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IfcTunnel – Geology & Geotechnics

Overview current activities and status:

- Use case descriptions (as published in WP2)
- Taxonomy for conceptual model, UML-modeling ongoing
- Concept to link model of ground conditions to design
- Concepts to describe different kinds of uncertainty
- Geometrical representations: Requirement of voxel models

Input

Etc.
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https://publications.cms.bgu.tum.de/reports/IR-TUN_Requirement-Analysis-Report_v1.0.pdf


IfcTunnel – Geology & Geotechnics

Use Cases (ground model related)

• 1b Geological factual data

• 2a Geological and geotechnical modelling for planning

• 2b Geotechnical modelling for design

• 2c geotechnical modelling for construction and maintenance

• 12b Geotechnical Model for tender, time and cost estimation

• 15b geological documentation
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„GeotechSynthesisModel“

Design-related prognosis model
of ground conditions:

Prediction of
expected
conditons along
the alignment
required

Requirements for
internal space from
project

Tunnel Design Requirements Construction methods and support measures
depending on ground conditions

Book C: Tunnel Design
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„GeotechSynthesisModel“

Maps and Literature

Field mapping

Borehole logs
In-Situ test results
Lab test results
Groundwater monitoring

Book A
Observations / Factual data

Geophysical Survey

Book B
Interpreted Models

Design-related prognosis model

Geological and Hydrogeological conditions
Geomechanical properties

• interpretation of conditions described in Book A and B 
with regard to the tunnel alignment

• Definition of intervals along the alignment with similar
expected conditions, described by key-properties for
tunnel design

Classical description in longitudinal section
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IfcTunnel – Geology & Geotechnics

Observations / Book A
• Domain-specific collection of typical data sets and 

classification of different types

• Objects with geometrical representation vs. semantic 
elements 

• Link to external files for extensive datasets                         
(e.g. borehole data, MWD or geophysical logs)

Example: geological tunnel documentation

Graphical visualization / UML drafts
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IfcTunnel – Geology & Geotechnics

Interpreted models / Book B
• Several models, representing specific classifications of 

the ground conditions as well as uncertainty and 
methodological info

• “GeotechSynthesisModel” as a link to building 
structure: e.g. representation of Geotechnical Baseline 
Report and Longitudinal Section

Example: Alternative approach for geotechnical models 
with different granularity

Graphical visualization / UML drafts
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IfcTunnel – Geology & Geotechnics

Interpreted models / Book B
• Several models, representing specific classifications of 

the ground conditions as well as uncertainty and 
methodological info

• “GeotechSynthesisModel” as a link to building 
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Report and Longitudinal Section
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IfcTunnel – Geology & Geotechnics

Interpreted models / Book B

Knowledge / Site invest. Density high low high low high

Model approach * 2 1 2 1 2

Partial model (name) Portal W T1 T2 T3 Portal O

Resolution 3m 10m 3m 10m 3m

Allowed uncertainty 1m 5m 1m 5m 1m

* 1: Enveloping geometry for similar units (materials) with expected %-distribution

   2: Explicitely modelled units

Geology Model One single model

Geotechnical 

Model



„GeotechSynthesisModel“

Maps and Literature

Field mapping

Borehole logs
In-Situ test results
Lab test results
Groundwater monitoring

Geophysical Survey

Book B
Interpreted Models

Design-related prognosis model

Geological and Hydrogeological conditions
Geomechanical properties

• interpretation of conditions described in Book A and B 
with regard to the tunnel alignment

• Definition of intervals along the alignment with similar
expected conditions, described by key-properties for
tunnel design

BIM-representation: 
Alignment-based „Dummy Geometry“ with key-properties

→ GeotechTypicalSection

Book A
Observations / Factual data
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„GeotechSynthesisModel“

Design-related prognosis model

• interpretation of conditions described in Book A and B 
with regard to the tunnel alignment

• Definition of intervals along the alignment with similar
expected conditions, described by key-properties for
tunnel design

BIM-representation: 
Alignment-based „Dummy Geometry“ with key-properties

→ GeotechTypicalSection

Requirements for
internal space from
project

Tunnel Design Requirements Construction methods and support measures
depending on ground conditions

Book C: Tunnel Design Book B – input to C
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„GeotechSynthesisModel“

Geotechnical prognosis model

BIM-representation: 
Alignment-based „Dummy Geometry“ with key-properties

Prognosis model of Tunnel Design

Design solution developed for the
required tunnel space based on 
expected ground conditions

No.1 No.3

Expected distribution 

of support types

ST 1: 40%

ST 2: 30%

ST 3: 30%

ST 2: 30%

ST 4: 30%

ST 5: 30%

Excavation methods A A

Injections 1 1

Health&safety measures

Material management A B

…

A

No.2

ST 3: 70%

ST 4: 30%

A

1

A

No.4

ST 1: 50%

ST 4: 50%

B
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No.1 No.3

Expected distribution 

of ground types

GT A: 70%

GT B: 30%

GT A: 70%

GT B: 30%

Discontinuity setting 1 2+3

Groundwater conditions 1 3

Geogene hazards 1 1

Contaminations 1 -

…

1

No.4

GT A: 50%

GT D: 50%

4

4
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GeotechTypicalSection No.2

GT B: 50%

GT B: 50%

1+2
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„GeotechSynthesisModel“

Geotechnical prognosis model

BIM-representation: 
Alignment-based „Dummy Geometry“ with key-properties

Prognosis model of Tunnel Design

Additional requirements depending on 
building structure to be considered
(e.g. cross passages, niches, …)

No.1 No.3

Expected distribution 

of ground types

GT A: 70%

GT B: 30%

GT A: 70%

GT B: 30%

Discontinuity setting 1 2+3

Groundwater conditions 1 3

Geogene hazards 1 1

Contaminations 1 -

…

1

No.4

GT A: 50%

GT D: 50%

4

4
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GeotechTypicalSection No.2

GT B: 50%

GT B: 50%

1+2

2

1

-

No.1 No.2a No.2b No.3 No.4a No.4b

Expected distribution 

of support types

ST 1: 40%

ST 2: 30%

ST 3: 30%

ST 1: 70%

ST 3: 30%

ST 3: 70%

ST 4: 30%

ST 2: 30%

ST 4: 30%

ST 5: 30%

ST 1: 70%

ST 3: 30%

ST 3: 70%

ST 4: 30%

Excavation methods A A B B B A

Injections 1 1 1

Health&safety measures

Material management A A A B A A

…

Building Structure

ExcavationModel

D
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Similar ground conditions, but 
different tunnel geometry
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„GeotechSynthesisModel“

Book B
Interpreted Models

Geotech Synthesis Model

Geological documentation during construction

• Check of documented encountered conditions against
prediction

• High granularity „As Built“Model for comparison and 
accounting

BIM-representation: 
Alignment-based „Dummy Geometry“ with key-properties

→ GeotechTypicalSection

Book A
Observations / Factual data

Update of Interpreted Model
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IfcTunnel – Geology & Geotechnics

Observations / Book A
• Domain-specific collection of typical data sets and 

classification of different types

• Objects with geometrical representation vs. semantic 
elements 

• Link to external files for extensive datasets                         
(e.g. borehole data, MWD or geophysical logs)

Example: geological tunnel documentation

Graphical visualization / UML drafts

Prepared by J. Weil / iC group for Geotech Subgroup of IFC Tunnel



IfcTunnel – Geology & Geotechnics

Observations / Book A
• Domain-specific collection of typical data sets and 

classification of different types

• Objects with geometrical representation vs. semantic 
elements 

• Link to external files for extensive datasets                         
(e.g. borehole data, MWD or geophysical logs)

Example: geological tunnel documentation

Graphical visualization / UML drafts
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IfcTunnel – Geology & Geotechnics

Observations / Book A
• Domain-specific collection of typical data sets and 

classification of different types

• Objects with geometrical representation vs. semantic 
elements 

• Link to external files for extensive datasets                         
(e.g. borehole data, MWD or geophysical logs)

Example: geological tunnel documentation

Graphical visualization / UML drafts
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„GeotechSynthesisModel“

Book B
Geotech Synthesis Model

Geological documentation during construction

• Check of documented encountered conditions against
prediction

• High granularity „As Built“Model for comparison and 
accounting

Book A
Observations / Factual data

No.3

Expected distribution 

of ground types

GT A: 70%

GT B: 30%

Discontinuity setting 2+3

Groundwater conditions 3

Geogene hazards 1

Contaminations -

…

1 2 3 4 5 6 7 8 9 10 No.3

Expected distribution 

of ground types
A A

A+

B
B

A+

B
A A B C B

GT A: 70%

GT B: 30%

Discontinuity setting 1 1 1 1 1 2 1 1 1 1 2+3

Groundwater conditions 1 1 1 1 1 3

Geogene hazards 1 1 1 1 1 1 1

Contaminations 1 1 1 -

…
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1+2 4
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GT B: 30%
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1
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1 1
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„GeotechSynthesisModel“

Book C:
„Active Design / As Built“ Design Model
Construction and support measures executed as required
from encountered ground conditions

1 2 3 4 5 6 7 8 9 10 No.3

Expected distribution 

of ground types
A A

A+

B
B

A+

B
A A B C B

GT A: 70%

GT B: 30%

Discontinuity setting 1 1 1 1 1 2 1 1 1 1 2+3

Groundwater conditions 1 1 1 1 1 3

Geogene hazards 1 1 1 1 1 1 1

Contaminations 1 1 1 -

…

1 2 3 4 5 6 7 8 9 10 No.2a No.2b No.3 No.4a No.4b

Applied support types ST3 ST3 ST2 ST2 ST2 ST1 ST1 ST1 ST5 ST5 ST 1: 70%

ST 3: 30%

ST 3: 70%

ST 4: 30%

ST 2: 30%

ST 4: 30%

ST 1: 70%

ST 3: 30%

ST 3: 70%

ST 4: 30%

Excavation methods A A A A A A A A A A A B B B A

Injections 1 1 1 1 1 1 1 1 1

Health&safety measures 1 1

Material management A A A A A A A A A A A A B A A

…
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1 2 3 4 5 6 7 8 9 10 No.3

Expected distribution 

of ground types
A A

A+

B
B

A+

B
A A B C B

GT A: 70%

GT B: 30%

Discontinuity setting 1 1 1 1 1 2 1 1 1 1 2+3

Groundwater conditions 1 1 1 1 1 3

Geogene hazards 1 1 1 1 1 1 1

Contaminations 1 1 1 -

…

1 2 3 4 5 6 7 8 9 10 No.2a No.2b No.3 No.4a No.4b

Applied support types ST3 ST3 ST2 ST2 ST2 ST1 ST1 ST1 ST5 ST5 ST 1: 70%

ST 3: 30%

ST 3: 70%

ST 4: 30%

ST 2: 30%

ST 4: 30%

ST 1: 70%

ST 3: 30%

ST 3: 70%

ST 4: 30%

Excavation methods A A A A A A A A A A A B B B A

Injections 1 1 1 1 1 1 1 1 1

Health&safety measures 1 1

Material management A A A A A A A A A A A A B A A

…
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GT B: 50%
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GT A: 50%

GT D: 50%

1+2 4

Chainage / Round No.

Book B:
High granularity „As Built“ Ground Model 
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„GeotechSynthesisModel“
No.3

Expected distribution 

of ground types

GT A: 70%

GT B: 30%

Discontinuity setting 2+3

Groundwater conditions 3

Geogene hazards 1

Contaminations -

…

1 2 3 4 5 6 7 8 9 10 No.3

Expected distribution 

of ground types
A A

A+

B
B

A+

B
A A B C B

GT A: 70%

GT B: 30%

Discontinuity setting 1 1 1 1 1 2 1 1 1 1 2+3

Groundwater conditions 1 1 1 1 1 3

Geogene hazards 1 1 1 1 1 1 1

Contaminations 1 1 1 -

…

1 2 3 4 5 6 7 8 9 10 No.2a No.2b No.3 No.4a No.4b

Applied support types ST3 ST3 ST2 ST2 ST2 ST1 ST1 ST1 ST5 ST5 ST 1: 70%

ST 3: 30%

ST 3: 70%

ST 4: 30%

ST 2: 30%

ST 4: 30%

ST 1: 70%

ST 3: 30%

ST 3: 70%

ST 4: 30%

Excavation methods A A A A A A A A A A A B B B A

Injections 1 1 1 1 1 1 1 1 1

Health&safety measures 1 1

Material management A A A A A A A A A A A A B A A

…

No.2a No.2b No.3 No.4a No.4b

Expected distribution 

of support types

ST 1: 70%

ST 3: 30%

ST 3: 70%

ST 4: 30%

ST 2: 30%

ST 4: 30%

ST 5: 30%

ST 1: 70%

ST 3: 30%

ST 3: 70%

ST 4: 30%

Excavation methods A B B B A
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Health&safety measures

Material management A A B A A

…
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Excavation progress
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Book C:
„Active Design / As Built“ Design Model
Construction and support measures executed as required
from encountered ground conditions

Book B:
High granularity „As Built“ Ground Model 


