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Agenda.

ntro

Pitch «Case Study» from last time

Railway Assets - Part 1

— Heavy Infrastructure Assets

— Data-driven Infrastructure Management
— Predictive Maintenance
- BIM

— Macroeconomic perspective

— Conclusion

4. Case Study «Railway Assets - Infrastructure»

b2 I =
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Case Study Pitch.
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Transport systems
and the role of railway.

Case study:.

Autumn 2025

5 { .
Imag © SBB CFF FFS :




Information about the Case Studly.

Organisation and Preparation

— Group Size: 3-4 members, ideally the same as for the
semester report.

— Case Study Selection: Each group selects one case study
per semester.

— Preparation Time: Time allocated is preparation during the
exercise class plus a maximum of 3 hours outside of class.

Presentation

— Duration: A pitch of a maximum of 5 minutes.

— Format: No formal requirements, but a maximum of 3
slides, with no additional documents or handouts.

— Discussion: Input and discussion facilitated by the
professor.

Evaluation
— Non-graded

Autumn 2025 Railway Systems and their Transition — Peter Kummer



Case: Efficiency of means of transport.

Today we have dealt with the modal split to compare rail and public transport
with other means of transport. For the economic management of a railway,
the key figure of utilization is highly relevant.

Seat occupancy rates of selected modes of transport in comparison.

Fuginio sviss | ::
1v Frankreich | o
Fernverkehr Deutsche Bahn _ 2%
Fernverkehr 566 RN 1
Regionalverkehr SBB _ 20%

0 0% 40% 60% 80% 100%

Quelle: Swiss, Deutsche Bahn, SNCF, SBB Grafik: Avenir Suisse

Autumn 2025 Railway Systems and their Transition — Peter Kummer

Premise

Considerations detached from political framework
conditions / restrictions

Your Role

In-house Consultant, Strategy Expert

Specific questions

What do the numbers tell us — why are there differences?
What are the differences between air travel and rail as a
public service

What are possible measures to increase the seat
occupancy rate/load factor of the railway?

Approx. 3 measures including assessment of feasibility and
impact.

Additional information

Link Tagesanzeiger



https://www.tagesanzeiger.ch/zugstrecken-mit-schlechter-auslastung-das-ist-die-liste-726169914332

Railway systems and their transition
Lecture 3

Railway Assets

Peter Kummer
EPFL, Autumn Semester 2025
September 23, 2025
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Railway Assets.
Topic overview.

Part 1 Part 2 Part 3
«Heavy Assets» «Rolling Stock» «[raffic Management Systems»
today next week In two weeks

Autumn 2025 Railway Systems and their Transition — Peter Kummer 9



Autumn 2025

Rallway Assets.

Part 01 «Heavy Infrastructure Assets».

Railway Systems and their Transition — Peter Kummer
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Railway Assets and Railway Asset Management.

What is an Asset? And what is Asset Management?

Asset Management

Asset Management

Strategy

Asset Management

Corporate

Policy & Strategy

Asset Management System

Policy

Capability

(Plans, Processes, Procedures

& Knowledge)

Value Delivery
ISO 55000 Compliance
Reliability Excellence
Process Safety Management
Mechanical Integrity
ISO 31000 Risk Management
Asset Management Plans
Asset Health Index

Autumn 2025

Physical Asset Portfolio

Railway Systems and their Transition — Peter Kummer

Asset Management
According to 1ISO55000:2014

«The coordinated activity of an
organization to generate value
from assets»

Asset

«|tem, entity or thing that has
potential or actual value to an
organization.»

11



Assets as the topic of today.

Asset Management defines an asset by value creation — what is the service it provides?

Basic services incluae:. Train-path use (of the specified quallty), including train operating services;
ex-catenary power supply, sate and punctual operations, including the telecommunications and T
services required for these operations, use of tracks by the trains in unchanged formation for freight

operations,; and the provision of platiorm space for passenger trains, including access to the public
amenities.

Source: List of Infrastructure Services

Autumn 2025 Railway Systems and their Transition — Peter Kummer
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https://vorgaben.sbb.ch/en/content/48377?

Railway Assets.
Agenda.

Part 1 Part 2 Part 3
«Heavy Assets» «Rolling Stock» «[raffic Management Systems»
today next week In two weeks

Autumn 2025 Railway Systems and their Transition — Peter Kummer 13
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Railway System - not just an «iron road».

Why the technical core of this systems implies a lot of the way it can be used.

Track-bound Changing tracks Long braking distance
Vehicle requirements Switches, passover-tracks, crossing tracks Effect of the positive aspect «low friction»

Sia Schweizerische Bundesbahnen.
Motorwagenkurse auf der Strecke
Baar-Zug-Cham-Rothkrenz und umgekehrt.

Fahrplan vom 1. Oct. 1902.

|4170(4172|4176|4178|4180|4182|4184
Baar . . . abl — | — (1006 1;9 325 867 — | — | — | —

an| — | — |1012| 186| 838| 403 — | — | — | — H H 1
AT R i Sttt e s e | G Timetabling operations
Kollermiihle H. . - | 602| 808(1019| — | — | & | 537 — | — | — :
Cham . . . . - | 609 szol1025| — | — | = | 544 by Safety, Capacity
Rothkreuz . ««l 624 835110401 — | — | & [ 589 — | — | —

4173(4175|4177|4179(4181 (4183|4187

Rothkreuz . aob| 718| 858[1046| — | - . | 718 — | — | —
Cham . . . . - | 730[ 91211702 . | — | ' & |™31] — | — | =
Kollermiihle H. . - | 787| 919(1109f — | — | & | 788 — | — | —
7 an| 748| 925/1118| — | — | & | 744| — . | —
“8~---{ab__ 94|07 40| 818 igag| R s S| SRR
Baar . . . oan|l— [1002] -- | 147| 323| 349| — | — | — | —

6 samtlichen Ziige mit Ausnahme der Ziige 4182 und 4183 verkeh
nur an Werktagen und fithren nur Wagen III. KI.

Autumn 2025 Railway Systems and their Transition — Peter Kummer
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Railway System - not just an «iron
A detailed look on the rail-wheel-interaction.

Autumn 2025

Railway Systems and their Transition — Peter Kummer

road».

Relevant system characteristics of rail transport

Track-bound

l

Movable track
elements (switches)

l

Special techniques
for track control

Low friction steel-wheel / steel-track

v v
Long braking Limits of adhesion in
distances slopes

l 1

Special techniques

for distance control LIl &l e

Source: Edited from Pachl J., Systemtechnik des Schienenverkehrs.

17



Train guidance - wheel-rail, hunting oscillation and gauge.
Why does a train not derail?

Normal gauge: 1435 mm

<« »

. Meter gauge: _
2 3 ~ 1000 mm

] s ) — pr G
c v ” . .‘ 4 ey ~’. -;. 3 e 1
Source: Pferdebahn - Wikipedia

Autumn 2025 Railway Systems and their Transition — Peter Kummer 18

Source: Bergbauhunt, frihes 18 Jhd,

Deuiachien Tochniumiseun Beri Source: http://de.wikipedia.org/wiki/Sinuslauf

https://en.wikipedia.org/wiki/Hunting _oscillation



http://de.wikipedia.org/wiki/Sinuslauf
https://en.wikipedia.org/wiki/Hunting_oscillation
https://de.wikipedia.org/wiki/Pferdebahn
https://de.wikipedia.org/wiki/Pferdebahn
https://de.wikipedia.org/wiki/Pferdebahn

The gauge widths in the (inter)national context.
Standardization, built railway networks and the challenges to overcome.

I Spurweite &

@ 1668 mm

@ 1500 mm
@ 152011524 mm
@ 1235mm

Track width / gauge

gauge-changing facility metre gauge - standard gauge Zweisimmen

Autumn 2025 Railway Systems and their Transition — Peter Kummer
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And once a train is on these tracks, what's around it?
Another gauge is the loading gauge: ,Lichtraumprofil .

Lichtraumprofil . = 5 K

Lichtraumprofil

. grosser als G2

zwischen G1 (UIC505-1) und G2
gemass G1 (UIC 505-1)
@ «Kiciner als G1 (UIC 505-1)

—.

il B

Virtual boundary for vehicles as well as %
infra assets and safety «zones» (for personell) =

Autumn 2025 Railway Systems and their Transition — Peter Kummer
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Changing tracks - ,the” railway choke point.
Switches and crossings as a fundamental piece of railway infrastructure.

(1) switch blades / switch points (2) stock rail (3) locking
(4) switch rod / tie bar (5) machine (6) crossing / frog (7) guard rail

— Not the train (driver) decides where to head.

— The directions are set by these crucial elements.

— The logical structure we will cover in the “Traffic
Management Systems” part of our railway asset
lecture.

21
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Powering the trains — Energy Supply.




Powering the trains — Energy Supply.

From water drop in alpine lakes to the catenary overhead a train.

Hydroelectric power station
Uses stored energy from reservoirs
and kinetic energy from rivers.

Frequency converters

() P

<
|

Standard network 50 Hz
SBB also “taps into” the electricity used
by industry and households.

Converts 50 Hz three-phase
into 16.7 Hz traction current.

G

E Overheadline

i Supplies trains with

I 15,000 V traction current.
Substation

Converts 132,000 V high voltage
into 15,000 V overhead line voltage.

Autumn 2025 Railway Systems and their Transition — Peter Kummer

Yearly Swiss Rail electricity demand
(SBE and other Swiss Rall)

— 16.7Hz Rail traction current 2500 GWh
Ty I W

— Plus 50Hz ,normal® electricity 300 GWh
-:--i- J. &7

As a comparison: Winterthur City 500 GWh
(as the 6th largest Swiss city)

oY B [Pl

23



Powering the trains — the Assets at SBB Energy.

8 own hydroelectric power plants 5 joint usage power plants 1924 «m transmission line

~ e

| 12 frequency conversion plants
(50Hz/16.7Hz)

"'i " —’ =~ _r b - ,7..“
9*7‘":34_ 7 4R T

- < - 4\: \‘\’k = B —7
: SN, A MR o -0 =
| f
| 404 cmployees (FTE) 3 power couplings with DB/OBB 1 energy management system

B S RRENA o
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Powering the trains - the Assets at SBB Energy

Demand and production.

— Energy demand exceeds in-

house production in the
medium term

2 sowo — Two possible solutions:
2. Produce more

lan Feb Mar Apr Mal lun lul Aug Sep Okt Mow Dez
mm Produktion 16.7 Hz Produktion 50 Hz Markt Kauf
Markt Verkauf —Bahnstromverbrauch

3'500'000

3'000'000
2'500'000
2'000'000

Longterm gap
1'500'000

1'000'000

500'000

2025 2030 2035 2040 2050

mmmm Produktion 16.7Hz s Produktion 50Hz Marktbezug e=Q==Bahnstromverbrauch

—LIOOAKOINN TATLIT e L ARRYTINH AT e WG VAGTAR e DO HISFIOIIAG I GACL

Autumn 2025 Railway Systems and their Transition — Peter Kummer 25



Railways energy network is highly dynamic.
The ,Taktfahrplan® brings some headaches to the party.

MW (Mw)
700 700
600 600
500 | 500
400 400
300 300
200 200
100 _d 100
O e e LA e B — O B TR S e S R S
"1 23 4 56 7 8 910111213 141516 17 18 19 20 2122 2324 1 23 4 56 7 8910111213 141516 17 18 19 20 2122 23 24
Daily Up to 500 MW Up to 250 MW
Within 15 Minutes | 20 02 20 o 74 oroma o

Autumn 2025 Railway Systems and their Transition — Peter Kummer 26



Electric power for trains — international perspective.
The different voltage, current and physical assets needed.

i AC =~ i DC =

T/\ /z\ _, — Railway electrification was a
eit t eit t . .

l N\ ! local or national project and

evolved together with
innovations and progressing
technologies.

Stromsysteme
(Spannung / Frequenz)

Wippenbreite & Schieifstiick

@ 25KV, 50Hz~ @ 1450mm
15 kY, 16.7 Hz = @ 1500mm
3KY, = @ 1650mm
. 1.5kY, = @ 1800mm (1950mm Grenzstrecken)

— Modern electronics eases the
transfer of a train in between
different electric systems.

@ 1 v - (und Keiner) 1950mm

@ 2050mm
@ 2250mm
@ stomschiene

— The “physical hurdle” that’s
left is pantograph and the
catenary “zigg-zagg’.

Autumn 2025 Railway Systems and their Transition — Peter Kummer 27






Real estate.
From the old ,Bahnhofsbuffet® and station buildings to urban development.

|
HIIHIHE E““i
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JHITHITHL
PN
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Real estate.
From the old ,Bahnhofsbuffet® and station buildings to urban development.

Production facilities for Railway stations Station surroundings and
railway operations former railway areas
Employee satisfaction in Safe, clean and comfortable Spatial development and

offices, workshops & depaots. stations and access paths. portfolio diversification.

Autumn 2025 Railway Systems and their Transition — Peter Kummer 30



Stations.
Where the infrastructure meets the passenger directly.

Bahnhof Aarau, SBB Bahnhof Papiermihle, Source Flux

Getting the people into trains requires a lot of And they are more than «just» railway stations -
heavy assets. they are the key for intermodality.

Autumn 2025 Railway Systems and their Transition — Peter Kummer 31


https://flux.swiss/de/preis/papiermuhle/#gallery-2

Railway network at passenger stations.
The point where train and infrastructure should get very close but never touch though.

Platform height > A/ o

ﬂﬂﬂﬂﬂ Tages- und Wochengresse
w/ 2484411 .\uua.;n. - 10638 Sete: 21 Aurag: 3007083 Asterenz: 85015026
ERp//www ta gesandeiger.ch/ Erschoinargswoise: 6x wichersich Flicho: 102746 mm? Themen e 384.049 Acsachnitt Sene: /3

Nachster Halt Schieflage —
die schragsten Bahnhofe der Schweiz

Perrons im Kurvenbereich Zwei SBB- thc stellen im Nord choren landesweit
ud’n@pn enreitern punkto (l stiberhol hung IurP 58 olls 'td.ls'cimlkr.:u forderu ng

Planwert Einstiegs- / Perronhéhen
{ohne U&S-Bahn-Systeme}

‘ 550mm / 600mm

. 800mm nur im Fernverkehr
mehrere Hohen / Standards J)J i
760mm / 800mm o , /

Renens Perronhdhen 55¢cm SBB / 95cm TL m1

. 900mm und mehr

Abfasung max. 10 mm

I

6 i [}
140 ‘ale
&

!
m_ e

o= E
s = —
y 9 :
.
. )
P
g . < N 2 ’
A e b ¢ % . . ¥ e PRt
S-Bahn mit Am BahnhofL nF neigt sich der Zug merklich. 7o GoanBasc

Conflict of stopping vs. through trains

a\"

OO \\§
h
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Freight ,stations” - sidings and terminals.
We know how people get into our trains. But how does the freight get on board?

pr——
uns -

s Fovmmnnsnmm,

S P 7 B

The same station as before: Aarau — but this time the freight side. Or the direct loading facility in a supermarket logistic facility nearby.

Autumn 2025 Railway Systems and their Transition — Peter Kummer 33



Freight ,stations” for connecting in-between trains.
People change between trains on their own - the goods don't.

— Freignht train operations remains to
need a lot of tracks. As the freight
doesn’t change trains by itself — the
wagons change in between trains.

— The reasons and effects we are going
to cover in the customers lecture.

— This example of Lausanne Triage is
just around the corner and the third
largest of our five freight shunting
yards in Switzerland.

34
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Civil engineering structures.
The assets that last very long.

. -
O 3
< 7
’ 4 N aw 2
s N = D
e - : .
s L £ )
-
.

i '.‘ ~:.'7 ;
Since the beginning of rail - this huge structures were a key element. Or the alpine tunnel crossing the Gotthard massif since 1882.
Like the Landwasser viaduct bridge from RhB. Both extraordinary pieces of skill and political will.

Autumn 2025 Railway Systems and their Transition — Peter Kummer 35
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Bridges - in between statics and railway dynamic forces.
Like almost all civil engineering assets not standardised and very individual assets.

» adif BANE NOR NETZE INFR/ABEL ! Infraestruturas

Right On Track

de Portugal SBB CEF FFS

Bridge types"

Masonry

Concrete

JAVAVAVAVANERS) -1

(.2 Other/ Hybrid <1% <1 % 32 %5 14 % 2 %7 23 % <1 %

1) In case of mixed materials, deck type material was used for categorization 2) Total of railway bridges over 2 metre span serviced and maintained by Adif 3) Source: DB Netze Network Condition Report
2021, p. 172 4) PRIME 2021 Data for ID 157 5) Source: SBB Anlagentyp-Gruppenbericht 2022, p. 15 6) Including bridges with mixed materials and frame bridges 7) Considering the use of two or more
structural materials, such as concrete and steel. 8) PRIME ID for number of bridges to be found in annex

Source: civity, final report, PRIME Thematic Deep Dive Network Condition 01.11.2023

Autumn 2025 Railway Systems and their Transition - Peter Kummer 36






Tunnels - from purely civil engineering to modern smart pieces.
From bricks, track and a little bit of electric installations to modern electronic installation.

An «old» tunnel is mostly engineering work with the catenary, A modern tunnel consists of many electronic systems and a main
communication and interlocking being a small part of the asset. challenge is the maintenance and renewal of this short-lived assets.

Autumn 2025 Railway Systems and their Transition — Peter Kummer 38



Kilwangen-
Spreitenbach

VVIPKINYEI £ ,‘
LLstetten Hardbr(jck £

>
S
/ <
~
=
&
’ )

=

Solothurn

Bahn-2000-

Strecke i 117 Kilometres ‘ \\:_\ 1268 Seats (400m) (9 140 Main signals

iel/Bienne
| —< ~140 Bridges (@) 1 Engine driver + | : 500 Dwarf signals
(=) 20 Interlockings / 1 RBC

</ 2 Passenger attendants
ﬁ 14 Tunnels
@ 2218 kWh RBC Radlo Block Center

250 Points ‘
7 250 Protective poirts &3 11027 CHF Train path 30'000 Relay

E 2 Protection Tracks @ 2 125 km/h 200°000 Relay contacts

Wankdorf

f ama D i ' ‘e
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An aggregated view: The network condition.

Autumn 2025 Railway Systems and their Transition — Peter Kummer
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Categorization of assets.
Expensive to replace and to maintain.

[}
ASSET CATEGORIES
Buildings and Engineering structures Permanentway Traction current Signalling Low-voltage Public Infrastructure vehicles il Production equipment
land systems installations and telecom systems facilities and miscellaneous
9 ASSET e
CATEGORIES |
o
o
D
(2} _
N
LI.| e
E — MAIN ASSET TYPES
Bridges  Tunnels Tracks Points Overhead contactlines Interlockings andtrain low voltage Platforms and Rail vehicles
control systems consumers access points Infrastructure
@
9 MAIN ASSET ﬁ i m
TYPES .
P w-w
RV CHF millions 13061 17 184 16 965 5373 6205 6539 3549 6986 1963
% ofthe RV g (] g - g ) "5 "5 D - ) - "2
aaaaaaaaaaaaaaaaaaa
Each 6215 435 6727 km 12696 8419km 467 366071 10428 2461

.

— About 130 billion Swiss Francs in replacement value.
— We are spending about 2 billion a year to operate, maintain and keep the substance of our
assets and another billion a year for extensions.

2025 Railway Systems and their Transition — Peter Kummer EPFL Railway Systems and their transition
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The network condition report.

A standardized instrument to constantly measure and report the condition of the

whole system.

€ SBB CFFFES

ZUSTANDS- ) )
KLASSEN BESCHREIBUNG MASSNAHMEN KLASSENUBERGANGE
Neue oder neuwertige Anlage, welche keine
ZKA1 oder unbedeutende substanzbasierte : .

. < @ 35
Netzzustandsbericht «neuwertig» Abweichungen aufweist (verschleiss- Keine [ <neuwertig
2024. getriebener Schaden/Abnitzung). R «neuwertig

7K2 Die Anlage weist substanzbasierte Abweichungen I ' bis gut»
- auf, welche in absehbarer Zeit keine Beein- Keine 2,25-2,74  «gut»
SBB Infrastruktur «gut» trachti fiir den Betrieb darstell [
Marz 2025 richtigung fiir den Betrieb darstellen. e «qut ?'S
Die Anlage weist substanzbasierte Abweichungen ausreichend»
ZK3 auf, welche den Betrieb potentiell beein- ; .
«ausreichend» trachtigen kénnen und/oder bei Nichtbeheben Keine 3:25-3,74  eausreichend»
Folgekosten verursachen werden. 575 404 «ausreichend
Die Anlage weist substanzbasierte Abweichungen  Planung und ' ' bis schiecht-
ZK4 auf, welche den Betrieb beeintrachtigen kénnen  Ausfilhrung
«schlecht» und / oder bei Nichtbeheben hohe Folgekosten von ordentlichen 4:25-4,74  «schlecht
verursachen werden. Erneuerungsarbeiten 475400 «schlecht bis
Die Anlage weist substanzbasierte Abweichungen  Terminierte : : ungentgend>
ZK5 auf, welche den Betrieb unmittelbar beeinflussen  Massnahmen 5.00 .. d
aungentigend» kénnen und Massnahmen bedingen, damit der oder ggf. Sofort- ! «lngentigends
uneingeschrankte Betrieb gewahrleistet ist. massnahmen

Autumn 2025 Railway Systems and their Transition — Peter Kummer

Abb. 1: Beschreibung der Zustandsklassen geméass RTE 29900,
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2024 SBB Infrastructure Network Condition.

With a 2.8 rating - the condition is still in the range “good - to sufficient”.

Bewerteter WBW [%].

. ]
I
L

Gesaminetz Gattungen
100%

WEBW

B
%% 1 ‘5g
m% - '
25% - .
0%
 ZK1 ZK2 T ZKk3 W ZK4 I ZKS

2-8 l
) . i

B Wiederbeschafungswert

Abb. 35: Zustand Gesamtnetz-, Gattungs- und Wiederbeschaffungswertverteilung.

Autumn 2025

Railway Systems and their Transition — Peter Kummer
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Mapping the track condition scores on the network.
Permanent way scores per route weighted by the replacement value.

Fig. 43: Track scores per route weighted by replacement value.

Autumn 2025 Railway Systems and their Transition - Peter Kummer

44



2024 SBB Infrastructure Network Condition.

2024 474

Condition development
Substance: Consistent

MAN4 32

Track condition «good to sufficient»

Attention to

-> Track
0,2 below target
Unit costs track renewal
- Traction power assets
0,1 below target
- Signalling installations
0,2 below target

Autumn 2025 Railway Systems and their Transition — Peter Kummer

> Slightly "outdated" asset structure.

- Overall condition of three networks is "good to sufficient".
Securing the targeted condition grade of 2.7 requires the
implementation of the planned preservation of the substance.

2 8 - Backlog CHF 8.4 billion (increase of CHF 383 million)
)

Substance note sufficient" and stable.

Overview

Backlog factor

Replacement value

(@ asset age

Track renewal

Unit cost track renewal per meter

Renewal / Maintenance (LV)

6,8

130,4 bn. CHF
44 years

199 km

3525 CHF

1803 / 792 MCHF

- The condition of the track assets with a grade of 3.2 is "good to

year before 6,7 up
yb 126,3 bn. CHF
target: 40 years
yb 197 km

yb 3031 CHF

yb 1726 / 798 MCHF
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Data-adriven
iNfrastructure
management.

Predictive maintenance
BIM



Predictive maintenance.
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Predictive Maintenance — a progressive view.

Tracks have been inspected and fixed since the beginning of the railway age.

A

Technical complexity

Corrective
maintenance after faults.

Avoiding malfunctions/
errors through fixed
intervals and general
maintenance.

Measures if necessary
after a limit value has
been exceeded.

e e e e

Predict failures by
analysing trends and
patterns.

Self-reporting / self-
repairing systems.

Time

Autumn 2025

React & Fix

Prevent

Railway Systems and their Transition — Peter Kummer

Find & Fix

Predict & Prevent

Next Generation

Nessssssssessssssssssssssssssss
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Inspect to ensure a safe rail infrastructure.
Looking at 250 types of defects.

Overhead wire installations

Signals

Track geometry

Catalogue des écarts pour garde-voie
Catalogo dei difetti per il guardiatratta
SIS g fiir Streck 5

Embankment & vegetation

Train safety installations

Sleepers & ballast

Ralil
Fasteners

Exporté de ZMON
Esportato da ZMON
Exportiert aus ZMON

Autumn 2025 Railway Systems and their Transition - Peter Kummer 50



Condition data production SBB Infrastructure.

Diagnostic vehicle DFZ.

Autumn 2025

Environmental information
Environmental video in both driving directions TVS

Overheadline contact wire condition

Overhead contact wire measurement OLWMS
Overhead line video OLVS

Track condition information

Track geometry measurement TGMS
Rail profile measurement RPMS

Track surface inspection TSIS
Rail head inspection RHIS
Switch measurement SMS

Balise checking

ETCS balise diagnostics DETCS
Balise measurement SIMS

Railway Systems and their Transition — Peter Kummer

Data
800 Mb/km

4 GB/km
(tunnel inspection)

10 Terabyte annuall

o



Classification.
Not everything that looks like a defect is actually serious.

Welding Plastic Particle Surface defect Chewing gum

Autumn 2025 Railway Systems and their Transition — Peter Kummer

Squat

Wheel slip
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Evolution of a Defect.
One step closer to predictive maintenance.

to to + 3 Months to + 4 Months t, + 5 Months

5

Changes in state become visible over time and we become aware of them in understanding the system.

Autumn 2025 Railway Systems and their Transition — Peter Kummer
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Number of inspection

Data time series laid the base layer for predictions.
Precise location of the measurement is crucial for an algorithm.

Change in track gauge

What do you see in the colour map?

- Atthe top is a slightly shifted pattern; each row is a
measurement run (x-axis = track position,
y-axis = inspections - ca twice per year).

- In the top row you can see there was an intervention —
the defect is “fixed.

- With precise geolocation a tool can also evaluate how
this defect evolves over time (from bottom to top,
increasingly red = worse).

Track position

Autumn 2025 Railway Systems and their Transition - Peter Kummer
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Gaining trust for the prediction algorithms.
Tamping predictions and the same reference data for strategy and maintenance.

DfZ Besprechungen (links)

Vmax N 51 00-  Vmax M40 kmh

Vmax R E e ——————————
Geplante h 2021-035:Av-mmm (2021))

Massnahmenverbur ﬁ@

Massnahmenverbur R —
Kommentar _

Kriimmung -Eﬂm-

Stopfempfehlung
21.2
21-1
20-2 ——
20-1
192
19-1
Gleislagegiite 1:? I i
Ausschépfun 7.0 r
ES gesamt E‘L'I‘?'-‘l [ |
Farbkarte 16-2 |
16-1
152 |
15-1
142 =
14-1 _* T- i
132 |
13-1
Ing.Bauten F e
Weiche/Dila
Kilometer£Linie Stat!6.700¢762946.46.p0#762 467004762 46.8004762 é&%?%?,a 4?}..032‘3:?:5.2' 471004762 47.2004762 47.3004762
GTG-Strang -9018.1 (86.589#762 - 47.281#762)

Autumn 2025

15.11.2021
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Blue bar:

— “Tamping recommendation” — a first step towards
predictive maintenance.

— The tamping recommendation issues a suggestion based
on the measured values — essentially “| recommend you fix
this now, otherwise you will run into this later” (a transition
from find-and-fix to predictive).

Squeeze force A TS

- @

2 Power reserve from balance
weight

3 Fixed pivot

4 Asynchronous equal pressure
tamping
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Managing tracks — wrap up.
Extending condition monitoring towards predictive maintenance.

> A‘ NG Jray P N ] 3 e\ = 7
: . ' . . . O
o . 3 foson ot
S — & Asynchronous equal pressure
. S r umwmi
| & V. e : A ' Tsmpmgl:r: S yors ) T;E;inglome A ~ 2 “ "x\‘*?’
: o Alltv.v‘ '- ' w S : :
Condition Dlagnostlcs 'Maintenance Planning
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ing.

ing Information Modell

[0

(re)construction - BIM Bu

Smarter

A

S

TR XS

ZTTEY

ATV YRR

57
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Building Information Modelling (BIM).

BIM is a digital method for planning, constructing and managing built assets.

Central digital model
— All physical and functional information is represented in a
shared model.

CONSTRUCTION

ﬁ@ Interdisciplinary collaboration

— Enhances communication between architects, engineers,

- contractors and operators through transparent data structures.

Life cycle orientation
£7 - The model supports the asset from design and construction
': ~~ through to operation and eventual decommissioning.

E

| Information integration
\ - Beyond geometry, BIM incorporates time (4D), cost (5D),
sustainability (6D) and operation/facility management (7D).

PLANNING OPERATION

Improved decision-making

Autumn 2025 Railway Systems and their Transition — Peter Kummer
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Building Information Modelling (BIM).

More than just a digital model - it's a change in collaboration!

Contractor

< @O

a >

Specialists

Autumn 2025

= Architect
/ Manager
@

Specialist planner

Railway Systems and their Transition — Peter Kummer

future

Operator

Facility

Other
Specialists

Ordering party

Contractor

Architect

[ ) Civilengineer

Specialist planner

From 2D documents to integrated models

From sequential to collaborative workflows

From static to dynamic information

From project to life cycle perspective

From intuition-driven to data-driven decisions
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Building Information Modelling (BIM).

BIM will be examined in greater depth during the spring semester.

Main Benefits of BIM

- Higher efficiency and quality
- Better and earlier decision-making

- Life-cycle value creation

Main Challenges / Drawbacks of BIM

- High initial investment

- Process and cultural change

- Data Quality and interoperability is key

Autumn 2025 Railway Systems and their Transition — Peter Kummer
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New capabilities ahead!

Design while it's cheap to change. Predict before assets fail.

’ BIM

Degree of freedom for
design choices

Costs of design
changes

v

Time

A Predictive

Predict failures by
analyzing trendsiand
patterns

V T

Measures if necessary
after a limit value has
been exceeded.

Technical complexity

1 1| Avoiding malfunctions
errors through fixed
Corrective intervals and general
malntenance after faults maintenance.

Time

React & Fix Prevent Find & Fix Predict & Prevent Next Generation

Railway Systems and their Transition — Peter Kummer

- Both approaches require a higher initial investment
and both need cultural changes!

- It’s not just a tool or method - they change the
processes and working culture (shifting from reactive
to proactive mindsets).

Important: Data as Strategic asset!

Both approaches transform information from scattered
records into valuable assets. Quality data becomes the
foundation for better planning, maintenance, and
operational decisions.

61






A Macroeconomic
Perspective.



Asset Management: A Macroeconomic Perspective.

What has been built must be maintained and renewed.

Abbildung der Substanznoten Gleise auf dem Streckenraster der SBB.

Abb. 43: Substarenoten der Gletse pro Strecke gawichtet mit derm Wiaderbeschaffungswert.

Autumn 2025 Railway Systems and their Transition - Peter Kummer
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=
The lifecycle of railway assets is financed by the Rail Infrastructure

Fund.

Expansion Asset maintenance

Maintenance Renewal
New systems for new . . .
. Preventive | curative | life- Replacement at the end of
services . o
prolonging economic life
Implementation Agreement Service Agreement
~1/3 ~ 2/3

Rail Infrastructure Fund
(Bahninfrastrukturfonds BIF)
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Follow-up costs using an expansion step as an example: different
renewal cycles depending on the asset category.

Fahrbahn

Sicher- Sicher-

ungs- Bahn-  ungs-
anlagen zugang anlagen

(Zusatz -)Kosten

Telecom Telecom Telecom
NSp-An.* NSp-An.* NSp-An.*

Unterhaltskosten neue Anlageteile

Folgekosten infolge Mehrverkehr Bestandesnetz

0 +10 +20 +30 +40 +50 +60

Autumn 2025 Railway Systems and their Transition — Peter Kummer

Maintenance costs

- Maintenance costs are incurred from the time the
expansion project is put into operation.

- The annual follow-up maintenance costs amount
to approximately 1.0% of the investment made in
the expansion project.

S Renewals

= Uungs- . .
E ~ Renewals will take place in a staggered manner,

Telecom depending on the service life of the assets.
MSp-An.*
- The average annual follow-up renewal costs

amount to approximately 2.0% of the investment

made in the expansion project.
+80 +30
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b
Major projects commissioned from 1990 onwards are entering the

renewal cycle.

No. 1: Zurich S-Bahn including 4 partial additions
(commissioned 1990-2018)

No. 2 to 7: Bahn 2000 (commissioned 2001-2004)

No. 8: HGV connections (commissioned 2011-2020)

No. 9 and 10: Railway Infrastructure Fund Projects
(commissioned 2014/2019)

~< No. 11 and 12: NEAT Gotthard axis
i (commissioned 2016 / 2020

Not shown: 4m corridor
(commissioned 2020, 720 million)

Total 26 billion
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&b
The need for asset maintenance (renewal) requires a higher growth

rate.

Investments in asset maintenance

@ growth

175% 7 7% p.a.

—_—-—
—_—
—
—
—
—
—
—
p—
—
—

150%_ __

125% A @ growth
- 2% p.a.

—_—— —
p—

—_—
—
—
—_—
—
—
—
—_—
—

100% A __——— T T T

0%
25-28 29-32 33-36 37-40
Nominal needs (including inflation)
Compliance Basic principles expansion [l ERTMS
El Scheduled renewal —— Growth rate 7% — — Scenario BAV
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Feasibility, operability, and financial viability as limiting factors.

|
Feasibility Operability Financial viability
Refers to the ability to implement the QOperability refers to the ability to implement a — Financial viability refers to the ability to provide
infrastructure projects planned for expansion, planned service in accoraance with customer  the financial resources necessary for the
renewal and maintenance in terms of neeas and quality objectives. A robust, stable,  realization of required infrastructure projects or
proauction technoloqy and on scheaule. and proaucible timetable is a prerequisite, procurements. It includes, for example, costs
Feasible planning takes into account the which also takes into account capacity for personnel, materials, equipment,
available resources, including personne, constraints and intervals for construction work. — operations, or maintenance. Financial viability
materials and machinery. requires carerful planning and management

(budgeting, cost-benefit analysis, and risk
assessment) and is a prerequisite for reasibility.
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Conclusion on the assessment of feasibility / operability /
financial viability.

Financial requirements of SBB from the Railway Infrastructure Fund

(Implementation Agreement, Service Agreement)

MCHF

7000

6000 A/I

5000 B e

4000
3000
2000
1000

0
2017 2019 2021 2023 2025 2027 2029 2031 2033 2035 2037 2039 2041 2043 2045

— Finanzbedarf SBB aus BIF — Substanzerhalt’ & ] Feasibility / operability limit SBB?
beschlossene Ausbauprojekte (ZEB, AS25, AS35)

1: Includes renewal & maintenance. Growth rate from 2029 7% p.a.

Autumn 2025 Railway Systems and their Transition — Peter Kummer 2: Rough estimate of feasibility / usability; following the results of “Botschaft 26“ this needs to be examined in greater detail..

70



Consequences of neglected preservation of substance.

Example Germany.

I

Q
)

LN

Abfahrt Departure

Zeit rime Temps

/ Départ

Uber via

m F-Hochst - M2-Kastel
m Darmstadt Nord - Reinheim

Risselsheim - Mainz Hbf

F-Sid - Maintal Ost

RB 24930 :T%] Homburg - Friedrichsdorf

15:31 Re3o | Friedberg - GieBen
15:34 Reso | Langen - Darmstadt

Bitte lassen Sie Ihr Gepack nicht unbeaufsichtigt.
Please do not leave your luggage unattended.

Autumn 2025
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Ziel Destination

2 o

Gleis Platform/Voie
Fulda

8
Dresden Hbf g
Koblenz Hbf 24
Erbach(Odenw) 12
Fulda

4
Bad Kreuznach 20

Hanau Hbf 8
Brandoberndorf 23

Marburg (Lahn) (15
Mannheim Hbf 1

Delay dpprox. 70
Delay approx. 40

Delay approx. 30
Delay approx. 20

Delay approx. 30
Delay approx. 30

Delay approx. 30
Delay approx. 30

Delay approx. 30
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Unpunctuality resulting from neglected infrastructure.

A . 1 - b . L

n of the rails and signal boxes has never
been so bad.

How reliable are train timetables when Deutsche Bahn struggles with thousands of changes every
day?
An inside report reveals dramatic conditions.

Buefeqss seaipuy /sp'sisUlllE @
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What happens when infrastructure is neglected? Ex. Germany.

General refurbishment of over 4,000 km planned to create the new high-performance network by 2030.

High-performance network in 2030

[in distance km]

Basel Kufstein Maintenance

Railway Systems and their Transition - Peter Kummer

Failure-resistant systems ensure a more reliable
infrastructure and thus increase punctuality for our
customers

Optimal equipment and layout standards ensure
more train volumes and thus increase the
performance of the infrastructure

We improve the customer experience through
attractive, clean and barrier-free stations

- General renovation
I Trackin good to very good condition

We are reducing future traffic restrictions to a
minimum and thus creating more predictability for
our customers

73




Conclusion.



Railway Assets — Conclusion.

Autumn 2025 Railway Systems and their Transition — Peter Kummer

There are numerous railway assets and
their lifecycle differ in between some 5
years and up to 100+ years.

Especially with the heavy (infrastructure)
assets there is a lot of «brownfield» and
this leads to a lot of work and effort for
substance conservation.

We need to increase the usage of digital
twins and transparency capabilities to
streamline these efforts.

We need to balance substance
preservation and expansion and allocate
the tight resources efficiently.
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Balancing sulbstance conservation and expansion.
Pri bstance conservati




UUUUU

Case Study
Rallway Assets.

Case Study question for next week.

Railway Systems and their Transition — Peter Kummer
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Case Study «Asset Management: Resource allocation».
How would you prioritise and why?

— Pure Substance Preservation: Investing in traditional maintenance to maintain current
capabilities (e.g., road renewal, non-accessible platforms, or signal replacements without
upgrades).

— Technological Upgrade for Substance Preservation: Investing in technology to enhance
existing capabilities (e.g. upgrading platforms for level boarding or migrating signalling technology).

— Customer-Focused Upgrade for Substance Preservation: Investing in improvements that
enhance the customer experience (e.g. longer platforms or loading gauge for double deck trains).

— Network Expansion: Capacity increase to allow for more trains and new service offerings.

How would you allocate resources among these four investment strategies? What limits might you
encounter in making these allocations? Additionally, which strategy do you believe has the most
influential (political) advocacy for each strategy, and how might this affect decision-making?

Autumn 2025 Railway Systems and their Transition — Peter Kummer 78



Case Study «Asset Management: Resource allocation».
Who you are and what to do?

- You are responsible for the planning of asset management regarding the financial
negotiations with the political entities.

- Your role is a close to (top) management and you have to analyze the different internal
& external key contributions and derive a briefing as well as a decision proposal for
the strategic resource allocation.

- You have to balance the conflict of interests internally from your organisation as well
as public expectations.

- Derive a strategic approach and a present a stringent communication for your
strategy.

Autumn 2025 Railway Systems and their Transition — Peter Kummer
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Case Study «Asset Management: Resource allocation».
Helpful information and tips.

Your work should be about 50:50 in between
- analyzing the situation and the contributing factors and
- formulate a strategic communication for stakeholders

- Apart from todays lecture you can use the introduction part of the network condition
rapport (0n Moodle) as your primary source. We encourage you to search for news
articles to fetch examples from different European railway companies.

- On the following slide you’ll get an overview about the sums involved in the last years
within SBB Infrastructure.

- With this task there might be no «everyone is happy» solution, so your approach
should consider how to communicate with «Loser» where you have to decide in between
conflict of interests.

Autumn 2025 Railway Systems and their Transition — Peter Kummer 80
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Finanzierung der SBB Bahninfrastruktur( 2024 || 2023 |{ 2022 [ 2021 |{ 2020 ][ 2019 |

Fern-, Giter- und Regionalverkehr SBB Immobilien, SBB Konzern

Allgemeine Bundesmittel

Mehrwertsteuer, LSVA Mineraldlsteuer

f -

=

,-.,-.--.
L

CHF 1266 Mio. CHF 150 Mio.

0.02 Mia.

Bahninfrastrukturfonds (BIF) 2 . 9 M ia- Nationalstrassen- und
Der BIF wird mit Mitteln von Bund und Kantonen 2 . 7 M ia_ AggIomeratlonsverkehrsfonds (NAF)

alimentiert. Der BIF finanziert Betrieb,

ik e ey " Der NAF wird mit Mitteln des MineralGlsteuerzuschlags, der
ek e 2.6 Mia. A

Mineral6listeuer gebildet. Der NAF finanziert Betrieb,

d L i ) .
uwl:)hin das Geld fliesst Betrie?) und ¢ 2 7 M | a Substanzerhalt und Ausbau der Nationalstrassen und
Substanzerhalt haben Prioritit vor dem Ausbau, unterstiitzt Agglomerationsverkehrsprojekte.
2.6 Mia.

Eigenfinanzierung

Via Billett- und Trassenerldse tragen die
Kundinnen und Kunden zur Finanzierung der
i bei. SBB ilien leistet
eine jahrliche Ausgleichszahlung von
CHF 150 Mio. Das Nebengeschaft von SBB
( e =
tragt ebenfalls zur Kostendeckung bei.

0.09 Mia
0.15 Mia

denn jeder Ausbau bedeutet wiederum mehr
Infrastruktur, die instandgehalten werden muss.

Umsetzungsvereinbarung (UV)

Der Ausbau wird im Rahmen von
programmen in zeitlich etappierten Schritten vom Parlament
genehmigt (z.B.Ausbauschritte 2025 und 2035). Fir
Ausbauprojekte schliesst die SBB mit dem Bundesamt fiir
Verkehr Umsetzungsvereinbarungen (UV) ab.

) Entwicklungs-

= Das Parlament legt alle 4 Jahre fest, wieviel Geld fir die
2 . O M|a_ ungedeckten Kosten des Betriebs und den halt der
Bahninfrastruktur zur Verfligung steht. Das Bundesamt fiir
Verkehr und die SBB schilessen dazu eine
Leistungsvereinbarung ab.

20 M|a Leistungsvereinbarung (LV) CHF 2.1 Mia.

Betrieb Unterhalt Substanzerhalt Ausbauprojekte

Es handelt sich hier um Projekte, welche die Kapazitét
des Netzes der SBB erhdhen oder Fahrzeiten verk(irzen
Bsp.: Ausbauschritte 2025 und 2035

Agglomerationsprojekte streben eine
koordinierte Planung von Verkehr, Siedlung und
Landschaft in urbanen Rdumen an.

\;Eé}gzu:imnmmwwml 50 Mio. |
. "
(B0Mio_]
71’611 Mio. | : 652 Mio. RS 90 Mio. ]|

Zu den Betriebskosten z&hlen neben den Kosten flir den Der Unterhalt umfasst alle |
Bahnstrom, die Fahrplanplanung und die Betriebsfiihrung die Anlagen der SBB.
auf dem Netz der SBB auch die Kosten der Verwaltung Bsp.: Stopfen, Schieifen oder Schmieren der

von SBB Infrastruktur. = , Ersatz von
1’340 Mio.

Zweck'uw
guten, und tand
zu erhalten.

798 Mio.
782 Mio.
765 Mio

Autumn 2025 J io. . ummer 73 Mio.

1’726 Mio
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Further reading.
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Further reading.

Network Condition Report 2022
(English Transiation not every year)

Network Condition Report < e \Momt Summary and
2022. ¢ Fae B Chapter 4 (page 2611)

SBB Infrastructure
Bern, March 2023

You can find it on

thoodle

Netzzustandsbericht 2024
(German)

Magmt Summary and
Chapter 4 (page 2817
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