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Project partner

= Simplan AG, Germany

= Collaborative Research Center 837
Ruhr-Universitat Bochum, Germany

Advisory Board:
= Hochtief Consult, Hochtief Solutions AG

= Herrenknecht AG, Germany

= Ed. Zublin AG

= Zerna Ingenieure

» Company Management Amberg Engineering AG
= Department for Bridge, Tunnel and Urban Rail Office for Transport Mgt., Dusseldorf

» Research Association for Underground Transportation Facilities (STUVA)
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Tunneling projects

= Diameter

= normal: 6 —12 m

= over 19 m (2 levels of infrastructure)
= Length

= normal: 3 — 20 km

= up to more than 50 km
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Earth pressure balanced shield machine

Herrenknecht AG, Germany

Full length video: http://www.youtube.com/watch?v=gx_EjMILgqY
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Process classification in mechanized tunneling

Production processes Support processes supply chain

shield machine

Backup Jobsite External
Tunnel : : 5
system installation logistics
segments, grout, belt conveyor, separation, Segment factory
Advance # hydraulics, rails, cross concrete plant, deposit, energy,
electronics, etc. passages, etc. storage, etc traffic, etc.
Ringbuild

Support processes

Inspection, maintenance
(planned downtime)
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unplanned downtime caused by waiting or problemsolving due to: ground conditions, wear,
techn. interruptions, organisat. interruptions, lack of capacity, priorities in operation, etc.
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Decomposition in simulation components

Production processes Support processes
shield machine supply chain

Ringbuild Backup system Delivery system Subsurface
jobsite
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Decomposition in simulation components

Production processes
shield machine

Advance
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Simulation components for advancement
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Multi-method simulation approach for advance

= Processes:

—> Discrete-event simulation
= Material-flow:

= System Dynamics
= Technical disturbances:

—> Probability distribution
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Decomposition in simulation components

Production processes
shield machine

Ringbuild

AnyLogic Conference 2012 | Berlin | December 13th, 2012 10



RUHR-UNIVERSITAT BOCHUM

Computing
in Engineering

Simulation component for ringbuild
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Simulation component: Erector
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Decomposition in simulation components

Support processes
supply chain

Backup system Delivery system Subsurface
jobsite
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Simulation component for supply chain
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Simulation model of supply chain
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Case study

Project parameter

Techn. disturbance parameter

Length of tunnel 8000 m
Diameter machine 10 m
Length of segment 2m
Segments per ring 7 (6+1)

Example Main Drive

Min Mean Max
MTBF 50 h 150 h 450 h
MTTR 2 h 10 h 50 h

AnyLogic Conference 2012 | Berlin | December 13th, 2012

16



RUHR-UNIVERSITAT BOCHUM

Computing
in Engineering

Input data — soil conditions
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Simulation results: daily advance rate

= Consideration of alternating soil conditions » Impact of disturbances
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Simulation results: analysis of disturbances
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Validation with Wehrhahn Linie Dusseldorf
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Source: Bautechnik 89 (2012) Issuell; Mark, et al.
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Ruhr-Universitat Bochum
Chair of Computing in Engineering
Prof. Dr.-Ing. Markus Konig

Gebaude IA 6/151, Universitatsstral3e 150, D-44780 Bochum
office@inf.bi.rub.de
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