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Building information models



What is BIM?

• a methodology (not just 3D models) 

• …to create and use detailed 3D models (in both geometry and semantics) 

• …of buildings or infrastructure projects 

• …for design and construction (and more).



BIM geo (3D city models)

origins architecture, CAD cartography, maps

scale one construction site large regions

made mostly manually as design processed sensed data

detail (geom/semantics) very detailed less detailed

models volumetric built elements visible semantic surfaces

up to date as designed, maybe as built based on input data

focus buildings and infrastructure everything but mainly cities

strengths design and construction spatial analyses





BIM in practice

• Closed software + platforms: organisations using internally the same software/platform 
and its formats, e.g. Autodesk Revit, ArchiCAD, Trimble Connect, Allplan, etc. 

• Open standards + software (openBIM): different organisations exchanging IFC files, 
using BIMserver, processing with IfcOpenShell, etc.



LOD(efinition), LOD(evelopment), LOIN
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200 Inclusions: 

• Reliable number and arrangement of landings and 
flights 

 

300 Inclusions: 

• Overall geometry of landings and flights 
• Number of risers and treads 
• Tread width 
• Riser height 
• Stringers  
• Railing  
• Edge of nosing 
• Railing element envelope 

 

 

350 Inclusions: 

• Railing support locations 
• Openings in structural elements 
• Secondary support elements (hangers, brackets, etc.). 
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400 Inclusions: 

• Elements necessary for fabrication and installation 
 

 

B1080.20 / 21-02 10 80 10 / Ss 35 10   
Precast Structural Stairs (Concrete) 
Includes: Structural framing for exterior and interior stairs including treads, risers, and landings. Includes fire escapes and ladders. 
Associated Masterformat Sections: 03 11 23  /  03 30 00  /  03 41 23  /  03 48 19  /  05 51 00 
05 55 00  /  05 71 00  /  06 43 00 

100 See B1080  

200 Inclusions: 

• Reliable number and arrangement of 
landings and flights 

 
 

BIM Forum



IFC

• open standard by the buildingSMART Consortium 

• large standard (322 defined types, 191 enumeration types, 138 select types, 1061 
entities, 54 functions, 22 rules, 1000+ property sets in IFC 4.3) 

• defined using EXPRESS data modelling language 

• encodings: STEP (almost always), plus rarely others (XML, Turtle, RDF, etc.)



IFC
#365=IFCDIRECTION((1.,0.,0.)); 
#367=IFCDIRECTION((0.,0.,1.)); 
#369=IFCCARTESIANPOINT((0.,0.,0.)); 
#371=IFCAXIS2PLACEMENT3D(#369,#367,#365); 
#372=IFCDIRECTION((0.766044443119,0.642787609687)); 
#374=IFCGEOMETRICREPRESENTATIONCONTEXT($,’Plan’,3,1.00000000000E -5,#371,#372); 
#375=IFCGEOMETRICREPRESENTATIONSUBCONTEXT(’Box’,’Plan’,*,*,*,*,#374,$,. PLAN_VIEW.,$); 
#377=IFCCARTESIANPOINT((-3.,-3.,-1.)); 
#379=IFCBOUNDINGBOX(#377,18.,16.,1.); 
#380=IFCSHAPEREPRESENTATION(#375,’Box’,’BoundingBox’,(#379)); 
#383=IFCPRODUCTDEFINITIONSHAPE($,$,(#355,#380)); 
#389=IFCSITE(’0KMpiAlnb52RgQuM1CwVfd’,#12,’Gelaende’,’Ebenes Gelaende’,’ LandUse’,... 
#400=IFCRELAGGREGATES(’1GO86xgv8B470LzUwG9dnQ’,#12,$,$,#66,(#389)); 
#406=IFCPROPERTYSINGLEVALUE(’BuildingHeightLimit’,$, IFCPOSITIVELENGTHMEASURE(9.),$); 
#407=IFCPROPERTYSINGLEVALUE(’GrossAreaPlanned’,$,IFCAREAMEASURE(0.),$); 
#408=IFCPROPERTYSET(’1pzemvk20um3F9bx64I1e9’,#12,’Pset_SiteCommon’,$ ,(#406,#407)); 
#412=IFCRELDEFINESBYPROPERTIES(’2w5hE3w6ce8Clm81uDvALx’,#12,$,$,(#389) ,#408); 
#416=IFCQUANTITYLENGTH(’GrossPerimeter’,$,$,0.,$); 
#419=IFCQUANTITYAREA(’GrossArea’,$,$,0.,$); 



IFC
• among others, models: 

• actors (people, organisations) 

• controls (specifications, regulations, schedules and other requirements) 

• processes (actions during construction) 

• products (physical building elements and other spatially defined objects) 

• project (where it is placed) 

• resources (cost, materials and equipment)



IFC: federated models

BIM Vision



IFC

• geometry types: 

• primitive instancing, e.g. parametric 2D profiles 

• extrusions / sweeps 

• boundary representation 

• CSG with other types and half-spaces



IFC: simple triangle

#120= IFCCARTESIANPOINT((-3.,13.,0.)); 
#122= IFCCARTESIANPOINT((12.,10.,0.)); 
#124= IFCCARTESIANPOINT((15.,13.,0.)); 
#126= IFCPOLYLOOP((#120,#122,#124));



IFC: extrusions of profiles



IFC: extrusions of profiles



IFC: extrusions of profiles

buildingSMART



IFC: extrusions of profiles

#17079= IFCDIRECTION((1.,0.)); 
#17081= IFCCARTESIANPOINT((0.,0.)); 
#17083= IFCAXIS2PLACEMENT2D(#17081,#17079); 
#17084= IFCRECTANGLEPROFILEDEF(.AREA.,'',#17083,0.885,2.01);



IFC: sweeps



IFC: sweeps



IFC: sweeps
#226649= IFCCOMPOSITECURVESEGMENT(.CONTINUOUS.,.T.,#226647); 
#226654= IFCAXIS2PLACEMENT3D(#226652,#11,#21); 
#226655= IFCCIRCLE(#226654,0.016); 
#226656= IFCTRIMMEDCURVE(#226655,(IFCPARAMETERVALUE(270.)),
(IFCPARAMETERVALUE(360.)),.T.,.PARAMETER.); 
#226659= IFCCOMPOSITECURVESEGMENT(.CONTINUOUS.,.T.,#226656); 
#226660= IFCCARTESIANPOINT((4.30451321708365,-0.809570161482404,-0.294)); 
#226662= IFCCARTESIANPOINT((4.30451321708365,0.0464298385175952,-0.294)); 
#226664= IFCPOLYLINE((#226660,#226662)); 
#226666= IFCCOMPOSITECURVESEGMENT(.CONTINUOUS.,.T.,#226664); 
#226667= IFCCARTESIANPOINT((4.30451321708365,0.0464298385175952,-0.278)); 
#226669= IFCCARTESIANPOINT((4.30451321708365,0.0464298385175952,-0.278)); 
#226671= IFCAXIS2PLACEMENT3D(#226669,#11,#15); 
#226676= IFCCOMPOSITECURVESEGMENT(.CONTINUOUS.,.T.,#226673); 
#226677= IFCCARTESIANPOINT((4.30451321708365,0.0624298385175952,-0.278)); 
#226679= IFCCARTESIANPOINT((4.30451321708365,0.0624298385175953,-0.2)); 
#226681= IFCPOLYLINE((#226677,#226679)); 
#226683= IFCCOMPOSITECURVESEGMENT(.CONTINUOUS.,.T.,#226681); 
#226684= IFCCOMPOSITECURVE((#226649,#226659,#226666,#226676,#226683),.F.); 
#226691= IFCSWEPTDISKSOLID(#226684,0.006,$,0.,183.);



IFC: CSG



IFC: CSG



IFC: CSG



IFC

#237=IFCEXTRUDEDAREASOLID(#236,#234,#230,6000.); 
#238=IFCDIRECTION((1.,0.,0.)); 
#239=IFCDIRECTION((-1.,0.,1.)); 
#240=IFCCARTESIANPOINT((-2500.,0.,3000.)); 
#241=IFCAXIS2PLACEMENT3D(#240,#239,#238); 
#242=IFCPLANE(#241); 
#243=IFCHALFSPACESOLID(#242,.F.); 
#244=IFCBOOLEANCLIPPINGRESULT(.DIFFERENCE.,#237,#243);



IFC in a built environment context

buildingSMART



IfcSpatialStructureElement

buildingSMART



Georeferencing in IFC   

 

 
Fig.  2 Cascading relative CRS for a BIM Project  

 
Practical experiences show that BIM authoring tools export 
the georeferencing very differently to IFC files. While the 
result is syntactically correct the full spectrum of IFC 
possibilities is used, which may lead to a misunderstanding 
in another software importing the files. To have a common 
language, that can be used in BIM processes for describing 
exchange Employer’s Information Requirements (EIR), BIM 
Execution Plan (BEP) or technical Exchange Requirement 
(ERs), this article proposes a LoGeoRef concept under the 
following “metric”: The higher the LoGeoRef is the more 
quality of georeferencing. Higher levels do not automatically 
include information out of lower levels. Each level 
comprises its own IFC-schema attributes and is standing on 
its own. The metric is designed with decimal steps to allow 
intermediate steps e.g. for elevation, quality of attribute 
values or project-specific extensions. 

LoGeoRef 10 (Postal Address, project management) 

The simplest way to describe a site or a building location is 
to add a postal address to the BIM project. Postal addresses 
are easily human readable and semi-structured for machines. 
For georeferencing purposes, it is only a rough 
approximation for setting the location of the site or the 
building. Nevertheless, it can be helpful for integrating GIS 
data like adding data of surrounding city models. 
The IFC schema provides an entity for storing address data 
in an IFC-file. The entity IfcPostalAddress contains 
multiple attributes including address lines, postal code, town, 
region and country. For a correct assignment to a spatial 
structure element, the IfcPostalAddress object has to 
be referenced by either IfcSite or IfcBuilding. Both 
entities include a certain attribute for address referencing. 
(Fig.  3) 
 

 

Fig.  3 IFC Entities to specify a Postal Address 
(LoGeoRef10) 

The IFC-Listing in Fig. 4 contains an instance of 
IfcPostalAddress with information for 
georeferencing highlighted in the green frame. In this case, 
the address is referenced by an instance of IfcSite and an 
instance of IfcBuilding (red frames). Please note that 
for fulfilling LoGeoRef 10 the IfcPostalAdress does 
not has to be referenced in both entities. 
 

 
Fig.  4  IFC - Simple georeferencing with geographic 
coordinates and postal address (level 10) 

LoGeoRef 20 (Geographic Coordinate, point on map) 

Geographic coordinates are another simple way for 
georeferencing IFC-files. For compliance with LoGeoRef 
20, instances of IfcSite must contain values for their 
attributes RefLatitude and RefLongitude. As their 
names suggest an IFC model is able to store one single point 
coordinate with longitude and latitude directly in IfcSite 
(Fig.  5). According to the IFC schema definition its values 
are geographic coordinates with respect to the World 
Geodetic System, e.g. WGS84 with EPSG:4326. Besides of 
that, it is also possible to store a value for the elevation in the 
corresponding attribute RefElevation. By definition, 
RefElevation should have a metric value related to a 
locally used datum relative to the sea level. However, there 
is no possibility to specify the datum´s name explicit in the 
file.  
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BIM example



Homework 3



What to do next?

1. Today: 

• Demo by Michele 

• Continue with Homework 2 (due Monday) 

• Go to geo1004 website and study today’s lesson (3D book Chapter 11) 

• Start with Homework 3 

2. Monday: 3D BAG guest lecture by Ravi
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