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Assessing the Total Cost of Ownership for Bogies

In 2016, we presented ideas on how to assess 
the Total Cost of Ownership for Bogies on 
system level.

Today, we want to present what has happened 
in the follow-up and also the “result”.
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Development of the Universal Cost Model

▪ Delivered a high sophisticated modelling surrounding
▪ The model could calculate a lot – having access to the input data necessary
▪ The calculation “software” (excel-based) was complex according to the degree of details
▪ Not being fully into the UCM, it was hard to be used

The infrastructure module was a construction site even after the end of the project.

2 examples:

The simulation of the wheel-rail-interface using different 
simulation approaches delivers very different results (e.g. rail 
wear in the diagram shown. 
→ technical input to the UCM → financial output? 

The calculation (simulation) of ballast settlement is in its infancy. 
We all know, there are (too) many aspects influencing the 
settlement → the approach couldn’t be verified or it is simply not 
reliable.



Development of the Universal Cost Model 2.0

The tasks for the overhaul of the UCM within the Next Gear project:

▪ A simplified damage prediction model for switches that is useful for cost calculations
▪ A simplified damage prediction model for track settlement that is useful for cost 

calculations
▪ A UCM that utilises the best aspects of engineering and economic approaches to cost 

calculations 
▪ A UCM where simplicity and precision are balanced; easy to use and scientifically 

accurate. The modelling approach places user feedback and engagement at the heart 
of our approach

▪ A new user interface, default values to use in case input is missing and better 
explanations on how to use the UCM



Development of the Universal Cost Model 2.0 – the Plan



• Potential hazards
• Energy 

• CO2 cost modelling 
• Noise 

• Accurate costs modelling
• Vehicle maintenance

• New maintenance-based PI 
• Single method for damage calculation

• Rail maintenance
• Rail damage simulation and costs
• Switch damage simulation and costs

• Ballast maintenance
• Ballast maintenance modelling and costs 

• End of life cost modelling 

UCM tool modules and simulation of Performance Inputs (PI)
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€/fleet/year

UCM tool – Excel based

Results modules: €/vehicle/year
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UCM tool modules and simulation of Performance Inputs (PI)

9 Performance Indicators

5 PIs as default values 

Simulation!

separate Simulation Guidelines
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UCM tool modules | ballast maintenance modelling

1 Performance Indicator

No Simulation!

Simulating ballast behaviour is in its 
infancy!

Simulation of settlement needs input 
on ballast material, subsoil quality, 
drainage functionality, sleeper type, 
rail profile, maintenance machinery, …

Modelling!



UCM tool modules | ballast maintenance modelling

Based on previous works (Swiss Wear 
Factor, tamping demand modelling for 
High-speed and heavy-haul), we use as 
reference load the P2-force with the 
power of 3.

The cost increments (= €/kN³km) are 
precalculated from a mixed-traffic 
vehicle collective.
The % of curves and speed levels are 
taken from the landing page.



UCM tool modules | ballast maintenance modelling

Track properties are set to 
“Standard” in the tool.

Heavy superstructure on 
good subsoil and proper 
drainage. 



UCM tool modules | ballast maintenance modelling

Changing to “User-defined”, 
we can change the track 
properties.

The user can change the 
superstructure components 
and substructure issues by 
drop-down menus to 
these options.



UCM tool modules | ballast maintenance modelling

Other options included:

- Consider the cost of ballast cleaning (end of life) as well
- Insert cost figures for ballast maintenance works
- Consideration of costs of non-availability of track

Note: ballast maintenance costs for S&Cs are included (input: number and size of S&Cs →
Case definition)

The calculation of the PI’s incremental costs is performed automatically.

In this way, we ensure that simplicity and precision are balanced

and a tool that is easy to use and scientifically accurate.



Universal Cost Model 2.0 – Summary & Outlook

Simulation framework

• S&C simulation procedure has been developed 

• Balance between accuracy and simplicity is challenging

• Normalised damage calculation package provided with the 
UCM 2.0

• Simulation Guidelines for consistency in the simulations

UCM tool

• Integration of all the proposed costs in an excel-based tool

• Simplicity and user friendliness systematically pursued, e.g. 
no macros 

• SPD-based baseline cases with a complete set of default 
values, including references

Further work

• Extensive peer-review of the tool is needed

• Simulation-based add-on for ballast settlement damage

• Pursue the validation of a non-iterative wheel damage 
calculation method



Thank you
T h i s  p r o j e c t  h a s  r e c e i v e d  f u n d i n g  f r o m  t h e  E u r o p e a n  U n i o n ’s  H o r i z o n  2 0 2 0  r e s e a r c h  

a n d  i n n o v a t i o n  p r o g r a m m e  u n d e r  g r a n t  a g r e e m e n t  N o :  8 8 1 8 0 3 .

T h a n k s  t o  a l l  c o n t r i b u t o r s !


