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What is Building Information Modeling?

@ s @ Trimble. @ esri
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Definition

“Building Information Modeling refers to a cooperative

methodology that uses digital models of a building as the basis for the
information and data relevant to the life cycle of the building. Stifesphn Digiales Planen
The information and data relevant to the building's life cycle is consistently recorded, Mndtauen

managed and exchanged between the parties involved or transferred for further
processing.”

Bundesministerium
tur Verkehr und
digitale Infrastruktur

"The core of the method is the creation of digital three-dimensional
building models.”

B uilding — build environment, not buildings only

Information - The | makes the difference ! No Drawings

Translated definition according to BMVI, 2016

Modeling, Model, Management...
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1ISO19650: "building information modelling (BIM) ... use of a shared digital representation of a built
object (including buildings, bridges, roads, process plants, etc.) to facilitate design, construction
and operation processes to form a reliable basis for decisions” (rom iso 20481-1:2016)

Clear definitions for the information needed by the project client or asset owner, and for the ”
standards, methods, processes, deadlines and protocols that will govern its production and review.

Information management
according ‘té BS EN‘1SO 19650

The quantity and quality of information produced being just sufficient to satisfy the ,
defined information needs, whilst not compromising health and safety or security. Too much Guidance Part I:Gncepts* ® -
information represents wasted effort by the supply chain and too little means clients/owners take 2ol n
uninformed decisions about their projects/assets.

Efficient and effective transfer of information between those involved in each part of
the life cycle — particularly within projects and between project delivery and asset operation.

-> Informed and timely decision making!
https://www.ukbimframework.org/standards-guidance/

kadaster
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Planning Construction Operation

) ern) ez ) o

kadaster
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First plan, then build ©  -—---- Traditional Process

Shift of Changes in Early
planning stages

Finished
Execution Planning

Geology, building
services, risk management,
public

B noesministerium

| itir Yerkahr und
RE‘ﬂll— DECDH— d{] tale Infrastrukiur
sation struction

BMVI: Reform Commission Construction of Major Projects - Final Report

kadaster
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technical perspective commercial perspective

Planning Accuracy

Greater Increase

control of cooperation between
projects participants
Cost Optimization ]\
7

Maintaining Acceptance and

_ ling transparency
quality criteria / \ towards citizens

. Reliability and
(?J;bgg}gj;g; security for individual
projects

XOXO BFFE

ORGANISED BY IH
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What Is your perspective?

A) Technical
B) Commercial

@ —— @ Trimble. @esri
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What are use-cases for BIM?

@’ Ap— @ Trimble. @esri
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A Use Case defines ...  who needs
. = _ o o C
= —_— * which information
P ' ' III L\‘ i ’

A~ f f « at what time

* in which format

- in which level of detail @3 U C /\/\

. ® a service by buildingSMART International
Result of a Use Case:  common understanding

?

) https://ucm.buildingsmart.org/
 integrated processes

* inputs to EIR and BEP

Geo-referencing in IFC

_ - Stake out
mapping to IFC schema . Retro BIM
* basics for MVD’s 3
kadaster
@ . I
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BIM - Use Cases
: Tender
| Placing
Billing
Quantlty
determlnatlon

Use Cases

(@ WORKING WEEK 2021

@st EstlmatlD / /

< Demand Assessment

@ kadaster 6 3
u
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e Plowman Craven . RIBAStage0 RIBA Stage 1 RIBA Stage 3
BIM SURVEY SPECIFICATION
AND
REFERENCE GUIDE ,
Strategic Preparation Concept Developed
Definition and Brief Design Design
| |

RIBA Stage 4 RIBA Stage 5 RIBA Stage 6 RIBA Stage 7

plowmancraven.co.uk Technical Construction Handover and In Use

Design Close OUt
ORGANISED BY IH
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What are the requirements for a BIWre?
BIMAuthoring Tools

6 point benchmark!

(@ WORKING WEEK 2021

Hausknecht, Liebich (2016)

@ Ap— @ Trimble. @esri
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#1 Model element based work with parametric

Tt

Semantics through classification and attribution / /

Geometry parameters: 64_\0
et

e.g. : Length, Width, Height

Model: Semantically structured 3D model //" \

Ay
e.g. : Distance to wall axis, parapet height

Conditions/Constraints: >

e.g. : "Always horizontal”

\/>
Calculations 3/ [: 53/1

e.g. wall thickness = sum of the layers

Cmp: Traffic route construction: Linear reference systems / parametric reference to the axis, lane width

@ kadaster @ .
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#2 Definition of dependencies between model elements

The software can automatically adjust model elements in

position and shape (and other properties) in relation to other

elements.

« Example: wall intersection

* inner/outer wall

« Connecting construction parts to grids/layers

Rule-based modeling: e.g. "Window always in wall” / /
&z .

@ kadaster @ .
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#3 Logical structural elements in a BIM model

In addition to the geometric outline (3D), the building model contains further
"virtual breakdown structures”: Classification according to spatial
aggregation
Project
Building / building section
Storey
Zone

Room

Logical connection with physical model elements (e.g.: space boundary)

ORGANISED BY H G
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#4 Dynamic plan derivation from the BIM model

Automated updating of 2D floor plans, sections and views

Standardized representation according to CAD standards
Uniform format, layout, stamp, labeling
and dimensioning

Management of the plan

ORGANISED BY H

kadaster @
G I I u \ ITc
Geo-Informatie Nederland UNIVERSITY
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#5 Creation of lists and other evaluations from the BIM model ( "

| - P

.
I ! b
. il e =P !
O s s o T I e
R e
) )
{

Lists, tables, reports, ...
« Automated updating of attribute data and calculated geometric quantities (length, area, volume)
« Sensible structuring and grouping according to spatial aggregation hierarchy or component classification

« For example: quantity determination, service specifications, maintenance lists, ...

L4

@ 2 Trimble. @ esri
ORGANISED BY = PLATINUM SPONSORS && > IFImMbie.
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#6 Integration with other BIM-capable software products via open interfaces

« Reuse and consistent use of the model / federated models!
* Vendor-independent data exchange with IFC (bS/ISO16739)

« Careful: This is complex, must be planned and configured!

PLATINUM SPONSORS Trimble @gﬁ,ﬁ!
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Are open standards essential to BIM

A) Yes

B) No, proprietary formats work much better
C) Well, it depends

@ wownsous @ Trimble, @ €SI
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Geometry & Topology in BIM

@’ Ap— @ Trimble. @esri
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3D — Geometry (Use Cases)

Quantity
determination:
Volume

3D —_—

Geometry
N\,

Clash detection:
Gaps or overlap
Coordination model

N

~

Calculation
and
Simulation

3D planning: 2D
plans are views

of the 3D model Visualization

umg@ PLATINUM SPONSORS Trimble @%!
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3D-Model

(@ WORKING WEEK 2021

Mathematical
Objects

Physical
Objects

Representations

L
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e \\\Vireframe
Models
« Points and lines * Quantity of areas in R3 * Quantity of volume
*  Outlines of an object « analytical surfaces (free * polyhedron, cuboid,
« transparent form surfaces) cylinder, cone
* no volumes, no « Area curvature (u,v-lines) » Operations between
sections « Automotive engineering, volumes
« fastto render product design « architecture, city model,

building model

@n) wonsors @ Trimble. @iﬂ
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Solid Models

Advantages:

« Calculation of quantities

* Visualization of sections

« Calculation of collisions (clash detection)
« Better performance in CAD/BIM

Disadvantages:

« "unfamiliar" for GIS/surveying

« difficult to derive from surveying

« Accuracy, detail, deformation resistance?

kadaster
G=N ©
ORGANISED BY F G | \ ITe
Geo-Informatie Nederland UNIVERS!
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Accumulative Solid Models

Source: Streilein 1999, S. 70 Source: Streilein 1999, 5.68 Source: Wikipedia ,Octree”

3D models without design specification. The means of information (body, surface, edge,
point or grid coordinate) can be used directly.

A direct comparison between measurement result and model coordinates is easily
possible for accumulative solid models.

B-Rep models are treated in the field of City Modelling (CityGML).

Geo-Informatie Nederland UNIVERSITY THE SCIENCE OF WHERE"
OF TWENTE.
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Generative Solid Models

Means of information are geometric primitives and their combinations, not the result of
modeling

The construction history is an indispensable component of the model [Cf. Pahl 1990].

S kadaster @ .
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Parametric Modeling:
The most important BIM solid type !!!!

Solid objects with a given, limited set of
parameters (length, width, height....)

Parameter values refer to the type or the
Instance

Design and management of parameterized
components is a major task in BIM -
projects.

Parametric Modeling

kadaster
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AN INTRODUCTION TO

<0° SOLID

MODELING

Mantyla, M: An Introduction to Solid Modeling, Computer Science Press, 1988

kadaster
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A brief look at the Industry Foundation Classes (IFC)

#97 = IFCOPENINGELEMENT(2LcE", #2, 'xyz' Description of "\
A

#98 = IFCLOCALPLACEMENT (#46, #99): geo(‘(\ s‘ed

e

#103 = IFCPRODUCTDEFINITION" 0"\ 30 a(\d \

#109 = IFCRELVOIDSELFM*" (\ge ‘ed ,

#110 = IFCSHAPEP™ _ ~\\Q ; g\) ~weptSolid', (#111)):

b o(\“
#108 - 03\3 e G~ s(2uE01 #2, 8, $, (#97), #104);
S
m\éﬁNTITY('waA', #2, 'BaseQuantities’, $, $,(#105, #106, #107));

.1 'YLENGTH('Depth', 'Depth’, $, 3.000E-1);
# ~JQUANTITYLENGTH('Height', 'Height', $, 1.400);
#1_, = IFCQUANTITYLENGTH('Width', 'Width', $, 7.500E-1);

-

L
@: PLATINUM SPONSORS @'Trimble @ esrl
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Topology

@ e @ Trimble,  @eSri
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Simple definition: Topology describes the spatial relationships that are invariant to geometric
transformations such as shifting, rotating and scaling.

Typical topological relations are
— "Is contained in",

— "is the boundary of" or

— "touches"

Topological relations are either

— Implicit (can be calculated from geometry in BIM if required)
or

— explicit (relations are stored in the model)

umg@ PLATINUM SPONSORS Trimble @%!
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Topology of the components among themselves

Indirect topology with reference elements
- Vertical reference with horizontal planes
- Components refer to axes

11| e H B | e .
- |W~$I“I - vwvélilA:l23 ] B | --E-E-T-
_ ®  @To: Level 3 g Wall #456
a2 ' ' @side-left: axis 2

kadaster
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Topology of the components among themselves

Direct Topology:
- rule-based,
- Rules are defined by element type (semantics)

|

wall #456 touchs wall
#123

= Kheck¥n See gud Wand, um Tor (Leertaste um Exemnplar
“~—4 awislihen ks/rechts umzuschalten) 1u platzieren

Wall #123 contains Door
#314

Room #14 is bounded
by wall #456, #123, ...

kadaster
2 @ - i
sonsion H GN /\ —— @ Trimble. @esri
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- Project
#21=lcRelAggregates
—_ e e aggregates
O Qupms
LL
g', aggregates
0
S o
8 o
©
S a
T
A=~ et Sy miE S eSS G S S S S S S S S S
> 8 aggregates
o S
0.2
— )
o O
Q C
22

__. B Stoey _ ________

kadaster
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Georeferencing BIM

@ wownsous @ Trimble, @ €SI
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1. Understanding Needs

2. Understanding IFC Standard |

3. Simple Level Concept (LoGeoRef) 10 20 30 40 50
4. (our) Software Implementation Link to LoGeoRef paper

@buildingSMﬂRT

o Extraction/Verification of
georeferencing

- Editing/Integrity of proper QA&SGHDM Read for introduction to
georeferencing E geodetic concepts, that
are related to BIM, use

cases and workflows

kadaster
G+N /\ @,: wasroscrs 2 Trimble. @iﬂ

Geo-Informatie Nederland UNIVERSITY
OF TWENTE.
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Georeferencing: Rotation of Project or Site
Englneerlng/geodetlc CRS (LoGeoRef 50) (©)

SourceCRS: IfcGeometricRepresentationContext of Project (probably WCS)

*  TargetCRS: IfcProjectedCRS
* Rotation: XAxisAbsicca, YAxisOrdinate for GridNorth !!!!

* Careful: Grid Convergence, GridNorth != Geographic North
* IfcGeometricRepresentationContext.TrueNorth only for information, geographic

North

*  Only IFC4, but IFC2x3 IfcPropertySet defined by buildingSmart Australasia

GeometricRepresntationContext (LoGeoref 40) (©)

* No IfcMapConversion

* Ifnolevel 50, “true north” in GeometricRepresentationContext means

“GridNorth”, if level 50 “true north” for information only

Placement of IfcSite (LoGeoref 30) ®

* Rotation from (BIM) to ProjectedCRS (local engineering or national grid) by

IfcSite.ObjectPlacement.IfcDirection

® Update georeferencing by text input

kadaster
e [H1E GEN
Geo-Informatie Nederland

@

ITC

UNIVERSITY
OF TWENTE.

Postal Address

Address lines: Agnes-Miegel-Str. 34

Postal Code: 53757
Region: MNeue Region

Geographic site coordinates

Position

[] latitude []: +50.77050018

Rotation

[] TrueNorth [: | 20.999999999

Height Information

Orthometric height [m]: |150.0000

Projected transformation

Position

Eastings [m]: |272467.0468

Northings [m]: |5625863.6161

Rotation

Grid North [*I: [22.401200783

EPSG-Code (CRS): 123456

Save and Close
Close without Saving

Town: Sankt Augustin Calculate
Country: Deutschland
Longitude []: ' +13,19135189
Height system: DHHN
Zone: 33
is South: |:|
Scale: 0.999769191

Calculations with Geographic Lib

https://geographiclib.sourceforge.io/

THE SCIENCE OF WHERE"
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Reasons for different scales in BIM (project coordinate system) and
GIS (target crs)

- Unit conversion, e.g. [m] -> [mm] or [ft] -> [m] @

- Reduction of natural length (BIM) to projected length in CRS (GIS) due
to map projection (differs with distance to central meridian of zone!)

- Reduction of natural length (BIM) to projected length in CRS (GIS) due S
to height above reference surface (e.g. ellipsoid)

<V

Scalein IFC: Natural Length
 Not in LoGeoRef 10,20,30,40; Me(gig/rsmﬁnt

» only LoGeoRef 50: IfcMapConversion.Scale
« |FC4, but IFC2x3 PropertySet defined by buildingSmart Australasia _
Calculation on

« But: Text in IFC-Standard ,apply on 3 axis” is not suitable, should be referencesurface
changed to ,apply only to X,y" suszsissszes (map/GIS) £ o

kadaster
G+N amnssces @ Trimble, € esri
FIlG _ e 2 Trimble.
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LoGeoRef 50: Conversion and Metadata

IfcMapConversion is a coordinate-operation
(transformation) from SourceCRS (close, project) to
TargetCRS (remote, GIS/Engineering Surveying)

position: IfcMapConversion.Easting/Northing

since IFC4, but work-around for IFC2x3
as IfcPropertySet is possible (see
buildingsmart Australasia)

+rotation +scale +metadata

SMART SURVEYORS FOR LAND AND WATER MANAGEMENT

IfeContext

+lfcRoot. Globalld

+|fcRoot OwnerHistory
+lfcRoot Name[0..1]
+lfcRoot Description[0..1]
+0ObjectType: IfcLabel[0..1]
+LongMame: IfcLabel[0..1]
+Phase: lfcLabel[0..1]

+RepresentationContexts: [fcRepresentationContext

+UnitsinContext: fcUnitAssignment

IfcProject

For fulfillment:
ContextType: must be of value =
"Model” (no plan check in scope)

+RepresentationContexts

IfcRepresentationContext

+Contextldentifier: lfcLabel

For fulfiliment:
SourceCRS: must be of type
licGeometricRepresentationContext

kadaster @
ORGANISED BY F ( G N ITc
Geo-Informatie Nederland UNIVERSITY
OF TWENTE.

UML class diagram for
Level of GeoRef 50
(IFC schema extract)

1.+ | +ContextType: licLabel = Model
- For fulfillment:
CoordinateSpaceDimension: must
be of value = 3
+SourceCRS
1 IfcGeometricRepresentationContext H

IfcCoordinateOperation

°| +SourceCRS: lfcGeometricRepresentationContext
+TargetCRS: lfcCoordinateReferenceSystem

+CoordinateSpaceDimension: lfcDimensionCount = 3
+Precision: [fcReal[0..1]

+WorldCoordinateSystem: lfcAxis2Placement
+TrueNorth: lfcDirection[0..1]

EPSG-Code
. | recommended

T

Y

IlfeCoordinateReferenceSystem

+TargetCRS

lfcMapConversion

+Eastings: lfcLengthMeasure
+Northings: lfcLengthMeasure
+0rthogonalHeight: lcLengthMeasure
+XAxisAbscissa: [fcReal
+XAxisOrdinate: IfcReal

+Scale: IficReal

+MName: [fcLabel

...... 1 | «dataType»
IfcLabel

«primitive Type»
String (253)

+Description: lfcText[0..1]

+GeodeticDatum: lfcldentifier[0..1]

+VerticalDatum: Ificidentifier[0..1] «dataType»

IfcText

«primitive Type»
String

«dataType»
IfcReal

le «dataType» «primitive Types
| ifeldentifier String (255)

IfcProjectedCRS J

+MapProjection: Heldentifier{D..1]

+MapZone: Ifcldentifier[0..1] +MapUnit

IlfeNamedUnit

P
subclasses for

+MapUnit: ficNamedUnit[0..1]

«primitiveType»
Real

legend:

abstract IFC entity

important
note

wdataType»
(IFC) type

instance IFC entity

+UnitType

+Dimensions

units like
degree or metre

IfcConversionBasedUnit

IfeSIUnit

+Name: lfcLabel

+ConversionFactor: lfcMeasureWithUnit

+Prefix: IfcSIPrefix
+Name: fcSIUnitName

HI/

THE SCIENCE OF WHERE"
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Semantics in BIM

@ —— @ Trimble. @esri

MMMMMMM




ng SMART SURVEYORS FOR LAND AND WATER MANAGEMENT
: CHALLENGES IN A NEW REALITY

(@ WORKING WEEK 2021

The goal of BIM in general:

« Machine readable exchange of information

« Automation of validation, filtering, modification, ...
Semantics in CAD:

« CAD - graphical: expressed by color, line style, layer etc.

« CAD - alphanumeric: block attributes or XDATA
« Geodetic CAD: point code/line type/object designation/attributes

L
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The Building Component
makes the Difference!

+ 3D-Geometry

* Topology

* Semantics

o _ _ Semantics via
== ' « Component Types (Classes)

Mas- * g uoenq

o jwi | - « Attributes (Features)

Traguercsvenwendung Snm:g

it a— | | « NO Layer Allocation

Bewehrungsiberdec. B!w(l’l!uug‘ wwwww
Bewehrungsuberdec.. Bewehrungsuberd..

Ausrichtung Hmrmal
Querschnittdrehung  0.000°

Important:
« Semantics always necessary!
Example: BIM Author Software Revit  Differentin every software,

therefore standardization
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DELIVERY EXECUTION NEED

Master Information CONTRACT AWARD BIM Execution Plan PROCUREMENT E"‘P"”"‘ """"“““‘
Delvery Plan (BEP)
(MIDP) @
p

1 Project Information Model (PIM) | Assetinformation Model (AIM) , |
I Ll )
f ccmmeen |31 M
3 H
1 Non-Graphical Data g 3
£ z
Graphical Model | £ §
n | concr Jf ocmmon [ ocscn [ R3S HHERA [ ovcunon J§f s | g
{{ COMMON DATA ENVIRONMENT (CDE) ) J bt

— I ) S () (o o )

=N N S N W N N W

. Olo C)l() C)l() ¢ O Q¢ ’)l() s)l() ¢ mmmwuﬂ;
© © © © @

"The information delivery cycle" by Mervyn Richards (BSI 2013)

ORGANISED BY IH

kadaster
GEN / \ -vc amensosss @ Trimble, €SI

UNIVERSITY THE SCIENCE OF WHERE"
OF TWENTE.




EIQNE SMART SURVEYORS FOR LAND AND WATER MANAGEMENT
CHALLENGES IN A NEW REALITY

(@ WORKING WEEK 2021 - regmmmmm—T T V. g e

The hierarchy of the component classes can be given by the software (e.g. Autodesk Revit)

Category e.g. walls, columns

1 1
. Round Rect | .
Family Common quantity of
1 |
| ! | !

parameters

Rectangular Rectangular )
oI bttt column column Common quantlty of

Eii 600mm G;gfn’:n ZLU some values

Round Round

Many Samples!

...can also be attributed individually.

https://knowledge.autodesk.com/support/revit-products/learn-explore/
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Three theses on semantics:

#1 Not geometry, but semantic is the central system of ordering for BIM

#2 Differences (semantic heterogeneity) between taxonomies are (difficult) to
overcome

#3 In BIM practice, semantics could easily be implemented using information
technology - but surveyors need better training and an independent (semantic) BIM
submodel "Surveying”

L
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1SO12006-3 (IFD) @ Expert knowledge Building codes IFC @

7,

Data templates for

Data Templates for Expert process to describe construction objects

<

: : . IFC exchange structure for
construction objects author and maintain &

(concepts and principles) properties

product data templates

https://buildingsmart.
ISO 23387 ISO 23386 WHO ? @ github.io/ProductData/

Espen Schulze: Data templates for construction objects

kadaster
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manufacturer #1
manufacturer #2

manufacturer ...

manufacturer #n

II“IIIIHIIIIIIIIW!!

I

ITIT11

semantic concepts structured by
ISO 12006-3 meta model

BIM / GIS

aligned semantic concepts - realized
in domain specific application

schema, e.g. ISO 19136 (GML) or ISO
16739 (IFC)
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Have you heard of any semantic standardizations
efforts on your national, state or regional level?

A) Yes
B) No
C) | don’t understand the question

L
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BIM in Engineering Surveying

1. Surveying during planning (as-built documentation)
2. Surveying during construction (staking out, construction progress control)

3. BIM and Infrastructure

@rz wonsors @ Trimble. @iﬂ
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Auwitien = Exgemcranien Tuinchenabiage — Aecern aicr | vieses | eoesen [

[ geataren u' wida -

N

M 1 Arvaactit -

J0-Aancht Hew i v (M Typ beardenen .
:Cubu- : . \.:b.»' \
| Dewiserungagrac Fein in \
Sicrabankeit 3¢ Tedclemente Ongnat araeen
| Uderschresdungen Sowbarkeit/Gra. ;' T Bestbeilon.. J
| Cratiarmeiungioptonen oo Beaboden., J :
. Oeszipha Aschasiaosch > +
NI Iseen| 1or Anayse Keow

u!]

30 Schrutt Aulen
30 Schrimt Innen P
30 Ansicht L

Flexi|

Flew? '

Flewd *— /- B e -
oo ’ e

Anuchien
Konserthalle Frontansche ”~
Kongerthalle Semenansicht i
Noroen //

Osten -~
Suden v
Wealen

Shrute
Schoaet 1
Srhat 1 Althas c|ageine MB O P LERBY I N ¢ I 5

[y & 4% Mma - . VRN T
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Bt e s e et e e

Semiautomatic methods for the evaluation of point clouds

Snapping. Recognition of geometric elements in e 7] = B
Point Cloud gl = ;

Fitting. Automatic assignment of component from catalog to
Point Cloud

Manage. Creating new part types

Generalize. Geometric generalization of
Angle conditions

Compare. Target/actual comparison with point cloud

All inclusive. Fully automatic building model?

ORGANISED BY ITC
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Components: So | can't make a deformation-true measurement for BIM?

Insert/link CAD elements

Create BIM Proxy Elements
Simple classified volume body
Create one complex part type for
each part

LN~

PV
4 )
k1
Niitentnie o emty gie

—oa¢
I_m
B
o

Deformation-true measurement with components
R

Haupt u.a. ,BIM-konforme Modellierung des Briickenbauwerkes an der B85 in Kelbra“, Leitfaden
Geodasie und BIM, 2017

Deformation-true bodies can participate in BIM logic!
(Window in wall, area calculation, ... )

ORGANISED BY IH
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« DIN18710 is the guideline for accuracy classes USIBD Level of Accuracy

« Separate indication of measuring and model accurac

« Definition of standard cases (Nogrmal, Monumental, Myetric, (LOA) SRESHESERE Gu'de
Imperial)

« Difference between relative and absolute accuracy

« The LOA distinguishes between part types!

« Data for control (Validation)

LOA10 User defined - 5 cm
LOA20 5 cm - 15 mm b
LOA30 15 mm-5mm ' "
LOA40 5mm-1 mm
LOA50 1 mm-0

U.S. Institute
BUILDING DOCUMENTATION
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’ @%’LZ’.‘E.’?.E’;%;R,%‘SS:% DOORS D WINDOYS AR ool Example from UK: BIM
onsiderations | 100 | 200 | 200 | 400 | s00 - .
Survey Specification and
Reference Guide

the Chient. It also contains a description of more detailed
aspects of BIM that need to be ' as part
of the BIM Survey Specification. Examples are also given for
typical parameters which would be included at each LOL D
This section should be used for reference by the Client’s BIM

Manager or Technical Team in order to agree and understand the ~ LOD 1 I:]

LoD 2 Structural openings shown only D

LoD 3 Modelled using generic families with basic detsil

I
i
§?§
535
it

precise method used to model the building. |k is i ive to LoD 4 Modelled using generic families showing detail such as

agres modeling mathods prior to a survey being taken as sills, frames and architraves
re-work of the model can incur significant costs and delays. Comments:

7.1 Floors/Slab

A crs a3 e wi b ot s e v Sysam P SITE TOPOGRAPHY EL OF INFORMATION — EXte n S| vem Od el i n g
oo o et s o 28 « > et it —— HEAEE

1o the appropriate Level and given an overall thickness from 200 | 300 | 400

LEV
Lol
100
S, o § [ [mem— manual
ficor cannot be from a survey dus to a
finishes. etc.. therefore a fioor will be given a nominal thickness LoD 2 b LoD 2 As LOD 1, with roads shown as sub-regions
and named as ‘undefined”. ]
E LoD 3 As LOD 2, with all hard surfaces identified, I | " =
st e | _ Standardized checklist
LOD 4 As LOD 3, with street furniture, lighting and surface evidence an ar Ize c ec IS S

of underground services modelled in basic form

— - for the drafting of contracts

UNDERGROUND SERVICES LEVEL OF INFORMATION
LoD 3 Mot Required | | | LOl | LOI | LOI | LOI | LOI
- 100 | 200 | 300 | 400 | 500
< LOD 1
Typical Levels of Information ™ |
=]
LOt 100 Conceptual Mass w LoDz 3D CAD underground services and topographic survey r
LOI200  Floor SURVEY 180mm = 8 frknd AutoCAD NG D L]
LOH 300 Floor: SURVEY STRUCTURAL 180mm E LoD 3 L services dled as intelli Revit* objects I:]
LOI400  Floor: SURVEY STRUCTURAL 180mm =] -
[Carpeq] D4
LOH 500 Floor: SURVEY STRUCTURAL 180mm

[7Smm Sand/Cament Screed]

LOD 4
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EUROPEAN COMMITTEE FOR STANDARDIZATION

LOG How? LOI How? D OC How ? COMITE EUROPEEN DE NORMALISATION

. . . . . EUROPAISCHES KOMITEE FUR NORMUNG
Geometrical Information Alphanumerical Information Documentation

Identification of set of

Detail (simplified to detailed) documents

Identification (Name, ID)

Information content (property 1,
property 2, ..)

Dimension (0D,1D,2D,3D)

Identifaction of documents

Location (absolut, relativ)

Format

Appearance (symbolic, to
realistisch)

,LOIN“ ... akronym should not be used? ..Why?

Parametric Behaviour
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1. Surveying during planning (as-built documentation)
2. Surveying during construction (staking out, construction progress control)

3. Infrastructure

612 A sronsons & Trimble. @iﬂ

MMMMMMM




EIQN SMART SURVEYORS FOR LAND AND WATER MANAGEMENT
: CHALLENGES IN A NEW REALITY

(@ WORKING WEEK 2021
Question: | get a "BIM file". Am | able to stake out the building?
{\ AUTODESK.
Pr—

1) Load model (proprietary, open standards)

. . . . Schinke, Marcel (2017): Building Information Modeling
2) Create points (intersection points, model elements) (BIM) for Surveyors -

Execution and documentation of a stakeout

3) Naming and managing pOintS with open standards (IFC), Bachelor thesis at HTW

Dresden

4) Transfer points to total station (CSV, point database/XML, online)
5) Document stakeout

ORGANISED BY IH
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Stakeout Data Flow

Model in BIM Author Software

IFC

5 Native

online

Id,x,v,z

Id,x,vy,z IFC,dxf,online

|Rohdaten, XML

Id,dx,dy,dz

Id,dx,dy,dz,Cxx, PDF, DOC...

kadaster
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Do you think model-based stake-out Is the future?

A) No, | love points only

B) No, BIM is to complex

C) Not the future, | do this every day!
D) Yes, that Is what | expect

E) | don’t understand the question

L
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1. Surveying during planning (as-built documentation)
2. Surveying during construction (staking out, construction progress control)

3. Infrastructure

612 A sronsons & Trimble. @iﬂ
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Similarities between building- and infrastructure construction

Similarities in the application of the BIM method:

— Work with a geometric-semantic model,

SN

%@w. S :-'.3 {'N
PRI\ A

AN N

— The subject model based work with regular merging of all submodels to a
coordination model and

— the use of the models for various applications such as
- Quantity determination,
- the cost estimate,
- the preparation of the bill of quantities,
- the use for different calculations,
- as well as verifications and simulations

- multi-scale data model for shield tunnels

- Application in the context of the planning of the
second S-Bahn main line in Munich

- Transfer to CityGML realized,

- Provide planning model and GIS analyses

- Consistency assurance

Borrmann, A.; Berkhahn, V. (2015): Fundamentals of geometric modeling. In: Borrmann et al. (2015): Building Information Modeling — Technological foundations and industrial practice.
Wiesbaden: Springer Vieweg. ISBN 978-3-6580-5605-6.
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Differences between building- and infrastructure construction

1. Greater Geographical Extent than buildings
« Use of a geographical reference system and
 the consideration of the necessary reductions of measured lengths (projection, height).

2. Alignement Linear infrastructure projects such as roads and railroads, including their bridges
and tunnels, are essentially based on the concept of alignement
» Description of routing curves and the
« Possibility of linear positioning along this axis

As a result of the above-mentioned points, the tools currently available in the field of "Building
Construction BIM" are only of limited use. A reasonable use is generally limited to the modeling

of engineering structures. However, programming and workarounds are often required to align
the geometry with the route, for example.
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IFC4 Alignement und IFC 5 ,Infrastructure®

Y [ IfcAlignment ]
[ 1
— < ? > 2Overtical
StartDistAlong: lenghtMeasure Segments
Segments
i Uine Segment !
i
: H feAlignment2DVerticalSegment
|
H . [_ifcalignment2DHorizontalSegment StartDistAlong: lengthMeasure
. CurveGeometry HorizontalLength: lengthMeasure
StartHeight: lengthMeasure
StartGradient: percentageMeasure
CurveSegment2D
StartPoint: CartesianPoint oA lws ™
s StartDirection: PlaneAngleMeasure f—tfclgnmens2oversegine |
SegmentLength: lengthMeasure

IfcAlignment2DVerSegCircularArc

|
Ifclin eSegment2D Radius: lengthMeasure
IConvex: boolean

H Parabolic Arc
ol

IfcCircularAs 5egmemZD

I
| IfcAlignment2DVerSegParabolicArc
| Radius: lengthMeasure

Circular Arc : Ground Profile 1sCCW: boolean ParabolaConstant: lengthMeasure

IsConvex: boolean

I'caomoldalAr:Segmesz
StartRadius: lengthMeasure
1CCW: boolean
I€ntry: boolean
ClothoidConstant: double

L.I.H. (Luuk) Wijnholts, AUTOMATED GEOMETRY CHECKING FOR INFRASTRUCTURE PROJECTS, Eindhoven University of
Technology
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IFC 5 ,,Infrastructure*

B _ 7 W IFCS
2
[ 7]
£
&
D
&
ce [ i
S S ,
; £ WP1 |[Common WP1
o
°s L v IFcal
2 IFC Overall Architecture
2 § IFC Alignment 1.0 / 1.1
3T
2 IFC4 / 1SO 16739

UNIVERSITY THE SCIENCE OF WHERE"
OF TWENTE.
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Geospatial vs. BIM
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Use Cases of BIM and GIS

documenting Earth
the world f P - B 1 - |
— . State
|
. . —
Engineerin |
g 9 le Geodata
Survey i City
|
\ y \ y |
T l T l Building
\ A |
Room
Design Built Operate |
Building Element
e —_—
i i |
changing the .
world t J Construction
|
kadaster
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Differences ( selection !) GIS (1ISO19xxx) BIM (IFC)

Model intention descriptive prescriptive

Many authors (property planners,
specialist engineers, operators from
various companies)

Few authors (commissioned data collection by the

Model creation _
state or large companies)

. PostGlIS, Q-GIS, ESRI Revit, ArchiCAD, Allplan, Solibri, Trimble...
Typical Products
(a lot of very good Open Source © ) (lack of OpenSource ®)
Pre-Standardization OGC buildingSmart
Software Architecture More service-oriented (at least theoretically) More file-based (at least currently)
. Physical things (windows, construction
Main ,,Product” ? Digital model (data set) y gs (
work)
kadaster .
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Differences ( selection !) GIS (1ISO19xxx) BIM (IFC)

Vendor-neutral data GML (CityGML, InfraGML, Deutschland
exchange ALKIS/NAS)

ISO 19107 (Spatial Schema, conceptual 1SO 10303-42 (STEP) Industrial automation
schemas for describing, representing and systems and integration -- Product data

IFC

Conceptual Basis

e manipulating representation and exchange -- Part 42:
y the spatial characteristics of geographic entities. Integrated generic resource: Geometric and
Vector data) topological representation

Coordinates absolute, georeferenced relativ, lokal
: : Hybride Models
Geometry-Representation Simple Surfaces (B-Re :
i Eep (Parametric, CSG, B-Rep)
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Geospatial and BIM
standardisation
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ISO JWG 14 — GIS-BIM interoperability

...many working groups....

e Background

* Semantic interoperability

* Processes

» Spatial referencing

* Geometric representation

* Joint principles for conceptual modelling

* Domain expert communication

* Product Handling

> Recommendations for new ISO standardization

projects

kadaster
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Interoperability

* Ability of companies and organizations to communicate and interact effectively
within and between them (cmp to 1SO 11354-1)

* The ability to communicate, run programs, or transfer data between various
functional units in a manner that requires that users have little or no
knowledge of the unique properties of these units. cmpwsorcai

L
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“399‘0 - integrated
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BIM-Geospatial interoperability? ‘a‘d‘\\
‘e‘o(’e unified
\\
federated
Business =
=
Process © 5
2
Service o &
S O
2
Data =
//;, organizational
9,.%
Co,, technological

conceptual

ISO 11354-1 Framework for enterprise interoperability
BildquelleyZaubgrwiigfel: Brett Reynolds [CC .eativecommons.org/licenses/by—sa/S.O/)]
@ PLATINUM SPONSORS @?“lmble @@gﬁ
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CHALLENGES IN A NEW REALITY

yCompendium” on BIM and GIS
standards

Opportunities, if interoperability was
realized

BT B T T =L
GIS /BIM interoperability o ot TR S oo ss s ssssssmsssss st s s s s s
6.1 L T
6.2 Data interoperability opPOTTUIETIES wi.uuiuummssmmisimssmssmissmssssssms oo st e s s s st s .
6.3 Service interoperation oppormnites. ... . Recommendatlons f0r new ISO
e I = =
632 GIS-A0-BIM o standardization projects
6.3.3 50—
7 Suggestions for further work s
7.1 L= T
7.2 Linking abstract concepts in BIM and GIS standards (opportunity 1 and 2] s 27
7.3 Geospatial and BIM dictionary (opportunity 3] s s mmsissssisisssmsn 27
7.4 Information exchange guidelines between BIM and GIS . 28
Annex A Handling of information about construction ebjects (product handling) .o 30

Annex B IFC and data e P A e 34 — Annex With nEL extra info

o I T = = 1 36
B T R W T I 1 =T L w3 -3

Eibliography
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1. Linking abstract concepts in BIM and GIS standards

Similarities and differences are examined in order to establish links and transformations between abstract
concepts in BIM and GIS standards.

2. Geospatial and BIM dictionary

Mutual explanation and "comparison” of technical terms (ontology?)
3. Guidelines for information exchange between BIM and GIS

The technical report contains guidelines for the exchange of information using open standards between the
construction and spatial data sectors. Domain-specific aspects are: georeferencing, spatial representation
(2D / 3D), semantic alignment and metadata. Spatial data managers and BIM managers use the guidelines
for quality management to define information requirements, organize the exchange of information and check
data deliveries. IT professionals receive cross-domain conceptual guidelines for designing software

interfaces.
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Built environment data standards and their
Integration: An analysis of IFC, CityGML and

SMART SURVEYORS FOR LAND AND WATER MANAGEMENT
CHALLENGES IN A NEW REALITY

Proposed actions:

[...] use cases in plain, succinct language [..] These
use cases should include details of the software
applications that are commonly used [...]

[...] best practice document that recommends the
use of three-dimensional georeferencing [...]

[...] a shared vocabulary [...] from terms that are
already used in the standards [...]

[...] common unique identifiers for real-world,
physical objects [...]

[...] collaborative mechanism for opportunistic
harmonization of conceptual representation [...]
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What are your concerns about geospatial and BIM
iInteroperability?

A) Incompatible Data formats / services
B) Georeferencing

C) Diverging semantics
D) “Cultural” barriers / Lack of mutual understanding
E) hm....I’ll use the chat
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Prof. Dr. - Ing. Christian Clemen
Surveying and BIM
Dresden University of Applied Sciences

Friedrich-List-Platz 1

D-01069 Dresden

Germany

Raum/Office: Z 726 (Main building)
E-Mail: christian.clemen@htw-dresden.de
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