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1 Introduction

This document is built to summarize the IFC files created in IFC Rail Phase 2 project. It is part of the
official deliverables of the report for implementation and validation of IFC 4.3, as shown in Error!
Reference source not found. below. Please refer to the IFC 4.3 Deployment Report: Executive
Summary — Rail & Infra for further details.

IFC 4.3 Implementation &
Validation Report:
Executive Summary

- Context

- Report Structure

- Scope

- Deliverables

| , !

IFC Infrastructure Extension

Deployment Part

- Introduction

- Validation Process

IFC 4.3 Specification - Participants and
Organization

- Coverage

- Results

- Conclusion & Future Work

IFC Rail Part

- Introduction

- Participants and
Organization

- Process

- Topics and Cases

- Results

- Conclusion & Future Work

| | !

Common Appendices

i = - Appendix B: H o Appendix E: Appendix F:
IFC Rail Storyline Appendix A: . : s Appendix D: S .
Documaentation: List of Software IFC Fll'es .and g Appendix C: . Linear P’°°°'SV Sft IFC Infra Slorv]me
Vendots Description i| Coverage Table Rework Report P Documentation
- Shared on H Rework Report Report
GitHub

Figure 1 The position of this document in the structure of deliverables

In IFC Rail Phase 2 project, Unit Tests are grouped into 7 Topics: Alignment with Cant (AWC), Linear
Placement (LP), Swept Area Solid (SAS), Railway Spatial Structure (RSS), System Breakdown Structure
(RSS), Port Connectivity (PCC) and Domain Physical Elements (DPE). In total, more than 180 IFC files
are produced for these topics. By removing duplicate files produced for the same case and files that
require further improvement and validation, there are 144 unique IFC sample files produced. They
are described in Chapter 2.
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2 IFC Rail Files

In order to be consistent with Unit Test structure, created IFC files are grouped by Unit Test cases. For
each Unit Test case described in this document, there are one or more IFC files created. The number
of IFC files depend on the scenarios defined in the Unit Test and participation by software vendors.

For each Unit Test case that has the ID starts with “UT_", we provide a table at the beginning of the
corresponding section as the overview information. These tables are in the same convention:

- Case Provider: the organization which provides the Unit Test as Datasets or descriptions

- IFC Provider: the organization which produce IFC 4.3 files for the Unit Test

- Number of final IFC sample files: the files that are chosen as valid file and put in the IFC-Rail-
Sample-File GitHub repository. For the same Unit Test and same content, only one IFC file is
chosen as the sample file, even if all the other files are also valid

- Number of IFC files: the number of IFC files that have been produced for the Unit Test. They
are counted based on the number of IFC files in IFC-Rail-Unit-Test GitHub repository

- Other Outcomes: Outcomes other than IFC files for the Unit Test.

This document provides description of Unit Test cases and IFC files. IFC files and other details can be
found in: https://github.com/IFCRail/IFC-Rail-Sample-Files

3 Alignment with Cant (AWC)

3.1 UT_AWC.O0
Case Provider IFC Rail Technical Service
IFC Provider IFC Rail Technical Service; RDF
Number of final 112

IFC sample files
Number of IFC files | 112
Other Outcomes PNG images; Point list in Excel
UT_AWC_O0 is sets of synthetic cases that test single or a few transition bend segment. They cover all
the transition bend segments defined in the horizontal layout.

Covered transition bend segments are:

- Clothoid

- Helmert Curve
- Bloss Curve

- Viennese Bend
- Sine Curve

- Cosine Curve

- Cubic
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For each type of transition bends, a set of atomic synthetic cases are provided for different segment
length, start radius and end radius. Each synthetic case has one transition bend segment. A list files

are provided:

- an IFC file that captures alignment semantics only
- an IFC file that captures alignment semantics and geometry

- point list along the segment
- plotimage as visualization

3.1.1 Clothoid

Provided cases are:

Case SegmentLength | StartRadius EndRadius
TS1_Clothoid_100.0_inf_300_1_Meter 100. 0. 300.
TS2_Clothoid_100.0_-inf_-300_1_Meter 100. 0. -300.
TS3_Clothoid_100.0_300_inf_1_Meter 100. 300. 0.
TS4_Clothoid_100.0_-300_-inf_1_Meter 100. -300. 0.
TS5_Clothoid_100.0_1000_300_1_Meter 100. 1000. 300.
TS6_Clothoid_100.0_-1000_-300_1_ Meter | 100. -1000. -300.
TS7_Clothoid_100.0_300_1000_1_Meter 100. 300. 1000.
TS8_ Clothoid_100.0_-300_-1000_1_Meter | 100. -300. -1000

An example visualization:
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w Clothoid - 2D x,y plot
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Figure 2 Plots to visualize the x, y coordinates and curvature change of a Clothoid segment case (TS5)

3.1.2 Helmert Curve

Provided cases are:

100 Endradius: 300

100

Length of curve: 100.0
Startradius: 1000

Startcurvature: 0.001

Endcurvature: 0.0033333333333333335

Case SegmentLength | StartRadius EndRadius
TS1_Helmert_100.0_inf_300_1_ Meter 100. 0. 300.
TS2_ Helmert_100.0_-inf_-300_1_ Meter 100. 0. -300.
TS3_ Helmert_100.0_300_inf_1_Meter 100. 300. 0.
TS4_Helmert_100.0_-300_-inf_1_Meter 100. -300. 0.
TS5_ Helmert_100.0_1000_300_1_Meter 100. 1000. 300.
TS6_ Helmert_100.0_-1000_-300_1_Meter | 100. -1000. -300.
TS7_ Helmert_100.0_300_1000_1_Meter 100. 300. 1000.
TS8_ Helmert_100.0_-300_-1000_1_Meter | 100. -300. -1000

An example visualization:
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Helmert - 2D x,y plot
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Figure 3 Plots to visualize the x, y coordinates and curvature change of a Helmert Curve segment case (TS5)

3.1.3 Bloss Curve

Provided cases are:

Case SegmentLength | StartRadius EndRadius
TS1_Bloss_100.0_inf_300_1_Meter 100. 0. 300.
TS2_ Bloss_100.0_-inf_-300_1_ Meter 100. 0. -300.
TS3_ Bloss_100.0_300_inf_1_Meter 100. 300. 0.
TS4_ Bloss_100.0_-300_-inf_1_Meter 100. -300. 0.
TS5_ Bloss_100.0_1000_300_1_Meter 100. 1000. 300.
TS6_ Bloss_100.0_-1000_-300_1_Meter 100. -1000. -300.
TS7_Bloss_100.0_300_1000_1_Meter 100. 300. 1000.
TS8_ Bloss_100.0_-300_-1000_1_Meter 100. -300. -1000

An example visualization:
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Figure 4 Plots to visualize the x, y coordinates and curvature change of a Bloss Curve segment case (TS5)

3.1.4 Viennese Bend

Provided cases are:

Case SegmentlLength | StartRadius | EndRadius
TS1_ Viennese Bend_100.0_inf_300_1_Meter 100. 0. 300.
TS2_ Viennese Bend_100.0_-inf_-300_1_Meter 100. 0. -300.
TS3_ Viennese Bend_100.0_300_inf_1_Meter 100. 300. 0.
TS4_Viennese Bend_100.0_-300_-inf_1_Meter 100. -300. 0.
TS5_ Viennese Bend_100.0_1000_300_1_Meter 100. 1000. 300.
TS6_ Viennese Bend_100.0_-1000_-300_1_Meter | 100. -1000. -300.
TS7_ Viennese Bend_100.0_300_1000_1_Meter 100. 300. 1000.
TS8_ Viennese Bend_100.0_-300_-1000_1_Meter | 100. -300. -1000

An example visualization:
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Viennese Bend - 2D x.y plot
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Figure 5 Plots to visualize the x, y coordinates, curvature change and cant change of a Viennese Bend segment case (TS5)

3.1.5 Sine Curve

Provided cases are:

Case

SegmentLength |StartRadius

| EndRadius
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TS1 Sine_100.0_inf 300_1 Meter 100. 0. 300.
TS2_Sine_100.0_-inf -300_1_ Meter 100. 0. -300.
TS3_Sine_100.0_300_inf 1 Meter 100. 300. 0.
TS4 Sine_100.0_-300_-inf 1 _Meter 100. -300. 0.
TS5 _Sine_100.0_1000 300 _1 Meter 100. 1000. 300.
TS6_Sine_100.0_-1000_-300_1 Meter 100. -1000. -300.
TS7_Sine_100.0_300_1000_1 Meter 100. 300. 1000.
TS8 Sine_100.0_-300_-1000_1 Meter 100. -300. -1000

An example visualization:

w Sine - 2D x,y plot
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I T T et S i i | — .
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Figure 6 Plots to visualize the x, y coordinates and curvature change of a Sine segment case (TS5)

3.1.6 Cosine Curve

Provided cases are:

Case SegmentLength | StartRadius ‘ EndRadius
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TS1 Cosine_100.0_inf 300 _1_ Meter 100. 0. 300.
TS2_Cosine_100.0_-inf -300_1 Meter 100. 0. -300.
TS3_ Cosine_100.0_300 _inf 1 Meter 100. 300. 0.
TS4 Cosine_100.0_-300_-inf 1 Meter 100. -300. 0.
TS5_Cosine_100.0_1000_300_1 Meter 100. 1000. 300.
TS6_ Cosine_100.0_-1000_-300_1 Meter 100. -1000. -300.
TS7_Cosine_100.0_300_1000_1 Meter 100. 300. 1000.
TS8 Cosine_100.0_-300 _-1000_1 Meter 100. -300. -1000
An example visualization:
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F 3 '"56""'"'":1'; & %0 100  Endradius: 300 Endcurvature: 0.0033333333333333335
. x-axis [Meter]
Cosine - horizontal Curvature
0.005 -
0.004 -
E 0.003 - el |
E =
E 0.002 - —
o L
0.001 +---===""" :
0.000 - . | | | \
0 20 40 &0 80 100

Distance [Meter]

Figure 7 Plots to visualize the x, y coordinates and curvature change of a Cosine segment case (TS5)

3.2 UT AWC_1
Case Provider SBB
Raw Dataset Format | XTR
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IFC Provider IFC Rail Technical Service; RDF; Geodesia; ACCA; ODA; GeometryGym
Number of final IFC 2

sample files

Number of all IFC 17

files produced

Other Outcomes Images

This Unit Test Scenario considers one alignment that is defined by three layouts: horizontal, vertical
and cant. The horizontal alignment consists of straight line segments, circular segments and transition
curve (Clothoid), vertical alignment consists of straight line and circular segments, and cant alignment
consists of straight line segments.

The vertical alignment is measured from center line.

Track Axis | Horizontal+Vertical

1 Alignment
!

Figure 8 Vertical alignment is measured from center line in UT_AWC_1

The input dataset is provided by SBB in XTR format, which is an open format defined by SBB for data
exchange between TopoRail, a software developed by SBB. This files describes an alignment of a single
track of 2.5 km between two nodal points.
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Figure 9 The raw dataset visualized in TopoRail

The IFC files have been produced by different vendors: ACCA, Geodesial, GeometryGym, ODA and RDF.
Some visualization images are provided:

Object explors RWR-Rail-Phase2_UIT_AWC_1_0ODA_Rev_L.ifc & UTANC 1 - bevima
Fle View Halp Eocodiog
- et

~ RWR-Rail-Phase2 UT_AWC_1.0DA|
v dcproject (2)
~ Raitway._Site (2)
~ odfcaa:calignments (1
> primary Aignment
> Odfcac:iicRaiays (1)

3
e UTAWE. W Rl Bhase
- et rekerences

iy
Beasy

Figure 10 Produced IFC files visualized in software (left: ODA, right: RDF)

3.3 UT_AWC_2
Case Provider SNCF
Raw Dataset Format | LandXML

IFC Provider

IFC Rail Technical Service; RDF; ACCA; ODA; Geodesial

Number of final IFC
sample files

2
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Number of all IFC 12
files produced
Other Outcomes Images

This Unit Test Scenario contains two alignments that are defined by three layouts : Horizontal, Vertical

and Cant.

The horizontal alignment consists of straight line segments, circular segments and transition curve
(Clothoid), vertical alignment consists of straight line and circular segments, and cant alignment
consists of straight line segments. These 3 layouts are condensed in one LandXML file.

This dataset contains 2 curved tracks alignments linked by a switch. The particularity of this dataset is
that the deviated track will have an off-Camber (it keeps the same cant as the first track even if the

direction is opposite).

The input dataset is provided by SNCF Réseau in LandXML format. The software vendors joining the
project will be expected to produce an IFC file.

Figure 11 The LandXML raw data visualized

The IFC files have been

produced by different vendors: ACCA, Geodesial, ODA and RDF. Some

visualization images are provided:
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X UT_AWC_2_LandXML_offcarmber_ODA_4_3RC2.ifc

Figure 12 Produced IFC files visualized in software (top: ACCA, bottom: ODA)

3.4 UT_AWC_3
Case Provider FTIA
Raw Dataset Format | LandXML
IFC Provider IFC Rail Technical Service; ACCA; Geodesial; GeometryGym; ODA; RDF
Number of final IFC 2
sample files
Number of all IFC 13
files produced
Other Outcomes Images

This Unit Test Scenario contains multiple alignments for a railway station scenario. Three layouts are
available for some alighments, but other alignments only have horizontal and vertical layouts or even
only the horizontal layout.

Itis a case with wide track gauge. The nominal rail head distance, which is used to compute cant angle,
is 1524mm instead of most cases which are 1500mm.

The vertical alignment is measured from the bottom of tie plate.
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Figure 13 Vertical alignment is measured from the bottom of tie plate

The raw dataset is in LandXML format.

Figure 14 The raw data in LandXML visualized

Besides IFC Rail Technical Service, IFC files have been produced by different vendors: ACCA, Geodesial,
GeometryGym, ODA and RDF. Some visualization images are provided:

3.5 UT_AWC_4

Case Provider RFI
Raw Dataset Format | LandXML; Excel
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IFC Provider IFC Rail Technical Service; ACCA; Geodesial; GeometryGym; ODA; RDF
Number of final IFC 2

sample files

Number of all IFC 12

files produced

Other Outcomes Images

This Unit Test intends to experiment the use of IFC for representing a railway alignment curve, starting
from its parameters.

The provided parameters describe the alignment of a railway track of about 3,7 km between two nodal
points. Visual representations of the track are provided below.

The peculiarities of this alignment curve are:

- cant presence
- apoint of inflection
- an articulated vertical alignment

The EPSG code: 32632 (WGS 84 / UTM zone 32N).

IMPORTANT:

- In ltaly, the vertical alignment is measured from the lower rail, as showed in the picture
below.

- The RailHeadDistance is a normalized value used to compute the angle of cant. RFl uses
1500mm for a track gauge of 1435mm.

Track Axis

|
|
|
|
|
i
|
|
|
:
&
]
|
|
|

' Horizontal+Vertical
: Alignment

Besides IFC Rail Technical Serivce, the IFC files have been produced by different vendors: ACCA,

Geodesial, GeometryGym, ODA and RDF. Some visualization images are provided:
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3.6 UT_AWC.5
Case Provider RailComplete
Raw Dataset Format | LandXML; RC-XML
IFC Provider IFC Rail Technical Service; ACCA;
Number of final IFC 2
sample files
Number of all IFC 5
files produced
Other Outcomes Images

This Unit Test Scenario considers RailCOMPLETE alignments expressed in the RC-XML format
embedded as text inside a DWG file. A file which contains RC-XML is nick-named 'an RC-DWG' file.

The construction of the RC-XML format started out in 2015 using railML version 2.2 as a basis for C#
class creation.

This is a case that uses Parabola in the vertical alignment.

—

Alignment Mileage Reference Alignment

Horizontal Vertical Cant

Spor (0.000 - 150.000 .000 - 0.150)

Mileage [m] | Length 2D [m] | Start Radius [ | End Radius [m

1 of 1 marked
Bind to Selection
Display Name M Extended View
[} W Invisible

Figure 15 Original data from RailComplete

Besides IFC Rail Technical Serivce, the IFC files have been produced by ACCA. Some visualization images
are provided:
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3.7 UT_AWC_6
Case Provider CRBIM
Raw Dataset Format | PF; Excel; IFC (early version)
IFC Provider IFC Rail Technical Service; RDF
Number of final IFC 2
sample files
Number of all IFC 2
files produced
Other Outcomes Images

This Unit Test contains two alignments which are parallel (double line scenario). The peculiarities of
this cases are:

- Sine curve as transition bend in horizontal
- Clothoid as smoothing in vertical

These types of alighment segments are only used in maglev lines that have design speed more that
350km/h. These are newly regulated in a China national standard in early 2020.

Figure 16 Double line as context of this case

The raw datasets are provided in a few formats: PF, Excel and early version of IFC.
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Figure 17 Original dataset visualized

IFC files are provided by IFC Rail Technical Service and RDF:

= UT_AWC 6.ifc - ifeviewer - o X
File View Help Encoding

+© Header Info

+  lfcProject \UT_AWC_6 test’

+ B not referenced

-
}’fﬁ&
ss**“’f;ﬁ;
é‘gf:fé(-oo
vyfé
e .
/ )
/
4
Figure 18 Produced IFC visualized in IfcEngine from RDF
3.8 UT_AWC_7
Case Provider RFI
Raw Dataset Format | LandXML; Excel
IFC Provider GeometryGym;
Number of final IFC 1
sample files
Number of all IFC 1
files produced
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| Other Outcomes | Images |
This Unit Test intends to experiment the use of IFC for representing a railway alignment curve, starting
from its parameters.

The provided parameters describe the alignment of a railway track of about 5,9 km between two nodal
points.

The peculiarities of this alignment curve are:

- cant presence
- transition curve using cubic parabola

The dataset is provided by RFl/Itaferr.
EPSG code: TBD (WGS TBD / UTM zone TBD)

The IFC file is produced by GeometryGym:

0 & o @ s 0B & o B
DhXavdTDre

Name Materia

~ Horizontal Segment Curves Qc'm

Linear Qc'm
Arc odm
Transition LAl | -
Transition y = x*3 / (6. L'l |
Dimensions L'l |
Layer 04 v u
Layer 05 0O
0 sy ]

O g o @ s A% T
DhXavdVLAO

Name Materia

¥ Horizontal Segment Curves @ cf' ll

Linear Qcdm
Arc Qom S
Transition y = x*3 / (6. el . B
Dimensions L=y |

Layer 03 =y | e

Layer 04 v ]

Layer 05 Q0

0 oom

Figure 19 IFC file from GeometryGym visualized in Rhino

4 Linear Placement (LP)

4.1 UT_LP_1
Case Provider RFI
Raw Dataset Format | LandXML; IFC; Excel
IFC Provider ACCA; Geodesial; GeometryGym;
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Number of final IFC 1
sample files

Number of all IFC 3

files produced

Other Outcomes Images

This Unit Test intends to experiment the use of IFC for representing the linear placement of the
catenary posts. In the dataset, the placement is described as a set of parameters related to the
alignment curve.

The dataset refers to the alignment curve provided in UT_AWC_4, without the cant layout. The dataset
includes 84 posts that are placed according to the alignment curve.

The peculiarities of this unit test are:

- There is no parameter that depends on cant

- The distance between the posts along the curve is measured according to the projection of
the alignment curve onto the horizontal plane, i.e., according to the horizontal alignment
curve.

- The only rotation of the posts is around its vertical axis.

- The geometry of the posts type is simplified

o The cantilever part of the pole is out of scope for this test, so its height is
considered fixed for the specific type of post.

The dataset is provided by RFI/Itaferr.
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The IFC files are produced by ACCA, Geodesial and GeometryGym:

4.2 UT_LP_3
Case Provider SBB
Raw Dataset Format | XTR; IFC

IFC Provider Geodesial; GeometryGym;
Number of final IFC 1

sample files

Number of all IFC 2

files produced

Other Outcomes Images

This Unit Test intends to experiment the use of IFC for representing the linear placement of sleeper. In

the dataset, the placement of the sleeper is lineary referenced to the alignment curve.

The dataset refers to the alignment curve provided in file UT_LP_3_Alignment.XTR. The dataset

includes 182 positions of sleepers that are placed according to the alignment curve.

The specificities of this unit test are:
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The distance along for the placement of the sleeper is the distance measured according to
the projection of the alignment in the horizontal plane i.e., according to the horizontal

alignment curve.

The rotation of the sleeper depends on cant
The geometry of the sleeper is simplified

The dataset is provided by SBB.

S rtical offset

The IFC files are produced by Geodesia and GeometryGym:

-#1063= IFCTRACKELEMENT('1dbHARHA4TC_wiCCEYXSajA"S,'$1633,5,#1062#243,3,9); ~
#1068= IFCTRACKELEMENT("1aHQkBCG1960SrGztDIHWY'S,'S164',$,5,#1067,#243,8,5);
#1073= IFCTRACKELEMENT('0Tj_C5T6PAQUIFr1jSYtuM’, #1072,#2438,9);

#1078= IFCTRACKELEMENT(0AFrLEUS59wIft6tigyX9"$,'5166'3,$ #1077,#243,$,5);
#1083= IFCTRACKELEMENT(3G8w3mcJ5T7w3BrFhMVmYU'§,S167',$,$,#1082,#243,$,5);
#1088= IFCTRACKELEMENT(3EEBaf4q186RgK_REIgQIN'$,'$168"8,3,#1087,#243 3,3);
#1093= IFCTRACKELEMENT('3YM4WO0yWr7TMxSHC 1kg9BeH"$,'S169'$ $,#1092,#243,5,9);
#1098= IFCTRACKELEMENT('21G045425DEgSS_GZ_sh0P"$,'S170° 1097,#243,$.5);

-#1103= IFCTRACKELEMENT("1$dsTvhJvA_u9NjBJSTVDR T1.$5#1102#2433.%);

#1108= IFCTRACKELEMENT("1bKL7hCGLDDIHevLSAdILT'S,'5172',5,5,#1107,#243,5,5);

#1113= IFCTRACKELEMENT('1ncgdG1_zApwOK20NXQPIM',§,S173°$,$,#1112,#2438,9);
#1118= IFCTRACKELEMENT('3T531$anf2091104y0wDdz"$, S174'3,5, #1117 #243,5,9);

#1133= IFCTRACKELEMENT('1SEXTFQSL7bfWWWX0G2IDQ'$, S177,8,5,#1132#2435,$);
#1138= IFCTRACKELEMENT(ONQL_UFTFCEeM2QuqOHHHI,$,'S178'5,5,#1137,#243 5,9);
#1143= IFCTRACKELEMENT(0aEVRHTCb25BQSANAG6_2t'5, 5179,5,5,#1142,#243,5.5);
#1148= IFCTRACKELEMENT('3TSPYMSWDAmBYCOLICGSWK. S, 5180"5,5,#1147,#243 5,
15IFli6BJDZAGXIGThZ82'5,

CLOCALPLACEMENT (#1156,#24
[21-PlacementRelTo : #1156= IFCLINEARPLACEMENT(#164,$,5,#1155,8);
‘ PlacementRelTo : #164= IFCLOCALPLACEMENT(S,#5);
é RelativePlacement : #1155= IFCAXIS2PLACEMENTLINEAR(#1154,5,9);
=-Location : #1154= IFCDISTANCEEXPRESSION(IFCNONNEGATIVELENGTHMEASU
=-BasisCurve : #167= IFCSEGMENTEDREFERENCECURVE(#69, (#168#174,#177.¢
w : #166= IFCSH ITATION(#9, Axis, Curve3D",(#167),
BaseCurve : #69= IFCGRADIENTCURVE(#14,(#70,#74,#79#83,#88 #92#97
Segments(7)
RelativePlacement : #247= IFCAXIS2PLACEMENT3D(#246,$,5);
epresentation : #243= IFCPRODUCTDEFINITIONSHAPE(S,$,(#242));
sTypedBy : #217= IFCTRACKELEMENTTYPE(1BJiggdAP7 Qe Tlywugf$, Normalschw

HFS e FARFGDOOS R IOOVEAN

43 UT_LP 4

| Case Provider | Trafikverket
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Raw Dataset Format | LandXML
IFC Provider IFC Rail Technical Service; GeometryGym;

Number of final IFC 1
sample files

Number of all IFC 2
files produced
Other Outcomes Images

This Unit Test intends to experiment the use of IFC for representing broken chainage.

The dataset is provided by Trafikverket.

3843.7443527

Alignment olD=2

1001.8000030 993.1271925 1000.8974299 1001.1529426

980.7997460

KM25+ KM26+ KM27+ KM28+ KM29+
25980.7997460
26001.8000030 26094.9271955 27995.8246254 28996.9775680
27205.4145419 28000.6596581
KM27+ KM28+
1000.6596581

205.4145419

Alignment olD=1
1201.3985189

IFC files are provided by IFC Rail Technical Service and GeometryGym.

44 UT_LP_6
Case Provider SNCF
Raw Dataset Format | LandXML; dwg; png
IFC Provider IFC Rail Technical Service;

Number of final IFC 1
sample files

Number of all IFC 1

files produced

Other Outcomes Images
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This Unit Test intends to experiment the use of IFC for representing the linear placement of drainage
element. In the dataset, the placement is described as a set of parameters related to an alignment
curve from the earth surface.

This data sets aims to test the scenario of positioning objects at span locations (from/to) with lateral
and vertical offsets.

This case aims to test the positioning of swept solids from a starting alignment station to an ending
alignment Station, considering an horizontal offset from the rail alignment and different vertical
constraints:

- Vertical offset from a surface
- Start/End elevation in NGF

This object is composed of a slotted pipe and a draining trench. This kind of drainage is positioned with
a lateral offset from the rail alignment and two verticals constraints (the upper trench and the flowline
position).

- Lateral positionning
The upper trench and the flowline are always positioned in the same horizontal offset.

- Vertical positionning

The upper trench position will inherit the vertical position of the subgrade.

The subgrade geometry should be generated in advance, please see subgrade placement data set
provided. The flowline vertical is positioned using a vertical offset from the first point. See image below.
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The IFC file is provided by IFC Rail Technical Service:
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45 UT_LP_8
Case Provider CRBIM
Raw Dataset Format | PF; Excel

IFC Provider IFC Rail Technical Service; GeometryGym
Number of final IFC 1

sample files

Number of all IFC 2

files produced

Other Outcomes Images

This Unit Test aims to test the railway broken chainage in the linear reference. In the line plane design,
in order to express the mileage relationship uniformly, the starting and ending mileage of the line are
generally expressed by broken chain.
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The IFC files are provided by IFC Rail Technical Service and GeometryGym.

5 Swept Area Solid (SAS)

5.1 UT_SAS_0
Case Provider IFC Rail Technical Service
Raw Dataset Format | Synthetic
IFC Provider RDF

Number of final IFC 2

sample files

Number of all IFC 9

files produced

Other Outcomes Images

This Unit Test aims to test the usage of Swept Area Solid in a synthetic scenario.

Horizontal Alignment (length = 40.274)
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radius =3

Segment 1 (1 -> 1)

LINE, direction up, length = 3.
Segment 2 (Il -> Il1)

CIRCULARARC, clockwise, radius = 3, 270 degrees (length = 14.137)
Segment 3 (Il -> V)

LINE, direction left, length = 6.
Segment 4 (IV -> V)

CIRCULARARGC, anti-clockwise, radius = 3, 270 degrees (length = 14.137)
Segment 5 (V -> VI)

LINE, direction up, length = 3.
Segment 6 (VI)

LINE, direction up, length = 0.

Vertical Alignment (offset = 3 + 1.25 * radius * Pi, length = 6 + radius * Pi / 2)

©2021 buildingSMART International
All rights reserved. Licensed under CC BY-SA 4.0

Page 31 of 65
IR-2021-1039-PS-G


https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fcreativecommons.org%2Flicenses%2Fby-sa%2F4.0%2F&data=04%7C01%7Candrew.sheil%40ramboll.fi%7Cf1550460f90546ab985608d94ac71964%7Cc8823c91be814f89b0246c3dd789c106%7C0%7C0%7C637623042017595164%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=S0YQ5ocdQfOPi2tCzs0wOB7%2BrVCLLCa7nRdvM%2BHNm1U%3D&reserved=0

@B Lulding SMART.

International

radius =3

len=(3 +radius*Pi/4)/2

i len=3 +raffius *Pi/ 4 len = (3 + radius * Pi/4) /2

Segment 1 (1 -> 1)

CIRCULARARC, start gradient 0, end gradient 0.7, length = 2.678. (Derived: radius = 4.67, anti-
clockwise)

Segment 2 (Il -> 111)
CIRCULARARGC, start gradient 0, end gradient 0.7, length = 5.356. (Derived: radius = 4.67, clockwise)
Segment 3 (lll -> IV)

CIRCULARARGC, start gradient 0, end gradient 0.7, length = 2.678. (Derived: radius = 4.67, anti-
clockwise)

Segment 4 (IV)

CONSTANTGRADIENT, direction right, length = 0.
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Cant Alignment (length = 40.274)

len=1+radius *Pi/ 4

radius =3 6

len=1+radius *Pi/ 4

len=1+radius*Pi/ 4

len=1+radius *Pi/ 4

Segment 1 (1 -> Il)

CONSTANTCANT, direction right, length = 2.
Segment 2 (Il -> Il1)

LINEARTRANSITION, horizontal length = 3.35619449019 (1 + radius * Pi / 4), direction right-up.
Segment 3 (Il -> V)

CONSTANTCANT, direction right, length = 9.42477796077 (i.e. radius * Pi).
Segment 4 (IV -> V)

LINEARTRANSITION, horizontal length = 3.35619449019 (1 + radius * Pi / 4), direction right-down.
Segment 5 (V -> VI)

CONSTANTCANT, direction right, length = 4.
Segment 6 (V -> VI)

LINEARTRANSITION, horizontal length = 3.35619449019 (1 + radius * Pi / 4), direction right-up.
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Segment 7 (V -> VI)
CONSTANTCANT, direction right, length = 9.42477796077 (i.e. radius * Pi).
Segment 8 (V -> VI)
LINEARTRANSITION, horizontal length = 3.35619449019 (1 + radius * Pi / 4), direction right-down.
Segment 9 (V -> VI)
CONSTANTCANT, direction right, length = 2.
Segment 10 (VI)

CONSTANTCANT, direction right, length = 0.

Important note (generic):

At each start of a segment the rotation is defined by a difference in StartCantLeft and StartCantRight in
combination with half the value of the IfcAlignmentCant.RailHeadDistance.

In the geometry this rotation is stored as third dimension of the IfcCurveSegment.Placement definition.

The IFC files are produced by RDF:
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5.2 UT_SAS 1
Case Provider SBB
Raw Dataset Format | XTR; IFC (early version)
IFC Provider RDF
Number of final IFC 1
sample files
Number of all IFC 1
files produced
Other Outcomes Images
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This Unit Test aims to prove the possibility using parametric form of geometry to create the shape of
railway rails based on alignment. Cant shall be considered in creating the geometry.

The alighment data is using the same one from UT_AWC_1, which has one alignment based on
horizontal, vertical and cant.

The profile of rail can be derived from the IFC file provided for this Unit Test, which contains a segment
of rail based on a simple sweeping.

The IFC file is provided by IFC Rail Technical Service:

5.3 UT_SAS 2
Case Provider ACCA
Raw Dataset Format
IFC Provider ACCA
Number of final IFC 1
sample files
Number of all IFC 1
files produced
Other Outcomes Images

This Unit Test contains an exported IFC file from ACCA software. It shows a case that

uses

IfcSectionedSolidHorizontal to model ballast bed of railway.

A

us Bl
jo)

~ UT_SAS_2_ACCA
7 Detault Project

[ <calignment»
> VOIE 1X
> VOIE DA
>F5 VOIE VAR

v <icBulldingElement?_ 9

+ BallastDA S
+ BallasiDA 6
« BallastDAT

0000000000000000
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5.4 UT_SAS_3

Case Provider ACCA

Raw Dataset Format

IFC Provider ACCA

Number of final IFC 1

sample files

Number of all IFC 1

files produced

Other Outcomes Images

This Unit Test contains an exported IFC file from ACCA software. It shows a case that uses
IfcSectionedSolidHorizontal to model track loading gauge of railway.
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90 2099 BN/VBO QRG> 2
5.5 UT_SAS 4
Case Provider MINNnD
Raw Dataset Format
IFC Provider RDF
Number of final IFC 1
sample files
Number of all IFC 1
files produced
Other Outcomes Images
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This Unit Test intends to demonstrate how variable profiles along an axis can provide a Swept Area
Solid to represent a track bed. The reference file (filtered) used to demonstrate swept volumes is
updated from an IFC sample file from buildingSMART.

6 Railway Spatial Structure (RSS)

6.1 UT_RSS_1
Case Provider PNG
Raw Dataset Format | Image
IFC Provider IFC Rail Technical Service, ACCA, Geodesial
Number of final IFC 1
sample files
Number of all IFC 3
files produced
Other Outcomes Images

This Unit Test intends to experiment the use of IFC to represent the project breakdown for a single
domain spatial structure. The single domain taken as an example for this test is "Track".

The dataset refers to a simple railway network, represented by using the paradigm "Node-Edge-Node",
and break down using asset management criteria.

As the aim of this Unit Test is to implement the spatial structure, there is no need for the moment to
introduce elements contained within.

The dataset is provided by RFI.

In this Unit Test the example project is a simple railway network connecting two stations, Rome and
Naples. Using the "Node-Edge-Node" criteria, the Rome-Naples Network is composed by two "Nodes"
and one "Edge", as shown in the following picture:
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Rome-Naples Network

Railway Line
Edge
Rome Naples

Each "Node" represents the area of the station as it is considered by the Track domain.

For the scope of this specific example, only one Node (i.e. Rome) and the Edge are further decomposed
as follows:

The chosen Node, Rome, is decomposed in the following parts:

- Two tracks, named T1 and T2,
- One siding track, named T3,
- Two sidewalks, one for Track T1 named Sidewalkl and one for Track T2 named Sidewalk2

The Railway Line, is decomposed in the following parts:

- Two tracks, named T1 an T2.

Additionally, in this Network there is an area crossing (overlapping) the Railway Line, in which there
could be elements that constitute an interference, which are not part of the Railway Line
decomposition itself. It is necessary to represent this area in the model, to make sure that any such
interference is taken into consideration when managing the Network.

The following picture shows the Network decomposition as explained above.

To represent the project breakdown in the model, the spatial structure as defined in IFC 4.3 shall be
used.

Therefore, the higher level structure shall be:

- The Network shall be represented as an IfcSpatialstructureElement,
specifically IfcRailway (sub-entity of IfcFacility). It shall have the following attributes:
o Name: Rome-Naples Network
- The Edge shall be represented as an IfcSpatialstructureElement, specifically IfcRailway (sub-
entity of IfcFacility). It shall have the following attributes:
o Name: Railway Line
- The Node shall be represented as an IfcSpatialstructureElement, specifically IfcRailway (sub-
entity of IfcFacility). It shall have the following attributes:
o Name: Rome
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The picture below shows the spatial structure as described above:

IfcRailway: Rome-Naples Network

IfcRallway Railway Line

IfcRailway: Rome IfcRailway: Naples

The Network decomposition shall be further represented using the spatial structure concepts of
IfcFacilityPart.

In particular:

The chosen Node, Rome, is decomposed in the following parts:

- Two tracks:
o T1shall be represented as IfcFacilityPart, with the following attributes:
Name: T1
PredefinedType: IfcRailwayPartTypeEnum.TRACKSTRUCTUREPART
UsageType: LONGITUDINAL
T2 shall be represented as IfcFacilityPart, with the following attributes:
Name: T2
PredefinedType: IfcRailwayPartTypeEnum.TRACKSTRUCTUREPART
o UsageType: LONGITUDINAL
- One siding track, represented as as IfcFacilityPart, with the following attributes:
o Name: T3
o PredefinedType: IfcRailwayPartTypeEnum.TRACKSTRUCTUREPART
o UsageType: LONGITUDINAL
- Two sidewalks, also represented as IfcFacilityPart
o one for Track T1, with the following attributes:
Name: Sidewalkl
PredefinedType: IfcRailwayPartTypeEnum.LINESIDESTRUCTUREPART
UsageType: LATERAL
one for Track T2, with the following attributres:
Name: Sidewalk2
PredefinedType: IfcRailwayPartTypeEnum.LINESIDESTRUCTUREPART
UsageType: LATERAL

O O O 0 O O

O O O O O O O

The Railway Line, is decomposed in the following parts:

- Two tracks, represented as the ones in the Node, but as a part of the Railway Line:
o T1shall be represented as IfcFacilityPart of IfcRailway(Partial): Railway Line, with the
following attributes:
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Name: T1

PredefinedType: IfcRailwayPartTypeEnum.TRACKSTRUCTUREPART

UsageType: LONGITUDINAL

T2 shall be represented as IfcFacilityPart of IfcRailway(Partial): Railway Line, with the
following attributes:

Name: T2

PredefinedType: IfcRailwayPartTypeEnum.TRACKSTRUCTUREPART

o UsageType: LONGITUDINAL

O O O O

o O

Additionally, the interference area shall be represented as an IfcSpatialZone with the following
attributes:

- Name: Interference Area
- InterferenceType: PASSESUNDER

This IfcSpatialZone is referenced by the Railway Line using IfcRelReferencedInSpatialStructure.

To better represent the interference with T1 and T2 of the Railway Line, the following relationship shall
be used: IfcRellnterferesElement.

The following picture summarizes the Network representation using the spatial structure concepts of
IfcFacility, IfcFacilityPart and IfcSpatialzone.

IfcRailway: Rome-Naples Network

/ IfcRailway: Rome IfcRailway: Railway Line \
- N

| IfcFacilityPart: Sidewalk1 | i |
IfcFacilityPart: T1 l : IfcFacilityPart: T1

%Foc,y. | [fcSpatialZone: |

’?y,om?. o | Interference |

— £ | Area |
IfcFacilityPart: T2 | : IfcFacilityPart: T2

| IfcFacilityPart: Sidewalk2 | l\ /I

- 7 Y,

©2021 buildingSMART International Page 41 of 65
All rights reserved. Licensed under CC BY-SA 4.0 IR-2021-1039-PS-G


https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fcreativecommons.org%2Flicenses%2Fby-sa%2F4.0%2F&data=04%7C01%7Candrew.sheil%40ramboll.fi%7Cf1550460f90546ab985608d94ac71964%7Cc8823c91be814f89b0246c3dd789c106%7C0%7C0%7C637623042017595164%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=S0YQ5ocdQfOPi2tCzs0wOB7%2BrVCLLCa7nRdvM%2BHNm1U%3D&reserved=0

D buildingSMART.

V International

IfcRailway

Name: Rome-Naples Network

IfeRelAggregates

Ife =f i ucture 1

IfcRailway IfcRailway H

Name: Rome Name: Railway Line :
IfeRelAggregates IfeRelAggregates [fcSpatialZone  eeeEEEEEEEEE

ffcFacilityPart

Name: T1 IfcFacilityPart
PredefinedType: IfcRailwayPartTypeEnum. TRACKSTRUCTUREPART Name: T1 feresklements  -----! :
UsageType: LONGITUDINAL PredefinedType: IfcRailwayPartTypeEnum. TRACKSTRUCTUREPART '
e e T InterferenceType: PASSESUNDER i

IfcFacilityPart |

Name: T2 IfcFacilityPart
PredefinedType: IfcRailwayPartTypeEnum. TRACKSTRUCTUREPART Name: T2 .
UsageType: LONGITUDINAL predefinedType: IfcRailwayPartTypeEnum. TRACKSTRUCTUREPART b

UsageType: LONGITUDINAL InterferenceType: PASSESUNDER

IfcFacilityPart
Name: T3
PredefinedType: IfcRailwayPartTypeEnum. TRACKSTRUCTUREPART
UsageType: LONGITUDINAL

IfcFacilityPart
Name: Sidewalkl
PredefinedType: lfcRailwayPartTypeEnum. LINESIDESTRUCTUREPART
UsageType: LATERAL

IfcFacilityPart

Name: Sidewalk2
PredefinedType: lfcRailwayPartTypeEnum.LINESIDESTRUCTUREPART
UsageType: LATERAL

Besides by Technical Service, the IFC files are provided by ACCA and Geodesia:

= [ B EH-§ sccetesti@gmal.com & usBIM.

Strumenti Servizi H Debug
% f::a;'. ‘ : @ . Ijj @ E& E E-=-!. EE_ Esplodi elementi

Orizzontale
Select | Misuratore Stile  Aspetto  Visibilita Copia Select Select Select  Analizza Espandi  Restringi L

@ vista ™ tutto tutto Verticale o
GEMNERALE VISTA APPUNTI | PROPRIETA | #TagBIM CLASSIFICAZIONI STRUMENTI
Entita
4 UT_RSS_1_ACCA.ifc
@B Interference Area IfcSpatialZone
4 @B Rome-Naples Network TfcRailway
4 @B Rome IfcRailway
@t IfcFacilityPart
@z IfcFacilityPart
@ IfcFadiityPart
@B Sidewalk1 IfcFadlityPart
@B sidewalk2 IfcFadlityPart
s @B Railway Line IfcRailway
@B IfcFacilityPart
@B IfcFacilityPart

6.2 UT_RSS_2

Case Provider MINNnD
Raw Dataset Format
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IFC Provider IFC Rail Technical Service

Number of final IFC 1
sample files

Number of all IFC 1
files produced
Other Outcomes Images

This Unit Test intends to test the capability to have a project based on an existing IfcSite that contains
an IfcRailway spatial structure.

Spatial structure intends to be as follows:

IfcRoad
Roadl

IfcProject

Road
IfcRoad

Road2
IfcRelAggragates IfcRelAggragates
IfcRoad

IfeProject Rail

Road3
IfcSite P Used as Source IfcSite
SANO1 & ' SANO1
fcRoad
e ——— Roada
IfeRailway
IfcRelAggragates | Railwayl
IfcRoad
IfcRelAggragates Road5
IfcRailway + |
Railway0 | | [fcRailway
Railway2a IfcRoad
| Road6
IfcRelAggragates
e IfcRoad
| IfcRailway Road7
Railway2b
IfcRoad
—— Road8
IfcRailway ||
Railway3 IfcTunnel

Tunnel

The IFC file is provided by IFC Rail Technical Service.

6.3 UT_RSS_4
Case Provider FTIA
Raw Dataset Format
IFC Provider IFC Rail Technical Service, ACCA, Geodesial

Number of final IFC 1
sample files

Number of all IFC 3
files produced
Other Outcomes Images

This Unit Test intends to experiment the use of IFC to represent the project breakdown for a
road/railway level crossing spatial structure with an explicitly modelled relationship between the
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@B building SMART.

railway facility part and the corresponding road facility part representing the overlapping of the two
facilities.

As the aim of the Unit Test is to implement the spatial structure, there is no need for the moment to
introduce elements contained within.

The dataset is provided by FTIA.

The dataset is currently made of:

1 Aproject +site
2 Aroad facility with three facility parts where the level crossing overlaps the corresponding
railway facility part
3 Avrailway facility with three facility parts where the level crossing overlaps the corresponding
road facility part
4  The explicit interference relationship between the overlapping facility parts
ﬂ
\ ‘ To500 Turdelailekojun lunnus
2 ; kY ’ g 1 T=306 Tasoristeyksen lisakilpi '.1—_'7'.‘.‘95:3':".7"-29(_;‘;;:3@5991 T
ggiza Kmitntian varoihuslal > = Pa{fanteem,'e
e m ajoradan puckelis Y = 24525567 .56
. 2 o Y = 24525568.85 X = 687634349
s 3 ] - X =B876923.43 -
2 " FE / S
Pyhaan sijamti: H 5 = g g /
350 T e
Y = 24525571 20 s sjoradan puclella
X = 687691108 A Y = 24525584,26 A.a.1.2
- | X = 687693034 A.a.2.2
. Vippula
am - i o ) s i Thn o . -
= -
Pylvisin sijainti: ) =
Km 0271+0528 T
radasta oikealle 3,5 m T
Y = 24525578,83 =
X = 6876016,15 dE § . o
S - i ——am>>
: 222 T 1378
- LR T £Rda
E g E‘ Pybién sijain: Pylvisn siainti E—
B Km 0271+0562 . Km 027140570
A | radasta oikealle 3.5 m ", redasta olkealk 3,5 m

<

Y = 2452558391
| X = 6876957.82

Y = 2452558290
| X = 6876949,90

To represent the project breakdown for this unit test, we envision the following project structure:

e A.IfcProject

o A.alfcSite
o IfcGeoModel (or similar representing terrain - optional for this unit test)
o A.a.llIfcRoad
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» [fcAlignment (optional for this unit test)
* A.a.1.1 IfcFacilityPart
* PredefinedType*=IfcRoadPartTypeEnum.ROADSEGMENT
= UsageType=LONGITUDINAL
* A.a.1.2 IfcFacilityPart
» PredefinedType*=IfcFacilityPartCommonTypeEnum.LEVELCROSSING
= UsageType=LONGITUDINAL
* A.a.1.3 [fcFacilityPart
* PredefinedType*=IfcRoadPartTypeEnum.ROADSEGMENT
= UsageType=LONGITUDINAL
o A.a.2 IfcRailway

= IfcAlignment (optional for this unit test)
= A.a.2.1 IfcFacilityPart
* PredefinedType*=IfcRailwayPartTypeEnum. TRACKSTUCTUREPART
= UsageType=LONGITUDINAL
= A.a.2.2 IfcFacilityPart
* PredefinedType*=IfcFacilityPartCommonTypeEnum.LEVELCROSSING
=  UsageType=LONGITUDINAL
= A.a.2.3 IfcFacilityPart
» PredefinedType*=IfcRailwayPartTypeEnum.TRACKSTRUCTUREPART
= UsageType=LONGITUDINAL

e IfcRellnterferesElements

o InterferenceType="Crosses"

RelatingElement=#A.a.1.2

RelatedElement=#A.a.2.2

InterferenceGeometry=optional for this unit test

o O O

The IFC files are provided by IFC Rail Technical Service, ACCA and Geodesial:

jo)

v UT_RSS_4_ACCA.ifc

v Decomposes

v RelinterferesWithElements

CLOPPPOOOPFPPPPPE

v HcobjectPlacement

7 System Breakdown Structure (SYS)

7.1 UT_SYS_1
’ Case Provider ‘ RFI
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Raw Dataset Format

IFC Provider IFC Rail Technical Service, ACCA, GeometryGym
Number of final IFC 1

sample files

Number of all IFC 3

files produced

Other Outcomes Images

This Unit Test is the first of a series of tests, each one building on the previous step. The final goal is

to provide the user with a functional view of the content of the model which is detached and

decoupled from the spatial structure tree. This functional perspective (grouping) shall be defined by

the user, using different criteria, and may change across the life-cycle of a model. The focus of this

test is: first on the definition of the semantics of the relationships between the objects; then on the

test of a panel/window in the Ul of a tool, for the purpose of visualisation and navigation of the

functional network.

For the scope of this UT, the TLC domain was taken as an example.

The dataset refers to a simple railway Node, which contains a list of elements grouped according to

functional aspects.

As the aim of the Unit Test is to implement group assignment, there is no need for the moment to go

further into the relationship between the Node and the functional groups.

The dataset is provided by RFI.

In this Unit Test the example project is represented by a single railway Node. In particular, a TLC

Node was selected, together with some elements contained within.

The following picture shows the TLC Node and all the elements contained within.
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Access Network O

IP Network
equipment 01

Transport
Equipment 01

Telecom Casing
elements 01

Cabling accessory

Cable 01

Telecom laying
infrastrutcture 01

Telecom Casing
elements 02

TLC N O D E — [fcRelContainedinSpatialStructure Cablne acosssory

Cable 02

Telecom Casing
elements 03

Cabling accessory

Cable 03

IP Network
equipment 02

Transport
Equipment 02

Antenna 01

Telecom laying
infrastrutcture 02

Telecom support
infrastructure 01

=] = =]
w w w
8 4 3
=1 =" =1
T = o
c = =
[=] o (=] o= (=] o=
w wo N N g = =g
E] 3 =
B B =
o Y o
3 = =
@ D [

The TLC Node shall be defined as an IfcSpatialStructureElement, and in particular as an:

- IfcRailway (subtype of IfcFacility)
o Name: TLC Node

The elements taken into consideration shall de defined as:
- IfcBuiltElement

IfcRelContainedInSpatialStructure shall be the relationship used for spatial containment.

Each element shall be collected in a functional group, as shown in the Table_ Grouping of Elements.
The table has 2 columns:

"RelatedObjects", in which all objects to be grouped are listed by name.

©2021 buildingSMART International Page 47 of 65
All rights reserved. Licensed under CC BY-SA 4.0 IR-2021-1039-PS-G


https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fcreativecommons.org%2Flicenses%2Fby-sa%2F4.0%2F&data=04%7C01%7Candrew.sheil%40ramboll.fi%7Cf1550460f90546ab985608d94ac71964%7Cc8823c91be814f89b0246c3dd789c106%7C0%7C0%7C637623042017595164%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=S0YQ5ocdQfOPi2tCzs0wOB7%2BrVCLLCa7nRdvM%2BHNm1U%3D&reserved=0
http://localhost:3000/benzcly/Test/src/master/5_System%20Breakdown%20and%20Usage%20%28SYS%29/UT_SYS_1#data-description

@B Lulding SMART.

International

"RelatingGroup", where the groups to which the objects are assigned are listed by name.

Each object listed in the "RelatedObjects" column shall be assigned to the corresponding group in the
"RelatingGroup" column. The groups shall be 6 in total (as shown also in the table):

- 1 IfcGroup

o Name: Sistemi Radio Frequenza
- 1 IfcGroup

o Name: Aggregatore Stazioni Radio Base
- 1lfcAsset

o Name: Impianto radiomobile 01
- 1lIfcAsset

o Name: Impianto radiomobile 02
- 1IfcSystem

o Name: Base Station controller (BSC)
- 1IfcSystem

o Name: Stazione Radio Base (BTS)

IfcRelAssignsToGroup shall be the relationship linking the objects in the "RelatedObjects" column to
the respective group in the "RelatingGroup" column.

Note: for the scope of this test, only the objects assigned to one IfcAsset have been taken into
consideration. However, the IfcGroup (Name: Sistemi Radiofrequenza) is to be considered as a non
hierarchical collection of multiple IfcAsset (Impianto radiomobile 01..02). Please note that the
IfcSystem is assigned both to an IfcAsset and to an IfcGroup. That is beacause the relationship is non
hierarchical, but functional.

As an example, there is the Table_IFC Entities and an overview of the system breakdown in the picture
below.
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Group Assignment

IfeGroup

Name: Sistemi Radio Frequenza IfcGroup

Name: Aggregatore Stazioni Radio Base
L IfeRelAssignsToGroup

IfcSystem
: Stazione Radio Base

IfcAsset
Name: Impianto radiomobile 02

IfcAsset
Name: Impianto radiomobile 01

IfcSystem
Name: Base Station controller
(BSC)

IfcBuiltElement
Name: IP Network equipment 01

IfcBuiltElement
Name: Access Network 01

IfcBuiltElement IfcBuiltElement
Name: Cable 02 Name: Cable 03
IfcBuiltElement
Name: IP Network equipment 02
IfcBuiltElement
Name: Antenna 01

IfcRelDeclares shall be the relationship linking all groups to the project.

The IFC files are provided by IFC Rail Technical Service, ACCA and GeometryGym:

A usBIM.browser - Google Chrome - oilEl
&

@ test-browser.usbim.com/doc, .~

usBIv|

S B

ol

~ UT_SYS_1ACCAfc
[} System Breakdown and Usage - SYS1
w7 «fcRailway>
v TLC Node
v [7) <ifcBuiltElement>

HeSystem
OUWUFT4LTAJebsRFADIWSC
Base Station controller (8SC)
+ Cable 02

b HeBuiltElement Cable 02

< tearoup
7 Sistemi rsdiotrequenza NOGHANGE

« Implanto radvomobile & —
+[7 impianto radiomobile 01 2311272020 42356
+ Base Station controller (BSC)
* Stanone Radio Base (8 Cianculk
] Aggregatore Stazion Radio Base (BT

« Staziooe Radio Base (B Michelangslo
7} tcsystem
+ Base Station controller (BSC)

v easset

+ ) Impianto radiomobile 01
+ Base Station controBer (BSC)

=0 DBN/ANO 0 N2
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7.2 UT_SYS_2
Case Provider RFI
Raw Dataset Format
IFC Provider IFC Rail Technical Service, ACCA, GeometryGym
Number of final IFC 1
sample files
Number of all IFC 3
files produced
Other Outcomes Images

This Unit Test is the second of a series of tests, each one building on the previous step. The final goal
is to provide the user with a functional view of the content of the model which is detached and
decoupled from the spatial structure tree. This functional perspective (grouping) shall be defined by
the user, using different criteria, and may change across the life-cycle of a model.

The focus of this test is: first on the definition of the semantics of the relationship between groups and
spatial structure elements; then on the test of a panel/window in the Ul of a tool, for the purpose of
visualisation and navigation of the functional network.

The dataset is the same as the one for UT_SYS 1, a simple railway Node, which contains a list of
elements grouped according to functional aspects.

The dataset is provided by RFI. This Unit Test is built upon UT_SYS 1

In this Unit Test the example project is the one for UT_SYS_ 1. In particular, a TLC Node was selected,
together with some elements contained within.

As stated in UT-SYS-1, the TLC Node shall be defined as an IfcRailway (subtype of IfcFacility), with
"Name: TLC Node".

The elements selected in UT_SYS_1 shall de defined as IfcBuiltElement.
IfcRelContainedInSpatialStructure shall be the relationship used for spatial containment.

According to UT_SYS_1, each element shall be collected in a functional group and there shall be 6
groups in total.

For the business need of RFl, in this UT it is required that one specific group shall be referenced to the
TLC Node through the IfcRelReferencedInspatialStructure relationship.

The group to be referenced shall be:

- IfcGroup
o Name: Sistemi Radio Frequenza
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IfcRailway
IfcGroup -
Name: Sistemi Radio Frequenza 1 IfcRelReferencedinspatialStructure » Name: TLC

NODE

7.3 UT_SYS_3

Case Provider RFI

Raw Dataset Format

IFC Provider IFC Rail Technical Service, ACCA

Number of final IFC 1

sample files

Number of all IFC 2

files produced

Other Outcomes Images

This Unit Test is the third of a series of tests, each one building on the previous step. The final goal is
to provide the user with a functional view of the content of the model which is detached and decoupled
from the spatial structure tree. This functional perspective (grouping) shall be defined by the user,
using different criteria, and may change across the life-cycle of a model.

As for the other UTs in this topic, the focus of this test is: first on the definition of the semantics of the
relationship between groups and spatial structure elements; then on the test of a panel/window in the
Ul of a tool, for the purpose of visualisation and navigation of the functional network.

Part of the dataset is the same as the one for UT_SYS 1 and UT_SYS_2, a simple railway Node, which
contains a list of elements grouped according to functional aspects.

The dataset is provided by RFI. This Unit Test is built on UT_SYS_2.

In this Unit Test the example project is the one for UT_SYS_1 and UT_SYS_2. In particular, a TLC Node
was selected, together with some elements contained within.

As stated in UT-SYS-1 and UT_SYS_2, the TLC Node shall be defined as an IFCRailway (subtype of
IfcFacility), with "Name: TLC Node".

The elements selected in UT_SYS_1 shall de defined as IfcBuiltElement.
IfcRelContainedIinSpatialStructure shall be the relationship used for spatial containment.

According to UT_SYS_1, each element shall be collected in a functional group and there shall be 6
groups in total.

According to UT_SYS_2, the group "Sistemi Radio Frequenza" shall be referenced to the TLC Node
through the IfcRelReferencedinspatialStructure relationship.

For the sake of this UT, there are 3 relevant Property Sets to be considered and named as follows:
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- PSET_Asset_Impianto radiomobile
- PSET_System_BSC
- PSET_System_BTS

As the name of the Pset says, the first one applies to all Assets of the type "Impianto radiomobile",
while the second applies to all Systems of type "BSC" and the third to all Systems of type "BTS". Thus,
according to this, these Psets shall be associated to the correct assets/systems through
the IfcRelDefinesByProperties relationship.

PSET_Asset_Impianto radiomobile

Type ID: TTOO00-RF-RMO1
Type Domain: Telecommunication

Type Name: Impianto radiomobile
Channel access method: TDMA ‘

HeAsset IfcAsset
Name: Impianto radiomobile 02 Name: Impianto radiomobile 01

|

IfcSystem IfcSystem
Name: Base Station controller Name: Stazione Radio Base
(BSC) (BTS)
ry

PSET_System_BSC PSET_System_BTS
Type Name: Base Station Controller (BSC) Type Name: Stazione Radio Base (BTS)
Type ID: 532600 Type ID: 532650
Power Supply : 220 Vac Power Supply : 220 Vac
Brand: Alcatel Brand: Alcatel
External alarms: TRUE Model: DECT 4075 - R

7.4 UT_SYS 4
Case Provider SNCF
Raw Dataset Format
IFC Provider IFC Rail Technical Service

Number of final IFC 1
sample files

Number of all IFC 1
files produced
Other Outcomes Images

This Unit Test intends to experiment the use of IFC to represent the functionnal breakdown of the
GSM-R access network.

This mobile communication system is named GSM-R (Global System for Mobile communications -
Railways) and together with the ETCS (European Train Control System), they constitute the 2 main
technologies on which the ERTMS relies.

The functional breakdown that will be described in this documentation only corresponds to the GSM-
R system. The functional model of the whole GSM-R system will indeed be presented, but since only
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the Base Station Subsystem of GSM-R (also known as the access network) is involved in the storyline,
it will therefore be the only subsystem to detail in this document.

The functional model presented in this document allows understanding the functional hierarchies of
the GSM-R system and especially its Base Station Subsystem (BSS). These functional hierarchies
describe the decomposition of the required functional goal into sub-functions that can be achieved by
agents, which are viewed as the main actor to achieve the function and do not necessarily correspond
to the physical components.

The dataset is provided by SNCF.

The goal of this functional modelling is to verify if we can generate an IFC file that could include all the
information provided by the current functional model of GSM-R system. The main function of a GSM-
R Access Network (Base Station Subsystem) is to aggregates the global functions of wireless signal
receiving/transmitting and radio resource management, which are respectively realized by the Base
Transceiver Station (BTS) and the Base Station Controller (BSC);

As mentioned before, the ERTMS storyline scope is limited to the base station subsystem of GSM-R.
The GSMR subsystem can be considered as an aggregation of other functional groups, which are: the
base transceiver station functional group and the weak-field coverage functional group.
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l l Antenna

Backhaul
Basestation site

This group includes the telecom objects that transmit and receive information on the radio channel by
providing a physical interface between the train and the Base Station Controller.

- IFC Mapping : IfcDistributionSystem

The grouping of objects within the Base transceiver station functional group is presented in the list
below:

Remote Radio Unit (also called a remote radio head RRH), is usually sitting on top of cell tower. It
mainly performs the following functions:

- Convert optical signal to electrical signal and vice versa;

- Intransmitter section of RRU, it converts digital signal to radio frequency (RF) signal and
amplifies that signal to the desire power level and antenna connected to it, radiates the RF
signal in air;

- Inreceiver section of RRU, it receives the desired band of signal from antenna and amplify it;

- And convert RF signal back to digital signal in the receiver chain

IFC Mapping : IfcMobileTelecommunicationsAppliancePredefinedTypeREMOTERADIOUNIT

Base Band Unit (BBU), is usually placed inside a cabinet next to the cell tower. It performs frequency
hopping and the digital signal processing. One BBU is connected to multiple RRUs depending upon the
capability of base-band unit

IFC Mapping : IfcMobileTelecommunicationsAppliancePredefinedTypeBASEBANDEUNIT

Antennas, may also be considered as components of BTS. An antenna is a device that
effectively radiates or receives electromagnetic waves. In open sites, it is placed on a radio mast,
tower, or other raised structure.

IFC Mapping : IfcCommunicationsAppliancePredefinedTypeANTENNA
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Supporting System, represent the raised structure that support antennas and one or more
RRU in open sites.

IFC Mapping : IfcElementAssemblyPredefinedTypeMAST
Cabinet

IFC Mapping : IfcElementAssemblyPredefinedTypeSHELTER

Tunnel Tunnel

RF/FO Tunnel

\ "
[ ]
\ BTS Re/FO
\

e Remote Unit

Master Unit

This group includes the telecom objects that expand the radio coverage of the BTS in areas where it is
difficult to install one such as inside tunnels.

The grouping of objects within the weak-coverage functional group is presented in the list below:

- Master Unit, is a component of a repeater for coupling base station signals. It is used to
expand the radio coverage, with the assistance of remote units, in the areas where we
cannot put a BTS like in tunnels for example.

o IFC Mapping :
IfcMobileTelecommunicationsAppliancePredefinedTypeMASTERUNIT

- Remote Unit, is used to amplify a base station signal and insure its wireless transmission in
the areas where it is difficult to put a BTS. It receives a coded signal from the master unit via
a wired transport link (usually optical fiber cables) and transmits it to the antennas for being
wirelessly transmitted

o IFC Mapping :
IfcMobileTelecommunicationsAppliancePredefinedTypeREMOTEUNIT

- Antennas, may also be considered as components of BTS. An antenna is a device that
effectively radiates or receives electromagnetic waves. In open sites, it is placed on a radio
mast, tower, or other raised structure.

o IFC Mapping : IfcCommunicationsAppliancePredefinedTypeANTENNA

- Supporting System, represent the raised structure that support antennas and one or more
RRU in open sites.

o IFC Mapping : IfcElementAssemblyPredefinedTypeMAST
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8 Port Connectivity (PCC)

8.1 UT_PCC_1
Case Provider MINND
Raw Dataset Format
IFC Provider IFC Rail Technical Service, ACCA
Number of final IFC 1
sample files
Number of all IFC 2
files produced
Other Outcomes Images

This Unit Test intends to experiment the use of IFC to represent the topology of the multiduct system
in order to complete the piping system description.

For the scope of this UT, part of an underground electrical system for an urban railway was taken as
an example.

The dataset is provided by MINnD4Rail. A picture representing the multiduct topology for this example
and a picture shows the IFC entities involved in this system topology are as follows.
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{ IfcRelAggregates )

‘ < IfcRelReferencedinSpatialStructure >
IfcRelAssignsToGroup > T T IfcRelNests
T IfcRelNests |

- IfcRelConnectsPorts
IfcRelNests |

One IFC reference file is provided including connected duct ports between duct segments.

The IFC files are provided by IFC Rail Technical Service and ACCA.

8.2 UT_PCC.2
Case Provider SNCF
Raw Dataset Format
IFC Provider IFC Rail Technical Service

Number of final IFC 1

sample files

Number of all IFC 1

files produced

Other Outcomes Images

This Unit Test intends to experiment the use of IFC to represent a wired transmission network used in
the GSM-R base station subsystem.

For the scope of this UT, illustration of the transmission segment connecting the base transceiver
stations installed along the railway line N° 944000, was taken as an example.

The dataset is provided by SNCF.

The datasets aim to provide some technical constraints and requirements that are related to the wired
transmission network and which need to be faithfully transcribed in an IFC model.
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The schematic representation of the needs :

;;;;; e/

feDustriotiansystem
Base Transcebves station Group

IfeDtréutionsystem
Dase Transeives station Group

Base station controller (BSC)

eDtributionsystem
Base Transcebves statian Group

The IFC file is provided by IFC Rail Technical Service.

9 Domain Physical Elements (DPE)

9.1 UT_DPE_1
Case Provider SBB
Raw Dataset Format
IFC Provider IFC Rail Technical Service

Number of final IFC

sample files

Number of all IFC 2

files produced

Other Outcomes Images

This Unit Test aims to prove the possibility to use current concepts in IFC to create a railway turnout
panel, which is a comprehensive element in the track domain. Based on alighment and swept area
solid, the basic shape of an rails shall be created. Other major elements like sleepers, frogs shall also
be modelled.
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This test has draft IFC files created, done by IFC Rail Technical Service and ACCA. They show the
possibility to model alignments and major elements in this case.

9.2 UT_DPE_4

Case Provider

CRBIM

Raw Dataset Format

IFC Provider

IFC Rail Technical Service

Number of final IFC
sample files

Number of all IFC 2
files produced
Other Outcomes Images

This unit test intends to experiment the use of IFC for the linear placement of the BTS (Base Transceiver
Station) site. In the dataset, the placement is described as a set of parameters related to the alignment
curve and the location information of BTS site.

This document describes

in detail the data organization of the plane, profile, and broken chain of a

railway line through a railway line example. The telecom domain expert provide the placement details

of BTS site along the curv

e, so as to facilitate the software service manufacturer to test the placement

of the BTS along the curve.

——

The dataset includes 5 BTS sites that placed according to the alignment curve. The geometry of the BTS
site is simplified, which only includes the tower and technical room.
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For the placement of a BTS site, there is no parameter that depends on cant.The placement of the BTS
site will be determined by the mileage location and left/right side of the BTS site, the lateral and vertical
offset.

The lateral offset is the distance between the position of the center point of the BTS site and the
horizontal alignment curve at the corresponding mileage. This distance is measured along the axis that
is perpendicular to the tangent of the horizontal alignment curve at the corresponding mileage. The
offset is always a positive value. The direction of the offset is defined by the "Side" parameter.

The vertical offset is the distance between the position of the center point of the BTS site and the
vertical alignment curve at the corresponding mileage. This distance is measured along the vertical axis
of the general coordinate system. A positive vertical offset indicates that, in the general coordinate
system, the vertical coordinate of the vertical alignment curve at the corresponding mileage is less
than the vertical coordinate of the origin of the BTS site.
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This test has draft IFC files created, done by IFC Rail Technical Service. They show the possibility to
place spatial structure elements along alignment. Further updates are required for this test for physical
elements.

9.3 UT.DPE 5
Case Provider SNCF
Raw Dataset Format
IFC Provider IFC Rail Technical Service

Number of final IFC 1

sample files

Number of all IFC 1

files produced

Other Outcomes Images

This unit test intends to experiment the use of IFC for the representation of signalling equipment
located at a level crossing. The equipment included is:

- Aboom barrier
- Aguardrail
- Asignal assembly
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http://localhost:3000/benzcly/Test/raw/master/7_Domain%20Physical%20Elements%20(DPE)/UT_DPE_4/DataSet/Example%20of%20BTS%20site%20drawing.JPG

@B building SMART.

International
o audio signal
o visual signal
o sign
o post
o footing
- Axle counters and junction boxes
- Cabling
- Cabinets

- Atechnical building

A proposal for a spatial structure for the project is provided as well as track panel and ballast bed for
context.

The proposed spatial structure is shown here:
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International

The spatial structure can be simplified, but is available in the reference file.

The different elements have been provided in dwg-files as well as IFC 2x3 files (using

IfcBuildingElementProxy elements).

The following mapping to IFC 4.3 is proposed (all these elements are available in the IFC reference file):

Element IFC representation

Boom barrier IfcDoor/BOOM_BARRIER

Signal assembly IfcElementAssembly/SIGNALASSEMBLY
Audio signal IfcSignal/AUDIO

Visual signal IfcSignal/VISUAL

Sign IfcSign/PICTORAL

Signal post IfcMember/POST

Axle counter IfcSensor/WHEELSENSOR

Junction box IfcJunctionBox/DATA

Cables IfcCableSegment

Cabinet IfcFurniture/TECHNICALCABINET

Snow plough | IfcDiscreteAccessory/RAIL_MECHANICAL_EQUIPMENT
protection
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International

Controllers/Computers | IfcController/PROGRAMMABLE
IfcCommunicationsAppliance/COMPUTER
IfcSwitchingDevice/TOGGLESWITCH

Other optional | IfcRailing/GUARDRAIL
equipment IfcFooting/PAD_FOOTING
IfcStair/LADDER

An optional addition is to create a system structure. A proposed structure is available in the IFC
reference file:

- IfcDistributionSystem/USERDEFINED/RoadProtection
o IfcDistributionSystem/CONTROL (Boom barrier)
Signal assembly
Cables
Guardrail, Ladder
IfcDistributionSystem/Control ("Central intelligence")
Controllers/computers
IfcDistributionSystem/SIGNAL (axle counting)
Axle counters/junction boxes
Cabling connecting the axle counters/junction boxes to "Central intelligence"

O O O O O O O O

Refer to the picture below for georeferencing parameters. The coordinate reference system used is
EPSG:3878, datum is ETRS89 and vertical datum is N2000.

E=24525815 N=6877037
x=815.0
y=1037.0
2=140.0

Xx=276.867419
y=935.549267

E=24525276.867419
N=6876935.549267

Site BoundingBox: (415.0,337.0,40.0)

X=400.0
y=700.0 x=794.780
= =723.854
WCS z=100.0 y
E=24525400 N=6876700 E=24525794.78000
E=24525000.0 N=6876723.854000
N=6876000.0

As stated above, there are IFC reference files available:
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International

- Without georeferencing
- With georeferencing

Currently, the reference files use local placement for all elements. Desirable would be to have at least
the axle counters/junction boxes and snow plough protection placed linearly along the alignment. The
track alignment is not included in the IFC reference files either.

In addition to the elements listed above, the IFC reference files also includes a track panel (rails +
sleepers) and ballast bed for context. These elements are classified correctly according to IFC 4.3, but
also using local placement.

S SRS EESES

+ MeCableSegment T4, 1+ KOZ7L (B1MMCMD .
* IfeCabesegment Tot - K271 (31 m MO 4.
* ticosd Safety equpment road
* tfRosd Road2
TiRabway Raiviay complex
+ Buldng Technical bukdng
- tiRatway Radvay

v ¥ Hesensor ATz
v Heunctongox ANz B
v Hesensor azREn:

v Heunctongox a3 E

Propertes | Locatien | Cisssfcation | Relators

aud OUAS0TBHI0TYA cbaf
tcentay HcSersor
Name apnz
Predefedtype WensasoR
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