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I’'m here for...

1. Presenting our Istanbul Metro Line
project developed with a “full BIM
approach” using computational
design tools

2. A quick presentation of our last
experiences in BIM for Tunneling




Istanbul

* Istanbul is a megalopolis with over than 14
million of inhabitants, characterized by a
mixture of historical and modern urbanization,
often uncontrolled, and natural constraints.

* The morphology of Istanbul, heavily hilly and
with the Bosphorus that separates the Eastern
and Western sides, adds greater complexity to
these challenges.

* Large investment plan that consists in building, \ J
by 2023 (100th celebration of the founding of
the Turkish Republic), a new metropolitan | S T A NBUL
railway network, covering the metropolitan u

area of about 500 km. B UYU KS E H I R

BELEDIYESI



Railway Metro Lines in Istanbul

Within this ambitious investment plan, Geodata has been involved in
the development of four subway projects

Dudullu-Bostanci 14 Km Final and Construction Design
Umraniye-Atasehir-Goztepe 13 Km 11 Final Design

Kirazli-Halkali 9,6 Km 9 Final and Construction Design

ﬁ:z;;::‘eapnﬁ - Istanbul Yeni 37 Km 10 Detail design revision and Construction Design

All abovementioned projects have been done with a “full BIM

approach”, from the alignment up to stations design, considering also
temporary and permanent structures.



AUTODESK

REVIT

BEP and stakeholders cooperation

The BEP (BIM Execution Plan) defined the rules of how to use BIM in the entire
project (within Geodata and with other stakeholders)

The main problem was that there was no a standard classifiers imposed from the
Client. There are no any recommendations, standards or guidelines for
tunneling.

The BEP defined also rules to generate a federated model, that consists of linking
different disciplines, in particular:

* Functional/Architectural model
e Structural model
e MEP model
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Architectural and functional design

T The use of the BIM
muze  approach has improved
=== for the design
management both
within Geodata and
- towards other
Stakeholders. In
particularly, it has been
extremely useful for
sharing the same model
simultaneously with
structural, architectural
and MEP designers.

TEAM WORK:
1 Architect
1 Structural Engine:

Secondary Access

Ancillary Building

Main Station
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Interaction and interface in a teamwork

Worksharing

Central Model

A=A

]

STATION
MODEL in
Autodesk BIM360

TEAM
ARCHITECT STRUCTURAL ENG. MEP ENG.

The interaction and the
interface with all the
other related disciplines,
structural design, MEP
design, architectural
finishes, is a must. The
greater the interaction
between the disciplines
is and the minors the
negative impacts are
during the construction
phase.
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Autodesk BIM360 for stakeholder collaboration

) AUTODESK BIM 360 | Geodata Engineering SpA -

EHH ACCO unt a d m] n PROJETS MEMBRES SOCIETES ROLES ANALYSE PARAMETRES

Geodata Engineering
SpA

Autodesk BIM360 was used at the construction level, in order to give a full
access of the design documentation to all stakeholders, with different access
rules according to the user. Everyone was able to insert comments, even
uploading images directly from the station sites. All this allowed a
simultaneous coordination between stakeholders, especially between the
Construction Supervision, the Contractor and the designers.
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BCF (BIM Collaboration Format)

BiMcollab BCF Manager
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For the design phases, the BCF
format was used to check errors,
to make “issues and changes
report” and to keep track of all
the changes requested, made or
rejected.

Every Friday a general
coordination meeting was held
between the various disciplines
and a specific report of issues
and changes in BCF format was
re-issued.



Computational Design

B Dynamo

Computational design consists of applying computational strategies to

conventional design processes.

Dynamo is a visual
programming
language. It consists of
standard nodes that
allow to do many

- operations.

When the nodes
doesn’t do what you
need, you have to
program your custom

- node using Python

programme language



B Dynamo
Computational Design

R Python Script — o x

sys
clr
L] .
path = r'C:\Program File IronPython 2.7\Lib’
Surface.dyn -path.append(pyt_path) y O n IS a SII I Ip e
os —
)

-AddReference( ' Protof etry
Autodesk.DesignScript.Geometry

- program language

Autodesk.Revit.UL = 2 - *
. .
object oriente
.
Autodesk.Revit.Creation 5

.AddReference( *Revitho

i used in many

-ImportExtensions(Revit.Elements)
. ImportExtensions(Revit.GeometryConversion)

s rence('RevitServices')
RevitServices.Persistence DocumentManager
RevitServices.Transactions TransactionManager

doc = DocumentManager.Instance.CurrentDBDocument

j o other than

elements = UnwrapElement(IN

distributions = Unurapﬂeugntg%n[q} )
force - IN[2].Tokyz() : yn a m O
moment = IN[3].ToXyz ; .
LLType = UnwrapElement(IN[4]) e
case = IN[5]

.
TransactionManager . Instance . EnsureInTransaction(doc) I t I S u S e u a S O O r

loadCasesCollector = FilteredElementCollector(doc).0fClass(LoadCase)

machine learning

c loadCasesCollector:
loadcases.append(c) =

simulations.

loadcase = loadCases[case - 1] I

loadCase = @

range(0, len(elements) [T
1L = LineLoad.Create(doc, elements[i],force*distributions[i], moment, LLType) » w@ -1 B our
loadCase !
11.ic=dcaseId = loadCase.id
lineloads.append(1i}

TransactionManager . Instance.TransactionTaskDone()




B Dynamo
Application of Computational Design

Automated workflow for:

* filling title blocks by reading the parameters from the processed list of
drawings

* filling stations room names according to the coding for each room
 numbering model elements (rooms, walls, pillars, slabs, etc ...)
 writing specific parameters extrapolated from external database
* modelling TBM tunnels

* modelling NATM tunnels

* modelling excavation supports

* Automated design of TBM segments by using a specific tool developed for
Inventor



Architectural and functional design

. Type Properties
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AUTODESK

REVIT

By specific
parameters
applied to families
and materials, it
was possible to
link Revit's
internal materials
to the technical
specifications and
unit prices, in
accordance with
the local
legislation,
through an
exchange of
information with
the company,
which periodically
updated the BoQ.



Properties
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Architectural and functional design

This procedure of
parameterization and
population of the
families has been
adopted also for
writing the WBS codes
useful for the
management of 4D
and 5D, developed in a
post-modelling phase
using Navisworks
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Revit MEP, clash detection and openings  ®bynamo

Use of specific Add In for realizing cut
Add In didn’t work properly we also u
opening




B Dynamo

Modelling TBM tunnels
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Modelling TBM tunnels

51082 229.dsk - Excel Pallaria, Christian
File m Insert Page Layout Formulas Data Review View Developer Add-ins Help Acrobat Team £ Tell me what you want to do 1#% Share I Comment:
b o vl o e a == % BwepTe General 0 Bl BE toma Bad Good Neutral Calculation ||| | ey = ’::tiﬁ“"‘ “hv O
paste [%::r”:at‘hm BIU- B & A SES=EE Evesencow - | @-% 3[R0 | Sordtonl fomats Expianatory .. [IPEETTTTT] Linked cell_ [Noto e pae | ST sora fras
Clipboard [F Font . Alignment i Number [F Styles Cells Editing
K8 - A
Ring Date and time Ri Ring center Ring center Ring center Ring center
in
Mumber (Ring selection) & EAST value [m] MNORTH value [m] HEIGHT value [m] Stationing [m]
1| 23.05.2018 18:27:10|U13 400217,058 45368159,562 51,136 2794138
2 24.05.2018 07:00:38|U08 400218,015 4568158,407 51,147 27939.88
3| 24.05.2018 15:09:400U13 1| 400219,004 4568157,270 31,144 27938,37
4| 24.05.2018 22:14:33|U15 400220,011 4568156,157 51,185 27936,87
3| 26.05.2018 15:53:50|U10 400221,019 4568155,044 31,181 27935,37
6 26.05.2018 23:44:07|U05 400222,031 45368153,936 51,197 27933.87
7| 27.05.2018 06:28:25|U07 400223,026 4568152,809 51,206 2793237
8 28.05.2018 16:17:58|U12 400224,026 4568151,695 51,200 27930,87
9 29.05.2018 03:52:33|U04 400225,026 45368150,579 51,204 27929.37
10| 29.05.2018 11:37:20|U09 400226,022 4568149,456 51,188 27927,87
11| 29.05.2018 18:07:55|U01 400227,012 45368148,326 51,178 27926,37
25 24| 01.06.2018 22:27:04|U01 400239;920 4568133,675 51,182 27906;84 36,04 5 2
26 25( 02.06.2018 02:53:39(U09 400240,913 4568132,553 51,186 27905,35 37,53 4 3
27 26( 02.06.2018 06:28:20{U14 400241,858| 4568131,384] 51,201 27903,84 39,04 68| 20|
28 27| 02.06.2018 11:01:49|U06 400242,887| 4568130,287| 51,180 27902,34 40,54 23 4
29 28( 02.06.2018 14:57:09|U01 400243,863 4568129,142| 51,187 27900,83 42,05 43 4
30 29( 03.06.2018 23:04:20(U09 400244,832] 4568128,035 51,191 27899,36 43,52 56 7|
kil 30( 04.06.2018 02:01:08/U14 400245,855 4568126,897| 51,186 27897,83 45,05 41| 0|
32 31| 04.06.2018 05:31:47|U16 400246,835 4568125,812 51,199 27896,37| 46,51 25 12
33 32| 04.06.2018 09:45:40|U05 400247,870 4568124,667 51,210 27894,83 48,05 7 21
34 33| 04.06.2018 13:34:03|U10 400248,870 4568123,547 51,212 27893,33 49,55 -2 21
35 34| 04.06.2018 16:14:56|U08 400249,866 4568122,454 51,210 27891,85 51,03 -25 17




Modelling TBM tunnels
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Dimensions &
PaositionAngle 247.50° |
Volume
|dentity Data A
Image
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Mark
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Flip i
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Apply
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B Dynamo

Modelling NATM tunnels

Tipi di farniglia

SN It from ISON

Nome del tipo: | PW3_1Sem

iF‘aranetrl diricerca

GO_STD_MumberOfElerment
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0 =
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INFORMATION

GD_ProfileSelector<Modelli gene PRF_PW3

{Alberto Bolzonello

GD_CreatadBy ="Alberto Bolzonello"
GD_ElernentDescription

|mmag|nehpu e e e
Mata chiave = |
S e e s

..... éG! odata Engineering i Geodata Engineeg-ing-"""

Froduttore
Commentisultps
LRL

Descrizione = I
i

Codice assieme

Costo

TaARE (Ows




B Dynamo

Modelling of excavation supports

* Dynamo has been used
also for modelling of
supports

* Clicking the surface,
defining input data,
supports were
modelled automatically




Modelling of excavation supports

The code allows to control:
Initial offset of the starting point;
X support distance
Y support distance
Support length
Support radius
Support material and tipology

Set the type of support disposition

(quinconce or normal)

Surfaces.DivideSurfaceUV

UDivision
wision
Horizontal Support Distance
V

SupportSUppor v | Family Type

e\ INfo] | +
Suppaort Lenght 1 -v—_ =
Ny INET]

1

INE2]
il INE]
upg T = | Family Typ

Support Lenght 2
10.000 =

Support on sides 1

o True /Falze >

Coda Block

‘@ True (False >

»

Reverse Horizontal Start Point

Code Block

st | 1St[81; >

List.Transpose

MNurbsCurve.ByControlPoints

paints

degres

> NurbsCurve
>

it

=\

B Dynamo

—

Watch

Code Block
1

-..v‘ 33

—

Iz | //Crown double division
I astrer; b= LT
it N— 7
1st[1]; *
I /offsetl BB surfaces DivideSurfaceUV
1sti2]; B el Sl s
/loffseta ‘ it &k
1s¥[3]; UDivisien > Planas
. VDivision > Normais
‘ Gaussian
____-" -
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= Voarams



Modelling of excavation supports
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B Dynamo

b2
Tag
Ares |

@ 3D View -l

| 3D View: {30} ~ Edit Type
Graphics 2
View Scale 71100

Scale Value 1: 100

Detail Level Medium

Barts Visibility Show Original

Visibility/Graphics Overrides | Edit..

Graphic Display Options ! Edit...

Discipline Coordination

Shouw Hidden Lines By Discipline

Defaut Analysis Display Style None

Sun Path il
Extents A
Crop View

Crop Region Visible

Annotation Crop

Far Ciip Active

Far Clip Offset 04,8000

Section Box

Camera A
Rendering Settings 1 Edit...

Locked Orientation

Berspective

Eye Elevation 510238

Target Elevation 4.0000

Camera Position Adjusting
Identity Data £
View Template I <Nonex

View Name 2D}

Dependency Independent

Title on Sheet
Phasing &
Phase Filter Show Al

Phase New Construction

Properties help Apply

1:

100

FFe G RERBS ¢ a@daiE <

Support

Generic Models [1)

| 53 Edit Type

Click to select, TAB for alternates, CTRL adds, SHIFT unselects.

L
&
fret

Materials and Finishes o
Material  <By Category> T

Dimensions o
Diarneter 0.0280 |
Lenght 10.0000
Volume 0,006 m’

Identity Data 2
Image
Comments Fockbolt
hark Cavern]_T8

Phasing. 2
Phase Created Mew Construction
Phase Demolished Mone

Adaptive Component A

Flip

0




T

AUTODESK'
INVENTOR'

lllllll

Design 18M segments

TG | wouse | e

wves
o _ros_ame
Do neIon
2ne AN ey
e L
wT™ —=
e |

WGEODATA




AUTODESK’
INVENTOR’

Design TBM segments
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Design TBM segments
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WebApp for TBM Survey A puthon” MysQLS

A Web App able to store data about segment
damages during excavation, setting the data, time
and name of the inspector.

Geodata Engineering

Ring Damages Store Data

Welcome Christian Pallaria

Ring VMT data

F Ring Number Ring Position Stationing Installation Date X Y z Horizontal Deviation Vertical Deviation
1 u1a 27941.38 23.05.2018 18:27:10 400217058 4568159,562 51,136 14 -43
2 uos 27939.88 24.05.2018 07:00:38 400218,015 4568158,407 51,147 61 -32

| 3 u13 27938.37 24.05.2018 15:09:40 400219,004 4568157,270 91,144 71 -35

. 4 u1s 27936,87 24052018 221433 400220,011 4568156,157 51,185 53 6
5 u10 2793537 26.05.2018 15:53:50 400221,019 4568155,044 51,181 34 2
6 uos 27933.87 26.05.2018 23:44:07 400222031 4568153,936 51,197 8 18
7 uor 2793237 27.05.2018 06:28:25 400223026 4568152,809 51,206 8 27
8 u12 27930,87 28.05.2018 16:17:58 400224026 4568151695 51,200 -4 21
9 uo4 2792937 29.05.2018 03:52:33 400225026 4568150,579 51,204 -15 25
10 uos 2792787 29.05.2018 11:37:20 400226,022 4568149 456 51,188 -19 9
11 uot 27926,37 29.05.2018 18:07:55 400227,012 4568148,326 51,178 -13 -1
12 u1s 27924.88 30.05.2018 00:29:36 400227,996 4568147,209 51,185 -12 6
13 Uo7 27923.37 30.05.2018 13:47:31 400228,990 4568146,068 51,184 -1 5
14 u1s 27921,88 30.05.2018 23:01:06 400229,973 4568144,950 51,195 1 16
15 uor 27920,38 31.05.2018 03:48:31 400230,975 4568143,840 51,193 -16 14
16 uoz 27918.88 31.05.2018 10:41:31 400231977 4568142,714 51,194 -22 15
17 uo7 27917,36 31.05.2018 16:49:18 400232,989 4568141,563 51,195 -4 15
18 u12 27915,85 31.05.2018 22:45:46 400233,987 4568140,438 51,186 =F T
19 ui4 27914,35 01.06.2018 02:14:21 400234960 4568139,308 51,181 -4 2
20 ute 27912,85 01.06.2018 05:59:05 400235,966 4568138,199 51,165 -24 -14
21 uos 27911,26 01.06.2018 10:19:10 400236,961 4568137,095 51,186 -40 7
22 uor 27909.85 01.06.2018 14:18:47 400237954 4568135,952 51,184 -27 4

Geodata S.p.A. - Christian Pallaria - Copyright - em e e ot e oty army s eroana e R . .




B Dynamo

WebApp for TBM Survey @, python Mgg&

O Ge - o x

< C 0 @ locathost x L Y ® @ 0 :

Login to TBM Survey Data Store




Connecting to MySQL DB @ python” My

While the inspector is storing data, a Dynamo code

Ist |//Ring Number =5
1st[0]; S e N[O | + | - | ouT
grimstattasion osee |5 B Can connec € Mmodadel 1o a IVIy dtabase an
1st[1]; R
//Ring Ring Name ’_—_’/—-——'* N2 )
- .
1st[2]; > IN[3]
D e rea dt dala, updadatin € model automatica
1st[6]; > o )
//Horizontal Deviation = INI5]
1st[8]; > ING6]
//Vertical Deviation % + 2k 11 5 —
Aot . phpMyAdrmin |- :
//Trackbed Rotation & 8le 26 =| Mostra | 34 Strutiura sQL , Cerca ¥c Inserisci =} Esporta [ia Importa g~ Operazioni
d=cidel; = Recente Preferili
=& « Mostro le righe 0 - 9 (10 del totale, La query ha impiegato 0.1469 secondi.)
| information_schema ~ 5 s
; L, sqi7280839 SELECT * FROM “festTasLE
R Edit Python S (s <
g Nuova
. . #L74 DYNAMO
Len(Ringiumber ) R ___ oeuts] vertoents A et
3ra<{m:[l]§|~,’ d([Ringhumber[1], InstallationDate[i], RingName[1], Stationing[i], HorizDev[i], VertDev[i], L test Mostra tutti | Numero dirighe: |25 ¥ Filtra righe: | Cerca Ordina per chiave: | Nessuno v
conndata =
+ Opzioni
—T— w run_id RingNumber InstallationDate RingName  Stationing HorizDev VertDev TrackRot
& Modifica 3 Copia @ Elimina 11 2018-05-23 18:27:10 U1 27941.3796864265 13.6168474748077 -42.9047544990267 0
20 7 Mgl conmect fon cinndsta) &7 Modifica 3 Copia @ Elimina 2 2 2018-05-24 07:00:38 U2 27939 BEOTABA6T1 60 5952133558814 -32 4175859504427 0
e &7 Modifica 3 Copia @ Elimina 33 2018-05-23 18:27:10 U3 27941.3796864265 13.6168474748077 -42.9047544990267 0
table =
& Modifica %¢ Copia (@ Elimina 4 4 2018-05-24 07:00:38 U4 27939 8807464611 60.5952133558814 -32 4175859504427 0
& Modifica 3z Copia @ Elimina L 2018-05-23 18:27:10 US 27941.3796864265 13.6168474748077 -42.9047544990267 0
& Modifica % @ Elimina 6 6 2018-05-24 07:00:38 U6 27539 8807464611 60.5952133558814 -32. 4175858504427 0
&7 Modifica 3¢ Copia @ Elimina T 2018-05-23 18:27:10 U7 27941.3796864265 13.6168474748077 -42 9047544990267 0
&~ Modifica Fc Copia @ Elimina & 8 2018-05-24 07:00:36 UB 27939.80807464611 60.5952133558014 -32.4175659504427 0
e 3 & Modifica 3 Copia @ Elimina 9 9 2018-05-23 182710 U9 27941 3796864265 13 6168474748077 -42 9047544990267 0
query = &~ Modifica 3 Copia @ Elimina 10 10 2018-05-24 07:00:36 U10 27939.8607464611 60.5952133556614 -32.4175859504427 0
t Selezionatutto  Se selezionati  Modifica % Copia @ Elimina &} Esporta
cnd = MySqlCommand(_table,conn)
i::_Z:ﬁzimz:ﬁ;ﬁam'm""7 Mostra tutti | Mumero dirighe: |25 v Filtra righe: | Cerca nella tabella Ordina per chiave: | Nessuno v

cnd - MysqlCommand(query, conn)

i in range(0,len(queryparams)): Operazioni sui risultati della query
cmd.Paraneters . Addwi thValue (queryparans|
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TBM Survey workflow
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Try the WebApp

Scan the code

or go to

www.wtc2019.altervista.org

User: wtc2019
Password: wtc2019



World Tunnel Congress & Exhibition

4

P
WTCZ2018

ITA - AITES General Assembly and
World Tunnel Congress

TUNNELS AND UNDERGROUND CITIES:

ENGINEERING AND INNOVATION I h a n k O u '
MEET ARCHAEOLOGY, ARCHITECTURE AND ART o

Christian Pallaria

MOSTRA D'OLTREMARE ‘1

NAPLES 2019

Societa |taliana Gallerie ITA . G EO DA I A
Italian Tunnelfing Society AITES

UNDERGROUND SOLUTIONS




