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ﬂ Agenda

1 Technical performance of concrete sleepers with pads (USP) @a
1 Economical performance of concrete USPs @ i’b‘
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The Austrian network
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Infrastruktur

9,748 km of track
12,919 turnouts included
6,634 bridges

259 tunnels

o o e e

117 Mio train km in passenger and
40 Mio track km in freight traffic
Track design: max 250 km/h
Operation speed: 230 km/h

o o e e

ca. 4.800 km Zielnetz

Bestand 2010
Erweiterungsinvestitionen zur Erreichung des Zielnetzes

ca. 700 km mit regionalem Charakter
— Strecken mit stark regionalem Charakter
----------- Strecken wo derzeit Ubernahmegesprache laufen
Strecken ohne regelmaBigen Personenverkehr

----------- Strecken mit aufrechtem Personenverkehr
— Strecken, auf denen kein Eisenbahnbetrieb mehr stattfindet

"""""""" Privatbahnen
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ﬂ Permitted speed levels in the Austrian network

49%
62%

45%

29%

UP TO 100 KM/H 100-160 KM/H 160-250 KM/H UP TO 100 KM/H 100-160 KM/H 160-250 KM/H
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ﬂ Sleeper types in the Austrian network

Wooden sleeper Concrete sleeper Concrete USP sleeper
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ﬂ Sleeper types in the Austrian network — Track
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CONCRETE WOODEN CONCRETE USP STEEL SLAB TRACK
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ﬂ Sleeper types in the Austrian network — Turnouts
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CONCRETE WOODEN CONCRETE USP STEEL SLAB TRACK
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ﬂ Turnout renewals 2017-2022: Choice of sleeper types

Concrete USP
Wooden

Wooden
I Concrete USP

l Concrete I Concrete

Steel
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ﬂ Track renewals 2000-2023: Choice of sleeper types
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ﬂ Under Sleeper Pads - Field Experience (2014)

The last in-depth evaluation was performed in 2014. 50,000 cross-sections analysed
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Under Sleeper Pads - Field Experience (2014)

m The last in-depth evaluation was performed in 2014. 50,000 cross-sections analysed

- USPs perform perfectly . —
? | = \Wooden
== Concrete
1 == Concrete USP
. Track Quality
J o "
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@ Concrete
] ® Concrete USP /
° -

1 100 200 300 400 500
Cumulative Load [MGT]
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ﬂ Under Sleeper Pads — A further perspective (2024)
Ty
Dipl.-Ing. Markus Loidolt, BSc

Integration of Short-Wave Effects into Asset
Management of Railway Infrastructure
An alternative perspective on the
quality behaviour of tracks

DOCTORAL THESIS

to achieve the university degree of
Doktor der technischen Wissenschaften
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ﬂ Rail surface irregularities - damage principle:

Track reaction

Rails surface irregularity Load input

i ==

X L
\1:‘1' - = e—
S % ,

SOF [mm]

-0.3

(P2 forces)

-0.4 -0.2 0 0.2 0.4

i)

Track characteristics: Track characteristics:
Stiffness, damping Components, subsoil, elasticity,
Vehicle characteristics: load-bearing capacity

(unsprung) mass, V
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ﬂ The rail surface measurement system (rail corrugation system)

H ARG
111 01%11*&1 (
Tt

;10111<p(g

Sampling Rate: 5 mm
Measuring speed: 250 km/h
Wavelength range: 20-1000 mm
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The rail surface measurement system (rail corrugation system)

Welded joints
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ﬂ The role of welded joints in track deterioration
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ﬂ The role of welded joints in track deterioration
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ﬂ The role of welded joints in track deterioration: Sleeper types

Concrete sleeper Concrete USP sleeper
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The role of welded joints in track deterioration: Sleeper types

b-rate [mm/year]

Sleeper type — Concrete = Concrete USP — Wooden

y=-0.394+0.00512 x, R>
y=-0.216%Q.00222 X, R

y=-0.659 + 0.00663 x, R?2

adj
2;=0.03,P50.001, n =563

adj

=0.05, P <0.001, n=448

=0.09, P<0.001, n=269

100

150

200 250

Mean P2-force [kN]
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Performance of concrete and concrete USP under dynamic loading

Sleeper type Bl Concrete B Concrete USP

1.51

1.01

b-Rate [mm/year]

Track without weld
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ﬂ Performance of concrete and concrete USP under dynamic loading
Sleeper type B Concrete B3 Concrete USP
1.5
1.0 e ' : .: !
£
£
g
Trackwiiﬁoiweld 50-100kN 100-125kN  125-150kN
Mean P2 force [kN]
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Performance of concrete and concrete USP under dynamic loading

Sleeper type B Concrete B3 Concrete USP

1.51

1.01

b-Rate [mm/year]
o
(@)}

0.0

Track without weld  50-100kN 100-125kN  125-150kN  150-175kN  175-200kN  200-225kN  225-250kN >250kN

Mean P2 force [kN]
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ﬂ The role of welded joints in track deterioration: Impact of sleeper types oo

Concrete sleeper Concrete USP sleeper

Under sleeper pads pads
significantly improve resistance
to dynamic loading!
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ﬂ Conclusion after over 20 years of experience with USPs

Concrete sleepers with under sleeper pads perform extremely well in all the technical (\/)
aspects analysed so far!

“F What about the economics?
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ﬂ Asset Management | Goal: cost-efficient Assets

We calculate Life Cycle Cost in order to find out the economic Service Life!

The Calculatory Depreciation is a 1/n-Function. The Investment Cost are always divided by the
already realised Service Life.

A
The Total Cost-Function shows a Minimum, where the
increasing Maintenance Costs compensate the
= decreasing Depreciation.
S
S . dDepreciation=
dt B dt

Time [Service Life in years]

2024 G 5\
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Annuity Monitoring

"Studbahn” 400<R<600 zweigleisig

GesBT/Tag, Gleis Profil Glte Unterbau Schwelle
Instandhaltungsarbeit MD in Jahren 1,0 1995 1996
Re-Investition (SUZ/AHM)

Stopfen alle x Jahre
Schleifen Anzahl in ND
Schienenwechsel Anzahl in ND
Zwischenlagenwechsel Anzahl in ND
Mangelbehebung Anzahl in ND

B Average Annual Costs
H Depreciation
100% 1 B Costs of Operational Hindrances

Costs of Maintenance

S0% A

B0% A

In the fiestr yeaosinrari¢yaiseaqlyab bdytb ¥e {istaesiaHignt
dysiamaofatbhyustightly higher).

70%
0% -
S50% -
40% -
30%
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Annuity Monitoring

"Stdbahn” 400<R<600 zweigleisig

GesBT/Tag, Gleis Profil Glte Unterbau Schwelle

Instandhaltungsarbeit MD in Jahren 2,0 1995 1996 1997 1998 1999 2000 2001
Re-Investition (SUZ/AHM) 1,0 1
Stopfen alle x Jahre 1,0 1 1
Schleifen Anzahl in ND 1,0 1 1
Schienenwechsel Anzahl in ND 0,0
Zwischenlagenwechsel Anzahl in ND 0,0
Mangelbehebung Anzahl in ND = 1 1,2

B Average Annual Costs

H Depreciation

B Costs of Operational Hindrances
Costs of Maintenance

100% 4
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B0% A

T0% A

60% -
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Annuity Monitoring

There is a maintenance part,
of course, when track becomes st

1
1,2
ELCC
mAbschreibung
mBetriehserschwemiskosten
Instandhaltungskosten

older!

LLLL

mLCC
mAbschreibung

mEBetricbserschwemiskosten

EmLCC
mAbschreibung

mEBetricbserschwemiskosten

Instandhaltungskosten

2024
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2029 20320
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ﬂ Under Sleeper Pads — Economic Appraisement

Concrete Sleepers with Under Sleeper Pads (USP) lead to

1 Stretched Tamping Cycles, a longer Service Life, reduced Small Maintenance Engineering
1 Higher Investment

L

Financing

15,000 - 30,000 60E1 R260 ood concrete Granite

sy
n |
4

-

n

GGGGGG
7 39 40 41 42 43 44 45 46 47 48 49

rersiaftia~amYy.VAhoaBl

® More Investment Money — this is not for free!

Dynamic Economic Appraisement using an Interest Rate i_.!

Dynamic Evaluation guarantees a) considering the higher investment costs and b) the Uncertainties of future
Maintenance / the Service Life Prolongation
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ﬂ Under Sleeper Pads — Economic Appraisement | Result

140% -
B Average Annual Costs
120% A m Depreciation
B Costs of Operational Hindrances
100% s v
100% - Costs of Maintenance 3,
S
80% IS
Q
0
|
60% A Q
o
(V]
< .
40% - . "
° Discount rate
20% A
o IRR up to 20% for high
o
Reference loaded Sections

|

Calculated without interest rate
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ﬂ Under Sleeper Pads — Economic Appraisement | Result - varying Transport Volume

Internal Rate of Return (IRR) for Under Sleeper Pads

25%

Basic Evaluation (straight section)
20%
/
15% /
10% r/

5% _—em == o

0% T T T T r . : ,
0 10.000 20.000 30.000 40.000 50.000 60.000 70.000 80.000
Transport Volume [gross tons/day, track]

Assuming a required internal rate of return of 5% (real) USP can be proposed independently from the transport volume.
However, the higher the transport volume, the higher the benefits.
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ﬂ Under Sleeper Pads — Economic Appraisement | Result - varying Track Radius

Internal Rate of Return (IRR) for Under Sleeper Pads

25%
Basic Evaluation (straight section)
Basic Evaluation (radius 500 m)

20%
=]
a
15%
10%
7

50/0 EEE I IEIE IIE IIE NI IIEE IIE IS LG IEE IaEE BN IISE DN IEE IEE IEE IEE IEE IEE IEE IEE IEE BN BEE BEE BEE BEE BEE O EEm B E.

0% T T T T r r : \
0 10.000 20.000 30.000 40.000 50.000 60.000 70.000 80.000
Transport Volume [gross tons/day, track]

In general the benefits of USP are higher in radii (the smaller the radii the higher the benefits) as radii face in
general higher maintenance demands.
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ﬂ Under Sleeper Pads — Economic Appraisement | Result - Sensitivity Costs of Non-Availability

Internal Rate of Return (IRR) for Under Sleeper Pads

Basic Evaluation {straight section)

Variation: COH 200%

5% —-— = = =

0%

a 10.000 20.000 30.000 40.000 50.000 50,000 70,000 80,000
Transport Volume [gross tons/day, track]

The costs of operational hindrances (COH) influence the results, as reduced maintenance and longer service lives
reduce the average annual track closure. However, COH are not a decisive factor for defining the fields of application
for USP.
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ﬂ Under Sleeper Pads — Economic Appraisement | Result - Sensitivity Maintenance Cost

Internal Rate of Return (IRR) for Under Sleeper Pads

25%

Basic Evaluation (straight section)
Variation: Labour cost 200%

20% + Variation: Labour cost 50% /
//'
15%

5% —-— = = =

0%

u] 10.000 20.000 30,000 40,000 50.000 50,000 70,000 30,000
Transport Volume [gross tons/day, track]

The variation of labour costs show very little impact on the benefits of USP, though the range of variation is
rather high (half to double labour costs compared to base case).
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100%
80%
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40%

1 In Austria, concrete sleepers with under sleeper pads are a 0%

success story. Renewals (of main lines) are mostly realised oo WAL AL
x o
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ﬂ Summary

Percentage

> O N
NSO
D7 D A

mWooden mConcrete Concrete USP Others

1 Several evaluations show the superior performance of USP.
Tamping intervals are at least doubled and service life is
extended by using USPs.

" . Detérioration Rate

—_/\ Standard
—

140% 1 Internal Rate of Return (IRR) for Under Sleeper Pads
120% . :z::::i.:t‘,): I ok Evatuation (radnes S0y /
1 While the initial investment is higher for USPs, the improved ... i -
quality behaviour leads to significant savings in the medium  «.; = |
and long term. . e g T
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Thanks for today!

Questions?

& ke
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Q'" Dipl.-Ing. Markus Loidolt

P mob: +43664 60873 4994
mail: markus.loidolt@tugraz.at
web: www.ebw.tugraz.at

View into Southern Tube of Koralm-Tunnel (Western Portal minus ~8 km) Direction East, 03. October 2021
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