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LINEAR ELEMENTS
DYNAMO/PYTHON MODELLING
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® Dynamo

Dynamo...our best friend

* Dynamo is a visual programming language. It consists of standard
nodes that allow you to do many operations. But, when the
nodes doesn’t do what you need, you can program your custom
node using Python programme language

B GEODATA o : : 2 buildingSMART




B Dynamo

R Python Script

Dynamo...
pyt_path = r'C:\Program Files (

Python is a simple program Ry nodes that are not
already Compiled direCtIy i clr.AddReference( 'Prot etry")

Autodesk.DesignScript.Geometry

It’s a bit difficult compared Rt 2 knowledge, but permits

Autodesk.Revit.UI

to enter inside the softwarcir——.

Autodesk.Revit.DB
. Autodesk.Revit.Creation
.AddReference( 'RevitNodes'
Revit

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

.AddReference( 'Revi vices")
RevitServices.Persistence DocumentManager
RevitServices.Transactions TransactionManager

doc = DocumentManager.Instance.CurrentDBDocument
lineloads = []

elements = UnwrapElement(IN[2])

distributions = UnwrapElement(IN[1])

force = IN[2].ToXyz()

moment = IN[3].TeXyz()

LLType = UnwrapElement(IN[4])
case = IN[5]

TransactionManager.Instance.EnsureInTransaction(doc)

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

loadCases = []

c loadCasesCollector
loadCases.append(c)

case<=len(loadCases):
loadCases[case - 1]

range(2, len(elements)):
11 = Lineload.Create(doc,elements[i],force*distributions[i],moment,LLType)
loadCase != @:
11.loadCaseId = loadCase.id

TransactionManager.Instance.TransactionTaskDone()

B GEODATA > won buildingSMART
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® Dynamo

TBM modelling using Dynamo

Using Dynamo we can read a Database (excel, JSON, csy, etc...)
model a TBM tunnel and write parameters inside the model
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® Dynamo

TBM modelling using Dynamo

The excel file has got information about ring number, date and time,
name, position in XYZ, stationing and any other information that can
be read and written in the model as information for each element

§1082_229.xlsx - Excel

File m Insert Page Layout Formulas Data Review View Developer Add-ins Help Acrobat Team 2 Tell me what you want to do 1% Share 1 Comment:
fﬁ EK cut Aial o A s | E=E 2 BWapTen General | E HF e Bad Good Neutral &= = [ ‘:“‘Ims“’" T O
o . =
bz E :o::atpam BIU-H-¢-A- Z=ZZ EE EMegeCenter - | FF~% 9 | G £ ri‘::,'?&ﬁ,";‘. F%rgla:vas Explanatory ... Linked Ce! Note g | e e Gt © Clen- ii.;ﬁf .E.F;T:(ft
Clipboard B Font B Alignment & Number B Styles Cells Editing
K8 A Fe
Ring Date and time Ri Ring center Ring center Ring center Ring center
in
Number (Ring selection) e EAST value [m] MORTH value [m] HEIGHT value [m] Stationing [m]
1| 23.05.2018 18:27:10(U13 400217,058 A568159,562 51,136 27941,38
2| 24.05.2018 07:00:38|U0E 400218,015 A568158,407 51,147 2793988
3| 24.05.2018 15:09:40{U13 4002159,004 A568157,270 21,144 27938,37
4| 24.05.2018 22:14:33|U15 400220,011 A568156,157 51,185 27936,87
5| 26.05.2018 15:53:50|U10 400221,019 4568155,044 51,181 27935,37
6| 26.05.2018 23:44:07|U05 400222,031 A568153,930 51,197 2793387
F| 27.05.2018 06:28:25|U07 400223,026 A568152,809 51,206 27932,37
8| 28.05.2018 16:17:58|U12 400224,026 A568151,695 51,200 27930,87
9| 29.00.2018 03:52:33|U04 400225,026 A5368150,579 51,204 27929.37
10 25.05.2018 11:37:20(U09 400226,022 A5368149,4506 51,188 2792787
11| 25.05.2018 18:07:535(U01 400227,012 A508148,320 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 5
27 26| 02.06.2018 06:28:20(U14 400241,858 4568131,384 51,201 27903,84 39,04 63| 20
23 27| 02.06.2018 11:01:49|U06 400242,387 4568130,287 51,180 27902,34| 40,54 23 2]
29 28| 02.06.2018 14:57:09|U01 400243,863 4568129,142 51,187 27900,83 42,05 49 4
30 29| 03.06.2018 23:04:20(U09 400244,832 4568128,035] 51,191 27899,36 43,52 56 7|
3 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 400246,335 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 43,03 7 21
34 33| 04.06.2018 13:34:03|U10 400248,370 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
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® Dynamo
TBM modelling using Dynamo

¥ | Type a keyword or phrase E

BGEODATA

Properties x| = Autodesk Revit 2018 - Dynamo_TBM.rvt - 3D View: {3D}

¢Site  Collaborate  View  Manage Add-Ins  BiMcollab  TOOLS4BIM  Extensions  Modify | Generic Models =~

Properties help

Apply

B Dynamo

cw0 FBHG GOHEBREW 0 EFEmEE <

| peo v 2=-HE S o
GD_3339TBM_Ring s BEL B = 020 mgt Pick
RIRETIE A f' @S‘o Family New Host
View Messure  Create  Mode  Host Model

Generic Models (1) v | B Edit Type -
Construction & -
InstallationDate 23/05/2018 18:27:10 ]

RingNumber 178 [ o
SegmentPosition Ule w‘
Stationing (m) 27941 =
Damage_SegmentA RE+RE [ =
Damage_SegmentB [

Damage_SegmentC [ @
Damage_SegmentD RE [ ;.;1
Damage_SegmentE i =
NumberOfDamagesPerRing 3 -
HorizontalDeviation (mm) 14 ]

VerticalDeviation (mm) -43 ]

Dimensicns

PositionAngle 247.50°

Volume

|dentity Data

Image

Comments

PMark

Phasing 'S

Phase Created Mew Construction

Phase Demolished Mone

Adaptive Component 'S

Fip 0 i

T 0 = M vain Model

infraBlMopen 2020 - Tampere

buildingSMART.




® Dynamo

NATM modelling using Dynamo

Tipi di famiglia *
St g from 15 Nﬂ'ﬂ!dﬂi’ﬂ:ﬂt |_|Il'l|l.|',?:_ﬁls|:|'n v.| h IE' ﬁ SON
IF‘arametri di ricerca O.]

| Pararmetro | Walare Forrmula | Blacca 1

GD_STR_MurmberOfElement
GO_TEI_Elementyolume

GO_WikA_Elementdrea,

GD_ProfileSelector<Modelli gen e PRF_PW/3

GD_CreatedBy Eﬂlbertu Bolzonello i="Alberto Bolzonello"
G0_ElernentDescription VSHC: SFRAD - 15cem THICK = :
Immagmehpu ..................................... , e P
Maota chizve = E
T .RCK ........................................................... T s S—
Produttore Ge adata Engineering ="Geodata Engineenng”
Cormrmenti sul tipo CSHCTa26.2) + STDOEZ.1) =
e e , e T
Descrizione = E
o e s . ................................................................... e Fursesssmstias
Casta i=

p—
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B Dynamo

Support modelling

 Dynamo has been
used also for
modelling of
supports in the
Power House of the
plants.

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

BCEODAIA infraBIMopen 2020 - Tampere Lulso e




Support modelling

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)

10.000 >
L)
0200 | >
B
=
3.000 >
st
__—"| SupportSupport - | Family Type
= \N
H
Support Lenght 1 \
ETEE )

Family Support 2
Support:Support ~ | Family Type

Support Lenght 2

10.000 >

Support on sides 1 !

|

®True OFalse >

Support on sides 2
(®True (False >

r

;

®True (False =

Reverse Horizontal Start Point

@True (False =

o
<«

® Dynamo

buildingSMART




® Dynamo

Support modelling

During automatic modelling Properties =
different parameters have been
written to identify the single object Support -

ReHG - G- @ 2-FPAG Q% GH ~ Autodesk Revit 2013 - Suppert_testrvt - 30 Viel
TP Achiectre  Stucture  Systems  Inset  Annotate  Analyze  Massing &Site  Colaborate  View  Manage  Add-ns  BiMcolab Join Stabiphn  Modity @
=y R L P -
5003 E O 0 CGEHEE BOSALGE A L, Models (1 - Edit Tvpe
Modify Wall Door Window Component Column Roof Ceiling Floor Curtain Curtain Mullion Railing Ramp Stair Model Model Mode\V Foom Room Tag nEn{ 5 E
- - - - * System Grid - Tet Line Group Separator Room|
Select » Build Circulation Model Room

Materials and Finishes

Froperti x 2
;9 o ] Material <By Category= EE
30tiew B0 < Bree Dimensions &
: Diameter 0.0280
- Lenght 10.0000
e — Volume 0006 m’
e : |dentity Data A
Image =
o R Comments Rockbolt
0 Mark Cavernl_78
E : Phasing A
CE—— S Phase Created Mew Construction
Phase Democlished ‘Mone :
| Adaptive Component A
Flip O B
Broperties help Apply o EF% GGERED O BEGTE < .
e per T T T SN s 5 5 = Ao B LY )

BMGEODATA D 6uiIcing SMART.




® Dynamo

Support modelling

The model has been used to realize 2D
drawings and BoQ

REHGE-Q- & @270 A - Q&S Autodesk Revit 2018 - Zhen An_rev3.ivt - Section: Section 3 B[ Tvpe a ke
fE Achitecture  Stucture  Systems  Insert  Annotate  Analyze Massing &Site  Collaborate  View Manage  Add-ins  BMcollab Join  Stabiplan  Modify <BoQ_Supp0rls>
& Cope ~ ] 1 &a oje - ik
E Ko o B&WM == = B[ A I =
Modify| . O Cul L pyal *g‘ oa O :H_‘T oo IE T \j\ . @ l;
T B Son- & P Q I = % Type | Lenght
Select ~ Properties  Clipboard Geometry Modify View  Measure  Creste
cable-bol-L20
Froperties E "l cable-bott-L20 T880.00 m |
ecton |[cable-bott-Lz0: 44 880.00 m
Q Building Section T || cable-bolt-L25
Section: Section 3 v | 8 it Type cable-bol-L25 1240000 m |
s . cable-bolt-L25; 96 2400.00 m
View Scale D25/L3_rock-bolt
Scale Value ¢ -
G e ||D25/L3_rock-bott 776.00 m |
Detail Level WMedium ||D25/L3_rock-bolt: 552 1776.00 m
Barts Visibiiity Show Original D25/L4.5 rock-bolt
Visibility/Graphics Overrides Edit... | A
Graphic Display Options ... D25/L&.5_rock-bokt 711.00m |
Hide at scales coarser than 1:100 | "
Discipline Architectural D25/L4.5_rock-bolt 158 T11.00m
Show Hidden Lines By Discipline ||D25/L5_rock-bolt
Color Scheme Location Background ‘ D25fL5_rDck—hDIt 3145.00 m |
Color Scheme <none>
Default Analysis Display Style None | D25/L5_rock-bolt: 3145.00 m
SinPath . D28/L4.5_rock-bott
Crop View || D28/L4.5_rock-bott T12640.50 m |
Crop Region Visible ||D28/L4.5_rock-belt: 2808 12640.50 m
Annotation Crop
Far Clipping ST | D28/L5.5_rock-boft
Far Clip Offset 1.0000 D28/L5.5_rock-bott 11826.00m |
Scope Box Hone =
Identity Dsta a3 . D28/L5.5_rock-bolt: 332 1826.00 m
View Template Support Section & ||D28ILT _rock-bolt
View Name Section 3 H
Dependency independent _ = || D2&(LT_rock-bolt 4011.00m |
Title on Sheet 2 =3 D28/L7T_rock-bol: 573 4011.00 m
I;eferen(mg ShEE.( ‘ DQBFLQ_rDck—th
Referencing Detail .
Phasing ) P ‘ D28/LS_rock-bolt {15318.00 m |
S Fiter i : || D28/L9_rock-bolt: 1702 15318.00m
’ : o D28/L9_rock-bolt
D28/L9_rock-bolt 13141.00m |
D28/LS_rock-bolt: 349 3121.00m
— — — L - - - — D32/L9_pre-stressed
|[D32/L9_pre-stressed T16569.00 m |
Properties help Apply w0 A% EHEEW o mald < D32/L9_pre-stressed: 1841 16565.00 m

7
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and 5D simulations

I Temporary lining
B Final lining

04/01/2021 newPk = @ +
newSpace = @
14/04/2021
e —— LimMin = 20
23/07/2001
31/10/2001
[=for dataA in Tlin:
Osfozf2002 = for dataB in Texc:|
E) if Texc.index(dataB)+1 en(Texc):
15/052002 E if dataA == dataB or tetime.datetime.strptime(dataA, '¥d/Xm/%Y') >= datetime.datetime.strptime(dataB, '¥d/¥m/%Y') and datetime.dstetime.strptime(dataA, '¥d/%m/%Y’) < datetime.datetime.s
) if PKexc[Texc.inde@(data8)] - PK1lin[Tlin.index(dataA)] <= LimMin :
| print (Tlin[Tlin.index(dataA)])
ez newPk = PK1in[Tlin.index(datsA)] + LimMax
print(newPk)
E for pk in PKexc:
= if newPk <= pk and newPk > PKexc[PKexc.index(pk)-1]:
15/03/2023 print(pk) ) . .
newSpace = abs(datetime.datetime.strptime(Texc[PKexc.index(pk)], '%d/%m/%v') - datetime.dstetime.strptime(Tlin[Tlin.index(datar)], '%d/%m/%Y’))
Tlin[Tlin.index(dataA)] = Texc[PKexc.index(pk)]
230612003 print (newSpace)
- =] for i in range(Tlin.index(dataA),len(Tlin)):
| Tlin[i]= (datetime.datetime.strptime(Tlin[i], '%d/%m/%Y’)) + datetime.timedelta(newSpace.days)
[ Tlin[i] = Tlin[i].strftime("%d/%n/%r")
ospo1y2024 break

Sifor i in range (1,(max(len(Tlin),len(Texc)))+1):
Chart Title =] if i <= len(Tlin):
o 200 400 600 800 1000 1200 1400 fogliol.cell(i,1).value = datetime.datetime.strptime(Tlin[i-1], '%d/%m/%v")
fogliol.cell(i,2).value = PKlin[i-1]
= if i <= len(Texc):
2609/2020 fogliol.cell(i,4).value =
fogliol.cell(i,5).value =

.datetime.strptime(Texc[i-1], '%d/%m/%Y")

o4/01/2021

#if (len(Tlin)>len(Texc)):
1404201 # fogliol.cell(len(Tlin)+1,1).vadlle = datetime.datetime.strptime(Tlin[len(T1in)], "%d/Xm/%Y')

#  fogliol.cell(len(PKlin)+1 ¢ alue = PKlin[len(PKlin)]

#else: -
23072021

100% ~ © Non sono stati trov, >
3u/10/2021
© OMessaggi || %p || Compilazione - IntelliSe: ~ Elenco errori di ficerea p-
080242022
™ Codice Descrizione Progetto File Ri.. | Stato eliminazione
19/05/2022
a7j08y2022
os/1202022
15/03/2023
fenco < |

2300642023
oy/10/1023

o 2024



4D and 5D simulations

o 200 400 600 800 1000 1200 1400
2020-06-18 0:00:00 - . - -

Today we insert the starting
date of the excavation and the
code is able to calculate the wneaseonso |
start and end date of each
element of the temporary
excavation. At the same time LR 00|
it calculates also the final
lining considering the distance
limits from the excavation.

The result is not only a model
full af these information that
can be imported directly into
Navisworks realizing a 4D
simulation automatically, but
it gives also a graph into an
excel file with all information,
which can be read by
everyone

2021-04-14 0:00:00 |

2021-07-23 0:00:00 |

2021-10-31 0:00:00 |

2022-05-19 0:00:00 |

2022-08-27 0:00:00 '



AUTODESK
NAVISWORKS MANAGE

4D and 5D simulations: video

21/05/2019

Quantities
Excavation Shotcrete

Volume_1 Volume_1

Volume_2 == == Volume_2

6000

Excavation Volume [m3]
Shotcrete Volume [m3]

4000

2000

0

06/07/19 03/11/19
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AUTODESK

REVIT

Architectural and functional design

TEAM WORK:
1 Architect

1 Structural Engineer
1 MEP Engineer TEAM WORK:
1 Architect

1 Structural Engineer

TEAM WORK:
1 Architect | |
1 Structural Engineer g

Secondary Access

Ancillary Building

[ main station - a

BGEODAIA

The use of the BIM
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.

)
¥

buildingSMART



AUTODESK

REVIT

Interaction and interface in a teamwork

The interaction and
STATION the interface with all
MODEL in the other related
@ Autodesk BIM360 disciplines, structural
design, MEP design,
, architectural finishes,
o b is @ must. The greater
the interaction
g.etwel.en the At
Isciplines IS and the
minors the negative
@Q@ @Q@ ®Q@} impacts are during

ARCHITECT STRUCTURAL ENG. MEP ENG. g;]ea ggnstructlon

Worksharing

TEAM

BGEODATA

infraBlMopen 2020 - Tampere building SMART.




AUTODESK

REVIT

Autodesk BIM360 for stakeholder
collaboration

) AUTODESK BIM 360 | Geodata Engineering SpA

# Account admin

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.

International



AUTODESK

REVIT

Autodesk BIM360 for stakeholder
collaboration

®

Issues [}

© o w p

DETAILS ATTACHMENTS ACTIVITY

Escalator: run off

3
R
=]
Created by DANILO VERCELLINO (Politecnico di Torino) on

Sep23, 2019

Type

Design

Assigned to
DANILO VERCELLINO

Due Date
Sep 24,2019

Location
Unspecified

Location Details

Unspecified

Linked document

3345_2018-11-08_SHAFT.Ivt [V1, current]

Owner
DANILO VERCELLINO

Root Cause

Design Coordination

Description
Verify minimum run off distance

Response
Unspecified

BGEODATA 40 building SMART
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Santiago-Batuco Railway
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R recar 360

AUTODESK

Working with point cloud in Revit

An existing station in
Santiago of Chile, built in
2004 with a empty space
realized for the future
cross line.

Design a new station in an
exiting context is not easy
with traditional CAD
technology

BCEODAIA infraBlMopen 2020 - Tampere building SMART.




R recar 360

Working with point cloud in Revit i

* Alaser scanis very helpful

and “easy to use” in a Revit
model

* The point cloud is managed
inside ReCap360 and then
imported into Revit

* This process permitted to
realize an “as built” model as it

is in reality, with a very low
error range

22 building SMART



AUTODESK

REVIT

Working with phases in Revit

Then it was possible to represent in different colours demolishing and new
construction elements

T

.siré

_i_% .72/

HI-BI&

“““““““
1

3080
1860

1
___________

""""""

___________

- I I
g05 | ( 447

i
i {1}
;
:
|
:
i
(Wazy 1
= '
Ly
I ., ass j 260 g20, -
| . | B Eli — .4
@ = ==
[z}
| - [T . o | .
- Ol avs i EF-11 | -
Ny ¥ -4 .
o e . " ===y —
| 478 %“‘“8>_< o MI
s = S, .

os Wﬂjﬂﬂﬂmﬂ - [\ gept 1

- New elements Demolishing Existing structure
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AUTODESK

REVIT

Working with phases in Revit

3D view of demolished elements

ReEG-&-2-Ql2-F0AG-2K&H~ Autodesk Revit 2018.3 - Quinta_Normal_Central ID_detached.rvt - 3D View: 30_Colors ¥| e a keyword or phrase 80 5 Y 2 Signin TSIl e X
Architecture ~ Structure  Systems  Insert  Annotate  Analyze  Massing &Site  Collaborate  View Manage  Add-lns  BIMcollab  Join  Extensions Modify (D~

103 M g [ FPAOEEE BODO AN HWE B K K 28 ¢ %W/ & & L &

Modify| Wall Door Window Component Column Roof Celling Floor Curtain Curtzin Mullon  Railing Ramp Stair Model Model Model Room  Tag _ Area Tag_ By Shaft Wall Vertical Dormer Set  Show Viewer
M M - M T System Grid - Tet  Line  Group Separator Room~  ” Area” Face

Select ~ Build Circulation Model Room & Area = Opening Datum Work Plane

x [ ==

Properties

B | . |

3D View: 30_Colors | B Edit Hpe
Far Clip Active 0 ]
Far Ciip Offset 5048000
Section Box
Camera A
Rendering Settings Edt.
Locked Orientation

Perspective
Eye Elevation 273513
Target Elevation -1972340
Camera Position Adjusting

Identity Data A

View Template 30_phase colours
View Name 3D_Colors

Dependency independent

Title on Sheet

Apply

Project Browser - Quinta_Mormal_Central_|D_detached.rvt x
10 Views (GD_CODE)
3D
- 3D Views
~3DETR
- 3D_ANDEN METRO
3D_AMNDEN SUBURBANO
3D_AMDEN SUBURBANO Copy 1
3D_AS_BUILT
3D_Colors
3D_MESANINA Ve
Anden Metro
Anden Metro Suburbane L
. cortel_500
- corte1_500 Copy 1
- Mesanina
. Recintos Teenicos
{30 - Geodata S.p.A Chile}
{30 - Laura Sofi}
3D~ Laura}
230 Isf}
3D_ARCH
- 3D Views v 150 EG%R LGRGBEEY Gtia &8 <
& ARCHITECTURE v~ 20 Bl Main Model ~ [ZExclude Options [ JEditable Only %" £ 5y [H 4 & P2

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

BCEODAIA @R oulding SVART




AUTODESK

REVIT

Revit MEP and clash detection

Use of specific Add In for realizing cut openings in the Architectural model. We also
use a specific dynamo code to realize cut opening where the Add In does not work

properly

239 building SMART.
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AUTODESK

REVIT

Day Light simulation

The powerful of BIM was exploited also for day light simulation, because the model
has got its specific geo-localization

SOLSTICIO VERAND SOLSTICIO INVIERND

BCEODAIA infraBIMopen 2020 - Tampere Lulso e




AUTODESK

REVIT

| | | |
Revit-Robot interoperability R SEACTSTREI

When the model start to be complex, the use of BIM process is a MUST
(Architectural, Structural and MEP projects shall be done and managed all
inside a unique platform)

REGHG Q-0 -8 &5 AO0A @2 B~ ‘Autodesk Revit X119.2 - TPU Riazansiays UBMP_ABTB_RF_ 201812 28_detached:v - 30 View: (30 - basievsT O com] B v o reyword or pavase 005 A O Sanin B = O ]
e T Stucture  Steel  Sytems It Annotate  Anshae  Massng & Ste  Colbborate View  Minsge  Addine
HQU@ 9 | PFEPEEEHE BOSANR Eé&l &wéz a8 =
Dooe Window Componant Coumn  Roof Celing Fioor Cumtain Curtain Mulion  Raling Ramp St Madel Model Mode, 2 hott S Show A W
4 3 " Sptem Gid 2 Ted Line  Group iy s s
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AUTODESK

REVIT

|| || || ||
Revit-Robot interoperabili
. ANALYSIS PROFESSIONAL

e Structural model has been realized for
the entire structure defining loads and
load combinations directly inside Revit.

* The Revit model has been imported
inside Robot. The analytical model is
read by Robot Structural Analysis (with
some exception that shall be managed
differently) Robot Structural Analysis
do the calculation and give results. All
updates in future can be managed
automatically b the integration
between Revit and Robot.
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AUTODESK

REVIT

| |
Complex geometries
ANALYSIS PROFESSIONAL
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TBM Segmental Lining Survey
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Segmental Lining Survey App

Input Data

all 1
TBM Segmental Lining Survey X —
release 0.3 & —

Segmental Lining
Survey rel 0.3 - 2019

Survey date/time *

e may 17th B Friday, September 13,2019
Q By GVR@GDEDITOR Q/\ 12:17 PM
Created: 5/17/19
Last modified: 5/17/19 BGEODATA

ENGINEERING

GDTS

Geodata Tunnel survey

TBM Segmental Lining Release 0.3

This version has been specifically set up for Rlachuelo Project
ring standards

@ Collect >
@ Outbox >
@ Sent >

BGEODAIA infraBlMopen 2020 - Tampere buildingSMARL.

International



Segmental Lining Survey App

Input Data

RING BIO DAMAGE - IDENTIFY SEGMENT DAMAGE POSITION ON THE SEGMENT
Ring number * Ring key position * Segment damage schema
1234 Please select ring key segment position
v FRONT-LEFT ~ FRONT-SIDE FRONT-RIGHT
e =2=F. o
Ring lenght B
4 Segment type* :

SIDE-LEFT
[}
J
LHOIN-3aIS

Please identify the damaged segment type

)
z3
<2
i
oo
3]
a%
me
=

(A = key segment)
® ®

BOTTOM-LEFT BOTTOM-SIDE BOTTOM-RIGHT

Tunnel Starting Chainage

12.345

Segment damage position

Calculated Ring chainage

Front - left
Front - side
Front - right
Side - left
Side (center)
Side - right

BCEODAIA infraBIMopen 2020 - Tampere eNlelmerilales
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BGEODATA

UNDERGROUND SOLUTIONS

Segmental Lining Survey App

Input Data

DAMAGE TYPE

Damage type *

Please'select the damagetypeobserved in the chosen
positior if possible take a photo

Problem solved

RP - Reparacion de esquina
BR - Reparacion de borde
RF - Reparacion de fisura
RE - Rotura esquina

RG - Rotura general

Damage type schema (draft)

we could put a different schema in fucndtion of what the user
may choose in the "damage type" dropdown menu

Esquina

Shot a damage photo

You may want to cellect some photo with your abitual photo
application and chose the best one fremyour device image
gallery before saving it to the survey. You can do it anytime

bafar, oding vo g ibe con/e hoocing on

DAMAGE TYPE

Damage type *

Please'select the damagetypeobserved in the chosen
position if possible take a photo

Damage type schema (draft)

we could put a different schema in fucndtion of what thejuser
may choose in the "damage type" dropdown menu

Esquina
(&)

Borde

|

Shot a damage photo

You may want to collect some photo with your abitual photo
application and chose the best one from your device image
gallery before saving it to the survey. You can do it anytime
just before sending your survey to the server. Choosing an
image asap is highly suggested

FINAL COMMENT AND APPROVAL

Segment survey comment

Please input a comment

1000

Inspector confirmation sign *

infraBlMopen 2020 - Tampere

buildingSMART

International



Segmental Lining Survey App

Output

All data are available in a custom dashboard that allows to track the construction process - WEB ACCESS SCREENSHOT

=00 GEODATA TBM SEGMENT LINING SURVEY - Data Dahboard 3122-RIACHUELO L1 - TUNNEL DCBC (D=4500mm)

A B1 C K DAMAGE PER SEGMENT
A:12
EA EA
~ 1l ; - c1o
H il =l ' B2:15
5
T
I B1:18 K: 8
I
|
B2 A B1, C K @ci59% @A 19% @bB238% @K 127%
i
: @ci286%
1
CORNER FRONT-LEFT CIRCUM FRONT INTRADOS INSERT CORNER FRONT-RIGHT DAMAGE GLOBAL COUNT
D =
45
LONG-LEFT CORNER ‘ LONG RIGHT %
LEFT
i w y
S 205 =
© <z ED £,
3 Zo 37
! + - - o
' ' CORNER CIRCUMF. BACK ’ '
BACK LEFT BACK RIGHT
15
CORNER BACK-LEFT CORNER FRONT-LEFT INTRADOS CORNER BACK-RIGHT
10
== — -
E Fl BF 3 ED E
i ) 2 g Type

22 building SIMART
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Segmental Lining Survey App

Output

All data are available in a custom dashboard that allows to track the construction process - MOBILE SCREENSHOT

3TA O X © s © 30¢28% [E# 1 15:00

rreric
iolon
tion

25

1.5

: > A
- Kvarot / Z > 05
emi Taso ¢ 7 & e :
k Front - left Front - right
~ : " \\‘ .
— = \ Last update: a few seconds ago O

*8 RP - Reparacion de esquina
<
<& RP - Rep) 1(33.33%) - Reparacion
I de esquina de borde 33.33% <ﬂ
4 _ 33.33%
S HaFikus
a HaBengali
i}
& RE - Rotura
BaNvon ; esquina 33.33%
% Esri, NASA,‘NGA'\, USI' o8 Last update: a few seconds ago
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Segmental Lining Survey App My

Connection to the DB - the TWIN Model

AD d b ted to a MySQL
ynamo code can be connecte ySQ

e EECE database to store data (i.e. about the usage of
e b the code) and read data (i.e. the VMT data)
1st[2]; I
//Stationing IN[4] H i [

;. This allow to have a real time updating of the
il - model, realizing a “twin model” representing
1st[16]; T the reality

phpMyAdrmin B i Server. sqli reemysglhosting.net » @ Base di daii: sqi7280839 » [g) labella: test IABLE
YA
oE© [5] Mostra % Stutura [ SQL 4 Cerca 3t Inserisci = Esporta [ Importa #° Operazioni
Recente | Preferit
= # Mostro ls righe 0 - 9 (10 del totale, La query ha impiegato 0.1463 secondi)
R Editytnen vt information_schema

S1. ) sql7280839

SELECT * FROM “testTaBLE”

.3 DYNAMO
+1Jr tesiTABLE

Mostra twtti | Numero dirighe: | 25 ¥ Fillra righe: | Cerca nella tabella Ordina per chiave: | Nessuna v
+ Opzioni
T~ v runid Ri ionDate  RingN joni HorizDev VertDev TrackRot
ySeComnection & Modifica 3¢ Copia @ Elimina 11 2018-05-23 18:27-10 U1 27941.3796864265 13.6168474748077 -42.9047544980267 0
> Modifica 3¢ Copia @ Elimina 22 2018-05-24 07.00:38 U2 27939.8807464611 60.5952133656614 -32.4175859504427 0
& Modifica 3¢ Copia @ Elimina 33 2018-05-23 18:27:10 U3 27941.3796664265 13.6168474748077 -42.9047544990267 0
&~ Modifica §.E Copia @ Elimina 4 4 2018-05-24 07:00:38 U4 27939.8807464611 60.5952133558814 -32.4175859504427 0
& Modifica $: Copia @ Elimina 5 5 2018-05-23 18:27-10 U5 27941.3796864265 13.6168474748077 -42.9047544990267 0
&7 Modifica 3¢ Copia @ Elimina 5 6 2018-05-24 070038 UG 27939.8807464611 60.5952133558514 -32.4175859504427 0
& Modifica 3i Copia @ Elimina 77 2018-05-23 18:27-10 U7 27941.3796864265 13.6163474748077 -42.9047544980267 0
& Modifica %¢ Copia @ Elimina 2 8 2018-05-24 07.00:38 UB 27939.8807464611 60.5952133658614 -32.4175859504427 0
& Modifica 3¢ Copia @ Elimina 99 2018-05-23 18:27-10 U9 27941.3796864265 13.6168474748077 -42.9047544880267 0
7 Modifica 3¢ Copia @ Elimina 10 10 2018-05-24 07.00:38 U10 27939.8807464611 60.5952133558614 -32.4175859504427 0

Seleziona tutto Se selezionali” 7 Modifica 3¢ Copia @ Elimina |5 Esporta

Mostra ttti | Numero dirighe: | 25 v Filtra righe: | Cerca nella tabella Ordina per chiave: | Nessuno v
Operazioni sui risultati della query

Stampa 3¢ Copia nella clipboard |} Esporta. il Mostra diagramma [ Crea vista
pa 3

BCEODAIA infraBlMopen 2020 - Tampere building SMART.




Segmental Lining Survey App

Connection to the DB - the TWIN Model

ReHG - ®-&-@=2-FoA @-0FE -~ Autodesk Revit 2018 - TEM_tunnel BRA.rvt - 3D View: {30} boeakemedorpnose A 8 fy B chistianpala.s W | @ - @ X |
Architecture  Structure  Systems  Insert  Annotate  Analyze Massing &Site  Collaborate  View  Manage  Add-lns  BIMcollab  TOOLS4BIM  Extensions  Modify
[eBnm B L@ % 0 B M5 p ot EHo- e 3 G b3
12, Coordinates ~ 3 Pic t &% Decal Types i Losd | [ Select by ID . s
Modify| Msterials Object Snaps  Project  Project  Shared  Global Transfer  Purge Project  Structural | MEP _ Panel Schedule_ Additionsl Design Manage Phases Macro  Macro  Dynamo Dynamo
Styles i Project Standards Unused Units Settings ~ Settings|  Templates Settings ~ ({ Position ~ Options Main Model ~  Links (G Starting View Warnings Manager Security Player
Select + Settings Project Location Design Options Manage Project Phasing Selection Inquiry Macros  Visusl Programming
Properties x — 52 A Project Browser - TEM_tunnel_BRA.vt x
0. Views (all)
- Floor Plans
@ 3D View - O Lot
R level2
3D View: {30} Edit Type L= | -Site
e 5 = .- Ceiling Plans
View Scale 71100 = &1 FoLevell
Scale Value T 700 o Levelz
Detail Level Medium 3D Views
Parts Visiilty Show Origina & Elevations (Building Elevation)
Visibility/Graphics Overrides [ Edit.. o East
Graphic Display Options | Edit... Nerh
Discipline Coordination -South
Show Hidelen Lines By Discipline o West
Default Analysis Display Style Hone Legends
o Ptk 0 5 Schedules/Quantities
sy 4 Sheets (all)
Crop View — O] Families
Crop Region Visible O R Groups
Annotation Crop O ~@2 Revit Links
Far Clip Active 0
Far Clip Offset 04,8000
Section Box =]
Camera #
Rendering Settings | Edit..
Uocked Orientation
Perspective
Eye Elevation
Target Elevation
Camers Position Adjusting
Identity Data %
View Template b 2None> ]
View Name {30}
Dependency independsnt
Title on Sheet
Phasing #
Phase Filter Show All
Phase New Construction
v
Properties help Apply 100 EA% GGRHEEBD ¢ BEHGE < >
Click to select, TAB for alternates, CTRL adds, SHIFT unselects. o et B Main Model B =N I S

BGEODATA 20 building SMART
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