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Introduction

• Tokyo could have serious damage
from earthquakes because of:

◦ Concentrated urban functions

◦ Extremely densely populated

◦ Complex geology

◦ Coastal area, low elevation

• Creation of hazard maps for the Central Tokyo area

◦ Compilation of information on the subsurface

◦ 3D subsurface BIM

◦ Assessment of geotechnical risks, seismic simulations using voxel models

◦ Creation of hazard maps, e.g. shakability map

⇒ A good test case of information exchange using IFC

Prediction of liquefaction in Tokyo
Tokyo Metropolitan Government
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Area of interest

• Dense structures

◦ High-rise office buildings

◦ Government buildings

◦ Luxury apartments

◦ Embassies

• Infrastructures

◦ Major roads

◦ Underground railways

Geospatial Information Authority of Japan
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Geological/geotechnical
modelling

1. Input source data into modelling software

• Publicly available Maps/DEMs

• Borehole logs

• Geological maps/sections by ministries

• Geological sections by underground railway operators

• Geological maps/sections in publications

2. Identifying layer boundaries

3. Adjusting boundaries by comparing with sections

4. Generate layer boundaries as surface objects

5. Generate solid layers/voxels based on boundary surfaces
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Boreholes

• 235 borehole logs:
◦ Tokyo Metropolitan 

Government
◦ Ministry of Land, 

Infrastructure, Transport, 
and Tourism

◦ Geological Survey of Japan, 
AIST

◦ National Geo-Information 
Centre

Geospatial Information Authority of Japan



© 2025 OYO Corporation |  6

Geological sections

• Ca. 50 geological sections
(incl. surrounding area)
◦ Tokyo Metropolitan 

Government
◦ Ministry of Land, 

Infrastructure, Transport 
and Tourism

◦ Underground railway 
operators

Geospatial Information Authority of Japan
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Boreholes/geological sections

Lm (Loam)

K (consolidated silt/sand)

Tog (Gravel)

K (consolidated silt/sand)

Tog (Gravel)

Tos (Sandy soil)

Tos (Sandy soil)

Lc (Clay)

Lc (Clay)

Eds (Sandy soil)

Ds (Sandy soil)

Lm (Loam)

Edc (Cohesive soil)

Ac (Cohesive soil)

P (Humus soil)

Toc (Cohesive soil)

Toc (Cohesive soil)

B (Filling)
As (Sandy soil)

* x5 vertically exaggerated © 2025 OYO Corporation |  7
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Geological layers

Lm (Loam)

K (consolidated silt/sand)

Tos (Sandy soil)

Yuc (Cohesive soil)

Tog (Gravel)Yus (Sandy soil) Lc (Clay)

© 2025 OYO Corporation |  8 * x5 vertically exaggerated 
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Soil classification (voxel model)

Loam

Marine sediment 
(sand)

Sandy soil

Clayey soil

Marine sediment 
(sedimentary rock)

© 2025 OYO Corporation |  9 * x5 vertically exaggerated 

Voxel size: 20 x 20 x 1 m
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N-value (voxel model)

Voxel size: 20 x 20 x 1 m

N
-v

al
ue

Lower N-value
⇒ soft ground

Higher N-value
⇒ stiff ground© 2025 OYO Corporation |  10 * x5 vertically exaggerated 
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Modelling using IFC

• Involvement of various parties in the project
Requires information exchanges
⇒ Use of IFC

• IFC4.3 is insufficient to represent geological/geotechnical models
⇒ Need to use generic entities with text description, user-defined property sets

• Tunnel project extensively developed IFC entities/property sets related to geology/geotechnics – IFC4.4
⇒ Use of IFC4.4 as a test case
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Tunnel project and IFC4.4

https://bsi-infraroom.github.io/IFC-Documentation-
Tunnel/4_4_0_0/general/HTML/ 

• To develop tunnel-related IFC schema

• 3 scopes:

◦ Excavation

◦ Systems

◦ Geotechnics

• Reports and documentation available online
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Model on RDF IFC Viewer
• Boreholes (logs, SPT)

• Geological sections

• Geological layers

• Voxels (soil classification, N-value)

* x5 vertically exaggerated 
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Data model – Borehole logs

IfcSite

IfcBorehole/CoreDrilling
 Pset_BoreholeCommon
 Pset_GeoObsCommon

IfcRelContainedInSpatialStructure

IfcGeoscienceObservation/BoreholeLog

IfcGeoscienceObservation/BoreholeLog
 Pset_InsituTestCommon

 Pset_GeoObsBoreholeLogInterval

IfcGeoscienceObservation/BoreholeLog

…

IfcGeoscienceObservation/InsituTestResult
 Pset_InsituTestCommon
 Pset_BoreholeTestSPT

IfcGeoscienceObservation/InsituTestResult

…

IfcRelAggregates

IfcGeoscienceObservation/InsituTestResult

IfcRelAggregates

Entity/Predefined type
Relationship
Property set
Bold: New in 4.4

IfcRelAssignsToProduct*
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IfcGeoscienceObservation/InsituTestResult
 Pset_InsituTestCommon
 Pset_BoreholeTestSPT

IfcGeoscienceObservation/InsituTestResult

…

IfcGeoscienceObservation/InsituTestResult

IfcRelAggregates

Data model – Borehole logs

IfcSite

IfcBorehole/CoreDrilling
 Pset_BoreholeCommon
 Pset_GeoObsCommon

IfcRelContainedInSpatialStructure

IfcGeoscienceObservation/BoreholeLog

IfcGeoscienceObservation/BoreholeLog
 Pset_InsituTestCommon

 Pset_GeoObsBoreholeLogInterval

IfcGeoscienceObservation/BoreholeLog

…

IfcRelAggregates

IfcRelAssignsToProduct*
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IfcGeoscienceObservation/InsituTestResult
 Pset_InsituTestCommon
 Pset_BoreholeTestSPT

IfcGeoscienceObservation/InsituTestResult

…

IfcGeoscienceObservation/InsituTestResult

IfcRelAggregates

Data model – Borehole logs

IfcSite

IfcBorehole/CoreDrilling
 Pset_BoreholeCommon
 Pset_GeoObsCommon

IfcRelContainedInSpatialStructure

IfcGeoscienceObservation/BoreholeLog

IfcGeoscienceObservation/BoreholeLog
 Pset_InsituTestCommon

 Pset_GeoObsBoreholeLogInterval

IfcGeoscienceObservation/BoreholeLog

…

IfcRelAggregates

IfcRelAssignsToProduct*
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Data model – Borehole logs

IfcSite

IfcBorehole/CoreDrilling
 Pset_BoreholeCommon
 Pset_GeoObsCommon

IfcRelContainedInSpatialStructure

IfcGeoscienceObservation/BoreholeLog

IfcGeoscienceObservation/BoreholeLog
 Pset_InsituTestCommon

 Pset_GeoObsBoreholeLogInterval

IfcGeoscienceObservation/BoreholeLog

…

IfcGeoscienceObservation/InsituTestResult
 Pset_InsituTestCommon
 Pset_BoreholeTestSPT

IfcGeoscienceObservation/InsituTestResult

…

IfcRelAggregates

IfcGeoscienceObservation/InsituTestResult

IfcRelAggregates

IfcRelAssignsToProduct*

/* borehole */
#10000= IFCBOREHOLE(…,.COREDRILLING.);
#10001= IFCRELCONTAINEDINSPATIALSTRUCTURE(…);
…

/* geoscience observation, borehole log */
#10028= 
IFCGEOSCIENCEOBSERVATION(…,.BOREHOLELOG.);

/* borehole log, 0.00-0.86 m */
#10029= 
IFCGEOSCIENCEOBSERVATION(…,.BOREHOLELOG.);
…

/* borehole log, 0.86-6.74 m */
#10050= 
IFCGEOSCIENCEOBSERVATION(…,.BOREHOLELOG.);
…
…

#10449= 
IFCRELAGGREGATES(…,#10028,(#10029,#10050,…));
#10450= 
IFCRELASSIGNSTOPRODUCT(…,(#10028),$,#10000);
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Data model – Geological sections/layers

IfcSite

IfcGeoscienceModel/GeologyModel
 Pset_GeoscienceModelCommon

IfcRelContainedInSpatialStructure

IfcGeoscienceFeature/GeologicUnit
 Pset_GeoscienceFeatureTypeGeologicalUnit

IfcGeoscienceFeature/GeologicUnit
 Pset_GeoscienceFeatureTypeGeologicalUnit

…

IfcRelAggregates

Entity/Predefined type
Relationship
Property set
Bold: New in 4.4
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Data model – Geological sections/layers
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…
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Data model – Geological sections/layers

IfcSite

IfcGeoscienceModel/GeologyModel
 Pset_GeoscienceModelCommon

IfcRelContainedInSpatialStructure

IfcGeoscienceFeature/GeologicUnit
 Pset_GeoscienceFeatureTypeGeologicalUnit

IfcGeoscienceFeature/GeologicUnit
 Pset_GeoscienceFeatureTypeGeologicalUnit

…

IfcRelAggregates

Entity/Predefined type
Relationship
Property set
Bold: New in 4.4

/* geological section */
#200000= IFCGEOSCIENCEMODEL(…,.GEOLOGYMODEL.);
…
#200005= IFCRELCONTAINEDINSPATIALSTRUCTURE(…);

/* geoscience feature, layer A */
#200016= IFCGEOSCIENCEFEATURE(…,.GEOLOGICUNIT.);
…

/* geoscience feature, layer B */
#200032= IFCGEOSCIENCEFEATURE(…,.GEOLOGICUNIT.);
…

#200160= 
IFCRELAGGREGATES(…,#200000,(#200016,#200032,…));
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Data model – Voxel

IfcSite

IfcSpatialZone/MappedZone

IfcRelContainedInSpatialStructure

IfcGeoscienceModel/GeotechModel

IfcRelAssignsToProduct

Entity/Predefined type
Relationship
Property set
Bold: New in 4.4

IfcIntegerVoxelData

IfcLabelVoxelData

IfcRelAggregatesIfcProductRepresentationShape

IfcShapeRepresentation

IfcVoxelGrid
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Data model – Voxel

IfcSite

IfcSpatialZone/MappedZone

IfcRelContainedInSpatialStructure

IfcGeoscienceModel/GeotechModel

IfcRelAssignsToProduct

Entity/Predefined type
Relationship
Property set
Bold: New in 4.4

IfcIntegerVoxelData

IfcLabelVoxelData

IfcRelAggregatesIfcProductRepresentationShape

IfcShapeRepresentation

IfcVoxelGrid
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Data model – Voxel

IfcSite

IfcSpatialZone/MappedZone

IfcRelContainedInSpatialStructure

IfcGeoscienceModel/GeotechModel

IfcRelAssignsToProduct

Entity/Predefined type
Relationship
Property set
Bold: New in 4.4

IfcProductRepresentationShape

IfcShapeRepresentation

IfcIntegerVoxelData

IfcLabelVoxelData

IfcRelAggregates

Voxel 
geometry

Data

IfcVoxelGrid
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Data model – Voxel

IfcSite

IfcSpatialZone/MappedZone

IfcRelContainedInSpatialStructure

IfcGeoscienceModel/GeotechModel

IfcRelAssignsToProduct

Entity/Predefined type
Relationship
Property set
Bold: New in 4.4

IfcIntegerVoxelData

IfcLabelVoxelData

IfcRelAggregates

/* spatial zone, mapped zone for voxel */
#1000000= IFCSPATIALZONE(…,.MAPPEDZONE.);
#1000001= IFCRELCONTAINEDINSPATIALSTRUCTURE(…);
…

/* geoscience model */
#1000006= 
IFCGEOSCIENCEMODEL(…,#1000011,$,.GEOTECHMODEL.);
…
#1000010= 
IFCRELASSIGNSTOPRODUCT(…,(#1000006),$,#1000000);

/* voxel */
#1000011= 
IFCPRODUCTDEFINITIONSHAPE(…,(#1000012));
#1000012= IFCSHAPEREPRESENTATION(…,(#1000013));
#1000013= IFCVOXELGRID(…
#1000014= IFCINTEGERVOXELDATA(…
#1000015= IFCLABELVOXELDATA(…
#1000016= 
IFCRELAGGREGATES(…,#1000006,(#1000014,#1000015));

IfcProductRepresentationShape

IfcShapeRepresentation

IfcVoxelGrid
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Summary

• Geological/geotechnical model of Central Tokyo

• Model encoded using IFC4.4

◦ Using proposed entities and property sets

◦ Retains geological and geotechnical information

◦ Voxel models

⇒ Exchange of information for geotechnical risk analysis/evaluation became simple and easy

• IFC4.4 extension is useful for geotechnical projects

• Hope for the approval and publication by buildingSMART International soon

Contact:

Kazunori Takahashi takahashi-kazu@oyonet.oyo.co.jp
Research Geophysicist, OYO Corporation

mailto:takahashi-kazu@oyonet.oyo.co.jp
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Property sets for borehole logs

Pset_BoreholeCommon

BoreholeState

CapDepth

CapMaterial

FillingDepth

FillingMaterial

GroundwaterDepth

LiningMaterial

LiningThickness

Pset_GeoObsCommon

ObservationStartDate

ObservationEndDate

Lithology

Pset_InSituTestCommon

TestMethod

TestStandard

TestType

Pset_GeoObsBoreholeGeoLogInterval

GeologyCode

Weathering

FractureIndex

RockQualityDesignation

TotalCoreRecovery

SolidCoreRecovery

Pset_BoreholeTestSPT

NValue

YoungModulus
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Property sets for sections

Pset_GeoscienceModelCommon

ModelUseCase

CreationDate

ReleaseDate

UpdateDate

VersionNumber

ModelPurpose

ModelStatus

Authors

Organizations

AreaOfInterest

Pset_GeoScienceFeatureTypeGeologicalUnit

GeologicUnitType

Rank

Lithology

GeologicHistory

RepresentativeAge

FaciesLithostratigraphy

FaciesPetrophysics

GeologicalHazard
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Voxel geometry concept template
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