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Life Cycle Management: A Step towards Sustainability ﬂ";&!.
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Life Cycle Management: A Step towards Sustainability
Standard Elements Track AND Switches

traffic load # of tracks radius rail profile  rail steel grade sleeper subsoil
[gross tons/day, track] [-] [m] [-] [-] [-] [-]

R200 wooden

8,000 - 15,000 < 250

15,000 - 30,000 2 250 < R =400 54E2 R260 concrete poor

30,000 - 45,000 400 < R £ 600 60E1 R350 HT concrete w. USP weak

45,000 - 70,000 600 < R < 1,000 bad

> 70,000 1,000 < R < 3,000

R > 3,000

400<R<600 zweigleisig

GesBT/Tag, Gleis Profil Glte Unterbau Schwelle

>100'000 54E2 R350HT _

Gleisarbeit

Erneuerung (Totalumbau)
Schotterbettreinigung Anzahl in ND

Stopfen

Schienenbehandlung Anzahl in ND
Aussenschienenwechsel Anzahl in ND
Aussen-&Innenschienenwechsel  Anzahl in ND
Zwischenlagenwechsel Anzahl in ND
Mangelbehebung Anzahl in ND

ND in Jahren

Anzahl in ND
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Life Cycle Management: A Step towards Sustainability
Standard Elements Track AND Switches

traffic load # of tracks radius rail profile  rail steel grade sleeper subsoil
[gross tons/day, track] [-] [m] [-] [-] [-] [-]

R200

wooden

8,000 - 15,000 < 250

15,000 - 30,000 2 250 < R =400 54E2 R260 concrete poor

30,000 - 45,000 400 < R £ 600 60E1 R350 HT concrete w. USP weak

45,000 - 70,000 600 < R < 1,000 bad

> 70,000 1,000 < R < 3,000

R > 3,000

traffic load ug=lijfe # of tracks radius rail profile sleeper subsoil frog velocity
[gross tons/day, track] diverted [-] [-] [-] [km/h]

wooden Mn rigid

2,500 190

12,500 20% 2 300 54E2 concrete poor Mn moving > 200
concrete

18,000 50% 500 60E1 with USP weak FVC

33,000 90% 760 bad

55,000 1,200
90,000 1,600/ 2,600
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Life Cycle Management: A Step towards Sustainability ﬂ";&!.
Standard Elements Track AND Switches

Standard Standard
Implementation Elements Elements
Track Switches

Infrastructure

Company

. 1999 2001
OBB basic basic
strategies strategies
LCC based 2006 2006
regulations for detailed detailed
Investment and component component
maintenance strategies strategies
2010 2013
update update
(cost and RCF) | (cost and RCF)
. 2010 2010
budgeting
components components
2006 2006
components components
Bane NOR investment 2008 )
strategies strategies
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Life Cycle Management: A Step towards Sustainability ﬂErLa!.
Development of Maintenance

y N
high
SMART
maintenance
[ |
pro-active

© maintenance
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- N

Q condition based

() maintenance
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o

e time based

maintenance
repair of
failure
low
>
time
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Steps towards Sustainability

TU

Grazm
ﬂ Development of Maintenance
do&prevent predict&prevent
From “repair of failures”
towards =
“pro-active maintenance” B 670um
21.0°¢
gm625 218t.ﬂ6p
monitor&prevent
monitor&prevent
Example “"Head Checks”
A
fi—
o,
N »° hr Ql.iallt'arqu;n mad\1i7|ieﬂe$1;
fail &fix
number of interventions minimum maximum low optimum
availability minimum low high maximum
risk of system fallout 100% low - -
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Life Cycle Management: A major Step towards Sustainability
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time
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maintenance

g

asset conspicuous

asset break-down
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Life Cycle Management: A major Step towards Sustainability

time

>

signal

time

TU Graz | Institute of Railway Engineering and Transport Economy | Univ.-Prof. Dipl.-Ing. Dr. techn. Peter Veit

Univ.-Ass. Dipl.-Ing. Michael Fellinger

Copenhagen, 30t August 2017



Characteristics of Superstructure - Technology ﬂErLa!.

Switches are patient, not immediately reacting if treated insufficiently.
Track has got a remarkable memory. It remembers insufficient support.
Switches have got a remarkable memory. They remember insufficient support.
Whenever track reacts, service life is already gone!

Whenever switches react, service life is already gone!

Let’s transfer the experiences from track to switches!
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Characteristics of Superstructure - Costs ﬂ";&!.
ﬂ Life Cycle Costs — Track versus Switches

load life cycle cost

gross-tonnes/day track switch
70,000 2.2 2.1

but react in the
50,000 1.5 1.4 ﬁ same way
30,000 1.0 1.0
EW 190 12.6
EW 300 o |15 | gy NG
EW 500 ] 10.7
EW 1200 10.0

Let’s transfer the experiences from track to switches!
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Characteristics of Superstructure - Costs Grazm

Life Cycle Costs — Track versus Switches

B LCC - total costs
140% - Bl Depreciation (Investment)
B Costs of operational hindrances
120% A Maintenance costs

100%

100% -

80% -

60% -

40% A

20% -

0% °
track switch

Let’s transfer the experiences from track to switches!
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Characteristics of Superstructure — Service Life TU
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deterioration function must be identified -
/\ ime

Renewal
Renewal

\ 4

Quality Figure

Q) Intervention Level

WHICH SERVICE LIFE?

"< technical service life
economic service life ?
<€ >E—>

Let’s transfer the experiences from track to switches!
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Characteristics of Superstructure — Service Life ﬂErLa!.
ﬂ Identification of Deterioration Function

t Time sequences of recording car data (since 2001)
additionally

f type and age of track and its components
f maintenance executed

1 alignment

f transport data over time

t and everything for the entire Austrian core railway network

. \)(e
C\\,\a\'\w e

= try B ~*- 4“ e
K knm e o
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Characteristics of Superstructure - Analyses ﬂErLa!.
Analyses and Predictions are possible...

but might be wrong!

Example: influence of type of superstructure on deterioration rate

60E1 on concrete sleepers
show highest rates of
020 deterioration
Expected - True?

0,15

Not considered:
N 1 Traffic volume
005- 1 Substructure
! =gv0°nocdrete | 1 Track Age

0,00 ¢ Execution of maintenance

T T T
49E1 S4E2 GOE1

Analyses must always be parameter-specific ones!

rate of deterioration

TU Graz | Institute of Railway Engineering and Transport Economy | Univ.-Prof. Dipl.-Ing. Dr. techn. Peter Veit Copenhagen, 30t August 2017
Univ.-Ass. Dipl.-Ing. Michael Fellinger



Characteristics of Superstructure - Costs

data about machinery
superstructure operations

geotechnical
track review

deterioration : Cross

function . . g )
Q(t)zqn*eb*t i . P . Sectlon

measurement
signals

AP,

track | | rail I :
W9 overlap .

gauge e inclination

e " — 7 chie
o<t 22 i | — .
standard II = AR ; standard ,.4-..\ :
deviation ; .
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Characteristics of Superstructure - Costs Grazm

inspection data

T

unloaded! |I -
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Life Cycle Management - Inspection Grazm

INSPECTION

LIFE CYCLE
MANAGEMENT

MAINTENANCE INVESTMENT

gi TU Graz | Institute of Railway Engineering and Transport Economy | Univ.-Prof. Dipl.-Ing. Dr. techn. Peter Veit Copenhagen, 30t August 2017
Univ.-Ass. Dipl.-Ing. Michael Fellinger



TU

Life Cycle Management - Inspection Graza

f Does the inspection
data reflect the
reality?

t Can a prediction
model be built up
based on data of

unloaded
measurements?
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Life Cycle Management - Maintenance

\l" (|

w

- L |
®ad, L0

There are painfully many components!
And many of them are measured manually.

TU Graz | Institute of Railway Engineering and Transport Economy | Univ.-Prof. Dipl.-Ing. Dr. techn. Peter Veit Copenhagen, 30t August 2017
Univ.-Ass. Dipl.-Ing. Michael Fellinger



Life Cycle Management - Inspection
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ﬂ Checking data Quality — can Trends be Extracted?
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Installation of new Switch

Time sequences of switch gauge measurements

01.05.2014 01.05.2015
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Life Cycle Management - Inspection ﬁ-le-rLa!.
ﬂ Checking data Quality — can Trends be Extracted?

t Deviation from nominal gauge over the service life

14
—
— 12
E — |
Py 10
% cl
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czd — ]
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e 4
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g 0 —]
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0-5 610 11-15 16-20 21-25 26-30 31-35 36-40 41-45 46-50
Age of the switch [a]
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Life Cycle Management - Inspection IrLa!.

The way from a manual to an automated switch inspection

f no inspection staff is in the
danger area

f loaded measurement

I repeatable

I objective observation
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Life Cycle Management — Innovative Inspection Graza

ﬂ Innovation in Inspection

0

EURAILSCOUT

100%

X

terra

PROTRAN

DMA

FUGRO

MER MEC

Plasser & Theurer

[ ] inspection tasks to be performed automatically [ ] inspection tasks still require manual measurements
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Life Cycle Management — Innovative Inspection Graza

ﬂ Innovation in Inspection

0% 100%
EURAILSCOUT + VAE

terra + VAE

PROTRAN + VAE

DMA + VAE

FUGRO + VAE

MER MEC + VAE

Plasser & Theurer + VAE

Combining existing recording cars and way-side
monitoring systems deliver proper data!

B inspection tasks to be performed automatically B inspection tasks still require manual measurements
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Characteristics of Superstructure - Inspection IrLa!.

How can these technologies be implemented?

o

l | ‘!v\t ’ \ |
IS
Requires lopg or frequent track possession

<. Bome data can y. measuring from trains

T

nll"”w

(i

HTI i

bt

= N
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A A

T
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Life Cycle Management - Inspection Grazm

INSPECTION

LIFE CYCLE
MANAGEMENT

MAINTENANCE INVESTMENT
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Life Cycle Management - Maintenance ﬂ";&!.
ﬂ All inspected components also need maintenance
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Life Cycle Management - Maintenance IrLa!.

ﬂ Condition Data - ready for Trend-Analysis?

object track switches method

rail wear v x rail profile scan

g 8132C Aust L W60 - Einf L
s Gleis 1
§ km 26710025
m :
ucC o Scruenenprott uceo
143 verg Hohenabnitzung 12,1
04 Hoherabnuezung 103
168 Seftenabrutzung innen 45° 10,2
137 Semensbnitrung sullen 00
M Setenstoitzung SKUK 02
00 Uborwalzung innen 04
Unerwalzung aullen 00
0s Nogung 0s
19 12
Kozttt A<3 001
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Life Cycle Management - Maintenance ﬂ";&!.
ﬂ Condition Data - ready for Trend-Analysis?

object track switches method

rail wear v x rail profile scan
corrugation v vx acceleration signal
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Life Cycle Management - Maintenance ﬂ";&!.
ﬂ Condition Data - ready for Trend-Analysis?

object track switches method

rail wear v x rail profile scan
corrugation v vx acceleration signal
rail-pad v vx rail inclination
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Life Cycle Management - Maintenance Graza

ﬂ Condition Data - ready for Trend-Analysis?

object track switches method

rail wear v X rail profile scan
corrugation v vx acceleration signal
rail-pad v vx rail inclination

fastening v x gauge signal modified

SigModS

[rrrm]

A7e00 Fre0n
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Life Cycle Management - Maintenance Graza

ﬂ Condition Data - ready for Trend-Analysis?

object track switches method
X rail profile scan

v X acceleration signal

rail wear

corrugation

NS N N L

rail-pad Vx rail inclination
fastening x gauge signal modified
ballast vx fractal analysis (longitudinal level)

-10 -

-20

-30

o e e
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Life Cycle Management - Maintenance Graza

ﬂ Condition Data - ready for Trend-Analysis?

object track switches method

X rail profile scan

v X acceleration signal

v

v

v /X railinclination
fastening  of X gaugessignal modified

v

v

rail wear
corrugation
rail-pad

ballast V x fractal analysis (longitudinal level)

v x fractal analysis & GPR

sub-layer

173500 174000

GPR
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Life Cycle Management - Maintenance Graza

ﬂ Condition Data - ready for Trend-Analysis?

object track switches method

x rail profile scan

v x acceleration signal

rail wear

corrugation

rail-pad v vx rail inclination

fastening v x gauge signal modified

ballast v vx fractal analysis (longitudinal level)
sub-layer v v x fractal analysis & GPR

Measuring — Trend Analyses
% Trend Analyses — Prognosis
Prognosis — Economic Service Life
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Life Cycle Management - Maintenance ﬂ";&!.

ﬂ Calculation of Economic Service Life

Annuity Monitoring

d depriciation

mLCC

mAbschreibung

mBetrisbserschwemiskosten
Instandhaltungskostzn

pPrognosis

d maintenance

dt

dt

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

decreasing depreciation

increasing maintenance

-

e —

—y

2014 2015 2016

2017 2018 2019 2020

T T T T T v T T
2021 2022 2023 2024 2025 2026 2027 2028 2025 2030 2031

re-investment
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Life Cycle Management - Track Graza

___ Wiy,
why T | Ty,

LCC Bewertung der MaBnahmen ’, wismedng LCC Bewertung der MaBnahmen

BAULANI 32202: 8 Wolfurt

BAULFWLISO! Hobsenis
G m. G

teenhargsnal

L KM 65,657 « 73,227
GNL PLV, Gless 142; km 15,757 bis bom 17,263

igi2om

Implemented at OBB in 2011 for track projects.
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Life Cycle Management — Research on Switches Graza

Next steps to go

Example: evaluation of projects planned for 2018

: point in time for damage [£] .
project costs . ranking index
reinvestment 2018/19 2018/20 2018/21 2018/22
4,030,000 2016 ® 1.122.618 1.252.498 1.626.974 1.877.760 27,9
3.600.000 2015 ® 751.920 787.055 775,999 918.808 20,9
1.030.000 2018 ® 162.272 150.664 145.727 141.120 15,8
1.225.000 2017 L 161.054 150.436 210.969 203.451 13,1
1.560.000 2018 L 86.435 74.020 138.707 122.052 5,5
4,900,000 2016 ® 209.586 222.648 238.542 4,3
1.040.000 2018 ® 38.671 32.885 30.480 40.936 3,7
8.100.000 2018 ® 241.112 306.878 326.209 889.219 3,0
3.980.000 2018 L 102.786 47.754 140.988 128.075 2,6
918.000 2018 L 17.728 16.449 29.616 29.012 1,9
920.000 2018 ® 15.500 7.150 38.983 31.163 1,6
1.030.000 2018 ® 14.194 13.528 63.621 62.137 1.4
3.230.000 2016 ® -5.099 26.991 91.115 258.894 -0,2
4.460.000 2019 9 -15.615 -2.222 58.202 75.333 -0,4
4.460.000 2019 L -18.136 15.011 -1.593 3.314 -0,4
4,750,000 2022 ® 27.250 -24.913 13.253 -36.906 -0,8
5.997.215 2017 ® -53.893 3.335 123.670 220,922 -0,9
1.230.000 2021 ® -1.798 -9.945 -11.760 12.149 -1,0
6.230.000 2020 9 3.616 -63.807 -46.615 -20.688 -1,0
1.950.000 2022 9 24.609 -7.535 -36.008 -47.650 -2,4

TU Graz | Institute of Railway Engineering and Transport Economy |
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Life Cycle Management - Investment Graza

INSPECTION

LIFE CYCLE
MANAGEMENT

MAINTENANCE INVESTMENT
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Life Cycle Management - Investment Graza
ﬂ E deterioration function &
5 /7 must be identified & .

\ 4

Quality Figure

Q) Intervention Level

.
WHICH SERVICE LIFE?

"< technical service life
economic service life ?
<€ >E—>

Unfortunately this deterioration function is not yet identified.
By mischance, this deterioration function even does not exist.
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Life Cycle Management — Research on Switches

Experiences of Railway Experts

Reasons for re-investing switches:
fouled ballast

worn-out sleepers

pressed-in ribbed base plates
loose fasteners

unstable subsoil

frog exchange
tongue rail exchange

entire rail exchange

T T O v ¥ =

entire sleeper exchange

problems with dewatering system

J

gif TU Graz | Institute of Railway Engineering and Transport Economy | Univ.-Prof. Dipl.-Ing. Dr. techn. Peter Veit

forecasting of
behaviour
possible

however, exchange or
re-investment

> depends on residual
service life of

structure > BALLAST
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Life Cycle Management — Research on Switches ﬂErLa!.
ﬂ Ongoing Research

forecasting

S of
1 Integration of recording car data -: behaviour
and switch monitoring systems possible

additionally

T type and age of switches and its components
I maintenance executed

1 transport data over time for all directions
f and everything for numerous types of switches
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Life Cycle Management — Research on Switches Graza

ﬂ Ongoing Research - Current topics

& specific turnout recording car or adaption of track recording car

1 time sequences

Finally all preliminary work is done to transfer the experiences from
track to switches!
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Life Cycle Management — Research on Switches ﬁ-IG-rBI
ﬂ Next steps to go

2 time sequences

To build up time sequences of data requires time - which we
definitively do not have! '

0 0 4 6 8 9 0 6 8 S 0
g o 0 1,0 1
g g-tamping 5,5 1 1 1
g 7,0 1 1 1 1
ange of half set o e 2,0
ange of frog 3,0 1 1
exchange o - 1,0
overla elding/repa elding 3,0 1 1
deb g 29,0 1(1)]1]1]1]1f1|1]1]1 1({1)1)j1j1]1f{1]1
planned small maintenance 28,5 0,5/0,5/0,5/0,5(0,5(0,5{0,5|0,5/0,5(0,5|0,5 1,5/1,5/1,5(1,5/1,5|1,5|1,5(|1,5
balla de g/cleaning 0,0
ail pad exchange 1,0
eepe - ole renewa 0,0
ange of set of sleepe 0,0
ange o gle sleepe 0,0

l

While doing that build up time sequences and do trend analyses, risk analyses, ...
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Cost Analyses ﬁ Graza

ﬂ Cost Driver

1. Initial track quality
precondition: subsoil quality and functionality of drainage

Switch density
Ballast Quality
Radii

. Cost of operational hindrances

o oA W N

Length of track work section
7. Traffic density

8. Quality of rolling stock

9. and of course high speed, mixed traffic, and axle load
While doing that build up time sequences and do trend analyses, risk analyses, .
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Evaluation of Under Sleeper Pads Graza

ﬂ Track Behaviour
without USP with USP

Historkguw oes oohaiiarns - TEZHH - WE [3TE-HEML TOE-HM1)

NtErvEmbons - CoOuRs act&Erographies en depassement de seull oo nt=rsentions - COWpS accedrographes en dépgassement de seull

Hstarque des cotations Histarique des codabions

intervention level: ¢, = 1.3 mm (1 km) intervention level: o, = 0.6 mm (1 km)
While doing that build up time sequences and do trend analyses, risk analyses, ...
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Evaluation of Movable Frogs Grazm

ﬂ Turnout Strategy based on LCC - Evaluations

e\

Moveable frog for turnouts in
tracks with speeds lower than
200 km/h:

for tracks with loads of more
than 70.000 gross tons/day...

... if there are no major (costly)
changes in the control centre
required!

While doing that build up time sequences and do trend analyses, risk analyses, ...
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further innovation possible an REQUIRED -!;-U

Wear Model on TAC

\\ .
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1.1.2017 |mplemented in Switzerland

While doing that build up time sequences and do trend analyses, risk analyses,

gi TU Graz | Institute of Railway Engineering and Transport Economy | Univ.-Prof. Dipl.-Ing. Dr. techn. Peter Veit Copenhagen, 30t August 2017
Univ.-Ass. Dipl.-Ing. Michael Fellinger
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