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Agenda

Characteristics of the Austrian railway network

Technical performance of concrete sleepers with pads (USP)

Economical performance of concrete USPs 
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The Austrian network
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The Austrian network

Source:ÖBB

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

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
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Permitted speed levels in the Austrian network
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Sleeper types in the Austrian network

Wooden sleeper Concrete sleeper Concrete USP sleeper
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Sleeper types in the Austrian network – Track
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Sleeper types in the Austrian network – Turnouts
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Turnout renewals 2017-2022: Choice of sleeper types
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Track renewals 2000-2023: Choice of sleeper types

Main network, main tracks
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Technical performance of concrete USPs
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Under Sleeper Pads – Field Experience (2014)
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The last in-depth evaluation was performed in 2014. 50,000 cross-sections analysed
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Under Sleeper Pads – Field Experience (2014)

The last in-depth evaluation was performed in 2014. 50,000 cross-sections analysed
→ USPs perform perfectly
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Under Sleeper Pads – A further perspective (2024)
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Under Sleeper Pads – A further perspective
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Rails surface irregularity Load input Track reaction

Track characteristics:
Stiffness, damping

Vehicle characteristics:
(unsprung) mass, V

Track characteristics:
Components, subsoil, elasticity, 

load-bearing capacity

(P2 forces)

Rail surface irregularities - damage principle: 
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The rail surface measurement system (rail corrugation system)

Sampling Rate: 5 mm
Measuring speed: 250 km/h

Wavelength range: 20-1000 mm
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Turnout components

Insulated rail joints

Squat detection

Welded joints

Rail corrugations

Skid marks

The rail surface measurement system (rail corrugation system)
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The role of welded joints in track deterioration
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The role of welded joints in track deterioration
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Concrete sleeper Concrete USP sleeper

The role of welded joints in track deterioration: Sleeper types
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The role of welded joints in track deterioration: Sleeper types 
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Performance of concrete and concrete USP under dynamic loading
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Performance of concrete and concrete USP under dynamic loading
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Performance of concrete and concrete USP under dynamic loading
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Concrete sleeper Concrete USP sleeper

The role of welded joints in track deterioration: Impact of sleeper types

Under sleeper pads pads 
significantly improve resistance 

to dynamic loading!
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Concrete sleepers with under sleeper pads perform extremely well in all the technical 
aspects analysed so far!

Conclusion after over 20 years of experience with USPs

What about the economics?
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Economical performance of concrete USPs
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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.

Maintenance Cost (again the Sum/Service Life) increase with higher 
Service Lives.

dDepreciation

dt
≡

dMaintenance Costs
year

dt

The Total Cost-Function shows a Minimum, where the 
increasing Maintenance Costs compensate the 
decreasing Depreciation.

Asset Management | Goal: cost-efficient Assets
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In the first year annuity is equal to the re-investment 
costs, of course. 
In the year 2 costs are already only 50% (statically, 
dynamically slightly higher).

 
Composition of Normalized Average Annual Costs
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There is a maintenance part, 
of course, when track becomes 
older!

Annuity Monitoring
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Under Sleeper Pads – Economic Appraisement





Concrete Sleepers

Stretched Tamping Cycles, a longer Service Life, reduced Small Maintenance

Higher Investment

Engineering

Financing

Concrete Sleepers with USPs

 More Investment Money → this is not for free!

Dynamic Economic Appraisement using an Interest Rate icalc!

Dynamic Evaluation guarantees a) considering the higher investment costs and b) the Uncertainties of future 
Maintenance / the Service Life Prolongation

Concrete Sleepers with Under Sleeper Pads (USP) lead to
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Zusammensetzung der normalisierten Jahreskosten
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Under Sleeper Pads – Economic Appraisement | Result
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Basic Evaluation (straight section)

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.

Under Sleeper Pads – Economic Appraisement | Result – varying Transport Volume
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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.

0%

5%

10%

15%

20%

25%

0 10.000 20.000 30.000 40.000 50.000 60.000 70.000 80.000

Transport Volume [gross tons/day, track]

Internal Rate of Return (IRR) for Under Sleeper Pads

Basic Evaluation (straight section)

Basic Evaluation (radius 500 m)

Under Sleeper Pads – Economic Appraisement | Result – varying Track Radius
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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.

Under Sleeper Pads – Economic Appraisement | Result – Sensitivity Costs of Non-Availability
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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).

Under Sleeper Pads – Economic Appraisement | Result – Sensitivity Maintenance Cost
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Summary
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In Austria, concrete sleepers with under sleeper pads are a 
success story. Renewals (of main lines) are mostly realised 
with USPs.

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

While the initial investment is higher for USPs, the improved 
quality behaviour leads to significant savings in the medium 
and long term.

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

web:  www.ebw.tugraz.at
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