Industry Foundation Class
STEP Files (IFC) Reader

The IFC Reader allows the Feature Manipulation Engine (FME) to read Industry Foun-
dation Classes (IFC) Standard for the Exchange of Product model data Files (STEP-
Files). IFC is a vendor neutral Building Information Modeling data model and the ISO
10303 STEP-File standard is its primary exchange format.

The FME format keyword is IFC.

Overview

The IFC specification is promoted and published by International Alliance for Interop-
erability (IAI). The IFC model specification is published in the ISO 10303 EXPRESS data
modelling language. Data is exchanged through the ISO 10303 STEP-File plain-text
format.

The IFC Reader module support IFC specification version 2x, 2x2, and 2x3.

An IFC dataset is a collection of entity instances of entity classes. All class instances
that descend from IfcRoot are mapped to features in FME. There are three fundamental
class types in the IFC model:

e Descendants of IfcObject stands for all physically tangible and existing items, and
conceptual items, such as processes and resources. IfcProduct is a subtype of
IfcObject and descendants of IfcProduct are the only classes that may have a geo-
metric representation.

e Descendants of IfcRelationship describe relationships between objects.

e Properties are descendants of IfcPropertyDefinition and are characteristics that
may be assigned to objects.

Instances are uniquely identified by an instance name inside a STEP-File dataset. In-
stance names appear in attributes that reference other instances.

The attributes of IFC classes are fixed. However, objects can be extended by proper-
ties. Properties may have predefined structures defined by the IFC model, or they can
be dynamically defined inside a dataset.

A collection of properties forms a property set, and the set is assigned to an object

through a relationship instance. In FME, dynamic property set instances are identified
by the Name attribute, and they form feature types according to this attribute. Prop-
erties assigned to these dynamic property sets appear as attributes of feature types.
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IFC Quick Facts

Format Type Identifier IFC

Reader/Writer Reader

Licensing Level Professional

Dependencies None

Dataset Type File

Feature Type IfcRoot classes
Typical File Extensions IFC

Automated Translation Support Yes

User-Defined Attributes Yes

Coordinate System Support No

Generic Color Support No

Spatial Index Never

Schema Required Yes

Transaction Support Never

Enhanced Geometry Yes

Geometry Type ifc_type

Geometry Support

Geometry Supported? Geometry Supported?
aggregate yes point yes
circles yes polygon yes
circular arc yes raster no
donut polygon yes solid yes
elliptical arc yes surface yes
ellipses yes text yes
line yes z values yes
none yes

Reader Overview

The IFC reader will automatically detect the IFC specification version of the data file by
analyzing its header.

To generate the source schema, the IFC Reader will scan through the source file. Each
non-abstract entity descendant from IfcRoot will appear as a source feature type. The
source schema also has feature types for history and identification related entities: If-
cOwnerHistory, IfcPerson, IfcApplication, IfcPersonAndOrganization, and IfcOrganiza-
tion. The source schema will only contain feature types for entities that are instantiated
in the source data file.
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Reader Directives

The directives that are processed by the IFC reader are listed below. The suffixes
shown are prefixed by the current <rReaderkKeyword>_ in a mapping file. By default, the
<ReaderKeyword> for the IFC reader is IFcC.

DATASET
Required/Optional: Required

The value for this directive is the path to the source data file. If the data file does not
exist or if the file is unrecognized by the reader, then the process will fail.

SPLIT_REPRESENTATIONS
Required/Optional: Optional

This directive specifies whether IfcProduct objects associated with multiple IfcSha-
peRepresentation objects will be read as a single FME feature. If the value is NO and
the IfcProduct object is associated with multiple IfcShapeRepresentation objects, then
the geometry of the feature will be a collection of all the geometric representations. If
the value is YES, then the IfcProduct will be split among multiple FME features with
each feature geometrically represented by a single IfcShapeRepresentation object. All
the split features will have the same attributes that are on the IfcProduct object. The
default value of this directive is YES.

IFC_SPLIT_REPRESENTATIONS YES

Workbench Parameter: Split multiple representations

SUBTRACT_OPENINGS
Required/Optional: Optional

This directive specifies whether the reader will subtract IfcOpeningElement represen-
tations from IfcProduct representations that are related together by an IfcRelVoidsEle-
ment object. If the value is YES then the IfcOpeningElement objects will have no
geometry, and IfcProduct representations will have openings as determined by the If-
cRelVoidsElement relationship. If the value is NO then the opening will not be calculat-
ed, and IfcOpeningElement objects will retain their representations. The default value
of this directive is YES.

IFC_SUBTRACT_OPENINGS YES

Workbench Parameter: Subtract Openings

IFCSPACE_GEOMETRY
Required/Optional: Optional

This directive specifies whether the reader will preserve or remove the representations
of IfcSpace features. IfcSpace geometries are virtual areas or volumes that provide for
certain functions within a building. When physical entities are most important, visual-
izing these volumes of space may not be desirable.
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If the value is YES then IfcSpace features will have their defined representations. If the
value is NO, then IfcSpace features will have no geometry. The default value for this
directive is NO.

IFC_IFCSPACE_GEOMETRY NO

Workbench Parameter: Read IfcSpace geometries

CONTEXT_TYPES
Required/Optional: Optional

This directive specifies which geometric representation will be processed by the reader
according to the associated IfcRepresentationContext object’s ContextType attribute.
If this directive is not specified, then all representations will be processed. The format
for values for this directive is a comma-delimited list of ContextType values. If at least
one ContextType value is specified for this directive, then the reader will only process
the representations that are associated with IfcRepresentationContext objects that
have ContextType values that appear in the list specified for this directive. However, if
a 'l character appears by itself in the comma-delimited string, then the reader will not
process the representations associated with representation contexts that matches a
value in the list. If the only value for this directive is ‘!, then all context types will be
processed.

For example, this mapping file statement will direct the reader to only read geometric
representations that are associated with ‘Design’ and ‘Sketch’ representation contexts:

IFC_CONTEXT_TYPES Design, Sketch

This mapping file statement will direct the reader to read all geometric representations
that are not associated with the ‘Sketch’ representation context:

IFC_CONTEXT_TYPES !, Sketch

Workbench Parameter: Representation context types to read

REPRESENTATION_IDENTIFIERS
Required/Optional: Optional

This directive specifies which geometric representation will be processed by the reader
according to the IfcRepresentation object’s Representationldentifier attribute. If this
directive is not specified, then all representations will be processed. The format for val-
ues for this directive is a comma-delimited list of Representationldentifier values. If at
least one RepresentationIdentifier value is specified for this directive, then the reader
will only process the representations that have Representationldentifier values that ap-
pear in the list specified for this directive. However, if a '!" character appears by itself
in the comma-delimited string, then the reader will not process the representations
that matches a value in the list. If the only value for this directive is ‘!’, then all repre-
sentation identifiers will be processed.

For example, this mapping file statement will direct the reader to only read geometric
representations with ‘Axis” and ‘Body’ representation identifiers:

IFC_REPRESENTATION_IDENTIFIERS Axis, Body
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This mapping file statement will direct the reader to read all geometric representations
except for the ones with an ‘Axis’ representation identifier:

IFC_REPRESENTATION_IDENTIFIERS !,Axis

Workbench Parameter: Representation identifiers to read

REPRESENTATION_TYPES
Required/Optional: Optional

This directive specifies which geometric representation will be processed by the reader
according to the IfcRepresentation object’s RepresentationType attribute. If this direc-
tive is not specified, then all representations except for the BoundingBox representa-
tion type will be processed. The format for values for this directive is a comma-
delimited list of RepresentationType values. If at least one RepresentationType value
is specified for this directive, then the reader will only process the representations that
have RepresentationType values that appear in the list specified for this directive. How-
ever, if a'l’ character appears by itself in the comma-delimited string, then the reader
will not process the representations that matches a value in the list. If the only value
for this directive is ‘!, then all representation types will be processed.

Representations can have multiple representation types: specifically, the MappedRep-
resentation type can coexist with other representation types. In this case, all represen-
tation types applicable to the representation must be specified for that representation
to be read.

For example, this mapping file statement will direct the reader to only read geometric
representations with '‘Brep’ and ‘SweptSolid’ representation types:

IFC_REPRESENTATION_TYPES Brep, SweptSolid

This mapping file statement will direct the reader to read all geometric representations
except for the ones with an ‘BoundingBox’ representation type. This is the default value
for this directive and this value will be used if the directive was not specified in the
mapping file:

IFC_REPRESENTATION_TYPES !,BoundingBox

Workbench Parameter: Representation types to read

Feature Representation

IFC features will have attributes that corresponds to the explicit attributes listed in the
EXPRESS entity definitions. Derived attributes and inverse attributes will not appear on
features. However, some inverse attributes are mapped to format specific attributes
for convenience and are listed in the following table.

For IfcProduct objects, the attributes objectPlacement and Representation are
mapped to the format specific attributes ifc_object_placement and
ifc_representation, respectively.

Attributes with attribute type instance are references to other instances. These values
will always start with a *#’ character followed by a number. They will match the value
of the ifc_instance_name attribute of some feature.
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In addition to the generic FME feature attributes that FME Workbench adds to all fea-
tures (see About Feature Attributes on page 7), this format adds the following format-

specific attributes:

Attribute Name

Contents

ifc_instance_name

This attribute contains the unique instance name that corre-
sponds to the feature.

ifc_entity_type

This attribute contains the name of the entity of which the feature
is an instance. The value is equivalent to the feature type name
for most features.

ifc_representation_
identifier

This attribute contains the value of the Representation-
Identifier attribute of the IfcRepresentation object by
which this feature is represented. This attribute is only ap-
plicable when the feature has only one representation.
(See the ifc_representations attribute)

ifc_context_type

This attribute contains the value of the ContextType at-
tribute of the IfcRepresentationContext object with which
the feature’s representation is associated. This attribute is
only applicable when the feature has only one representa-
tion. (See the ifc_representations attribute)

ifc_context_dimension

This attribute contains the value of the CoordinateSpaceDimen-
sion attribute of the IfcGeometricRepresentationContext object
with which the feature’s representation is associated.

ifc_context_precision

This attribute contains the value of the Precision attribute of the
IfcGeometricRepresentationContext object with which the fea-
ture’s representation is associated.

ifc_is_decomposed_by{}

This list attribute contains the instance names of objects that de-
composes the feature according to an IfcRelDecomposes rela-
tionship instance.

ifc_decomposes

This attribute contains the instance name of the object that the
feature decomposes according to an IfcRelDecomposes relation-
ship instance.

ifc_contains{}

This list attribute contains the instance names of objects that is
spatially contained in the feature according to an IfcRelContaine-
dInSpatialStructure relationship instance.

ifc_is_contained_in

This attribute contains the instance name of the object in which
the feature is spatially contained according to an IfcRelContaine-
dInSpatialStructure relationship instance.

ifc_representations{}.
type

This structured list attribute contains the IFC geometry type of
each representation associated with the feature.

ifc_representations{}.
identifier

This structured list attribute contains the representation identifier
(see ifc_representation identifier) of each representation
associated with the feature.
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Attribute Name Contents

ifc_object_placement This attribute contains the instance name of the IfcObjectPlace-
ment object which determines the placement of the feature’s
representation in world coordinates. The IFC Reader will have
processed this object when generating the geometry for the fea-
ture.

ifc_representation This attribute contains the instance name of the IfcRepresenta-
tion object which determines the representation of the feature.
The IFC Reader will have processed this object when generating
the geometry for the feature.

Material Associations

If the feature is associated with an IfcMaterial object through an IfcRelAssociatesMa-
terial relationship object, then the feature will have the following attributes according
to the type of material description.

Association of a single material

Attribute Name Contents

ifc_material .name A string value of the name of the material.

Association of a list of materials

Attribute Name Contents

ifc_material .materi- A string value of the name of a material in the material list.
al{}.name

Association of material layers

Attribute Name Contents

ifc_material.layer{}.name A string value of the name of a material layer in the layer set.

ifc_material.lay- A real number value of the thickness of a material layer in the
er{}.thickness layer set.

ifc_material.lay- A boolean value of either ‘T’ or 'F’ that determines whether the
er{}.is_ventilated material layer is ventilated.

ifc_material.lay- An optional string value of thel name of the layer set.

er{}.layer_set_name

Property Sets

If the feature is a property set object, then its attribute will be IfcProperty objects. The
IfcProperty.Name attribute determines the name of the attribute on the feature. The
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encoding of various types of IfcProperty classes to feature attributes is described in the
following section:

IfcPropertySingleValue

The value of the attribute on the feature is the value of the IfcPropertySingleVal-
ue.NominalValue attribute of the instance.

IfcPropertyEnumeratedValue

The value of the attribute on the feature is the comma-delimited string of the multiple
values of the IfcPropertyEnumeratedValue.EnumerationValues attribute of the in-
stance.

IfcPropertyBoundedValue

The value of the attribute on the feature is the values of the IfcPropertyBoundedValue
attributes LowerBoundValue and UpperBoundValue of the instance arranged in the
form ‘<LowerBoundValue>,<UpperBoundValue>".

IfcPropertylListValue

The value of the attribute on the feature is the comma-delimited string of the multiple
values of the IfcPropertyListValue.ListValues attribute of the instance.

IfcComplexProperty

The IfcComplexProperty object contains multiple IfcProperty objects. Each of the If-

cProperty objects will be encoded by the method described above, but their attribute
names on the feature will be prefixed by the value of the IfcProperty.Name attribute
of the IfcComplexProperty instance.

The following example shows a IFC data file snippet and the resulting FME feature
schema:

#1=IFCPROPERTYSET ($, S, 'Example', "', (#2));
#2=IFCCOMPLEXPROPERTY ( 'Color',$, 'Color', (#3,#4,#5));
#3=IFCPROPERTYSINGLEVALUE ('Red', $, IFCINTEGER(0),$) ;
#4=IFCPROPERTYSINGLEVALUE ('Green', $, IFCINTEGER(0),$) ;
#5=IFCPROPERTYSINGLEVALUE ('Blue', $, IFCINTEGER(0),$) ;

A S A H SO H S R R A R R A R
Feature Type: " Example’

Attribute(string) : "Color.Red' has value "0°'
Attribute(string) : "Color.Green' has value "0
Attribute(string) : "Color.Blue' has value "0

IfcConnectionGeometry

IfcConnectionGeometry objects describe the geometric and topological constraints that
facilitate the connection of two objects. IfcConnectionGeometry objects connect geom-

1162

FME Readers and Writers



etries of features, and such geometries with connections will have the following geom-
etry traits:

Attribute Name Contents

ifc_connects_relating_ele A comma delimited list of instance names of instances that are
ment relate to the geometry.

ifc_connects_related_elem A comma delimited list of instance names of instances to which
ent the geometry relates.

Geometry Representation

The geometry of IFC features is identified by the ifc_type attribute. The valid values
for this attribute are listed and described in the following sections.

Points

ifc_type: ifc_point

The geometry is represented by a single point.

Lines

ifc_type: ifc_line

The geometry is represented by a path. Path segments can be linear or elliptical.
Currently, IfcTrimmedCurve is not supported.

These attributes are common to features with ifc_type of ifc_line, but the attributes
may also appear in features with different ifc_type values.

Attribute Name Contents

ifc_curve_style_name This attribute specifies the name of the specific curve style as-
signed to the geometry.

ifc_curve_style_width This attribute specifies the width of the curve.

ifc_curve_style_color This attribute specifies the color of the curve as a string

7\ 4

in the format “r,g,b” where 'r’, *'g’, and ‘b’ are the red,
green, and blue components respectively specified in the
inverval between 0 and 1.

ifc_curve_style_color.name This attribute specifies the name of the color assigned to the
curve.
ifc_curve_style_font_name This attribute specifies the name of the curve font.

ifc_curve_style_font_pattern This attribute specifies the length of the visible portion of the
.visible curve. The curve will alternate between visible and invisible
segments accordingly.

ifc_curve_style_font_pattern This attribute specifies the length of the invisible portion of the
.invisible curve. The curve will alternate between visible and invisible
segments accordingly.
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Attribute Name Contents

ifc_curve_style_font_scaling This attribute specifies the scaling factor applied to the curve
font.

Polygon
ifc_type: ifc_polygon
The geometry is represented by an enclosed area.

These attributes are common to features with ifc_type of ifc_polygon, but the at-
tributes also may appear in features with different ifc_type values.

Attribute Name Contents

ifc_fill_area_style_name This attribute specifies the name of the specific area fill style as-
signed to the geometry.

ifc_fill_area_style_color This attribute specifies the color of the area fill as a string
in the format “r,g,b” where 'r’, 'g’, and ‘b’ are the red,
green, and blue components respectively specified in the
inverval between 0 and 1.

ifc_fill_area_style_color. This attribute specifies the name of the color assigned to the fill
name area.
ifc_fill_area_style_ This attribute specifies the location of the external resource item.

external_reference.location

ifc_fill_area_style_external This attribute specifies the external resource identifier.
_reference.item_reference

ifc_fill_area_style_external This attribute specifies the optional name of the external re-
_reference.name source item.

Surface
ifc_type: ifc_surface

The geometry is represented by a 3D surface. The surface may consist of multiple fac-
es. Faces in IFC are double-sided; as a result, back-face culling should not be per-
formed on IFC data.

These attributes are common to features with ifc_type of ifc_surface or ifc_solid, but
the attributes may also appear in features with different ifc_type values.

Attribute Name Contents

ifc_surface_style_name This attribute specifies the name of the specific surface style as-
signed to the geometry.

ifc_surface_style_side This attribute specifies the side of the surface geometry to which
this style is assigned.

ifc_surface_style_shading_ This attribute specifies the shading color of the surface.

color
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Attribute Name Contents

ifc_surface_style_diffuse_ This attribute specifies the diffuse transmission color of the sur-
transmission_color face.
ifc_surface_style_diffuse_ This attribute specifies the diffuse reflection color of the surface.

reflection_color

ifc_surface_style_transmissi This attribute specifies the transmission color of the surface.
on_color

ifc_surface_style_ This attribute specifies the reflectance color of the surface.
reflectance_color

Solid
ifc_type: ifc_solid

The geometry is represented by a 3D solid. The outer boundary of the solid is
represented by an enclosed surface. Faces in IFC are double-sided; as a result, back-
face culling should not be performed on IFC data.

Currently, for SweptSolid geometries, only IfcExtrudedAreaSolid is supported. The
IfcRelVoidsElement relationship is not supported: IfcWall geometries may not have
proper recesses and openings.

Text
ifc_type: ifc_text
The geometry is represented by a text literal.

These attributes are common to features with ifc_type of ifc_text, but the attributes
may also appear in features with different ifc_type values.

Attribute Name Contents

ifc_text_style_name This attribute specifies the name of the specific text style assigned to

the geometry.

ifc_text_style_font_name This attribute specifies the name of the text font.

ifc_text_style_external_refe
rence

This attribute specifies an externally defined text style.

ifc_text_style_foreground_co
lor

This attribute specifies the foreground color of the text.

ifc_text_style_background_co
lor

This attribute specifies the background color of the text.

Bounding Box

ifc_type: ifc_bounding_box

The geometry is represented by a 3D box which represents the bounding box of the
physical representation of the feature. With the default setting for the
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REPRESENTATION TYPES directive, bounding boxes will not be output by the IFC
Reader.

Collection
ifc_type: ifc_collection

The geometry is represented by collection of geometry. Each member of the collection
may have any geometric representation. This geometry type most frequently arises
when the IFC feature has multiple geometric representations.
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