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What does the algorithm do?

- Plans risk reducing interventions on networks
taking into consideration

- The interventions required per asset according
to their optimal individual life-cycles
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What does the algorithm do?

Optimal intervention program:

>

b

Max Net Benefit = Benefit — Cost /
4

Benefit:

» Reduction in future expected
impacts

Cost:

» Impacts during the execution of
the interventions

4 >- This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 769373. This document

reflects only the author’s views. The European Commission and INEA are not responsible for any use that may be made of the information contained therein.




What does the algorithm do?

Mixed integer linear program

Interventions Groups Traffic states
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Mixed integer linear program

Max Z = 2 Z 5u,v ’ NBu,v + 2 Eyu,v 'NBu,v

uev vev uev vev

Network level

Asset Level (Intervention
Selection, Asset level costs)

Source

Nodes: Specific interventions on
specific assets Cost = fix + variable

Edges: Selection of the Intervention costs
intervention




Mixed integer linear program

Max Z = 2 Z 5u,v ’ NBu,v + 2 Eyu,v 'NBu,v

uev vev uev vev

Network level

Network Level (Traffic
configuration, Duration of
disturbance, Network level costs)

Source

Nodes: Specific groups of
interventions

Edges; Required duration of the
traffic states, Real valued flow




Mixed integer linear program

Max Z = 2 Z 5u,v ’ NBu,v + 2 Eyu,v 'NBu,v

uev vev uev vev

Network level

Level interaction
- Duration of selected interventions

Z 5v,u cdy = Z Yuv
v v

Source
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Input data

» Infrastructure assets, possible risk reducing interventions, variable unit
costs and percentages of fixed costs per intervention,

»  The type of intervals possible, the costs per traffic configuration, the
number and type of vehicles using the lines

» The condition of the assets
» The risk associated with each asset in each condition state
»  The optimal asset level intervention strategies

»  The possible type of restoration interventions, variable unit costs and
percentages of fixed costs per intervention,amount of down time
expected

»  The consequences of failure for each type of asset, including
approximate material damage, approximate number of injuries and

fatalities ket
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Demonstration
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i - The algorithm can be used to plan risk reducing interventions on networks in a digital environment, taking into
consideration all of the issues confronting infrastructure asset managers, including

- The interventions required per asset according to their optimal individual life-cycles
- The potential savings of grouping interventions together

- Restrictions on the possibility of executing multiple interventions at the same time due to potentially large
effects on the provided service, e.g. train movements

- The traffic configurations that would need to be in place during a project with multiple interventions, and // |

- The consequences of moving interventions away from their optimal time of execution, in terms of
additional life cycle costs or increased risk.
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What does the algorithm do?

»  The objective function to be minimized is the costs:

I. Direct costs of executing the physical interventions

2. Indirect costs due to the inadequate service by the

network.
Subject to:
Min ZR = Spic-Cni + ¥ (t|xe,e) — MO(t|xe,0) + A(t) » Budget constraint
;‘ n;S ie;ms) ; ;‘7 .
PEF,q ¢ EP P=%a » » Resource constraints
. . » Traffic fl nstrain
Direct costs Indirect costs affic flow constraints
» The number and type of

»  This is a bi-level optimization where the indirect costs depend interventions in a time period

on the link traffic flow:
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Infrastructure assets, and the GIS map of the network
Origin-Destination matrix of the network
The condition of the assets, and their related capacity losses after the hazard

The possible type of restorative interventions, variable unit costs and fixed costs per
intervention, amount of down time expected

The indirect costs per traffic configuration, the number and type of vehicles using the
lines (mean fuel consumption, operation costs, etc.)

Available budget and work crews




Demonstration
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Demonstration
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This algorithm has the flexibility to be used in real-world situations and for a variety
of infrastructure types.

It can provide estimations on the time required to restore the desired level of
service following an extreme event.

It can be used to identify objects whose failure will result in relatively large
disruptions to service.

It can identify when it is advantageous to execute less extensive interventions in the
interest of speeding up the restoration of service.




