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Sumario executivo

O presente estudo foi desenvolvido no ambito do projecto DigitalSteel tendo em vista identificar e
propor uma procedimento que:

(i) permita a auto-avaliacdo do nivel de maturidade BIM ao nivel e uma organizacéo;
(ii) permita identificar dreas onde as melhorias sdo mais prementes;

(iil) constitua a base para a atribuicao de um selo internacional de reconhecimento de maturidade
BIM organizacional.

Associacéo para o Desenvolvimento da Engenharia Civil | Universidade de Coimbra
Rua Luis Reis Santos | Pdlo Il da Universidade | 3030-788 COIMBRA

i | 38
ISISE SMCT — Instituto para a Sustentabilidade e Inovagdo em Estruturas de Engenharia |



Contetdo

Contetido iit

1 Introducao 1

11 Enquadramento . . . . . . 1

12 Objectivos . . . . . . . 1

13 Metodologia . . . . . . .. 2

2 Revisao bibliografica relativa a modelos OAM 3

21 Generalidades . . . . . ... 3

22 Modelos OAM existentes . . . . . . ... 4

221 UK Maturity model . ... . ..o 4

222 Owner’'s BIM Assessment Profile (BIMAP) . . . ... ... ... ... ... .. 4

223 NBIMS Capability Maturity Model (NBIMS-CMM) . .. . . ... .. ... .. §

224 Owner's BIM competency assessment tool (BIMCAT) . . . ... ... ... .. 8

225  Modelo de maturidade BIM para a industria nacional . . . . . ... ... .. "

226 BIM maturity matrix (BIMMMI) © .. .00 14

227  IUBIM Proeficiency Index . . . ... ... oo o 18

228  BIM Quick Scan . . . . .., 20

23 Analise critica resumida dos modelos OAM existentes . . . . . . ... ... ... ... 23

3 Modelo para avaliagao de maturidade BIM ao nivel organizacional 25

31 Modelo de maturidade BIM . . . . .. 25

32 Selo de maturidade BIM . . . .. ... 35

Bibliografia 37
Associacao para o Desenvolvimento da Engenharia Civil | Universidade de Coimbra

Rua Luis Reis Santos | Pdlo Il da Universidade | 3030-788 COIMBRA i | 38

ISISE SMCT — Instituto para a Sustentabilidade e Inovacdo em Estruturas de Engenharia






1. Introducao

1.1 Enquadramento

Maturidade pode ser definido como condicdo de pleno desenvolvimento ou Ultimo estado de de-
senvolvimento. J& um nivel de maturidade pode ser encarado como um patamar evolucionario
claramente definido que institucionaliza novas capacidades da forcas de trabalho de uma organiza-
cdo num dado dominio. Desta forma podem ser identificados niveis de maturidade correspondentes
a auséncia de capacidades (imaturidade) até a maturidade plena. Um modelo de maturidade BIM
é um sistema de classificacdo que visa avaliar o nivel de maturidade no dominio do BIM, ou seja,
0 qudo proximo ou distante a implementacdo BIM atingiu o ultimo estado de desenvolvimento. O
interesse em modelos de maturidade decorre essencialmente:

(i) da necessidade de gerir eficientemente alteracées ao nivel organizacional, como é o caso
das alteracées que a industria da AECO enfrenta como consequéncia do actual movimento
de digitalizacdo, permitindo levar a cabo uma auto avaliacdo que conduz a identificacdo dos
pontes fortes, onde o investimento é menos premente, e dos pontos fracos, onde o investimento
¢ mais premente;

(ii) da necessidade de entidades contratantes avaliarem a capacidade de entidades a contra-
tar para fornecer Serv'u;os,1 como é o caso dos donos de obra relativamente as entidades
envolvidas num dado empreendimento.

1.2 Obijectivos

Podem ainda identificar-se diversas tipologias de modelos de maturidade BIM sendo as tipologias
mais comuns [5, 16]:

'0 primeiro modelo de maturidade foi desenvolvido na década de 80 a pedido do Departamento de Defesa dos EUA
para avaliar a maturidade das empresas contratadas para desenvolver software e desta forma tentar resolver os atrasos
a data comuns na entrega destes servicos identificando as empresas com efectiva capacidade para os desenvolver nos
prazos a que se propunham.
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() modelos de avaliacdo de projectos (project assessment models, PAM): vocacionados para
avaliar o nivel de maturidade BIM em projetos especificos ao nivel das multiplas especiali-
dades/usos;

(ii) modelos de avaliacdo de organizacbes (organization assessment models, OAM): vocacionados
para avaliar o nivel de maturidade BIM ao nivel dos seus processos;

(iil) modelos para avaliar o nivel de maturidade ao nivel de um mercado ou pais.

O modelo de maturidade pretendido no ambito do projecto DigitalSteel enquadrada-se na
tipologia OAM para efeito de gestdo de alteracdes organizacionais pelo que serd esta a tipologia
abordada.

1.3 Metodologia

A metodologia adoptada consistiu numa revisdo bibliografica em dois passos. Num primeiro passo
a revisao bibliografica visou identificar os modelos de maturidade BIM que se podiam enquadrar
na tipologia OAM desenvolvidos até a data. Numa segunda fase, os documentos disponiveis de
suporte dos modelos OAM identificados foram estudados tendo em vista avaliar a sua adequacéo
para adopcao como metodologia no ambito do projecto DigitalSteel, nomeadamente tendo em
consideracdo as caracteristicas:

(i) aplicacéo facil e desambigua;
(ii) abrangéncia de todas as dimensdes relevantes do BIM;

(ii)) adaptado as especificidades nacionais mas permitir igualmente avaliar o posicionamento
internacional;

(iv) permita fornecer uma medida de maturidade absoluta mas também relativa em relacdo ao
mercado;

(v) permita identificar linhas de accdo de melhoria de maturidade BIM;

(vi) seja identificado como um modelo de referencia a nivel internacional.
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2. Revisao bibliografica relativa a modelos

OAM

2.1 Generalidades

De acordo com a bibliografia da especialidade [18, 5, 1, 9] actualmente os OAM mais estabelecidos
sao:

(i) UK Maturity model (2008) [2];

(it) National Building Information Modeling Standard Capability Maturity Model (NBIMS-CMM)
[1];

(iit) U BIM Proeficiency Index (2009) [12];

(iv) BIM Quick Scan (2010) [15];

(v) BIM maturity matrix (BIMMMI, 2010 [17];

(vi) Owner's BIM Assessment Profile (BIMAP, 2013) [3];’

(vii) Owner's BIM competency assessment tool (BIMCAT, 2013) [8];
(viit) BIM Cloud Score (2013) [6].

Além destes OAM pode deve ainda ser feita referéncia ao trabalho desenvolvido por Pon-
tes (2016) [14] para a realidade nacional com o apoio da CT197BIM mas que, por falta de norma-
lizacdo aplicével em Portugal, ndo apresenta especificidades da realidade Portuguesa.

'0 BIMAP ¢ a base de uma ferramenta gratuita de avaliacdo de maturidade BIM online disponibilizada em
https://bimconnect.org/en/bim-profiler/ vocacionada para avaliacdo da maturidade BIM de organizacées
de e outra ferramenta gratuita desenvolvida pela ARUP e disponibilizada no site da BuildingSMART (https:
//www.buildingsmart.org/users/services/bim-maturity-assessment/) vocacionada para avaliacdo da ma-
turidade BIM ao nivel de um projeto individual.
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2.2 Modelos OAM existentes

Apresenta-se nesta seccdo uma andlise sumaria dos modelos OAM de acordo com a informacéo
dispontvel.

221 UK Maturity model

A primeira versao do UK Maturity model foi proposta por Bew e Richards (2008) [2]. Posteriormente
foram desenvolvidas diversas versdes deste modelo sendo a versdo mais recente a que se pode
facilmente relacionar a proposta pela PAS 1192-2 [13] (j& revogada), ver Fig. 2.1.

De acordo com este modelo, avaliacdo do nivel de maturidade é levada a cabo através da da
verificacdo do cumprimento ou ndo das disposicdes normativas do Reino Unido o que tem como
vantagem adaptar o modelo as especificidades locais mas tem como desvantagem ndo medir a
performance organizacional ?

A EN ISO 19650-1 [7] substituiu a PAS 1192-2 [13] e apresenta igualmente um modelo de
maturidade (Fig. 2.2) mas este é mais abstracto.

Este modelo j& estd obsoleto mas apresenta-se porque representa uma tipologia de facil com-
preensdo adequada para contextos onde a normalizacdo BIM estd aprofundada e pode ser facilmente
entendido pelas partes interessadas.

2.2.2  Owner’s BIM Assessment Profile (BIMAP)

No dmbito do guia desenvolvido pela Pennsylvania State University designado Organizational BIM
Assessment Profile (BIMAP) tendo em vista o desenvolvimento de estratégias para integrar o BIM
em organizacoes [4] é proposto uma ferramenta para avaliacao da maturidade BIM suportada por
uma folha de MS Excel que adopta seis dimensées para a avaliacéo:

(i) estratégia;
(it) usos BIM;
(iil) processos;
(iv) informacéo;
(v) infraestrutura;

(vi) recursos humanos.

e em que cada uma das dimensdes é ainda decomposta em sub-dimensdes de numero varidvel
(num total de 20) cuja maturidade deve ser classificada numa escala de O (representativa da nao
existéncia ou ndo utilizacao dessa sub-dimensao na organizacéo) e 5 (representativa da situacao
em que a sub-dimenséo estd optimizada), ver Fig. 2.3. Apesar de existir uma breve descricdo para
cada nivel em cada dimensdo estes correspondem conceptualmente ao sequintes estagios:

ZNote-se ainda que a PAS 1192-2 [13] se foca nos requisitos para atingir o Level 2 sendo os restantes niveis apenas
descritos de forma sumaria.
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Figura 2.1: Modelo de avaliacdo de maturidade da PAS 1192-1 [13].

— 0: inexistente;
— 1: inicial;
gerido;

definido;

|
0w N

gerldo quantitativamente;

— 5 optimizado.

s

O nivel de maturidade é dado por um valor algébrico de 0 a 100 que agrega a maturidade
em cada um das sub-dimensdes e em que estas apresentam igual peso — o que implica que as
dimensdes apresentadas atrds tém peso diferente por forca de terem diferentes sub-dimensées.

Este modelo apresenta como vantagens a simplicidade e facilidade de aplicacdo — em grande
parte resultante da breve descricdo que é fornecida para cada nivel de maturidade de cada sub-
dimensao — sendo por isso um dos modelos mais referenciados na literatura.
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Figura 2.2: Modelo de avaliacdo de maturidade da EN ISO 19650-1 [7].

O BIMAP apresenta ainda como vantagens permitir estabelecer linhas de acgdo com base nas
descricées que sdo apresentadas para os niveis de maturidade das sub-dimensées e documentacao
relativa a cada dimensdo que considera [4].

223 NBIMS Capability Maturity Model (NBIMS-CMM)

O NBIMS Capability Maturity Model (NBIMS-CMM) [11] fot implementado numa folha de Excel e
é composto pela matriz representada na Fig. 2.4 (designada tabular maturity model) que contem
as onze dimensdes consideradas no ambito do modelo de maturidade (A a K) e 10 niveis de
maturidade (1 a 10) — a tabular maturity model apresenta ainda uma descricdo sumaria de cada
uma das dimensdes e de cada um dos niveis de maturidade por intermédio das tabelas apresentadas
nas Figuras 25 e 26.

O NBIMS-CMM atribui niveis de importancia (pesos) a cada uma das dimensdes (que podem
ser alterados em funcdo da relevancia que cada organizacdo atribui a cada uma das dimensdes)
que, ponderados pelo nivel de maturidade, atribui uma classificacdo em pontos cuja soma varia de
0 a 100. O numero total de pontos vai permitir identificar o nivel de maturidade BIM de acordo
com a escada apresentada na Fig. 27 — esta escala é revista anualmente para ajustar o numero
minimo de pontos para o nivel Minimum BIM para reflectir a evolucdo do sector da AECO na
implementacéo do BIM.
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Description

the Mission, Vision, Goals, and Objectives,
along with management support, BIl
Champions, and BIM Planning Committee.
Amission is the fundamental purpose for
existence of an organization

Goals are specific aims which the organization

No organizational
ion or go

wishes to

Avision is a picure ofwhat an organization is
striving to become

Objectives are specific tasks or steps that
when accomplished move the organization

Mo BIM v
objectives defined

on or

To what level does management suppart the
BIM Planning Process

No management support

ABIM Champion is a person who is technically
skilled and motivated to guide an organization
to improve their processes by pushing
adoption, managing resistance to change and
Ensuring ion of BIf

The BIM Planning Committee is respensible
for developing the BIM strategy of the
organization

No BIM Champion

Mo BIM Planning
Committee establi:

The specific methods of implementing BIM

The specific methods of implementing BIM on  [RGR=I1IREE

prajects

for Proj
identified

No BIM Uses for
identified

The specific methods of implementing BIM
within the organization

The means by which the BIM Uses are
accomplished

The documentation of External Project BIM
Processes

Mo external project BIk
pro d mented

No internal
organizational BIM
umented

The documentation of Internal Organizational
BIM Processes

Description

Information Needs refer to Model Level of
Dy y Data requi

Model Element Breakdown Structure are
identifiers assignedto each physical or

funcional element in the breakdown of the i B

facility model Element Breakdown

The Level of Development (LOD) describes the
level of completeness to which a Model
Element developed

nt Level of
Development

Facility Data is nen-graphical information that
can be attached to objects within the Model that

a
defines various characteristics of the object BT

Technological and physical systems needad
far the operation of BIM with the erganization.

the programs and other operating information

used by a computer to implement BIM e

physical interconnections and devices required [[NERSE TR E RS
to store and execute (or run) BIM software

Functional areas within a facility used to
properly implement BIM within the arganization

Human resources of an organization

Roles are the primary funclion assumed by a
person within the organization and
Responsiblities are the tasks or obligations
that one is required to do as part of that role.

No roles and
responsibili
cumented

An arrangement of personnel and group into anizational Hierarc!

functional greups within the organization

Education is to formally instruct about a subject on Program

Train is to teach so as to make fit, qualified, or

proficientin a specific task or process No Training Program

The willingness and state preparedness of an
organization to integrate BIM

No Change Readine:
Awarene!

Thi
organizations BIM Implementation.

Figura 2.3: Modelo de avaliacdo de maturidade BIMAP [4].

Current  Target Total
A G Level  Level Possible
1 2 3 4 . 0 0 25
In Managed Defined Managed
Organization mission Wission and goals are
Basic organizational Established basic which addressed meinsifasg sa‘:t:wtr‘\ﬂaile regularly revisited, 0 0 5
mission established organizational goals purpose, senices, relevant, and fimely maintained and updated
values (ata (as necessary
B objectives are  Vision and objectives are
BIN Vision address
Basic BIM vision is Established BasicBIM 0 oy ang | SPeciic measurable, regularly revisited, ° o 5
establish Objectives clu\ture o, aftainable, relevant, and  maintained and updated
timely (as necessary)
Full Support for BIM Full suppart for BIM o
Limited support for Implementation with |mplementation with Umited supportfor oo of continuing
continuing efforts with a 0 0 5
feasibility study some resource appropriate resource efforts
limited budget
commitment commitment
BIM Champion \flermﬂed BIM Champion with Executive Level BIM Executive-level BIM
but limited time Muttiple BIM Champions Champion working
adequate time Support Champion with 0 0 5
committed to BIM with each working Group closely with working
commitment limittime commitment
initiative group champion
. BIM Committee is Mulg-digciplinany BI4 oo g Commitee | Bl Planning decisions
Small Ad-hoc Committee Planning Committee
formalized but not includes membersforall  are integrated with
with only those interested established with 0 0 5
inclusive of all operating level of the organization = organizational Strategic
inBIM members from all -
units . including executives Planning
operative units
1 2 3 4
In Managed Defined itatively Managed i
Extensive use of BIM with Extensive use of BIM with Open sharing of BIM data
Winimal awner Winimal BIM Uses
limited sharing between  sharing between parties  across all parties and 0 0 5
requirements for BIM required
parties within project phase project phases
Record (4s-Built) BIM Record BIN data BIM data manually BIM data is directly  BIM data maintained with
model received by imported or referenced maintained for integrated with operational systems in o 0 5
for operational uses uses ional systems Realtime
1 2 3 4 5
In Managed Defined itatively Managed timizis
High-level BIM process Detailed BIM process  Detailed Bl process | Deialled Bl process
Integrated high-level BIN documented and
documented for each documented for primary  documented for all BIM 0 0 5
process pocumented regularly maintained and
party BIM Uses Uses
updated
High-Level BM process | Integraledhigh-evel  Detailed BIM process  Detailed Bll progess | DeialedBIN Process
documented and
for each process for primary for all BIM 0 0 5
regularly maintained and
operating unit documented organizational Uses Uses
updated
Current  Target Total
R Level Level Possible
2 3 4 5
Managed Defined ttatively Managed timizis 0 0 1
Qrganizational
o Model  Or Model O Model O Model 18 to industry
Element Breakdown  Element Breakdownis  Element Breakdown Element Breakdown  standard model slement [ o 0 5
defined but not uniform uniform within the aligned with industry updated along with  preakdown are balloted
within entire organization organization standards industry standards | forinclusion in industry
tandard
. Organizational
LOD efined butnot | within| © Lop  Model View Defntions &, to WVDs and
standardized witin the standards aligned with (DTN o IDMs are balloted for 0 (] 5
the organization WManuals are usedto
entire organization industry standards inclusion in industry
define LOD
standards
Facility data defined but | Facility data definedand  Organizational facility Facility data affributes Facility data atiributes
not internally standardized within the  data aftributes aligned aligned with open updated with open 0 0 5
standardized organization with industry standards standards standards
1 2 3 - 4 . o 0 15
In Managed Defined Managed
Software capable of BasicBIM Software  Advanced BIM software Al software systems | C0ram established for
accepting BIll data Systems systems available to all personnel | CoMinous updating of | =10 ° 2
pling BiM ¥ ¥ P BIM software systems
Seme hardware capable All Hardware Capable of Some advanced All organization hardware Program established for
of running basic BIM Running BasicBIM  hardware systems with  is capable of running  continous updating of 0 0 5
software Software the organzation advanced BIM Software | BIM hardware systems
Small Workspace for BIM room for Multiple collabarative  Program established for
Single workstation for Collaberating with a "
collaborating with large  workspaces within continous updating of 0 0 5
viewing BIM data screen large enough for
screen viewing capability  regular workspace BIM spaces
multiple viewers
1 2 3 4 5 0 0 25
In Managed Defined Managed
BIM Responsiblities are
BIN i the responsioiity | D 18 8 (8SRONSIOIY oy bl lies  BIM responsiviliy lies | reguianly reviewsd to
" ofthe interdisciplinary " o o 5
of the BIM Champion BIM Group with each eperating unit with each persen ensure they are properly
BIM Champion outside of Small BIM BIM Champion defined  BIM
Implementation Team Large nar
typical erganizational : within each operating | Team supports BIM Use o 0 5
. outside the typical BIM Group creates " " "
hierarchy unit within operating units
organization hierarchy
Formal Presentations Regularly condudted  On-Demand education Education is seemlessly
Adhoceducationas o what is BIM and the improved through
employee education  program established for ] 0 5
needed Benefits is has for the lessons learned within
- sessions the organization
organization the organizartion
Training is seemlessly
Training program run by Internal Training program Regularly conducted and On-Demand (.ralmng improved through
vendors - onlyfor  for all personnel that may program established for 0 0 5
routine training programs lessons learned within
necessary personnel interact with BIM the organization the
R Willingness to change is
Established need for BIM “ppe'ma”ﬁemem U Operating unitbuyin  Allindividuals buyin | partof the cutture of the | 0. 0 5
the total for all the categories. Note this does reflect maturity in all sections. While the organization could score high, there could be some key areas not implemented that could hinder the. 100
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c G D E ] [ J I3
A B Roles Or Change Business F  Timeliness/  Delivery Graphical Spatial Information  Interoperability/ IFC
Maturity Level Data Richness Life-cycle Views Disciplines Management process Response Method Information Capability Accuracy Support
1 Basic Core No Complete | No Single Role No CM Separate Most Response | Single Point | Primarily Text -| Not Spatially | No Ground | No Interoperability
Data Project Phase | Fully Supported Capability  |Processes Not| Info manually re-|Access No IA| No Technical Located Truth
Integrated | collected - Slow Graphics |
2 Expanded Data | Planning & Only One Role | Aware of CM Few Bus Most Response | Single Point 2D Non- Basic Spatial | Initial Ground Forced
Set Design Supported Processes |Info manually re-| Access w/ | Intelligent As Location Truth Interoperability
Collect Info collected Limited 1A Designed
3 Enhanced Data Add Two Roles Aware of CM Some Bus Data Calls Not Network NCS 2D Non- Spatially Limited Limited
Set Construction/ Partially and Root Process In BIM But Most| Access w/ Intelligent As. Located Ground Truth -|  Interoperability
Supply Supported Cause Analysis | Collect Info Other Data Is Basic IA Designed Int Spaces
4 Data Plus Some Includes Two Roles Fully| Aware CM, Most Bus Limited Network NCS 2D Located w/ Full Ground Limited Info
Information Construction/ Supported RCA and Processes Response Info | Access w/ | Intelligent As | Limited Info Truth - Int | Transfers Between
Suppl Feedback Collect Info | Available In BIM Full IA Designed Sharing Spaces COTS
5 Data Plus Includes Partial Plan, Implementing | All Business | Most Response | Limited Web NCS 2D Spatially Limited Most Info Transfers
Expanded Constr/Supply &| Design&Constr CM Process(BP) | Info Available In Enabled Intelligent As- located Ground Truth -| Between COTS
Information Fabrication Supported Collect Info BIM Services Builts w/Metadata Int & Ext
6 Data w/Limited | Add Limited Plan, Design & Initial CM Few BP All Response Full Web NCS 2D Spatially Full Ground | Full Info Transfers
Authoritative Operations & Construction process Collect & Info Available In Enabled Intelligent And | located w/Full | Truth - Int And|  Between COTS
Information Warranty Supported implemented | Maintain Info BIM Services Current Info Share Ext
7 Data w/ Mostly Includes Partial Ops & | CM process in Some BP All Response Full Web | 3D - Intelligent Part of a Limited Comp | Limited Info Uses
Authoritative Operations & Sustainment |place and early | Collect & | Info From BIM & |  Enabled Graphics limited GIS Areas & IFC's For
Information Warranty Supported implementation | Maintain Info Timely Services w/IA Ground Truth Interoperability
8 Completely Add Financial Operations & | CM and RCA | All BP Collect| Limited Real |Web Enabled| 3D - Current |Part of a more [Full Computed| Expanded Info
Authoritative Sustainment capability & Maintain Time Access Services - | And Intelligent | complete GIS Areas & Uses IFC's For
Information Supported Info From BIM Secure Ground Truth | Interoperability
9 Limited Full Facility Life-| All Facility Life- Business Some BP Full Real Time | Netcentric |4D - Add Time |Integrated into| Comp GT Most Info Uses
Knowledge | cycle Collection| Cycle Roles processes are |Collect&Maint| Access From | SOA Based a complete w/Limited IFC's For
Management Supported sustained by | In Real Time BIM CAC Access GIs Metrics Interoperability
CM using RCA
and Feedback
loops
10 Full Knowledge Supports Internal and Business All BP Real Time Netcentric nD - Time & |Integrated into| Computed | All Info Uses IFC's
Management | External Efforts | External Roles | processes are |Collect&Maint| Access w/ Live | SOA Role Cost GIS w/ Full | Ground Truth | For Interoperability
Supported routinely In Real Time Feeds Based CAC Info Flow w/Full Metrics
sustained by
CM, RCA and
Feedback loops
Figura 2.4: BIM Capacility Maturity Model [11].

Este modelo apresenta algumas limitacdes nomeadamente [17]:

(i) aadopgdo de um elevado numero de possiveis niveis de maturidade (10) por dimensao dificulta
a distincdo entre os diversos niveis;

(ii) existe alguma sobreposicéo entre as dimensdes;

(i) a variacdo da pontuacdo minima para o nivel Minimum BIM pode gerar inconsisténcias;

(iv) a possibilidade de alterar os pesos das dimensées de acordo com o interesse das organizacoes
impossibilita a utilizacdo deste modelo de maturidade para levar a cabo comparacdes entre
organizacoes;

(v) ¢ um modelo de maturidade mais orientado para avaliar modelos do que as equipas ou
organizacdes que desenvolveram os modelos.

224 Owner’s BIM competency assessment tool (BIMCAT)

O modelo de maturidade BIM Competency Assessment Tool (BIMCAT) desenvolvido por Giel (2013)
[8, 10] e incorpora trés grandes dimensdes (estratégica, administrativa e operacional), designadas
dreas de competéncias, que por sua vez ddo origem a 12 sub-dimensées (ver Fig. 2.8), designadas
categorias de competéncias, que finalmente sdo avaliadas com recurso a 66 aspectos (designadas
factores de competéncia, ver Fig. 2.9) por intermédio de um conjunto de questdes que pode variar
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3 |tere linked but they stil do have to go Bl business process
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[The data is beginning to _[A forth phase of the ples jobs in planning _|All [The BIM is in a limited web|A signficant portion of the |Business processes are |The drawings are 20 and | The facilty s spatialy | Many spaces and tems _|In this level of maturity
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Figura 25: Descricdes dos niveis de maturidade de cada dimenséo [11]

entre 63 e 124 — quanto mais madura se revela a resposta do utilizador mais questado s&o colocadas
por forma a obter mais informacao.

O resultado da avaliacdo da maturidade aplicando o Owner’s BIM CAT, designado Total BIM
Competency Score (TBCS), é um valor numérico entre 0 e 1200 que resulta das ponderagées dos
pesos apresentados na Fig. 2.9 e que resultam nos pesos das dimensées e sub-dimensées também
indicados na Fig. 2.8.

Séo ainda propostos cinco niveis de maturidade em funcdo do Total BIM Competency Score
(TBCS), ver Fig. 210

O Owner’s BIM CAT foi implementado numa folha de MS Excel em que cada questéo é es-
colha maltipla, multi-seleccao ou restringida a um determinado intervalo numérico para reduzir a
possibilidade de erros.

O Owner’s BIM CAT tem como vantagem ser o modelo que aborda mais dimensées BIM [18] e fot
construido sobre alguns dos modelos existente a data pelo que incorpora muitos dos seus aspectos
e dimensodes. No entanto, o elevado numero de questdes e a profundidade de informacéo requerida

Associacao para o Desenvolvimento da Engenharia Civil | Universidade de Coimbra
Rua Luis Reis Santos | Pdlo Il da Universidade | 3030-788 COIMBRA
ISISE SMCT — Instituto para a Sustentabilidade e Inovacdo em Estruturas de Engenharia

938



Title

Description

Data Richness

Identifies the completeness of the building Information Model from initially very few pieces of unrelated
data to the point of it becoming valuable information and ultimately corporate knowledge about a
facility

Life-cycle Views

Views refer to the phases of the project and identifying how many phases are to be covered by the
BIM. One would start as individual stove pipes of information and then begin linking those together
and taking advantage of information gathered by the authoritative source of the information. This
category has high cost reduction, high value implications based on the elimination of duplicative data
gathering. The goal would be to support functions outside the traditional facility management roles,
such as first responders.

Roles Or Disciplines

Roles refer to the players involved in the business process and how the information flows. This is
also critical to reducing the cost of data re-collection. Disciplines are often involved in more than one
view as either a provider or consumer of information. Our goal is to involve both internal and external
roles as both providers and consumers of the same information so that data does not have to be re-
created and that the authoritative source is the true provider of the information.

Change Management

Change Management identifies a methodology used to change business processes that have been
developed by an organization. If a business process is found to be flawed on in need of improvement,
one institutes a “root cause analysis” of the problem and then adjusts the business process based on
that analysis. Since this is related to the following item, business processes it should come after it.

Business process

The business process defines how business is accomplished. If the data and information is gathered
as part of the business process then data gathering is a no cost requirement. If data is gathered as a
separate process then the data will likely not be accurate. The goal is to have data both collected
and maintained in a real time environment, so as physical changes are made they are reflected for
others to access in their portion of the business process.

Timeliness/ Response

While some information is more static than other information it all changes and up to the minute
accuracy may be critical in emergency situations. The closer to accurate real time information you
can be the better quality the decisions that are made. Some of those decisions may be life saving in
nature.

Delivery Method

Data delivery is also critical to success. If data is only available on one machine then sharing can not
occur other than by email or hard copy. In a structured networked environment if information is
centrally stored or accessible then some sharing will occur. If the model is a systems oriented
architecture (SOA) in a web enabled environment the nentcentricity will occur and information will be
available in a controlled environment to the appropriate players. Information assurance must be
engineered into all phases.

Graphical Information

Often the starting point is a non-graphical environment. The advent of graphics helps paint a clearer
picture for all involved. As standards are applied then information can begin to flow as the provider
and receiver must have the same standards in place. As 3D images come into play more consumers
of the information will have a common view and a higher level of understanding will occur. As time
and cost are added then the interfaces can be expanded significantly.

Spatial Capability

Understanding where something is in space is significant to many information interfaces and the
richness of the information. Energy calculations must know where the heat gains will come from, first
responders need to know where water supplies and utility cutoffs are located in relation to the facility.

Information Accuracy

Having a way to ensure that information remains accurate Is only possible through some
mathematical ground truth capability. Having a mathematical product will also allow for better
management by supporting difficult to game metrics. These numbers can be used for occupancy,
information collection completeness and overall inventory calculations.

Interoperability/ IFC Support

Our ultimate goal is to ensure interoperability of information. Getting accurate information to the party
requiring the information. There are many ways to achieve this, however the most effective is to use
a standards based approach to ensure that information is a form that it can be shared and products
are available that can read that standard for of information.

Figura 2.6: Descrigdes das dimensdes [11].

Associacao para o Desenvolvimento da Engenharia Civil | Universidade de Coimbra
Rua Luis Reis Santos | Pdlo Il da Universidade | 3030-788 COIMBRA
ISISE SMCT — Instituto para a Sustentabilidade e Inovagdo em Estruturas de Engenharia

10 38



Points Required for Certification Levels

Low High

40 49.9 Minimum BIM

50 59.9 Minimum BIM

60 69.9 Certified

70 79.9 Silver

80 89.9 Gold

90 100 | Piatinum

Figura 2.7: Niveis de maturidade BIM globais [11].

Building Owner BIM Competency Framework

| | |

Strategic Competencies Administrative
(29%) Competencies (24%)
| \ *

BIM Deliverable Evaluation (68%) Documentation ( 37%) Project Procedures (38%)

Geometry Project Standards (29%) Personnel (44%)
(31%) ‘

Data Richness
(36%)

i Culture (19% Practices (25%)
Project BIM Use Requirements (11%) Preparation (22%) (19%)

| ‘ Policies (18%)
Technology (10%) Goals/Objectives (12%)

Staff Aptitude (8%)
|
Organizational BIM Use (4%)

Figura 2.8: Dimensdes do modelo de avaliacao de maturidade Owner’s BIM CAT [8].

sobre a organizacdo — o modelo deve ser preenchido por alguém numa posicéo de gestdo — e sobre
0s aspectos técnicos — alguma da informacéo requerida é incompreensivel para quem ndo tem bases
sélidas de BIM — bem como a auséncia de guias e a descricao sintética do ambito das questdes
torna a sua aplicacdo complexa. O modelo peca também pela auséncia de identificacdo de como
os 00 factores de competéncia sdo avaliados por intermédio das 63 a 124 questées, dificultando a
replicacdo da implementacdo do modelo.

2.25 Modelo de maturidade BIM para a indistria nacional

Pontes (2016) [14] desenvolveu um modelo de maturidade BIM que faz uso das sequintes onze
dimensées (designadas categorias no documento original):

— A informacéo - riqueza dos dados;
— B: abrangéncia do Ciclo de Vida;

— C: funcdes ou disciplinas;
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Upper Management Buy-in

QC Plan for checking BIM Deliverables

Required Project BIM Meetings

BIM Champion

BIM Vision

FMS Data Transfer Req

Construction Phase Uses

Design Phase Uses

LOD

Contracts which address BIM
BIM Training Practi

2.95

2.95

-p0

B0

PasWa el

Construction Clash Detection
Design Collision Detection

BIM Education Practices

BIM Execution Plan (BEP) Standard
Allocation of budget toward BIM
Mission Statement

As-Built Model Geometry
Construction Model Geometry
Design for Maintenance Geometry
Asset Mgmt Data Req

Space Mgmt Data Req

NN RN

NSNS T
DDIRD DD 5 000 po PO

27
2.71

267

2.7

BIM Imp on Guide
Organizational Business Process Maps
O&M Phase Uses

Renovation BEP

Model Element Classification
Delivery Methods which address BIM
BIM Planning Team

BIM standards and protocols
Maintenance Mgmt Data Req
Change Management

Life Cycle Views

Internal Benchmarking Strategies
Asset Model Geometry

Existing Environment Integration
Spatial Capability

Knowledge Management

Support Staff Buy-in

BIM Capability

Design Model Geometry

BIM Procurement Procedures
Organizational Change Readiness
Organizational Charts with Roles and Responsibilities

Competency Factors

2.67

2.67

2.62

262

257
257
257

2.52
2.52

Model Progression Specification

BIM Hiring Practices for new staff

BIM Job Duties

Systems Control and Monitoring Data Reg
Design/Programming Data Req

Planning Phase Uses

Software Standards

Reliance on BIM for real-time information
Energy and Environmental Sustainability Data Req
Networking Services

Project Benchmarking strategies

Risk Management

Staff BIM Experience

Evaluation Strategies for assigning BIM..

R&D Efforts

Technology Improvement Plan
Requirement for Project Process Maps
Disaster Mgmt Data Req

Construction Cost Data Req

Understanding of Relational Databases
Dedicated space configured with technology
Hardware Standards

1

.00

Q0 00 00 O

248
2.48

Strategic
Competencies

Administrative
Competencies

Operational

1.50

2.00

2.50

3.00

Figura 2.9: Factores de competéncia do modelo de avaliacdo de maturidade Owner’s BIM CAT (8]
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BIM competency level Name Score Range

Level O
Level 1
Level 2
Level 3
Level 4
Level 5

Non-Existent 0-200
Initialized 200-400
Managed 400-600
Defined 600-800
Quantitatively Managed 800-1000
Optimizing 1000-1200

Figura 2.10: Niveis de maturidade do modelo de avaliacdo de maturidade Owner's BIM CAT [8].

— D

E:
F:
- G
H:

modelo de gestao;
sincronizacao;
acessibilidade e partilha;
dimensoes;

informacéo externa;

— |: infraestrutura;

— J: formato de informacéo;

— K

formacdo;

Os niveis de maturidade relativos a cada dimensdo variam de 1 a 5 em que, apesar de existir
uma breve descricao para cada nivel em cada dimenséo estes correspondem conceptualmente ao
seguintes estdgios:

e
- 2
- 3
— 4
— 5

inicial;
definido;
gerido;
integrado;

optimizado.

O modelo estabelece 5 niveis de maturidade organizacionais cujas fronteiras sdo designadas
etapas de maturidade e que implicam niveis de maturidade distintos nas diferentes dimensdes de
acordo com a Fig. 2.11.

A semelhanca do BIMAP, este modelo apresenta como vantagens permitir estabelecer linhas
de accao com base nas descricdes que sdo apresentadas para os niveis de maturidade das dimen-
soes. Alem disso foi desenvolvido para a realidade Portuguesa com base num focus group com
representatividade de investigadores, projectistas e construtores — sendo identificavel a auséncia
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Figura 2.11: Modelo de avaliagao de maturidade proposto por Pontes (2016) [14].

de representatividade de clientes/operadores dos empreendimentos, consultores e outros técnicos
para além dos projectistas.

Apesar de ndo possuir explicitamente especificidade relativas a realidade nacional, este modelo
fot desenvolvido com a colaboracdo de especialistas nacionais pelo que implicitamente incorpora
alguma sensibilidade para com a realidade Portuguesa. Note-se no entanto que a documentacdo
de suporte ndo enquadra o modelo no dmbito das outras alternativas disponiveis na literatura ndo
sendo por isso evidente as suas vantagens e é um modelo de divulgacdo restrita presentemente
com reconhecimento internacional limitado.

2.2.6 BIM maturity matrix (BIMMMI)

No modelo BIM maturity matrix proposto por Succer [17] pode ser aplicével a diversas escalas
de organizacdes (desde o mercado global ao membro de uma organizacdo), em trés dimensdes
distintas (tecnologia, processos e politica) mas com quatro niveis de granulometria — designadas
competéncias — o que sdo avaliadas em termos de estagio de capacidade (capability stages) —
definida como a aptiddo para efectuar uma tarefa, entregar um servico ou gerar um produto —
e niveis de maturidade (maturity level) — que é relativo a qualidade, repetibilidade e grau de
exceléncia com que um servico é executado.

A Fig. 212 ilustra como aplicar o modelo para avaliar a capacidade e maturidade BIM. No
ambito deste processo podem ser identificados os sequintes passos:

— passo 1: identificacdo da escala de avaliacdo organizacional; a Fig. 2.13 apresenta os 12
niveis de granulometria propostos para a escala a que pode ser aplicado o modelo;
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Organisational

Scales Competency
step 1: step 2: Granularity Levels

establish/select .8' Project T establish/select 1 Discovery
[¢) tional roject Team Granularit -

START rgagésaa.ema —> . .. raLne'f,;n ¥ 2 Evaluation
9 Organisation e

o . 3 Certification

ty 10 Organisational Unit .
4 Auditing

step 3: After Competency Areas have been isolated according to Organisational
Scale and Granularity Level, assessment is then performed to establish BIM Capability

Maturity

o step 4: step 5:
Capablllty isolate Maturity .Ifevels generate a capability
Stages Areas according a Initial and maturity report
H to established IS (e.g. BIM Maturity Matrix)
1 Modelling Capability Stage b Defined as per established m
2 Collaboration and then assess ¢ Managed Organisational Scale
s BIM Maturity and Granularity Level
3 Integration d Integrated

e Optimised

Figura 2.12: Procedimento para aplicacdo do modelo de avaliacao de capacidade e maturidade BIM [17].

— passo 2: escolha do nivel de granulometria a adoptar para as dreas de competéncia (dimen-
soes) e identificacdo das areas de competéncias/competéncias ndo relevantes; a Fig. 2.14
identifica as areas de competéncia (tecnologia, processos e politica) e as competéncias a
adoptar nos dois niveis de granulometria mais grosseiros (de quatro possiveis) e a Fig. 2.15
apresenta a definicdo de cada um dos niveis e a sua aplicabilidade em termos de granulo-
metria da escala de organizacao;

— passo 3: identificacdo do nivel evoluciondrio de capacidade de cada competéncia (B/IM steps)
e do respectivo estagio de capacidade (capacity stage); o modelo proposto nédo identifica os
niveis evoluciondrios a considerar para cada competéncia — a Fig. 2.18 sugere 12 niveis —
mas apresenta os estagios de capacidade de competéncias identificados na Fig. 2.17;

— passo 4: identificacdo do nivel de maturidade de cada competéncia numa escala de 5 niveis
(inicial, definido, gerido, integrado, optimizado); a Fig. ?? apresenta a definicédo dos niveis de
maturidade as competéncias do nivel de granulometria 1 da drea de competéncias tecnologia;

— passo 5: sistematizacdo e reporte de resultados: sdo propostos relatdrios que variam em
termos de formalidade, cobertura e detalhe em funcédo da granulometria adoptada para a
escala organizacional e para as competéncias de acordo com as categorias indicadas na
Fig. 2.15; o estdgio de capacidade, apara além do valor textual (Fig. 2.17), pode ser ilustrado
por intermédio de uma representacdo do tipo da apresentada na Fig. 2.18 enquanto que um
pardmetro caracterizador do nivel de maturidade global pode ser traduzido por um parametro
que se obtém atribuindo um numero de pontos fixo a cada nivel de maturidade de cada
competéncia e calculando a média para cada nivel de competéncia, ver Fig. 2.19.

Genericamente o modelo BIMMMI apresenta uma cobertura alargada e é flexivel, permitindo
o seu ajuste a diferentes aplicacdes. No entanto, para niveis de granulometria de competéncias
superiores ao primeiro a descricdo das competéncia é inexistente e para os niveis 3 e 4 nao sao
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Low Detail High Detail
Name Sym  Granularity | Name Sym Granularity Short Definition
MACRO M Markets (Macro M) M Market Markets are the “world of commercial activity
Markets and @ @ where goods and services are bought and sold”
Industries http://bit.ly/piB3c
(Meso M) Md Defined Market Defined Markets can be geographical,
@ geopolitical or resultant from multi-party
agreements similar to NAFTA or ASIAN.
(Micro M) Ms Sub-Market Sub-markets can be local or regional.
| Industries (Macro I) 1 Industry Industries are 'the organized action of making of
@ @ goods and services for sale'. Industries can
traverse markets and may be service, product or
project-based. The AEC industry is mostly
Project-Based.
http://bit.ly/iel Y3
(Meso 1) Is Sector A sector is a "distinct subset of a market, society,
@ industry, or economy whose components share
similar characteristics"
http:/bit.ly/15UKZD
(Micro I) Id Discipline Disciplines are industry sectors, “branches of
@ knowledge, systems of rules of conduct or
methods of practice™ http:/bit.ly/7{T82
Isp Specialty Specialty is a focus area of knowledge, expertise,
@ production or service within a sub-discipline.
MESO P Project Teams | n/a P Project Team Project Teams are temporary groupings of
Projects and their organisations with the aim of fulfilling
teams @ predefined objectives of a project - a planned
endeavour, usually with a specific goal and
accomplished in several steps or stages.
http:/bit.ly/dgMYg
MICRO (0] Organisations | (Macro O) 0] Organisation An organisation is a 'social arrangement which
Organisations, pursues collective goals, which controls its own
Units, their teams @ @ performance, and which has a boundary
& members separating it from its environment.
http://bit.ly/v7p9N
(Meso O) Ou Organisational Departments and Units are specialised divisions
Unit of an organisation. These can be co-located or
distributed geographically.
ot Organisational Organisational Teams consist of a group of
Team individuals (human resources) assigned to
@ perform an activity or deliver a set of assigned
objectives. Teams can be physically co-located
or formed across geographical or departmental
lines.
(Micro O) Om Organisational Organisational members can be part of multiple
Member Organisational Teams.

@

Figura 2.13

. Escalas organizacionais [17].
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Figura 2.14: Areas de competéncia e competéncias correspondentes a diferentes niveis de granulometria [17]
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GLevel Number, GLevel Name, Description and OScale Assessment By, Report
Scoring System (Numerical and /or Named) applicability [ Type and Guide Name
1| Discovery A low detail assessment used All Scales Self Discovery
for basic and semi-formal Notes
discovery of BIM Capability
and Maturity. Discovery BIMC&M
assessments yield a basic Discovery
numerical score. Guide
2| Evaluation A more detailed assessment of | All Scales Self and Evaluation
BIM Capability and Maturity. Peer Sheets
Evaluation assessments yield a
detailed numerical score. BIMC&M
Evaluation
Guide
3| Certification | A highly-detailed appraisal of 8 and 9 External Certificate
those Competency Areas Consultant
applicable across disciplines, BIMC&M
markets and sectors. Certification
Certification appraisal is used Guide
for Structured (Staged)
Capability and Maturity and
yields a formal, Named
Maturity Level.
4| Auditing The most comprehensive 8,9,10& 11 | Self, Peer Audit Report
appraisal...In addition to and External
competencies covered under Consultant | BIMC&M
Certification, Auditing Auditing
appraises detailed Competency Guide
Areas including those specific
to a market, discipline or a
sector. Audits are highly
customisable, suitable for Non-
structured (Continuous)
Capability and Maturity and
yield a Named Maturity Level
plus a Numerical Maturity
Score for each Competency
Area audited.

Figura 2.15: Definicao e aplicabilidade dos diferentes niveis de granulometria de competéncias [17].

sequer identificadas as competéncias. Também ndo é identificado para cada competéncia qual o
nivel evoluciondrio minimo para atingir um determinado estdgio de capacidade, correndo o risco
de conduzir a resultados subjectivos quando aplicado por diferentes entidades. Para niveis de
granulometria superiores ao primeiro pode torna-se de aplicacao complexa.

2.2.7 IU BIM Proeficiency Index

A Universidade de Indiana desenvolveu uma métrica para avaliacdo de maturidade BIM designada
BIM Proeficiency Index [12] vocacionado para equipas de projecto. O modelo é baseado numa
matriz (Ul BUM proeficiency Matrix) que inclut oito grupos de dreas (categories) e cada uma destes
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Pre-BIM status The construction industry is characterised by adversarial relationships where
Disjointed Project Delivery contractual arrangements encourage risk avoidance and risk shedding. Much
dependence is placed on 2D documentation to describe a 3D reality. Even when
some 3D visualisations are generated, these are often disjointed and reliant on
two-dimensional documentation and detailing. Quantities, cost estimates and
specifications are generally neither derived from the visualisation model nor
linked to documentation. Similarly, collaborative practices between
stakeholders are not prioritised and workflow is linear and asynchronous.
Under pre-BIM conditions, industry suffers from low investment in technology
and lack of interoperability (CWIC, 2004) (NIST, 2004).

The graphical symbol (left) represents 2D hand-drawn, 2D computer-aided
drafting or 3D non-object based software technologies similar to AutoCAD® and

SketchUP®.
BIM Stage 1 BIM implementation is initiated through the deployment of an ‘object-based 3D
Object-based Modelling parametric software tool” similar to ArchiCAD®, Revit®, Digital Project® and
Tekla®. At Stage 1, users generate single-disciplinary models within either
P =0 design [D], construction [C] or operations [O] — the three Project Lifecycle
-~ Phases. Modelling deliverables include architectural design models [D] and duct

fabrication models [C] used primarily to automate generation and coordination

A of 2D documentation and 3D visualisation. Other deliverables include basic

. L:w\ data exports (e.g. door schedules, concrete volumes, FFE costs,...) and light-

- weight 3D models (e.g. 3D DWF, 3D PDF, NWD, etc...) which have no modifiable
parametric attributes.

Collaborative practices at Stage 1 are similar to pre-BIM status and there

are no significant model-based interchanges between different disciplines. Data

exchanges between project stakeholders are uni-directional and

The graphical symbol above communications continue to be asynchronous and disjointed. As only minor
represents a single- process changes occur at Stage 1, pre-BIM contractual relations, risk
disciplinary 3D model allocations and organisational behaviour persist. However, the semantic nature
exemplified by an architect’s  of object-based models and their ‘hunger’ for early and detailed resolution of
ArchiCAD®, a structural design and construction challenges encourage ‘fast-tracking’ of Project Lifecycle
engineer’s Revit® or a steel Phases - when a project is still executed in a phased manner yet design and
detailer’s Tekla® model. construction activities are overlapped to save time (Jaafari, 1997).

BIM Stage 2 Having developed single-disciplinary modelling expertise during Stage 1
Model-based C: impl

ntations, Stage 2 players actively collaborate with other disciplinary
players. Collaboration may occur in several technical ways following each
player’s selection of BIM software tools. Two different examples of model-based
collaboration include the interchange (interoperable exchange) of models or
part-models through ‘proprietary’ formats (e.g. between Revit® Architecture and
Revit® Structure through the .RVT file format) and non-proprietary formats
(e.g. between ArchiCAD® and Tekla® using the IFC file format).

Model-based collaboration can occur within one or between two Project
Lifecycle Phases. Examples of this include the Design-Design interchange of
architectural and structural models [DD], the Design-Construction interchange
of structural and steel models [DC] and the Design-Operations interchange of
The graphical symbol (above) architectural and facility maintenance models [DO]. It is important to note that
represents the interchange of only one ‘collaborative model’ needs to hold 3D geometric data to allow for

3D models between two semantic BIM interchanges between two disciplines. An example of this is the
different disciplines (A and Bl [DC] interchange between a 3D object-based model (e.g. Digital Project®),
This can be exemplified by scheduling database (e.g. Primavera® or MS project®) or a cost estimating
two-way linking of Revit® database (e.g. Rawlinsons or Timberline®). Such interchanges allow the
Architectural and Structural generation of 4D (time analysis) and 5D (cost estimating) studies respectively.
models (a proprietary Although communications between BIM players continue to be asynchronous,
interoperable exchange) or the ~ pre-BIM demarcation lines separating roles, disciplines and lifecycle phases
interchange of IFC- files start to fade. Some contractual amendments become necessary as model-based
exported out of multi- interchanges augment and start replacing document-based workflows. Stage 2
disciplinary BIM applications also alters the granularity of modelling performed at each lifecycle phase as
(a non-proprietary higher-detail construction models move forward and replace (partially or fully)
interoperable exchange), lower-detail design models.
BIM Stage 3 At this capability stage, semantically-rich integrated models are created, shared
Network-based Integration and maintained collaboratively across Project Lifecycle Phases. This integration
can be achieved through ‘model server’ technologies (using proprietary, open or
non-proprietary formats), single-integrated/distributed-federated databases

(Bentley, 2003) (Liaserin, 2003), Cloud Computing or SaaS (Software as a
Service)(Wilkinson, 2008). BIM Stage 3 models become interdisciplinary nD
models (Lee et al., 2003) allowing complex analyses at early stages of virtual
design and construction. At this Stage, model deliverables extend beyond
semantic object properties to include business intelligence, lean construction
principles, green policies and whole lifecycle costing. Collaborative work now
‘spirals iteratively’ around an extensive, unified and sharable data model
(Edgar, 2007). From a process perspective, synchronous interchange of model
and document-based data cause project lifecycle phases to overlap extensively
forming a phase-less process.

The graphical symbol (above) represents the integration of 3D models using a network-based technology. Each of
the single-disciplinary models (represented by capital letters) is an integral part of the resulting inter-disciplinary
model.

Integrated Project Delivery  Integrated Project Delivery, a term popularised by the American Institute of
Interdependent, I-ti rchitects California Council (AIA, 2007) is, in the author’s view, suitable for
models representing a long-term vision of BIM as an amalgamation of domain

. technologies, processes and policies. The term is generic enough and potentially
more readily understandable by industry than “Fully Integrated and Automated
Technology” (FIATECH, 2005), Integrated Design Solutions (ILAL, 2007) or “nD
Modelling” (Lee et al., 2003) as three prominent examples. The selection of
Integrated Project Delivery (IPD) as the ‘goal’ of BIM implementations is not to
the exclusion of other visions appearing under different names. On the contrary,
the path from Pre-BIM (a fixed starting point), passing through three well
defined Stages towards a loosely defined IPD is an attempt to include all
pertinent BIM visions irrespective of their originating sources.

The graphical symbol (above) represents the delivery and conti ion of a highly i multi-
dimensional model connected to multiple external datab and ki dge sources in I-ti These include
services’ grid, building geographic information (GIS), cost datal perati

business logic, etc...

Figura 2.16: Estdgios de capacidade de competéncias [17].
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a

b

c

d

e

BIM C Areas
at Granularity level 1

INITIAL

DEFINED

MANAGED

INTEGRATED

OPTIMISED

TECHNOLOGY

Software: applications,
deliverables and data

Usage of software applications
is unmonitored and
unregulated. 3D Models are
relied on to mainly generate
accurate 2D
entations/deliverables.
Data usage, storage and
exchanges are not defined
within organisations or project
teams. Exchanges suffer from a
severe lack of interoperability.

Software usage/itroduction
is unified within an
organisation or project teams

Software sclection and usage
is controlled and managed
according to defined

(multiple organisa ). 3D
Models are relied upon to
generate 2D as well as 3D
deliverables. Data usage,
storage and exchange are well
defined within organisations
and project teams.
Interoperable data exchanges
are defined and prioritised.

deliverables. Models are the
basis for 3D views, 2D

Tef ations,
quantification, specitication
and analytical studies. Data
usage, storage and exchanges
are monitored and controlled.
Data flow is d d and

Software selection and
deployment follows
strategic objectives, not just
operational requirements
Modelling deliverables are
well synchronised across
projects and tightly
integrated with business
processes. Interoperable
data usage, storage and

1 lated and

Selection/use of software tools is
continuously revisited to enhance
productivity and align with
strategic objectives. Modelling
deliverables are cyclically being
revised/ optimised to benefit from
new software functionalities and
available extensions. All matters
related to interoperable data usage
storage and exchange are

well-managed. Interoperable
data exchanges are mandated
and closely monitored.

ge are reg]
performed as part of an
overall organisational or
project-team strategy.

d, controlled, reflected
upon and proactively enhanced.

Hardware: equipment,
deliverables and
location/mobility

BIM equipment is inadequate;
specifications are too low or
inconsistent across the
organisation. Equipment
replacement or upgrades are
treated as cost items and
performed only when
unavoidable.

Equipment specifications —
suitable for the delivery of
BIM products and services -
are defined, budgeted-for and
standardised across the
organisation. Hardware
replacements and upgrades
are well-defined cost items.

A strategy is in place to
transparently document,
manage and maintain BIM
equipment. Investment in
hardware is well-targeted to
enhance staff mobility (where
needed) and extend BIM
productivity.

Equipment deployments are
treated as BIM enablers.
Investment in equipment is
tightly integrated with
financial plans. business
strategies and performance
objectives,

Existing equipment and innovative
solutions are continuously tested,
upgraded and deployed. BIM
hardware become part of
organisation’s or project team’s
competitive advantage.

Network: solutions,
deliverables and sccurity/
access control

Network solutions are non-
existent or ad-hoc. Individuals,
organisations (single location/
dispersed) and project teams
use whatever tools found to
communicate and share data.
Stakeholders lack the network
infrastructure necessary to
harvest, store and share
knowledge.

Network solutions for sharing
information and controlling
access are identified within

Network solutions for
harvesting, storing and
sharing knowledge within and

and between organisations. At
project level, stakeholders
identify their requirements for
lata/information.
Dispersed organisations and
project teams are connected
through relatively low-
bandwidth connections.

iden

Dbetween organisa are
well managed through
common platforms (e.g.
intranets or extranets).
Content and asset
management tools are
deployed to regulate
structured and unstructured
data shared across high-
bandwidth connections.

Network solutions enable
multiple facets of the BIM
process to be integrated
through seamless real-time
sharing of data, information
and knowledge. Solutions
include project-specific
networks/portals which
enable data-intensive
interchange (interoperable
exchange) between
stakeholders.

Network solutions are
continuously assessed and
replaced by the latest tested
innovations. Networks facilitate
knowledge acquisition, storing and
sharing between all stakeholders.
Optimisation of integrated data ,
process and communication
channels is relentless.

Figura 2.17: Definicdo dos niveis de maturidade para a area de

competéncias de tecnologia [17].

grupos contem quatro dimensdes (sub-categories), conduzindo a um total de 32 duas dimensdes
para efeito de avaliacdo — o modelo é suportado pela folha de Excel representada na Fig. 2.20 onde
é apresentado em comentario uma breve descricdo de cada dimensao.

Neste modelo cada dimenséo é classificada numa escala de O (inexisténcia) a 1 (plenamente
aplicavel), sendo a classificacdo final dada pela soma das classificacdes de cada dimensdo — a
pontuacdo maxima possivel e alcancar é por isso 32. A pontuacao define o nivel de maturidade de
acordo com a escala de 5 niveis apresentada na Fig. 2.21.

A maior limitacdo deste modelo é a subjectividade na classificacdo de cada dimensao de 0 a
1. E ainda de salientar que o modelo de avaliacdo de maturidade se foca na riqueza e rigor dos
modelos BIM produzidos pela equipa de projecto e ndo considera os processos e recursos.

2.2.8 BIM Quick Scan

O BIM Quick Scan [15] foi desenvolvido pela Netherlands Organisation for Applied Scientific Re-
search (TNO) para avaliar a maturidade BIM de organizacbes com base em quatro dimensdes
(chapters)

(i) organizacdo e gestao;
(it) mentalidade e cultura;

(iii) estrutura e fluxo de informacéo;
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Figura 2.18: Representacao gréfica da avaliagéo de capacidade de maturidade BIM [17].
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Technology | Software [

Hardware [

Network [
Process Leadership [

Human Resources [

Infrastructure [

Products & Services °
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Regulatory o

Preparatory [J
Stage Collaboration [2] [
Scale Organisation [9] [
Subtotal 10 100 120 80 )
Total Points 310
Maturity Score 25.83

NOT SUITABLE FOR CERTIFICATION

Figura 2.19: Calculo de um pardmetro representativo do nivel de maturidade global BIM [17].

Associacao para o Desenvolvimento da Engenharia Civil | Universidade de Coimbra
Rua Lufs Reis Santos | Pdlo Il da Universidade | 3030-788 COIMBRA

21|38
ISISE SMCT — Instituto para a Sustentabilidade e Inovacdo em Estruturas de Engenharia |



Category | A~ Physical Accuracy of Model[B- IPD Methodology [~ calculation Mentality D - Location Awareness E - Content Creation F - Construction Data G - As-Built Modeling [H- FM Data Richness
Number
Basic Model Post Bid Model
D cast g|Creation of ABIM Information Export {j|Site Orientation o|Geometrically T|lQuantity Takeoffs |Documentation |Space z
1 Geometry <|Execution Plan e 5 © B|Correct Content w Y v © Management Data T
(Discipline)
o [Fon Aceva o [poncchined o [ Ao o o o o o
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{ 1 ;|Global Accurac ; |Design Intent H : ;|Specific :
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Figura 2.20: Ul BUM proeficiency Matrix [12].
Category Points Achieved BIM Maturity Score BIM Standard
o i BIM Score Between 0- .
A - Physical Accuracy of Model 0 12 - Workmg Towards BIM
B- IPD Methodology 0 BIM S Bet 13
core between - .
C - Calculation Mentality 0 18 - Certified BIM
D - Location Awareness 0 BIM Score Between 19-| _ Silver
o 24
E - Content Creation 0
BIM Score Between 25-| _ Gold
F - Construction Data| 0 28 - o
G - As-Built Modeling 0 BIM Score Between 29- | _ Ideal
H- FM Data Richness 0 32

Figura 221 Niveis de maturidade definidos pela Ul BUM proeficiency Matrix [12].

(iv) ferramentas e aplicacoes.

que compreendem sub-dimensées (KPIs), estando o nimero méximo destas limitado a 50.

Este modelo funciona com perguntas de resposta multipla em que a cada resposta corresponde
a uma pontuacao sendo que a cada sub-dimenséo é atribuido um peso para ponderacéo.

O nivel de maturidade BIM corresponde a soma ponderada das classificacdes que sdo atribuidas
por um consultor BIM certificado pela TNO — isto significa que a opinido do consultor contribui para
a definicdo da resposta mas evita erros de interpretacdo por parte de individuos sem conhecimentos
para aplicar o modelo. O limite superior da classificacdo é aberto por forma a reflectir a evolucéo
do BIM ao longo dos anos — ainda assim é assegurado que um valor do nivel de maturidade
corresponde sempre a uma dada maturidade independentemente do ano em que a avaliacdo é
efectuada (dat a necessidade de manter o limite superior aberto).

Por forma a disseminar a utilizacdo do BIM Quick Scan, para alem da versao do modelo a ser
aplicada pelos consultores BIM certificados para avaliacdo da maturidade BIM, foi desenvolvida
uma versao simplificada online gratuita para efeito de auto-avaliacdo. Foram ainda desenvolvidas
guias de aplicacdo do modelo mas restritos a serem usados por este consultores.

A informacdo relativa ao BIM Quick Scan é escassa nao tendo sido por isso possivel aprofundar
os seus fundamentos.
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2.3

Analise critica resumida dos modelos OAM existentes

Existem diversos trabalhos devotados a anélise e comparacao dos modelos [18, 5, 1, 9] tendo em
vista facilitar a seleccdo de modelos em funcdo do abjecto de avaliacdo, sendo que da anélise
levada a cabo e destas referencias se podem extrair as seguintes conclusées:

(©)

(i0)

(iil)

(i)

nenhuma ferramenta foi reconhecida como referencia na indtstria AECO para avaliacao de
maturidade;

existe um numero significativo de ferramentas disponiveis para avaliara a maturidade BIM mas
que ndo podem ser usadas de forma complementar na medida em que os aspectos/dimensdes
avaliadas sao muito diferentes e os pesos relativos dados a cada aspecto/dimenséo séo tam-
bém diferentes (em algumas ferramentas os aspectos/dimensées e os pesos variam consoante
a organizacao a ser avaliada);

alguns modelos ndo podem ser replicados na medida em que néo é disponibilizada informacéo
para tal;

alguns modelos apresentam um nivel de complexidade excessivo e requerem informacéo es-
pecializada, o que nao propicia a sua utilizacdo generalizada;

genericamente as ferramentas disponiveis ndo disponibilizam uma referéncia correspondente
a pratica actual por forma a que as organizacdes possam perceber a sua situacao no mercado
(ou seja, uma medida de maturidade relativa), apenas permitindo determinar uma medida de
maturidade absoluta.
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3. Modelo para avaliacao de maturidade
BIM ao nivel organizacional

3.1 Modelo de maturidade BIM

Tendo e consideracdo as caracteristicas dos modelos de maturidade apresentados e os requisitos
identificados inicialmente, apesar de nenhum dos modelos propostos permitir uma medida de ma-
turidade relativa em relacdo ao mercado (benchmark) — nem acomodar a evolucdo futura do BIM
nessa medida relativa —, tendo em atencao as dimensées abordadas, a objectividade, a facilidade de
uso, o reconhecimento internacional e a disponibilizacdo de linhas de accdo futuras, conclui-se que
o modelo Organizational BIM Assessment Profile (BIMAP) [4] desenvolvido pela Pennsylvania State
University (§2.2.2) fornece a melhor base de trabalho actualmente. As Tabelas 3.1 a 3.6 apresentam
a adaptacdo deste modelo usada — a leitura destas tabelas deve ser levada a cabo da esquerda
para a direita em que um nivel de maturidade elevada pressupde o cumprimento dos requisitos dos
niveis inferiores (caso ndo exista contradicdo) conjuntamente com o documento Organizational BIM
Assessment Profile [4].
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7

O nivel de maturidade BIM (NMB) corresponde é um valor que varia de 0 a 100 obtido pela
soma dos valores dos niveis de maturidade das sub-dimensdes apresentadas nas Tabelas 3.1 a 3.6
adimensionalizado dividindo esta soma por 100 (20 sub-dimensdes multiplicadas por 5). O nivel de
maturidade para cada dimensdo (NMBD) calcula-se de forma anéloga dividindo a soma dos valores
dos niveis de maturidade das sub-dimensdes correspondentes pelo produto de 5 e o numero de
sub-dimensades.

Por forma a ultrapassar a lacuna decorrente da inexisténcia de uma medida de maturidade
relativa propde-se que o modelo a desenvolver/adaptar seja alvo de uma aplicacdo generalizada,
anonima e periddica no sector cujos resultados globais possam ser publicitados. Desta forma a
ferramenta onde o modelo serd implementado deve ser online por forma a permitir armazenar os
resultados para efeito de benchmark e calcular a média das classificacées no periodo em analise,
designada nivel de maturidade médio (NMM).

Deve propor-se as organizagdes a repeticdo da avaliacdo de maturidade BIM numa base anual
(caso em que o NMM serd relativo a resultados de um ano) ou bhi-anual (caso em que o NMM sera
relativo a resultados de meio ano) e deve ainda ponderar-se manter o limite superior da escala em
aberto por forma a ser possivel aumentar o nimero de patamares para cada dimensédo de forma
a permitir que, a semelhanca do modelo BIM QuickScan (§2.2.8) o modelo possa acompanhar a
evolucdo do BIM e possam ser adicionadas dimensdes adicionais.

3.2 Selo de maturidade BIM

O modelo de avaliacdo e maturidade proposto na §3.1 serd usado para uma auto-avaliacdo regular
tendo em vista a identificacdo e accoes de melhoria por parte das empresas e a sua avaliacdo
relativa perante o mercado (tal como referido na §3.1), mas servird também para determinar uma
classificacdo — por parte de uma entidade externa — que permita identificar o nivel de maturidade
da empresa, credibilizando a informacdo que esta transmite aos parceiros relativa as competéncias
BIM. Propée-se que o selo de maturidade BIM apresente os seguintes niveis:

(i) sem atribuicdo de selo — classificacdo (NMB) inferior a 25% da média da indudstria (NMM);

(il) prata — classificacdo (NMB) superior ou igual a 25% e inferior a 50% da média da industria
(NMM);

(it) ouro — classificacdo (NMB) superior ou igual a 50% e inferior a 75% da média da indistria
(NMM) em que nenhuma dimensdo pode ter uma classificacdo (NMBD) inferior a 25% da
média da industria para essa dimenséo;

(iv) platina — classificacdo (NMB) superior ou igual a 75% da média da industria (NMM) em que
nenhuma dimenséo pode ter uma classificacdo (NMBD) inferior a 50% da média da industria
para essa dimensao.

Para alem da classificacdo, o selo deve dar indicacdo da data em que esta foi obtida para
acautelar as evolucdes futuras do modelo referidas na §3.1 (p. ex. novas dimensdes) e para
referenciar o NMM usado para efeito de atribuicdo do selo.
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O selo serve assim como uma ferramenta que permite ndo s6 mostrar o nivel de maturidade
num determinado instante mas a evolucdo da organizacdo com a industria e a sua performance
perante a propria evolucdo da industria.
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