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Introduction

* Tokyo could have serious damage | 4 i
from earthquakes because of: ‘

o Concentrated urban functions
o Extremely densely populated
o Complex geology

o Coastal area, low elevation MLV D= 2!

U |

* Creation of hazard maps for the Central Tokyo area | ool 17 ”'ﬁ,.ﬁp

o Compilation of information on the subsurface

Prediction of liquefaction in Tokyo
o 3D subsurface BIM Tokyo Metropolitan Government
o Assessment of geotechnical risks, seismic simulations using voxel models
o Creation of hazard maps, e.g. shakability map
= A good test case of information exchange using IFC
oYO
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Geological/geotechnical
modelling

Input source data into modelling software
* Publicly available Maps/DEMs
* Borehole logs
* Geological maps/sections by ministries
e Geological sections by underground railway operators
* Geological maps/sections in publications
. Identifying layer boundaries
Adjusting boundaries by comparing with sections

Generate layer boundaries as surface objects

. Generate solid layers/voxels based on boundary surfaces

© 2025 OYO Corporation | 4
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Boreholes/geological sections
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Geological layers
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Soil classification (voxel model)

Il

' I\/Iiarine sedimer!t
(sedimentar'y reels)

| Voxel size: 20 x 20 x I m
' oYoO
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N-value (voxel model)

Il

; Voxel size: 20 x 20 x ]r m
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Modelling using IFC

* Involvement of various parties in the project
Requires information exchanges
= Use of IFC

* |FC4.3 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

oYO
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Tunnel project and IFC4.4

IFC4 Documentation X o

C M 23 bsi-infraroom.github.io/IFC-Documentation-Tunnel/4_4_0_0/general/HTML/

hd TO deve |O p tunne | -re | atEd | FC SC h ema Tunnel - 1.0 [Deliverables] © 1996-2021 building SMART International Ltd.
Cover 1. Scope 5. Core data schemas A. Computer interpretable listings E. Examples
. Contents 2. Normative references 6. Shared element data B. Alphabetical listings F. Change logs
[ J
3 SCO pes ° Foreword 3. Terms, definitions, and abbreviated schemas C. Inheritance listings Bibliography
Introduction terms 7. Domain specific data D. Diagrams Index
H 4. Fundamental concepts and schemas
o Exca Vatl O N assumptions 8. Resource definition data

schemas

o Systems
o @Geotechnics

e Reports and documentation available online

https ://bs i-infraroom gl thub. IO/I FC-Documentation- By using the Tunnel - 1.0 [Deliverables] specification you agree to the following copyright notice
Tunnel/4_4 0 _0/general/HTML/

WP2 Deliverables Requirements Analysis:
Requirement Analysis Report

IR-TUN-WP2_Global process map
IR-TUN-WP2_Scope proposal

WP3 Deliverables Specification Development - Conceptual Model and guidelines:
© 2025 0YO Corpo ration | 12 Conceptual Model Modelling Guidelines

Concentital Model Readina Guide




Tunnel project and IFC4.4

* To develop tunnel-related IFC schema
* 3 scopes:

o Excavation

o Systems

o @Geotechnics

e Reports and documentation available online

https://bsi-infraroom.github.io/IFC-Documentation-
Tunnel/4_4 0 _0/general/HTML/

© 2025 OYO Corporation | 13

IFC4 Documentation

[nl

Tunnel - 1.0 [Deliverables]

eneral/HTN

© 1996-2021 building SMART International Ltd.

Cover 1. Scope . Core data schemas A. Computer interpretable listings E. Examples

Contents 2. Normative references . Shared element data B. Alphabetical listings F. Change logs

Foreword 3. Terms, definitions, and abbreviated schemas C. Inheritance listings Bibliography

Introduction terms - Domain specific data D. Diagrams Index

4. Fundamental concepts and schemas
assumptions . Resource definition data
schemas

F. Change logs .
FAIFC2x3 to IFC4 4.0.0.0 F.13.1 Entities
F.1.1 Entities Item | SPF | XML | Change | Description Bucket |
F.1.2 Properties CORE DATA SCHEMAS
F.1.3 Quantities IFCKERNEL
F.1.3 Model Views feRel AssociatesDataset ADDED c |
F.2 IFC4 Addendum 1 IFCPRODUCTEXTENSION
;g: g . fcBuiltSystemTypeEnum
F.2.2 an'ei_ TUNNEL_PRESUPPORT ADDED c
F. 2' 3 Qruo:nelitif: TUMNEL_SUPFCORT ADDED c
F.2.3 Madel Views TUNNEL_LINING ADDED c
Fl3lIFC4 Addendum 2 WATERPROOFING ADDED
4020 FIREFROTECTION ADDED c
F.3.1 Entities fcElementAssemblyTypeEnum
F.3.2 Properties DUCTEANK ADDED c
F.3.3 Quantities PRESUPPORTWAULT ADDED c
F.3.3 Model Views PRESUPPORTFACE ADDED c
F.4 IFC4 Addendum 2 RING ADDED c
I%cgn:cal Corrlgendum 1 fcSpatialZoneTypeEnum
F.4 '1 -Entities MAPFEDZONE ADDED ]
F.42 Properties TESTEDZONE ADDED ]
E4 3 Quantiies COMPARTMENT ADDED c
F.4.3 Model Views ANNULARGAP ADDED c
F.5 IFC4x1 Final 4.1.0.0 CLEARANCE ADDED c
F.5.1 Entities INSTALLATION ADDED c
F.5.2 Properties INTERIOR ADDED c
F.5.3 Quantities INVERT ADDED
F.5.3 Model Views LINING ADDED c
F.6 IFC4x2 Candidate SERVICE ADDED c
42.0.0 . fcComplementaryData ADDED B
EZ; Entltlei. feintegeryoxelData ADDED c
F. 6. 3 Qruo:nelitif: fcLabelVoxelData ADDED c
e felinearZone ADDED B




™' akasaka x5.ifc - ifcviewer

Eile View Help Encoding

@Y Header Info

IfcSite
: [ geometry
IfcBorehole 'GS-KO=1_20210127'

+ IfcBorehole 'GS-MT-1_20210127"
[ licBorehole {4 A4 E_20210127'
[ IfcBorehole '45414'
IfcBorehole '45434'
IfcBorehole '45706'
IfcBorehole '45707'
IfcBorehole '45768"
IfcBorehole '45770"
IfcBorehole '45772'
IfcBorehole '45774'
IfcBorehole '45775'
IfcBorehole '45779'
IfcBorehole '45810"
IfcBorehole '46006'
IfcBorehole '46135'
IfcBorehole '46136'
IfcBorehole '46142'
IfcBorehole '49898'
IfcBorehole '49902'
IfcBorehole '49924'
IfcBorehole '49938'
IfcBorehole '50018"
IfcBorehole '50020"
IfcBorehole '50023
IfcBorehole '50028'
IfcBorehole '50030'
IfcBorehole '50036'
IfcBorehole '50045'
IfcBorehole '50046'
IfcBorehole '50057'
IfcBorehole '50062'
IfcBorehole '50064'

[ B R R

del on RDF IFC Viewer

e Boreholes (logs, SPT)
* Geological sections
* Geological layers

* Voxels (soil classification, N-value)

Attribute ‘ Value
# 298858
Entity IfcSystem
B IcRoot
1: Globalld $YVExFCv 1001F Acmvt...
2 OwnerHistory #20
3: Name ‘Sections’
4 Description 'Group of sections’
B IfcObjectDefinition

INV: HasAssignments ()
INV: Nests )
INV: IsNestedBy )
INV: HasContext )
INV: IsDecomposedBy (Y )
INV: Decomposes )
INV: HasAssociations  (Y)
B IfcObject
5 ObjectType
INV: IsDeclaredBy )
INV: Declares )
INV: IsTypedBy )
INV: IsDefinedBy )
B IfcGroup
INV: IsGroupedBy (#298859)
INV: ReferencedinStr.. ()
B KcSystem
INV: ServicesBuildings (Y )
INV: ServicesFacilities ()

* x5 vertically exaggerated
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Data model — Borehole logs

IfcSite

I IfcRelContainedInSpatialStructure

IfcBorehole/CoreDrilling

Pset_BoreholeCommon Entity/Predefined type
Pset_GeoObsCommon Relationship
. % Property set
IfcRelAssignsToProduct Bold: New in 4.4
IfcGeoscienceObservation/Boreholelog IfcGeoscienceObservation/InsituTestResult
IfcRelAggregates IfcRelAggregates
IfcGeoscienceObservation/BoreholeLog — IfcGeoscienceObservation/InsituTestResult
Pset_InsituTestCommon Pset_InsituTestCommon
Pset_GeoObsBoreholeLoglnterval Pset_BoreholeTestSPT
IfcGeoscienceObservation/BoreholeLog L IfcGeoscienceObservation/InsituTestResult
© 2025 OYO Corporation .| 15 oYo

oyo corporation



Data model — Borehole logs

IfcGeoScienceObservation

Concept usage

IfcSite Observation Composition

The Complementary Data Composition concept template applies to this entity as
shown in Table 314

I IfcRelContainedInSpatialStructure

Decomposes | RelatingObject

IfCBO rehO|E/COFEDri"ing feGeoScienceObsarvation
Pset_BO re h OI eCO mmon Table 314 — HeGeoScienceObservation Complementary Data Composition
Pset_GeoO bsCommon An lfcGeoScienceObservation may decompose another lfcGeoScienceObservation.
This may be the case e g. when several different types of tests have been performed
IfcReIAssignsToProd uct* in an IfcBorehole at different depths and each type of test is decomposed into sub-
tests at different depth ranges.
IfcGeoscienceObservation/Boreholelog Observation Assignment
1 The Assignment to Product concept template applies to this entity as shown in Table
316.
IfcRelAggregates IsAssigned | RelatingProduct
IfeBorehole
IfcGeoscienceObservation/BoreholeLog HeSpatalZone
Pset_InsituTestCommon fesensar
b h I I Table 316 — HeGeo ScienceDbservation Assignment to Product
PSEt_GEOO sBoreho eLogInterva An IfcGeoScienceObservation may be assigned to lfcBorehole, IfcSpatialZone or
IfcGeoscienceObservation/BoreholeLog ffeSensor.

oYO
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IfcSite

IfcBorehole/CoreDrilling
Pset_BoreholeCommon
Pset_GeoObsCommon

I IfcRelContainedInSpatialStructure \

- - e
N\
eea

IfcRelAssignsToProduct* l . I

IfcGeoscienceObservation/BoreholeLog //i/% |
A 1 H

IfcRelAggregates /
IfcGeoscienceObservation/BoreholeLog 71 I

Pset_InsituTestCommon

Pset_GeoObsBoreholeLoglinterval

IfcGeoscienceObservation/BoreholelLog

© 2025 OYO Corporation :| 17 OYO
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Data model — Borehole logs

/* borehole */
| #10000= IFCBOREHOLE( .COREDRILLING. )
- #10001= IFCRE LCONTAINEDINSPATIALSTRUCTURE(...);

IfcSite

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

IfcBorehole/CoreDrilling /* borehole log, ©.00-0.86 m */

#10029=
IFCGEOSCIENCEOBSERVATION(..., . BOREHOLELOG. ) ;

: *
IfcRelAssignsToProduct /* borehole log, ©.86-6.74 m */

#10050=

IfcGeoscienceObservation/Bo EII"FCGEOSCI ENCEOBSERVATION(..., . BOREHOLELOG. ) ;

A

— #10449=

IFCRELAGGREGATES(..., #10028, (#10029,#10050,...) ) ;
[~ #10450=

IFCRELASSIGNSTOPRODUCT (..., (#10028),%,#10000) ;

IfcRelAggregates

IfcGeoscienceObservation/BoreholeLog

IfcGeoscienceObservation/BoreholelLog

oYO

© 2025 OYO Corporation | 18 oyo corporation



Data model — Geological sections/layers

IfcSite
I IfcRelContainedInSpatialStructure

IfcGeoscienceModel/GeologyModel
4 Pset_GeoscienceModelCommon

IfcRelAggregates

IfcGeoscienceFeature/GeologicUnit
Pset_GeoscienceFeatureTypeGeologicalUnit

IfcGeoscienceFeature/GeologicUnit
Pset_GeoscienceFeatureTypeGeologicalUnit

Entity/Predefined type
Relationship

Property set

Bold: New in 4.4

oYO

© 2025 OYO Corporation | 19 oyo corporation



Data model — Geological sections/layers

IfcGeoscienceModel

Concept usage

IfcSite

GeoscienceModel Decomposition

x IfcRelCo ntainedInSpatiaIStructu re The Element Decomposition concept template applies to this entity as shown in Table 314.

IsDecomposedBy | RelatedObjects

IfcGeoscienceModel/GeologyModel foGeoSoanoeFesture
° IfcGeoScencelMode!
4+ Pset_GeoscienceModelCommon

Table 314 — feGeoScienceModel Element Decomposition

An lfeGeoscienceMode! may be decomposed into other IfeGeoscienceModel geoscience elements or into feGeoscienceFeature

IfcReIAggregates geoscience elements.

IfcGeoscienceFeature/GeologicUnit
Pset_GeoscienceFeatureTypeGeologicalUnit

IfcGeoscienceFeature/GeologicUnit
Pset_GeoscienceFeatureTypeGeologicalUnit

Entity/Predefined type
Relationship

Property set

Bold: New in 4.4

oYO
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Data model — Geological sections/layers

IfcSite

I IfcRelContainedInSpatialStructure

IfcGeoscienceModel/GeologyModel
4 Pset_GeoscienceModelCommon

IfcRelAggregates

IfcGeoscienceFeature/GeologicUnit
Pset_GeoscienceFeatureTypeGeologicalUnit

IfcGeoscienceFeature/GeologicUnit
Pset_GeoscienceFeatureTypeGeologicalUnit

Entity/Predefined type
Relationship

Property set

Bold: New in 4.4

oYO

oyo corporation
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Data model — Geological sections/layers

IfcSite

I IfcRelContainedInSpatialStructure

IfcGeoscienceModel/GeologyModel
4 Pset_GeoscienceModelCommon

IfcRelAggregates

IfcGeoscienceFeature/GeologicUnit
Pset_GeoscienceFeatureTypeGeol

IfcGeoscienceFeature/GeologicUnit
Pset_GeoscienceFeatureTypeGeologicalUnit

Entity/Predefined type
Relationship

Property set

Bold: New in 4.4

oYO

oyo corporation
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Data model — Geological sections/layers

IfcSite
I IfcRelContainedInSpatialStructure

IfcGeoscienceModel/GeologyModel

A

IfcRelAggregates

IfcGeoscie eature/GeologicUnit

IfcGeoscienceFeature/Geo

Entity/Predefined type
Relationship

Property set
Bold: New in 4.4

© 2025 OYO Corporation | 23

/* 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,..));

oYO

oyo corporation



Data model — Voxel

IfcSite
I IfcRelContainedInSpatialStructure

IfcSpatialZone/MappedZone

IfcRelAssignsToProduct

— IfcGeoscienceModel/GeotechModel

IfcProductRepresentationShape IfcRelAggregates
IfcShapeRepresentation
‘ - IfcintegerVoxelData
Entity/Predefined type IfcVoxelGrid —— IfcLabelVoxelData
Relationship
Property set

Bold: New in 4.4

oYO

oyo corporation
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Data model — Voxel

IfcGeoScienceElement

IfcSite Concept usage

I IfcRelContainedInSpatialStructure Voxel Geometry
The Voxel Geometry concept template applies to this entity as shown in Table 312.

Table 312 — HcGeo ScienceElement Voxel Geometry

IfcSpatialZone/MappedZone

An lfcGeoScienceElement may be represented by an IfcVoxelGrid.

IfcRelAssignsToProduct

— IfcGeoscienceModel/GeotechModel

l :

IfcProductRepresentationShape IfcRelAggregates
IfcShapeRepresentation
‘ - IfcintegerVoxelData
Entity/Predefined type IfcVoxelGrid —— IfcLabelVoxelData
Relationship
Property set
Bold: New in 4.4

oYO
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Data model — Voxel

IfcSite
I IfcRelContainedInSpatialStructure

IfcSpatialZone/MappedZone

IfcRelAssignsToProduct

— [fcGeoscienceModel/GeotechModel

IfcProductRepresentationShape IfcRelAg

>

geometry

IfcShapeRepresentation

- IfcintegerVoxelData
— IfcLabelVoxelData

Entity/Predefined type \—> IfcVoxelGrid
Relationship
Property set
Bold: New in 4.4

oYO

oyo corporation
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Data model — Voxel

/* spatial zone, mapped zone for voxel */
| #1000000= IFCSPATIALZONE( .MAPPEDZONE. ) ;
"~ #1000001= IFCRELCONTAINEDINSPATIALSTRUCTURE( DI

IfcSite /* geoscience model */
#1000006=
IFCGEOSCIENCEMODEL(...,#1000011,%, . GEOTECHMODEL.);

| #1000010=
IfcSpatialZone/MappedZone IFCRELASSIGNSTOPRODUCT (..., (#1000006),%,#1000000) ;

/* voxel */

#1000011=

|fcRe|AssignsToProduct IFCPRODUCTDEFINITIONSHAPE( . (#1@@@@12) )

#1000012= IFCSHAPEREPRESENTATION(.. ,(#19@0013)),
#1000013= IFCVOXELGRID(..

#1000014= IFCINTEGERVOXELDATA(

#1000015= IFCLABELVOXELDATAC(...

#1000016=
IFCRELAGGREGATES(..., #1000006, (#1000014,#1000015) ) ;

I IfcRelContainedInSpatialStructure

— [fcGeoscienceModel/GeotechModel

IfcProductRepresentationShape

regates;;7

IfcShapeRepresentation

‘ - IfcintegerVoxelData
Entity/Predefined type IfcVoxelGrid ——— IfcLabelVoxelData
Relationship

Property set

Bold: New in 4.4

oYO
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Summary

* Geological/geotechnical model of Central Tokyo
* Model encoded using IFC4.4

o Using proposed entities and property sets

o Retains geological and geotechnical information

o Voxel models

= Exchange of information for geotechnical risk analysis/evaluation became simple and easy
* |FC4.4 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

oYO
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Property sets for borehole logs

Pset_BoreholeCommon
BoreholeState
CapDepth

CapMaterial
FillingDepth
FillingMaterial
GroundwaterDepth
LiningMaterial

LiningThickness

© 2025 OYO Corporation | 30

Pset_GeoObsCommon
ObservationStartDate
ObservationEndDate

Lithology

Pset_InSituTestCommon
TestMethod
TestStandard

TestType

Pset_GeoObsBoreholeGeoLoginterval
GeologyCode

Weathering

Fracturelndex

RockQualityDesignation
TotalCoreRecovery

SolidCoreRecovery

Pset_BoreholeTestSPT
NValue
YoungModulus

oYO

oyo corporation



Property sets for sections

Pset_GeoscienceModelCommon Pset_GeoScienceFeatureTypeGeologicalUnit
ModelUseCase GeologicUnitType

CreationDate Rank

ReleaseDate Lithology

UpdateDate GeologicHistory

VersionNumber RepresentativeAge

ModelPurpose FaciesLithostratigraphy

ModelStatus FaciesPetrophysics

Authors GeologicalHazard

Organizations

AreaOflnterest

oYO

oyo corporation
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Voxel geometry concept template

IfcShapeRepreseniabon eomeincRepresentabonCon 15t lfcNormalisedRatioMeasure
Globalld [1:11 : ContextOfltems [1:11 Contextldentifier [0:11] —{MappedTo [1:71 ColourList L[1:7]
CrwnerHistory : Description [0:11 Representationldentifier [0:11 q ContextType [0:11 Opacity [0:11
MName Representations LI1:7 RepresentationType [0:11 RepresentationsInContext  S[0:7] Colours [1:1]
ShapeOfProduct SM1:9 [tems CoordinateSpacelimension [1:11 Colourlndex L[1:7
HasShapelspects S[0: Precision [0:11
i worldCoordinateSystem [1:11
sl TrusMorth [0:11
H OfShapefspect HasSubContexts SI0:7
s HasCoordinateDperation  S[0:
De
Has
Ok
=D
lf_-f_ licLabel
|=DefinedBy
ObjectPlacement IcVonelGnd
Representation 3y gnment
ReferencedBy 5 1
Po Has —
R oel Sizek
Woxel Size
WowelSized :
MNumberCfVoxelsX [1:11
NumberCfVoxelsY [1:11
NumberOfvoxelsZ [1:11
Wonels [1:1]

oYO

oyo corporation
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