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BIM and Mechanized tunneling
Lecture outline

* Introduction
 Dimensions of BIM in mechanized tunneling (from 3D to 6D)

e Level of Details (LODs) in mechanized tunneling
e 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.)

e Conclusions
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BIM and Mechanized Tunneling

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

LINK models and S
information -

| e Aty to impact cost

2 —— Cost of Changes
3 —— Traditional decislon process

Effort / Effect

i = Preforred deciion process

Design Construction Oparation

MacLeamy Curve.

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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Life-cycle and LODs in Mechanized Tunneling
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LODs in Mechanized Tunneling

For each knowledge area there are different LODs
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LODs (Level of Details) in Mechanized Tunneling

Design of the segmental lining in Geodata - LOD 300-400
(BIM
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| ODs (Level of Details) in Mechanized Tunneling
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IFC for Mechanized Tunneling

BIM is Object Oriented
IFC (Industry Foundation Classes) smartBuilding for a uniform data exchange format
toward IFC5
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BIM and Mechanized tunneling
Lecture outline

* Introduction
 Dimensions of BIM in mechanized tunneling (from 3D to 6D)

e 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.)

e Conclusions
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Tools for BIM

* (3D 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

* Pythonis 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.
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Tools for BIM

\ READ FROM EXCEL

File. FromPath

Extract data from CSV file

List.Drapltems
list list.

Pasitions (do not touch)
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Tools for BIM
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BIM and Numerical Simulations

J)

FDM 3D MODEL

FEM 3D STRUCTURAL MODEL
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BIM and Numerical Simulations

O Time-consuming modelling
O Decision-Making process

L Meta Models

{originally as surrogate models)
1
| 1
Numerical Numerical
Simulation # n-1| Simulation it n

Numerical
Simutation #3

Factor of Safety (FoS)

Factur of Safety vs. Percest of Range.

TOOLS & TECHNIQUES
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BIM and Numerical Simulations

Settlements
Factor of Safety
Other factors

O Decision-Making process
O Time-consuming modelling
O Meta Models
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BIM and Numerical Simulations

[ Decision-Making process
0 Time-consuming modelling
0 Meta Models

BIM tools
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BIM and Mechanized tunneling
Lecture outline

* Introduction
 Dimensions of BIM in mechanized tunneling (from 3D to 6D)

e 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.)

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

\‘*\3_ Production

of Design

* Clash detection (space-proofing and MEP components)
e 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

e Structural design
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Space-proofing and MEP

Clash detection - Virtual construction for the study of the excavation sequences

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

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.
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Geological assessment and design
Without BIM With BIM
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Geological assessment and updating
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Geological assessment and design
from the input data to fault zone definition in the 3D model

New technologies and automation
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Geological assessment and design
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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

I ssan I

Trcnan s ;

i e i

- . e g ; E| e
MRS ACMORY | WIGESETTRG | VOUE | PRESET i 4 4 —-—--xé%'s‘m: i | L

LuTE:

L D LT
AES TS e
LT D T 5 =
= by b ERe g . 5 THELATONL I TSI 2o f |
A WERGT | TRETR s ki 25 R LR
£ D i SHLE ETRar CEELetD A MFLREES SMTH
i il | ERn e
EE H ','.".%( o : L
£ iy : 5
| LR R =
| 4 :
# e - : :
; o a.J— ! i e
PR Fln ——] S TORTIT ' T a1 {0 4
L i b =t
- 3 ! 4 i
3 i i sy \
. e Vs b T T A
BT 4
- I

w
BT P TorE 4
ST ATHE 6,1 AR
Tt 15 g Lime: 4 Y e s ]
= L VLTS Catl BEREG - s
- — ! _i—-n—r =
B ﬂi‘ E — 3 LA
B ¥ —
= . 3 it
4 i o e St
DT 1 0 K T
B
444 iy
E e @
El His-
| A
24 i A 4l
P 2 -42', - e
3 « = 21 WL TIEE
i okt k4
§ , LeeGITLOES L Jol T DETSL &
LongITops s | )T DETSL Lutgupta] o T [ET2IL COTFRECCED Tl wTH ErLT

TOEFFEED M1 W OHEOLT i

i ' SRR nmE - @
= = i

'."

"T I T e ; CIRCAF EFE 114 L SO0 FACE FOR SEQHERT 50 51 55 555 5 v
e ol i | || ke I :
4 | . PR
| | T e e
1 T G =N
e rf b 1‘ i 1 [ CORGERT LY WeT ANTHDAISED PR COMRTRUTIEN
T =
or T T T - HE
e jf | s 1 rrkes o ] e H:
i l = I HS
7 ;T B T !
e [ e [ e | i ik
£ A il ha

EXTERNAL WEY CEVELOPED RIAES
e

- e GONCEFT DHLY, %0T AUTHDAIZES FOR CONSTRUCTION

“—~. [Y&=E] Tunnelling4.0:
O‘“ SNPRIES  New technologies and automation
P 24 September 2019 — Buenos Aires, Argentina

e
T TN



Design of Segmental Lining
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Design of Cross-passages and NATM sections

Parametric generation of complex geometries
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Design of Cross-passages

* Functional design and MEP
* Clash detection
e Structur.
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Design of Cross-passages

Design of temporary steel-frame and MEP services during construction
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Design of Cross-passages

Clash detection for complex geometries: temporary steel-frame and ground-freezing support system
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Design of Cross-passages

BIM model as an important input for the numerical computations and for the shop drawings
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Project phasing simulations
Visual validation of two alternatives — 4D BIM
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Project phasing simulations

Bascded Naviswerks Mansge 2017 GEODATA - TBASOLUTION mef

Nigw Qv 3 - .

z [T =l (?\_
Baaas-.R80 %
Sdecton Al Sime T [iitem = D Uradlected NI T

Fenil & Semch * kst

5] - Ot 2 I tppasmrce bresier
= |-_'| i 8% Batch Usity
Apperd  Refresh Kecs  File Cewn [Timeliner Cusrtfication Autodesk Snimatar Scripber
. 1

Datatock: §
AL, " Gptions

Peojert =

[wn CementE Derenl pesar Cover  Phoe Craa Y|
Prepety Vel
Hearre Pang_R1_CH
Toe Fiog_R1CH
Tardy Feg_RT_CH
L01.L13 [ Chainage Ring start | wp
~ : LNt - Lige o FNG-Flny
LG stations x and y 5 R
< ! LN2 - Ljpe 2 EAG - Sizaraiiun
< > Name Line Activity
b o —
[N 3 !
a% | S8 LN - LOS - TBM - &G - 396 |w)
. i =
(_mk 2 > ' }l rog Hore
§b§ i - Tive Famdy Sl “Arg_R1
D E IS 1
@ Excavation Type Sequence
!'65*- TBM - zotmnlzd Aon - Fuy Harmisr (TEL - L= 4m
u:.§ NTM - Tradidussl 1. - Srsavutdon Seelon (AT - L=Tm
7 LNI-LTS-TBMCSY - Bloces rote - o x|
Tl Icmion: Henite WPy 1
1D, NANE_DB), Planned_start, Phanoed_end, Type_task  *
1,LN1-TRH-RI5-1,20/82/2017, 21 7,Construct
- struc)
truc)
= truclill B
mm frric
& Tz - Ptruc) -
LN e 220l
B, L1 TRH-RNG-1,27/02/2017, 17, Construct
= 9, L1-TBN-RNG-1,28/82/2017 , B1/03/ 2817 Construct
EmE EEE zoore 1@, LHL-TEM. R4 1,01/03/2817, 83 /03 /2017 Cenztruct
el S . 11, LNE-TBM- NG - 1,02,/03/2017,@3 @3 /2917, Construct
PosnidErd | Achedtat ezl |33 LN TEM:RNG-1,03/03,/2817,84 /83 /3017, ConsEruct e ——— B ——
- L |z 13, LNL-TEM. RNG-1,00,/03/2017,@5/@3 /3017 ,(cnstruct % w3 Wi WIS WES wir | we | owhe |
S Wk — : 14, LIL-THN. RNG - 1,05,/03,/ 281706 /83 /2917  Construct
‘H\!. —— 15, LN1-TBM-RNG-1,06/03/20817,87 /@3 /2017 ,Construct
3 WA Congtruct v
At (" Conene « >
2 L TEMRANG 330 gz L L) Cengbit
L TEMANG e
LML TEM MG X5 OORI0Y
ANLTEMRING 9T vty

TEf0S 008

An example of 5D BIM (Time & Costs)
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4D-5D BIM for Mechanized Tunneling

I

Project phasing simulation and evaluation of costs
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BIM and Risk Management

An Example of implementation of Risk Register along the alignment using MySQL, Dynamo and Python
EMV (Expected Monetary Value) for the decision making

Initial Hazard & Risk Level (Evaluation)
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BIM and Risk Management

An Example of implementation of Building Risk Assessment (BRA)
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BIM and Mechanized tunneling:
Project Life-cycle and Knowledge areas

Production

of Design

* 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

y JL Ry \ - o - T ‘__ A 3 '- - ! P " ! - -
- — . i g ) - - = i '
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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..

sm— H .

By Yei=) Tunnelling 4.0:
O‘“ New technologies and automation EXAMPLES
. Tomeenes 24 September 2019 — Buenos Aires, Argentina



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

Production

of Design Construction

* 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

e 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

sm— H .
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Construction stage

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

From DBMS to BIM to manage the amount of data during the excavation
Without BIM With BIM
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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).
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Issue Management and back-analyses
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Issue Management and back-analyses
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BIM and Mechanized tunneling:
Project Life-cycle and Knowledge areas

Production
of Design

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

Juridical Claims

* Traceability
* Quality Control
* Data management
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Traceability for Maintenance
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BIM and Mechanized tunneling
Lecture outline

* Introduction
 Dimensions of BIM in mechanized tunneling (from 3D to 6D)

e 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.)

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

* 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.)

* BIMis 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

SCOPE

Triple Constraint of Project Management (PMI)
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BIM, an efficient response to meet the
needs of modern tunneling

 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

5. Implement 4. Select Bast
Decision Option

Project Management Principles (PMlI)
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