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Knowledge areas

• Introduction
• Dimensions of BIM in mechanized tunneling (from 3D to 6D)
• Level of Details (LODs) in mechanized tunneling
• BIM-based Tunnel Models using standards (IFC)

• Tools & Techniques
• Revit, Dynamo, Phyton, Navisworks etc.

• Examples of BIM application in Mechanized tunneling projects
• Along the Life-cycle of the project (Design, Production of Design,

Construction, Maintenance)
• For the different knowledge areas (Alignment, Geology, Precast of the

segments, Advance of TBM etc.)

• Conclusions

BIM and Mechanized tunneling
Lecture outline
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LINK models and 
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BIM and Mechanized Tunneling

INTRODUCTION

MacLeamy Curve.

Mechanized tunneling includes many automatized processes and many repetitive
synchronous activities and produces an amount of data. Mechanized tunneling is particularly
suitable for the holistic parametric BIM approach

4D – Time / Construction Sequence
5D – Costs
6D – Project lifecycle information

4D-5D-6D BIM i.e. integration of:
• PAT Process control during TBM advancement
• Construction data i.e. M&C data during the excavations 
• Damages of segments along the alignment 
• Risk Register along the alignment 
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For each knowledge area there are different LODs 
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INTRODUCTION

LODs (Level of Details) in Mechanized Tunneling

Design of the segmental lining in Geodata - LOD 300-400
(BIM 
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Projects funded by the German Research Foundation (DFG)
Universities of Bochum and Munich 

BIM is Object Oriented
IFC (Industry Foundation Classes) smartBuilding for a uniform data exchange format

toward IFC5

INTRODUCTION

IFC for Mechanized Tunneling
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• C3D and Revit: software for BIM with tools to create intelligent 3D models which can be used
to produce construction documentation

• Dynamo is an open-source, visual programming extension for Revit/C3D that allows to
manipulate data, sculpt geometry, explore design options, automate processes, and create
links between multiple applications

• Python is an interpreted, high-level, general-purpose programming language.
• Navisworks allows users to open and combine 3D models, navigate around them in real-time

and review the model using a set of tools including comments, redlining, viewpoint, and
measurements.

TOOLS & TECHNIQUES

Tools for BIM
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BIM and Numerical Simulations

TOOLS & TECHNIQUES

FEM 3D STRUCTURAL MODEL

3D GEOLOGICAL MODEL

FDM 3D MODEL

3D BIM 
MODEL

BEM 3D MODEL

TOOLS & TECHNIQUESTOOLS & TECHNIQUES

FDM 3D MODEL
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BIM and Numerical Simulations
 Time-consuming modelling
 Decision-Making process
 Meta Models

TOOLS & TECHNIQUES

Factor of Safety (FoS)
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BIM and Numerical Simulations
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 Decision-Making process
 Time-consuming modelling
 Meta Models

BIM visualization

TOOLS & TECHNIQUES
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BIM 3D model

BIM tools

BIM

EXAMPLES
Construction stage

BIM and Numerical Simulations

Meta-models 
Correlations

 Decision-Making process
 Time-consuming modelling
 Meta Models
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• Clash detection (space-proofing and MEP components)

• Virtual construction for the study of the excavation sequence

• Variant studies and optimization of the alignment

• Justifiable assumptions, applied concept and design criteria 

• Sensitivity calculations

• Probabilistic integrated calculations

• Risk-based study of various scenarios

• Structural design 

Design stage 
EXAMPLES

Design Production 
of Design Construction Maintenance

BIM and Mechanized tunneling: 
Project Life-cycle and Knowledge areas
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Clash detection - Virtual construction for the study of the excavation sequences 

CHECK OF THE EXCAVATION SEQUENCES OF THE 
TBM LAUNCHING SHAFT

Space-proofing and MEP

Design stage 
EXAMPLES
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CLASH DETECTION: ALIGMENT AND MEP INSTALLATIONS

BIM solution have been used to model the spaceproofing with the aim to evaluate the right position of trackbed, walkways
and any other obstacles to be considered for MEP design.

Alignment - Space-proofing – M.E.P.
Clash detection - Virtual construction for the study of the excavation sequences 

Design stage 
EXAMPLES
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Without BIM With BIM

Geological assessment and design

Design stage 
EXAMPLES
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Geological assessment and updating

Input data required (2)
Lithological & geomechanical
(i.e. RQD, GSI, RMR) database 

from boreholes

Input data required (1)
- Topographic surface
- 3D layouts of works

- Existing geological maps
and/or cross sections

- Structural data (mfaults, 
joints) 

New input data:
- boreholes from GI

- lab and in-situ tests
- Geological & 
geostructural field 

surveys

Construction stage
EXAMPLES
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EXAMPLES

Geological assessment and design
from the input data to fault zone definition in the 3D model 

Definition of 
Fault zone in a 3D 

model 
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Geological assessment and design

Design stage 
EXAMPLES

Definition of Fault zone in a 3D model 
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Design of Segmental Lining

Design stage 
EXAMPLES

A software developed in Geodata for the design of the segmental lining covering all the LODs
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Design of Segmental Lining
A software developed in Geodata for the design of the segmental lining covering all the LODs and shop-drawings for the precast

Design stage 
EXAMPLES
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Design of Segmental Lining

Design stage 
EXAMPLES
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EXAMPLES

Design of Cross-passages and NATM sections
Parametric generation of complex geometries
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• Functional design and MEP 
• Clash detection
• Structural analysis

SHOP DRAWINGSBIM MODEL 

CLASH  
DETECTION

Design stage 
EXAMPLES

Design of Cross-passages

NUMERICAL STRUCTURAL MODELS
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EXAMPLES

Design of Cross-passages

NUMERICAL STRUCTURAL MODELS

SHOP DRAWINGS

Design of temporary steel-frame and MEP services during construction

BIM MODEL 

CLASH DETECTION
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Clash detection for complex geometries: temporary steel-frame and ground-freezing support system 

Design stage 
EXAMPLES

Design of Cross-passages
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BIM model as an important input for the numerical computations and for the shop drawings

Design stage 
EXAMPLES

Design of Cross-passages
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EXAMPLES

Project phasing simulations
Visual validation of two alternatives – 4D BIM

RISK ANALYSIS - MULTI-CRITERIA ANALYSES 

TIME MANAGEMENT
CPM 

TBM AFTER DEEP EXCAVATION (STATION/SHAFT)

TBM BEFORE DEEP EXCAVATION (STATION/SHAFT)
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An example of 5D BIM (Time & Costs)

Project phasing simulations

Design stage 
EXAMPLES
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EXAMPLES

Time – Costs - WBS

4D-5D BIM for Mechanized Tunneling 
Project phasing simulation and evaluation of costs 
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An Example of implementation of Risk Register along the alignment using MySQL, Dynamo and Python
EMV (Expected Monetary Value) for the decision making 

MySQL

BIM and Risk Management

Design stage 
EXAMPLES
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An Example of implementation of Building Risk Assessment (BRA) 
BIM and Risk Management

Volume  Loss 0.5%

Volume  Loss
K-param

Volume  Loss 1.0%

Volume  Loss 1.5%
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EXAMPLES

Design Production 
of Design Construction Maintenance

BIM and Mechanized tunneling: 
Project Life-cycle and Knowledge areas

• Quality control
Compliance with the requirements
Tests for the components and conformities
Tests for segments and conformities 
Tests for Ground treatments 
• Traceability
Complex process of Precast of segments 
Data integration at any time



Tunnelling 4.0:
New technologies and automation 
24 September 2019 – Buenos Aires, Argentina

Production of Design
Documentation “start to end”

1. Records of information provided and exchanged 
between the Manufacturer, the Main Contractor and 
the Transport Company. 

2. Roles and responsibilities during transportation.
3. Documents of segments inspections and acceptance 

for the delivery on site.
4. Documents of supervision during segments handling 

and transportation process.
5. Transport permits, notes and inspections check lists.
6. Eventual quality measures applied during handling 

and transportation of segments
7. Boreholes and laboratory test results for JG or other 

ground treatment
8. Document of conformity (workplace regulations)
9. Etc… 

Production of design
EXAMPLES

BIM
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EXAMPLES

Design Production 
of Design Construction Maintenance

BIM and Mechanized tunneling: 
Project Life-cycle and Knowledge areas

• Management of a great amount of data Near Real-time (time and location)
TBM data: Thrust, torque, penetration rate, face pressure, grout pressure, mucked 
materials weight, slurry properties, TBM KPI
Ground data: Piezometric level, deformation and displacements
Buildings data: Deformation and displacements

• Monitoring and Control (M&C) with Data integration at any time
• Continuous comparison of the forecast and actual conditions, enabling corrections
• Risk and Issue Management
• Communication
• Web-based integration of software modules
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Construction stage

BIM
MODEL

From DBMS to BIM to manage the amount of data during the excavation

Construction  stage 
EXAMPLES
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Without BIM With BIM

Construction stage
From DBMS to BIM to manage the amount of data during the excavation

Construction  stage 
EXAMPLES
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EXAMPLES

Construction stage
From DBMS to BIM to manage the amount of data during the excavation
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Issue Management and back-analyses

Issue Management – Potential Causes:
• 1. Mechanical strength of treated soil; 
• 2. Mechanical strength of annulus soil; 
• 3. Permeability of treated ground; 
• 4. Permeability of annulus grout; 
• 5. Effective complete treatment of soil with 

JG (no gaps between JG columns); 
• 6. Effective complete grouting of interface 

with annulus grout (no gaps between 
segments and annulus grout); 

• 7. Effective sealing, with grout, of interface 
between segmental lining and JG 
(sufficiently tight closure of interface). 

Construction  stage 
EXAMPLES
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EXAMPLES

Updating of the model after the excavation of  the two TBMs

Issue Management and back-analyses
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BIM ModelFDM/FEM Models Geological Models

Issue Management and back-analyses

Construction  stage 
EXAMPLES
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Design Production 
of Design Construction Maintenance

BIM and Mechanized tunneling: 
Project Life-cycle and Knowledge areas

Control of Project Deliverables
Management of No Conformities 
Operational Maintenance
Reparations of damages
Juridical Claims

• Traceability
• Quality Control
• Data management 

Traceability and Maintenance
EXAMPLES
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Knowledge areas

BIM

PROJECT MANAGEMENT
CONTROL OF DELIVERABLES

NO CONFORMITIES MANAGEMENT 

ALIGNMENT
SPACE-PROOFING

MEP

SEGMNENTAL LINING
DESIGN

TBM ADVANCE
CONTROL PARAMETERS

CUTTER/TOOL 
MANAGEMENT

INTERACTION WITH 
THE ENVIRONMENT

UTILITIES  
BUILDINGS OTHER 
INTERFERENCES

(M&C)

GEOLOGY

Tool & Technique

OPERATIONAL 
MANTEINANCE

CROSS-PASSAGES 
EXCAVATION

Process Monitoring and Control 
(M&C)

SEGMENT PRECAST 
JOBSITE LOGISTIC

CROSS-PASSAGES  DESIGN

Traceability for Maintenance

Traceability and Maintenance
EXAMPLES
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• BIM reduces human errors during design of the structural components (Universal ring,
Alignment, Segments and connection system, Cross-passages and its components, Clash
detection etc.)

• BIM is a driving force to the requirement compliance (Laws and regulations, Conditions)

• BIM helps on construction management: Scheduling TBM advancement - Logistics during
precast, storage, transportation of segments

• BIM is a driving force to streamline co-operation, teamwork and better information
management for the construction industry

• BIM increases Quality by controlling Time, Costs and SoW

BIM, an efficient response to meet the 
needs of modern tunneling 

Triple Constraint of Project Management (PMI)

CONCLUSIONS
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• BIM facilitates the accessibility to a great amount of data (control parameters,
monitoring during the advance of the TBM, monitoring on the structures on the surface
etc..) BIM can organizes the amount of data to use in the same project (prediction during
the advance) or in other similar project (Big-data)

• BIM reduces human error during construction and allows traceability (causes of defects
as damages on the segments)

• BIM facilitates forecast during the construction phases: communication between 3D
geometrical modelling, efficient, numerical simulation and model adaptation based on
measured data acquired during the boring process

• BIM is an important tool for the Risk Analyses and the Issue management: identifying
and resolving issues in a project of Mechanized Tunneling (decision-making)

BIM, an efficient response to meet the 
needs of modern tunneling 

Project Management Principles (PMI)

CONCLUSIONS
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Tunnelling 4.0 
Information technology for the design, construction and maintenance of underground works
3-4 May 2019, Naples, Italy

MULTI-CRITERIA ANALYSES 
MONITORING AND CONTROL

PROCEDURES
PLAN OF ADVANCE OF TBM 

BIM

SENSITIVITY 
ANALYSES

CONCLUSIONS

Conclusions
MITIGATION 
MEASURES
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Disclaimer

a) The speakers are presenting their own personal views and are not expressing the 
view of the Foundation.

b) Images are used at the discretion of the speaker. ITACET Foundation cannot take 
responsibility for any unauthorised use of images.

c) Papers and documents displayed or handed out during the Event are copyrighted. 
The participants must observe and comply with all applicable law regulations 
concerning the copyright.
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