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Ifc language
While we’re fresh: Notepad++!!

Introduction
Me, myself and bimforce

Modulair design
How you can add, or lose, just 
about anything

Spatial structure
Backbone of Ifc

In this session



Properties & Attributes

Materials
Color definitions,
Material definitions,
Hatches & Textures

Annotations
Dimensions, 

Symbols,
Sections & elevations

In this session

Locations
Global vs Local placement, 

Stacked coordinate systems



Geometry
How do you define 
geometry?

Project library
IFC component libraries

Questions?

Parametrics
Making stuff flex 

In this session



About Martijn

Building 
Engineer

Reviteer

Teacher

Open Source
Addict

Father of 
four

Dreamer, 
wrecker

Developer



About Mark

Architect

Reviteer

Teacher

Open Source
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Father of 
two

IFC guru
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IfcGraph
A graph-based database 
that contains the entire 

IFC schema. 
Project 

Management
Modular IfcProject

data

Data 
management & 

reporting

Data links
Integrations with 

external data

ProjectLibrary
Native IFC Object 

definitions

About bimforce



About bimforce

GRiDS
• Common Information 

Environment

• Store all building data in a 
native IFC Graph database

• Connect with external 
datasources

• Bidirectional 
communication with 
external processes

• Visualisation of data in IFC 
viewers

• Add information to 
existing IFCs, extract 
partials, etc

Vertex
• Native IFC Project 

Library elements

• Support for full IFC or 
hybrid Revit solutions

• Support for Families as 
external geometry 
placeholder

• Material and Color 
libraries

• Online Content 
Management

Housing 
Configurator
• Fully customizable native 

IFC housing generator

• 21 housing types with a 
couple of thousand buyer 
options and unlimited 
material options.

• Potential buyers can 
customize their house 
with predefined options.

• Automatically creating 
drawings and contractual 
documents based on 
buyer preferences

TIM
• Technical Information 

Management at your 
fingertips.

• Define Classifications 
and add datasets to 
specific Classifications

• Use Graph Algorithms 
to automatically scan, 
review and update IFC 
models with 
predescribed
information sets.



Ifc language

“Ifc is not a file type,

it’s a language”

Common phrase.

What does it mean?

Language
the principal method of 
human communication, 

consisting of...

...words used in a 
structured and 
conventional

way and conveyed by 
speech, writing, or 

gesture.



Ifc language

Technically this means:

Vocabulary

Grammar

This means it can be written 
down in multiple ways, and be
translated...



Ifc language

No language is perfect. Some of the flaws in the Ifc language are:

- Classifications and Annotations are Instance driven. 

- Geometry concepts miss some basic stuff like Arrays, Mirroring

There’s no proper way to define several key parts:

- Dimensions

- Annotations types like text or symbols

- Modelviews like a floorplan, elevation, section



Ifc language in EXPRESS

IFC EXPRESS = .ifc file

Worst file format ever.

- No regulated file structure. 

- Key/value pairs do not have to 
be in each others’ vincinity. 
(and can’t be)

- Declares everything explicitly

What are the other options?



Ifc language in IfcJSON

- Makes IFC more “readable” by
solving part of structure issue. 

- Still not able to express
networked IFC data structure

- We use it a lot, translator 
provided by GeometryGym



Ifc language in IfcGraph

IfcGraph:

- Makes IFC more “readable” by
solving part of structure issue. 

- Allows for full usage of the
networked IFC language structure

Allow me to demonstrate...



Ifc language in IfcGraph

IfcGraph:

This is roughly 12% of a 
simplified version of the
Ifc dataschema in a 
Graph database for a 
single house



Spatial structure in IfcJSON

• The Spatial Structure
defines the first steps in 
the Ifc. 

• It contains:
• IfcProject

• IfcSite

• IfcBuilding

• IfcBuildingStorey

• IfcSpace

• Defined by
IsDecomposedBy
relationship



Spatial structure in IfcGraph

• The Spatial Structure
defines the first steps in 
the Ifc. 

• It contains:
• IfcProject

• IfcSite

• IfcBuilding

• IfcBuildingStorey

• IfcSpace

• Defined by
IsDecomposedBy
relationship



Spatial structure in IfcJSON

• Other objects are hosted on the Spatial
Structure using an ContainsElements
relationship. 

• Image shows first added component to 
Building Storey “Begane grond”:
• IfcCovering

• IfcWallStandardCase

• IfcWallStandardCase

Still rather straightforward



Spatial structure in IfcGraph

• Other objects are 
hosted on the Spatial
Structure using an
IsContainedIn
relationship. 

• Image shows 
IfcWindows and
IfcDoors, added to 
Ground floor and First 
and Second Floor 
Building Storeys



Spatial structure in IfcGraph

• Elements can be broken
down into sub-
components.

• In this example you can
see IfcAnnotations (e.g. 
swing directions) as 
part of the IfcDoors.



Spatial structure

• In more detail the
entire branche leading
to a specific IfcWindow
instance,

• With it’s attached swing 
symbols as 
IfcAnnotations

• And a reference to it’s
IfcType



Modular design

Which brings us to an important part:

Modularity within the Ifc schema.

After implementing the IfcEntity schema you can
effectively edit and update any Ifc file attached
to your database.

In any granularity you want.

Let’s discuss some “Modules”



Locations

• Each instance has a 
Local Placement.

• This consists of three
things:
• Coordinates

• Axis

• Direction

https://standards.buildingsmart.org/IFC/RELEASE/IFC4/ADD2_TC1/HTML/link/ifcaxis2placement3d.htm


Locations

• But can also be hosted
relatively to another
object.

• In this example the
IfcWindow also has a 
reference to:
• The two Annotations

• The Building Storey



Locations

Each relative
orientation has it’s own

Axis, 

Direction and

Coordinates



Locations

Relative locations can
be stacked on top of 
each other:

The Annotation can be placed
relative to the Window,

Which is placed relative to the
BuildingStorey,

Which is placed relative to the
Building,

Which is placed relative to the
Site



Locations

The other option is to 
ditch relative placements
and only work with
absolute (global) 
placement.

That would make it a lot 
easier (and is what most 
exporters do)

But it would also be less
fun.



Locations

A single object can be
hosted relative to a 
chain of other
components. 

In this example two
Annotations, 

with their own location,

are placed relative to a 
stack of 4 coordinates, 

and 1 direction/rotation



Annotations

• Contrary to popular
opinion, they do exist.

• However, the concept of 
Annotations has been 
severely trimmed down 
from IFC 2x3

• IfcGraph re-introduced 
the concept due to 
project needs.

• Concept is still 
supported by some 
viewers natively

https://standards.buildingsmart.org/IFC/RELEASE/IFC2x3/FINAL/HTML/ifcpresentationdimensioningresource/ifcpresentationdimensioningresource.htm


Attributes

There are a two
Attributes you
absolutely need:

• Name
• GlobalId

Other Attributes
define relationships. 
For example:

• Object Type
• PredefinedType

These Attributes 
explicitely state the 
endpoint of a defined 
type of relationship.

https://standards.buildingsmart.org/IFC/RELEASE/IFC4/ADD2_TC1/HTML/link/ifcwallstandardcase.htm


Property Sets in IfcJSON

PropertySets can be declared on 
the IfcType and Instance.

They basically work the same as 
Revit Type and Instance
parameters.



Property Sets in IfcGraph

PropertySets can be
retrieved with a 
single set.

These are explicitely
defined in “full IFC 
mode”.

It allows us to 
directly manipulate 
any IFC propertyset
data



Materials

• Materials in IFC have a bad reputation.

• This is completely unjustified.

• IfcMaterials can hold any information that (for instance) Revit 
does:
• Colors
• Render Textures
• Bump maps
• Material Properties
• And so on...

To demonstrate this, some of the work we have been doing on 
Materials



Project Library

• Element Instances are based on an IfcType

• These can be defined in a project library. 
This works similarly to Revit:
• Properties can be type or instance

• Geometry is Type based

• Layered structures are an exception. These types, 
much like Revit, do not have type-based geometry.

• The same applies to IfcAnnotations

• Elements can be (shared!) nested components.

https://viewer.bimforce.com:9006/v/WbBlQLgytMpGpqdWwLvUmXbUaDEPmwuL


Geometry

• IFC allows you to simultaneously 
use multiple ways of defining 
objects.

• So Vertex uses:
• Full IFC definitions for all Materials

• Full IFC definitions for all Layered 
Structures

• It CAN use IFC geometry for every 
other component too.

• While Revit Families are also 
supported as “geometry placeholders”

http://127.0.0.1:5000/vertex
http://bfvertex.azurewebsites.net/Search3/Select


Geometry

• IFC4 holds a lot of concepts in defining 
geometry.

• However, there are issues. Mostly with 
implementation.

This is a revolve in several viewers. Notice 
how they all “translate” it differently.



Geometry

• Some viewers simply create meshes from 
everything.

• Others do a better job at preserving 
“intelligent” ways of describing geometry



Parametrics

• Two major issues with 
Parametrics in IFC:

1. It doesn’t support “Formulas”. 
We solved this outside of the 
schema.

2. The schema is incomplete. Not 
all objects have GlobalIds to 
reference. Mainly: IfcAttributes and 
relationships. 

IfcGraph does support this.



Wrap-up

• IFC is a datastructure, treat it as such

• It is not especially “friendly” for file-based usage

• However, using it as a Graph works surpisingly well

• There literally is nothing you cannot model in IFC that you can model in 
Revit.

Except an array.



One on One Meeting

I will be at the Speaker Lounge in the 

Exhibition Hall for further conversations. 

Please join me there after the presentation if 

you have any further questions
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Client question
What were the project 
specifications

Introduction
Me, myself and bimforce

IfcGraph
Developing an IfcProject(Library) 
Graph

Configuring a project
Demonstration of setting up a 

project

In this session



Developing Open Source 
IFC Viewer
With IfcOpenShell & Three.js

Results & Future
development

Building blocks
Implementing IfcProjectLibrary

In this session

Trials and Tribulations
Major issues to overcome
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IfcGraph
A graph-based database 
that contains the entire 

IFC schema. 
Project 

Management
Modular IfcProject

data

Data 
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Data links
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ProjectLibrary
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About bimforce

GRiDS
• Common Information 

Environment

• Store all building data in a 
native IFC Graph database

• Connect with external 
datasources

• Bidirectional 
communication with 
external processes

• Visualisation of data in IFC 
viewers

• Add information to 
existing IFCs, extract 
partials, etc

Vertex
• Native IFC Project 

Library elements

• Support for full IFC or 
hybrid Revit solutions

• Support for Families as 
external geometry 
placeholder

• Material and Color 
libraries

• Online Content 
Management

Housing 
Configurator
• Fully customizable native 

IFC housing generator

• 21 housing types with a 
couple of thousand buyer 
options and unlimited 
material options.

• Potential buyers can 
customize their house 
with predefined options.

• Automatically creating 
drawings and contractual 
documents based on 
buyer preferences

TIM
• Technical Information 

Management at your 
fingertips.

• Define Classifications 
and add datasets to 
specific Classifications

• Use Graph Algorithms 
to automatically scan, 
review and update IFC 
models with 
predescribed
information sets.



Client Question

Is it possible to develop a generator for single family 
houses that meets the following functional requirements:

1. No modelling software necessary to set up a project

2. GC can select appropriate options per building

3. GC can add contractual descriptions for options and 
attach a price tag



Client Question

Is it possible to develop a generator for single family 
houses that meets the following functional requirements:

4. Client can select desired options, generate a model, 
contractual drawings and an overview of picked 
options and their prices.

5. Data belongs to GC, and stays on their systems at all 
times.



Client Question

How it started...

12 building designs

139.968 possible configurations per 
type

(one hundred thirty-nine thousand 
nine hundred sixty-eight)

How it’s going...

24 building designs

733.835.427.840 possible 
configurations per type

(seven hundred thirty-three billion 
eight hundred thirty-five million 
four hundred twenty-seven 
thousand eight hundred forty)



Configuring a project

Demonstrating the 
Housing Configurator:

- Setting up a project

- Setting up a site

- Client configuration

https://rrujdj.azurewebsites.net/Home3/ProjectCreatorBox


IfcGraph

Graph theory is a mathematical 
theory, first described by Euler in 
1736.

The problem he was solving is 
known as “The seven bridges of 
Konigsberg”



IfcGraph

• A graph database differs from 
“traditional” databases in the 
way data is stored.

• A graph consists of vertices 
(nodes) and edges connecting 
them (relationships)

• Both nodes and relationships 
can have properties. 

• Relationships can have a 
direction



IfcGraph

This makes Graphs perfectly 
suitable in situations where the 
importance of data is not in the 
data, but in the relationships 
between datapoints.

Which is exactly the case with IFC



IfcGraph

Why would you want to have a native IFC database?

1. Single definition / status. A file “is”. A database can 
have multiple “branches” simultaneously

2. Change management

3. Linked datasources

4. Parametrics



IfcGraph

But how do you get IFC in a graph?

A quick recipe:



IfcGraph

• Steep learning curve

• Manual coding of ifc datastructures

• Ifc issues
• GlobalID missing for a lot of things

• Missing concepts 
(mirror, array)

• Unsorted lists

• Annotations missing from IFC4



IfcGraph

• Implementation challenges:
• Nobody uses IfcProjectLibrary
• Aligning objects 

• Example: Solar panels

• Grouping objects
• Example: Beam system

• Complex geometry: how do we NOT describe 
the complete geometry in IfcGraph
• Example: Stairs

• Reusing openings for multiple walls
• Local Placement vs Global placement
• Symbolic representation

• Example: Symbols

file:///G:/.shortcut-targets-by-id/0B4rKmiGF8YFAdUVITXBZQTRNOUU/01 bimforce/100_management/104_marketing/104_05 publicaties en lezingen/20221116_Bilt Europe/Ifc models/_Downgrader/MAN_SolarPanel_Installatie_20210418_164900_AppBuild_1071.ifc
file:///G:/.shortcut-targets-by-id/0B4rKmiGF8YFAdUVITXBZQTRNOUU/01 bimforce/100_management/104_marketing/104_05 publicaties en lezingen/20221116_Bilt Europe/Ifc models/_Downgrader/MAN_20210415_1040_Woningtype-H - ElementAssembley.ifc
file:///G:/.shortcut-targets-by-id/0B4rKmiGF8YFAdUVITXBZQTRNOUU/01 bimforce/100_management/104_marketing/104_05 publicaties en lezingen/20221116_Bilt Europe/Ifc models/_Downgrader/MAN_TEST_GEOMETRY_IfcStair_V01_2.ifc
file:///G:/.shortcut-targets-by-id/0B4rKmiGF8YFAdUVITXBZQTRNOUU/01 bimforce/100_management/104_marketing/104_05 publicaties en lezingen/20221116_Bilt Europe/Ifc models/_Downgrader/MAN_202100608_1155_TEST_GEOMETRY_Symbol_18x_v01.ifc


Trials and Tribulations

• Vast majority of geometry 
concepts not supported by 
3rd party software.

• Including the ones that have 
most parametric capabilities

• For instance: 

a simple revolve



Trials and Tribulations

• Circular shapes, bends



Trials and Tribulations

Parsing an IFC EXPRESS file to and from JSON.

MAJOR shoutout to the King of IFC, John Mirtschin



Trials and Tribulations

Testing 1-2-3(000)



Trials and Tribulations

• How do we view the 
results?

• How do we produce 
drawing sheets from IFC?



Developing an Open Source Viewer

MAJOR shoutout to Thomas Krijnen - IfcOpenShell



Developing an Open Source Viewer

• Using Three.js as webbased viewer

• Well-known viewer (lots of potential developers & 
toolkits available)

• Perfectly suitable for smaller projects

• When we started (4yrs ago) not really used in AEC



Symbols & Dimensions

• Contrary to popular opinion, 
they do exist. Even in IFC4

• And, they are supported. At 
least, by some vendors.

• This is an example in “native” 
BIM Vision.

• Supports symbolic 
representations (in both 2D 
and 3D view).

Our own viewer does something 
extra



Symbols & Dimensions

• Based on Open Source 
initiatives 
• IfcOpenShell by Thomas Krijnen
• BlenderBIM work by Dion Moult
• Three.js visualisation platform

• Adapted the viewer to translate 
certain IfcAnnotations into text 
and dimensions.

• We can also define Views this 
way.

• And ceate pdf drawings.



Views

• Based on Open Source 
initiatives 
• IfcOpenShell by Thomas Krijnen

• BlenderBIM work by Dion Moult

• Three.js visualisation platform

• Adapted the viewer to translate 
certain IfcAnnotations into text 
and dimensions.

• We can also define Views this 
way.

• And ceate pdf drawings.



Building Blocks

A closer look at IfcProjectLibrary
geometry

• What do we have?

• Support by 3rd party viewers

• How are we going to unlock this?

file:///G:/.shortcut-targets-by-id/0B4rKmiGF8YFAdUVITXBZQTRNOUU/01 bimforce/100_management/104_marketing/104_05 publicaties en lezingen/20221116_Bilt Europe/Ifc models/_Downgrader/MAN_20210615_123057_AppBuild_1071_ProjectLibrary.ifc


Configuring a project

Endresults



Future developments

• Speed, performance, stability and UI improvements

• Aggregating separate buildings in a single site plan

• Object configurator

• Improve import of IFC components in Revit

• Interactive object placement

• Assembly configurator

• Building configurator

file:///G:/.shortcut-targets-by-id/0B4rKmiGF8YFAdUVITXBZQTRNOUU/01 bimforce/100_management/104_marketing/104_05 publicaties en lezingen/20221116_Bilt Europe/Ifc models/_Downgrader/MAN_GEOMETRY_Template_Situation_2020_v06a.ifc


One on One Meeting

We will be at the Speaker Lounge in the 

Exhibition Hall for further conversations. 

Please join us there after this talk.
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