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Agenda

« Short introduction to my section Strategic Planning
« Life cycle cost optimization models in Banedanmark

« Planning of track renewal projects
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Strategic Planning

Functions and tools

Over all planning and coordination of larger projects in
Banedanmark

- Strategic Planning Tool

~ Life Cycle Cost optimization models

—  Price database for predicting costs of new projects

Reporting to the board and the Ministry of Transport and
Building
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Life Cycle Cost models

Technical and economical optimization

Analysis models for track, bridge and catenary assets
- Optimization using dynamic programming
- Developed by Prognoz

- Banedanmark delivered the mathematical compendium
- Opdates added regularly

Objective function:

Minimize The total costs C,

Ciota) = Renewal,,,, + Maintenance,,, + THC. ., + Penalty,,,
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Model structure

Submodels

Technical LCC-optimality Constrained Source data
R LCC-optimality User Settings / Model parameters

Inputdata

Submodels
Technical LCC-optimality Constrained - -
optimality - Deterioration of the assets

Submodels

, . , Economic optimization without
Technical LCC-optimality Constrained i
optimality LCC-optimality constraints (only a renewal pause)

Submodels

Inputdata

Inputdata

Economic optimization with

Technical LCC-optimality Constrained =
optimality - LCC-optimality constraints

Inputdata

IRVt
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Central technical factor

Accumulated Service-life relationship for rails (UIC60)

annual load

(CEMGT) Technical lifetime is not
' fixed

/ Changes are due to e.qg.
- traffic development
/ - changes in the

. timetable
Technical lifetime of 62.5 . .
years - changes in rolling

/ stock

Ve
[ Annual load N
(EMGT) ]
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Bruttotons - equivalent. UIC
standard used for calculation.
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Renewal vs. maintenance

The Bath tub model Postponed renewal

Costs Costs :|> Renewal costs

A

Costs

/ // //% 5 e

— Lifetime Lifetime
Time of Optimal time of Optimal time of Optimal time of Postponed time
investment/ investment/ renewal renewal of renewal
reinvestment reinvestment

In case of postponed renewal: In case of early renewal:
» Increased maintenance costs « Penalty

« Increased renewal costs
+ Risk of temporary speed reductions
(traffic hindrance costs)
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Planning of track renewal projects

Optimization each year

- Over all renewal plan from model output

- New projects each year and each are planned with the
optimal project scope

- Close collaboration with our technicians combining technical
knowledge with mathematical optimization

- Sharpening of data via technical analysis gives us a better

starting point
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A wide range of data

Geometrical data
o Tracks, bridges, switches
Asset data
o Age, type, location, condition
Traffic data
o Type, amount, weight, impact on assets
Economical data

o Renewal costs, maintenance costs
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Decision making

Not possible to model all constraints

- Renewal and maintenance costs are important factors
— Political decisions can change it all

~  Trains have to keep running!
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