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Rachele A. Bernardello

Universita degli Studi di Padova

Laureata in Ingegneria Edile - Architettura con una tesi sulla
descrizione computazionale del degrado in manufatti infrastrutturali
in muratura, partecipa poi a due assegni di ricerca.

Dottoranda presso I'Universita degli Studi di Padova con una tesi
sulle procedure di gestione e recupero di ponti esistenti attraverso
processi BIM e openBIM. Svolge inoltre attivita di formazione
aziendale sui processi BIM basati su standard IFC.

Ha partecipato attivamente al gruppo di lavoro IFC Bridge Italia
come responsabile del caso studio del ponte in muratura.

UNIVERSITA
| DEGLI STUDI
DI PADOVA

.}l B | I\/I | @EUHCJMQS/\/\HRI IFC Bridge Italia
v Rachele A. Bernardello, LIM.lab — Dicea — Unipd
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How to request and produce
interoperable bridge models

A
IFC Bridge Italy

Creation year 2018 2019 2020 2020
Version IFC 4.1 IFC 4.2 IFC 4.3 IFC 4.3
Status Approved Withdrawn Candidate Candidate

IFC Infra deployment ...
IFCRail International

[ J FC for roads, railways,
ports and waterways

HISTORY OF IFC BRIDGE

v
IFC for bridge PIENGISIS

.}l B | I\/I | @E){UHUMQSN\HRI IFC Bridge Italia
v Rachele A. Bernardello, LIM.lab — Dicea — Unipd
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_’I Riff{ﬁoleRlA ITALIANA a n a S

GRUPPO FERROVIE DELLO STATO ITALIANE GRUPPO FS ITALIANE EEE

T= ENGINEERING
SOLUTIONS

- ﬂ
@ Lombardi |2 innucciassociaT

UNIVERSITA
DEGLI STUDI
DI PADOVA

SYSTEMA

UNIVER SITA prcus STUDI
o Narou Feperico

Stakeholders Casi studio
Universities conoscenza di IFC
Bridge designers modellazione
SW vendors sperimentazione
Consultants metodologia
S iBIMi @bundmggl\/\grﬂ; IFC Bridge Italia

e Rachele A. Bernardello, LIM.lab — Dicea — Unipd
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2021

obiettivi

* Analizzare e comprendere cio che é stato introdotto con IFC Bridge
International

« Testare le applicazioni dello standard a dei ricorrenti casi italiani

« Tipi di ponti

* BIM uses
« Identificare prolemi, soluzioni, possibule miglioramenti dello standard
« Riportare | risultati

* In un contesto internazionale : webinar + spazio in IFC

« In un contesto nazionale: pubblicazione report + conferenze

« Studio di strategie per soddisfare i requisiti informativi anche con gli attuali
software e IFC 4

IFC Bridge ltalia

@iBIMi  gBbuidingSMART
} Rachele A. Bernardello, LIM.lab — Dicea — Unipd
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Opportunita

» Consapevole utilizzo dello standard
» Reale e controllata applicazione nel processo infrastrutturale

 Personalizzazione dei P-set

SiBIMi ‘ @BuildingSMHR‘lZ IFC Bridge Italia
o Rachele A. Bernardello, LIM.lab — Dicea — Unipd
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focus su usi pratici

* Impiego pratico di IFC SEMANTIC CLASSIFICATION BRIDGE APPLICATION
» Richieste degli stakeholder

Software

Case studies

e Midas CIM
e Autodesk Revit
e Trimble Tekla

IFC Knowledge ‘

e Masonry bridge
e Girder bridge

e HTML

e |fcBridge Project
Documentation

IFC Bridge ltalia

SiBIMi gBbuidingSMART
N Rachele A. Bernardello, LIM.lab — Dicea — Unipd
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metodologia

1. Studio e comprensione dello standard e delle nuove entita proposte in IFC
4.3

fase preliminare

classificazione

2. ldentificazione di due casi studio (due ponti) e relativi utilizzi del modello —
model use — da testare

SiBIMi ‘ @BuildingSMHR‘ll IFC Bridge Italia
o Rachele A. Bernardello, LIM.lab — Dicea — Unipd
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Identificazione di due casi studio e model use |—— ‘ —

COMMON
BRIDGES

ITALIAN

SCENARIO

Use case Description Purpose IFC exchange | Required geometry Required semantic | Priority | Complex | MVD
scenario information ity
Designto-Design | Exchange of fully | within the same | Design Advanced BRep Allinformation medum Bridge
(tulmodel logic) | parametric design phase, | applicationto | (NURBS), Fully entered in the Design
description of designmodels | design parametric model desian application Transter
bridge between | are exchanged | application information containing View 450
two distinct design | between model logic, constraints.
applications different desian and dependencies @ 400 Soil
applications, g A —— \ A I3
model remains 350 ag=0. 1 p— =
oy modiaia g g=0.24g v= = o)
all model logic & 300 — >
is transferred E S / S — -
Design-to- Handover fom | Bridge Model is | Design Faceled BRep, Swoop | Material mfomation | high | medium | Aignment- | | = 250 -~ T L o
—
Construction from designer to | Tendering (Deck, Rebar, Boring stc Bridge = E — I o
Phase Contractor for | application Piles etc), potentially Reference e L2 15 = —e T ‘e
bidding and for | and/or Review | based on alignment View H = - EuroCode Type — :
actual application = 100 Eu T N 1 — )
construction <] 50 === Low modal period — N
Structural Analysis | Structural analysis | Ensure stability | Design Procedural Description | Loads, Material medium Bridge. < " : - = oo
incl. Structural of bridges, tunnels, | of the structures | applicationto | (Sweep and CSG) properties Structural 0 High modal period ST
e "g 5]
Structure analysis andior
G A 0 01 02 03 04 05 06 07 08 09 1 = .
Period (sec) -

Q}l B | M | ‘ @E)IuildingS/\/\Hm: IFC Bridge ltalia
v Rachele A. Bernardello, LIM.lab — Dicea — Unipd
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casi studio

caso A
caso B

ponte a travata misto
design to construction

ponte ad arco in muratura

esistente - mappatura stato di fatto

Images credits R. Bernardello | A. Basso — Dicea, U

.’| BIMi ‘ @E)IUIUIOQSN\HRT IFC Bridge ltalia
o Rachele A. Bernardello, LIM.lab — Dicea — Unipd
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Strategy vs expected results

CASE STUDY “A” CASE STUDY “B”

ANAS
RFI . :
. . Italian government-owned company deputed to the construction
Italian railway network manager . . .
and maintenance of Italian motorways and state highways

Bridge type Arched bridge Girder bridge
Construction type Masonry Slab-girder bridge
Superstructure geometry Straight (slightly) In curve
Masonry Steel-Concrete
Condition Existing To be built
Model use cases Degradation analysis Design to construction

Comparative approach between three different BIM

Modelling strategy A model used to identify the condition of the asset authoring tools

Modelling time 20 days 20 days

Software tested 1 3

Comparison between the IFC files exported from the different
tools.
Detailed model ready for tendering.

Classes representation of complex elements (i.e., vaults).
Relations between BIM-objects and condition.

Expected results

’}l B | l\/| | @BuildingSl\/\Hﬂ'E IFC Bridge Italia
v Rachele A. Bernardello, LIM.lab — Dicea — Unipd
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Alignment

According to the client, in the first phase the Alignment placement of the bridge
components is avoid.

It was more important to focus on the occurrences classification and the Spatial
structure organisation

y CrossSections[1-30]

CrossSectionPositions[1-30]
(DistanceAlong variable)

lficObectDefimtion H
#
[fcPositioningElement
fcLinearPesitomngElement
Ifctlignment
.}l B | I\/I | @By”dmgg\/\ﬁﬁ‘ﬁ IFC Bridge Italia

Rachele A. Bernardello, LIM.lab — Dicea — Unipd
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Tools: Bridge and Conceptual Map

ﬁww‘ﬁﬂ 7
| H
H

() presenad s

s e
| anose e rsscueany
| . Ly © ST puogeadenct MRSOUGONDTS | GONNMASS ASONSDETY  ceomien ' omen
| e e R
———————| N fcElementAssembly (DECK) eSabiFLOOR)
| =
2 Koty GOER)
s e
in wsEoiPneD)
- o
i
A r—
1= | supersTrocrone
» ety BRACED_FRACE)
o
2
S
s A s c o e 3
o
3 (4 presenta i cvers: slement avent stessa classe
B E Ve
4 BRIDGEPART  BRIOGE PART ASSEMBLYENTITY
. - PHYSCALELEMENTS  ELEMENTIFSICI o n
G
7 i o TeGroup e BOREL
s padrooting Finto g Pl
e s— 9 Mat Foudation ‘Magrone. sl
R 1 Stem wal Mure_inf HeElementAssembly (ASUTMENT) _fel(SOUOWALL)
n Back wall Muro_su foWal(RETANINGWALL)
ifcBridgepart 2.5 [ )
2 Aore wing il Mure_ungusll
i "M Fosongsab FeSab{APPROCHSLA)
4 Dowel Spinotto iner (DOWEL)
15 pad FeCovering (MOLDING]
1 polysyrene polstrol e 5
i icerdgerart pedestal Baggiolo o eNTember{USERDEFINED) SPEDESTAL
0 5 i ifcBearing ELASTOMERIC)
1 b Pa TeGroup el (BORED)”
£ padrootig Fino eFooting (PILECAD)
Fl Mt Foundston Megrone esib(AsEsLAB)
2 Stem il MURC_inf(d)
F) o ] MURC_sup () [fowalisouDwaLL |
2 - Wing wall MURO_sup (sx) TFoWall(RETAININGWALL)
2 For Ssb Copertra fesin(fLo0R
z.s wing vl MURO_wingall TWAIRETANNGWAL)
Ed pedestl Bageolo eNTember{USERDEF INED) SPEDESTAL
28 Bearing g ]

&l B | M ! @EUHdmgSMHRI Images credits A. Basso — Dicea, UNIPD | A. Ciccone Dist, UNIN/!FC Bridge ltalia
v Rachele A. Bernardello, LIM.lab — Dicea — Unipd
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Spatial brakedown: IfcFacility

IlfcRelAggregates !

|fc Site |_IfcRelAggregates

IfcBridge [ARCHED] |—iicRelaggreg

A

|
7

IfcFacilityUsageEnum.VERTICAL USAGE

IFC Bridge ltalia

SiBIMi  gBbuldingSMART
N Rachele A. Bernardello, LIM.lab — Dicea — Unipd



CONFERENZA NAZIONALE 31 MARZO
1 APRILE

| R
| O
BIM e l'evoluzione digitale nell’industria delle costruzioni 2 o 2 | M
| A

IfcSpatialStructureElement

are TexIfcRelContainedin b
IfCFaCIIItyPart ~ SpatialStructuret ::

[fcBridgePartTypeEnum.USERDEFINED:SPAN] A

IfcFacilityPart
[fcBridgePartTypeEnum.DECK]

IfcFacilityUsageEnum
VERTICAL USAGE
\J

o IchaCIIityPart IfcRelContainedin D:r ::

~ SpatialStructure ' I

[fcBridgePartTypeEnum.USERDEFINED:SPAN] A

IfcProject IfcFacilityPart

"~ [fcBridgePartTypeEnum.SUPERSTRUCTURE

IfcRelAggregates

IfcFacilityUsageEnum.
VERTICAL USAGE

IfcSite

IfcRelAggregates

> IfcFacilityPart _IfcRelContainedin | lfcElementAssembly
" . SpatialS [ABUTMENT]
[fcBridgePartTypeEnum.ABUTMENT] PR

\ A4

IfcFacilityUsageEnum. VERTICAL USAGE

IfcRailway IfcBridge [ARCHED] [ —'fcrelAggregates|

IfcFacilityPart
™ [fcBridgePartTypeEnum.SUBSTRUCTURE]

™ : fcRel ined| IfcEl LA bl
- 'f°Fﬁgﬂ%ﬁﬁ\,{;ﬁfﬁ'ﬁfi‘ﬂ‘.{,’.ﬁfﬁ"m' < ~Spainisnctre — 7 PIER ABUTMENT]

> = lfcFacilityPart IfeRelContainedin IfcElementAssembly [PIER]
[fcBridgePartTypeEnum. PIER] <+ ~gpatialStructure |

IfcFacilityUsageEnum. VERTICAL USAGE

’}l B | I\/I | @EUHdiﬂgS/\/\HR—E IFC Bridge Italia
v Rachele A. Bernardello, LIM.lab — Dicea — Unipd
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SZZ\ON[ TRASVERSALE TIPOLOGICA PREDALLE
Mapping Classes and PredefinedType I
,[ IchaciIiWPta;:LAJ:II]ERDEFINED | —Bmw jmw /'\ /‘\ /\\ /\ /[\7

g

30

n.8 Tralic

‘ @l

150
o\

[ELEMENT] > |
[ [

‘ 30
,,/"/
o lfcBeam.GIRDERSEGMENT Ty Iy o & s . o/ & o Yy o & o . o/ & s Y o/ @ s Y o @ s - iy \h T3
.

\Rete E

240

plate J

"
( A " IfcPlate. SHEET
IfcProject - brace

L

ig

[
IfcMember. BRACE “
IfcRelAggregates > i BOLT
cross bracing
( h [—| IfcElementAssembly. CROSS_BRACING [
i o v - | —»| ifcMechanicalFastener.BOLT
lfcSite ' : [_velana_|
I
N J n l > lfeFastener WELD
| | =
IfcReIAglgregates : 1 steel girder [
o . IfcPlate. SHEET
'
l l [ IfcElementAssembly.GIRDER —
|
'
jirder
R ! steel beam el
IfcRoad IfcBridge.GIRDER : :] S [ veare |
I e Ifc bly. GIRDER IfcBeam.GIRDERSEGMENT
! | ........... | IfcFastener:WELD
'
! [
'

stiffener

—»{ IfcPlate. STIFFENER_PLATE

J_

studs

—»| IfcMechanicalFastener STUDSHEARCONNECTOR ‘

—» IfcFastener WELD

Semantic schema Girder

$iBIMI @BUIIdiﬂgS/\AﬂR—E Images credits R.A. Bernardellolrﬁ.Bééds%%lt—aﬁcea, U
! achele A. Bernardello, LIM.lab — Dicea — Unipd
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Issues

Some of the issues are in common between the two case
studies, some others are linked to the bridge type.

| coie |__wace__|_reosow | souwron

How to treat the assembly | Use the ligGroup this way each element
of the pedestal and the | maintans its own position reference
a bearng? Should i be | since the pedestal and the bearings can
___________________________ 1 _: ! associated to the | have different position

ofthe
Pier/Abutment or should
be treated separately

The key issues are following proposed, and the others are

deeply exposed in the attached document. ANAS

To define the connecting | Using directly the lfgPlate, SHEET even if
plate of a grosshraging the | it might be too generic

licRiscretefocessony.
_ ) ) ANCHORPLATE definition
i H H ¢ y i 1 e y is too restricting since it is
1. IFC classification issues _ g § g el Sl
e Mooy embedded into a concrete
¢ p A Paae * 7 element.  Modifying  its
i - . ! definition makes it very
similar to the definition of

lfcPlate SHEEL

How to define a floor when | Use either ancther

Due to the intrinsic differences between the marked o o ‘ —
problems, they are organised in three main parts : B

2. Modelling issues

.
I

3. Others IFC related (like geometry export, etc.)

$iBIMi ‘ @ByildingS/\/\HﬂI

is not strictly organized
into  separable layers
(inhomogenecus
stratigraphy)

for the whole deck for the wvarious

elements or an  Ifc3lab FLOOR |

referencing its  components  as
="

The categorization of the

component and
in a broader scope, the
categorization of a load
bearing panel

Create a new [fgSlablvpeEnum. called

IFC Bridge ltalia

Rachele A. Bernardello, LIM.lab — Dicea — Unipd
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Vault

Problem

How to classify the vault of a masonry bridge.
The class for non-planar structure is missed. The problem, highlighted also for
buildings, is when the vault is a partitioning not a roof, although you can’t consider

it as slab.

Solution
1. IfcSlab_enum userdefined VAULT (/DOMED)

2. IfcRoof.BARREL_ROOF (/RAINBOW_ROOF)

3. IfcElementAssembly enum VAULT (/DOMED) 'ﬂ

T~

% BIMi @PU”CJWQSMHRI Images credits R. Bernonis olt—allf;cea, u
v Rachele A. Bernardello, LIM.lab — Dicea — Unipd
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Pedestal

Problem

How to categorize the pedestal since its shape is not univocally defined (in some
cases can resemble a column, in other a beam)

Solution

By elimination, we propose to categorize it as IfcMember with a new userdefined
TypeEnum called “pedestal”’

S iBIM @EuildingS/\/\HR’E Images creditlng.Bé'ads%%lt—aEcea, u
v Rachele A. Bernardello, LIM.lab — Dicea — Unipd
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ubblicazioni . )
p bU||dIOQSN\HR-|; Home About v Standard v Compliance v Utenti v Concorsi News v Partecipa

Italy-iBIMi

Pubblicazione online e documenti
scaricabili degli output prodotti

Linea guida di applicazione dell’lFC a
ponti e viadotti

Modelli openBIM navigabili e interrogabili

A y

Problematiche riscontrate e soluzioni

Casi studio nel dettaglio

Home / Utenti / Pubblicazioni / Guida all'lFC per i Ponti

Video di esportazione Guida all'IFC per i Ponti

Nel 2019 buildingSMART ltalia fornisce la cornice per I'incontro tra stazioni appaltanti, studi di ingegneria, universita e consulenti, che hanno la necessita di

comprendere insieme come scambiare, in formato aperto, i modelli digitali di ponti e viadotti italiani. Per soddisfare questa necessita, nasce il lavoro del gruppo

" 1241 PM
¢ 9 = P =}
E P Type here to search = s & 10/15/2020 1

www.buildingsmartitalia.org/utenti/pubblicazioni/guida-ifc-per-i-ponti/

Q}l B | M | ‘ @E)IuildingSl\/\HRI IFC Bridge ltalia
o Rachele A. Bernardello, LIM.lab — Dicea — Unipd
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@@ilding%ﬂ?’[
Linea guida di applicazione.

Linea guida di
applicazione dell'lFC

Introduzione a pﬂl‘lti e viadotti

. Come richieders maodelll Interoperabili

Apparato metodologico ":::L St L
IFC
Casi d’uso

Struttura spaziale
Componenti
Problematiche

Conclusioni
L e e
Dary: N Weurnigne 10
Q}I B | M | ‘ @ByildingS/\/\HﬂI IFC Bridge ltalia

Rachele A. Bernardello, LIM.lab — Dicea — Unipd
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. bU”dlﬁgSMHR-I; Home About ~ Standard ~ Certificazione ~ Formazione Utenti ~ News ~ Partecipa Q

Italy-iBIM

£
§

FC

vsEIM 2 secumentomsstewrs (N IYN

AGGA SOFTWARE

I8

5 2
£ Cerca

arch_beam:arch_beamr.. ()@ *
» arch_beam:arch_beam:.. QO.
EdgeBeam_dx:EdgeBea.. QO.

e
i

v Caratteristiche

~  Dati Generali

+ EdgeBeam_dx:EdgeBea.. @@ Globalid 1:)zsv;1éPNjancczlw
n
» EdgeBeam_dx:EdgeBea.. QO.
; Nome arch_beam:arch_bea ™
» EdgeBeam_dx:EdgeBea.. QO. mrib183183

EdgeBeam_dx:EdgeBea.. @ (=)@
EdgeBeam_trapez:Edge... QO.
» EdgeBeam_trapez:Edge.. QO.
EdgeBeam_trapez:Edge... QO.
EdgeBeam_trapez:Edge... QO.
EdgeBeam_trapez:Edge... QO.

v  ContainedInStructure

ContainedinStructure  ifcBuildingStorey
'SUPERSTRUCTURE'
(030KcGB4H6ShxON
dSmEKXy)

w  IfcObjectPlacement

» EdgeBeam_trapezEdge.. @ (@ PlacementRelTo IfcBuildingStorey

» EdgeBeam_trapezEdge. @@ 'SUPERSTRUCTURE
» EdgeBeam_trapez:Edge. QO. Location {31650:;3585352836

+ EdgeBeam_trapezEdge.. @ (D@ 0.4481118409]

» EdgeBeam_SX:EdgeBea.. GO. [Metri]

+ EdgeBeam_SX:EdgeBea.. @ (=)@ Axis [0.0000; -1.0000;

+ EdgeBeam_SX EdgeBea.. QO. 0.0000]

+ EdgeBeam_SX:EdgeBea.. @ (=) ) RefDirection Eﬁiggg_somz;

+ EdgeBeam_Sx:EdgeBea.. @ (=)@ 0.8943815860]

EdgeBeam_sidewalkEd.. § O ".:}
EdgeBeam_sidewalkEd.. @ O 'C'

Q}l B | M | ‘ @BUildiﬂgS/\/\ﬂﬂI IFC Bridge ltalia
o Rachele A. Bernardello, LIM.lab — Dicea — Unipd

~  Rappresentazione Geometrica
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@ 0UiIldingSMART.
o Ul Ing @ Home About ~ Standard ~ Certificazione ~ Formazione Utenti ~ News ~ Partecipa Q

NN taly-iBIM

O Cerca | 'f;E::dm

« Beam-1036 PO@® - Caratteristiche
+ Beam-242 O - :
+ Beam-1037 0E@® A i
« Beam-1038 ¢ @ . Globalld gtggfsnjl:ZPEDFDQzZX
» Beam-1039 PEO® .
. Beam-1040 %. ..Nome Beam-1036
- Beam-243 @@ v  Decomposes
» Beam-1041 E® | RelatingObject IfcBeam 'Beams’
« Beam-1042 PE@® (EDsdc;ﬁngEWSGHX
- Beam 1042 CIGT v cobjectPlacement
4 :
- E:::_l E:; 3 %: PlacementRelTo <Absolute>

w7 IfeColumn ] % 3 Location ([;J(;](?&ﬁ,[{:ﬂ{;:]r{k}o,
» Columns 20 | :
) 00 s 0,000, 0.0000
MR 10e | RefDirection [1.0000; 0.0000;
» Column-544 G 0.0000]
= Column-545 @@ PO U
= Column-546 ?@. i ;
« Column-547 ) @ . Body SweptSolid
= Column-548 eE® : w Materiale
+ Column-549 ®e® v IfcMaterial
+ Column-550 @ @ . "Nome R

.}l Bl M | ‘ @BUHCJMQS’V\HRI IFC Bridge Italia
o Rachele A. Bernardello, LIM.lab — Dicea — Unipd
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3. Configuring software

Autodesk Revit Midas CIM Trimble Tekla Structures

W Mode| Export IEC Revit buildi paEC Citbuldna st

&BIMi " gBbuidngSMART T e, o TCrer SiBIMi  @BouidingSMART
Italy
Esportazione di un file .ifc per i ponti Esportaz'i::)ne di un ﬁ_': -ichI::ﬂr i ponti

desk Revi attravers iaas . . . . . .

O el > e 2% Esportazione di un file .ifc per i ponti

Prodotto da Systema Prodotto da CSPFea attraverso Trimb|ggTekla Structures

Prodotto da Minnucci Associati
&l B | M | ‘ @buﬂdmgS/\/\HﬂT IFC Bridge ltalia
Italy

Rachele A. Bernardello, LIM.lab — Dicea — Unipd
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Olbjecttype CAGNON Valentin Cerema DteclTM

First of all thank you for the work carried out on the complex subject of the bim work of

1 art.

As the work is very complete, this document will not deal with all the points mentioned

but only those of which we can have a critical mind.

WiBIMi  @BbuildingSMART IFC Bridge Italia 26
v Rachele A. Bernardello, LIM.lab — Dicea — Unipd



4 CONFERENZA NAZIONALE
BIM e l'evoluzione digitale nell’industria delle costruzioni

®iBIMi

classification to IFC 4.3 RC2

31 MARZO
1 APRILE

2021

Classificazione
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Future steps

1. Definire una classificazione implementabile poi tramite
specifici plug-in per I'export in 4.3

— s — 2. \Verificare i data model per supportare altri tipi di ponte
ST e L

3. Armonizzare i property set per i ponti con gli standard
nazionali

il progetto IFC Bridge ltalia
e concluso ma...

4. Armonizzare lo sforzo fatto con IFC for Roads e Railways

.}l B | l\/l | @EuildingSl\/\HﬂI IFC Bridge Italia
v Rachele A. Bernardello, LIM.lab — Dicea — Unipd
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Grazie per I’attenzione

Rachele A. Bernardello
UNIVERSITA

DEGLI STUDI rachele.bernardello@dicea.unipd.it

DI PADOVA

https://www.linkedin.com/in/rachele-bernardello/
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