights reserved


https://standardsiso.com/api/?name=3049a7d726b1a379594044382a78eb72

ISO 10303-104:2000(E)

6.3.16 volume_variable

A volume_variableis a field variable within the volume of an element.

EXPRESS specification

*
)
TYPE volume_variable = SELECT
(volume_scalar_variable,
volume_angular_variable,
volume_vector_3d_variable,
volume_tensor2_3d_variable,
application_defined_scalar_variable,
application_defined_vector_3d_variable,
application_defined_tensor2_3d_variable);
END_TYPE;

(*
6/(3.17 volume_aggregated_variable

Alvolume_aggregated_variablés an aggregated field-variable within an element.

EXPRESS specification

*
)
TYPE volume_aggregated_variables= SELECT
(aggregated_scalar_variable,
aggregated_angular_variable,
aggregated_vector_3d(variable,
aggregated_tensor2 3d_variable,
application_defined)scalar_variable,
application_defined_vector_3d_variable,
applicationdefined_tensor2_3d_variable);
END_TYPE;

(*

6/3:18 surface_element_variable

A surface_element_variablas a field variable at a point on the surface of an element.

NOTE Many application defined variables are selected irvtileme_variable
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EXPRESS specification

*

)

TYPE surface_element_variable = SELECT
(volume_variable,

surface_scalar_variable,
surface_vector_3d_variable,
surface_tensor2_2d_variable,
application_defined_tensor2_2d_variable);
END_TYPE;

(*

6/3.19 boundary_edge variable

Alboundary_edge variable is a field variable on an element edge of.asurface.

EXPRESS specification

*
)
TYPE boundary_edge_variable = SELECT
(boundary_curve_scalar_variable,
boundary_curve_vector_3d_variable,
application_defined_scalar_variable,
application_defined_vector_3d_variable);
END_TYPE;

(*
6/3.20 curve_element_variable

Alcurve_element_variablds a field variable at a point on a curve element.

NOTE Many application defined variables are selected irvtleme_variable

EXPRESS specification

*
)
TYPE curve_element_variable = SELECT
(volume_variable,
curve_scalar_variable,
curve_vector_2d_variable,
application_defined_vector_2d_variable,
curve_vector_3d_variable);
END_TYPE;

(*
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6.3.21 curve_scalar_variable

A curve_scalar_variableis a scalar field variable that is aggregated over the section of a curve element

at a point along its length.

TYPE curve_scalar_variable = ENUMERATION OF
(curve_axial_force,

curve_axial_strain,

torque,

curve_warping,

bi_moment,

twist);

END_TYPE;

(*

Enumerated item definitions

positive value denotes tension.

curve_axial_strain: the elastic strain along the axis of a curve element. This is given by:

_ Odu

T

wnere:

u is translation of the'element axis in thedirection of the curve element axis system;

x isthe axis of.the curve element axis system tangential to the element.

torque: the total moment of shear force about the axis of a curve element acting across a pl
to the axis. A-pesitive value results from a deformation such that the rotation of the sectiq
direction tangehtial to the axis increases with distance in that direction.

curve_warping: the warping of the section of a curve element.

bi[ moment: the conjugate of warping of the section of a curve element.

curve_axial_force: the total direct force acting across a plane normal to the axis of a curve element. A

ane normal
n about a

twist: the torsional (twisting) of a curve element which is given by:

00
°= o2

where:

# is rotation of the element section about thdirection of the curve element axis system;

x isthe axis of the curve element axis system tangential to the element.
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6

.3.22 surface_scalar_variable

A surface_scalar_variables a scalar field variable that is aggregated through the section of a surface

el

ement at a point on its surface.

E
(*

E

PE surface_scalar_variable = ENUMERATION OF
(thickness,
surface_thermal_gradient,
reference_surface_thermal_gradient);
ND_TYPE;

humerated item definitions

th

SU
g

w

re

A
el

E

ckness: the thickness at a point on the surface of a sutface element.

rface_thermal_gradient: a scalar quantity that is defined over a surface element. The surfag
adient is defined as follows:

a8

0z

here:

. is the temperature at a pointwithin the thickness of the surface.

z: is distance through the thickness in the surface elemanis direction.

ference_surface_thermal_gradient:the reference temperature for the surface thermal grad

3.23 volume’ scalar_variable

volume_scalar/variableis a scalar field variable that is evaluated at a point within the volur
ement.

XKPRESS specification

e thermal

ent.

he of an

")

TYPE volume_scalar_variable = ENUMERATION OF

(temperature,
moisture,
reference_temperature,
strain_energy_per_unit_volume);

END_TYPE;

(*
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Enumerated item definitions

temperature: the temperature at a point.
moisture: the moisture content at a point.

reference_temperature: the reference temperature at a point.

strain_energy_per_unit_volume: the strain energy density evaluated at a point.

6(3.24 boundary_curve_scalar_variable

Alboundary_curve_scalar variableis a scalar field variable that is evaluated at’a point along|the ele-
ment edge of a surface 3D element.

EXPRESS specification

")
TYPE boundary_curve_scalar_variable = ENUMERATION, ©F
(normal_force_per_unit_length);

END_TYPE;

(*

Enumerated item definitions

normal_force_per_unit_length: a scalar that is defined over a boundary element edge. The normal
force per unit length acts into the elément.

Nprmal_force_per_unit_lengdthiis a special casemdlied_force_per_unit_length

6/3.25 boundary_surface scalar_variable

Alboundary_surface_scalar variableis a scalar field variable that is evaluated at a point on thejelement
falce a surface or volume element.

EXPRESS specification

*)

TYPE boundary_surface_scalar_variable = ENUMERATION OF
(pressure);

END_TYPE;

(*
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Enumerated item definitions

pressure: a scalar that is defined over a boundary surface or element edge. The pressure is the force per
unit area acting normal to the surface into the element.

Pressure is a special caseapplied_force_per_unit_area

6/3.26 aggregated_scalar_variable
Ap aggregated_scalar_variables a scalar variable that is obtained by aggregationief a fielf within

an element or over an element boundary. The variable may be evaluated for an.element fgce, a single
element, an element group or an entire model.

EXPRESS specification

*
)
TYPE aggregated_scalar_variable = ENUMERATION OF
(total_strain_energy,

mass,

volume);

END_TYPE;

(*

Enumerated item definitions

total_strain_energy: the total strain energy within a volume of the model.
miass: the mass of a single element, an element group, or an entire model.

volume: the volume of a §ingle element, an element group, or an entire model.

6(3.27 volume_angular_variable

A|volume_angular_variableis a scalar variable that is applied to a volume about the origip of the
founding placement of the usingtéy, and about theZ axis of that placement.

(Do HIH i
E/\I'FKI:QQ Speumcauurt

*

)

TYPE volume_angular_variable = ENUMERATION OF
(constant_angular_acceleration,
application_defined_angular_scalar_variable);

END_TYPE;

(*
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Enumerated item definitions

constant_angular_acceleration:a constant angular acceleration applied to a volume.

application_defined_angular_scalar_variable:a scalar variable that is arbitrarily defined.

6 2 720 0108
J.0 auu

Ap aggregated_angular_variablgs an aggregated scalar variable that is applied to a volume @about the
ofligin of the founding placement of the usingi&n and about theZ axis of that placemen.

EXPRESS specification

*
)
TYPE aggregated_angular_variable = ENUMERATION OF
(total_applied_moment,
application_defined_aggregated_angular_scalar_variable);
END_TYPE;

(*

Enumerated item definitions

total_applied_moment: the total applied moment applied to a volume.

application_defined_aggregated_angular_scalar_variableA scalar variable that is arbitrarily de-
fined.

6/3.29 application,defined_scalar_variable

Alapplication_defined\scalar_variablds a scalar variable that is arbitrarily defined. The string shall
be¢ suitable for human-interpretation.

EXPRESS specification
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6.3.30 curve_vector_2d variable

A curve_vector_2d_variables a 2D vector field variable that is aggregated over the section of a curve
element at a point along its length.

E\Inhl_(\(‘ H '
NN oo opJTUIILAUUTI

PE curve_vector_2d_variable = ENUMERATION OF

reference_curve_thermal_gradient);

T
(curve_shear_force,
curve_bending_moment,
curve_element_curvature,
curve_thermal_gradient,
END_TYPE;
(*
Enumerated item definitions
cu
defined by the following equation:
where:
coordinate system;
the curve;
specified curve coordinate system.
T
S

rve_shear_force:the aggregate shear force at apoint on a curve element. The sign cor
—_ | M
F is the aggregate shear force vector at a point on the curve with respect to the spe

f is the force applied-by the curve on the side of the point with the highevordinate of

n, and ri/~denote the components of unit vecioiin the directions of the axeg and = of

ne first.ecomponent oF is the force in the direction of the curve coordinate sysgelxis, and
rcond component @f is the force in the direction of the curve coordinate systesmis.

vention is

Cified curve

the

specified system t0'the side with the lowecoordinate, in the direction of unit vectarnormg| to

he

the

curve_bending_moment: the aggregate bending moment at a point on a curve element. The sign con-
vention is defined by the following equation:

240
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where:

M is the aggregate bending moment at a point on the curve with respect to the specified curve

coordinate system;

m is the moment applied by the curve on the side of the point with the higheordinate of the
specified system to the side with the lowecoordinate, evaluated about the unit veatonormal

T
C(

CU

w

T

CU

w

to the curve;

ny and n, denote the components of unit vecioiin the directions of the axeg and= of
specified curve coordinate system.

ne first component oM is the moment about the curve coordinate sysgerxis, and the se
mponent ofM is the moment about the curve coordinate systeanis.

rve_element_curvature: this is the curvature vector for a curve which.s defined as:

_ 0%
0x?
_Pw
0x?

c =

here:

c is the curvature vector;
v is displacement in the direction of tlyeaxis of the specified curve coordinate system;

w is displacement in the direction of tkeaxis of the specified curve coordinate system.
nis definition of curvature is onlytvalid for small deformations to a curve with a small initial cu

rve_thermal_gradient: a 2D-wector that is defined over a curve element. The curve therma

defined as follows:
o8

dy
%
0z
here.

#~is the temperature at a point within the section of the curve;

he

cond

rvature.

gradient

7 IS distance througttthe Sectionm i the curve eteryeamtis directior;

z: Is distance through the section in the curve elemeantis direction.

reference_curve_thermal_gradient: the reference temperature for the curve thermal gradient.
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6.3.31 surface_vector_2d_variable

A surface_vector_2d_variablds a 2D vector field variable that is aggregated through the section of a

surface element at a point on its surface.

TYPE surface_vector_2d_variable = ENUMERATION OF
(surface_out_of plane_shear_force,
surface_out_of_plane_shear_strain);

END_TYPE;

Enumerated item definitions

surface_out_of plane_shear_forcethe aggregate out-of-plane shear force at a pointon a c
mient. The sign convention is defined by the following equation:

wnere:

F is the aggregate out-of-plane shear force at a point on the surface with respect to th
surface coordinate system;

f is the force in the direction of the axis of the specified coordinate system, applied &
unit width of surface normal to the unit vectarin the plane of the surface. The force is app
the surface on the side-of the unit width in the direction of the nouial the side away fron|
normal;

n, and n, demote the components of unit vectoiin the directions of the axes andy of
specified surface coordinate system.

surface_outyof plane_shear_strainthis is the out of plane shear strain vector for a surface,
defined as:

Lirve ele-

e specified

ICroSSs a
lied by
h the

he

ivhich is

0w, 0u
_| Oz az\l

oo
dy 0z }
where:

x is distance over the surface in the direction of #haxis of the specified surface coor
system;

y is distance over the surface in the direction of shaxis of the specified surface coor
system;
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u is displacement in the direction of tlxeaxis of the specified surface coordinate system;

v is displacement in the direction of tlyeaxis of the specified surface coordinate system;

w is displacement in the direction of tkeaxis of the specified surface coordinate system

6

A
sh

E

3.32 application_defined_vector_2d_variable

application_defined_vector_2d_variablés a 2D vector variable that is arbitrarily defined. The
all be suitable for human interpretation.

XPRESS specification

A
el

E

PE application_defined_vector_2d_variable = STRING;
ND_TYPE;

3.33 curve_vector_3d_variable

ement at a point along its length.

XPRESS specification

PE curve vector_3d_variable = ENUMERATION OF
(applied_force_per. unit_length,
applied_moment-per_unit_length);

ND_TYPE;

humerated item definitions

string

curve_vector_3d_variableis a 3D vector field variable that is aggregated over the section of a curve

applied_moment_per_unit_length: the moment per unit length of an element applied to the model.

6

.3.34 surface_vector_3d_variable

A surface_vector_3d_variablds a 3D vector field variable that is aggregated through the section of a
surface element at a point on its surface.
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EXPRESS specification

")

TYPE surface_vector_3d_variable = ENUMERATION OF
(applied_force_per_unit_area,
applied_moment_per_unit_area);

EI [T W V4 =Y

DT,
(*

Enumerated item definitions

aiplied_force_per_unit_area: force per unit area of an element applied to thesmodel.

plied_moment_per_unit_area: moment per unit area of an element applied to the model.

6/3.35 volume_vector 3d_variable

Alvolume_vector_3d_variables a 3D vector field variable at'a/point within the volume an elen

EXPRESS specification

*
)
TYPE volume_vector_3d_variable = ENUMERATION OF
(position,

applied_force_per_unit_volume
applied_moment_per_unit_volume,

displacement,

infinitesimal_rotation,

acceleration);

END_TYPE;

(*

Enumeratedsitém definitions

position;-the position of a point within the volume of an element.

hent.

applied_force_per_unit_volume: the force per unit volume of an element applied to the mode

applied_moment_per_unit_volume:the moment per unit volume of an element applied to the model.

displacement: the displacement of a point within an element.

infinitesimal_rotation: the infinitesimal rotation of fibres embedded within the material of an

element

at a point. These rotations are assumed to be small for a linear analysis, so that they can be regarded as a

vector quantity.

acceleration: a 3D vector that is defined over a volume of an element.
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6.3.36 boundary_curve_vector_3d_variable

A boundary_curve_vector_3d variableis a 3D vector field variable that is evaluated at a point along

the element edge of a 3D surface element.

E\Inhl_(\(‘ H '
NN oo opJTUILAUUTI

TYPE boundary_curve_vector_3d_variable = ENUMERATION OF
(applied_force_per_unit_length,
applied_moment_per_unit_length);

END_TYPE;

(*

Enumerated item definitions

aiplied_force_per_unit_Iength: the force per unit length of-element edge applied to the mode

applied_moment_per_unit_length: the moment per unitlength of element edge applied to thg

613.37 boundary_surface_vector, 3d_variable

Alboundary_surface_vector_3dvariable is a'3D vector field variable that is evaluated at a p
thie element face of a volume element.

EXPRESS specification

*
)
TYPE boundary_surface~vector_3d_variable = ENUMERATION OF
(applied_foree_per_unit_area,
applied_moment_per_unit_area);

END_TYPE;

(*

EnGmerated item definitions

model.

oint on

applied_force_per_unit_area: the force per unit area of element face applied to the model.

applied_moment_per_unit_length: the moment per unit area of element face applied to the model.

(©I1S0O 2000 — All rights reserved
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6.3.38 aggregated_vector_3d_variable

An aggregated_vector_3d_variablés a 3D vector variable that is obtained by aggregation of a field
within an element or over an element boundary. The variable may be evaluated for an element face, a
single element, an element group or an entire model.

EXPRESS specification

*
)
TYPE aggregated_vector_3d_variable = ENUMERATION OF
(total_applied_force,

centre_of_mass_offset);

END_TYPE;

(*

Enumerated item definitions

total_applied_force: the total applied force applied to a velume of the model.

centre_of_mass_offseta 3D vector that is obtained by integration over an element, element|group or
wpole model. The offset is the distance of the centre of mass from the origin of the master |coordinate
system for the model.

6/3.39 application_defined-vector_3d_variable

Alapplication_defined_vector_3d \variablés a 3D vector variable that is arbitrarily defined. The string
shall be suitable for human interpretation.

EXPRESS specification

TYPE application_defined_vector_3d_variable = STRING;
END_TYPE;

NN AN £ N ~n n .l . l=l
6.3460 SUrladtc _leTisulZ__ ZU_vallallc

A surface_tensor2_2d_variables a 2D second order tensor field variable, that is aggregated through
the section of a surface element at a point on its surface.
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EXPRESS specification

*
)
TYPE surface_tensor2_2d variable = ENUMERATION OF
(surface_membrane_force,
surface_membrane_strain,
Ul fClL:C_bCI Id;l IH_I TTUTTICTT It,
surface_curvature);
END_TYPE;

(*

Enumerated item definitions

surface_membrane_force:the aggregate membrane force at a point,en a surface element.| The sign
cgnvention is defined by the following equation:

Ty

F is the aggregate membrane force tensorat-a point on the surface with respect to the specified
surface coordinate system;

wnere:

f istheforce inthe plane of the surface with respect ta:thady axes of the specified coordinate
system, applied across a unit width of surface normal to the unit vadtothe plane of the surface.
The force is applied by the surface on the side of the unit width in the direction of the norroal
the side away from the normal,

n, and n, denote the components of unit vectoiin the directions of the axes andy of the
specified surface coordinate system.

syrface_membrane ‘strain: the aggregate membrane strain for the surface, which is defined @s:

ou Ju
dzr dy
= o o
dx Oy

wnere:

u is displacement in the direction of tlxeaxis of the specified surface coordinate system;

v is displacement in the direction of tlyeaxis of the specified surface coordinate system.

This tensor is symmetrical and only three components are stored. The engineering convention, in which
the off-diagonal components are summed, is not used.

This definition of strain is only valid for small deformations to a surface with a small initial strain.
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surface_bending_moment:the aggregate bending moment at a point on a surface element. The sign
convention is defined by the following equation:

()
Ty

M is the aggregate membrane force tensor at a point on the surface with respect{o-the specified
surface coordinate system;

where:

m is the moment about theandy axes of the specified coordinate system, applied acrgss a unit
width of surface normal to the unit vectarin the plane of the surface. Thextmoment is apglied by
the surface on the side of the unit width in the direction of the nomralthe side away fronp the
normal;

n, and n, denote the components of unit vectoiin the directions of the axes andy of the
specified surface coordinate system.

surface_curvature: the curvature tensor for a surface which'is'defined as:

*w Q*w

| aa2 @Dy
S|
dxdy Oy?

where:
¢ IS curvature tensor;

x is distance over the surface in the direction of #haxis of the specified surface coorginate
system;

y is distance oven the surface in the direction of thaxis of the specified surface coordinate
system;
w is displacement in the direction of tkeaxis of the specified surface coordinate systen).

Tlhis tenseris symmetrical and only three components are stored. The engineering conventign, in which
thie off-diagonal components are summed, is not used.

Tlis-definition of curvature is only valid for small deformations to a surface with a small initial curvature.

6.3.41 application_defined_tensor2_2d_variable

A application_defined_tensor2_2d_variablés 2D second order tensor variable that is arbitrarily de-
fined. The string shall be suitable for human interpretation.
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EXPRESS specification

*)
TYPE application_defined_tensor2_2d_variable = STRING;
END_TYPE;

(*

6/3.42 volume_tensor2_3d_variable

Alvolume_tensor2_3d_variablés a 3D second order tensor field variable, that is evaluated 3
w|thin the volume of an element.

EXPRESS specification

TYPE volume_tensor2_3d_variable = ENUMERATION OF
(total_strain,

stress);

END_TYPE;

Enumerated item definitions

total_strain: the elastic strain tenserthéat is the sum of the elastic straifi and the thermal strai
All strains are expressed using the-mathematical convention.

For a linear elastic analysis the.elastic strains are given by:

ov; v,
W (8; +8;§)

wnere:

v is the-translation at a point within the element;

x\715 the position at a point within the element.

t a point

v

For@linear elastic analysis the thermal strains are given by:

T
52']‘

= a;; (T — To)

where:

« is the tensor of secant thermal expansion coefficients at a point within the element;

T the temperature at a point within the element;

(©ISO 2000 — All rights reserved
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Ty the reference temperature.

For a linear elastic analysis the total strains are given by:

. _E T
Eij = &+ &5

Tlhis tensor is symmetrical and only six components are stored. The engineering conventio
pairs of off-diagonal components are summed, is not used.

stress: the stress tenser that is defined so that for a linear elastic analysis, the totalstrain el
umit volume is given by:
Av = Z Z UZ']‘A&]‘
[

wnere:

Av is the change of the strain energy per unit volume at a point within the element;

Ace isthe change of the strain tensor.

6/3.43 aggregated_tensor2_3d_variable

An aggregated_tensor2_3d_variablés an aggregated 3D second order tensor field variabl
evaluated at a point within the volume of an element.

EXPRESS specification

")
TYPE aggregated_tensor2_3duvariable = ENUMERATION OF
(rotational_inertia);

END_TYPE;

(*

Enumerated:item definitions

n, in which

nergy per

b that is

ratationak inertia: a 3D second order tensor that is obtained by integration over an element, element

domain of

grLoup or whole model. The rotational inertia is evaluated about the centre of mass for the

integration-

This tensor is symmetrical and only six components are stored.

6.3.44 application_defined_tensor2_3d_variable

A application_defined_tensor2_3d_variablés a 3D second order tensor variable that is arbitrarily

defined. The string shall be suitable for human interpretation.
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EXPRESS specification

")

TYPE application_defined_tensor2_3d_variable = STRING;
END_TYPE;

(*

6

A

3.45 message_level

message_levas the severity of the message.

EXPRESS specification

")

PE message_level = ENUMERATION OF
(error,
warning,
note);

END_TYPE;

(*

Enumerated item definitions

el
w

N(

6

E

ror: the message is an error message.
Arning:  the message is an warring message.

te: the message is an informative note.

3.46 surface) 3d_state_coordinate_system

surface_3d_state” coordinate_systera the valid types of coordinate systems in a state defin
surface 3D.element.

XPRESS specification

")

TYPE surface_3d_state_coordinate_system = SELECT

(fea_axis2_placement_3d,
surface_3d_element_coordinate_system);

END_TYPE;

(*
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6.3.47 surface_2d_state _coordinate_system

A surface_2d_state_coordinate_systera the valid types of coordinate systems in a state definition for
a surface 2D element.

E\Inhl_(\(‘ H '
NN oo opJTUIILAUUTI

TYPE surface_2d_state_coordinate_system = SELECT
(fea_axis2_placement_3d,
surface_2d_element_coordinate_system);
END_TYPE;

6/3.48 curve_3d_state coordinate system

Alcurve_3d_state_coordinate_systeim the valid types of coardinate systems in a state definitjon for a
cyrve 3D element.

EXPRESS specification

TYPE curve_3d_state_coordinate_system*=’SELECT
(fea_axis2_placement_3d,
curve_3d_element_coordinatexsystem);
END_TYPE;

613.49 curve (2d_state coordinate system

Alcurve_2d_state,-eoordinate_systeim the valid types of coordinate systems in a state definitjon for a
cyrve 2D element.

EXPRESS specification

*

)

TYPE curve_2d_state_coordinate_system = SELECT
(fea_axis2_placement_3d,
curve_2d_element_coordinate_system);

END_TYPE;

(*
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6.3.50 action_type

An action_typeis the valid types of nodal actions, that are either forces or moments.

EXPRESS specification

*
)
TYPE action_type = ENUMERATION OF
(applied_loads,

residual_loads);

END_TYPE;

(*

Enumerated item definitions

applied_loads: the actions upon the node are applied loads.

residual_loads: the actions upon the node are residual loads resulting from a lack of equilibr
node.

6/3.51 volume_3d_element_output_refence

Alvolume_3d_element_output_references.an output request or specification for an element r¢
tation, an element group, an element descriptor, or a geometric representation item within th
a [representation, for volume 3D elements. If an element descriptor is referenced then all el
rgference that descriptor will have.the same output request or specification.

EXPRESS specification

*
)
TYPE volume_3d_element_output_reference = SELECT
(volume_3d_element_representation,
voldme_3d_element_descriptor,
votume_3d_element_group,
volume_3d_substructure_element_reference,

um at the

Ppresen-
b context of
bments that

analysis_item_within_representation);

END_TYPE;
(*
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6.3.52 volume_2d_element_output_refence

A volume_2d_element_output_referencis an output request or specification for an element represen-
tation, an element group, an element descriptor, or a geometric representation item within the context of
a representation, for volume 2D elements. If an element descriptor is referenced then all elements that

reference that descriptor will have the same output request or specification.

EXPRESS specification

*
)
TYPE volume_2d_element_output_reference = SELECT
(volume_2d_element_representation,
volume_2d_element_descriptor,
volume_2d_element_group,
volume_2d_substructure_element_reference,
analysis_item_within_representation);
END_TYPE;

(*

6/3.53 surface_3d_element_output_reference

tation, an element group, an element descriptot, or a geometric representation item within th
a frepresentation, for surface 3D elements, If an element descriptor is referenced then all e
rgference that descriptor will have the.same output request or specification.

EXPRESS specification

*
)
TYPE surface_3d_elément_output_reference = SELECT
(surface_3d Celement_representation,

surface~3d) element_descriptor,
surface3d_element_group,

surface _3d_substructure_element_reference,
analysis_item_within_representation);
ENDATYPE;

(*

Alsurface_3d_element_output_references an output request or specification for an element r¢

ppresen-
b context of
ements that
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6.3.54 surface_2d_element_output_reference

A surface_2d_element_output_referencis an output request or specification for an element represen-
tation, an element group, an element descriptor, or a geometric representation item within the context of

a representation, for surface 2D elements. If an element descriptor is referenced then all e
reference that descriptor will have the same output request or specification.

lements that

EXPRESS specification

*
)
TYPE surface_2d_element_output_reference = SELECT
(surface_2d_element_representation,
surface_2d_element_descriptor,
surface_2d_element_group,
surface_2d_substructure_element_reference,
analysis_item_within_representation);
END_TYPE;

(*

613.55 curve_3d_element_output_refence

tation, an element group, an element descriptor, or a geometric representation item within
off a representation, for curve 3D elements. If an element descriptor is referenced then all el
rgference that descriptor will have the.same output request or specification.

EXPRESS specification

*
)
TYPE curve_3d_element output_reference = SELECT
(curve_3d_element_representation,
curve_3d\element_descriptor,
curvex=3d_element_group,

curve) '3d_substructure_element_reference,
analysis_item_within_representation);
ENDATYPE;

(*

A|curve_3d_element_output_referencés an output request or specification for an element represen-

the context
ements that
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6.3.56 curve_2d_element_output_refence

A curve_2d_element_output_referencés an output request or specification for an element represen-
tation, an element group, an element descriptor, or a geometric representation item within the context
of a representation, for curve 2D elements. If an element descriptor is referenced then all elements that

reference that descriptor will have the same output request or specification.

EXPRESS specification

*
)
TYPE curve_2d_element_output_reference = SELECT
(curve_2d_element_representation,
curve_2d_element_descriptor,
curve_2d_element_group,
curve_2d_substructure_element_reference,
analysis_item_within_representation);
END_TYPE;

(*

6/3.57 node_output_reference

Alnode_output_references an output reference @r specification for a node representation, a ng
a [node within a substructure element, or a gg€emetric representation item within the context
sentation.

EXPRESS specification

*
)
TYPE node_output_reference = SELECT
(node_representation,

node_groug,
substructure_node_reference,
analysis_item_within_representation);
END_TYPE;

(*

de group,
of a repre-
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6.4 Finite element analysis control and result entity definitions:
Analysis control

A control for a finite element analysis describes the operations carried out upon the model. A finite
element analysis application calculates the response of the model to these operations.

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

6l4.1 control

Alcontrol is administrative information for a model, and associates analysis centrols and results with a
umique model.

EXPRESS specification

EINTITY control;

model_ref . fea_model,
control_id . identifier;
creating_software . text;
description . text;
user_defined_control : SET [1:?] OF text;
intended_analysis_code : SET [1:?7] of\\text;
UNIQUE
UR1: model_ref, control _id;
END_ENTITY;

(*

Attribute definitions

mjodel_ref: the modelto which the control applies.
control_id: thejidentifier for the control information.
creating_software: the software used to create the control.

description: additional information about the purpose of this control.

userdefined control: additional information about the analysis control parameters

EXAMPLE Analysis code specific information may be input with this attribute, such as solution para-
maters, singularity criteria, and restart instructions.

intended_analysis_codethe set of one or many names of the intended analysis code tfest anodel
was created for. Each intended analysis code shall have the vendor, version, computer system, operating
system and descriptions specified.
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Formal propositions

URZ1: the control identifier shall be unique for the model.

6.4.2 analysis_step

Ap analysis_steps a single step or sub-step in an analysis.

EXPRESS specification

ENTITY analysis_step

SUPERTYPE OF (ONEOF (control_analysis_step,
result_analysis_step));

analysis_control . control;

END_ENTITY;

(*

Attribute definitions

analysis_control: the control which governs thesthe analysis step.

6/4.3 control_analysis_step

Alcontrol_analysis_steps a singlesiep in an analysis.

EXPRESS specification

ENTITY control_‘analysis_step

SUPERTYPE OF (ONEOF(control_linear_static_analysis_step,
control_linear_modes_and_frequencies_analysis_step))

SUBTYRE OF (analysis_step);

step_\id . identifier;

seguence . integer;

Mitiat_state State;

description . text;
UNIQUE

UR1: SELF\analysis_step.analysis_control, sequence;
UR2: SELF\analysis_step.analysis_control, step_id;
END_ENTITY;

(*
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Attribute definitions

st

ep_id: the identifier for the step.

sequence:a sequence number that determines the order of processing for the control analysis step.

initial_state: the state of the model at the beginning of the step. This includes information such as

regference—temperaturesand-mitiat-strams or-stresses—Foram mitiaequitibrivnrstateofzeyo stress or
strain it is only necessary to identify the initial state. The initial state will then have no referenging state
definitions.
description: additional information about the purpose of this control.
Formal propositions
UR1: the sequence number shall be unique for the control.
UR2: the step identifier shall be unique for the control.
6|4.4 symmetry_control
Alsymmetry_control is the type of symmetry in an analysis.
EXPRESS specification
")
ENTITY symmetry_control

SUPERTYPE OF (ONEOF (no-symmetry control,

cylindrical_symmetry_control));

END_ENTITY;
(*
6(4.5 no.symmetry_control
A|no_symmetry_controlis an indication of lack of symmetry control in the analysis.
EXPRESS specification
")
ENTITY no_symmetry_control

SUBTYPE OF (symmetry_control);
END_ENTITY;
(*
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6.4.6 cylindrical_symmetry_control

A cylindrical_symmetry_control is an indication of cylindrical harmonic symmetry in the analysis.

EXPRESS specification

")
E

E
(*

A

NTITY cylindrical_symmetry control

SUBTYPE OF (symmetry_control);

harmonic . cylindrical_harmonic_number;
phase : measure_or_unspecified_value;
ND_ENTITY;

tribute definitions

h4
Z6

V4

6

A

E

irmonic: the cylindrical harmonic number for an axisympdetric analysis. The initial state m
ro harmonic, whatever the harmonic of the final state.

plase: the angled measured from the axis, which gives a factor cos in the amplitude of all 1

iriables for an axisymmetric analysis.

4.7 control_linear_static_analysis_step

control_linear_static_analysis_stefis an analysis step in a linear static analysis.

XPRESS specification

NTITY control_linear—static_analysis_step

SUBTYPE OFR (control_analysis_step);

process : control_linear_static_load_increment_process;
ND_ENTLUFY

hy be the

ield

A

tripute detinitions

process: the load increment process for the linear static analysis.

6

4.8 control_linear_static_analysis_step_with_harmonic

A control_linear_static_analysis_step_with_harmonids an analysis step in a linear static analysis

Wi

260

ith cylindrical symmetry.
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EXPRESS specification

")

ENTITY control_linear_static_analysis_step_with_harmonic
SUBTYPE OF (control_linear_static_analysis_step);
symmetry . cylindrical_symmetry_control;

E I AT/
INU_LINTTT T,
(*

Attribute definitions

symmetry: the type of symmetry for an analysis.

Informal propositions

IH1: the harmonic for a linear static analysis step shall be thesame as that for its final state.

IH2: a harmonic number shall be supplied for a state of an/axisymmetric model.

6(4.9 control_linear_modes_and_frequencies_analysis_step

Alcontrol_linear_modes_and_frequencies_analysis_stepan analysis step in a linear nodes gnd fre-
guencies analysis.

EXPRESS specification

ENTITY control_linear_modes_and_frequencies_analysis_step
SUBTYPE OF (control_analysis_step);

process : control_linear_modes_and_frequencies_process;

number_of _modes : count_measure;

frequency_range : ARRAY [1:2] OF context_dependent_measure;
END_ENTIIYS

(*

Attributedefimitions

process: the load increment process for the linear modes and frequencies analysis.
number_of_modes: the number of modes to be calculated for a step.

frequency_range: the range of frequencies to consider for a step.
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6.4.10 constraint_element

A constraint_elementis a constraint applied to a node or between many nodes.

EXPRESS specification

ENTITY constraint_element

SUPERTYPE OF (ONEOF (single_point_constraint_element,
linear_constraint_equation_element,
nodal_dof reduction,
point_constraint,
curve_constraint,
surface_constraint,
solid_constraint));

element_id . identifier;
steps : SET [1:?] OF control_analysis) step;
END_ENTITY;

(*

Attribute definitions

element_id: the identifier for the constraint elément.

steps: the analysis control steps to which'the constraint element applies.

Informal propositions

IH1: the constraint element-identifier shall be unique for the model.

6(4.11 single’ point_constraint_element

Alsingle_point{constraint_elements a single point constraint which sets values for one or npore de-
grlees of freedom at a single node. This equation has the form:

a; ~x; = b;

waere.

x; are then nodal freedom values;
a; are then nodal freedom coefficients;
b; are the constraint equation coefficients.

The values of this constraint are set bgiagle_point_constraint_element_valuesntity.
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EXPRESS specification

")

ENTITY single_point_constraint_element

SUBTYPE OF (constraint_element);

defined.

ear con-

it equa-

required_node : node_output_reference;
CUVUI dll |atc_ayotC| LI . fCG_CU\;DZ_'J:abCI A>3l It_Sd,
freedoms_and_values : SET [1:?] OF freedom_and_coefficient;
description . text;
END_ENTITY;
(*
Attribute definitions
required_node: the node that is being constrained.
coordinate_system:the coordinate system with respect to whichthie constraint freedoms are
freedoms_and_values:the degrees of freedom and their coefficients for each term of the lir
straint equation.
description: additional information about the single point constraint element.
6(4.12 linear_constraint_equation_element
Allinear_constraint_equation_elements-alinear multi-point constraint specified as a constrai
tion. This equation has the form:
(a;-x;)=0b
=1
where:
x; are then nodatHreedom values;
a; are thenhodal freedom coefficients;
b is.the constraint equation coefficient.
Thevalue the constraint equation coefficieabove is set by Bnear_constraint_equation_eleme
vatueentity:
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EXPRESS specification

")

ENTITY linear_constraint_equation_element

SUBTYPE OF (constraint_element);
freedoms_and_coefficients : SET [1:?] OF

:;I Al _\.:UI |ot| Cl;l It_C\.iUGlt;UI I_I IUdCl:_tCI 1T,
description . text;
END_ENTITY;
(*
Attribute definitions
freedoms_and_coefficientsithe degrees of freedom and their coefficients for each term of t
cgnstraint equation.
description: additional information about the element.
6(4.13 linear_constraint_equation_nodal _term
Allinear_constraint_equation_nodal_termis the degrees of freedom and their coefficients at a
thie constraint.
EXPRESS specification
*)
ENTITY linear_constraint_equation:_nodal_term;
node : node_representation;
coordinate_system : fea_axis2_placement_3d;
freedom_and_coefficient: term : freedom_and_coefficient;
dependent : LOGICAL;
END_ENTITY;
(*
Attribute definitions

he linear

node of

AS: tha Ao that 1o SconniataA At
n(JUC. UIC TIUUT UTIAl 1o AooUULIALTU VILTT UG UCHICC \v)

hihao Ao~nran nf fr

coordinate_system:the coordinate system in which the constraint freedom is being defined.

freedom_and_coefficient_term:the constrained freedom at the node, and the coefficient for the con-
strained freedom at the node (denotgdh the constraint equation shown abovdinear_constraint_-
eqguation_elemen.

dependent: aflag thatindicates whether or not the freedom is to be considered dependent by the analysis

application, as follows: TRUE it is the dependent degree of freedom, FALSE it is not.

264
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6.4.14 freedom_and_coefficient

A freedom_and_coefficienis the degree of freedom and the corresponding coefficient value of a con-
straint equation.

E\Inhl_(\(‘ H '
NN oo opJTUIILAUUTI

ENTITY freedom_and_coefficient;

freedom : degree_of freedom;
a : measure_or_unspecified_value;
END_ENTITY;

(*

Attribute definitions

freedom: the degree of freedom that the value is associatedwith.

a the nodal freedom coefficientassociated with the degtee of freedom, as defined in 6.4.12.

6(4.15 nodal_dof reduction

Alnodal_dof_reduction is a definition of the*degrees of freedom that are to be reduced out for the
specified node in dynamic and substructuring analyses.

EXPRESS specification

ENTITY nodal_dof_reduetion
SUBTYPE OF (constraint_element);

required_node : node_output_reference;
coordinate_System : fea_axis2_placement_3d;
freedoms : SET [1:?] OF degree_of freedom;
description . text;

END_ENTITY;

(*

Attribute definitions

required_node: the node that is being reduced.

coordinate_system:the coordinate system with respect to which the constraint freedoms are defined.

(©I1S0O 2000 — All rights reserved 265


https://standardsiso.com/api/?name=3049a7d726b1a379594044382a78eb72

ISO 10303-104:2000(E)

freedoms: the freedoms to be reduced.

description: additional information about the reduction definition.

6.

4.16 point_constraint

to|

Apomt_cornstramt sets the vatues foromeormore degrees of freedonTforattmodes that may

EXPRESS specification

the specified point.

ENTITY point_constraint

required_point . analysis_item_within_representation;
coordinate_system . fea_axis2_placement_3d;
freedoms_and_coefficients : SET [1:?] OF freedom_and_cogfficient;
description . text;

WHERE

END_ENTITY;

(*

A

SUBTYPE OF (constraint_element);

WR1: (GEOMETRY_SCHEMA.POINT' IN TYPEOF ¢(réquired_point.item)) OR
(TOPOLOGY_SCHEMA.VERTEX_POINT’ IN>TYPEOF (required_point.item));

tribute definitions

Cq

required_point: the point whose associated nodes are being constrained.

freedoms_and_coefficientsithe freedom and coefficient pairs imposed by the constraint.

description: additionalinformation about the point constraint.

Formal propositions

ordinate_system:the coordinate system with respect to which the constraint freedoms are

W

R14 thegeometric_representation_itenshall be a point or a vertex point.

be related

defined.

266
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6.4.17 curve_constraint

A curve_constraintsets the values for one or more degrees of freedom for all nodes that may be related
to the specified curve.

ENTITY curve_constraint
SUBTYPE OF (constraint_element);

required_curve . analysis_item_within_representation;
coordinate_system . fea_axis2_placement_3d;
freedoms_and_coefficients : SET [1:?] OF freedom_and_coefficient;
description . text;

WHERE

WR1: (GEOMETRY_SCHEMA.CURVE’ IN TYPEOF (required_curve.item)) OR
(TOPOLOGY_SCHEMA.EDGE_CURVE' IN TYPEOF (reguired_curve.item));
END_ENTITY;

(*

Attribute definitions

required_curve: the curve whose associated.nodes are being constrained.
coordinate_system:the coordinate systemwith respect to which the constraint freedoms are |defined.
freedoms_and_coefficients:the freedom and coefficient pairs imposed by the constraint.

description: additional information about the curve constraint.

Formal propositions

WR1: thegeometric_representation_itenshall be a curve or an edge curve.

6/4.18 surface_constraint

A|surface_constraintsets the values for one or more degrees of freedom for all nodes that may be
related to the specified surface

EXPRESS specification

*)
ENTITY surface_constraint
SUBTYPE OF (constraint_element);
required_surface . analysis_item_within_representation;
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W

coordinate_system : fea_axis2_placement_3d;
freedoms_and_coefficients : SET [1:?] OF freedom_and_coefficient;
description . text;

HERE

WR1: (GEOMETRY_SCHEMA.SURFACE’' IN TYPEOF (required_surface.item)) OR
(TOPOLOGY_SCHEMA.FACE_SURFACE' IN TYPEOF (required_surface.item));

END_ENTITY;

(*

A

tribute definitions

re
C(
frd

dé

F

quired_surface: the surface whose associated nodes are being constrained.,
ordinate_system:the coordinate system with respect to which the constraint freedoms are
pedoms_and_coefficients:ithe freedom and coefficient pairs imposed.by the constraint.

escription: additional information about the surface constraint.

prmal propositions

W

6

A
to

E

R1: thegeometric_representation_itenshall be a Surface or a face surface.

4.19 solid_constraint

solid_constraintsets the values for ene or more degrees of freedom for all nodes that may
the specified solid model.

XPRESS specification

defined.

be related

ENTITY solid_constraint
SUBTYPE OF\(constraint_element);
required_solid . analysis_item_within_representation;
coordinate) system : fea_axis2_placement_3d;
freedoms_and_coefficients : SET [1:?] OF freedom_and_coefficient;
desScription . text;
WHERE
WR1: 'GEOMETRIC_MODEL_SCHEMA.SOLID_MODEL’ IN TYPEOF (required_solid.item);
END_ENTITY;
(*
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Attribute definitions

required_solid: the solid whose associated nodes are being constrained.
coordinate_system:the coordinate system with respect to which the constraint freedoms are defined.

freedoms_and_coefficients:the freedom and coefficient pairs imposed by the constraint.

description: additional information about the solid constraint.

Formal propositions

WR1: thegeometric_representation_itenshall be a solid.

6(4.20 control_process

A|control_processis the way in which the model is caused to depart from its initial state.

EXPRESS specification

ENTITY control_process
SUPERTYPE OF (ONEOF (control_linear istatic_load_increment_process,
control_linear~modes_and_frequencies_process));

process_id . identifier;
description D text;
END_ENTITY;

Attribute definitions

process_id: the jdentifier for the process.

description: sadditional information about the process.

Informal propositions
I

IP1: the process identifier shall be unique for the model.
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6.4.21 control_linear_static_load_increment_process

A control_linear_static_load_increment_processs a process that is a static load increment, and spec-
ifies the final state. All loads other than those that specify the initial state (before the process of applying
load for the step) are specified with this entity.

entity, and
thiose for the initial state specified by entitgntrol_analysis_step The load increment shalkinglude
any changes in the constraints.

EXPRESS specification

ENTITY control_linear_static_load_increment_process
SUBTYPE OF (control_process);

final_input_state . state;

END_ENTITY;

Attribute definitions

final_input_state: the final equilibrium state-fgr the static load increment. The final state indludes all
field and node state definitions applied to.the model. This state is a specified state without gny analysis
oyitput information until an analysis has béen carried out.

6(4.22 control_linear_modes_and_frequencies_process

Alcontrol_linear_modes_and’frequencies_processa process that is a dynamic loading procgss, and
specifies the final statex All loads other than those that specify the initial state (before the|process of
applying load for the‘step) are specified with this entity.

The load increment is the difference between the loads for the final state specified by this|entity, and
thiose for theyinitial state specified by entitgntrol_analysis_step The load increment shall inglude
amy changes in the constraints.

EXPRESS Specification

*

)

ENTITY control_linear_modes_and_frequencies_process
SUBTYPE OF (control_process);
final_input_state . state;

END_ENTITY;

(*
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Attribute definitions

final_input_state: the final equilibrium state for the dynamic analysis process. The final state includes
all field and node state definitions applied to the model. This state is a specified state without any analysis
output information until an analysis has been carried out.

6(4.23 element_sequence

Anp element_sequences an ordered list of elements.

NOTE Typical uses of the ordered list will be solution optimization or controlling the presentatjon of re-
sults.

EXPRESS specification

ENTITY element_sequence;

order_id . identifier;

control_ref . control;

purpose ;. text;

elements : LIST [1:?] OR:model_or_control_element;
UNIQUE

UR1: order_id, control_ref;
END_ENTITY;

Attribute definitions

onder_id: the identifier fof the ordered element list.
control_ref. the controHor the ordered element list.
purpose: additionalinformation about the ordered element list specifying its use.

elements: the-ordered list of elements.

Formal propositions

UR1: the ordered list identifier shall be unique for the control reference in each of the steps.
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6.4.24 node_sequence

A node_sequencés an ordered list of nodes.

NOTE Typical uses of the ordered list will be solution optimization or controlling the presentation of re-
sults.

EXPRESS specification

ENTITY node_sequence;

order_id . identifier;

control_ref . control;

purpose ;. text;

nodes . LIST [1:?] OF node_representatiofT;
UNIQUE

UR1: order_id, control_ref;
END_ENTITY;
(*

Attribute definitions

onder_id: the identifier for the ordered node }ist.
control_ref. the control for the ordered node list.
purpose: additional information about-the ordered node list specifying its use.

nodes: the ordered list of nodes.

Formal propositions

UR1: the ordered hist identifier shall be unique for the control reference in each of the steps.

6|5 Einite element analysis control and result entity definitions:
Analysis results

Analysis results for a finite element analysis consists of the response of a modelto a control as calculated
by a finite element analysis application. All model states calculated by the analysis application shall be
linked to a result.

6.5.1 result

A result is the administrative information for analysis results.
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EXPRESS specification

%)
ENTITY result;

result_id . identifier,;

creating_software . text;

dCDbI;pt;UII . tCI\t,
END_ENTITY;

(*

Attribute definitions

result_id: the identifier for the result.
creating_software: the software that is used to create the result.

description: additional information about the result.

Informal propositions

IH1: the result identifier shall be unique for the model.

6/5.2 result_analysis_step

Alresult_analysis_steps an analysis sub-step. As results are calculated, the analysis step s
thie control is divided into one or more-analysis sub-steps. The resulting model state is stored
ofl each sub-step.
For a linear static and dypamic analyses, analysis calculations produce a single analysis sul

is|the final state.

EXPRESS spegification

ENTITY\result_analysis_step
SUPERTYPE OF (ONEOF (result_linear_static_analysis_sub_step,

pecified by
for the end

D-step which

resuttfimear modes _and—frequencies _amalysis_sub_step))

SUBTYPE OF (analysis_step);

analysis_result . result;
UNIQUE

UR1: SELF\analysis_step.analysis_control, analysis_result;
END_ENTITY;

(*
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Attribute definitions

analysis_result: the result in which the step was calculated.

Formal propositions

UR1: the result shall be unique for the control.

6/5.3 result_linear_static_analysis_sub_step

Alresult_linear_static_analysis_sub_stejs a sub-step that is calculated by a linear static analy
rgpresents the final state of the step.

EXPRESS specification

ENTITY result_linear_static_analysis_sub_step
SUBTYPE OF (result_analysis_step);

state . calculated_state;
END_ENTITY;

(*

Attribute definitions

state: the calculated state resulting’from the linear static analysis sub-step.

6(5.4 result_linear_modes_and_frequencies_analysis_sub_step

Alresult_linear_modes_and_frequencies_analysis_sub_sis@ sub-step that is calculated by g
mjodes and frequencies analysis, and represents the final state of the step. The final state is
a series of caleulated states, one state for each mode and frequency pair.

EXPRESS specification

*
)
ENTITY result_linear_modes_and_frequencies_analysis_sub_step
SUBTYPE OF (result_analysis_step);
states : SET [1:?] OF calculated_state;
END_ENTITY;

(*

sis, and

linear
described by
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Attribute definitions

O(E)

states: the set of calculated states resulting from the linear modes and frequencies analysis sub-step.
There is onealculated_stateper mode and frequency pair.

raaal o e

Inﬁ:\.n L Ia: PI UPUOILlUnS

6

A

m

E

IH1: there shall be exactly onehole_model_modes_and_frequencies_analysis_messéyee
re

55 control_result_relationship

XPRESS specification

A

NTITY control_result_relationship;

control : control_analysis_step;
result . result_analysis_step;
ND_ENTITY;

tribute definitions

6
S|

A

cgntrol: the control for-a given analysis step.

result: the result fora-given analysis control.

6 Finite element analysis control and result entity definitions: Mo
ate

any instant, a model has a state. All information defining or requesting analysis variablg

hch

sult_linear_modes_and_frequencies_analysis_sub_stdpat defines the mode number and fre-
quency value.

control_result_relationship is the relationship of a result step to_a¢control step (and the agsociated
odel) that formed the input to the analysis that created the calculated state for the result step.

del

s within a

model, including stress, strain or deflections are associated with a state. Any field within the scope of the
analysis, but which is not defined for a state has a value of zero.

(©I1SO 2000 — All rights reserved
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6.6.1 state
A stateis an aggregation of state definitions that describe the model at an instant as follows:

— the attributes of the entity provide administrative information for the state;

alatail £ 4l ok Leadl idctat clafiait ot oot £ H'S
] utudiio UT 1T otalt alt SUPJIITU Uy BIalT_ UTITITTIUUTITTTUUT S UTat TTITTTTIVT L.

EXPRESS specification

ENTITY state

SUPERTYPE OF (ONEOF (specified_state,
calculated_state,
linearly_superimposed_state,
output_request_state));

state_id . identifier;
description . text;
END_ENTITY;

(*

Attribute definitions

state id: the identifier for the state.

description: additional information algout the state.

Informal propositions

IH1: the state identifier Shall be unique for the model.

6/6.2 state” with_harmonic

Alstate_with harmonicis the state of a model for an analysis that requires the specification of the type
off symmetry and a corresponding harmonic.

EXPRESS specification

*
)
ENTITY state with_harmonic
SUBTYPE OF (state);
symmetry . cylindrical_symmetry_control;
END_ENTITY;

(*
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Attribute definitions

symmetry: the type of symmetry for an analysis.

6.6.3 specified_state

Alspecified_states all the information for the state that is specified, and that none of it is the-rgsult of a
prievious calculation represented within the information model.

EXPRESS specification

ENTITY specified_state
SUBTYPE OF (state);
END_ENTITY;

(*
6/6.4 calculated_state

Alcalculated_states some of the information for the.state that is calculated by a previous analysis step.

EXPRESS specification

ENTITY calculated_state
SUBTYPE OF (state);
END_ENTITY;

(*
6/6.5 linearly _superimposed_state

Allinearly_superimposed_statas some of the information for the state that is calculated by g combi-
nation of previously calculated and/or specified steps.

*
)
ENTITY linearly_superimposed_state
SUBTYPE OF (state);
INVERSE
components : SET [1:?] OF state_component FOR state;
END_ENTITY;

(*
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Attribute definitions

components: the states from which this state is created.

6

A

E

.6.6 state_component

state_componenis a component of a linearly superimposed state.

XPRESS specification

E

E
(*

A

NTITY state_component

SUBTYPE OF (state);

state . linearly_superimposed_state;
factor : context_dependent_measure;
ND_ENTITY;

tribute definitions

st

6

A
Sy

E

fajctor: a weighting factor to scale information in the state.

pte: the state that aggregates the state compenents.

6.7  output_request_state

N output_request_stateis the.computer readable output to be produced by an finite elemen
stem as follows:

the attributes ofthe entity provide administrative information for the state of output;

details ofdhe‘information to be produced by the finite element analysis system are supp
state definitionentities that reference it.

XPRESS specification

t analysis

lied by the

")

ENTITY output_request_state

SUBTYPE OF (state);
steps : SET [1:?] OF control_analysis_step;

END_ENTITY;

(*
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Attribute definitions

ISO 10303-104:200

steps: the analysis control steps to which the output requests apply.

6.6.8 state_relations

hip

O(E)

relating state.

EXPRESS specification

ENTITY state_relationship;

. label;

name
description . text;
relating_state . state;
related_state . state;

END_ENTITY;

(*

Attribute definitions

dependent upon the other _then

(©ISO 2000 — All rights reserved

name: the word argroup of words by which ttstate_relationshipis referred to.
description: text'that relates the nature of thate_relationship
relating_.state: one of thestates which is a part of the relationship.

relatéd 'state: the otherstate which is a part of the relationship. If one state in the relatiof

A|state_relationshipis an association between a relating state and a related state, such that all the
information about the related state is also about the relating state. The related state is-an gspect of the

EXAMPLE Thestate_relationshipmay be used to associatateentities to one or morstate- contrd|_-
analysis_steppairs thereby providing an unordered grouping capabilitystate definijtiors.

NOTE A state_relationship enables different aspects of a state such as\boundary condition$, external
loads, and thermal loads to be managed as separate states. The initial stateritol analysis_
can be defined as a combination of different aspects. The partitioning of a state into aspects
information management convenience, and has no engineering sighificance.

step
s solely for

ship is
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6.

7 Finite element analysis control and result entity definitions: Sta

definition

A state definition has two roles:

te

as a state definition with a value that contains humeric information, it can referesperified_-

6

A
of

stepmay be used as input for a subsequstate_defipition

EXPRESS specification

state calculated_state or linearly_superimposed_stateentity, thereby defining the vari
within the model for that state;

as a state definition with a value that is unspecified, it can referencatpnt_request” stateen
to define the information to be calculated by the finite element analysis application for or]
control_analysis_step.

NOTE An EXPRESS-G Partial Model illustrating the relationships of-the state definitions is
Figure 63.

7.1 state _definition

state_definitionis both information known before and-after an analysis and therefore eithe
represents information calculated by the analysis. 1o-this mansiate definitionoutput from

EXAMPLE 1 External loadings and prescribed values of variables at a boundary are types of i
known before and after an analysis.

EXAMPLE 2 Element stresses apd-values of variables at unconstrained nodes are types of
calculated by the analysis.

ENTITY state definition

SUPERTYPEXOF (ONEOF (field_variable_definition,
nodal_freedom_and_value_definition,
element_nodal_freedom_actions,
point_freedom_and_value_definition,
curve_freedom_and_value_definition,

ables

ity
e or more

shown in

[ requests
pne

nformation

information

surface freedom and value definition,

solid_freedom_and_value_definition,
linear_constraint_equation_element_value,
single_point_constraint_element_values,
analysis_message));

defined_state . state;

END_ENTITY;

(*
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o 1 ) ~ field_variable_element|
state_definition @ analysis_message group_value
= T - T field—variable—nede
field_variable_definition definition
state
element nodal freedom field_Variab'e_eleme ']t__
—C) actions - B 7 definition
) _ _ field_variable_whole |
s linear_constraint_equation = model_value
state_ element_value
relationship
|—© nodal_freedom_valugs
-~ nodal_freedom_and_value 1
definition
[
nodal_freedom_actiop |
i i i definition
~ single_point_constraint®
element_values
\
L surface_freedom_and_value| J}
definition O

-~ freedoms_list

curve_freedom_and_value |
definition

L[1:7]

solid_freedom_and_value |
definition

point_freedom_and_
value_definition

degree_of_freedom

Figure 63 — State definition EXPRESS-G partial model
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Attribute definitions

defined_state: the model state that aggregated the state definitions.

6.7.2 field_variable _definition

A

thie elements of the model.

Tlhe field variable information shall be either:

E

field_variable_definition is a state of the model that specifies values for a field variable per

evaluated a point within the volume of an element;
aggregated through the section of a surface or curve element at apoint on the element;
aggregated within an element, a group of elements, or an entire model;

evaluated at a point on an element boundary (element,face of a volume element or elen
a surface element);

aggregated over an element boundary.

XPRESS specification

E

E
(*

6

NTITY field_variable definition

SUPERTYPE OF (ONEOF_(field_variable_element_definition,
field_variable_element_group_value,
field_variable_whole_model_value,
field_variable_node_definition))

SUBTYPE OF (state_definition);

ND_ENTITY;

7.3 field _variable_element_definition

aining to

ent edge of

variable

A

field_variable_element_definitiordefines the state of the model by specifying the values of

within an element.

282
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EXPRESS specification

*

)

ENTITY field variable_element_definition

SUPERTYPE OF (ONEOF (volume_3d_element_field_variable definition,
volume_2d_element_field variable_definition,
surface_2d_element_field variable_definition,
curve_3d_element_field_variable_definition,
curve_2d_element_field_variable_definition))

SUBTYPE OF (field_variable_definition);

END_ENTITY;

(*

6/7.4 volume_3d_element_field variable_definition

Alvolume_3d_element_field_variable_definitions a state of the medel that specifies the valles of a
variable within a volume 3D element.

EXPRESS specification

ENTITY volume_3d_element field variable_défifition

SUPERTYPE OF (ONEOF (
volume_3d_element_location_point_variable_values,
volume_3d_whole_element_variable ,value,
volume_3d_element_constant_specified_variable _value,
volume_3d_element_nodal_specified_variable_values,
volume_3d_element_boundary location_point_variable_values,
volume_3d_element_bpeundary whole_face variable value,
volume_3d_element-boundary_constant_specified_variable_value,
volume_3d_element-boundary_nodal_specified_variable_values,
volume_3d_element_boundary_edge_location_point_volume_variable_values,
volume_3d_elertent_boundary_edge_whole_edge_variable value,
volume_3d\element_boundary_edge constant_specified_volume_variable_value,
volume~3d_element_boundary_edge _nodal_specified_variable_values))

SUBTYPE OF (field_variable_element_definition);
element : volume_3d_element_output_reference;

CA LTI/
1

T
EI U_CEINTITT,

(*

Attribute definitions

element: the element for which the values are specified, or the element for which values are to be
calculated.
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6.7.5 volume_3d_element_location_point_variable values

A volume_3d_element_location_point_variable_valués a state of the model that specifies the
of a variable at location points within a volume 3D element.

E\Inhl_(\(‘ H '
NN oo opJTUIILAUUTI

ENTITY volume_3d_element_location_point_variable_values
SUBTYPE OF (volume_3d_element_field_variable_definition);

basis : BOOLEAN;
values_and_locations : SET [1:?] OF
volume_3d_element_value_and_location;
variable . volume_variable;
WHERE

WR1: consistent_set values (values_and_locations, variable);
WR?2: appropriate_set_value_existence (values_and_locationsy
TYPEOF (SELF\state_definition.defined_state));

END_ENTITY;

(*

Attribute definitions

basis: if basisis TRUE then the value set.contains only basis locations for the field variable v
element, and no others.

values_and_locations:the values and'locations of the field variable.

variable: the type of field variable being specified.

Formal propositions

WR1: each variable shall have a corresponding value of the proper type.

state

WR2: thevalte shall be unspecified when 8tate_definition.defined_statds anoutput_requegt_

values

vithin the

6.6 volume 3d element value and location

A volume_3d_element_value_and_locatide the value of a variable at a location point within a volume

3D element.
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EXPRESS specification

")

ENTITY volume_3d_element value_and_location;

simple_value . field_value;
location : volume_element_location;
=l + + OODTIONNLAL 1 Nl L + P H + +
\.:UUIUIIIC{LC_DyDI.CIII . VT TITUINAL VUIUIIIC_\JU_CICIIICIIL_bUUIUIIIGI.C_DyDLCIII,
WHERE

WR1: necessary_value_coordinate_system (simple_value, coordinate_ system);
END_ENTITY;

(*

Attribute definitions

simple_value: the value of the field variable.
location: the location at which the value of the field variable is specified.

cqordinate_system:the coordinate system for the value.

Formal propositions

WR1: the coordinate system shall be specifiechif any of the specified values are not scalar.

6l7.7 volume_3d_whole _element_variable value

Alvolume_3d_whole_element_variable_valus a state of the model that specifies the value of a vari-
able which is obtained by aggtregation over a volume 3D element. The value represented by this entity
does notinclude a contribution from the aggregation of boundary variables.
EXPRESS specification
")
ENTITY wvolume_3d_whole_element_variable_value

SUBTRYPE OF (volume_3d_element_field_variable_definition);

simple_value . field_value;

variable - volume aggregated variable;

coordinate_system : OPTIONAL volume_3d_element_coordinate_system;
WHERE

WR1: necessary_value_coordinate_system (simple_value, coordinate_ system);

WR2: consistent_value (simple_value, variable);

WR3: appropriate_value_existence (simple_value,

TYPEOF (SELF\state_definition.defined_state));

END_ENTITY;
(*
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Attribute definitions

simple_value: the value of the field variable.
variable: the type of field variable being specified.

coordinate_system:the coordinate system for the value.

Formal propositions

R1: the coordinate system shall be specified if any of the specified values are not scalar.

R2: each variable shall have a corresponding value of the proper type.

ns S =

ate

6/7.8 volume_3d_element_constant_specified variable value

Alvolume_3d_element_constant_specified_variable_valiga state of the model that specifi
value of a variable which is constant over a volume 3R-element.

EXPRESS specification

ENTITY volume_3d_element_constant(specified_variable_value
SUBTYPE OF (volume_3d_element_field_variable_definition);

simple_value . .field_value;

variable . volume_variable;

coordinate_system : OPTIONAL volume_3d_element_coordinate_system;
WHERE

WRL1: necessary_valte_coordinate_system (simple_value, coordinate_system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEQF (SELF\state_definition.defined_state));
END_ENTITY;

(*

R3: the value shall be unspecified when 8iate_definition.defined_statés’anoutput_request_

es the

Attribute definitions

simple_value: the value of the field variable.
variable: the type of field variable being specified.

coordinate_system:the coordinate system for the value.
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Formal propositions

WR1: the coordinate system shall be specified if any of the specified values are not scalar.

WR2: each variable shall have a corresponding value of the proper type.

WR3: the value shall be unspecified when gtate_definition.defined_statds anoutput_request_-

State

67.9 volume_3d_element_nodal_specified_variable values
Alvolume_3d_element_nodal_specified_variable_valuesa state of the model thatspecifies th
thie appropriate shape functions specified for the variable.

Values are supplied for either the vertex nodes or all nodes of the-element, in the order

graphically in 5.8.

EXPRESS specification

ENTITY volume_3d_element_nodal_specified_variable_values
SUBTYPE OF (volume_3d_element_field_variable definition);

values : LIST [1:2] OF field_value;
additional_node_values . BOOLEAN};
variable . volume_variable;

WHERE

WR1: consistent_list values (values, variable);
WR2: appropriate_list_value_existence (values,

TYPEOF (SELF\state ‘definition.defined_state));
END_ENTITY;

(*

Attribute definitions

values; the values of the field variable.

adlditional_node_values:indicates whether values are given for all nodes of the element (T

b value

ofla variable for the nodes of a volume 3D element. The variable is interpolated within the element using

pstablished

RUE), or

.I: H ) " ! (AL QN
JUSLUTC VETICA TIUUTS (FALOL).

variable: the type of field variable being specified.

Formal propositions

WR1: each variable shall have a corresponding value of the proper type.

(©I1S0O 2000 — All rights reserved
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WR2: the values shall be unspecified when st@te_definition.defined_statés anoutput_request_-
state

6

.7.10 volume_3d_element_boundary_location_point_variable_values

A volume 3d element boundary location pointvariable valuesis a state of the model that speci-

fi

€

E

s the values of a variable at location points over the element face of a volume 3D element,

XPRESS specification

ENTITY volume_3d_element_boundary_location_point_variable_values
SUBTYPE OF (volume_3d_element_field_variable_definition);
basis : BOOLEAN;
values_and_locations : SET [1:?] OF
volume_3d_element_value_and_location;
variable : boundary_variable;
element_face . volume_3d_face;
WHERE
WR1: consistent_set values (values_and_locations, variable);
WR2: appropriate_set_value_existence (values_and“locations,
TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;
(*
Attribute definitions
basis: if basisis TRUE then thevalue set contains only basis locations for the field variable |
element, and no others.
values_and_locationsthe values and locations of the field variable.
variable: the type-of field variable being specified.

el

T
g

ement_face:the element face for which the values are specified.

ne relationship between the element face number and the element node sequence numbers
aphically in 5.8.

vithin the

is established

Formal propositions

WR1: each variable shall have a corresponding value of the proper type.

WR2: the values shall be unspecified when st@e_definition.defined_statés anoutput_request_-
state

288
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Informal propositions

IP1: each location in the list shall lie on the specified element face.

6.7.11 volume_3d_element_boundary_whole_face variable value

Alvolume_3d_element_boundary_whole_faceariable_valueis a state of the model that specif
value of a variable which is obtained by aggregation over the element face of a volume 3D-el

EXPRESS specification

ENTITY volume_3d_element_boundary_whole_face_variable_value
SUBTYPE OF (volume_3d_element_field_variable_definition);

simple_value . field_value;

variable . boundary_aggregated_variahle;

element_face . volume_3d_face;

coordinate_system : OPTIONAL volume_3d_element_coordinate_system;
WHERE

WR1: necessary_value_coordinate_system (simple_valtue, coordinate_ system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition.defined, state));
END_ENTITY;

(*

Attribute definitions

simple_value: the value of the field variable.

variable: the type of field variable being specified.
element_face:the'element face for which the values are specified.
cqordinate_systéem:the coordinate system for the value.

The relationship between the element face number and the element node sequence numbers
glaphically in 5.8.

esthe
bment.

is established

Formal propositions

WR1: the coordinate system shall be specified if any of the specified values are not scalar.

WR2: each variable shall have a corresponding value of the proper type.

WR3: the value shall be unspecified when 8tate_definition.defined_statds anoutput_request_-

state
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6.7.12 volume_3d_element_boundary_constant_specified_variable_-
value

A volume_3d_element_boundary_constant_specifiedariable_valueis a state of the model that
specifies the value of a variable which is constant over the whole of a volume 3D element face.

EXPRESS specification

ENTITY volume_3d_element_boundary_constant_specified_variable_value

SUBTYPE OF (volume_3d_element_field_variable_definition);

simple_value . field_value;

variable : boundary_variable;

element_face . volume_3d_face;

coordinate_system : OPTIONAL volume_3d_element_coordinate system;
WHERE

WRL1: necessary_value_coordinate_system (simple_value, coordinate_system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,

TYPEOF (SELF\state_definition.defined_state));

END_ENTITY;

A

tribute definitions

g
C(

F

simple_value: the value of the field-variable.
variable: the type of field variable being specified.
element_face:the element face for which the values are specified.

The relationship between the element face number and the element node sequence numbers

aphically in 5.8.

ordinate_system:the coordinate system for the value.

prmalipropositions

R —thecoordinatesystemshatt-bespecifredfany of thespecifred-valuesarenotscatar:

WR2: each variable shall have a corresponding value of the proper type.

is established

WR3: the simple value shall be unspecified when st@e definition.defined_statds anoutput_-

re

290

quest_state
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6.7.13 volume_3d_element_boundary nodal_specified_variable_-

values

A volume_3d_element_boundary_nodal_specifiedariable_valuesis a state of the model that
ifies the value of a variable for the nodes on an element face of a volume 3D element. The
interpolated within the element using the appropriate shape functions specified for the variab

Values are supplied for the nodes on the element face, in the order established graphicallyin

EXPRESS specification

ENTITY volume_3d_element_boundary_nodal_specified_variable_values
SUBTYPE OF (volume_3d_element_field_variable_definition);

values : LIST [1:?] OF field_value;
additional_node_values : BOOLEAN;
variable : boundary_variable;
element_face . volume_3d_face;

WHERE

WR1: consistent_list values (values, variable);
WR2: appropriate_list_value_existence (values,

TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;

(*

Attribute definitions

values: the values of the fieldwariable.

aglditional_node_values:indicates whether values are given for all nodes of the element (T
for just the vertex nodes/(FALSE).

variable: the type-of field variable being specified.
element_face:the element face for which the values are specified.

The relationship between the element face number and the element node sequence numbers
graphically in 5.8.

spec-
variable is
le.

5.8.

RUE), or

is established

Formal propositions

WR1: each variable shall have a corresponding value of the proper type.

WR2: the value shall be unspecified when 8tate_definition.defined_statds anoutput_request_-

state
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6

.7.14

variable values

volume_3d_element_boundary edge location_point_volume_-

A volume_3d_element_boundary_edge_location_point_volume_variable_valuissa state of the

m

odel that specifies the variable values along an edge of a volume 3D element.

E

KXPRESS specification

W

E
(*

A

NTITY
olume_3d_element_boundary_edge_location_point_volume_variable_values
SUBTYPE OF (volume_3d_element_field_variable_definition);
basis : BOOLEAN;
values_and_locations : SET [1:?] OF
volume_3d_element_value_and._location;
variable : boundary_edge_variable;
element_edge : volume_3d_edge;
HERE
WR1: consistent_set values (values_and_locations, variable);
WR2: appropriate_set_value_existence (values_and_lacations,
TYPEOF (SELF\state_definition.defined_state});
ND_ENTITY;

tribute definitions

b4
\Z:
\Z:

el
b4
in

F

sis: TRUE if the value set has only basis locations for the field variable within the element.
llues_and_locations:the values and locations of the field variable.
iriable: the type of field'variable being specified.

ement_edge:the element edge of the volume for which the values are specified. The re
ptween the element edge number and the element node sequence numbers is establishé
5.8.

prmal\propositions

ationship
ed graphically

W

R1: each variable shall have a corresponding value of the proper type.

WR2: the values shall be unspecified when gt@te_definition.defined_statés anoutput_request_-
state

In

formal propositions

IP1: each location in the list shall lie on the specified element edge.
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6.7.15 volume_3d_element_boundary _edge whole edge_ variable -

value

A volume_3d_element_boundary_edge_whole_edgariable_valueis a state of the model that

spec-

ifies the value of a variable which is obtained by aggregation along an element edge of a volume 3D

element.

EXPRESS specification

ENTITY volume_3d_element_boundary_edge_whole_edge variable_value
SUBTYPE OF (volume_3d_element_field_variable_definition);

simple_value . field_value;

variable : boundary_aggregated_variable;

element_edge : volume_3d_edge;

coordinate_system : OPTIONAL volume_3d_element(coordinate_system;
WHERE

WRL1: necessary_value_coordinate_system (simple_values/)coordinate_system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;

(*

Attribute definitions

simple_value: the value of the field-variable.
variable: the type of field variable being specified.
element_edge:the element’ edge of the volume for which the values are specified.

The relationship between the element edge number and the element node sequence num
lighed graphicallyin’5.8.

coordinate_system:the coordinate system for the value.

Formal propositions

bers is estab-

WR1: the coordinate system shall be specified if any of the specified values are not scalar.

WR2: each variable shall have a corresponding value of the proper type.

WR3: the simple value shall be unspecified when st@e definition.defined_statds anoutput_-

request_state
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6.7.16 volume_3d_element_boundary edge constant_specified

volume_variable_value

A volume_3d_element_boundary_edge_constant_specifielume_variable_valuds a state of the
model that is defined by specifying the value of a variable at a point on a volume, which is constant along
a volume 3D element edge.

E

XPRESS specification

W

E
(*

A

NTITY
olume_3d_element_boundary_edge_constant_specified_volume_variable_value
SUBTYPE OF (volume_3d_element_field_variable_definition);
simple_value . field_value;
variable : boundary_edge_variable;
element_edge : volume_3d_edge;
coordinate_system : OPTIONAL volume_3d_elemént_coordinate_system;
HERE
WR1: necessary_value_coordinate_system (simple_value, *‘coordinate_system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,

TYPEOF (SELF\state_definition.defined_state));
ND_ENTITY;

tribute definitions

C(

imple_value: the value of the field variable.

iriable: the type of field(variable being specified.
ement_edge:the element edge of the volume for which the values are specified.

ne relationship-hetween the element edge number and the element node sequence num

ghed graphically’'in 5.8.

ordinate\.system:the coordinate system for the value.

E
I

bers is estab-

WR1: the coordinate system shall be specified if any of the specified values are not scalar.

WR2: each variable shall have a corresponding value of the proper type.

WR3: the simple value shall be unspecified when st@e definition.defined_statds anoutput_-
request_state
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6.7.17 volume_3d_element_boundary edge nodal_specified_-
variable values

A volume_3d_element_boundary_edge_nodal_specifiadariable_valueds a state of the model that
specifies the value of a variable for the nodes along an element edge of a volume 3D element. The
variable is interpolated within the element using the appropriate shape functions specified for the variable.

Values are supplied for the nodes on the element edge, in the order established graphically ip 5.8.

EXPRESS specification

ENTITY volume_3d_element_boundary_edge_nodal_specified_variable_values
SUBTYPE OF (volume_3d_element_field_variable_definition);

values : LIST [1:?] OF field_value;
additional_node_values : BOOLEAN;
variable : boundary_edge_variable;
element_edge : volume_3d_edge;

WHERE

WR1: consistent_list values (values, variable);
WR2: appropriate_list_value_existence (values,

TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;

(*

Attribute definitions

values: the values of the fieldwariable.

additional_node_values:indicates whether values are given for all nodes of the element (TRUE), or
for just the vertex nodes/(FALSE).

variable: the type-of field variable being specified.
element_edgesthe element edge of the volume for which the values are specified.

The relationship between the element edge number and the element node sequence numpers is estab-
lighed graphically in 5.8.

Formal propositions

WR1: each variable shall have a corresponding value of the proper type.

WR2: the values shall be unspecified when st@te_definition.defined_statés anoutput_request_-
state
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6

.7.18 volume_2d_element_field variable_definition

A volume_2d_element_field_variable_definitiors a state of the model that specifies the values of a
variable within a volume 2D element.

DRhEQCQ H '
NN oo opJTUIILAUUTI

E
(*

A

NTITY volume_2d_element_field variable definition

SUPERTYPE OF (ONEOF (
volume_2d_element_location_point_variable_values,
volume_2d_whole_element_variable_value,
volume_2d_element_constant_specified_variable_value,
volume_2d_element_nodal_specified_variable_values,
volume_2d_element_boundary_location_point_variable_values,
volume_2d_element_boundary_whole_face variable value,
volume_2d_element_boundary_constant_specified_variable_value)
volume_2d_element_boundary_nodal_specified_variable_vatues,
volume_2d_element_boundary_edge_location_point_volume “variable_values,
volume_2d_element_boundary_edge_whole_edge_variable value,
volume_2d_element_boundary_edge_constant_specified_volume_variable_value,
volume_2d_element_boundary_edge nodal_specified_variable_values))

SUBTYPE OF (field_variable_element_definition);

element : volume -2d_element_output_reference;
ND_ENTITY;

tribute definitions

el
Cé

6

A
off

ement: the element fer which the values are specified, or the element for which values
liculated.

7.19 volume_2d_element_location_point_variable values

volume_—2d_element_location_point_variable_valués a state of the model that specifies the
a variable at location points within a volume 2D element.

EXPRESS specification

")

ENTITY volume_2d_element_location_point_variable_values

SUBTYPE OF (volume_2d_element_field_variable_definition);

are to be

values

basis : BOOLEAN;
values_and_locations : SET [1:?] OF
296 ©ISO 2000 — All rights reserved
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volume_2d_element_value_and_location;
variable : volume_variable;

WHERE

WR1: consistent_set values (values_and_locations, variable);
WR2: appropriate_set_value_existence (values_and_locations,
TYPEOF (SELF\state_definition.defined_state));

END_ENTITY;

(*

A

tribute definitions

basis: if basisis TRUE then the value set contains only basis locations for the.field variable |
element, and no others.

values_and_locations:the values and locations of the field variable.

variable: the type of field variable being specified.

Formal propositions

A
2]

E

R1: each variable shall have a corresponding value of the proper type.

7.20 volume_2d element value and_location

volume_2d_element_value_and-locatios a value of a variable at a location point within a
D element.

XPRESS specification

E

NTITY volume 2d_element_value_and_location;

R2: the values shall be unspecified when siate “definition.defined_statés anoutput_request_
stpte

vithin the

olume

W

simple_value . field_value;

location : volume_element_location;

coordinate_system : OPTIONAL volume_2d_element_coordinate_system;
HERE

WR1: necessary_value_coordinate_system (simple_value, coordinate_ system);

END_ENTITY;

(*

(©I1S0O 2000 — All rights reserved
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Attribute definitions

simple_value: the value of the field variable.
location: the location at which the value of the field variable is specified.

coordinate_system:the coordinate system for the value.

Formal propositions

WR1: the coordinate system shall be specified if any of the specified values are not scalar.

617.21 volume_2d whole_element_variable value

Alvolume_2d_whole_element_variable_valus a state of the model that'specifies the value o
able which is obtained by aggregation over a volume 2D element!

The value represented by this entity does not include a contribution from the aggregation o
variables.

EXPRESS specification

ENTITY volume_2d_whole_element_variable value
SUBTYPE OF (volume_2d_element field_variable_definition);

simple_value . (field_value;

variable .. volume_aggregated_variable;

coordinate_system * OPTIONAL volume_2d_element_coordinate_system;
WHERE

WRL1: necessary_value “eoordinate_system (simple_value, coordinate_system);

WR2: consistent_value (simple_value, variable);

WR3: appropriate_walue_existence (simple_value,
TYPEOF\(SELF\state_definition.defined_state));

END_ENTITY;

(*

a vari-

f boundary

Attribute definitions

simple_value: the value of the field variable.
variable: the type of field variable being specified.

coordinate_system:the coordinate system for the value.
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Formal propositions

WR1: the coordinate system shall be specified if any of the specified values are not scalar.
WR2: each variable shall have a corresponding value of the proper type.

WR3: the simple value shall be unspecified when st@e definition.defined_statds anoutput_-

reguest —state

617.22 volume_2d_element_constant_specified_variable value

Alvolume_2d_element_constant_specified_variable_valiga state of the model that specifies the
value of a variable which is constant over the whole of a volume 2D element,

EXPRESS specification

ENTITY volume_2d_element_constant_specified_variable_value
SUBTYPE OF (volume_2d_element_field_variable_definition);

simple_value . field_value;

variable . volume_variable;

coordinate_system : OPTIONAL volume” 2d_element_coordinate_system;
WHERE

WRL1: necessary_value_coordinate_system ((Simple_value, coordinate_system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition:defined_state));
END_ENTITY;

(*

Attribute definitions

simple_value: the value of the field variable.
variable: the-ype of field variable being specified.

cqordinate. 'System:the coordinate system for the value.

Formal propositions

WR1: the coordinate system shall be specified if any of the specified values are not scalar.
WR2: each variable shall have a corresponding value of the proper type.

WR3: the simple value shall be unspecified when st@e definition.defined_statds anoutput_-
request_state
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6.7.23 volume_2d_element_nodal_specified_variable values

A volume_2d_element_nodal_specified_variable_valuesa state of the model that specifies the value
of a variable for the nodes of a volume 2D element. The variable is interpolated within the element using

the appropriate shape functions specified for the variable.

vat e -forgitt I I " I - I — I
graphically in 5.8.

EXPRESS specification

ENTITY volume_2d_element_nodal_specified_variable_values
SUBTYPE OF (volume_2d_element_field_variable_definition);

values : LIST [1:?] OF field_value;
additional_node_values : BOOLEAN;
variable . volume_variable;

WHERE

WR1: consistent_list values (values, variable);
WR2: appropriate_list_value_existence (values,

TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;

(*

Attribute definitions

values: the values of the field variable.

adlditional_node_values:indicates whether values are given for all nodes of the element (T
for just the vertex nodes (FALSE).

variable: the type offield variable being specified.

Formal propesitions

WR1:, each variable shall have a corresponding value of the proper type.

pstablished

RUE), or

WR2: the values shall be unspecified when gt@te definition.defined_statés anoutput_requegt_-

state
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.24
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volume_2d_element_boundary_location_point_variable_values

A volume_2d_element_boundary_location_point_variable_valués a state of the model that speci-
fies the values of a variable at points over the element face of a volume 2D element.

E\Inhl_(\(‘ H '
NN oo opJTUILAUUTI

ENTITY volume_2d_element_boundary_location_point_variable_values

SUBTYPE OF (volume_2d_element_field_variable_definition);

basis : BOOLEAN;

values_and_locations : SET [1:?] OF

volume_2d_element_value_and_location;

variable : boundary_variable;

element_face . volume_2d_ face;
WHERE

WR1: consistent_set values (values_and_locations, variable);

WR2: appropriate_set_value_existence (values_and_locatiofs,

TYPEOF (SELF\state_definition.defined_state));

END_ENTITY;
(*
Attribute definitions
basis: if basisis TRUE then the value set-contains only basis locations for the field variable |
element, and no others.
values_and_locations:the values and locations of the field variable.
variable: the type of field variable being specified.
element_face:the elementface for which the values are specified. The relationship between t
face number and the-element node sequence numbers is established graphically in 5.8.
Formal propasitions
WR1: each variable shall have a corresponding value of the proper type.

vithin the

he element

In

formal propositions

IP1: each location in the list shall lie on the specified element face.

(©I1SO 2000 — All rights reserved
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6.7.25 volume_2d_element_boundary_whole_face variable value

A volume_2d_element_boundary_whole_faceariable_valueis a state of the model that specifies the
value of a variable which is obtained by aggregation over the element face of a volume 2D element.

E\Inhl_(\(‘ H '
NN oo opJTUILAUUTI

ENTITY volume_2d_element_boundary_whole_face_variable_value
SUBTYPE OF (volume_2d_element_field_variable_definition);

simple_value . field_value;

variable : boundary_aggregated_variable;

element_face . volume_2d_ face;

coordinate_system : OPTIONAL volume_2d_element_coordinate system;
WHERE

WR1: necessary_value_coordinate_system (simple_value, coordihate system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;

(*

Attribute definitions

simple_value: the value of the field variable.
variable: the type of field variablebeing specified.
element_face:the element face.for which the values are specified.

The relationship betweenthe’element face number and the element node sequence numbers
glaphically in 5.8.

coordinate_system:the coordinate system for the value.

Formal prepositions

WRZ:\the coordinate system shall be specified if any of the specified values are not scalar.

WRZ €ach variable shall have a corresponding value of the proper type.

is established

WR3: the simple value shall be unspecified when st@e definition.defined_statds anoutput_-

request_state
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6.7.26 volume_2d_element_boundary_constant_specified_variable_-
value

A volume_2d_element_boundary_constant_specifiedariable_valueis a state of the model that
specifies the value of a variable which is constant over the whole of a volume 2D element face.

E

XPRESS specification

E

W

E

A

NTITY volume_2d_element_boundary_constant_specified_variable _value
SUBTYPE OF (volume_2d_element_field_variable_definition);
simple_value . field_value;
variable : boundary_variable;
element_face . volume_2d_ face;
coordinate_system : OPTIONAL volume_2d_element_coordinate _system;
HERE
WRL1: necessary_value_coordinate_system (simple_value, coordinate_system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition.defined_state));
ND_ENTITY;

tribute definitions

Si
V4
el

T
g
C(

F

mple_value: the value of the field-variable.
iriable: the type of field variable being specified.
ement_face:the element face for which the values are specified.

ne relationship between the element face number and the element node sequence numbers
aphically in 5.8.

ordinate_system:the coordinate system for the value.

prmalipropositions

R —thecoordinatesystemshatt-bespecifredfany of thespecifred-valuesarenotscatar:

WR2: each variable shall have a corresponding value of the proper type.

is established

WR3: the simple value shall be unspecified when st@e definition.defined_statds anoutput_-

re

quest_state

(©I1S0O 2000 — All rights reserved
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6.7.27 volume_2d_element_boundary nodal_specified_variable_-

values

A volume_2d_element_boundary_nodal_specifiedariable_valuesis a state of the model that spec-

ifies the value of a variable for the nodes on an element face of a volume 2D element. The
interpolated within the element using the appropriate shape functions specified for the variab

Values are supplied for the nodes on the element face, in the order established graphicallyin

EXPRESS specification

ENTITY volume_2d_element_boundary_nodal_specified_variable_values
SUBTYPE OF (volume_2d_element_field_variable_definition);

values : LIST [1:?] OF field_value;
variable : boundary_variable;
additional_node_values : BOOLEAN;
element_face . volume_2d_face;

WHERE

WR1: consistent_list values (values, variable);
WR2: appropriate_list_value_existence (values,

TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;

(*

Attribute definitions

values: the values of the fieldwariable.
variable: the type of fieldwariable being specified.

aglditional_node_values:indicates whether values are given for all nodes of the element (T
for just the vertex.nodes (FALSE).

element_face:the element face for which the values are specified.

The relationship between the element face number and the element node sequence numbers
graphically in 5.8.

variable is
le.

5.8.

RUE), or

is established

Formal propositions

WR1: each variable shall have a corresponding value of the proper type.

WR2: the values shall be unspecified when st@te_definition.defined_statés anoutput_request_-

state
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.7.28 volume_2d_element_boundary edge location_point_volume_-
variable values

A volume_2d_element_boundary_edge_location_point_volume_variable_valuissa state of the

m

odel that specifies the variable values along an edge of a volume 2D element.

E

KXPRESS specification

W

E
(*

A

NTITY
olume_2d_element_boundary_edge_location_point_volume_variable_values
SUBTYPE OF (volume_2d_element_field_variable_definition);
basis : BOOLEAN;
values_and_locations : SET [1:?] OF
volume_2d_element_value_and._location;
variable : boundary_edge_variable;
element_edge : volume_2d_edge;
HERE
WR1: consistent_set values (values_and_locations, variable);
WR2: appropriate_set_value_existence (values_and_lacations,
TYPEOF (SELF\state_definition.defined_state});
ND_ENTITY;

tribute definitions

b4
\Z:
\Z:

el
b4
in

F

sis: TRUE if the value set has only basis locations for the field variable within the element.
llues_and_locations:the values and locations of the field variable.
iriable: the type of field'variable being specified.

ement_edge:the element edge of the volume for which the values are specified. The re
ptween the element edge number and the element node sequence numbers is establishé
5.8.

prmal\propositions

ationship
ed graphically

W

R1: each variable shall have a corresponding value of the proper type.

WR2: the values shall be unspecified when gt@te_definition.defined_statés anoutput_request_-
state

In

formal propositions

IP1: each location in the list shall lie on the specified element edge.

(©I1SO 2000 — All rights reserved
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6.7.29 volume_2d_element_boundary _edge whole edge_ variable -

value

A volume_2d_element_boundary_edge_whole_edgariable_valueis a state of the model that spec-
ifies the value of a variable which is obtained by aggregation along an element edge of a volume 2D

element.

EXPRESS specification

ENTITY volume_2d_element_boundary_edge_whole_edge variable_value
SUBTYPE OF (volume_2d_element_field_variable_definition);

simple_value . field_value;

variable : boundary_aggregated_variable;

element_edge : volume_2d_edge;

coordinate_system : OPTIONAL volume_2d_element(coordinate_system;
WHERE

WRL1: necessary_value_coordinate_system (simple_values/)coordinate_system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;

(*

Attribute definitions

simple_value: the value of the field-variable.
variable: the type of field variable being specified.
element_edge:the element’ edge of the volume for which the values are specified.

The relationship between the element edge number and the element node sequence num
lighed graphicallyin’5.8.

coordinate_system:the coordinate system for the value.

Formal propositions

bers is estab-

WR1: the coordinate system shall be specified if any of the specified values are not scalar.

WR2: each variable shall have a corresponding value of the proper type.

WR3: the simple value shall be unspecified when st@e definition.defined_statds anoutput_-

request_state
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.7.30 volume_2d_element_boundary edge constant_specified

volume_variable_value

A volume_2d_element_boundary_edge_constant_specifieblume_variable_valuds a state of the
model that is defined by specifying the value of a variable at a point on a volume, which is constant along

a

E

volume 2D element edge.

XPRESS specification

W

E
(*

A

NTITY
olume_2d_element_boundary_edge_constant_specified_volume_variable_value
SUBTYPE OF (volume_2d_element_field_variable_definition);
simple_value . field_value;
variable : boundary_edge_variable;
element_edge : volume_2d_edge;
coordinate_system : OPTIONAL volume_2d_elemént_coordinate_system;
HERE
WR1: necessary_value_coordinate_system (simple_value, *‘coordinate_system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,

TYPEOF (SELF\state_definition.defined_state));
ND_ENTITY;

tribute definitions

C(

imple_value: the value of the field variable.

iriable: the type of field(variable being specified.
ement_edge:the element edge of the volume for which the values are specified.

ne relationship-hetween the element edge number and the element node sequence num

ghed graphically’'in 5.8.

ordinate\.system:the coordinate system for the value.

E
I

bers is estab-

WR1: the coordinate system shall be specified if any of the specified values are not scalar.

WR2: each variable shall have a corresponding value of the proper type.

WR3: the simple value shall be unspecified when st@e definition.defined_statds anoutput_-

re

quest_state
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6.7.31 volume_2d_element_boundary edge nodal_specified_-
variable values

A volume_2d_element_boundary_edge_nodal_specifiedariable_valueds a state of the model that
specifies the value of a variable for the nodes along an element edge of a volume 2D element. The
variable is interpolated within the element using the appropriate shape functions specified for the variable.

Values are supplied for the nodes on the element edge, in the order established graphically ip 5.8.

EXPRESS specification

ENTITY volume_2d_element_boundary_edge_nodal_specified_variable_values
SUBTYPE OF (volume_2d_element_field_variable_definition);

values : LIST [1:?] OF field_value;
additional_node_values : BOOLEAN;
variable : boundary_edge_variable;
element_edge : volume_2d_edge;

WHERE

WR1: consistent_list values (values, variable);
WR2: appropriate_list_value_existence (values,

TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;

(*

Attribute definitions

values: the values of the fieldwariable.

additional_node_values:indicates whether values are given for all nodes of the element (TRUE), or
for just the vertex nodes/(FALSE).

variable: the type-of field variable being specified.
element_edgesthe element edge of the volume for which the values are specified.

The relationship between the element edge number and the element node sequence numpers is estab-
lighed graphically in 5.8.

Formal propositions

WR1: each variable shall have a corresponding value of the proper type.

WR2: the values shall be unspecified when st@te_definition.defined_statés anoutput_request_-
state
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.7.32 surface_3d_element_field variable definition

A surface_3d_element_field_variable_definitioms a state of the model that specifies the values of a
variable within a surface 3D element.

DRhEQCQ H '
NN oo opJTUILAUUTI

E
(*

A

NTITY surface_3d_element_field variable_definition

SUPERTYPE OF (ONEOF (
surface_3d_element_location_point_volume_variable values,
surface_3d_element_location_point_variable values,
surface_3d_whole_element_variable_value,
surface_3d_element_constant_specified_variable_value,
surface_3d_element_constant_specified_volume_variable_value,
surface_3d_element_nodal_specified_variable_values,
surface_3d_element_boundary_location_point_surface_variable- values,
surface_3d_element_boundary_whole_face_variable_value,
surface_3d_element_boundary_constant_specified_variablé/value,
surface_3d_element_boundary_constant_specified_surface variable value,
surface_3d_element_boundary_nodal_specified_variable” values,
surface_3d_element_boundary_edge_location_point.Surface_variable_values,
surface_3d_element_boundary_edge_location_point_variable_values,
surface_3d_element_boundary_edge_whole. edge variable_value,
surface_3d_element_boundary_edge_constant_specified_variable_value,
surface_3d_element_boundary_edge_censtant_specified_surface_variable_value,
surface_3d_element_boundary_edge nedal_specified_variable_values))

SUBTYPE OF (field_variable_element_definition);

element : surface_3d_element_output_reference;
ND_ENTITY;

tribute definitions

el
Cé

ement: the ‘element for which the values are specified, or the element for which values
lculated:

(©I1S0O 2000 — All rights reserved

are to be

309


https://standardsiso.com/api/?name=3049a7d726b1a379594044382a78eb72

ISO 10303-104:2000(E)

6.7.33 surface_3d_element_location_point_volume_variable_valu

€S

A surface_3d_element_location_point_volume_variable_valuésa state of the model that specifies

the values of a variable at location points within the volume of a surface 3D element.

E\Inhl_(\(‘ H '
NN oo opJTUILAUUTI

ENTITY surface_3d_element_location_point_volume_variable_values
SUBTYPE OF (surface_3d_element_field_variable_definition);

basis : BOOLEAN;
values_and_locations : SET [1:?] OF
surface_3d_element_value_and_volume location;
variable . volume_variable;
WHERE

WR1: consistent_set values (values_and_locations, variable);
WR?2: appropriate_set_value_existence (values_and_locationsy
TYPEOF (SELF\state_definition.defined_state));

END_ENTITY;
(*

Attribute definitions

basis: if basisis TRUE then the value set-contains only basis locations for the field variable |
element, and no others.

values_and_locations:the values and locations of the field variable.

variable: the type of field variable being specified.

Formal propositiops

WR1: each yvatiable shall have a corresponding value of the proper type.

sthte

WR2: théewalues shall be unspecified when sit@te definition.defined_statés anoutput_requegt_

vithin the

6.7.34 surface_3d_element_value _and_location

A surface_3d_element_value_and_locatias a value of a variable at a location point within t
field of a surface 3D element.

he 2D

310 ©ISO 2000 — All rights reserved


https://standardsiso.com/api/?name=3049a7d726b1a379594044382a78eb72

ISO 10303-104:2000(E)

EXPRESS specification

")

ENTITY surface_3d_element value _and_location;

simple_value . field_value;
location . surface_element_location;
=l + + OODTIONNLAL £ Nl ot P H + +
\.:UUIUIIIC{LC_DyDI.CIII . VT TITUINAL oUl IClL:C_\.)U_DI.ClLC_\.;UUIUII IClI.C_QyDLCIII,
WHERE

WR1: necessary_value_coordinate_system (simple_value, coordinate_ system);
END_ENTITY;
(*

Attribute definitions

simple_value: the value of the field variable.
location: the location at which the value of the field variable is specified.

cqordinate_system:the coordinate system for the value.

Formal propositions

WR1: the coordinate system shall be specifiechif any of the specified values are not scalar.

67.35 surface_3d_element value_and_volume location

Alsurface_3d_element_value_and.volume_locatigsma value of a variable at a location point
thie volume of a surface 3D element.

EXPRESS specification

ENTITY surfaece 3d_element_value_and_volume_location;

simple walue . field_value;

location . surface_volume_element_location;
coordinate_system : OPTIONAL surface_3d_state_coordinate_system;
WHERE

vithin

WR1: necessary_value_coordinate_system (simple_value, coordinate_ system);
END_ENTITY;

(*

(©I1S0O 2000 — All rights reserved
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Attribute definitions

simple_value: the value of the field variable.

location: the location at which the value of the field variable is specified.

coordinate_system:the coordinate system for the value.

F

prmal propositions

W

6

A
off
a(

E

R1: the coordinate system shall be specified if any of the specified values are not scalar.

7.36 surface_3d_element_location_point_variable~values

surface_3d_element_location_point_variable_valuésa state of theemodel that specifies the
a variable at location points over the surface of a surface 3D €lement. The variables are
jgregation through the section at each surface point.

XPRESS specification

values
bbtained by

ENTITY surface_3d_element_location_point_variable_values
SUBTYPE OF (surface_3d_element_field “variable_definition);
basis : BOOLEAN;
values_and_locations : SET [1:?] OF
surface_3d_element_value_and_location;
variable . surface_element_variable;
WHERE
WR1: consistent_set values ‘(values_and_locations, variable);
WR2: appropriate_set_value_existence (values_and_locations,
TYPEOF (SELF)state_definition.defined_state));
END_ENTITY;
(*
Attribute.definitions
basis; if basisis TRUE then the value set contains only basis locations for the field variable |

vithin the

element, and no others.

values_and_locations:the values and locations of the field variable.

variable: the type of field variable being specified.

312
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Formal propositions

WR1: each variable shall have a corresponding value of the proper type.

WR2: the values shall be unspecified when st@e_definition.defined_statés anoutput_request_-

state

6l7.37 surface_3d_whole element_variable value

dges not include a contribution from the aggregation of boundary variables.

EXPRESS specification

ENTITY surface_3d_whole_element_variable_value
SUBTYPE OF (surface_3d_element_field_variable_definition);

simple_value . field_value;

variable : volume_aggregated_variable;

coordinate_system : OPTIONAL surface~3d_element_coordinate_system;
WHERE

WRL1: necessary_value_coordinate_system.(simple_value, coordinate_system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition:defined_state));
END_ENTITY;

(*

Attribute definitions

simple_value: thewvalte of the field variable.
variable: the typ#& of field variable being specified.

cqordinate. system:the coordinate system for the value.

Formal propositions.
=ror

Alsurface_3d_whole_element_variable_value a state of the model that specifies thévalue o
able which is obtained by aggregation over a surface 3D element. The value represented b

a vari-
y this entity

WR1: the coordinate system shall be specified if any of the specified values are not scalar.

WR2: each variable shall have a corresponding value of the proper type.

WR3: the simple value shall be unspecified when st@te definition.defined_statds anoutput_-

request_state

(©I1S0O 2000 — All rights reserved
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6.7.38 surface_3d_element_constant_specified_variable value

A surface_3d_element_constant_specified_variable_valigea state of the model that specifies the
value of a variable which is constant over the surface of a surface 3D element.

E\Inhl_(\(‘ H '
NN oo opJTUILAUUTI

ENTITY surface_3d_element_constant_specified_variable _value
SUBTYPE OF (surface_3d_element_field_variable_definition);

simple_value . field_value;

variable . surface_element_variable;

coordinate_system : OPTIONAL surface_3d_element_coordinate) system;
WHERE

WRL1: necessary_value_coordinate_system (simple_value, coordinate,System);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;

(*

Attribute definitions

simple_value: the value of the field variable.
variable: the type of field variable being specified.

cqordinate_system:the coordinate-system for the value.

Formal propositions

WR1: the coordinateSystem shall be specified if any of the specified values are not scalar.
WR2: each variable shall have a corresponding value of the proper type.
W

R3: thetsimple value shall be unspecified when #t@te definition.defined_statds anoutpuf_-
request..state

314 ©IS0O 2000 — All rights reserved


https://standardsiso.com/api/?name=3049a7d726b1a379594044382a78eb72

ISO 10303-104:2000(E)

6.7.39 surface_3d_element_constant_specified_volume_variable value

A surface_3d_element_constant_specified_volume_variable_valsea state of the model that speci-
fies the value of a variable which is constant within the volume of a surface 3D element.

E\Ir\l—\l—r\(\ H 1
NN oo opJTUNILAUUTI

ENTITY surface_3d_element_constant_specified_volume_variable value
SUBTYPE OF (surface_3d_element_field_variable_definition);

simple_value . field_value;

variable . volume_variable;

coordinate_system : OPTIONAL surface_3d_element_coordinate) system;
WHERE

WRL1: necessary_value_coordinate_system (simple_value, coordinate,System);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;

(*

Attribute definitions

simple_value: the value of the field variable.
variable: the type of field variable being specified.

cqordinate_system:the coordinate-system for the value.

Formal propositions

WR1: the coordinateSystem shall be specified if any of the specified values are not scalar.
WR2: each variable shall have a corresponding value of the proper type.
W

R3: thetsimple value shall be unspecified when #t@te definition.defined_statds anoutpuf_-
request..state
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6.7.40 surface_3d_element_nodal_specified_variable values

A surface_3d_element_nodal_specified_variable_valussa state of the model that specifies the value
of a variable for the nodes of a surface 3D element. The variable is interpolated within the element using

the appropriate shape functions specified for the variable.

vat e -forgitt I I " I - I — I
graphically in 5.8.

EXPRESS specification

ENTITY surface_3d_element_nodal_specified_variable _values
SUBTYPE OF (surface_3d_element_field_variable_definition);

values : LIST [1:?] OF field_value;

additional_node_values : BOOLEAN;

variable . surface_element_variable;
WHERE

WR1: consistent_list values (values, variable);
WR2: appropriate_list_value_existence (values,

TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;

(*

Attribute definitions

values: the values of the field variable.

adlditional_node_values:indicates whether values are given for all nodes of the element (T
for just the vertex nodes (FALSE).

variable: the type offield variable being specified.

Formal propesitions

WR1:, each variable shall have a corresponding value of the proper type.

pstablished

RUE), or

WR2: the values shall be unspecified when gt@te definition.defined_statés anoutput_requegt_-

state
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7.41 surface_3d_element_boundary_location_point_surface -

variable values

A surface_3d_element_boundary_location_point_surfac@ariable_valuesis a state of the model
that specifies the values of a variable at location points on the surface of a surface 3D element.

E

XPRESS specification

sgurface_3d_element_boundary_location_point_surface_variable_values

NTITY

SUBTYPE OF (surface_3d_element_field_variable_definition);

basis : BOOLEAN;
values_and_locations : SET [1:?] OF
surface_3d_element_value_and. docation;

variable : boundary_variable;

element_face . surface_3d_face;
WHERE

WR1: consistent_set values (values_and_locations, variable);

WR2: appropriate_set_value_existence (values_and_{ocations,

TYPEOF (SELF\state_definition.defined_state));

END_ENTITY;
(*
Attribute definitions
basis: if basisis TRUE then the value set contains only basis locations for the field variable |
element, and no others.
values_and_locations:the values and locations of the field variable.
variable: the type offield variable being specified.
element_face:the.element face of the surface for which the values are specified.
The relationship between the element face number and the element node sequence numbers
graphically.in 5.8.

E
I

vithin the

is established

WR1: each variable shall have a corresponding value of the proper type.

WR2: the values shall be unspecified when st@te_definition.defined_statés anoutput_request_-
state

(©I1S0O 2000 — All rights reserved
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6.7.42 surface_3d_element_boundary_whole_face_ variable value

A surface_3d_element_boundary_whole_faceariable_valueis a state of the model that specifies
the value of a variable which is obtained by aggregation on the surface of a surface 3D element.

E\Inhl_(\(‘ H '
NN oo opJTUILAUUTI

ENTITY surface_3d_element_boundary_whole_face variable value
SUBTYPE OF (surface_3d_element_field_variable_definition);

simple_value . field_value;

variable : boundary_aggregated_variable;

element_face . surface_3d_face;

coordinate_system : OPTIONAL surface_3d_element_coordinate _system;
WHERE

WR1: necessary_value_coordinate_system (simple_value, coordihate system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;

(*

Attribute definitions

simple_value: the value of the field variable.
variable: the type of field variablebeing output.
element_face:the element face.of the surface for which the values are specified.

The relationship betweenthe’element face number and the element node sequence numbers
glaphically in 5.8.

coordinate_system:the coordinate system for the value.

Formal prepositions

WRZ:\the coordinate system shall be specified if any of the specified values are not scalar.

WRZ €ach variable shall have a corresponding value of the proper type.

is established

WR3: the simple value shall be unspecified when st@e definition.defined_statds anoutput_-

request_state

318 (©ISO 2000 — All rights reserved
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.7.43 surface_3d_element_boundary_constant_specified_surface_-
variable_value

A surface_3d_element_boundary_constant_specified_surfasariable_valueis a state of the model
that specifies the value of a variable at a point on a surface, which is constant over the surface of the
surface 3D element.

E

XPRESS specification

q

W

E
(*

A

NTITY
urface_3d_element_boundary constant_specified_surface_variable_value
SUBTYPE OF (surface_3d_element_field_variable_definition);
simple_value . field_value;
variable : boundary_variable;
element_face . surface_3d_face;
coordinate_system : OPTIONAL surface_3d_element_coordinate_system;
HERE
WR1: necessary_value_coordinate_system (simple_value, *‘coordinate_system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition.defined_state));
ND_ENTITY;

tribute definitions

Si

el

T
g
C(

mple_value: the value of the field variable.
iriable: the type of field(variable being specified.
ement_face:the element face of the surface for which the values are specified.

ne relationshipbetween the element face number and the element node sequence numbers
aphically shown in 5.8.

ordinate\.system:the coordinate system for the value.

E
I

WR1: the coordinate system shall be specified if any of the specified values are not scalar.

WR2: each variable shall have a corresponding value of the proper type.

is established

WR3: the simple value shall be unspecified when st@e definition.defined_statds anoutput_-

re

quest_state

(©I1S0O 2000 — All rights reserved
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6.7.44 surface_3d_element_boundary_constant_specified_variable_-

value

A surface_3d_element_boundary_constant_specifiedariable_valueis a state of the model

that

specifies the value of a variable aggregated through the section, which is constant on the surface of a

surface 3D element.

EXPRESS specification

ENTITY surface_3d_element_boundary_constant_specified_variable_value
SUBTYPE OF (surface_3d_element_field_variable_definition);

simple_value . field_value;

variable : boundary_aggregated_variable;

element_face . surface_3d_face;

coordinate_system : OPTIONAL surface_3d_element(coordinate_system;
WHERE

WRL1: necessary_value_coordinate_system (simple_values/)coordinate_system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;

(*

Attribute definitions

simple_value: the value of the field-variable.
variable: the type of field variable being specified.
element_face:the elementface of the surface for which the values are specified.

The relationship between the element face number and the element node sequence numbers
glaphically in 5.8:

coordinate_system:the coordinate system for the value.

Formal propositions

WR1: the coordinate system shall be specified if any of the specified values are not scalar.

WR2: each variable shall have a corresponding value of the proper type.

is established

WR3: the simple value shall be unspecified when st@e definition.defined_statds anoutput_-

request_state
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6.7.45 surface_3d_element_boundary_nodal_specified_variable_-
values

A surface_3d_element_boundary_nodal_specifiesariable_valuess a state of the model that spec-
ifies the value of a variable for the nodes on the surface of a surface 3D element. The variable is interpo-
lated within the element using the appropriate shape functions specified for the variable.

EXPRESS specification

W

ENTITY surface_3d_element_boundary_nodal_specified_variable_values

SUBTYPE OF (surface_3d_element_field_variable_definition);
values : LIST [1:?] OF field_value;
additional_node_values : BOOLEAN;
variable : boundary_variable;
element_face . surface_3d_face;
HERE
WR1: consistent_list values (values, variable);
WR2: appropriate_list_value_existence (values,

TYPEOF (SELF\state_definition.defined_state));

END_ENTITY;

(*

A

tribute definitions

V4

ad
fol

\Z:
el

T
[o](

F

lues: the values of the field variable.

Iditional_node_values:indicates whether values are given for all nodes of the element (T
r just the vertex nodes (FALSE).

iriable: the type of field variable being specified.
ement_face:theelement face of the surface for which the values are specified.

ne relationshipbetween the element face number and the element node sequence numbers
aphically.in/5:8.

prnal propositions

RUE), or

is established

WR1: each variable shall have a corresponding value of the proper type.

WR2: the values shall be unspecified when gt@te_definition.defined_statés anoutput_request_-
state

(©I1S0O 2000 — All rights reserved
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6

.1.46

variable values

surface_3d_element_boundary_edge_location_point_surface_-

A surface_3d_element_boundary_edge_location_point_surfaceariable_valuesis a state of the
model that specifies the values of a variable at location points within the surface along an element edge

of a surface 3D element.
EXPRESS specification
")
ENTITY
gurface_3d_element_boundary _edge_location_point_surface_variable_values
SUBTYPE OF (surface_3d_element_field_variable_definition);
basis : BOOLEAN;
values_and_locations : SET [1:?] OF
surface_3d_element_value_and_volume_location;
variable : boundary_edge_variable;
element_edge : surface_3d_edge;
WHERE
WR1: consistent_set values (values_and_locations, \ariable);
WR2: appropriate_set_value_existence (values_andlocations,
TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;
(*
Attribute definitions
basis: if basisis TRUE then the.alue set contains only basis locations for the field variable |
element, and no others.
values_and_locationsithe values and locations of the field variable.
variable: the typecotfield variable being specified.
element_edgeithe element edge of the surface for which the values are specified.
The relationship between the element edge number and the element node sequence num

lig

hed graphically in 5.8.

vithin the

bers is estab-

Formal propositions

WR1: each variable shall have a corresponding value of the proper type.

WR2: the values shall be unspecified when st@te_definition.defined_statés anoutput_request_-

st

322
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Informal propositions

IP1: each location in the list shall lie on the specified element edge.

6.7.47 surface_3d_element_boundary_edge_location_point_-

that
lement edge

vithin the

variable values
Alsurface_3d_element_boundary_edge_location_pointariable_valuesis a state of the-mode
specifies the values of a variable aggregated through the section at location points along an €
ofia surface 3D element.
EXPRESS specification
*)
ENTITY
gurface_3d_element_boundary _edge_location_point_variable_valtes

SUBTYPE OF (surface_3d_element_field_variable_definition);

basis : BOOLEAN;

values_and_locations : SET [1:?] OF

surface_3d_element_value_and_location;

variable . boundary_edge*variable;

element_edge . surface_3d_edge;
WHERE

WR1: consistent_set values (values_anch locations, variable);

WR2: appropriate_set_value_existence (values_and_locations,

TYPEOF (SELF\state_definition.defined_state));

END_ENTITY;
(*
Attribute definitions
basis: if basisis FTRUE then the value set contains only basis locations for the field variable |
element, and fic-others.
values_and/locations:the values and locations of the field variable.
variable: the type of field variable being specified.
e: 1Tl ﬁ_cdgc.thc U:CI Il It cdgc Uf thc aLufabc fUI vvhi\.h thc voduca alc opcpificd.

The relationship between the element edge number and the element node sequence numbers is estab-
lished graphically in 5.8.

Formal propositions

WR1: each variable shall have a corresponding value of the proper type.

(©I1SO 2000 — All rights reserved
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WR2: the values shall be unspecified when st@te_definition.defined_statés anoutput_request_-
state

Informal propositions
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617.48 surface_3d_element_boundary_edge whole _edge variable -
value

Alsurface_3d_element_boundary_edge_whole_edgeriable_valueis a stateofthe model that|spec-

ifies the value of a variable which is obtained by aggregation along anjelement edge of a surface 3D
element.

EXPRESS specification

ENTITY surface_3d_element_boundary_edge whole_edge variable value
SUBTYPE OF (surface_3d_element_field_variable~definition);

simple_value . field_value;

variable . boundary_aggregated_variable;

element_edge : surface 3d’_edge;

coordinate_system : OPTIONAL surface_3d_element_coordinate_system;
WHERE

WR1: necessary_value_coordinatexsystem (simple_value, coordinate_system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state ‘definition.defined_state));
END_ENTITY;

Attribute definitions

simple_walue: the value of the field variable.

variable: the type of field variable being specified.

element_edge:the element edge of the surface for which the values are specified.

The relationship between the element edge number and the element node sequence numbers is estab-
lished graphically in 5.8.

coordinate_system:the coordinate system for the value.
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Formal propositions

WR1: the coordinate system shall be specified if any of the specified values are not scalar.
WR2: each variable shall have a corresponding value of the proper type.

WR3: the simple value shall be unspecified when st@e definition.defined_statds anoutput_-

reguest —state

617.49 surface_3d_element_boundary_edge_constant_specified_
surface_variable value

Alsurface_3d_element_boundary_edge_constant_specified_surfacariable rvalueis a state of the

model that is defined by specifying the value of a variable at a point on a surface, which is conjstant along
apurface 3D element edge.

EXPRESS specification

ENTITY
sgurface_3d_element_boundary_edge_constant_spegified_surface_variable_value
SUBTYPE OF (surface_3d_element_field_variable_definition);

simple_value . field_value;

variable : boundary™—edge_variable;

element_edge . surface-3d_edge;

coordinate_system : OPTIQONAL surface_3d_element_coordinate_system;
WHERE

WR1: necessary_value_coordinate_system (simple_value, coordinate_system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;

(*

Attribute definitions

simple ‘alue: the value of the field variable.

Al ot £ £ o0 N | e H 4P |
vVattapre—tme LypT UT'TITTU varrauic Uity oJTUIITU.

element_edge:the element edge of the surface for which the values are specified.

The relationship between the element edge number and the element node sequence numbers is estab-
lished graphically in 5.8.

coordinate_system:the coordinate system for the value.
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Formal propositions

WR1: the coordinate system shall be specified if any of the specified values are not scalar.
WR2: each variable shall have a corresponding value of the proper type.

WR3: the simple value shall be unspecified when st@e definition.defined_statds anoutput_-

reguest —state

6(7.50 surface_3d_element_boundary_edge_constant_specified_
variable_ value

A|surface_3d_element_boundary_edge_constant_specifiedriable_valueis a-state of the model

thiat specifies the value of a variable aggregated through the section, whieh is constant along a surface
3D element edge.

EXPRESS specification

ENTITY surface_3d_element_boundary_edge_constant, specified_variable_value
SUBTYPE OF (surface_3d_element_field_variable \definition);

simple_value . field_value;

variable . boundary_edge_variable;

element_edge : surface_3d_edge;

coordinate_system : OPTIONAL surface_3d_element_coordinate_system;
WHERE

WR1: necessary_value_coordinatexsystem (simple_value, coordinate_ system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state definition.defined_state));
END_ENTITY;

(*

Attribute definitions

simple_value: the value of the field variable.

variable: the type of field variable being specified.

element_edge:the element edge of the surface for which the values are specified.

The relationship between the element edge number and the element node sequence numbers is estab-
lished graphically in 5.8.

coordinate_system:the coordinate system for the value.
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Formal propositions

WR1: the coordinate system shall be specified if any of the specified values are not scalar.
WR2: each variable shall have a corresponding value of the proper type.

WR3: the simple value shall be unspecified when st@e definition.defined_statds anoutput_-

reguest —state

6/7.51 surface_3d_element_boundary_edge nodal_specified. -
variable values
Alsurface_3d_element_boundary_edge_nodal_specifiadriable_valueds astate of the mode] that
specifies the value of a variable for the nodes along an element edge of a surface 3D element. [The variable

is|linterpolated within the element using the appropriate shape functions)specified for the varigble.

Values are supplied for the nodes on the element edge, in the order established graphically ip 5.8.

EXPRESS specification

ENTITY surface_3d_element_boundary_edge_naodal_specified_variable_values
SUBTYPE OF (surface_3d_element_field_vafiable_definition);

values : LIST [1:?] OF field_value;
additional_node_values . BOOLEAN;
variable : beundary edge_variable;
element_edge { surface_3d_edge;

WHERE

WR1: consistent_list_valuest{values, variable);
WR2: appropriate_list_value existence (values,

TYPEOF (SELFR\state_definition.defined_state));
END_ENTITY;

(*

Attribute définitions

values; 'the values of the field variable.

additional_node_values:indicates whether values are given for all nodes of the element (TRUE), or
for just the vertex nodes (FALSE).

variable: the type of field variable being specified.
element_edge:the element edge of the surface for which the values are specified.

The relationship between the element edge number and the element node sequence numbers is estab-
lished graphically in 5.8.
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Formal propositions

WR1: each variable shall have a corresponding value of the proper type.

WR2: the values shall be unspecified when st@e_definition.defined_statés anoutput_request_-
state

6/7.52 surface_2d_element_field variable_definition

Alsurface_2d_element_field_variable_definitioms a state of the model that specifiesithe valdes of a
variable within a surface 2D element.

EXPRESS specification

ENTITY surface_2d _element field_variable definition

SUPERTYPE OF (ONEOF (
surface_2d_element_location_point_volume_variable valu€es),
surface_2d_element_location_point_variable values,
surface_2d_whole_element_variable_value,
surface_2d_element_constant_specified_variable_value,
surface_2d_element_constant_specified_volume, variable_value,
surface_2d_element_nodal_specified_variable-values,
surface_2d_element_boundary_location_point:_surface_variable_values,
surface_2d_element_boundary_whole_face_variable_value,
surface_2d_element_boundary_constant_specified_variable_value,
surface_2d_element_boundary_constant_specified_surface_variable value,
surface_2d_element_boundary_nedal_specified_variable_values,
surface_2d_element_boundary._edge_location_point_surface_variable_values,
surface_2d_element_boundary edge_location_point_variable_values,
surface_2d_element_boundary edge_whole_edge_variable_value,
surface_2d_element (boundary_edge_constant_specified_variable_value,
surface_2d_element“boundary_edge_constant_specified_surface_variable_value,
surface_2d_element_boundary_edge_nodal_specified_variable_values))

SUBTYPETOF (field_variable_element_definition);
element : surface_2d_element_output_reference;
END_ENTITY;

(*

Attribute definitions

element: the element for which the values are specified, or the element for which values are to be
calculated.
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6.7.53 surface_2d_element_location_point_volume_variable_valu

€S

A surface_2d_element_location_point_volume_variable_valuésa state of the model that specifies

the values of a variable at location points within the volume of a surface 2D element.

E\Inhl_(\(‘ H '
NN oo opJTUILAUUTI

ENTITY surface_2d_element_location_point_volume_variable_values
SUBTYPE OF (surface_2d_element_field_variable_definition);

basis : BOOLEAN;
values_and_locations : SET [1:?] OF
surface_2d_element_value_and_volume location;
variable . volume_variable;
WHERE

WR1: consistent_set values (values_and_locations, variable);
WR?2: appropriate_set_value_existence (values_and_locationsy
TYPEOF (SELF\state_definition.defined_state));

END_ENTITY;

(*

Attribute definitions

basis: if basisis TRUE then the value set.contains only basis locations for the field variable v
element, and no others.

values_and_locations:the values and'locations of the field variable.

variable: the type of field variable being specified.

Formal propositions

WR1: each variable shall have a corresponding value of the proper type.

state

WR2: thevaltes shall be unspecified when sit@te_definition.defined_statés anoutput_requegt_

vithin the

654 surface 2d element value and location

A surface_2d_element_value_and_locatias a value of a variable at a location point within t
field of a surface 2D element.

(©I1S0O 2000 — All rights reserved
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EXPRESS specification

")

ENTITY surface _2d _element value _and_location;

simple_value . field_value;
location . surface_element_location;
=l + + OODTIONNLAL £ Nl ot P H + +
\.:UUIUIIIC{LC_DyDI.CIII . VT TITUINAL oUl IClL:C_LU_DI.ClLC_\.;UUIUII IClI.C_QyDLCIII,
WHERE

WR1: necessary_value_coordinate_system (simple_value, coordinate_ system);
END_ENTITY;

(*

Attribute definitions

simple_value: the value of the field variable.
location: the location at which the value of the field variable is specified.

cqordinate_system:the coordinate system for the value.

Formal propositions

WR1: the coordinate system shall be specifiechif any of the specified values are not scalar.

67.55 surface_2d_element value_and_volume location

Alsurface_2d_element_value_and.volume_locatigsma value of a variable at a location point
thie volume of a surface 2D element.

EXPRESS specification

ENTITY surfaee 2d_element_value_and_volume_location;

simple walue . field_value;

location . surface_volume_element_location;

coordinate_system : OPTIONAL surface_2d_state_coordinate_system;
WHERE

vithin

WR1: necessary_value_coordinate_system (simple_value, coordinate_ system);
END_ENTITY;

(*
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Attribute definitions

Si

lo

mple_value: the value of the field variable.

cation: the location at which the value of the field variable is specified.

coordinate_system:the coordinate system for the value.

F

prmal propositions

6
A

a

E

WR1: the coordinate system shall be specified if any of the specified values are not scalar.

of a variable at location points over the surface of a surface 2D €lement. The variables are

7.56 surface_2d_element_location_point_variable~values
surface_2d_element_location_point_variable_valuésa state of the:model that specifies the

jgregation through the section at each surface point.

XPRESS specification

ENTITY surface_2d_element_location_point_variable_values
SUBTYPE OF (surface_2d_element_field “variable_definition);
basis : BOOLEAN;
values_and_locations : SET [1:?] OF
surface_2d_element_value_and_location;
variable . surface_element_variable;
WHERE
WR1: consistent_set values ‘(values_and_locations, variable);
WR2: appropriate_set_value_existence (values_and_locations,
TYPEOF (SELF)state_definition.defined_state));
END_ENTITY;
(*
Attribute.definitions
basis; if basisis TRUE then the value set contains only basis locations for the field variable |

values
bbtained by

vithin the

element, and no others.

values_and_locations:the values and locations of the field variable.

variable: the type of field variable being specified.

(©IS0O 2000 — All rights reserved
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Formal propositions

WR1: each variable shall have a corresponding value of the proper type.

WR2: the values shall be unspecified when st@e_definition.defined_statés anoutput_request_-

state

617.57 surface_2d_whole element_variable value

dges not include a contribution from the aggregation of boundary variables.

EXPRESS specification

ENTITY surface_2d_whole_element_variable_value
SUBTYPE OF (surface_2d_element_field_variable_definition);

simple_value . field_value;

variable : volume_aggregated_variable;

coordinate_system : OPTIONAL surface2d_element_coordinate_system;
WHERE

WRL1: necessary_value_coordinate_system.(simple_value, coordinate_system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition:defined_state));
END_ENTITY;

(*

Attribute definitions

simple_value: thewvalte of the field variable.
variable: the typ#& of field variable being specified.

cqordinate. system: The coordinate system for the value.

Formal propositions.
=ror

Alsurface_2d_whole_element_variable_value a state of the model that specifies thévalue o
able which is obtained by aggregation over a surface 2D element. The value represented b

a vari-
y this entity

WR1: the coordinate system shall be specified if any of the specified values are not scalar.

WR2: each variable shall have a corresponding value of the proper type.

WR3: the simple value shall be unspecified when st@te definition.defined_statds anoutput_-

request_state
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6.7.58 surface_2d_element_constant_specified_variable_ value

A surface_2d_element_constant_specified_variable_valigea state of the model that specifies the
value of a variable which is constant over the surface of a surface 2D element.

E\Inhl_(\(‘ H '
NN oo opJTUILAUUTI

ENTITY surface_2d_element_constant_specified_variable_value
SUBTYPE OF (surface_2d_element_field_variable_definition);

simple_value . field_value;

variable . surface_element_variable;

coordinate_system : OPTIONAL surface_2d_element_coordinate) system;
WHERE

WRL1: necessary_value_coordinate_system (simple_value, coordinate,System);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;

(*

Attribute definitions

simple_value: the value of the field variable.
variable: the type of field variable being specified.

cqordinate_system:the coordinate-system for the value.

Formal propositions

WR1: the coordinateSystem shall be specified if any of the specified values are not scalar.
WR2: each variable shall have a corresponding value of the proper type.
W

R3: thetsimple value shall be unspecified when #t@te definition.defined_statds anoutpuf_-
request..state
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6.7.59 surface_2d_element_constant_specified_volume_variable value

A surface_2d_element_constant_specified_volume_variable_valsea state of the model that speci-
fies the value of a variable which is a constant within the volume of a surface 2D element.

E\Ir\l—\l—r\(\ H 1
NN oo opJTUNILAUUTI

ENTITY surface_2d_element_constant_specified_volume_variable value
SUBTYPE OF (surface_2d_element_field_variable_definition);

simple_value . field_value;

variable . volume_variable;

coordinate_system : OPTIONAL surface_2d_element_coordinate) system;
WHERE

WRL1: necessary_value_coordinate_system (simple_value, coordinate,System);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;

(*

Attribute definitions

simple_value: the value of the field variable.
variable: the type of field variable being specified.

cqordinate_system:the coordinate-system for the value.

Formal propositions

WR1: the coordinateSystem shall be specified if any of the specified values are not scalar.
WR2: each variable shall have a corresponding value of the proper type.
W

R3: thetsimple value shall be unspecified when #t@te definition.defined_statds anoutpuf_-
request..state
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6.7.60 surface_2d_element_nodal_specified_variable values

A surface_2d_element_nodal_specified_variable_valussa state of the model that specifies the value
of a variable for the nodes of a surface 2D element. The variable is interpolated within the element using

the appropriate shape functions specified for the variable.

vat e -forgitt I I " I - I — I
graphically in 5.8.

EXPRESS specification

ENTITY surface_2d_element_nodal_specified_variable _values
SUBTYPE OF (surface_2d_element_field_variable_definition);

values : LIST [1:?] OF field_value;

additional_node_values : BOOLEAN;

variable . surface_element_variable;
WHERE

WR1: consistent_list values (values, variable);
WR2: appropriate_list_value_existence (values,

TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;

(*

Attribute definitions

values: the values of the field variable.

adlditional_node_values:indicates whether values are given for all nodes of the element (T
for just the vertex nodes (FALSE).

variable: the type offield variable being specified.

Formal propesitions

WR1:, each variable shall have a corresponding value of the proper type.

pstablished

RUE), or

WR2: the values shall be unspecified when si@te definition.defined_statés anoutput_requegt_

state
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6

.7.61 surface_2d_element_boundary_location_point_surface -

variable values

A surface_2d_element_boundary_location_point_surfac@ariable_valuesis a state of the model
that specifies the values of a variable at location points on the surface of a surface 2D element.

E

XPRESS specification

q

W

E
(*

A

NTITY

urface_2d_element_boundary_location_point_surface_variable values

SUBTYPE OF (surface_2d_element_field_variable_definition);

basis : BOOLEAN;

values_and_locations : SET [1:?] OF

surface_2d_element_value_and. docation;

variable : boundary_variable;

element_face . surface_2d_face;

HERE

WR1: consistent_set values (values_and_locations, variable);

WR2: appropriate_set_value_existence (values_and_{ocations,
TYPEOF (SELF\state_definition.defined_state));

ND_ENTITY;

tribute definitions

b4
el

\Z:
\Z:
el

T
g

isis: if basisis TRUE then the value set contains only basis locations for the field variable v
ement, and no others.

\lues_and_locations:the values and locations of the field variable.
iriable: the type ofdfield variable being specified.
ement_face:the element face of the surface for which the values are specified.

ne relationship between the element face number and the element node sequence numbers
aphically~in 5.8.

E
I

vithin the

is established

WR1: each variable shall have a corresponding value of the proper type.

WR2: the values shall be unspecified when st@te_definition.defined_statés anoutput_request_-
state
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6.7.62 surface_2d_element_boundary_whole_face_ variable value

A surface_2d_element_boundary_whole_faceariable_valueis a state of the model that specifies
the value of a variable which is obtained by aggregation on the surface of a surface 2D element.

E\Inhl_(\(‘ H '
NN oo opJTUILAUUTI

ENTITY surface_2d_element_boundary_whole_face variable value
SUBTYPE OF (surface_2d_element_field_variable_definition);
simple_value . field_value;
variable : boundary_aggregated_variable;
element_face . surface_2d_face;
coordinate_system : OPTIONAL surface_2d_element_coordinate _system;
WHERE
WR1: necessary_value_coordinate_system (simple_value, coordihate system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;
(*
Attribute definitions
simple_value: the value of the field variable.
variable: the type of field variablebeing specified.
element_face:the element face.of the surface for which the values are specified.
The relationship betweenthe’element face number and the element node sequence numbers
glaphically in 5.8.
coordinate_system:the coordinate system for the value.
Formal prepositions
WRZ:\the coordinate system shall be specified if any of the specified values are not scalar.
WRZ: each variable shall have a corresponding value of the proper type.

is established

WR3: the simple value shall be unspecified when st@e definition.defined_statds anoutput_-

re

quest_state

(©I1S0O 2000 — All rights reserved
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6

.7.63

variable_value

surface_2d_element_boundary_constant_specified_surface_-

A surface_2d_element_boundary_constant_specified_surfasariable_valueis a state of the model
that specifies the value of a variable at a point on a surface, which is constant over the surface of the
surface 2D element.

E

XPRESS specification

q

W

E
(*

A

NTITY
urface_2d_element_boundary constant_specified_surface_variable_value
SUBTYPE OF (surface_2d_element_field_variable_definition);
simple_value . field_value;
variable : boundary_variable;
element_face . surface_2d_face;
coordinate_system : OPTIONAL surface_2d_element_coordinate_system;
HERE
WR1: necessary_value_coordinate_system (simple_value, *‘coordinate_system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition.defined_state));
ND_ENTITY;

tribute definitions

Si

el

T
g
C(

mple_value: the value of the field variable.
iriable: the type of field(variable being specified.
ement_face:the element face of the surface for which the values are specified.

ne relationshipbetween the element face number and the element node sequence numbers
aphically in ©:8:

ordinate\.system:the coordinate system for the value.

E
I

WR1: the coordinate system shall be specified if any of the specified values are not scalar.

WR2: each variable shall have a corresponding value of the proper type.

is established

WR3: the simple value shall be unspecified when st@e definition.defined_statds anoutput_-

re

338
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6.7.64 surface_2d_element_boundary_constant_specified_variable_-

value

A surface_2d_element_boundary_constant_specifiedariable_valueis a state of the model that
specifies the value of a variable aggregated through the section, which is constant on the surface of a

surface 2D element.

EXPRESS specification

ENTITY surface_2d_element_boundary_constant_specified_variable_value
SUBTYPE OF (surface_2d_element_field_variable_definition);

simple_value . field_value;

variable : boundary_aggregated_variable;

element_face . surface_2d_face;

coordinate_system : OPTIONAL surface_2d_element(coordinate_system;
WHERE

WRL1: necessary_value_coordinate_system (simple_values/)coordinate_system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;

(*

Attribute definitions

simple_value: the value of the field-variable.
variable: the type of field variable being specified.
element_face:the elementface of the surface for which the values are specified.

The relationship between the element face number and the element node sequence numbers
glaphically in 5.8:

coordinate_system:the coordinate system for the value.

Formal propositions

WR1: the coordinate system shall be specified if any of the specified values are not scalar.

WR2: each variable shall have a corresponding value of the proper type.

is established

WR3: the simple value shall be unspecified when st@e definition.defined_statds anoutput_-

request_state
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6.7.65 surface_2d_element_boundary_nodal_specified_variable_-
values

A surface_2d_element_boundary_nodal_specifiesariable_valuess a state of the model that spec-
ifies the value of a variable for the nodes on the surface of a surface 2D element. The variable is interpo-
lated within the element using the appropriate shape functions specified for the variable.

EXPRESS specification

ENTITY surface_2d_element_boundary_nodal_specified_variable_values

W

SUBTYPE OF (surface_2d_element_field_variable_definition);
values : LIST [1:?] OF field_value;
additional_node_values : BOOLEAN;
variable : boundary_variable;
element_face . surface_2d_face;
HERE
WR1: consistent_list values (values, variable);
WR2: appropriate_list_value_existence (values,

TYPEOF (SELF\state_definition.defined_state));

END_ENTITY;

(*

A

tribute definitions

V4

ad
fol

\Z:
el

T
[o](

F

lues: the values of the field variable.

Iditional_node_values:indicates whether values are given for all nodes of the element (T
r just the vertex nodes (FALSE).

iriable: the type of field variable being specified.
ement_face:theelement face of the surface for which the values are specified.

ne relationshipbetween the element face number and the element node sequence numbers
aphically.in/5:8.

prnal propositions

RUE), or

is established

WR1: each variable shall have a corresponding value of the proper type.

WR2: the values shall be unspecified when gt@te_definition.defined_statés anoutput_request_-
state
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6.7.66 surface_2d_element_boundary_edge_location_point_surface_-
variable values

A surface_2d_element_boundary_edge_location_point_surfaceariable_valuesis a state of the
model that specifies the values of a variable at location points along an element edge of a surface 2D
element.

E

XPRESS specification

q

W

E
(*

A

NTITY
urface_2d_element_boundary_edge_location_point_surface_variable_values
SUBTYPE OF (surface_2d_element_field_variable_definition);
basis : BOOLEAN;
values_and_locations : SET [1:?] OF
surface_2d_element_value_and_volume_location;
variable : boundary_edge_variable;
element_edge : surface_2d_edge;
HERE
WR1: consistent_set values (values_and_locations, \ariable);
WR2: appropriate_set_value_existence (values_andlocations,
TYPEOF (SELF\state_definition.defined_state));
ND_ENTITY;

tribute definitions

b4
el

\Z:
\Z:
el

T

lig

isis: if basisis TRUE then the.walue set contains only basis locations for the field variable v
ement, and no others.

\lues_and_locationsithe values and locations of the field variable.
iriable: the typedotfield variable being specified.
ement_edgeithe element edge of the surface for which the values are specified.

ne relationship between the element edge number and the element node sequence num
hed graphically in 5.8.

vithin the

bers is estab-

Formal propositions

WR1: each variable shall have a corresponding value of the proper type.

WR2: the values shall be unspecified when st@te_definition.defined_statés anoutput_request_-
state

(©I1SO 2000 — All rights reserved
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6

7.67 surface_2d_element_boundary_edge_location_point_-

variable values

A surface_2d_element_boundary_edge_location_pointariable_valuesis a state of the model that
specifies the values of a variable aggregated through the section at location points along an element edge

of a surface 2D element.
EXPRESS specification
")
ENTITY
gurface_2d_element_boundary _edge_location_point_variable_values
SUBTYPE OF (surface_2d_element_field_variable_definition);
basis : BOOLEAN;
values_and_locations : SET [1:?] OF
surface_2d_element_value_and_location;
variable : boundary_edge_variable;
element_edge : surface_2d_edge;
WHERE
WR1: consistent_set values (values_and_locations, \ariable);
WR2: appropriate_set_value_existence (values_andlocations,
TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;
(*
Attribute definitions
basis: if basisis TRUE then the.alue set contains only basis locations for the field variable |
element, and no others.
values_and_locationsithe values and locations of the field variable.
variable: the typecotfield variable being specified.
element_edgeithe element edge of the surface for which the values are specified.
The relationship between the element edge number and the element node sequence num

lig

hed graphically in 5.8.

vithin the

bers is estab-

Formal propositions

WR1: each variable shall have a corresponding value of the proper type.

WR2: the values shall be unspecified when st@te_definition.defined_statés anoutput_request_-

st

342
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Informal propositions

IP1: each location in the list shall lie on the specified element edge.

6.7.68 surface_2d_element_boundary_edge_whole_edge_ variabl
value

e__

A| surface_2d_element_boundary_edge_whole_edgemriable_value that specifies a state d
model that specifies the value of a variable which is obtained by aggregation along-an ele
ofia surface 2D element.

EXPRESS specification

ENTITY surface_2d_element_boundary_edge whole_edge_variable value
SUBTYPE OF (surface_2d_element_field_variable_definition),

simple_value . field_value;

variable . boundary_aggregated_variable;

element_edge : surface_2d_edge;

coordinate_system : OPTIONAL surfaceZ2d_element_coordinate_system;
WHERE

WRL1: necessary_value_coordinate_system (simple_value, coordinate_system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;

(*

Attribute definitions

simple_value: the value of the field variable.
variable: the type’'of field variable being specified.
element_edge:the element edge for which the values are specified.

The refationship between the element edge number and the element node sequence num
lighed graphically in 5.8.

f the
ement edge

bers is estab-

coordinate_system:the coordinate system for the value.

(©I1SO 2000 — All rights reserved
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Formal propositions

WR1: the coordinate system shall be specified if any of the specified values are not scalar.
WR2: each variable shall have a corresponding value of the proper type.

WR3: the simple value shall be unspecified when st@e definition.defined_statds anoutput_-

reguest —state

617.69 surface_2d_element_boundary_edge_constant_specified_
surface_variable value

Alsurface_2d_element_boundary_edge_constant_specified_surfacariable rvalueis a state of the
miodel that specifies the value of a variable at a point on a surface, whichis-a constant along g surface 2D
element edge.

EXPRESS specification

ENTITY
sgurface_2d_element_boundary_edge_constant_spegified_surface_variable_value
SUBTYPE OF (surface_2d_element_field_variable_definition);

simple_value . field_value;

variable : boundary™—edge_variable;

element_edge : surface-2d_edge;

coordinate_system : OPTIQONAL surface_2d_element_coordinate_system;
WHERE

WR1: necessary_value_coordinate_system (simple_value, coordinate_system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;

(*

Attribute definitions

simple ‘alue: the value of the field variable.

Al ot £ £ o0 N | e H 4P |
vVattapre—tme LypT UT'TITTU varrauic Uity oJTUIITU.

element_edge:the element edge of the surface for which the values are specified.

The relationship between the element edge number and the element node sequence numbers is estab-
lished graphically in 5.8.

coordinate_system:the coordinate system for the value.
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Formal propositions

WR1: the coordinate system shall be specified if any of the specified values are not scalar.
WR2: each variable shall have a corresponding value of the proper type.

WR3: the simple value shall be unspecified when st@e definition.defined_statds anoutput_-

reguest —state

6(7.70 surface_2d_element_boundary_edge_constant_specified_
variable_ value

A|surface_2d_element_boundary_edge_constant_specifiedriable_valueis a-state of the model
thiat specifies the value of a variable aggregated through the section, whieh is constant along a surface
2D element edge.

EXPRESS specification

ENTITY surface_2d_element_boundary_edge_constant, specified_variable_value
SUBTYPE OF (surface_2d_element_field_variable definition);

simple_value . field_value;

variable . boundary_edge_variable;

element_edge : surface_2d_edge;

coordinate_system : OPTIONAL surface_2d_element_coordinate_system;
WHERE

WR1: necessary_value_coordinatexsystem (simple_value, coordinate_ system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state definition.defined_state));
END_ENTITY;

(*

Attribute definitions

simple_value: the value of the field variable.

variable: the type of field variable being specified.

element_edge:the element edge of the surface for which the values are specified.

The relationship between the element edge number and the element node sequence numbers is estab-
lished graphically in 5.8.

coordinate_system:the coordinate system for the value.
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Formal propositions

WR1: the coordinate system shall be specified if any of the specified values are not scalar.
WR2: each variable shall have a corresponding value of the proper type.

WR3: the simple value shall be unspecified when st@e definition.defined_statds anoutput_-

reguest —state

617.71 surface_2d_element_boundary_edge nodal_specified. -
variable values
Alsurface_2d_element_boundary_edge_nodal_specifiadriable_valuess astate of the mode] that
specifies the value of a variable for the nodes along an element edge of a surface 2D element. [The variable

is|linterpolated within the element using the appropriate shape functions)specified for the varigble.

Values are supplied for the nodes on the element edge, in the order established graphically ip 5.8.

EXPRESS specification

ENTITY surface_2d_element_boundary_edge_naodal_specified_variable_values
SUBTYPE OF (surface_2d_element_field_vafiable_definition);

values : LIST [1:?] OF field_value;

additional_node_values . BOOLEAN;

variable : beundary edge_variable;

element_edge { surface_2d_edge;
WHERE

WR1: consistent_list_valuest{values, variable);
WR2: appropriate_list_value existence (values,

TYPEOF (SELFR\state_definition.defined_state));
END_ENTITY;

(*

Attribute définitions

values; 'the values of the field variable.

additional_node_values:indicates whether values are given for all nodes of the element (TRUE), or
for just the vertex nodes (FALSE).

variable: the type of field variable being specified.
element_edge:the element edge of the surface for which the values are specified.

The relationship between the element edge number and the element node sequence numbers is estab-
lished graphically in 5.8.
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Formal propositions

WR1: each variable shall have a corresponding value of the proper type.

WR2: the values shall be unspecified when st@e_definition.defined_statés anoutput_request_-
state

6

A
V4

E

7.72 curve_3d_element_field variable definition

curve_3d_element_field_variable_definitioris a state of the model that specifies|the valu
iriable within a curve 3D element.

XPRESS specification

E
(*

A

NTITY curve_3d_element_field_variable_definition

SUPERTYPE OF (ONEOF (
curve_3d_element_location_point_volume_vatiable values,
curve_3d_element_location_point_variable Jvalues,
curve_3d_whole_element_variable value;
curve_3d_element_constant_specified-\Variable_value,
curve_3d_element_constant_specified” volume_variable_value,
curve_3d_element_nodal_specified variable_values))

SUBTYPE OF (field_variable_element.définition);

element . curve_3d_element_output_reference;
ND_ENTITY;

tribute definitions

el

6

A
V4

ement: the elementfor which the values are specified, or for which the values are to be cal

7.73 curve_3d_element_location_point_volume_variable_values

curve/3d_element_location_point_volume_variable_valuésa state of the model that specif

es of a

culated.

esthe

liGes of a variable at location points within the volume of a curve 3D element.
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EXPRESS specification

")

ENTITY curve_3d_element_location_point_volume_variable_values

SUBTYPE OF (curve_3d_element_field_variable_definition);

basis : BOOLEAN;
1 ol 1 41 o1 [4.121 YoV
VQIUCD_C{I IU_IU\.’ClLIUI 195 » DT LJ.. H J T
curve_3d_element_value_and_volume_location;
variable . volume_variable;
WHERE

END_ENTITY;

(*

Attribute definitions

WR1: consistent_set values (values_and_locations, variable);
WRZ2: appropriate_set_value_existence (values_and_locations,
TYPEOF (SELF\state_definition.defined_state));

basis: if basisis TRUE then the value set contains only basis‘locations for the field variable |
element, and no others.

values_and_locations:the values and locations of the;field variable.

variable: the type of field variable being specified.

Formal propositions

vithin the

WR1: each variable shall have a earresponding value of the proper type.

WR2: the values shall be unspecified when st@te_definition.defined_statés anoutput_requesgt_-
stpte

6l7.74 curve” 3d_element_value and_location
Alcurve_3d_element_value_and_locatiois a value of a variable along the 1D field of a cufve 3D
element.
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EXPRESS specification

")

ENTITY curve _3d_element value_and_location;

simple_value . field_value;

location . curve_element_location;

CUVUI dll |atc_ayotC| LI . CPT:CI"\:AL Cul VC_Sd_QthC_\JUUI dll |atc_oyatC| LI
WHERE

WR1: necessary_value_coordinate_system (simple_value, coordinate_ system);
END_ENTITY;
(*
Attribute definitions

Cq

simple_value: the value of the field variable.

location: the location at which the value of the field variable is specified.

ordinate_system:the coordinate system for the value.

Formal propositions

W

A
p(

E

R1: the coordinate system shall be specified-if any of the specified values are not scalar.

7.75 curve_3d_element ‘value _and_volume_location

curve_3d_element_value_and_‘volume_locatias an aggregated value of a variable at a |
int in the volume of a curve 3D element.

KPRESS specification

W

NTITY curve~3d_element_value_and_volume_location;

simple walue . field_value;

location . curve_volume_element_location;
coordinate_system : OPTIONAL curve_3d_state_coordinate_system;
HERE

bcation

WR1: necessary_value_coordinate_system (simple_value, coordinate_ system);

END_ENTITY;

(*
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Attribute definitions

simple_value: the value of the field variable.

lo

cation: the location at which the value of the field variable is specified.

coordinate_system:the coordinate system for the value.

F

prmal propositions

W

6

A
off
a(

E

R1: the coordinate system shall be specified if any of the specified values are not scalar.

7.76 curve_3d_element_location_point_variable_ values

curve_3d_element_location_point_variable_valuds a state of theZmodel that specifies the
a variable at location points over the curve of a curve 3D eleément. The variables are o
jgregation through the section at each curve point.

XPRESS specification

W

E
(*

A

NTITY curve_3d_element_location_point_varigble_values
SUBTYPE OF (curve_3d_element_field_variable_definition);
basis : BOOLEAN;
values_and_locations : SET [1:?] OF
curve_3d_element_value_and_location;
variable . curve_element_variable;
HERE
WR1: consistent_set values ‘(values_and_locations, variable);
WR2: appropriate_set_value_existence (values_and_locations,
TYPEOF (SELF)state_definition.defined_state));
ND_ENTITY;

tribute.definitions

b4

values
ptained by

isis; if basisis TRUE then the value set contains only basis locations for the field variable v

vithin the

element, and no others.

values_and_locations:the values and locations of the field variable.

variable: the type of field variable being specified.

350
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Formal propositions

WR1: each variable shall have a corresponding value of the proper type.

WR2: the values shall be unspecified when st@e_definition.defined_statés anoutput_request_-

state

6l7.77 curve_3d_whole_element_variable value

include a contribution from the aggregation of boundary variables.

EXPRESS specification

ENTITY curve_3d_whole_element variable value
SUBTYPE OF (curve_3d_element_field_variable_definitioh);

simple_value . field_value;

variable : volume_aggregated_variable;

coordinate_system : OPTIONAL curve3d_element_coordinate_system;
WHERE

WRL1: necessary_value_coordinate_system.(simple_value, coordinate_system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition:defined_state));
END_ENTITY;

(*

Attribute definitions

simple_value: thewvalte of the field variable.
variable: the typ#& of field variable being specified.

cqordinate. system:the coordinate system for the value.

Alcurve_3d_whole_element_variable_valuis a state of the model that specifies the value of a
which is obtained by aggregation over a curve 3D element. The value represented by this entity does not

variable

Formal propositions.
=ror

WR1: the coordinate system shall be specified if any of the specified values are not scalar.

WR2: each variable shall have a corresponding value of the proper type.

WR3: the simple value shall be unspecified when st@te definition.defined_statds anoutput_-

request_state

(©I1S0O 2000 — All rights reserved
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6.7.78 curve_3d_element_constant_specified variable value

A curve_3d_element_constant_specified_variable_valigea state of the model that specifies the value
of a variable which is constant along the length of a curve 3D element.

E\Inhl_(\(‘ H '
NN oo opJTUILAlUTI

ENTITY curve_3d_element_constant_specified_variable_value
SUBTYPE OF (curve_3d_element_field_variable_definition);

simple_value . field_value;

variable . curve_element variable;

coordinate_system : OPTIONAL curve_3d_element_coordinate_‘system;
WHERE

WRL1: necessary_value_coordinate_system (simple_value, coordinate,System);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;

(*

Attribute definitions

simple_value: the value of the field variable.
variable: the type of field variable being specified.

cqordinate_system:the coordinate-system for the value.

Formal propositions

WR1: the coordinateSystem shall be specified if any of the specified values are not scalar.
WR2: each variable shall have a corresponding value of the proper type.
W

R3: thetsimple value shall be unspecified when #t@te definition.defined_statds anoutpuf_-
request..state
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6.7.79 curve_3d_element_constant_specified_volume_variable value

A curve_3d_element_constant_specified_volume_variable_valge state of the model that specifies
the value of a variable at a point within a volume which is constant within the volume of a curve 3D
element.

EXPRESS specification

ENTITY curve_3d_element_constant_specified_volume_variable_value
SUBTYPE OF (curve_3d_element_field_variable_definition);

simple_value . field_value;

variable . volume_variable;

coordinate_system : OPTIONAL curve_3d_element_coordinate system;
WHERE

WRL1: necessary_value_coordinate_system (simple_value, coordinate_system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;

(*

Attribute definitions

simple_value: the value of the field variable.
variable: the type of field variable/being specified.

cqordinate_system:the coordinate system for the value.

Formal propositions

WR1: the coordinate system shall be specified if any of the specified values are not scalar.
WR2: each.variable shall have a corresponding value of the proper type.
W

R3: the simple value shall be unspecified when #t@te definition.defined_statds anoutpu_-
request’ state
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6.7.80 curve_3d_element_nodal_specified_variable_values

A curve_3d_element_nodal_specified_variable_valuesa state of the model that specifies the value
of a variable for the nodes of a curve 3D element. The variable is interpolated within the element using

the appropriate shape functions specified for the variable.

vat oot I I " : - I — ;
graphically in 5.8.

EXPRESS specification

ENTITY curve_3d_element_nodal_specified_variable_values
SUBTYPE OF (curve_3d_element_field_variable_definition);

values : LIST [1:?] OF field_value;

additional_node_values : BOOLEAN;

variable . curve_element variable;
WHERE

WR1: consistent_list values (values, variable);
WR2: appropriate_list_value_existence (values,

TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;

Attribute definitions

values: the values of the field variable.

adlditional_node_values:indicates whether values are given for all nodes of the element (T
for just the vertex nodes (FALSE).

variable: the type offield variable being specified.

Formal propesitions

WR1:, each variable shall have a corresponding value of the proper type.

pstablished

RUE), or

WR2: the values shall be unspecified when gt@te definition.defined_statés anoutput_requegt_-

state

6.7.81 curve_2d_element_field variable_definition

A curve_2d_element_field_variable_definitioris a state of the model that specifies the values of a

variable within a curve 2D element.
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EXPRESS specification

*
)

ENTITY curve_2d_element field variable definition

SUPERTYPE OF (ONEOF (
curve_2d_element_location_point_volume_variable_values,
Cul VC_LU_CICI LA~ II._IUbaI.IUI I_|JUII II._VGI ICUJIC_V(]IUCD,
curve_2d_whole_element_variable value,
curve_2d_element_constant_specified_variable_value,
curve_2d_element_constant_specified_volume_variable_value))

SUBTYPE OF (field_variable_element_definition);

element . curve_2d_element_output_reference;

END_ENTITY;

(*

Attribute definitions

element: the element for which the values are specified, or ferwhich the values are to be cal¢ulated.

6/7.82 curve_2d_element_location_point_volume_variable values

Alcurve_2d_element_location_point_volume_variable_valuésa state of the model that specifles the
values of a variable at location points within the-volume of a curve 2D element.

EXPRESS specification

ENTITY curve_2d_element_location_point_volume_variable_values
SUBTYPE OF (curve_2d,element_field_variable_definition);

basis : BOOLEAN;
values_and_locations . SET [1:?] OF
curve_2d_element_value_and_volume_location;
variable . curve_element variable;
WHERE

WR1: consistent_set values (values_and_locations, variable);
WR2: “appropriate_set_value_existence (values_and_locations,
TYPEOF (SELF\state_definition.defined_state));

ENDOENTITY;

(*

Attribute definitions

basis: if basisis TRUE then the value set contains only basis locations for the field variable within the
element, and no others.

values_and_locations:the values and locations of the field variable.
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variable: the type of field variable being specified.

Formal propositions

WR1: each variable shall have a corresponding value of the proper type.

WR2: the values shall be unspecified when gt@te_definition.defined_statés anoutput_requesgt_-
state

6/7.83 curve_2d_element value and_location

Alcurve_2d_element_value_and_locatiois a value of a variable along the™D field of a cufve 2D
element.

EXPRESS specification

ENTITY curve _2d_element value_and_location;

simple_value . field_value;

location . curve_section_element_location;

coordinate_system : OPTIONAL curve” 2d_state_coordinate_system;
WHERE

WR1: necessary_value_coordinate_system~(simple_value, coordinate_system);
END_ENTITY;

(*

Attribute definitions

simple_value: the value-ofthe field variable.
location: the location-at which the value of the field variable is specified.

cqordinate_systém:the coordinate system for the value.

Formal\propositions

WRTTthe coordinate system snali be specified ifany of the specified values are not scaiar-

6.7.84 curve_2d_element _value _and_volume_location

A curve_2d_element_value_and_volume_locatios an aggregated value of a variable at a location
point in the volume of a curve 2D element.
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EXPRESS specification

")

ENTITY curve_2d_element value_and_volume_location;

simple_value . field_value;
location . curve_volume_element_location;
=l + + OODTIONNLAL Nl ot =l + +
\.:UUIUIIIC{LC_DyDI.CIII . VT TITUINAL Ul VC_LU_QI.(]I.C_\.:UUIUIIIClLC_DyQI.CIII,
WHERE

WR1: necessary_value_coordinate_system (simple_value, coordinate_ system);
END_ENTITY;
(*

Attribute definitions

simple_values:the value of the field variable.
location: the location at which the value of the field variable is specified.

cqordinate_system:the coordinate system for the value.

Formal propositions

WR1: the coordinate system shall be specifiechif any of the specified values are not scalar.

6/7.85 curve_2d_element “focation_point_variable_values

Alcurve_2d_element_location_point_variable_valuds a state of the model that specifies the \
a (variable aggregated through'the section of a curve 2D element.

EXPRESS specification

ENTITY curve~2d_element_location_point_variable_values
SUBTYPE) OF (curve_2d_element_field_variable_definition);
basis : BOOLEAN;
values_and_locations : SET [1:?] OF

alue of

curve 2d element value and location;

variable . curve_element variable;
WHERE
WR1: consistent_set values (values_and_locations, variable);
WR2: appropriate_set value_existence (values_and_locations,
TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;

(*
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Attribute definitions

basis: if basisis TRUE then the value set contains only basis locations for the field variable within the
element, and no others.

values_and_locations:the values and locations of the field variable.

V4

F

- 1ol ol e W Lol - lal 1 - b ol (]
Napic. Uic typgc Ul'Ticiu valiaic Uiy speLliicu.

prmal propositions

E

R1: each variable shall have a corresponding value of the proper type.

R2: the values shall be unspecified when gtate definition.defined_statés,ahoutput_requedt_-
ate

7.86 curve_2d_whole_element_variable value
curve_2d_whole_element_variable_value a state of thegnodel that specifies the value of a yariable

hich is obtained by aggregation over a curve 2D element. The value represented by this entity does not
clude a contribution from the aggregation of boundary variables.

XPRESS specification

W

E
(*

NTITY curve_2d_whole_element_yariable_value
SUBTYPE OF (curve_2d_element field_variable_definition);
simple_value . field_value;
variable : volume_aggregated_variable;
coordinate_system : OPTIONAL curve_2d_element_coordinate_system;
HERE
WR1: necessary_value coordinate_system (simple_value, coordinate_ system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition.defined_state));
ND_ENTITY;

Attribute definitions

simple_value: the value of the field variable.

variable: the type of field variable being specified.

coordinate_system:the coordinate system for the value.
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Formal propositions

WR1: the coordinate system shall be specified if any of the specified values are not scalar.
WR2: each variable shall have a corresponding value of the proper type.

WR3: the simple value shall be unspecified when st@e definition.defined_statds anoutput_-

reguest —state

6/7.87 curve_2d_element_constant_specified variable value

Alcurve_2d_element_constant_specified_variable_valigea state of the model that specifies the value
ofl a variable which is constant along the length of a curve 2D element.

EXPRESS specification

ENTITY curve_2d_element_constant_specified_variable_value
SUBTYPE OF (curve_2d_element_field_variable_definition);

simple_value . field_value;

variable . surface_element_variable;

coordinate_system : OPTIONAL curve>2d_element_coordinate_system;
WHERE

WRL1: necessary_value_coordinate_system ((Simple_value, coordinate_system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition:defined_state));
END_ENTITY;

(*

Attribute definitions

simple_value: the value of the field variable.
variable: the-ype of field variable being specified.

cqordinate. 'System:the coordinate system for the value.

Formal propositions

WR1: the coordinate system shall be specified if any of the specified values are not scalar.
WR2: each variable shall have a corresponding value of the proper type.

WR3: the simple value shall be unspecified when st@e definition.defined_statds anoutput_-
request_state
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6.7.88 curve_2d_element_constant_specified_volume_variable value

A curve_2d_element_constant_specified_volume_variable_valge state of the model that specifies
the value of a variable at a point within a volume, which is constant throughout the volume of a curve
2D element.

EXPRESS specification

ENTITY curve_2d_element_constant_specified_volume_variable_value
SUBTYPE OF (curve_2d_element_field_variable_definition);

simple_value . field_value;

variable . volume_variable;

coordinate_system : OPTIONAL curve_2d_element_coordinate system;
WHERE

WRL1: necessary_value_coordinate_system (simple_value, coordinate_system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;

(*

Attribute definitions

simple_value: the value of the field variable.
variable: the type of field variable/being specified.

cqordinate_system:the coordinate system for the value.

Formal propositions

WR1: the coordinate system shall be specified if any of the specified values are not scalar.
WR2: each.variable shall have a corresponding value of the proper type.
W

R3: the simple value shall be unspecified when #t@te definition.defined_statds anoutpu_-
request’ state
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6.7.89 field _variable _element_group_value

A field_variable_element_group_valués a state of the model that specifies the value of a variable
aggregated over a group of elements.

The value represented by this entity includes a contribution from variables aggregated within the elements
amd-over ther bourdares:

EXPRESS specification

ENTITY field_variable_element_group_value
SUBTYPE OF (field_variable_definition);

group . element_group;

simple_value . field_value;

variable : volume_aggregated_variable;

coordinate_system : OPTIONAL fea_axis2_placement_3d,;
WHERE

WRL1: necessary_value_coordinate_system (simple_value,“coordinate_system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;

(*

Attribute definitions

grioup: the element group for which the values are specified, or the element groups for whichfvalues are
to be calculated.

simple_value: the value-of the field variable at the aggregate centroid of the element group.
variable: the typecofifield variable being specified.

cqordinate_system:the coordinate system for the value.

Formal\propositions

WRT: the coordinate system shall be specified if any of the specified values are not scalar.
WR2: each variable shall have a corresponding value of the proper type.

WR3: the simple value shall be unspecified when st@e definition.defined_statds anoutput_-
request_state
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6.7.90 field variable_whole_model_value

A field_variable_whole_model_valués a state of the model that specifies the value of a variable ag-
gregated over all the elements in the model.

The value represented by this entity includes a contribution from variables aggregated within the elements
amd-over ther bourdares:

EXPRESS specification

ENTITY field _variable_whole_model_value
SUBTYPE OF (field_variable_definition);

simple_value . field_value;

variable : volume_aggregated_variable;

coordinate_system : OPTIONAL fea_axis2_placement-3d,;
WHERE

WR1: necessary_value_coordinate_system (simple_value,~coordinate_system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;

(*

Attribute definitions

simple_value: the value of the field-variable at the centroid of the model.
variable: the type of field vasiable being specified.

cqordinate_system:the coerdinate system for the value.

Formal propositions

WR1: the‘coordinate system shall be specified if any of the specified values are not scalar.

WR2 each variable shall have a corresponding value of the proper type.

6.7.91 field _variable _node_definition

A field_variable_node_definitionis a state of the model that specifies the values of a field variable at
nodes to represent nodal averaged values.
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XPRESS specification

")

ENTITY field variable_node_definition

E
(*

A

SUPERTYPE OF (ONEOF (volume_3d_node_field_variable_definition,
volume_2d_node_field_variable_definition,

surface_2d_node_field_variable_definition,

curve_3d_node_field_variable_definition,

curve_2d_node_field_variable definition))
SUBTYPE OF (field_variable_definition);

node : node_output_reference;
group : OPTIONAL element_group;
ND_ENTITY;

tribute definitions

N(

(0]

6

A

E

g:lzup: the elements connected to the node for which.the field variable value is valid. If this &

de: the node for which the value is specified, or the node for which the value is to be calcu
itted then the variable is valid for all elements connected to the node.

7.92 volume_3d_node_field@variable definition

XPRESS specification

ated.

ttribute is

volume_3d_node_field_variable_definitiots a state of the model that specifies the values gf a vari-
able at the nodes of a volume 3D element.

ENTITY volume_3d~-node_field_variable_definition
SUBTYPE OFR\ (field_variable_node_definition);
simple_value . field_value;
variable . volume_variable;
coordinate_system : OPTIONAL volume_3d_element_coordinate_system;
WHERE
WR1: necessary value coordinate_system (simple value, coordinate system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;
(*
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Attribute definitions

simple_value: the value of the field variable.

variable: the type of field variable being specified.

coordinate_system:the coordinate system for the value.

Formal propositions

A

able at the nodes of a volume 2D element.

E

R1: the coordinate system shall be specified if any of the specified values are not scalar.
R2: each variable shall have a corresponding value of the proper type.

R3: the simple value shall be unspecified when st@te definition.defingd_statds anoutpuf_-
quest_state

7.93 volume_2d_node_field_variable_definition

volume_2d_node_field_variable_definitiots a state ofthe model that specifies the values gf a vari-

XPRESS specification

E

W

E
(*

NTITY volume_2d_node_field_variable; definition
SUBTYPE OF (field_variable_nade® definition);

simple_value . .field_value;

variable . volume_variable;

coordinate_system : OPTIONAL volume_2d_element_coordinate_system;
HERE

WRL1: necessary_valte_coordinate_system (simple_value, coordinate_system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEQF (SELF\state_definition.defined_state));
ND_ENTITY

A

tribute definitions

simple_value: the value of the field variable.

variable: the type of field variable being specified.

coordinate_system:the coordinate system for the value.
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Formal propositions

WR1: the coordinate system shall be specified if any of the specified values are not scalar.
WR2: each variable shall have a corresponding value of the proper type.

WR3: the simple value shall be unspecified when st@e definition.defined_statds anoutput_-

reguest —state

617.94 surface_3d_node_field variable definition

Al|surface_3d_node_field_variable_definitioms a state of the model that specifies.the values of a vari-
able at the nodes of a surface 3D element.

EXPRESS specification

ENTITY surface_3d_node_field variable_definition

SUPERTYPE OF (ONEOF (
surface_3d_node_field_section_variable ‘alues,
surface_3d_node_field_aggregated_variable_values))

SUBTYPE OF (field_variable_node_definition);

END_ENTITY;

(*
617.95 surface_3d_node field_section_variable values

Alsurface_3d_node_field_section_variable_valuésa state of the model that specifies the valjyies of a
variable through the section-atthe nodes of a surface 3D element.

EXPRESS specification

ENTITY surface_3d_node_field_section_variable values
SUBTIYPE OF (surface_3d_node_field_variable definition);

simple_value . field_value;

variable . surface_element_variable;

location . surface_section_element_location;

coordinate_system : OPTIONAL surface_3d_state_coordinate_system;
WHERE

WR1: necessary_value_coordinate_system (simple_value, coordinate_ system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;

(*
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Attribute definitions

simple_value: the value of the field variable.
variable: the type of field variable being specified.

location: the location at which the value of the field variable is specified.

coordinate_system:the coordinate system for the value.

Formal propositions

WR1: the coordinate system shall be specified if any of the specified values@re not scalar.
WR2: each variable shall have a corresponding value of the proper type:
W

R3: the simple value shall be unspecified when $h&te_definition.defined_statds anoutpu
request_state

617.96 surface_3d_node_field _aggregatéed variable values
Alsurface_3d_node_field_aggregated_variable_valuissa state of the model that specifies the

ofla variable at the nodes of a surface 3D element. The variables are obtained by aggregation
section at each node.

EXPRESS specification

ENTITY surface_3d_node_field \aggregated_variable_values
SUBTYPE OF (surface_3d)node_field_variable_definition);

simple_value . field_value;

variable : volume_aggregated_variable;

coordinate_system : OPTIONAL surface_3d_state_coordinate_system;
WHERE

WRL1: necesSary_value_coordinate_system (simple_value, coordinate_system);
WR2: conSistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition.defined_state));
ENDZENTITY;

t_-

values
through the

(*

Attribute definitions

simple_value: the value of the field variable.
variable: the type of field variable being specified.

coordinate_system:the coordinate system for the value.
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Formal propositions

WR1: the coordinate system shall be specified if any of the specified values are not scalar.
WR2: each variable shall have a corresponding value of the proper type.

WR3: the simple value shall be unspecified when st@e definition.defined_statds anoutput_-

reguest —state

6/7.97 surface_2d_node_field_variable_definition

Alsurface_2d_node_field_variable_definitioms a state of the model that specifies.the values of a vari-
able at the nodes of a surface 2D element.

EXPRESS specification

ENTITY surface _2d_node_field variable_definition

SUPERTYPE OF (ONEOF (
surface_2d_node_field_section_variable ‘alues,
surface_2d_node_field_aggregated_variable_values))

SUBTYPE OF (field_variable_node_definition);

END_ENTITY;

(*
6/7.98 surface_2d_node field_section_variable values

Alsurface_2d_node_field_section_variable_valuesa state of the model that specifies the valjyies of a
variable through the sectionatthe nodes of a surface 2D element.

EXPRESS specification

ENTITY surface_2d_node_field_section_variable values
SUBIYPE OF (surface_2d_node_field_variable definition);

simple_value . field_value;

variable . surface_element_variable;

location . surface_section_element_location;

coordinate_system : OPTIONAL surface_2d_state_coordinate_system;
WHERE

WR1: necessary_value_coordinate_system (simple_value, coordinate_ system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;

(*
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Attribute definitions

simple_value: the value of the field variable.
variable: the type of field variable being specified.

location: the location at which the value of the field variable is specified.

coordinate_system:the coordinate system for the value.

Formal propositions

WR1: the coordinate system shall be specified if any of the specified values@re not scalar.
WR2: each variable shall have a corresponding value of the proper type:
W

R3: the simple value shall be unspecified when $h&te_definition.defined_statds anoutpu
request_state

617.99 surface_2d_node_field _aggregatéd variable values
Alsurface_2d_node_field_aggregated_variable_valuissa state of the model that specifies the

ofla variable at the nodes of a surface 2D element. The variables are obtained by aggregation
section at each node.

EXPRESS specification

ENTITY surface_2d_node_field \aggregated_variable _values
SUBTYPE OF (surface_2d)node_field_variable definition);

simple_value . field_value;

variable : volume_aggregated_variable;

coordinate_system : OPTIONAL surface_2d_state_coordinate_system;
WHERE

WRL1: necesSary_value_coordinate_system (simple_value, coordinate_system);
WR2: conSistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition.defined_state));
ENDZENTITY;

t_-

values
through the

(*

Attribute definitions

simple_value: the value of the field variable.
variable: the type of field variable being specified.

coordinate_system:the coordinate system for the value.
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Formal propositions

WR1: the coordinate system shall be specified if any of the specified values are not scalar.
WR2: each variable shall have a corresponding value of the proper type.

WR3: the simple value shall be unspecified when st@e definition.defined_statds anoutput_-

reguest —state

6(7.100 curve_3d_node_field variable definition

Alcurve_3d_node_field_variable_definitioris a state of the model that specifies the values of avariable
atithe nodes of a curve 3D element.

EXPRESS specification

ENTITY curve_3d_node_field variable_definition

SUPERTYPE OF (ONEOF (
curve_3d_node_field_section_variable_values,
curve_3d_node_field_aggregated_variable values))

SUBTYPE OF (field_variable_node_definition);

END_ENTITY;

(*
6(7.101 curve_3d_nodecfield section variable values

Alcurve_3d_node_field_section_variable_valués a state of the model that specifies the valles of a
variable through the section-atthe nodes of a curve 3D element.

EXPRESS specification

ENTITY cudrve 3d_node_field section_variable values
SUBIYPE OF (curve_3d_node_field_variable_definition);

simple_value . field_value;

variable . curve_element variable;

location . curve_section_element_location;

coordinate_system : OPTIONAL curve_3d_state_coordinate_system;
WHERE

WR1: necessary_value_coordinate_system (simple_value, coordinate_ system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;

(*
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Attribute definitions

simple_value: the value of the field variable.
variable: the type of field variable being specified.

location: the location at which the value of the field variable is specified.

cqordinate_system:the coordinate system for the value.

Formal propositions

WR1: the coordinate system shall be specified if any of the specified values@re not scalar.
WR2: each variable shall have a corresponding value of the proper type:
W

R3: the simple value shall be unspecified when $h&te definitionidefined_statds anoutpu
request_state

6(7.102 curve_3d_node_field_aggregated- variable values

A|curve_3d_node_field_aggregated_variable_valuésa state of the model that specifies the
of a variable aggregated through the cross-section.of the curve at the nodes of a curve 3D el

EXPRESS specification

ENTITY curve_3d_node_field_aggregated_variable_values
SUBTYPE OF (curve_3d_ngde_field_variable_definition);

simple_value . field_value;

variable : volume_aggregated_variable;

coordinate_system : OPTIONAL curve_3d_state_coordinate_system;
WHERE

WRL1: necessary-value_coordinate_system (simple_value, coordinate_system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;

(*

t_-

values
bment.

Attribute definitions

simple_value: the value of the field variable.
variable: the type of field variable being specified.

coordinate_system:the coordinate system for the value.
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Formal propositions

WR1: the coordinate system shall be specified if any of the specified values are not scalar.
WR2: each variable shall have a corresponding value of the proper type.

WR3: the simple value shall be unspecified when st@e definition.defined_statds anoutput_-

reguest —state

6/7.103 curve_2d_node_field variable_definition

Alcurve_2d_node_field_variable_definitioris a state of the model that specifies the values of ajvariable
at the nodes of a curve 2D element.

EXPRESS specification

ENTITY curve_2d_node_field variable_definition

SUPERTYPE OF (ONEOF (
curve_2d_node_field_section_variable_values,
curve_2d_node_field_aggregated_variable_values))

SUBTYPE OF (field_variable_node_definition);

END_ENTITY;

(*
6(7.104 curve_2d_nodecfield section_variable values

Alcurve_2d_node_field_section_variable_valués a state of the model that specifies the valles of a
variable across the sectionat the nodes of a curve 2D element.

EXPRESS specification

ENTITY cudrve 2d node_field section_variable values
SUBIYPE OF (curve_2d_node_field_variable_definition);

simple_value . field_value;

variable . curve_element variable;

location . curve_section_element_location;

coordinate_system : OPTIONAL curve_2d_state_coordinate_system;
WHERE

WR1: necessary_value_coordinate_system (simple_value, coordinate_ system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;

(*
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Attribute definitions

simple_value: the value of the field variable.
variable: the type of field variable being specified.

location: the location at which the value of the field variable is specified.

cqordinate_system:the coordinate system for the value.

Formal propositions

WR1: the coordinate system shall be specified if any of the specified values@re not scalar.
WR2: each variable shall have a corresponding value of the proper type:
W

R3: the simple value shall be unspecified when $h&te definitionidefined_statds anoutpu
request_state

6(7.105 curve_2d_node_field_aggregated- variable values

Alcurve_2d_node_field_aggregated_variable_valuésa state of the model that specifies the
ofla variable aggregated through the cross-sectioniat the nodes of a curve 2D element.

EXPRESS specification

ENTITY curve_2d_node_field_aggregated_variable_values
SUBTYPE OF (curve_2d_ngde_field_variable_definition);

simple_value . field_value;

variable : volume_aggregated_variable;

coordinate_system : OPTIONAL curve_2d_state_coordinate_system;
WHERE

WRL1: necessary-value_coordinate_system (simple_value, coordinate_system);
WR2: consistent_value (simple_value, variable);
WR3: appropriate_value_existence (simple_value,
TYPEOF (SELF\state_definition.defined_state));
END_ENTITY;

(*

t_-

values

Attribute definitions

simple_value: the value of the field variable.
variable: the type of field variable being specified.

coordinate_system:the coordinate system for the value.
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Formal propositions

WR1: the coordinate system shall be specified if any of the specified values are not scalar.
WR2: each variable shall have a corresponding value of the proper type.

WR3: the simple value shall be unspecified when st@te definition.defined_statds anoutput_-

+ + +
regaest_state

6/7.106 nodal_freedom_and_value_definition

A|nodal_freedom_and_value_definitions a state of the model that specifies information at|a node
ofl the model with respect to the solution degrees of freedom that are notc@, part of an element field
discretization. The information may be:

— values for the solution degrees of freedom, such as x translation,-er z rotation;

— loads applied in the direction of the solutions degrees of,freedom such as values for x|force, or z
moment. These may be loads applied to a node by elements of the model, or loads applied to a node
from outside the model.

NOTE The purpose of this entity IS to represent infermation such as loads anaodisnts atodes. [The

purpose of this entity is NOT to represent an element field that has been discretized at the mode] nodes. The
field_variable_node_definitionshould be used far that purpose.

EXPRESS specification

ENTITY nodal_freedom_and_value_definition

SUPERTYPE OF (ONEOE) (nhodal_freedom_values,
nodal_freedom_action_definition))

SUBTYPE OF (state_definition);

node : node_output_reference;

coordinate_system : fea_axis2_placement_3d;

degrees_of freedom . freedoms_list;

values : LIST [1:?] OF measure_or_unspecified_value;
WHERE

WRI1»SIZEOF(degrees_of freedom.freedoms) = SIZEOF (values);
END_ENTITY;

(*

Attribute definitions

node: the node for which the values are specified, or the node for which the values are to be calculated.
coordinate_system:the coordinate system in which the nodal degrees of freedom are defined.

degrees_of_freedom:the degrees of freedom at the node.
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values: the matching values at the node.

Formal propositions

WR1: the number of degrees of freedom shall match the number of values.

6

A
Nn(

E

7.107 nodal_freedom_values

nodal_freedom_valuess a state of the model that specifies the values for degrees of freg
pde.

XPRESS specification

6

A

E

applied directly to a node of the model., The type of action is indicated withdhen attribute.

NTITY nodal freedom_values
SUBTYPE OF (nodal_freedom_and_value_definition);
ND_ENTITY;

7.108 nodal_freedom_action_definition

nodal_freedom_action_definitionis a state of the model that specifies the values for the

XPRESS specification

E

NTITY nodal_freedam:-action_definition

SUBTYPE OF (nodal_freedom_and_value_definition);
action . action_type;
ND_ENTITY;

pdom at a

actions

A

tribute definitions

action: the type of values (external applied loads or residual loads at the node) that the action represents.

374
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6.7.109 element_nodal_freedom_actions

An element_nodal_freedom_actionis the values of nodal action for an element. This action is applied
by the element to the node.

NOTE This entity is used to represent the reactions of a single or multi-point constraint.

EXPRESS specification

ENTITY element nodal_freedom_actions

SUBTYPE OF (state_definition);

element : model_or_control_element;

nodal_action : LIST [1:?] OF
element_nodal_freedom_terms;

END_ENTITY;

(*

Attribute definitions

element: the element for which the values are specified or calculated. This can be either an|element or
a fconstraint.

ngdal_action: the values and associated degrees of freedom at the nodes of an element. Theiterms in the
LIST correspond to the nodes in treguired_node_listand theadditional_node_listfor the elemént.

6(7.110 element_nodal freedom_terms

Ap element_nodal_freedom-termss a list of degrees of freedom and corresponding values gt a node
oflan element, and a reference coordinate system in which the values are defined.

EXPRESS spgécification

ENTIY" element_nodal_freedom_terms;

caoordinate_system . fea_axis2_placement_3d;

degrees_of_freedom . freedoms_list;

values : LIST [1:?] OF measure_or_unspecified_value;
WHERE

WR1: SIZEOF(degrees_of freedom.freedoms) = SIZEOF (values);
END_ENTITY;

(*
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Attribute definitions

coordinate_system:the coordinate system in which the values are defined.
degrees_of_freedom:the degrees of freedom at the node.

values: the values corresponding to the degrees of freedom at the node.

6/7.111 point_freedom_and_value_definition

Alpoint_freedom_and_value_definitionis a state of the model that specifies information at a
thiat may be associated with a point with respect to the solution degrees of freedom that are
an element field discretization. The intent of this entity is identical tm@al_fréedom_and_valy

EXPRESS specification

ENTITY point_freedom_and_value_definition

SUPERTYPE OF (ONEOF (point_freedom_values,
point_freedom_action_ définition))

SUBTYPE OF (state_definition);

required_point . analysis_item_within_representation;

coordinate_system . fea_axis2_placement_3d,;

degrees_of_freedom . freedoms, list;

values : LIST [1:?] OF measure_or_unspecified_value;
WHERE

WR1: SIZEOF(degrees_of freedom.freedoms) = SIZEOF (values);

WR2: (GEOMETRY_SCHEMA.POINT' IN TYPEOF (required_point.item)) OR
(TOPOLOGY_SCHEMA.VERTEX_POINT’ IN TYPEOF (required_point.item));

END_ENTITY;

(*

Attribute definitions

required_point: the point whose associated nodes are for which the values are specified
associated nodes for which the values are to be calculated.

definition, however it is applied to all nodes associated to a point, rather than'to a single node.

| nodes
hot a part of
le_-

h

or whose

Ca
degrees_of_freedom:the degrees of freedom at the node.

values: the matching values at the node.
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Formal propositions

WR1: the number of degrees of freedom shall match the number of values.

WR2: thegeometric_representation_itenshall be a point or a vertex point.

6 27119 noatnt fraodan P
r.LA1lco PUIIIL IMMTCCUVUIIT VA

A|point_freedom_valuesis a state of the model that specifies the values for degrees-of’fregdom at a
node that is associated with a point.

EXPRESS specification

ENTITY point_freedom_values
SUBTYPE OF (point_freedom_and_value_definition);
END_ENTITY;

6/7.113 point_freedom_action_definition

A|point_freedom_action_definitionis a state of the model that specifies the values for thg actions
applied directly to nodes associated with a paint. The type of action is indicated wahtibe attribyite.

EXPRESS specification

ENTITY point_freedom_action_definition

SUBTYPE OF (point_freedom_and_value_definition);
action . action_type;
END_ENTITY;

(*

Attribute-definitions

actiom—thetypeof valvestextermatapptiedtoadsorresiduattoadsat thenmodesassociated-with the point)
that the action represents.
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6.7.114 curve_freedom_and_value_definition

A curve_freedom_and_value_definitioris a state of the model that specifies information at all nodes
that may be associated with a curve with respect to the solution degrees of freedom that are not a part of
an element field discretization. The intent of this entity is identical hodal freedom_and_value_-
definition, however it is applied to all nodes associated to a curve, rather than to a single node.

EXPRESS specification

ENTITY curve_freedom_and_value_definition

SUPERTYPE OF (ONEOF (curve_freedom_values,
curve_freedom_action_definition))
SUBTYPE OF (state_definition);

required_curve . analysis_item_within_representation,

coordinate_system : fea_axis2_placement_3d;

degrees_of_freedom . freedoms_list;

values : LIST [1:?] OF measureson unspecified_value;
WHERE

WR1: SIZEOF(degrees_of freedom.freedoms) = SIZEQF (values);
WR2: (GEOMETRY_SCHEMA.CURVE' IN TYPEOE Y(required_curve.item)) OR
(TOPOLOGY_SCHEMA.EDGE_CURVE' INSTYPEOF (required_curve.item));

END_ENTITY;

(*

A

tribute definitions

required_curve: the curve whese associated nodes have the values specified, or whose ass

values are to be calculated;

C(

F

degrees_of_freedem:the degrees of freedom at the node.

values: the matching values at the node.

prmalipropositions

ordinate_system:the-coordinate system in which the nodal degrees of freedom are defined.

bciated node

RI—thenumberof degrees of freedonT stattmatch thie mumber of vatues:

WR2: thegeometric_representation_itenshall be a curve or an edge curve.

378
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6.7.115 curve_freedom_values

A curve_freedom_valuess a state of the model that specifies the values for degrees of freedom at a

node that is associated with a curve.

E\Inhl_(\(‘ H '
NN oo opJTUIILAUUTI

ENTITY curve freedom_values
SUBTYPE OF (curve_freedom_and_value_definition);
END_ENTITY;

6/7.116 curve_freedom_action_definition

Alcurve_freedom_action_definitionis a state of the model that'specifies the values for the
applied directly to nodes associated with a curve. The type of action is indicated wéttibeattrib

EXPRESS specification

ENTITY curve freedom_action_definition

SUBTYPE OF (curve_freedom_and_value_definition);
action . action_type;
END_ENTITY;

Attribute definitions

thiat the actionsepresents.

6|7.11¢ surface_freedom_and_value_definition

actions
ite.

agtion: thetype ofvalues (external applied loads or residual loads at the nodes associated with the curve)

Alsurface freedom and value definitioms a state of the model that specifies information at a|

| nodes

that may be associated with a surface with respect to the solution degrees of freedom that are not a part
of an element field discretization. The intent of this entity is identicalfodal_freedom_and_value_-
definition, however it is applied to all nodes associated to a surface, rather than to a single node.

(©I1S0O 2000 — All rights reserved
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EXPRESS specification

")

ENTITY surface freedom_and_value_definition

SUPERTYPE OF (ONEOF (surface_freedom_values,
surface_freedom_action_definition))

W

E
(*

A

ok leafiaii AY
SQUDTTIIL Ul \DI.ClLC_UCIIIIII.IUII),

required_surface . analysis_item_within_representation;
coordinate_system : fea_axis2_placement_3d;

degrees_of_freedom . freedoms_list;

values : LIST [1:?] OF measure_or_unspecified_value;
HERE

WR1: SIZEOF(degrees_of freedom.freedoms) = SIZEOF (values);

WR2: (GEOMETRY_SCHEMA.SURFACE’ IN TYPEOF (required_surface-item)) OR
(TOPOLOGY_SCHEMA.FACE_SURFACE’ IN TYPEOF (required”surface.item));

ND_ENTITY;

tribute definitions

re

afied node values are to be calculated.

C(
dd

V4

F

quired_surface: the surface whose associated nodes’are have the values specified, or wh

ordinate_system:the coordinate system in which the nodal degrees of freedom are defined.

bgrees_of _freedom:the degrees of freedom at the node.

llues: the matching values at the node.

brmal propositions

6

A
Nn(

R1: the number of degrees of freedom shall match the number of values.

R2: thegeometric_representation_itenshall be a surface or a face surface.

7.118 surface_freedom_values

0se associ-

surface. freedom_valuess a state of the model that specifies the values for degrees of fre¢dom at a

pde that is associated with a surface.

EXPRESS specification

")

ENTITY surface_freedom_values

SUBTYPE OF (surface_freedom_and_value_definition);

END_ENTITY;

(*

380
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6.7.119 surface_freedom_action_definition

A surface_freedom_action_definitionis a state of the model that specifies the values for the actions
applied directly to nodes associated with a surface. The type of action is indicated wilctibie

attribute.

EXPRESS specification

ENTITY surface freedom_action_definition

SUBTYPE OF (surface_freedom_and_value_definition);
action . action_type;
END_ENTITY;

(*

Attribute definitions

agtion: the type of values (external applied loads or residual loads at the nodes associat
syrface) that the action represents.

6/7.120 solid_freedom_and_value definition

Alsolid_freedom_and_value_definitioris.&)state of the model that specifies information at a
thiat may be associated with a solid with-respect to the solution degrees of freedom that are
anm element field discretization. The\ntent of this entity is identical hmdal freedom_and_vall

EXPRESS specification

ENTITY solid 4ree€dom_and_value_definition

SUPERTYRE OF (ONEOF (solid_freedom_values,
solid_freedom_action_definition))

SUBTY¥PE OF (state_definition);

definition, however it is applied to all nodes associated to a solid, rather than to a single nods.

bd with the

| nodes
hot a part of
le_-

required_solid . analysis_item_within_representation;

coordinate—system —Hea—axis2 placement3d;

degrees_of_freedom . freedoms_list;

values : LIST [1:?] OF measure_or_unspecified_value;
WHERE

WR1: SIZEOF(degrees_of freedom.freedoms) = SIZEOF (values);
WR2: 'GEOMETRIC_MODEL_SCHEMA.SOLID_MODEL’ IN TYPEOF (required_solid.item);
END_ENTITY;

(*

(©I1S0O 2000 — All rights reserved
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Attribute definitions

required_solid: the solid whose associated nodes have the values specified, or whose associated node
values are to be calculated.

coordinate_system:the coordinate system in which the nodal degrees of freedom are defined.

W L bl (l £ b L R ) (]
dtfglCUb_Ul_IIBBUUIII.LI e ucyrecces U imecuvultt at tic 11iouc.

values: the matching values at the node.

Formal propositions

WR1: the number of degrees of freedom shall match the number of values:

WR2: thegeometric_representation_itenshall be a solid model.

6/7.121 solid_freedom_values

Alsolid_freedom_valuess a state of the model that specifies the values for degrees of freedonp at a node
thiat is associated with a solid.

EXPRESS specification

ENTITY solid_freedom_values
SUBTYPE OF (solid_freedom_and" value_definition);
END_ENTITY;

(*
6/7.122 solid\_freedom_action_definition

Alsolid_freedom_action_definitionis a state of the model that specifies the values for the actions ap-
plied directly;to-nodes associated with a solid. The type of action is indicated witictiom attribute.

EXPRESS specification

*
)
ENTITY solid_freedom_action_definition
SUBTYPE OF (solid_freedom_and_value_definition);
action . action_type;
END_ENTITY;
(*
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Attribute definitions

action: the type of values (external applied loads or residual loads at the nodes associated with the solid)
that the action represents.

6.7.123 freedoms list

Alfreedoms_listis a list of the degrees of freedom at a node.

EXPRESS specification

ENTITY freedoms_list;
freedoms : LIST [1:?] OF degree_of freedom;
END_ENTITY;

(*

Attribute definitions

freedoms: the degrees of freedom.

6(7.124 linear_constraint_equation_element_value

Allinear_constraint_equation_element_valués the specified constraint equation coefficieémisspci-
ated with the freedoms:() and coefficientsd;) as shown in the equation in 6.4.12.

EXPRESS specification

ENTITY linear_constraint_equation_element_value
SUBTYPEOF (state_definition);

element . linear_constraint_equation_element;
b : measure_or_unspecified_value;
ENDZENTITY;
(*
Attribute definitions

element: the linear constraint equation element to which the coefficient is applied.

b: the constraint equation coefficielhas above.
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6.7.125 single_point_constraint_element_values

A single_point_constraint_element_valuets the set of specified constraint equation coefficie
corresponding freedoms for a single point constraint.

EXPRESS specification

ENTITY single_point_constraint_element_values
SUBTYPE OF (state_definition);

element : single_point_constraint_element;
degrees_of_freedom . freedoms_list;
b : LIST [1:?] OF measure_or_unspecified_value;
WHERE
WR1: SIZEOF(degrees_of freedom.freedoms) = SIZEOF (b);
END_ENTITY;

Attribute definitions

element: the single point constraint element to which the coefficients and freedoms are appli
degrees_of_freedom:the degrees of freedom at the node of the element.

b:| the constraint equation coefficients corresponding to the freedoms list.

Formal propositions

WR1: the numberefdegrees of freedom shall match the number of values.

6/7.126 analysis_message

Anp analysis_messags message information that may be attached to an element, a node, o

nts and

NOTE The freedoms are specified with the values to allow the correlation of the constraint coefficient with

I an entire

miodel.

EXPRESS specification

")
ENTITY analysis_message
SUPERTYPE OF (ONEOF (whole_model_analysis_message,
element_analysis_message,
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node_analysis_message,
element_group_analysis_message))
SUBTYPE OF (state_definition);

level : message_level,
message_text . text;
END_ENTITY;

(*

A

tribute definitions

m

6

E

vel: the severity of analysis message.

essage_textthe message text.

7.127 whole_model_analysis_message

whole_model_analysis_message message information that may be attached to the efw
odel.

XKPRESS specification

E

E
(*

6

A

E

nyimber and matching frequency that may be attached to the &dirmodel

NTITY whole_model_analysis_message
SUPERTYPE OF (whole_model_modes'.and_frequencies_analysis_message)
SUBTYPE OF (analysis_message);

ND_ENTITY;
7.128 whole_ model_modes_and_frequencies_analysis_messa
whole_model_medes_and_frequencies_ analysis_messagmessage information about a

XPRESS specification

")

je

mode

ENTITY whole_model_modes_and_frequencies_analysis_message

SUBTYPE OF (whole_model_analysis_message);

mode : count_measure;
frequency : context_dependent_measure;
END_ENTITY;

(*

(©I1S0O 2000 — All rights reserved
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Attribute definitions

mode: the mode number that the message concerns.

frequency: the frequency that matches the mode number that the message concerns.

6 Z- 120 alarmaoant analbicice ocoaAno
. LoJd CICITICTIU Al |a|y°|o IIICOOGHC

Ap element_analysis_messagemessage information that may be attached to an element.

EXPRESS specification

ENTITY element_analysis_message

SUBTYPE OF (analysis_message);

element : element_representation;
END_ENTITY;

(*

Attribute definitions

element: the element that the message concerns.

6/7.130 node_analysis_message

A|node_analysis_messade message information that may be attached to a node.

EXPRESS specification

ENTITY node <analysis_message

SUBTYRE \OF (analysis_message);

node : node_output_reference;
END_ENTITY;

(*

Attribute definitions

node: the node or node group that the message concerns.
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6.7.131 element_group_analysis_message

An element_group_analysis_messagemessage information that may be attached to an element group.

EXPRESS specification

ENTITY element_group_analysis_message
SUBTYPE OF (analysis_message);

group . element_group;
END_ENTITY;

(*

Attribute definitions

grloup: the group of elements that the message concerns.

6(7.132 volume 3d_substructure_element_reference

An volume_3d_substructure_element_references<the reference of a volume 3D element within the
cgntet of a substructure for output request or specification.

EXPRESS specification

ENTITY volume_3d_substructure element_reference;
substructure_element_ref = substructure_element_representation;
element_ref : volume_3d_element_representation;
END_ENTITY;

(*

Attribute definitions

substructure_element_ref: the substructure element that the volume 3D element informatipn refer-

enRees-

element_ref: the volume 3D element for output request or specification.
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6

.7.133 volume 2d_substructure_element_reference

An volume_2d_substructure_element_references the reference of a volume 2D element within the
context of a substructure for output request or specification.

E\Inhl_(\(‘ H '
NN oo opJTUILAUUTI

bn refer-

nin the

ENTITY volume_2d_substructure_element_reference;
substructure_element_ref : substructure_element_representation;
element_ref : volume_2d_element_representation;
END_ENTITY;
(*
Attribute definitions
substructure_element_ref: the substructure element that the’ volume 2D element informati
ences.
element_ref: the volume 2D element for output request or specification.
617.134 surface_3d_substructure element_mience
An surface_3d_substructure_element  referencis the reference of a surface 3D element wit
context of a substructure for output.réquest or specification.
EXPRESS specification
*)
ENTITY surface_3d-substructure_element_reference;
substructure_element_ref : substructure_element_representation;
element_ref : surface_3d_element_representation;
END_ENTITY;
(*
Attribute definitions

substructure_element_ref: the substructure element that the surface 3D element information refer-
ences.

el

388

ement_ref: the surface 3D element for output request or specification.
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6.7.135 surface_2d_substructure_element_mience

An surface_2d_substructure_element_referencis the reference of a surface 2D element within the

context of a substructure for output request or specification.

E\Inhl_(\(‘ H '
NN oo opJTUIILAUUTI

ENTITY surface_2d_substructure_element_reference;
substructure_element_ref : substructure_element_representation;
element_ref : surface_2d_element_representation;
END_ENTITY;

(*

Attribute definitions

substructure_element_ref: the substructure element that the’ surface 2D element informati
ences.

element_ref: the surface 2D element for output request or specification.

617.136 curve_3d_substructure; element_refence

An curve_3d_substructure_element_references the reference of a curve 3D element within th
teixt of a substructure for output requéest or specification.

EXPRESS specification

ENTITY curve_3d ¢substructure_element_reference;
substructure_element_ref : substructure_element_representation;
element_ref . curve_3d_element_representation;
END_ENTITY;

(*

on refer-

e con-

Attribute definitions

substructure_element_ref: the substructure element that the curve 3D element information references.

element_ref: the curve 3D element for output request or specification.

(©I1S0O 2000 — All rights reserved
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6.7.137 curve_2d_substructure_element_refence

An curve_2d_substructure_element_referencis the reference of a curve 2D element within the con-

text of a substructure for output request or specification.

E\Inhl_(\(‘ H '
NN oo opJTUIILAUUTI

ENTITY curve_2d_substructure element_reference;
substructure_element_ref : substructure_element_representation;
element_ref . curve_2d_element_representation;
END_ENTITY;

(*

Attribute definitions

substructure_element_ref: the substructure element that the.curve 2D element information re

element_ref: the curve 2D element for output request.orspecification.

6/7.138 substructure_node_reference

An substructure_node_references the reference of a node within the context of a substrug
ouitput request or specification.

EXPRESS specification

ENTITY substructuresnede_reference;

substructure_element_ref : substructure_element_representation;
node_ref : node_representation;
END_ENTITY;

(*

ferences.

ture for

Attfibute definitions

substructure_element_ref: the substructure element that the node information references.

node_ref: the node for output request or specification.
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6.8 Finite element analysis control and result schema function
definitions

These definitions are used to ensure the correctness of information in many of the finite element analysis
control and result schema information model entities.

6(8.1 necessary_value coordinate_system

A|necessary_value_coordinate_systeemsures that a coordinate system is suppliedfor'the value of a
non-scalar variable.

EXPRESS specification

")

FUNCTION necessary_value_coordinate_system

(cs_value . field_value;
coordinate_system : GENERIC): BOOLEAN;
IF (SIZEOF (

[FEA_SCALAR_VECTOR_TENSOR_SCHEMA.TENSOR1_2D’,
'FEA_SCALAR_VECTOR_TENSOR_SCHEMA.TENSOR1_3D’,
'FEA_SCALAR_VECTOR_TENSOR_SEHEMA.SYMMETRIC_TENSOR2_2D’,
'FEA_SCALAR_VECTOR_TENSORSSCHEMA.SYMMETRIC_TENSOR2_3D’] *

TYPEOF (cs_value)) = 1) THEN

IF (NOT EXISTS (coordinate; system) ) THEN

RETURN (FALSE);

END_IF;

END_IF;

RETURN (TRUE);
END_FUNCTION;
(*

Argumentdefinitions

valuéeidentifies the value being checked.

coordinate_system:identifies the coordinate system being checked for existence.
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6.8.2 consistent_set_values

A consistent_set_valuesnsures the SET of variables and values are consistent.

EXPRESS specification

*

FUNCTION consistent_set values
(values_and_locations : SET [1:?] OF GENERIC;

variable : GENERIC) : BOOLEAN;
LOCAL

vv_type . STRING,;

fv_type : SET [1:?] OF STRING;
i . INTEGER,;
END_LOCAL;

vv_type := variable value_type (variable);
REPEAT i := 1 TO HIINDEX (values_and_locations);
fv_type := TYPEOF (values_and_locations|ilssimple_value);

IF NOT (CFINITE_ELEMENT_ANALYSIS' CONTROL_AND_RESULT_SCHEMA. +
'UNSPECIFIED_VALUE’) IN fuitype) THEN

IF NOT (vv_type IN fv_type) THEN
RETURN (FALSE);
END_IF;
END_IF;
END_REPEAT;
RETURN (TRUE);

END_FUNCTION,;
(*

Argument definitions

values_and_locations:identifies the SET of values to be compared with the variable to ensure consis-
tency.

variable: identifies the variable to be compared with the SET of values to ensure a consistency.
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6.8.3 consistent_list_values

A consistent_list_valuegnsures the LIST of variables and values are consistent.

EXPRESS specification

*

FUNCTION consistent_list values

(values : LIST [1:?] OF field_value;
variable : GENERIC) : BOOLEAN;
LOCAL

vv_type . STRING,;

fv_type : SET [1:?] OF STRING;

i . INTEGER,;

END_LOCAL;

vv_type := variable value_type (variable);
REPEAT i := 1 TO HIINDEX (values);
fv_type := TYPEOF (valuesi]);

IF NOT (CFINITE_ELEMENT_ANALYSIS' CONTROL_AND_RESULT_SCHEMA. +
'UNSPECIFIED_VALUE’) IN fuitype) THEN

IF NOT (vv_type IN fv_type) THEN
RETURN (FALSE);
END_IF;
END_IF;
END_REPEAT;
RETURN (TRUE);

END_FUNCTION,;
(*

Argument definitions

values_and_locations:identifies the LIST of values to be compared with the variable to ensure consis-
tency.

variable: identifies the variable to be compared with the LIST of values to ensure a consistency.
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6.8.4 consistent_value

A consistent_valuesnsures the variable and value are consistent.

EXPRESS specification

*

FUNCTION consistent_value

(c_value . field_value;

variable : GENERIC) : BOOLEAN;
LOCAL

vv_type . STRING,;

fv_type : SET [1:?] OF STRING;
END_LOCAL;

vv_type := variable value_type (variable);
fv_type = TYPEOF (c_value);

IF NOT (CFINITE_ELEMENT_ANALYSIS_CONTROE AND RESULT_SCHEMA.’ +
'UNSPECIFIED_VALUE) IN fv_type) THEN

IF NOT (wv_type IN fv_type) THEN
RETURN (FALSE);
END_IF;
END_IF;
RETURN (TRUE);
END_FUNCTION;
(*

Argument definitions

value: identifies the value to be compared with the variable to ensure consistency.

variable: identifies the variable to be compared with the value to ensure a consistency.

6.8.5 variable_value_type

A variable_value_typecalculates the corresponding value for a supplied variable.
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EXPRESS specification

")
FUNCTION variable_value_type

(variable : GENERIC) : STRING;

svt . STRING,;

feacr . STRING;

variable_typeof : SET [1:?] OF STRING;

END_LOCAL;

svt = 'FEA_SCALAR_VECTOR_TENSOR_SCHEMA.’;

feacr = 'FINITE_ELEMENT_ANALYSIS_CONTROL_AND_RESULT_SCHEMA.;

variable_typeof := TYPEOF (variable);

IF SIZEOF ([(feacr + 'CURVE_SCALAR_VARIABLE),
(feacr + 'SURFACE_SCALAR_VARIABLE),

(feacr + 'VOLUME_SCALAR_VARIABLE),
(feacr + 'BOUNDARY_CURVE_SCALAR. VARIABLE’),
(feacr + 'BOUNDARY_SURFACE_SCALAR_VARIABLE'),
(feacr + '"AGGREGATED_SCALAR . VARIABLE’),
(feacr + 'VOLUME_ANGULAR_VARIABLE),
(feacr + 'AGGREGATED_ANGULAR_VARIABLE),

=+

(feacr + 'APPLICATION_DEEINED_SCALAR_VARIABLE")] *
variable_typeof ) = 1 THEN
RETURN (svt + 'SCALAR’);
END_IF;

IF SIZEOF ([(feacr + 'CURVE_VECTOR_2D_VARIABLE),
(feacr + 'SURFACE_VECTOR_2D_VARIABLE’),
(feacr + <APPLICATION_DEFINED_VECTOR_2D_VARIABLE’)] *
variable. typeof ) = 1 THEN
RETURN (svt. +~TENSOR1_2D");
END_IF;

IF SIZEOF([(feacr + 'CURVE_VECTOR_3D_VARIABLE’),
(feacr + 'SURFACE_VECTOR_3D_VARIABLE’),

(feacr + 'VOLUME_VECTOR_3D_VARIABLE),

(feacr + 'BOUNDARY_CURVE_VECTOR_3D_VARIABLFE),
(feacr + 'BOUNDARY_SURFACE_VECTOR_3D_VARIABLE),
(feacr + 'AGGREGATED_VECTOR_3D_VARIABLE’),

(feacr + 'APPLICATION DEEINED VECTOR 3D VARIABLEY)] *

variable_typeof ) = 1 THEN
RETURN (svt + 'TENSOR1_3D);
END_IF;

IF SIZEOF ([(feacr + 'SURFACE_TENSOR2_2D_VARIABLE’),
(feacr + 'APPLICATION_DEFINED_TENSOR2_2D_VARIABLE")] *
variable_typeof ) = 1 THEN
RETURN (svt + 'SYMMETRIC_TENSOR2_3D’);
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E
(*

A

END_IF;

IF SIZEOF ([(feacr + 'VOLUME_TENSOR2_3D_VARIABLE),
(feacr + '"AGGREGATED_TENSOR2_3D_VARIABLE),
(feacr + 'APPLICATION_DEFINED_TENSOR2_3D_VARIABLE")] *
variable_typeof ) = 1 THEN
RETURN (svt + 'SYMMETRIC_TENSOR2_3D’);
END_IF;

RETURN ('NO_MATCH);

ND_FUNCTION;

gument definitions

6

A

E

variable: identifies used to calculate the appropriately corresponding type of value.

vy_type: output argument that is the value for a corresponding.variable.

definition.defined_stateis anoutput_request_.statefor a SET ofvalues_and_locations

8.6 appropriate_set_value_existence

appropriate_set_value_existenceensures the-value is unspecified only when thiat

D
1

XPRESS specification

*

FUNCTION appropriate_set(value_existence

(values_and_locations ) : SET [1:?] OF GENERIC;

type_self : SET [1:?] OF STRING) : BOOLEAN;
LOCAL

i : INTEGER;

END_LQEAL;

REPEAT i := 1 TO HIINDEX (values_and_locations);

IF NOT (appropriate_value_existence

(values_and_locations[il.simple value, type_self))

THEN
RETURN (FALSE);
END_IF;
END_REPEAT

RETURN (TRUE);

END_FUNCTION,;

(*
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Argument definitions

values_and_locations:identifies the SET of values to be checked for existence.

type_self: identifies thestate_definition

6 Qo 7 annron
O. 1 CLIJIJIUP

definition.defined_stateis anoutput_request_statefor a LIST ofvalues_and_locations

EXPRESS specification

")

FUNCTION appropriate_list_value_existence

(values . LIST [1:?] OF GENERIC;

type_self : SET [1:?] OF STRING) :BOOLEAN;
LOCAL

i : INTEGER;

END_LOCAL;

REPEAT i := 1 TO HIINDEX (values);

IF NOT (appropriate_value_existence~(values]i], type_self)) THEN
RETURN (FALSE);
END_IF;
END_REPEAT;

RETURN (TRUE);
END_FUNCTION;
(*

Argument definitions

values: identifies the LIST of values to be checked for existence.

type/self: identifies thestate_definition

A| appropriate_set_value_existenceensures the value is unspecified only when, ttat

11°]
1
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6.8.8 appropriate_value_existence

An appropriate_value_existence ensures the value is unspecified only when th&ate_-
definition.defined_stateis anoutput_request_state

E\Inhl_(\(‘ H '
NN oo opJTUIILAUUTI

")
FUNCTION appropriate_value_existence

(a_value_e . GENERIC;

type_self : SET [1:?] OF STRING) : BOOLEAN;
LOCAL

feacr : STRING;

value_typeof : SET [1:?] OF STRING;
END_LOCAL;

feacr := 'FINITE_LELEMENT_ANALYSIS_CONTROL_AND~RESULT_SCHEMA.’;
value_typeof := TYPEOF(a_value_e);

IF (((feacr + 'OUTPUT_REQUEST_STATE’) IN type_self) AND
NOT ((feacr + 'UNSPECIFIED_VALUE’) INYalue_typeof)) THEN
RETURN (FALSE);

END_IF;

RETURN (TRUE);

END_FUNCTION;

(*

Argument definitions

a|value_e:identifies\the value to be checked for proper type.

type_self: identifies thestate_definition

EXPRESS specification

*)
END_SCHEMA; -- finite_element_analysis_control_and_result_schema

(*
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7 FEA scalar vector tensor schema

The following EXPRESS declaration begins flea_scalar_vector_tensor_schemand identifies the

necessary external references.

E\Ir\l—\r—r\r\ H i
NN oo opJTUITTLAtiVvTl

SCHEMA fea_scalar_vector_tensor_schema;

REFERENCE FROM measure_schema
(context_dependent_measure);

REFERENCE FROM representation_schema
(representation_item);

(*

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

measure_schema ISO 10303-41
representation_schema ISO 10303-43
711 Introduction

The subject of théea_scalar_vector _ tenisor_schema the definition of the scalars, vectors (firs
tensors) and tensors that are necessary to represent the input and output of finite element ar]

712 Fundamental concepts and assumptions

Thhe fundamental copcepts and assumptions include the concept that units are assigned in a
thie value of the measure is assigned directly.

713 EEA scalar vector tensor schema type definitions: The FEA
representation of scalars, vectors, and tensors

order
alyses.

context, and

Finite element analysis requires scalars, 2D and 3D vectors, and 2D and 3D second and

fourth order

tensors to represent the input and output of finite element analyses. The 3D fourth order tensors are used

for material response, and are documented in 7.4.

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

An angular_valueis a zero order tensor representing the magnitude of an angular value about an axis.

Informal propositions

IH1: the axis shall be th& — azis of the founding placement of the referencingdign

EXPRESS specification

")
TYPE angular_value =
context_dependent_measure;
END_TYPE;

(*
713.2 scalar

Alscalaris a zero order tensor.

EXPRESS specification

TYPE scalar =
context_dependent_measure,
END_TYPE;

713.3 tensorl

Altensorlis afirst order tensor, or vector.

EXPRESS specification

*

)

TYPE tensorl = SELECT
(tensorl_2d,
tensorl_3d);

END_TYPE;

(*
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A

3.4 tensorl_2d

tensorl_2dis a first order tensor, or vector in 2D space.

EXPRESS specification

")
T

E
(*

E

ISO 10303-104:2000(E)

PE tensorl 2d =
ARRAY [1:2] OF context_dependent_measure;
ND_TYPE;

humerated item definitions

A
A

7

A

E

RRAY[1]: the 1 component of the tensor.
RRAY[2]: the 2 component of the tensor.

3.5 tensorl 3d

tensorl_3dis a first order tensor, or vector, in.3D space.

KPRESS specification

")

E
(*

E

PE tensorl 3d =
ARRAY [1:3] OF context_dependent_measure;
ND_TYPE;

humerated.item definitions

A
A

RRAY[1]* the 1 component of the tensor.
RRAY[2]: the 2 component of the tensor.

ARRAY[3]: the 3 component of the tensor.

(©I1S0O 2000 — All rights reserved
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7.

A

A 2D second order tensey; is the relationship between two 2D vectgtsandn;, as shown below:

E

3.6 symmetric_tensor2_2d

symmetric_tensor2_2ds a symmetric second order tensor in 2D space.

2
fi= Zsijnj for 1=1,2

i=1

XPRESS specification

A

E

PE symmetric_tensor2_2d = SELECT
(anisotropic_symmetric_tensor2_2d);
ND_TYPE;

3.7 anisotropic_symmetric_tensor2  2d

N anisotropic_symmetric_tensor2_2ds an apisotropic symmetric second order tensor in 2D

XPRESS specification

E

PE anisotropic_symmetric_tensor2_2d =
ARRAY [1:3] OF context; dependent_measure;
ND_TYPE;

humerated'item definitions

A
A

RRAY[1]: the 11 component of the tensor.

RRAY[2]: the 22 component of the tensor.

ARRAY[3]: the 12 component of the tensor.

402

space.
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7.3.8 symmetric_tensor2_3d

A symmetric_tensor2_3ds a symmetric second order tensor in 3D space.

A 3D second order tenser; is the relationship between two 3D vectgtsandn;, as shown below:

3
fi= Zsijnj for :=1,3

i=1

EXPRESS specification

*
)
TYPE symmetric_tensor2_3d = SELECT
(isotropic_symmetric_tensor2_3d,
orthotropic_symmetric_tensor2_3d,
anisotropic_symmetric_tensor2_3d);
END_TYPE;

713.9 Isotropic_symmetric_tenser2_3d

An isotropic_symmetric_tensor2_3ds an.isotropic symmetric second order tensor in 3D spac
is|characterized by one independent value.

Tlhe values is a term in the tensor as follows:

o O w
o O
n O O

EXPRESS ‘specification

")

e, which

TYPE—tsotroptc—symmetric—tensor2—3d—=
context_dependent_measure;
END_TYPE;

(*
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7.3.10 orthotropic_symmetric_tensor2_3d

An orthotropic_symmetric_tensor2_3dis an orthotropic symmetric second order tensor in 3D space,
which is characterized by three independent values.

The valuess i, s22, andsss are terms in the tensor as follows:

S11 0 0
0 599 0
0 0 533

EXPRESS specification

TYPE orthotropic_symmetric_tensor2_3d =
ARRAY [1:3] OF context_dependent_measure;
END_TYPE;

Enumerated item definitions

ARRAY[1]: the tensor components; defined above.
ARRAY[2]: the tensor components, defined above.
ARRAY[3]: the tensor componeriss defined above.

713.11 anisotropic) symmetric_tensor2_3d

Ap anisotropic_symmetric_tensor2_3ds an anisotropic symmetric second order tensor in 3D|space.

EXPRESS specification

*)
TYRE, anisotropic_symmetric_tensor2_3d =
ARRAY [16] OF coniext_dependent_measure,

END_TYPE;
(*
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Enumerated item definitions

ARRAY[1]: the 11 component of the tensor.

ARRAY[2]: the 12 component of the tensor.

ARRAY[3]: the 13 component of the tensor.

A
A
A

7
A

A
sh

E

RRAY[4]: the 22 component of the tensor.
RRAY[5]: the 23 component of the tensor.
RRAY[6]: the 33 component of the tensor.
3.12 symmetric_tensor4_2d

symmetric_tensor4_2ds a symmetric fourth order tensor in 2D space!

2D fourth order tensot;;1; is the relationship between two 2Dsecond order tensgrande;;,
own below:

2
5 = Z Zdijklekl forve=1,2and 7 =1,2
k=11=1

XPRESS specification

A

PE symmetric_tensord _2d = SELECT
(anisotropic_symmetric_tensor4_2d);
ND_TYPE;

3.13 anisotropic_symmetric_tensor4_2d

N anisotropiC” symmetric_tensor4_2ds an anisotropic symmetric fourth order tensorin 2D s

as

pace.

E

XPRESS specification

*)

TYPE anisotropic_symmetric_tensor4_2d =

ARRAY [1:6] OF context_dependent_measure;

END_TYPE;

(*
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Enumerated item definitions

ARRAY[1]: the 1111 component of the tensor.
ARRAY[2]: the 1122 component of the tensor.
ARRAY[3]: the 1112 component of the tensor.

ARRAY[4]: the 2222 component of the tensor.
ARRAY[5]: the 2212 component of the tensor.
ARRAY[6]: the 1212 component of the tensor.

7(3.14 tensor_type

Altensor_typeis the value of a field variable.

EXPRESS specification

*
)
TYPE tensor_type = SELECT

(scalar,

angular_value,

tensorl_2d,

tensorl 3d,

anisotropic_symmetric_tensor2_2d,
isotropic_symmetric_tensor2_3d,
orthotropic_symmetric_tensor2_3d,
anisotropic_symmetric_tensor2_3d,
anisotropic_symmetric_tenser4 2d,

anisotropic_symmetric tensor4_3d,
fea_isotropic_symmetric-tensor4_3d,
fea_iso_orthotropie_symmetric_tensor4_3d,

fea_transverse Aseotropic_symmetric_tensor4_3d,
fea_column_qormalised_orthotropic_symmetric_tensor4_3d,

END_TYPE;
(*

fea_columnsZnormalised_monoclinic_symmetric_tensor4_3d);

406
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7.4 FEA scalar vector tensor schema type definitions: The FEA
representation of a fourth order material response tensor

The following TYPEs are used to specify material response in 3D space.

741 qymmptrir‘_fpnand_?d

Alsymmetric_tensor4_3ds a symmetric fourth order material response tensor in 3D space; A
order tensotl;;; represents the relationship between two 3D second order tensarse;;,.as sh
beglow:

3
5 = Z Zdijklekl fore=1,3and 7 =1,3
k=11=1

In[finite element analysis itis common to represent a symmetric 3D second orderserasoa(6) ar
S{, with terms:

Cprrespondingly, a symmetric 3D fouirth order tenégy; is represented as a symmetficx 6) ma
Dy; with terms:

dllll d1122 d1133 d1112 d1123 d1131
d2222 d2233 d2212 d2223 d2231
d3333 d3312 d3323 d3331
d1212 d1223 d1231
Symmetric d2323 d2331
d3131

Npte that-if:

— “g;; is stress, witH6) array representatio$i;

BD fourth
DWN

ray

rix

— ¢g;; Is strain;
— «yy is the coefficient of linear thermal expansion;
— T istemperature;

— (i is the coefficient of linear moisture expansion;
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M is moisture content;

d;;r is elasticity, with(6 x 6) matrix representatiof; ;,

then:

3
Zd'J‘II(A II—O/IIAT—BIIAM\ fOFi:1 Rand 17=1.3

Mw

Aa

amd in contracted notation:

A

wpereL’; is the engineering representation of the strain with components:

nents of its engineering representation.

EXPRESS specification

7

o
Il

11l=1

6
=> Di(k;— E;" — EM)yfori=1,6
=1

2812
2823
2831

second order tensor shall be represented by.its true mathematical components, and not by

")

E
(*

PE symmetric_tensor4 (3d~= SELECT
anisotropic_symmetric—tensor4_3d,
fea_isotropic_symmnietric_tensor4_3d,
fea_iso_orthotropie>symmetric_tensor4_3d,

fea_transversé. isotropic_symmetric_tensor4_3d,
fea_column_normalised_orthotropic_symmetric_tensor4_3d,
fea_colufmm' _normalised_monoclinic_symmetric_tensor4_3d);
ND_TYPE;

408

the compo-
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7.4.2 anisotropic_symmetric_tensor4_3d

An anisotropic_symmetric_tensor4_3ds an anisotropic symmetric fourth order tensor in 3D space.

EXPRESS specification

TYPE anisotropic_symmetric_tensor4_3d =
ARRAY [1:21] OF context_dependent_measure;
END_TYPE;

m

humerated item definitions

RRAY[1]: the 1111 component of the tensor.
RRAY[2]: the 1122 component of the tensor.
RRAY[3]: the 1133 component of the tensor.
RRAY[4]: the 1112 component of the tensor.
RRAY[5]: the 1123 component of the tensor.
RRAY[6]: the 1131 component of the tensor:
RRAY[7]: the 2222 component of the tensor.
RRAY[8]: the 2233 component efthe tensor.
RRAY[9]: the 2212 component of the tensor.
RRAY[10]: the 2223 component of the tensor.
RRAY[11]: the 2231 component of the tensor.
RRAY[12]: the 8333 component of the tensor.
RRAY[13]: _the'3312 component of the tensor.
RRAY[14]./ the 3323 component of the tensor.
RRAY[15]: the 3331 component of the tensor.

D OAN/[1 A1 oo 40949 b oL Ll +
RAT[LO]. U L2122 CUIMTTPUTTCTIU UT UTE tETISUL.

ARRAY[17]: the 1223 component of the tensor.
ARRAY[18]: the 1231 component of the tensor.
ARRAY[19]: the 2323 component of the tensor.
ARRAY|[20]: the 2331 component of the tensor.
ARRAY|[21]: the 3131 component of the tensor.

> > x» > > T > T > T > > > > >
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7.4.3 fea_isotropic_symmetric_tensor4_3d

An fea_isotropic_symmetric_tensor4_3ds an isotropic symmetric fourth order tensor in 3D space,
which is characterized by two independent values.

The valued” andv give terms in thé6 x 6) array representation of thieverseof the tensor as follows:

1 v v
— 2 _Z 9 0 o
E E E
! “ 0 0 o0
E B
1
— 0 0 0
I3
Lo o
G
tri Ly
symmeilric —
Y G
1
G
wnere I
G=N" _
2(1+v)

For an elasticity tensor:

— Fis the Young’s modulus;
— v is the Poisson’s ratio;
— ( is the shear modulus;

— the termséare shown for the inverse of an elasticity tensor, which is a compliance tensor.

EXPRESS specification

")

TYPE fea_isotropic_symmetric_tensor4_3d =
ARRAY [1:2] OF context_dependent_measure;

END_TYPE;

(*
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Enumerated item definitions

ARRAY[1]: the termF defined above, which is the Young’s modulus for an elasticity tensor.

ARRAY[2]: the termv defined above, which is the Poisson’s ratio for an elasticity tensor.

7 A_A fon 1o A
. r IcAA 10U U

An fea_iso_orthotropic_symmetric_tensor4_3ds an iso-orthotropic symmetric fourth order tepsor in
3D space, which is characterized by three independent values.

The valuest, v, andG' give terms in theg6 x 6) array representation of theverse of the tensqgr as
follows:

1 v v
r r 8 200
! Yo 0 o
E B
Loy oo
I3
L
=0 0
G
G Ly
symmerric 00 o—
Y G
1
G

For an elasticity tensor:

— Fisthe Young’s medulus;
— v isthe Poissen’s ratio;

—  ( is the'shear modulus;

—t theterms are shown for the inverse of an elasticity tensor, which is a compliance tensor.

EXPRESS specification

")

TYPE fea_iso_orthotropic_symmetric_tensor4_3d =
ARRAY [1:3] OF context_dependent_measure;

END_TYPE;

(*
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Enumerated item definitions

ARRAY[1]: the termF defined above, which is the Young’s modulus for an elasticity tensor.

ARRAY[2]: the termv defined above, which is the Poisson’s ratio for an elasticity tensor.

ARRAY[3]: the term(' defined above, which is the shear modulus for an elasticity tensor.

7

A
te

T
tel

w

F

4.5 fea_transverse_isotropic_symmetric_tensor4_3d

n fea_transverse_isotropic_symmetric_tensor4_3id a transverse isotropic symmetric fourth
nsor in 3D space, which is characterized by five independent values.
ne valuesty, Ey, vy, vy, andGy, give terms in thg6 x 6) array representation of theverse of
nsor as follows:
1 Vil Vil
—_— —— —— 0 0 0
Ey By By
1 Uyt
— —— 0 0 0
Ett Ett
! 0 0 0
Ett
! 0 0
G
tri ! 0
SYTRIYELTIC —_—
Gtt
1
G
here 5
Gtt — it
2(1 —|— Vtt)
Dr an elasticity tensor:

Eisthe longitudinal Young’s modulus;

2 is the Paisson’s ratio for strains in the transverse direction when ||nim(i;=|lly stressed

verse direction;

— FEy is the transverse Young’'s modulus;

uniaxially strained in the longitudinal direction;

— Gy isthe modulus for shear in the longitudinal - transverse plane;

412

order

he

in a trans-

vy is the ratio between strain in a transverse direction to strain in the longitudinal direction when
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— the 1 axis is longitudinal,

— the 2 and 3 axes are transverse;

— the terms are shown for the inverse of an elasticity tensor, which is a compliance tensor.

E

XPRESS specification

")

E
(*

E

PE fea_transverse_isotropic_symmetric_tensor4_3d =
ARRAY [1:5] OF context_dependent_measure;
ND_TYPE;

humerated item definitions

A

A
tiq
A
el

A

A
\:

7

A
Sy

T
off

am elasticity tensor.

directions for an elasticity tensor.

RRAY[1]: the termFE; defined above, which is the Young’simodulus in the longitudinal direg

RRAY[2]: the termvy, defined above, which is the Ppisson’s ratio in the transverse plane fo
ity tensor.

RRAY[3]: the termF; defined above, whicltis the Young’s modulus in a transverse directi
psticity tensor.

RRAY[4]: the termyy; defined above;which is the Poisson’s ratio between transverse and lo

RRAY[5]: the term(;, defined above, which is the modulus for shear between longitudinal 8
rse directions for an elasticCity tensor.

4.6 fea_column_normalised_orthotropic_symmetric_tensor4_3d

mmetric fourth order tensor in 3D space, characterized by nine independent values.

ne valued, Fag, Fss, 12, Va3, V31, G2, Gzs, andG's; give terms in thé6 x 6) array represent
theinverseof the tensor as follows:

tion for

r an elas-

bn for an

ngitudinal

nd trans-

n fea_columnknormalised_orthotropic_symmetric_tensor4_3ib a column normalised orthofropic

Ation
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For an elasticity tensor:

direction, ;o = —=5/1 Whens;; = 0.fQr 7, j # 1;

direction, ;3 = —e3/<; whens;; = 0for i, j # 1;

direction;v,3 = —g3/s; whens;; = 0 for ¢, j # 2;
— (19 is the madulus for shear in the 1-2 plane;
— (o3 isthe'modulus for shear in the 2-3 plane;

—  (@3(is the modulus for shear in the 3-1 plane;

— Fyy is the Young’'s modulus in the 1 axis direction;
—  Fy is the Young’'s modulus in the 2 axis direction;

— FEjs3is the Young’'s modulus in the 3 axis direetion;

—_— —— —— 0 0 0
Ell E22 E33
1 V33
— —— 0 0 0
E22 E33
1 L L L
— O O O
E33
1 0 0
G12
tre 1 0
symmetric —_—
/ G
1
G(31

— vy is the Poisson’s ratio for transverse strain in the 2 direction when uniaxially stressead in the 1

— 113 is the Poisson’s ratio for transverse strain in the 3 direction when uniaxially stressead in the 1

—  1»3 is the Poisson’s ratie for transverse strain in the 3 direction when uniaxially stressed in the 2

— the terms are shown for the inverse of an elasficity tensor, which is a compliance tensor.

NOTE The Poisson’s ratio convention used here and symmetry resiligin = £;;v;;.
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EXPRESS specification

")

TYPE fea_column_normalised_orthotropic_symmetric_tensor4_3d =
ARRAY [1:9] OF context_dependent_measure;

END_TYPE;

(*

Enumerated item definitions

ARRAY[1]: thetermF;; defined above, which is the Young's modulusin the 1 direction for an ¢
tejnsor.

ARRAY[2]: thetermF,; defined above, which is the Young's modulusinthe 2 direction for an ¢
tejnsor.

ARRAY[3]: thetermF’s; defined above, which is the Young's modulus in the 3 direction for an ¢
tejnsor.

ARRAY[4]: the termv,, defined above, which is the Poissen’s ratio between the 1 and 2 dire
n elasticity tensor.

Q

>

RRAY[5]: the termvy; defined above, which is the'Poisson’s ratio between the 1 and 3 dire
n elasticity tensor.

Q

>

RRAY[6]: the termv,; defined above, whicl is the Poisson’s ratio between the 2 and 3 dire
n elasticity tensor.

Q

>

RRAY([7]: the term(/;, defined abeve, which is the modulus between the 1 and 2 directio
elpsticity tensor.

ARRAY[8]: the term('y3 defined above, which is the modulus between the 2 and 3 directio
elpsticity tensor.

ARRAY[9]: the term¢éis{ defined above, which is the modulus between the 3 and 1 directio
elpsticity tensor.

714.7 fea_column_normalised_monoclinic_symmetric_tensor4_3d

An fea ‘column_normalised_monoclinic_symmetric_tensor4_3d a column normalised mono

lasticity

lasticity

lasticity

ctions for

ctions for

ctions for

ns for an

ns for an

ns for an

clinic
ues.

symmetric fourth order tensor in 3D space, which is characterized by thirteen independent v

The valuestl; |, Ey, Eas, 112, V13, Vo3, Gas, Ga1, G2, V112, V2,12, V3,12, andr,s 31 give terms in
(6 x 6) array representation of ttieverseof the tensor as follows:

(©I1SO 2000 — All rights reserved
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1 rme  vis n 0 0
E Eao Esz Gy
R _ Y3 212 0 0
Eao FEayy Gy
A R Q
Esz G
L 0 0
Gia
symmetric i V23,31
Gz G
1
G

For an elasticity tensor:

F'11 is the Young’'s modulus in the 1 axis direction;
F55 is the Young’'s modulus in the 2 axis direction;
F33 is the Young’'s modulus in the 3 axis direction;

v1o is the Poisson’s ratio for transverse. strain in the 2 direction when uniaxially stresse
direction,E 191 = Eayvy9;

v13 is the Poisson’s ratio for transverse strain in the 3 direction when uniaxially stresse
direction,F1v3; = E3313;

vo3 IS the Poisson’s ratio for transverse strain in the 3 direction when uniaxially stresse
direction,Foyr39 = Fsivgs;

(93 is the modulus for shear in the 2-3 plane;
(31 is thexmodulus for shear in the 3-1 plane;

(G12Ys'the modulus for shear in the 1-2 plane;

Y1 12 1S the coupling between the 1 axis extension and shear in the 1-2 plane, > = G114

dinthe 1

dinthe 1

din the 2

1)

416

9,12 IS the coupling between the 2 axis extension and shear in the 1-2 plang, ; = G2vi2,2;

vs 12 IS the coupling between the 3 axis extension and shear in the 1-2 plang,; = Gi2v12,3;

93,31 IS the coupling between shears in the 2-3 and the 3-1 pléhgs,s 31 = G13v3; 23;

the terms are shown for the inverse of an elasticity tensor, which is a compliance tensor.
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EXPRESS specification

")

TYPE fea_column_normalised_monoclinic_symmetric_tensor4_3d =

ARRAY [1:13] OF context_dependent_measure;

END_TYPE;

(*

Enhumerated item definitions

ARRAY[1]: thetermF; defined above, which is the Young’s modulusin the 1 direction for an ¢lasticity
tejnsor.

ARRAY[2]: thetermF; defined above, which is the Young’s modulus inthe 2 direction for an ¢lasticity
tejnsor.

ARRAY[3]: thetermF’s; defined above, which is the Young’s modulus in the 3 direction for an ¢lasticity
tejnsor.

ARRAY[4]: the termv;, defined above, which is the Poissen’s ratio between the 1 and 2 diregtions for
am elasticity tensor.

ARRAY[5]: the termv;3 defined above, which is the'Poisson'’s ratio between the 1 and 3 diregtions for
am elasticity tensor.

ARRAY[6]: the termv,3 defined above, whiclris the Poisson’s ratio between the 2 and 3 diregtions for
am elasticity tensor.

ARRAY[7]: the term('y3 defined above, which is the modulus between the 2 and 3 directiops for an
elpsticity tensor.

ARRAY[8]: the term('s; defined above, which is the modulus between the 3 and 1 directiops for an
elpsticity tensor.

ARRAY[9]: the term¢&iy4 defined above, which is the modulus between the 1 and 2 directiops for an
elpsticity tensor.

ARRAY[10]: the'termy, ;, defined above, which is the coupling between 1 extension and 1/2 plane
shear for an\glasticity tensor.

ARRAY{I1]: the termy, ;. defined above, which is the coupling between 2 extension and 1/2 plane

sh

ear for an elasticity tensor.

ARRAY[12]: the termys;;, defined above, which is the coupling between 3 extension and 1/2 plane
shear for an elasticity tensor.

ARRAY[13]: the termvys 3; defined above, which is the coupling between 2/3 and 3/1 plane shear for
an elasticity tensor.

(©I1SO 2000 — All rights reserved
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7

.5

representation

7

A

5.1 tensor_representation_item

FEA scalar vector tensor schema entity definitions: Tensor

tensor rnlnmcnnfn'rinn itemis the value of a field variable within the context of a representa ion.

E

XPRESS specification

A

NTITY tensor_representation_item

SUBTYPE OF (representation_item);
tensor_value . tensor_type;
ND_ENTITY;

tribute definitions

te

E

nsor_value: the value for the field variable.

XPRESS specification

*
E
(*

ND_SCHEMA,; -- fea_scalar_vector) tensor_schema

418
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Annex A
(normative)

Short names of entities

Table A.1 provides the short names of entities specified in this part of ISO 10303. Requirements on the
use of short names are found in the implementation methods included in ISO 10303.
Table A.1 — Short names of entities
Entity names PShort nameg
ALIGNED_AXIS_TOLERANCE ALAXTL
ALIGNED_CURVE_3D_ELEMENT_COORDINATE_SYSTEM AC3ECS
ALIGNED_SURFACE_2D_ELEMENT_COORDINATE_SYSTEM AS2ECS
ALIGNED_SURFACE_3D_ELEMENT_COORDINATE_SYSTEM AS3ECS
ANALYSIS_ITEM_WITHIN_REPRESENTATION AIWR
ANALYSIS_MESSAGE ANLMSS
ANALYSIS_STEP ANLSTP
ARBITRARY_VOLUME_2D_ELEMENT_COORDINATE_SYSTEM AV2ECS
ARBITRARY_VOLUME_3D_ELEMENT_COORDINATE_SYSTEM AV3ECS
AXISYMMETRIC_2D_ELEMENT_PROPERTY A2EP
AXISYMMETRIC_CURVE_2D_ELEMENTZDESCRIPTOR AC2ED
AXISYMMETRIC_CURVE_2D_ELEMENT_REPRESENTATION AC2ER
AXISYMMETRIC_SURFACE_2D_ELEMENT_DESCRIPTOR AS2ED
AXISYMMETRIC_SURFACE_2D.\ELEMENT_REPRESENTATION AS2ER
AXISYMMETRIC_VOLUME_2B’ ELEMENT_DESCRIPTOR AV2ED
AXISYMMETRIC_VOLUME.2D_ELEMENT_REPRESENTATION AV2ER
CALCULATED_STATE CLCSTT
CONSTANT_SURFACE’ 3D_ELEMENT_COORDINATE_SYSTEM CS3ECS
CONSTRAINT_EEEMENT CNSELM
CONTROL CNTRL
CONTROL_ANALYSIS_STEP CNANST
CONTROL~LINEAR_MODES_AND_FREQUENCIES_ANALYSIS_STEP | CLMAFA
CONTROL_LINEAR_MODES_AND_FREQUENCIES_PROCESS CLMAFP
CONTROL_LINEAR_STATIC_ANALYSIS_STEP CLSAS
CONTROL_LINEAR_STATIC_ANALYSIS_STEP_WITH_HARMONIC CLSASW
CONTROL_LINEAR_STATIC_LOAD_INCREMENT_PROCESS CLSLIP
CONTROL_PROCESS CNTPRC
CONTROL_RESULT_RELATIONSHIP CNRSRL
CURVE_2D_ELEMENT_BASIS C2EB
CURVE_2D_ELEMENT_CONSTANT_SPECIFIED_VARIABLE_VALUE c2Ccsv
CURVE_2D_ELEMENT_CONSTANT_SPECIFIED_VOLUME_VARIABLE_- C2ECSV
VALUE
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Table A.1 (continued)

\ Entity names | Short names|
CURVE_2D_ELEMENT_COORDINATE_SYSTEM C2ECS
CURVE_2D ELEMENT_FIELD_ VARIABLE_DEFINITION C2EFVD
CURVE_2D_ELEMENT_GROUP C2EG
CURVE 2D _ELEMENT INTEGRATED _MATRIX C2EMM
CURVE_2D ELEMENT_INTEGRATED_MATRIX_WITH_DEFINITION C2EIMW
CURVE_2D _ELEMENT_INTEGRATION C2EI
CURVE_2D_ELEMENT_LOCATION_POINT_VARIABLE_VALUES C2E0
CURVE_2D_ELEMENT_LOCATION_POINT_VOLUME_VARIABLE_ - CZELPV
VALUES
CURVE_2D_ELEMENT_PROPERTY C2EP
CURVE_2D_ELEMENT_VALUE_AND_LOCATION C2EVAL
CURVE_2D_ELEMENT_VALUE_AND_VOLUME_LOCATION C2EVAV
CURVE_2D_NODE_FIELD_AGGREGATED VARIABLE_VALUES C2NFAV
CURVE_2D_NODE_FIELD_SECTION_VARIABLE_VALUES C2NFSV
CURVE_2D NODE_FIELD VARIABLE_DEFINITION C2NFVD
CURVE_2D_ SUBSTRUCTURE_ELEMENT_ REFERENCE C2SER
CURVE_2D_WHOLE_ELEMENT_VARIABLE_VALUE C2WEWV
CURVE_3D_ELEMENT_BASIS C3EB

CURVE_3D_ELEMENT_CONSTANT_SPECIFIED_VARIABLE_VALUE | C3ECSV
CURVE_3D_ELEMENT_CONSTANT_SPECIFIED_VOLUME_VARIABLE_{ C3CSV
VALUE

CURVE_3D_ELEMENT_DESCRIPTOR C3ED
CURVE_3D_ELEMENT_FIELD_VARIABLE_DEFINITION C3EFVD
CURVE_3D_ELEMENT_GROUP C3EG
CURVE_3D_ELEMENT_INTEGRATED_MATRIX C3EIM
CURVE_3D_ELEMENT(INTEGRATED_MATRIX_WITH_DEFINITION C3EIMW
CURVE_3D_ELEMENT) INTEGRATION C3El
CURVE_3D_ELEMENT _LENGTH_INTEGRATION_EXPLICIT C3ELIE
CURVE_3D_ELEMENT _LENGTH_INTEGRATION_RULE C3ELIR
CURVE_3D.ELEMENT_LOCATION_POINT_VARIABLE_VALUES C3LPV
CURVE_3D. ELEMENT_LOCATION_POINT_VOLUME_VARIABLE_- C3ELPV
VALUES

CURVE_3D_ELEMENT_NODAL_SPECIFIED_VARIABLE_VALUES C3ENSV
CURVE_3D_ELEMENT_POSITION_WEIGHT C3EPW
EURVE 3D—ELEMENT PROPERTY E3EP
CURVE_3D_ELEMENT_REPRESENTATION C3ER
CURVE_3D_ELEMENT_VALUE_AND_LOCATION C3EVAL
CURVE_3D_ELEMENT_VALUE_AND_VOLUME_LOCATION C3EVAV
CURVE_3D_NODE_FIELD_AGGREGATED_VARIABLE_VALUES C3NFAV
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Table A.1 (continued)

\ Entity names | Short names|
CURVE_3D_NODE_FIELD_SECTION_VARIABLE_VALUES C3NFSV
CURVE_3D_NODE_FIELD VARIABLE_DEFINITION C3NFVD
CURVE_3D_SUBSTRUCTURE_ELEMENT_REFERENCE C3SER
CURVE _3D_WHOLE_ELEMENT _VARIABLE _VALUE C3WEVV
CURVE_CONSTRAINT CRVCNS
CURVE_ELEMENT_END_GFSET CEEO
CURVE_ELEMENT_END_ RELEASE CEER
CURVE_ELEMENT_END_ RELEASE_PACKET CEERP
CURVE_ELEMENT _INTERVAL CRELIN
CURVE_ELEMENT INTERVAL_CONSTANT CEIC
CURVE_ELEMENT _INTERVAL_LINEARLY_VARYING CEILV
CURVE_ELEMENT_LOCATION CRELLC
CURVE_ELEMENT_SECTION_DEFINITION CESD
CURVE_ELEMENT_SECTION_DERIVED_DEFINITIONS CESDD
CURVE_FREEDOM_ACTION_DEFINITION CFAD
CURVE_FREEDOM_AND_VALUE_DEFINITION CFAVD
CURVE_FREEDOM_VALUES CRFRVL
CURVE_SECTION_ELEMENT_LOCATION CSEL
CURVE_SECTION_INTEGRATION_EXPLICIT CSIE
CURVE_VOLUME_ELEMENT_LOCATION CVEL
CYLINDRICAL_SYMMETRY_CONTROL CYSYCN
DIRECTIONALLY_EXPLICIT_ELEMENT_COEFFICIENT DEEC
DIRECTIONALLY_EXPLICIT_ELEMENT_COORDINATE_SYSTEM - DCS
ALIGNED
DIRECTIONALLY_EXPLICH _ELEMENT_COORDINATE_SYSTEM - DEECSA
ARBITRARY
DIRECTIONALLY_EXRLICIT_ELEMENT_REPRESENTATION DEER
DIRECTION_NODE DRCND
DUMMY_NODE DMMND
ELEMENT _ANALYSIS MESSAGE ELANMS
ELEMENT.DEFINITION ELMDFN
ELEMENT DESCRIPTOR ELMDSC
ELEMENT GEOMETRIC_RELATIONSHIP ELGMRL
ELEMENT_GROUP ELMGRP
ELEMENT GROUPANALYSIS MESSAGE EGAM
ELEMENT_MATERIAL ELMMTR
ELEMENT_NODAL_FREEDOM_ACTIONS ENFA
ELEMENT_NODAL_FREEDOM_TERMS ENFT
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Table A.1 (continued)

\ Entity names | Short names|
ELEMENT_REPRESENTATION ELMRPR
ELEMENT_SEQUENCE ELMSQN
EULER_ANGLES ELRANG
EXPOCIT_ECEMENT_MATRIX EXECMT
EXPLICIT_ELEMENT_REPRESENTATION EXELRR
FEA_AREA_DENSITY FARDN
FEA_AXIS2_PLACEMENT_2D FAR2
FEA_AXIS2_PLACEMENT_3D FAP3
FEA_CURVE_SECTION_GEOMETRIC_RELATIONSHIP FCSGR
FEA_GROUP FGRP
FEA_GROUP_RELATION FGRRL
FEA_LINEAR_ELASTICITY FLNEL
FEA_MASS_DENSITY FMSDN
FEA_MATERIAL_PROPERTY_GEOMETRIC_RELATIONSHIP FMPGR
FEA_MATERIAL_PROPERTY_REPRESENTATION FMPR
FEA_MATERIAL_PROPERTY_REPRESENTATIONLTEM FMPRI
FEA_MODEL FMDL
FEA_MODEL_2D FMD2D
FEA_MODEL_3D FMD3D
FEA_MODEL_DEFINITION FMDDF
FEA_MOISTURE_ABSORPTION FMSAB
FEA_PARAMETRIC_POINT FPRPN
FEA_REPRESENTATION_ITEM FRPIT
FEA_SECANT_COEFFICIENT_OF_LINEAR_THERMAL_EXPANSION FSCOLT
FEA_SHELL_BENDING_STIFFNESS FSBS
FEA_SHELL_MEMBRANE: BENDING_COUPLING_STIFFNESS FSMBCS
FEA_SHELL_MEMBRANE_STIFFNESS FSMS
FEA_SHELL_SHEAR_STIFFNESS FSSS
FEA_SURFACE~SECTION_GEOMETRIC_RELATIONSHIP FSSGR
FEA_TANGENTIAL_COEFFICIENT_OF_LINEAR_THERMAL_EXPANSIONFTCOLT
FIELD_VARIABLE_DEFINITION FLVRDF
FIELD\VARIABLE_ELEMENT_DEFINITION FVED
FIEED: VARIABLE_ELEMENT_GROUP_VALUE FVEGV
EIELD_VARIABLE_NODE_DEFINITION FVND

FIELD_VARIABLE_WHOLE_MODEL_VALUE FVWMY
FREEDOMS_LIST FRDLST
FREEDOM_AND_COEFFICIENT FRANCF
GEOMETRIC_NODE GMTND
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