‘M‘K

Computational Design and BIM tools
for big infrastructural projects

Arch. Christian Pallaria

| o
//'-




Table of contents

A Hydroelectricpower plants
Civil3D and Revitmodellingtecnique

Dynamoand Pythonmodellingtechnique
TBMmodellingusingDynamo
NATMmodellingusingDynamo
SupportModellingusingComputationaDesign
Turbinesmodelling

Navisworkstake off material,4D and 5D simulation

e

€ e € EEE

A Metro and Railways |
w Architecturaland FunctionalDesign

w Teamworkcollaboration
w BIM360andthe importanceof a CDE

.”EGEHEWOW HDWATWAM infraBIMoeen 2020 6Tameere Qbundmgsmr%m;



Table of contents

A Metro and Railways
A Useof point cloudin BIM

A Useof phasesn BIM
A MEPandclashdetection
A RevitRobotinteroperabilityfor structuralcalculations

A TubbingProject
A SegmenSSurveyApp

A Connectiorto the DB¢ the TWINmodel

.”iGmEiiOm iDiiAl TiliAlli infraBIMoEen 2020 6Tamgere QbuildimgSl\/\HR'E



Hydroelectric power plants
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LINEAR ELEMENTS
DYNAMO/PYTHON MODELLIN
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® Dynamo

Dynamoéour best friend

ADynamo is a visual programming language. It consists of standard
nodes that allQw yqu to do many_operations. But, when the . , _ R
Yy2RSa RZ2SayQu R oKl ez2dz YySSRX e?2
node using Python programme language
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BGEODATA

UNDERGROUND SOLUTIONS

Dy namo

R Python Script — O X

sys
clr

yt_path = r'C:\Program Fil ronPython 2.

Python is a simple progropiEateassy

os

already compiled direCtly [ ———

LaQa |

oAl

Autodesk.DesignScript.Geometry

clr.AddReference( 'RevitAPIUI')
Autodesk.Revit.UI

to enter inside the Softwa e E——G————

Autodesk.Revit.DB
Autodesk.Revit.Creation

.AddReference( 'RevitNodes ')
Revit

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

-AddReference( 'RevitServices")
RevitServices.Persistence DocumentManager
RevitServices.Transactions TransactionManager

doc = DocumentManager.Instance.CurrentDBDocument
lineloads = []

elements = UnwrapElement(IN[@

distributions = UnwrapElement(

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 = []

loadCasesCollector
ses.append(c)

inf

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

len(elements)):
11 = Lineload.Create(doc,elements[i],force*distributions[i],moment,LLType)
loadCase !=
11.LoadCaseld = loadCase.id
append(11)

TransactionManager.Instance.TransactionTaskDone()

| T

| -

ri end

58y Y2

oo ok I

ustom nodes that are not

0 SOl
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® Dynamo

TBM modelling using Dynamo

''AaAy3 58ylY2 6S OFYy NBIR I 5Fd4FoF as
model a TBM tunnel and write parameters inside the model

My

GO I D B R i)
3s

33 BN v AR 0 GRSl

i
d ect, TAB for eheirates, CTRL azds, SHFT unselerts i e P B o e TR hO P
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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

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 0 KN | E=E - BWapTe General | E HF e Bad Good Neutral &= = [ ‘:“‘Ims“’" T O
5 . =
" e | 874 B0 A | T EE Bmncor - 5% 3 5% | Erstrt it CIIR moenen- P ) (=t
Clipboard Font Alignment [} Humber " 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

X = Autodesk Revit 2018 - Dynamo_TBM.rvt - 3D View: {3D} ¥ | Tvpe a keyword or phrase E

Properties
¢Site  Collaborate  View  Manage Add-Ins  BiMcollab  TOOLS4BIM  Extensions  Modify | Generic Models =~
ca o B i
| hero e B D g
GD_3339TEM_Ring M ER: 1 /= Bonll x| P
2 & ‘f\‘ @S‘o Family New Host
View Measure Create Mode Host Model
Generic Madels (1) v| Edit Type
=@®x "
Construction 2
InstallationDiate 23/05/2018 18:27:10 ]
RingNumber 178 [ o
SegmentPosition Ule i rRONT.|
Stationing (m) 27941 I—J =
Damage_SegmentA RE+RE [ =

Damage_SegmentB

Damage_SegmentC

Damage_SegmentD RE

Damage_SegmentE
NumberOfDamagesPerRing 3
HorizontalDeviation (mm) 14
VerticalDeviation (mm) -43
Dimensicns
PositionAngle 247.50°
Volume
|dentity Data
Image

Comments
Mark

Phasing 'S
Phase Created Mew Construction
Phase Demolished Mone

Adaptive Component 'S

0 5

B Dynamo ,
:w0 IR GOHEHES ¢ B E <

Srirlaiisl Apply i 20 E M Main Model
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® Dynamo

NATM modelling using Dynamo

Tipi di famiglia *
"= Mome deltoo: | PW3_tSem vy m O —
= {Parametri diricerca Q
ym—=, \—EE | Parametro | Walore Formula | Blur_ca]
Select the = g
s 41 I | n
Support Class ]

GD_STR_MNumberOfElement
GO_TEI_Elementyolume
GO_WikA_Elementdrea,

GD_ProfileSelector<Modelli gen e PRF_PW/3

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

YA \nig_!'l
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B Dynamo

Support modelling

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

AClicking the surface
defining input data,
supports were
modelled
automatically
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BGEODAIA

Support modelling

A The code allows to control:

Initial offset of the starting point;
X support distance

Y support distance

Support length

Support radius

Support material andipology

o Po o o o Do Do

Set the type of support dispositiogyinconceor

normal)

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

Family Support 2
Support:Support v 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 =

ay
<«

® Dynamo

buildingSMART




® Dynamo

Support modelling

During automatic modelling Properties x
different parameters have been

written to identify the single object/SUF.pm -

REEG- G- -8 =2-FOAN G -0FEaEH-~ Autodesk Revit 2018 - Support test.rvt - 3D Vie]
il Acchitectre  Structure  Systems  Inset  Annotate  Analyze  Massing &Site  Collaborate  View Manage  Add-ns  ElMcollsb Join Stabiplan  Modify @

b@. a0 FE"@@E@ @0®@Ikm@.|§ﬁeneﬁ{'ﬂﬂdﬂ5“} o EditT}rpe

Modify| Wall Door Window Component  Column  Rocf Celing Floor Curtein Curtain Mulion  Railing Remp Stair Model Model Model | foor Room  Teg
& Sy;tm Grid Tet Line Group Separator Room|
Select ~ Build Circulatior Maodel Roo

. . "|Materials and Finishes
@ 2D View MEtEFIE| { E-]ll' CatEg cl.r_lll'_":\-

}}m »

T SECAS Dimensions

e : Diameter 0.0280

T e Lenght 10.0000
Volume :0.006 m’

|dentity Data

Graphic Display Options [ Edit...
Image

DefaLit Analysis Display Style
Sun Path

Extents

Crop View

Crop Region Visible
Annotstion Crop

Far Clip Active

Far Clip Offset

Section Box

Camera

Rendering Settings

Cocked Orientation
Perspective

Eye Elevation 519238
Target Elevation 40000
Camera Position Adjusting
Identity Data ]
View Template o <Mone>
View Name {30}
Diependency independent

L
o
~

2
s

Oz0000 D§

Comments Rockbolt
Mark Cavernl_78
B ——
2 Phase Created Mew Construction
Phase Demaclished ‘Mone

Phase New Construction (00 [ LT T T e P e T e e r e e e P e L LR RO T L LR T L EPEPEETEP LT T ey :

Adaptive Component
Flip m

m
g
&

¥

BT

Properties help Apply 100 B Ge o RS W 6 Cadl i Id < .
Clickto select, TAB for alternates, CTRL adds, SHIFT unselects. & ~ & B[ Main Model ~ £ By 0§ O S0
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® Dynamo

Support modelling

The model has been used to realize 2D
drawings and3oQ

BGEODATA

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 - &t
Ly Kepe - 58 P A B flg & = & = [ I B
Modity e B "5 g =% BE® /= - A
“yam-oga PRYOTaax 7 FE Tyve | Cengm
Select v Properties  Clipboard Geometry Modify View  Measure  Creste
cable-bol-L20
Froperties E "l cable-bott-L20 T880.00 m
I[cable-bot-L20: 44 880.00m
Sectic . .
Q Buling Section 7 || cable-bott-L25
F——— "| 02 taype | cable-bolt-L25 12400.00 m
e A cable-bolt-L25: 96 2400.00 m
View Scale 1:100 [ D25/L3_rock-bolt
Scale Value 1: it -
G e ||D25/L3_rock-bott 776.00 m
Detail Level WMedium ||D25/L3_rock-bolt: 552 1776.00 m
Barts Visibiiey Eitow Briginai
Visibility/Graphics Overrides Edt... | D251L.4.5_rock-bolt .
Graphic Display Options Edit.. D25/L4.5_rock-bolt i711.00 m
Hide at scales coarser than 1:100 | "
Discipline rchitectural LB TTRIT RS At
Show Hidden Lines By Discipline ||D25/L5_rock-bolt
Color Scheme Location Background |[D251L5 _rock-bot T3185.00 m
Color Scheme Znones
Default Analysis Display Style None | D25/L5_rock-bolt: 3145.00 m
Sun Path D28/L4.5_rock-bott
Bt B = -
Crop e (D288 5_rock-bot 1254050 m
Crop Regon Visbie ||D28/L45_rock-bok: 2808 1264050 m
Annetation Crop
Far Clipping ST | D28/L5.5_rock-boft
Far Clip Offeet 1.0000 D28/L5.5_rock-bolt :1826.00 m
Scope Box None :
Identity Dsta a3 . D28/L5.5_rock-bolt: 332 1826.00 m
View Template Support Section & ||D28ILT _rock-bolt
feName een? || D287 _rock-bot 4011.00m
cpendency independent _ =
Title on Sheet 2 b= D28/L7T_rock-bol: 573 4011.00 m
::jeren(mg Sheet | D289, rock-bolt
erencing Detail .
Phasing ) P ‘ D28/LS_rock-bolt {15318.00 m
S Fiter i : || D28/L9_rock-bolt: 1702 15318.00m
== DQBILQ_rDct-:D; i3141.00
_rock-bol 00m
D28/LS_rock-bolt: 349 3121.00m
— — — L - - - — D32/L9_pre-stressed
||D32/L8_pre-stressed {16569.00 m
Properties help Apply w0 A% EHEEW o mald < D32/L9_pre-stressed: 1841 16565.00 m

buildingSMART.



4D and 5D simulations

I Temporaniining
S S S T Bl Finallining

14/04/2021
e —— LimMin = 20

23/01/2001 =
31/10/2001

[=for dataA in Tlin:
Osfozf2002 = for dataB in Texc:|

E) if Texc.index(dataB)+1 en(Texc):
1870572002 o] 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)

0512202 E for pk in PKexc:

= if newPk <= pk and newPk > PKexc[PKexc.index(pk)-1]:

print(pk)
1w/ newSpace = abs(datetime.datetine. strptime(Texc[PKexc.index(pk)], '¥d/%m/%v') - datetime.dstetime.strptime(Tlin[Tlin.index(datad)], '¥d/%m/%Y’))
Tlin[Tlin.index(dataA)] = Texc[PKexc.index(pk)]

230612003 print (newSpace)
- B for i in range(Tlin.index(datas),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]
(5 if i <= len(Texc):
2609/2020 | fogliol.cell(i,4).value =
fogliol.cell(i,5).value =

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

04012021

#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: -
23forf2021 9 .

100% ~ © Non sono stati trov, »
3u/10/2021
@ Ofrrori || 4 0Awisi || @ OMessaggi || Xp| Compilazione + IntelliSes ~ Elenco errori di ficerca p-
o8022022 e
™ Codice Descrizione Progetto File Ri.. | Stato eliminazione
190572022
7fo2022
os/1202022
15/03/2023
ey

2300642023
01/10/2023

o 2024



4D and 5D simulations

Todaywe insertthe starting

date of theexcavationand the

codeis ableto calculatethe

start and end date ogéach

elementof the temporary

excavation At thesametime
It calculatesalsothe final

lining consideringhe distance

limits from the excavation

Theresultis not onlya model

full af theseinformationthat
can beimporteddirectlyinto
Navisworkgealizinga 4D
simulationautomatically but
It givesalsoagraphintoan
excelfile with all information,
whichcan bereadby

everyone




AUTODESK
NAVISWORKS MANAGE

4D and 5D simulations: video

21/05/2019

Quantities
ion Shotcrete
Volume_1

== == Volume_2
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Metro and railways
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BGEODAIA

AUTODESK

REVIT

Architectural and functional design

TEAM WORK:

TEAM WORK:
1 Architect | |
1 Structural Engineer g

Secondary Access
Ancillary Building

[ main station

TEAM WORK:

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

239 buildingSMART.



R
Interaction and interface in a teamwork

;Ihhe_i ntter?ction '?l?d '
STATION e interface with a
MODEL in Ejhe Qtlher relattedt |
Isciplines, structura
Autodesk BIM360 de3|gn, MEP de_SIgn,
architectural finishes,
IS a must The greater
the interaction
between the
disciplines is and the

&8 @} minors the negative
S Impacts are during
STRUCTURAL ENG.  MEP End. the construction
phase.
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AUTODESK

REVIT

Autodesk BIM360 for stakeholder
collaboration

C K BIM 360" | Geodata Engineering SpA

# Account admin

Geodata Engineering

Autodesk BIM360 was used at the construction level, in order to give a full
access of the design documentation to all stakeholders, eiftarent

access ruleaccording to the user. Everyone was able to insert comments,
even uploading imagedirectly from the station sites All this allowed a
simultaneous coordination between stakeholdeﬁesdpeqally between the
Construction Supervision, the Contractor and the designers.

BGEODAIA infraBIMopen 2020 & Tampere buildingSMART
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AUTODESK

REVIT

Autodesk BIM360 for stakeholder
collaboration

Issues

B BN

© © w

DETAILS ATTACHMENTS ACTIVITY

Escalator: run off

Created by DANILO VERCELLINO (Politecnico di Torino) on
Sep 23,2019

Type
Design

Assigned to
DANILO VERCELLINO

rrrree reRES

Due Date
Sep 24,2019

Location
Unspecified

Location Details
Unspecified

Linked document

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

Owner
DANILO VERCELLINO

Root Cause
Design Coordination

Description
Verify minimum run off distance

Response
Unspecified
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Santiago -Batuco Railway
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