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From BIM Requirements
to Facility Management

BIM based scenario in a large-scale public building

A. Ciribini, Universita degli Studi di Brescia
A. Vanossi, Politecnico di Milano
A. Tegon, CMB Carpi
G. Caratozzolo, Universita degli Studi di Brescia
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Building Information Model

Is a data-rich, object-oriented, intelligent and parametric digital representation of the facility, from which views and data
appropriate to various users’ needs can be extracted and analyzed to generate information that can be used to make
d%:isions and to improve the process of delivering the facility. (Associated General Contractors of America: The contractor’s Guide to BIM, 2005)
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RIBA (2008) and author Arto Kiviniemi (2005), Requirements Management

Interface to Building Product Models
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Bim Team: BIM manager: 1 person

BIM coordinators: 3 people
BIM modeler: 12 people
BIM validator: 1 person

Building Cost:  160.000.000 €

FM contract: 4 time construction cost
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Case history: CMB BIM pilot project

MB is one of the largest CMB BIM Pilot Project is almost at coordinated design has been one of the
construction companies in  the end of its first phase (120 days) main goals of the CMB BIM Project.

the Italian market, working with s lot of interesting results coming CME is currently analyzing the re-
both in infrastructure and from the tests dewveloped. These re- sults but the management of the
il buildings (mainly hospitals). CMB sults include the construction ofthe 3D company is already scheduling im-
s been active in construction since model, quantity take off, coordination provements to its processes and the

OOOOO 08. of designs, deve lopment of
In recent years the CMB business 20 delierables and model
SOUBRI s mowed from simple construction checking.
magazine ntracts, both public and private, to Among other software
bre complex forms of contracts, like tested and utilzed in the
P and Concession contract. Since pilot project, and thanks to
pOO, CMB has become more snd more  the collaboration with the
olved in the design, construction University of Brescia, CMB
d facility management processes. decided to test Solibri's
SCMB's interest in the whole sup- product for model checking
l chain of design, construction and &nd code checking, in order
ility manasgement processes had to messure a series of
ntinued to grow substantially and in  benchmarks in the Design
$912 the management of the company  Validation process. Provid-
| fcided to measure the impact of BIM ing an optimized and well
starting a collaboration with the Uni-
rsity of Brescia and some of the most
Slportant software companies involved

During 2012 CMB developed a s2-
s of tests for field BIM and laser
SOLIBRI MODEL Cﬂm ganning and developed parts of 30
Is herel M C=is based on projects managed in

b traditionsl wey. At the end of 2012
B decided to start its "pilot® project
putting pecpio first with SS8GN testing some of the main aspects of
Community centers fiom implemantation within the manage-
pnt of a hospital project: CME BIM
ot Project. CMB decided to start the

OHIO smsm ot projact as a “paraliel sctivity”, and
audits 35 milon squere ft ntinued to use the traditional meth-
using BIM s for the real management of the

Kbus Riroducss 16 new pject with the sim of trying to make

mparisons between the traditional
BCF PLUG'IN d BIM methods.

The CMB BIM Pilot Project is based
8 Hospital Refurbishment and Ex-
tension Project: the San Gerardo Hos-
pital in Monzs, close to Milan.

Juna 2013, Analysis of circulation for a wheaichair
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BIM implementation strategy in construction company
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Requirements setting __________________________ ’

DISCIDINCISUDTIVISION: v oo s s i it i s oo it i s i i o

Technological and size subdivision - ..

Data setting ------------- »| Object library
Reference setting ------ ¥ Grids and levels

CONSLIAINES! - oS e S it e S e e e T e e A R

Control ===sswmswmenemansmsen » (Coordination review )

User setting .. ___ »(Workset )
smmodel setting

STRU value 15%

MEP value 45% ARCH value 40%

BIM model divided by discipline and economic value
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Locale 1: utente 1 Locale 1: utente 1 Locale 1: utente 1

(Workset lj (Workset 2) (Workset n) (WOrkset 1] (Workset 2) (Workset n]

(Workset 1) (Workset 2] (Workset nj

Locale n: utente n
Locale n: utente n Locale n: utente n

(Workset 1) (Workset 2] (Workset 1 J (Workset 2) (Workset n) (Workset 1) [Workset ZJ [Workset n)

Client &

representative

SME

Operator |
Sub

Contractor :
) Project ‘
Main shared (‘\
Contractor database 3

Authorities

-

& T’roject
”’

S
~
~
% Manager @ Mo
’ Architect X

! Structural

\
\ Engineer @ @ )
X /
N /
Vg M&E Quantity BT
=~ . _Engineer Surveyor. -~

Comparison, relationship parameters /people, between traditional
and BIM based process (Circos Table Viewer v0.63-9 © 2008-

Integrated collaboration workflow
2013 Martin Krzywinski)
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6D informations
4 product data and details )
maintenance/operation manuals
cut sheet specifications
photos
warranty data
web links to product online sources
manufacturer information and contacts
etc.

g
=

Room references
such as room name, number
space type connected with asset information
such as manufacturer
model numbers
serial numbers

\any operations and maintenance requirements J

6D customized objects BIM librar y
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partial BIM model with ail disciplines
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Bim & Structure:

Buildings’ frames are made of structures that suppo i
buildings. |1
Previously structures were not externally visible, but the “||| ["'
are actually part of architectural elements that strong Hl“"...

characterize the shape. T
|

Iy

Italian law provides the definition of geometric parametel T —
I |

and structural requirements to ensure proper features an
durability of buildings.

partial BIM model with ail disciplines
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Bim & Structure:

The definition of structural
and mechanical properties of
materials plays a decisive
role in the field of structural
design (ex.: the section of
the structural elements
directly dependent to the
capacity of resistance). This
conditions is true in the case
of a reinforced concrete, but
also in the case of steel,
where high strength
parameters may allow a
significant sectional
reduction.

partial BIM model with ail disciplines
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Bim & Structure:

The design specialist have to make an appropriate mix-design of the material, not only for the
structural analysis but also related to facilities. It's clear that today the design of the BIM
structural part is very important, not only for structural engineer but also for the technical
specialists affected by the problems related to the streamlining of structural elements.

partial BIM model with ail disciplines
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Actual Project:

In the main cases analyzed, refurbishment and redevelopment of hospital, the ability to use
informative parameters provide a competitive advantage for a proper modeling of the
structural operation. It is possible to model the mechanical characteristics of the existing
structures, uniquely identifying using the codes assigned to structural grids.

The definition of the family representative system of reinforcement element plays an
important role because the unit cost of these interventions is high.

The ability to accurately estimate costs is critical in situation with repetitive actions such as
reinforcing column. During the development of structural design, it was decided to analyze
various solutions, including the winning solution to coating fiber-reinforced only on three
sides; the structural change was immediately reported in modeling providing real-time
variation of a quantity otherwise not easily obtainable.

partial BIM model with ail disciplines
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Actual Project:

The ability to accurately estimate costs is critical in situation with repetitive actions such as
reinforcing column. During the development of structural design, it was decided to analyze
various solutions, including the winning solution to coating fiber-reinforced only on three
sides; the structural change was immediately reported in modeling providing real-time
variation of a quantity otherwise not easily obtainable.

EQ

EQ

partial BIM model with ail disciplines
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Actual Project:

Similar importance was the choice of modeling the floor structures, differentiating the

bearing elements from those of lightening giving, in this way, the interference's analysis, so
the passage of plant systems is optimized.

In hospital project there is a new building that will most likely be made with partially
prefabricated elements in order to speed up the process of construction.
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partial BIM model with ail disciplines
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Criticality and Potential Development:

In fact the tendency to change a site area of
building in an assembly environment is very
strong and is leading to consequences for the de-
structuring entire supply chain. This process of
transformation would be in a BIM oriented way

as a valuable planning tool for the 5 sl e | |
deconstruction into objects assembled, condition 7 | :'::“"'='}={~}==J}|H
that requires a strong analysis of the entire el LI T

design process - implementation - transport and _|_L_ %% N = B2
installation, compared to a standardization of the
process. Such an approach in the field of BIM
lead to the creation of families with structured
within all the information relating to needs of
transport (bulk, articulated trucks to use, labor
and installation time...), installation (lifting
procedures, regulation of connections...) and
structural behavior (type of constraints ...).

partial BIM model with ail disciplines
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partial BIM model with ail disciplines
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Criticality and Potential Development:

Finally, the Italian law requires the production of manual management of manufactured in which
they must be described the way of action on non-structural but also must provide a "timetable"
of the checks on the structural parts. This information can be incorporated into an intelligent
BIM objects that contain some information and date fields to allow export of a maintenance
plan maybe importable and relatable with the calendar system. In this way we can have a
bidirectional diary management of whole building manufacturing.

partial BIM model with ail disciplines
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Criticality and Potential Development:

Moreover the building structures are designed with an average life cycle of 50 years, and
duration of building is much higher. From this directly follows the need for the future, to retrain
structurally artifacts of which we know few. The creation of a BIM model would be an important
step in the formation of a database of buildings that would allow a complete knowledge. The
Building Information Modeling in structural design would be a strong stimulus to the full
application of this approach to the entire sector and supply chain, achieving economic
advantages and system.
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0C.B7.5033 PARETI DIVISORIE IN CARTONGESSO Parete divisoria in lastre di cartongesso dello
spessore di 12,5 mm fissate mediante viti autoperforanti ad una struttura costituita
da profilat in lamiera di acciaio zincato da 0,6 mm con montanti ad interasse di 600
mm e guide al pavimento e soffitto fissate alle strutture, cor formazione

mpresa la
I R dei giunti e la_sigilatura
il soffitto con

eventuali
vani porta e vani finestra, con i contorni dotati di profitati metallii per il fissaggio dei
‘serramenti:

con due lastre di cartongesso su entrambi i lati della parete

0C.B7.50354

(Euro trentaquatiro/8s )

dilavoro intern, sigilatura dei giunti € stuccatura:

1C.09.070.00288 = REI 120, con tre lastre spessore 15 + 15 +15 mm

(Euro centouno/97 )

(Euro quattro/33 )

1€.10.500.0040 - per ogni 10 mm in pils

(Euro unof31)
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PC.01
PC.02
PC.03
PC.03 per cavedi
PC.03a
PC.04
PC.04a
PC.04a + PCOZ | :]
PC.04b
PC.05
PC.050
PC.05 X X
PC.05¢ X X
PC.050, X
PC.06a \[X | X I X | X
PC.06b X
PC.06¢ L7 x I | X I X |
PC.07 X I
PC.070 | X
PC.08 I X ‘
PC.10 X
PC.11 X

PC.11a | X
X I X

X X

dic t tizi }
mdullﬂﬂohﬂlm’ mwummwmmuwm;

70.0030 | PA.ED.0Cl.a PA.ED.O3

nEl 120 con due lastre per lato ed isolante, spess. 10+12+100+10+12 mm

dei giunti e la si " il
‘monoadesivo e la formazione di eventuall vani porta e vani finestra, con | contorni
dotati di proflati metallici per il fissaggio del seramenti:
con due lastre di cartongesso su entrambi i lati della parete di cui una accoppiata a
lamina in piombo spessore mm 2

(Euro centoquarantacingue/0 )

x fx |x =

5 D cost/gain‘s object identification matrix
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5 D matrix implementation in BIM objects through parameters
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Door Quantities -
; ] - * T E02 MOA ' EDI | PDE | PCO4b | MUl T Pannello murario in gesso_A_A2+piombo |
Electrical Equip Quantiti
~ Electrical Fixture Quantities 1 E02 WOA EDI PDE | PC.0S Pannello murario in gesso_H_A2Z
Floor Quantities by Assembl _ I'{¥ E02 MOA EDI FDE | PC.0S Lana di vetro
« T - b 1" E02 MOA EDI PDE PC.0S Lana di vetro(1) -

5 D gain/cost double analysis
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Room Function &: Room Mumber:  Name: Prog. ... Design... RDS status Equipment status Covering status i

0101021 B15 Camera, 1 posta lstto 1100 1115  From RT.000 From RT.001 From RT.001 K

@o01.01.02 B4 Camera, 1 posto lstto 1100 1115  From RT.001 From RT.001 From RT.001

@ 01.01.023 B13 Camera, 1 posta lstto 1100 1115  From RT.000 From RT.001 From RT.001

&@01.01.025 B12 Camera, 1 posto lstto 1100 1246  From RT.001 From RT.001 From RT.001

& 01.01.026 B213 Camera, 1 posta lstto 1100 1346 From RT.001 From RT.001 From RT.001

&@01.01.027 B214 Camera, 1 posto lstto 1100 1115  From RT.001 From RT.001 From RT.001

@ 01.01.028 B 215 Camera, 1 posta lstto 1100 1115  From RT.001 From RT.001 From RT.001

(€2 01.01.029 EZ216 Camera, 1 posto letto 11.00 1115 From RT.001 From RT.001 From RT.001 |

& 01.01.030 B 217 Camera, 1 posta lstto 1100 1115  From RT.000 From RT.001 From RT.001

& 01.01.031 B218 Camera, 1 posto lstto 1100 1246  From RT.001 From RT.001 From RT.001

0101032 B27 Camera, 1 posta lstto 1100 1346 From RT.001 From RT.001 From RT.001

@01.01.013 B26 Camera, 1 posto lstto 1100 1115  From RT.001 From RT.001 From RT.001

0101014 B25 Camera, 1 posta lstto 1100 1115  From RT.000 From RT.001 From RT.001

&01.01.035 B 24 Camera, 1 posto lstto 1100 1115  From RT.001 From RT.001 From RT.001

@5 n4 n4nae

naa

[ —

[ pT o

14 nn

14 10

Mee e O 1A

Fem e MVT M0

Fem e MVT M0

GD dRofus Space control
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Lampada comading
Maodel Count: 1

Corpo illuminante da letto
Planned Count: 1

2

Arredi: Lampada da tavolc
Lampada da tavolo (1)
Model Count: 1

m—

0448.02.003

Corpa illuminante da scrivania

Planned Count: 1
e ————

Select

0103.01.002 Link
Scaffale 80x25
No Family Symbol Planned Count: 1
2 T TTOSTT OO | Place
600x600x600mm Cassettiera per biancheria 60x60x6(

Madel Count: 0
=

Planned Count: 1
S ———

No Family Symbol

0105.01.001
Tenda ignifuga
Planned Count: 1

Do Refresh

0101.01.004
0101.01.005
0101.01.006
0101.01.007
0101.01.008
0101.01.009
0101.01.012
0101.02.001

Using configuration: Default

Tavele da studio 270
Scrivania 140x65
Scrivania 170w65
Scrivania 280x105
Scrivania 240w65
Tavelo da studio 180
Scrivania 120x80

Tavelo da riunione 3

Arredi
Arredi
Arredi
Arredi
Arredi
Arredi
Arredi
Arredi

Categories

Scrivania da studio 1
Serivania da studio 1
Scrivania da studio 1
Serivania da studio 1
Scrivania da studio 1
Serivania da studio 1
Scrivania da studio 1

Tavolo runioni

2700 % 1200 x 600
1400 x 650 x 800 mn
1700 x 650 x 600 mn
2800 x 1050 mm
2400 x 650 x 600 mn
1800 x 1200 x 600 m
800 x 1200 x 600 mn
2400 x 1200 mm

Preview Revit dRofus Actions il
* Arredi: Scrivania da studio  0101.01.012 | Select |
B00 x 1200 x 00 mm Scrivania 120x50 Unlinked FF&E from dRofus Unlinked Family Symbols from Revit I
Model Count: 1 Planned Count: 1
Arredi: Sedia da lavora (1) 0102.02,001 | el Name Number (&) Arredi (10)
400 x 500 mm Sedia ergonomica —_ . o
Madel Caunt: 1 Planned Count: 1 () 01- Forniture (14) Appendiabiti a piantana
Arredi: Armadio 0103.03.001 [ selea Tavolo 80x80 0101.01.010 Appendiabiti a piantana
600x120x190mm Armadio modulo da 120x60x60
Madel Count: 1 Planned Count: 1 Tavole 100x100 0101.01.011
Arredi: Comedino 0103.04.002 | Select - .
‘ 45555 mm Comoding - cassettiers 4545 Tavalina 0101.08.002 Base - Porta singola
Madel Count: 1 Planned Count: 1 Sedia 0102.04.001 600 X 600 X 900 mm
Arredi: Appendi abiti a tre  0103.09.001 | Select .
Tipo 5 Appendiabiti da muro a tre posti Sedia 45x50 0102.04.003
Model Count; 1 Planned Count: 1 Sedie AN 0102.04.004 Doccetta con flessibile
Arredi: Letto singalo 0104.01.001 | Select g Search: -DV-
80x200mm Letto singolo 80x200 Z7500-DV-HW
Madel Count: 1 Planned Count: 1
Arredi: Cesting 0190.90.003 [ Select
Cestino Cestino
Model Count: 1 Planned Count: 1 FF&E number FFAE name Category Famnily MNarme
Arredi: Lampada comadin 0448.02.002 [ Select

6D dRofus objects's maintenance information linked to BIM model
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Proprieta X
Flangia larga ad H-Pilastro [105725]

= Altro

Peso kN
0.91 kN

Peso specifico materiale

77.00 kN

Dati

Attestazione con Marcatura CE
Si

Certificato di conformita del prodotto

Tap Clear to start new measurement

Data visualization in construction site based on BIM model (through AR device) and vice versa, comunication from
construction site to technical office via BIM model
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Augmented-reality Google
Goggles ‘to replace phones’

AN interactive pair of glasses could trolled by voice and even vision—will Glass which has been dubbed Google
soon replace smartphones, Google be able to make video calls, take pic- Goggles after an existing app, will be
announced yesterday. tures and give directions. tested by the public this summer and

The augmented-reality specs —con-  The technology, part of Project may be available by the end of the

Compound model, Rivka Oxman (2005) April 4, 2012, Google Begins Testing Its Augmented-Reality

. Gl
Conclusions and future works aeses

= BIM as a collaborative augmented reality environments;
= BIM in construction
= Compound model

“VISIBILITY

Peak of Inflated Expectations

Plateau of Productivity

Slope of Enlightenment

Trough of Disillusionment

Technology Trigger TIME;

A

Collaborative environment Technology Hype Cycle after Gartner
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= Y = = PhaseCreated NI R .
print the Python version number and exit (also --version) PhaseDemolished /ﬁ\j Keynote e
. . . . R Name Materialld
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also PYTHONWARNINGS=arg cdgentore MY vane
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warn about Python 3.x incompatibilities that 2to3 cannot trivially AERNARNSEER ﬂ/ ;yﬂﬁ ey
o . \ AWMAVAN AV /| A \ £
program read from script file : ‘RMWh X //
program read from stdin (default; interactive mode if a tty) BT x ‘{.W\ °
- | M )
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= = Manufacturer ,’/ A ":i
er environment variables: Typecomments  [//| {2
HONSTARTUP: file executed on interactive startup (no default) ' URL K/
: ':'-separated list of directories prefixed to the \ DEsTEle ff
default module search path. The result is sys.path. \ b s x
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