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Introduction: underground space and its value
* Development and utilisation of urban underground space ======p one of the top 10 fronts in engineering development in civil,
hydraulic and architecture
* 740,000 km of underground assets in Australia, worth more than $340 billion
* Applications
v" Tunnels
Underground parking lots
Underground shopping malls
Public walkway

Subsurface utility networks

Underground cities

N N N N RN




Introduction: underground land administration

* 3D digital data plays an underpinning role in managing underground spaces

* Data from land administration perspective:

v Physicaldatae ® @

v’ Legaldatao. ¢ ®

3D parcels
.,-r'

3D cadastral unit
D physical objects

-

2D parcels

30 physical objects

Underground pipe (Park et al. 2010)



Introduction: current practices

» Underground land administration solutions differ among jurisdictions, but they rely on the 2D parcel

Visualisation of communication
cables with land parcels, Canada
(Pouliot and Girard 2016)
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Introduction: current practices
1 Problems of 2D models - Victoria

n PLAN OF SUBDIVISION PS 814785V l :'?;‘;IE_Z; i
C‘* m) 2l I /
2 :n ] TEH él i '_'.I"'E‘IBL’
T < z I T g & | 5 | &

I 3 [ L I

| SupeR senen
SEE 00 143)

SUPERSEDED
SEE Of nagaw -A

| » The depths of underground objects are not specified

SEE SHEET 2 FOR UPPER LIMIT DETAL \~
. \. \
i I ]

LEICESTER
™
Fm5=~

» Physical objects (cables, pipelines, tunnels) are not registered SECTION W W" g |
TABLE OF UPPER & LOWER LIMITS
> The assets are not defined as entities in cadastral maps and it is not 5 e
possible to query on them :
> For every parcel crossed by a pipeline, a reference is made to the| [\| = - -
same subject (holder of the pipeline), which makes redundancy. & &
3 [ 4 I 5 | 6
ovalks madergrqund cglNLN'b‘Ol?GTEOMS?: LTE No.t
_pmié’g iqtc riz@;ﬁ@&ﬁi&,ﬁalia SEE DIAG THIS PLAN YARRA VALLEY WATER CORPORATION
16 Eastern Road | South Melbourna N U - SEE DIAG THIS PLAN LOTS E TO H (BOTH INCLUSIVE) ON THIS PLAN L *
N L,;’;’;,g;; 900 | Ver|5| _ E-9 CARRIAGEWAY SEE DIAG THIS PLAN LOT E ON THIS PLAN A Sllblel.SlOIl . plan .WIth
E-10 CARRIAGEWAY SEE DIAG THIS PLAN LOTS G & H ON THIS PLAN easement, VlCtOl'la, Australia




Tunnel

"Q-_

Underground Utilities

@
i
\: w = T
e : = &— |
s ‘__-_

[l .,'i' .'I'[,fj“
%I 5 L\r)|_"‘<| =3 '."'I' :’-'.'il_lllv

L1 N, V0 e

Land Parcel

TR I
8 (Il FlBBsi C D
. I‘. {" B;I.Bllf- Bn’f?f;“' ‘ - !
SECTION X-X'’ & Depth LS
» Limitation Building
Current 2D legal model BARRIOAD
3D Datal Model ' X Utilities  OWnership Space of
Current 2D phys1cal model Tunnel . — Utilities (Easements)
% y f: Legend SDHEE Df TUHHE|
E’Wh;"ng 3D integrated model
=
Research aim

requirements in Victoria.

An LADM-based conceptual 3D data model is developed to integrate

physical and legal data of different underground assets based on the




Methodology

Step 1: Foundation

Step 2: Elicit Req

uirements

@rature RevD

e Explicate Research Problem:

Current data models focus on the physical or
legal aspects of underground space in Victoria
and are mostly based on 2D approaches, leading
to ineffective underground land administration
in terms of addressing critical data management
and communication issues related to legal and
physical aspects.

e Underground legal objects
e Underground physical objects

*

Investigation of current practices
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Step 3: Design and Develop Artefact

Develop an LADM-based 3D
conceptual data model

LADM conceptual
data model




Requirements

» Underground legal objects
o Primary underground parcels
o Secondary underground interests
o Underground legal boundaries
» Underground physical objects
o Physical objects required to define legal spaces

o Physical objects which are demands required from an integrated 3D underground data model for

different use cases



Requirements - primary underground parcels

» Base-level parcels for forming the continuous cadastral fabric
» There is no overlap and gaps between primary parcels
» Single, part, multipart parcels

» 2D cross-sectional diagrams and upper and lower limits of parcels are used to represent underground lots in

3D
» In 3D, the spatial extent of these parcels should be a closed volume (volumetric legal spaces)

» Underground lot, stage lot, crown, common property, and reserve



e vse0.000... Requirements - primary underground parcels
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» Some examples

FORTIOM LaT 1 LoT 2
i BELOW RL = 1% . &m ABOVE AL = 1% .km [
BELOW RL = ).0m ARD BETWEEN RL = }.0m |
] BETWEEN BL = &.Tm AND HL = ®.Tm AND
AND RL & 1&.21m ABOVE BL = 1&.1@
K BETWEEN BL = 3. .0m BELOW HL « 3.0m AND
AMD BL = 14 . 1w ABDVWL BHL = 1&.3m 1
_—— - - L
L BETWEEN =L B.Tm BELOW RL =« B.7Tm AND “F
AND RL e . Im ABOVE HL = 1&.3m
] BILOW BL = 3.0m AND BETWEEH RL = Y.0m
ABOVE BL « &.7m AND BL = 8.7m i
- — - .
W ABDVE BL = 13.3m BELOW RL = 13.2m t E .
— & 5 ;TF E T irmims samwacy
BETWEEM RL = 3.0m BELOW BL = 3.0m AND NETIR Gl B LITTLE & a] LONSDALE - - E - w AT TN
+] 5 BETWLEN RL = 5.5m R L L = — —
. AND RL = B.7Tm AND VIR BEma T YR o8 LENM G W
A [ 1 ABOWE BL & 4. Jm TR AT I T
P BETWEEM &L = 3.0m BELOW RL = J.0m AND LLAAY BEumERET W, §sE
AKD BL = 5.%5m ABOVE RL 5.5m 7024
] BETWEEN RL = 3.49= BELOW RL = 3. .0m AND
AND BL =« A, 7s ABOVE RL « 8. Tm
B BELOW RL = 8. 7@ ABOVE ®RL = 8. Tm Tl otk W E B
5 BELOW HL = & Jm ABDOVE RL = 14.7m SFCTION A&
] ABOVE RL = ¥.8m BELOW RL =« 3.0m
u ABOVE RL = 8.7m BELOW RL .7m
BETWEEN BL = 3. 8m BELOW RL Y.om AND
L AND BL = % %® AWND BETWLLN RL . 5m
BL = ®.7Tm

ABOVE RL « 8. 7m AND

LITTLE LONSDALE STREET

2D plan Upper and lower limits of parcels

Underground lot 1 ~ Underground lot 2

] — ] LEVEL &  RL 142
ELIZABETH STREET l LITTLE LOMNSDALE STREET
LEVEL &
—d LEVEL 3 RL 5-% A
Y LEVEL 2 —
/ .
PORTION'T PORTION P
PORTION'K ™~ poRTION D'

LR L L L]

i i

LE Ep |
LYt t]

Cross-sectional diagram




Requirements - secondary underground parcels

» Provide benefits and/or pose restrictions on primary parcels
» These legal interests can overlap any primary parcels or other secondary parcels

» These legal objects have relationships with at least one primary parcel for which the benefits are provided

(semantic relationships)
» Each secondary underground interest needs to be fixed to a primary parcel (spatial relationships)
» In 3D, the spatial extent of these parcels should be a closed volume (volumetric legal spaces)

» Underground easement, depth limitation, and restriction



ceveeess.. Requirements - secondary underground parcels

» Some examples
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Requirements - underground legal boundaries

» By investigating the current underground subdivision practices, this research has developed a
new taxonomy of legal boundaries defined in underground environments.

—»{ Surveyed Boundaries
—> Interior
—> Median
—>» Building Boundaries [—
—» Exterior
Underground | —> Other Legal Boundary
Legal Boundaries Projection
Surveyed Projection
—» Projected Boundaries ~|:: Line Projection
Building Projection

Unsurveyed (Computed)
Boundaries
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Requirements - underground physical objects

» Two types of physical information
o Physical objects required to define legal spaces (e.g. building boundaries)

o Physical objects which are demands required from an integrated 3D underground data model for
different use cases beyond land registration such as planning, design and construction of underground

assets, excavation, and utility management



cessssssss Requirements - use case of a 3D integrated model: West Gate Tunnel — Melbourne

» lIssues of current practice: fragmented data, different data sources, several sheets, and no connection
between legal and physical assets to have spatial queries (e.g. finding all parcels through which a planned

tunnel will pass)
Benefits of a fully integrated 3D model: close to reality, better interpretation, solving ambiguities of 2D

>
models such as objects’ forms and depths, managing both physical and legal data of all underground
objects 1n an integrated environment via a single model, minimise impacts on third party property and

. . .
infrastructures, and enabling data query and analysis
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csesesesss Requirements - underground physical objects

Use case ULA function Example of underground asset Physical Requirement
Land Land tenure All underground assets: Physical objects that define the spatial
Registration Private (lots, storage tanks, etc.) and Crown | arrangements of legal objects (walls, doors,
(Cadastre) (tunnels, subways, train stations, etc.) columns, ceilings and floors)
Excavation and | Land use Utilities: Utility type, position (X, v and z-coordinate), the
Utility Land development | Water, drainage, sewerage, accuracy of the position, size (cable tubes, pits,
Management telecommunications, electricity (generation, | utility strips), radius, length and number of pipes

transmission and distribution), gas
(transmission and distribution),
petrochemical (e.g. oil, petrol and LPG), etc.

/cables, date of installation (Bitenc, Dahlberg et
al. 2008, Zlatanova and Gorte 2017)

Protective areas of utilities, a ‘buffer’ around the
utility (Déner, Thompson et al. 2010)

Planning, design
and construction
of large-scale

Land tenure
Land use
Land development

Tunnels:
Rail, highways, tram, etc.

The outer surface of physical structures
Tunnel protection; Buffer zones to keep the
force equilibrium (Peng, Qiao et al. 2021)

building projects Buildings: Same as Land Registration plus the outer surface
Subways, train stations, private buildings, of buildings
etc.
Smart Cities, Land tenure All underground assets Physical data integration
Digital twins Land value Data quality and consistency
Land use The surface of the lands (ground/site level) /

I.and development

topography




The
developed

LADM-based
data model

Step 1

Extending LADM to support
underground legal objects in
Victoria

Step 2

Developing external classes to
support UL A physical objects

Step 3

The relationship between physical
and legal objects




class General data model /
DistanceObsenation
+RelatedBoundaries +RelatedSurveyElement i
LegalSpaceBoundary : SurveyElement {:]7 A
+BoundedBy DepthObservation
The general
Geometry = Geometry SurveyMark
data model for i
U ndergrou nd ReferenceMark
| d +RelatingSpace +RelatingLegalSpace +RelatedAsset
dn LegalSpace UndergroundAsset
administration A TR R
. . . +FixedBy
in Victoria
PrimaryUndergroundParcel SecondaryUndergroundinterest Building Tunnel UtilityNetwork
A +BenefitBurdened A A A
Lot Stagelot j Easement Restriction Slab Column Powerline Telecommunication
Reserve Crownland DepthLimitation Wall Door Drainage WaterPipeLine
CommonPropaty Sewerage GasPipeline




LA Lagsl SpacalilityHabaorl: LA_Sp=Iz UnToroup i_l

LA_Legw SpaceBuldiralrit ..ﬁ_ﬂn.irldﬂlllﬂu'mhip!pltlill.hil]

LA_GroupParty
G | 'Lﬂl LA_Spatial Unit
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d I 3 g ram o f v L&, Administrat vaSource F— LA_Required Relaticnst pBAURS
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» Legal spaces are defined based on the asset types



Spatial Unit::
LA_RequiredRelationshipSpatialUnit

<&

Spatial Unit:: Spatial Unit::LA_SpatialUnit Spatial Unit::
£ LA SpatialUnitGroup LA Level

Extending /\ /\
LADM to

support ULA
legal objects in
Victoria

VIC_PrimaryUndergroundParcel VIC_SecondaryUndergroundinterest

A A\

VIC Lot VIC Stagelot VIC_Easement VIC DepthLimitation

VIC Reserve VIC CrownLand VIC Restriction

VIC CommonProperty

» "VIC_" is the prefix for the Victoria country profile



» LADM uses external classes defined as <<blueprint>> to model physical objects

» There are only two classes for utilities and buildings: ExtPhysicalUtilityNetwork and
ExtPhysicalBuildingUnit.

» They are not adequate to model all underground physical assets

ablueprint, FeatureType»
External::ExtUndergroundAsset

The proposed

external = A o
ENY e
SU p p O rt U LA ublueprint, featureTypex «blueprint, FeatureTypey ablueprint,featureType»
p h y S | ca | External::ExtPhysicalUtilityNetwork BExternal::ExtPhysicalTunnel External::ExtPhysicalBuilding Unit
objects
ablueprint, FeatureTypes ublueprint,FeatureTypes ahlueprint, FeatureTypes ahlueprint, FeatureTypes
External::ExtTelecommunication External::ExtPowerline External::ExtBuildingWall External::ExtBuildingDoor
«blueprint,FeatureTypen ablueprint,FeatureTypes ablueprint,FeatureType» ublueprint,FeatureType»
External::ExtWaterPipeline External:ExtSewerage External::ExtBuildingColumn External::ExtBuilding5Slab
ablueprint, FeatureTypes ublueprint,FeatureTypes
External::ExtGasPipeline External::ExtDrainage




Relationship
between legal

and physical
objects

ufeatureTypes

Party::LA Party

afeatureTypes
Administrative::lA RRR

ufeatureTypen
Administrative::LA_BAUnit

afeatureTypes
Spatial Unit::LA SpatialUnit

aplueprint, FeaturaTypey
External::ExtUndergroundAsset




Discussion and future works

» Relationship between physical and legal objects:
o Legal spaces are parcel-based
o Physical objects such as a long tunnel or pipeline are defined as a single object
o Physical objects can pass through several parcels
o Itis possible to divide a tunnel or pipeline by parcels; however, in reality, it is mostly defined as one object

o Assigning unique identities (IDs) to physical objects and specifying them as attributes of legal spaces can help

link a single physical asset to all its legal spaces.
o What about a legal space with several physical counterparts such as multi-purpose easements?

o What about other relationships (n-m)?



Discussions and future works

» Underground vertical boundaries only include distance (vertical distance); challenging when a vertical

boundary is not straight (oblique boundary such as underground parking ramp)
» How is the ground surface defined? Some legal boundaries are defined by the ground surface
» Real-world case studies and prototyping of the proposed data model

» Evaluation of the proposed 3D data model by key stakeholders in underground land and asset management

and 3D data modelling experts

» Finally, this paper did not investigate survey, administrative and party elements. They can be considered in

the data model.
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