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analytics servicesand workflow integration solutions for the constructionindustry. Building product manufacturers, architects,
engineers, contractors, and service providers leverage Dodge toidentify and pursue unseen growth opportunities that help them
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uncover key relationships, seize growth opportunities, and pursue specific sales opportunities with success. The company’s
construction projectinformationis the most comprehensive and verified in the industry.

As of April 15,2021, Dodge Data & Analyticsand The Blue Book —the largest, most active networkinthe U.S. commercial
constructionindustry —combined their businessesinamerger. The Blue Book Network delivers three unparalleled databases of
companies, projects, and people.

Dodge and The Blue Book offer 10+ billion data elements and 14+ million project and document searches. Together, they provide a
unified approach for new business generation, business planning, research, and marketing services users can leverage to find the

best partnerstocomplete projectsand to engage with customers and prospects to promote projects, products, and services.

Tolearnmore, visit: www.construction.com and www.thebluebook.com.
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Introduction

igital transformationis sweepingthe
globe. Allindustriesin every country
aredeployinganincreasingarray of
digitaltoolsandintegrated processes
toincrease productivity and certainty,
reduceriskand more effectively engageall
stakeholdersin their value networks.

The designand constructionindustryisno
exception. Forseveral decades, companies
have beenadoptingavariety of solutions
toimprove project outcomes, and arapidly
growing number of these are designed
specifically foruse by the industry.

Since 2009, Dodge Data & Analytics has
been conducting quantitative research
studiesabout the usage and value of design
and constructiontechnologiesaroundthe
world. Asadoption has steadily expanded
over thattime, so have users’capabilities,
expectationsand creativity atapplying digital
technologiesininnovative waysto derive the
most value from the underlying databeing
captured, created and shared acrossthe
project lifecycle.

Autodesk has partnered with Dodge on
many of those effortsandisdoing soagain
with thisreport titled Accelerating Digital
Transformation Through BIM.

Thisresearch spansfourcontinentsand
gathersthe experiences of contractors,
architects, civilengineers,and MEP and
structural engineerstodetermine:

u Where theyareintheir process of digital
transformationand how BIMis contributing
value to that evolution.

m How they are deploying BIMand in what ways
theyare leveraging the datafrom models
and processes toimprove decision-making
and effectively power integrated digital
workflows among project team members.

Several key themes emerge from the survey
findings.

= Acompany’s BIMintensity(i.e., the
percentage of their projects where they use
BIM)correlates directly to the progress of
theirdigital transformation, the degree to
which theyreport enjoying benefits from
BIMandthe ROI(return oninvestment)they
believe theircompanyisreceivingonits
investmentsin BIM.

SmartMarket Report

= Anevenmore pronounced correlation
appearsinthefindingsrelated to active
use of BIMdata foranalysisand digital
workflows. Companies conductingahigher
number of the 22 data-related activities
studied oftenreport even greater positive
experiences from BIM than those doing
most of theirworkin BIM. And of course,
the combinationisapowerfulandreliable
formulaforsuccess.

m Otheractivitiesthataccrue togreater
benefits from BIMinclude use of the cloud
andacommon dataenvironment for digital
workflows.

Lookingahead, thereportalso exploresthe
growing use of emerging digital technologies
and practicesinseveral categories:
m Design Intelligence Tools
- Model-based simulations, VR/AR/MR,
Generative design/outcome-based
design, Al/machine learning
® Innovative Construction Methods
- Design-for-manufacture, Model-
driven prefabrication, Industrialized
construction
® Jobsite Technologies
- 3D printing, Reality capture, Model-
integrated devices(wearables),
Robotics/automated vehicles
® Smart Building Technologies
- Digital twin, loT, Sensor, M2M
technology, Virtual assistant

Allrespondents were asked to evalaute
where they believe theircompanyisonits
journey of digital transformation. While the
report showsthatthere are some variations
intheresponses between company-
typesandregions studied, thereare more
commonalitiesthandifference as the entire
industry moves toward amore efficient,
connectedand productive digital future.
Dodge wishesto thank Autodesk for
beingalong-standingresearch partnerand
supportingthis global research study.

Stephen A. Jones

Senior Director

Industry Insights Research
Dodge Data & Analytics

Stephen A. Jones|eads
DD&A's Industry Insights
Researchdivision. Heis
activeinnumerousindustry
organizationsand frequently
speaksatindustry events
around the world. Before
DD&A, Joneswasvice
president with Primavera
Systems(now part of Oracle),
agloballeaderinproject
management software. Prior
tothat, he wasprincipaland
aBoard of Directors member
with Burt Hill, amajor A/E
firm(now merged with
Stantec).

DonnalLaquidara-Carr,
Ph.D.,LEED AP
Industry Insights
Research Director
Dodge Data & Analytics

DonnaLaquidara-Carr
currently provides
editorial direction,
analysisand content

to DD&A's SmartMarket
Reports. Prior to this
position, she worked for
nearly 20 yearswith DD&A's
Dodgedivision, where she
gained detailed insightinto
the constructionindustry.
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Data: Executive Summary

BIM Usage and Skills

Current Use of BIM on 50% or More of Projects
Compared to Forecast(2-3 years)

The chartat bottom left shows how many BIMusers, by
company-type, currently use it on most of their projects
compared with how many planto be doing so within two to

threeyears. Findings clearly forecast significant growth by all.

(See pages 9-11for more detail on BIM deployment.)

Engagement With BIM Data

Theresearch evaluated usage of 22 activities that leverage
BIM dataforimproved decision-making and digital workflows.
Thechartatbottomright shows two levels of engagement
with that full set of activities by company-type and size.(See
pages 13-16 for more detail on data-related activities.)

Satisfaction With BIM Skill Levels

The chartatright shows how many BIMusers are currently
satisfied with the level of BIM skills they encounter from each
company-type shown. The findings point to abroad industry
needto enhance BIM skillsacrossthe project team.(See page
49 for more detail on BIM skills and satisfaction.)

Current BIM Usage on50% or More of Projects
Compared With Forecast (2-3 years)

Dodge Data & Analytics, 2021

Architects

MEP and Structural Engineers

Civil Engineers

Contractors

4%

M Forecast M Current

SmartMarket Report

All BIM Users’ Satisfaction With BIM Skills of Each
Type of Project Team Member

Dodge Data & Analytics, 2021

Architects 61%
Structural Engineers 60%
MEP Engineers 50%
Civil Engineers 49%
General Contractors 44%
Specialty Trade Contractors 35%

Owners and Facility Managers 33%

Engagement With Data-Related Activities by
Company-Type and Size

Dodge Data & Analytics, 2021

Architects 28% 26%
MEP and Structural Engineers 28% 29%
Civil Engineers 19% 17%
Contractors 24% 17%
Under 100 Employees 22% 14%
100 or More Employees 31% 29%

® High Engagement
(7 or more activities)

B Medium Engagement
(4-6 activities)

Dodge Data & Analytics « www.construction.com
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Executive Summary

Use of aCommon Data Environment

Nearly all BIMusers use acommon data environment to
exchange datawith their project teams, with contractors
reporting the greatest value fromitsuse. Formore
information onthisand onusing the cloud for collaboration,
see pages 17-18.

Benefits of BIM

The survey examined BIM users’experience with 41separate
benefitsreceived fromtheir use of BIM.(See pages 22-32 for
more detail.)

The findingsrevealastrongcorrelation between BIM
intensity and the experience of BIM benefits. The charts at
bottom show the top five benefitsreported by designers
(architects and engineers)and contactors, comparing the
percentages doing 25% or less of their work with BIM to those
doing more than75%.

The compelling differences showninthese charts provide
an explanationforthe findings on the previous page about the
dynamic pace at which currentusersare planning toincrease
their BIMintensity. More BIM means more benefits.

Impact of BIM Intensity on Top Five BIM Benefits for
Architects and Engineers

Dodge Data & Analytics, 2021

Improved Ability to
Manage Complexity

Improved Design
Quality

Reduced Errors
and Rework

Better Ability to Meet
Customer and Design
Requirements

Increased
Stakeholder Buy-in

® High BIM Intensity
(75% or more of projects)

m Very Low BIM Intensity
(1%-24% of projects)

SmartMarket Report

Use and Value of a Common Data Environment
by Company-Type

Dodge Data & Analytics, 2021

Architects MEP and Civil Contractors
Structural Engineers
Engineers
M Using: M Using: m Using: B Not Using
High/Very High Value Medium Value Low/No Value
or Not Sure

Impact of BIM Intensity on Top Five BIM Benefits for
Contractors

Dodge Data & Analytics, 2021

Reduced Number
of Constructability
Issues Onsite

Reduced Defects at
Handover

Increased Percentage
of Successful Projects

Reduced
Nonrecoverable Costs 13%

Improved Cost Control

M High BIM Intensity
(75% or more of projects)

m Very Low BIM Intensity
(1%-24% of projects)

Dodge Data & Analytics « www.construction.com
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Executive Summary

Perceived ROl of BIM

Thereisnostandard, globally accepted way to measure the
ROI(returnoninvestment)of BIM. In studies of BIM users over
thelast12 years, Dodge has asked them to select which of
seven percentage rangesthey best believe representstheir
company’s ROlonits BIMinvestments to that point. Thisis
referredtoin Dodgereportsasthe perceived ROl on BIM.

The chartsonthis page combine several of the sevenrange
optionsinto three broad ROl tiers.(See pages 39-43 for more
detailon BIMinvestmentsand ROLI.)

Perceived ROl by Company-Type and Region
The chartatright shows thisanalysis by company-type.
While architectsreport somewhat higher ROl than
contractors, civilengineersdiffer notably from MEP and
structural firms. This pointstoaneedtofocusonhelping
these professionals engage more successfully with BIM.

Thechartatbottom shows the analysis by regionand provides

the overallresponse asabaseline for comparison.

- 48% ormorereportagood(atleasta25%)ROlin every region
studied except North America, which also shows the highest
number at negative or breakeven(31%).

- This contrasts sharply with France and UK/Ireland, where no
usersreport negative or breakeven.

Perceived ROI of BIM by Region

Dodge Data & Analytics, 2021

All North Scandinavia AU/NZ
America
SmartMarket Report

Japan

Perceived ROI of BIM by Type of Company

Dodge Data & Analytics, 2021

Architects MEP and Civil Contractors
Structural Engineers
Engineers

. Negative or Breakeven . 1%-24% . 25% or More

W 25% or More

W -24%

Negative or
Breakeven

UK/Ireland

France

Germany

Dodge Data & Analytics « www.construction.com
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Executive Summary

Digital Transformation

While the overall global design and constructionindustry is
clearly going through a comprehensive digital transformation,
the pace varies widely by company. Allrespondents to this
survey(BIMusersaswellasnon-users)were asked to assess
where they believe theircompanyisinitsdigital journey from
one of four stages shown inthe charts on this page.(See pages
48-51for more detail on digital transformation.)

BIM Users’ Progress on Digital
Transformation

The chartatrightfocusesjustonBIMusers. It comparesall
BIMuserswiththose using BIM onat least 75% of their projects
(high BIM intensity). The findings show how more BIM use
correlatesdirectly with overall digital transformation.

All Respondents’ Progress on Digital
Transformation by Region

Digital transformationisimpactingall companiesinthe
industry whethertheyare currently using BIMor not. The
chartatbottomshowsthe averages of how allrespondents
fromeachregion studied believe their transformationis
progressing. The aggregate of all responsesisalso shown for
comparison.

While there are variations, in general eachregionis fairly
closetotheaverage forall, suggesting that thereis more
commonality than differencein everyone’s path toward our
exciting digital future.

BIM Users’ Reported Progress on Digital
Transformation

Dodge Data & Analytics, 2021

44% 429%

35%
30%

21%

1% 35
5%

In the Early Rightin the Approaching Have Achieved
Stages Middle of the Goal the Goal
Our Effort
M aiBMUsers M High BIM Intensity

(75% or more of projects)

All Respondents’ Reported Progress on Digital Transformation by Region

Dodge Data & Analytics, 2021

North
America

Scandinavia AU/NZ Japan

SmartMarket Report

M Have Achieved
the Goal

B Approaching
the Goal

. Right in the
Middle of
Our Effort

B nthe Early
Stages

UK/Ireland France

Germany
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Data:

odge Data & Analytics has conducted studies on
building information modeling(BIM)for overadecade,
examining the businessvalue of BIM by geography
(e.g., The Business Value of BIM for Construction in Major
Global Markets 2014 SmartMarket Report), type of company(The
Business Value of BIM for Mechanical and HVAC Contractors 2020
SmartMarket Report)and type of project(The Business Value
of BIM for Water Projects 2018 SmartMarket Report). In each of
these studies, asimilar set of questions were askedin order to
be able to foster comparisonsacross the data.
However, since the original businessvalue surveys were
designed, BIM use has evolved significantly. The current study,
instead of repeating most of the original questions, reflects
those changesby exploring the followingissues withanewly
developed set of questions that betterreflect current BIMuse
and benefits:
= Amore thorough understanding of how BIMis being utilized by
designers(architectsand engineers)and contractors.

= Anexamination of the degree to which BIMusersare working
inthe cloud oracommondataenvironment.

= Amore completelistandintensive measure of specific
benefits for designersand contractors from their use of BIM
anditsrelatedactivities.

= Anupdatedreview of the ROl of BIM for the companies usingit,
and how toimprove that ROI.

= An examination of BIMusage across project teams, expected
BIMskills for each type of company and the degree of
satisfaction with the BIM skillsencountered inthe industry.

m Alookathow BIMuse connectstothe largerissue of digital
transformationand the use of other digital toolsin the design
and constructionindustry.

Like some of the previous BIM studies, thisone alsoreflects
datafromarange of global markets, including North America,
the UK/Ireland, France, Germany, Scandinavia, Japan

and Australia/New Zealand. Where itis most meaningful,
comparisonsbetweentheseregionsare showninorderto
highlight leadership in BIMand digital transformation and

to betterunderstand the global variability of how BIM is
implemented and the benefitsderived fromiit.

The findings demonstrate the connection between more
intensive use of BIMand itsrelated activitiesand the experience
of critical benefits that strengthen companiesandimprove
project performance. It suggests the pivotal role that BIM plays
inthe larger strategy of digital transformation.

SmartMarket Report

Introduction

Note About the Data

The findingsin thisreport are based onanonline

survey of architects, engineers, consultants and

contractorsinseven global regions.

m Most of the findings are based on the responses of
those who state that they use BIMon at least some
of their projects, with special attention paid to
differencesamongthose with alower intensity of
BIMuse compared with those with a high intensity.
Intensity levels are defined as follows:

« Very Low Intensity: Fewer than 25% of projects
using BIM

«Low Intensity: 25% to 49% of projects using
BIM

»Moderate Intensity: 50% to 74% of projects
using BIM

«High Intensity: 75% or more projects
using BIM

= The studyincludes ameasure of engagement
by BIMusers with 22 BIM-related activities. The
analysis of the findings on benefits, ROl and digital
transformation also consider the differences
among those withlow and high engagementsin
these activities.

«Low Engagement: Use of 3 or fewer BIM-
related activities

«Moderate Engagement: Use of 4 to 6 BIM-
related activities

«High Engagement: Use of 7or more BIM-
related activities

Attimes, regional comparisons are deployed.
Theregional datahas been weighted to addressa
largerresponse rate of smaller companiesin North
Americathaninthe other global regions. Weighted
dataisonlyusedintheregional comparisons.

The majority of the findings reported in this study
only feature data from those using BIM. However,
eventhose who do notuse BIM were asked the
series of digital transformation questions, and their
responsesareincludedinthe overall totals. The
analysisinthis section also features the difference
inresponsesbetween those using BIMand those not
using BIM, along with the impact of the intensity of
BIMuse described above.

Dodge Data & Analytics « www.construction.com
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Data: Use of BIM

and BIM-Related Activities

BIM Adoption Trends

Dodge Data & Analytics hasbeenstudyingBIMinthe global
AEC industry since 2009. Over that time BIMadoption has
increased significantly, and asthe chartat bottom shows,
itisaccelerating.
Amongallthe BIMusers surveyed for thisreportinseven
majorregions of the world:
- Lessthanaquarter(22%)are long-term users, having
adopteditin2012 or earlier.
- Over half started in 2016 or sooner, with most of those (37%)
comingonboardsince 2018.

This strong pattern of adoptionisanencouragingsign that
BIMistaking hold throughout the industry.

Variation by Company-Type

While BIMadoptionhasincreased steadily across the industry,

the timing has varied by company-type. The matrixatright

showsthe percent of currentusers who beganin each of five
time periods from which they could select.

- Architects were the strongest early adoptersand have
maintained a pattern of steady growth since then.

- Contractors were next to show anotable jumpinadoption
and have sharplyincreased usersinthe mostrecent
period. This patternreflects how models have generated
increasingvalue for coordination, take-offs, scheduling,

Year That Current Users First Implemented BIM

Dodge Data & Analytics, 2021

BIM Adoption Timeline by Company-Type

Dodge Data & Analytics, 2021

I‘_’:;y Long Medium Recent Rzzz\t
2008 | 2008to [ 2013t0 | 201t0 | DEEERC
Earli 2012 2015 2017
arlier Later
Architects 14% 17%
Contractors 4% 15% 38%
MEP and
Structural 6% 8% 34%  39%
Engineers
Civil Engineers 5% 5% 30% 5%

prefabrication, and other project delivery activities, and are
now becoming mainstream tools for contractors.

- About 70% of the engineers have adopted BIM since 2016.
The particularly significant jump by civilengineersinthe
mostrecent period reflects the rapidly growing use of BIM
forinfrastructure work.

37%

19%
13%
9%
Very Long Long Medium Recent Very Recent
2008 or Earlier 2009 to 2012 2013 to 2015 2016 to 2017 2018 or Later

SmartMarket Report
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Use of BIM

and BIM-Related Activities

BIM Adoption Trends.......

Variation by Region

Adoption patterns have also varied across the sevenregions

studied. The matrix at upper right shows when companies

currentlyusingBIMineachregionfirstadoptedit.

- BIMgotastrongstartin North Americawith nearly half(46%)
of currentusersreportingadoptionin 2012 or earlier.

- AU/NZ, UK/Ireland, France and Germany show significant
increasesinadoptionstartingin2013and have grown
steadily since then.

- Japanand Scandinavia show the most recent surges.

Variation by Company Size
Thechartatlowerright showsthat, ingeneral, thelarger
companiesadopted BIM earlier,and smaller companies make
up the majority of more recent adopters.

- Amongcurrent BIMusers with more than 100 employees,
nearly three quarters(71%)beganin 2017 or earlier, and
almostaquarter(24%)started before 2013.

- Conversely, almost half(46%) of smaller organizations
currently using BIM adopted it relatively recently (2018
orlater).

This pattern, where larger organizationslead the way
inimplementinginnovative practicesand smaller ones

take advantage of theirlearnings and adopt aggressively
somewhat later, aligns with other technology studies
conducted by Dodge since 2009 in many regions of the world.
The current surge of BIMadoption by smaller organizations
servesas aclearindicationthat BIMis becoming widely
accepted asanindustry standard across the entire design
and constructionindustry.

SmartMarket Report
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BIM Adoption Timeline by Region

Dodge Data & Analytics, 2021

IY:;y Long Medium Recent RZ:z\t
200890r 2009t | 2013t0 | 2018t0 | oor
. 2012 2015 2017
Earlier Later

North

America

AU/NZ

UK/Ireland

France

Germany

Japan

Scandinavia

BIM Adoption Timeline by Company Size

Dodge Data & Analytics, 2021

2012 or Earlier

2013 to 2017 2018 or Later

® Smaller Companies
(Under 100 Employees)

® Larger Companies
(100 or More Employees)

Dodge Data & Analytics « www.construction.com
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Use of BIM

and BIM-Related Activities

Intensity of BIM Use on Projects

While the research findings clearly show BIM adoptionis
growing, usersvary widely in the percentage of projects
where they deployit (referredtointhisreportasBIM
intensity). The Benefits section (pages 26-40) shows how
higher BIMintensity relates directly to greater BIM benefits.

BIM Intensity and Years of BIM Use
Thechartatlowerleft showshowBIMintensityincreases
with the number of yearsacompany uses BIM. This direct
relationship is powerful evidence that BIM generates
compellingvalue forusersthelongertheyuseit.

Forecast for Future BIM Intensity
Thechartatupperright showsthe percentages of users
currentlyateachlevel of BIMintensity compared with their
forecast(2-3years).

Thechartatlowerright showsacomparisonbyregion of
userscurrently at high BIMintensity(75% or more of projects)
andtheir forecast(2-3years).

Both of these analyses point torobust growthfor BIMinthe
nextfewyears.

BIM Intensity by Years of BIM Use

Dodge Data & Analytics, 2021

1-2 Years

3-5 Years 6 Years or More

M High Intensity B Medium Intensity ™ Low Intensity M Very Low Intensity

(75-100% of (50-74% of (25-49% of (1-24% of
projects) projects) projects) projects)
SmartMarket Report
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Current BIM Intensity Compared With Forecast
(2-3 Years)

Dodge Data & Analytics, 2021

47%

Very Low BIM Low BIM Intensity Medium BIM High BIM Intensity
Intensity (25%-49% of Intensity (75%-100% of
(1%-24% of Projects) (50%-74% of Projects)
Projects) Projects)
M Current M Future Forecast (2-3 years)

Current High BIM Intensity (75% or More Projects)
and Forecast (2-3 years) by Region

Dodge Data & Analytics, 2021

North
America

UK/Ireland

AU/NZ

France

Germany

Scandinavia

Japan

B Current High BIM Intensity

M Forecast (2-3 years)

Dodge Data & Analytics « www.construction.com
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Use of BIM

and BIM-Related Activities

Data-Driven BIM Activities

The power of BIMliesinitsability to leverage model-based
dataand visualizations to facilitate analysis, improve

decision-making, and enhance productivity and collaboration

bydrivingintegrated digital workflows.

BIM Engagement
Todetermine how model-based datais currently being used,
the survey asked about 22 specific data-drivenactivitiesin

four categories: Design Analysis, Planning, Construction and

Emerging (i.e., activities currently used by only 20% or fewer
companies).
Forthe purposes of thisreport, the number of these 22

activities beingdeployed by eachrespondentisreferredtoas
theirlevel of BIM engagement. Foranalysis, the distribution of

overallfindingsisdividedinto three broad categories:
- Low engagement: 3 or fewer activities

- Medium engagement: 4-6 activities

- High engagement: 7 or more activities

Not every activityamongthe 22 studied isapplicable to each
of the company-types, but the general trend of engagement
acrossthe 22 activities does give a sense of how relatively
involved companies areinactively leveraging project data for
productive uses.

Variation by Region

Thechartatupperright shows how current BIM engagement

variesamong the sevenregions studied.

- Engagementvaries significantly between the highestand
lowest extremes.

- Otherthanin AU/NZ, about half of users(from 45to 57%)are
atlow engagement.

Variation by BIM Duration and Intensity
Thechartatlowerright shows steady engagement growth
overthe time that companies use BIM(duration), and as they
increase the percentage of projects onwhich they use it
(intensity). This finding clearly shows that BIM experienceisa
driver forincreasingly sophisticated use of project data.

The following pages provide more detail about findings for
each category.

SmartMarket Report

BIM Engagement by Region

Dodge Data & Analytics, 2021

AU/NZ 35% 27% 38%
France 48% 24% 28%
UK/Ireland 45% 31% 24%
apeorth 54% 24% 22%
Japan 46% 36% 18%
Germany 57% 25% 18%
Scandinavia 57% 36% 7%
B | owBIM B Medium BIM  High BIM Engagement
Engagement Engagement (7 or More Activities)

(3 Activities or Fewer) (4 to 6 Activities)

BIM Engagement by Year of BIM Adoption and Current
BIM Intensity

Dodge Data & Analytics, 2021

Adopted Very Adopted Low/ Adopted  High BIM
BIM Within  Low BIM BIM Medium BIM Intensity
Last 2 Intensity 3-5 Years BIM 6orMore (75-100%
Years (1-24% Ago Intensity Years Ago of Projects)
of Projects) (25-74%
of Projects)

B | ow BIM Engagement
(3 Activities or
LFewer)

B Medium BIM Engagement ® High BIM Engagement
(4 to 6 Activities) (7 or More Activities)
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Use of BIM

and BIM-Related Activities

Design Analysis Activities

Design Analysis Activities by Company-Type

Five of the 22 activities studied are primaily related to design.

Thechartatupperright shows how many companies, by type,

reportconductingeachone.

- Not surprisingly, architects and engineers are more involved
with this category of activities thanare contractors.

- Using BIMto check designinvarious waysis the most
frequent activityamongall designers studied and is
consistentacross company size.

- Allare engagingin sustainability calculations, including civil
engineers (21%)and some contractors(9%).

- Interestingly, some contractors are doing energy(12%)and
structural(15%)analyses.

Impact of BIM Usage

The chartatlowerright shows how many of the companies

with the highest levels of BIM engagement, intensity and

duration currently deploy these activities.

- High BIMengagement(i.e., use of at least 7 of the 22
activities studied)correlates strongly to deployment of each
of these design-related activities.

- High BIMintensity correlates most strongly with design
checks, likely because doingmore BIM projects correlates
to having established internal processes for checking.

This suggeststhe practice should become nearly universal.

- Thelowerimpact of BIMintensity on the other five activities
suggeststhat companies either do that activity or not, so
any individual company increasingitsintensity does not add
more usersto the total forany activity.

- Deployment of all of these design-related activitiesisalso
notably higheramong companies with six or more years of
BIM experience.

Variation by Region

Regions vary in their levels of engagement with these

activities. Notable differencesinclude:

- Various design checks: North Americaand AU/NZ are well
above the median, while Japanis significantly below.

- Lighting analysis: The same two lead, with France joining
Japanbelow the medianas well.

- Energy analysis: Franceisthe strongleader here, with
Scandinaviaand Germanylagging.

- Sustainability calculations: Japanis above the medianand
Germanyisleastactive.

- Structural analysis: France, Japanand AU/NZ are above the
median, while North Americaand Scandinavia are below it.

SmartMarket Report

Design Analysis Activities by Company-Type

Dodge Data & Analytics, 2021
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Design Analysis Activities by BIM Usage

Dodge Data & Analytics, 2021

69%
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Design
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Analysis
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of BIM Experience

M High BIM Engagement
(Doing 7 or more of the
22 activities studied)

M High BIM Intensity
(Using BIM on 75%
or more projects)
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Use of BIM

and BIM-Related Activities

Construction Activities

Construction Activities by Company-Type

Six of the 22 activities studied are primarily related to

construction. The chart at upperright shows how many

companies, by type, report conducting each one.

- The high use of 3D spatial coordinationand process
visualization aligns with all previous BIM studies by Dodge
Data & Analytics. Using dynamic 4D for these should grow as
the technologyis more widely implemented.

Impact of BIM Usage

The chart at lower right shows how many of the companies

with the highest levels of BIM duration, engagement and

intensity conduct these activities.

- BIMengagement correlates to greater use of all activities.

- High BIMintensity and experience correlate to more 3D
process presentationand spatial coordination, as wellas
constructability evaluation, suggesting that most BIM users
willultimately adopt these well-established practices.

- Acompany either does shop drawings or not, soincreasing
intensity orexperience does notadd more users to the total.

- BIM experienceis more impactful thanintensity with the two
4D activities, suggesting thatitisakey driver of innovation.

Variation by Region

Construction-related activities show less regional variation
than other categories. A few trends emerge:

- AU/NZ eitherleadsorscoreswellineveryactivity.

- North Americascoreslowestin four of the six.

- Japanisthe mostactive region for 3D presentations.

- Scandinaviais the lowest region for spatial coordination.

- Franceleadsinshop drawings butlagsin constructability.

- Germany and UK/Ireland are mostly inthe midrange.

SmartMarket Report

Construction-Related Activities by Company-Type

Dodge Data & Analytics, 2021

Spatial Coordination/
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(in static 3D)

31% 29%

Preparation of Shop,
Fabrication or
Installation Drawings
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Presentation
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18% 24% [ 23% 16%

Presentation of
Construction Process
(in dynamic 4D)

21% 28% 20%

Constructability
Evaluation

32%
B Architects B MEP and Structural Engineers M Civil Engineers M Contractors

Construction-Related Activities by BIM Usage

Dodge Data & Analytics, 2021
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Use of BIM

and BIM-Related Activities

Planning-Related Activities

Planning-Related Activities by Company-Type
Five of the 22 activities studied relate to planning. The chart
atupperright shows how many companies, by type, report
conductingeachone.

- The two cost-related activities are used by the highest total
number of companies. But while anaverage of 36 % of larger
companies (100 employees or more)are doing them, just
22% of smaller ones (fewer than 100 employees)are.

- 40% of architectsare using BIM to make space utilization
plansanditissecondonly todesign checks(44%) amongall
the tasksarchitectsreportdoing.

Impact of BIM Usage

The chartatlowerright shows how many of the companies

with the highestlevels of BIM duration, engagementand

intensity deploy these activities.

- Over half of high BIM engagement companies are conducting
each of these activities.

- High BIMintensity correlates most strongly with architects
using BIM for space utilization plans. Since thisisapopular
taskit makes sense that as firms do more BIM projects, their
capabilities would expand toinclude this.

- BIMintensity hasamore mutedinfluence onthe other
planning-related activities. Thisagain suggests that
companies probably either do them or not, regardless of
their BIMintensity, so individual companiesincreasing
their proportion of BIM projects does notincrease the total
number of companies doing them.

- The companies doing BIM for six or more years also deploy
these activities more frequently thanthe norm.

Variation by Region

Regionsvaryintheirlevels of engagement with planning-

related activities. Notable differencesinclude:

- Making a Space Utilization Plan: North America and France
are significantly above the median, while both UK/Ireland
and Germany show below-median usage.

- Cost Estimation: AU/NZ far exceeds otherregionsand UK/
Irelandisalso strong. Japanlags the most notably.

- Cost Planning and Control: AU/NZ again excels and Germany
alsoscoreswell. North America shows the fewest users.

- Construction Process Visualization: AU/NZ, France and UK/
Ireland are each well above the median, while North America
and Japanare below.

- Building Confirmation Documents: AU/NZ, France and
Japanare mostactive. North Americaisleastactive.
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Planning-Related Activities by Company-Type

Dodge Data & Analytics, 2021
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Planning-Related Activities by BIM Usage

Dodge Data & Analytics, 2021
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Use of BIM

and BIM-Related Activities

Emerging Activities

Emerging Activities by Company-Type

Six of the 22 activities studied are generally less widely used

thanthe other16, sotheyarereferredtointhisreportas

emergingactivities. The chartat upper right shows how many
companies, by type, report conducting each one.

- Allcompany-typesare activeinenabling prefabricationand
factory production. This can certainly be expected to grow
astheindustry takesincreasingadvantage of design-for-
manufacture, offsite production and modular construction.

- Understandably, the MEP engineers contribute to the strong
showing(24%)for air-conditioning and ventilation analysis.

- The other four emergingactivities are more highly
specialized. Eachis currently reported by only one company-
typeandshowsrelatively few users. Butas BIM software
companies expand capabilitiesand users gainmore
experience, these should also grow in frequency.

Impact of BIM Usage

The chartatlowerright shows how many of the companies

with the highestlevels of BIM duration, engagementand

intensity conduct these emergingactivities.

- Allof the activitiesare reported by higher percentages of the
companiesalready conducting seven or more.

- Both BIMintensity and the length of time using BIM also
correlate to greater use of each emergingactivity. This
finding suggests that experience triggersinnovation.

Variation by Region

Regionsvaryintheirlevels of engagement with these

activities. Notable differencesinclude:

- Enabling factory production and prefabrication: AU/NZ,
UK/Ireland and Japan are all significantly above the median.
North Americais far below.

- Air conditioning and ventilation analysis: AU/NZ, France
and Germany score well. North Americaand Scandinaviafall
well below the median.

- Safety anlysis of construction site: AU/NZ, UK/Ireland and
Japanare once more all significantly above the median.
North Americaand Germany are notably below.

- Safety analysis of the buildingitself: AU/NZ excels while
North America, France, Germany and UK/Ireland lag.

- Material management by classification code: AU/NZ and
France areadvanced, while North Americaand Scandinavia
are atthelowestusers.

- Control of machine operationsinfactories: AU/NZis the
leader with strong showing from Scandinaviaand France.
UK/Ireland and North Americaare the least active.

SmartMarket Report

Emerging Activities by Company-Type

Dodge Data & Analytics, 2021
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Data: Collaborative BIM

Cloud-Based Data Exchange

Use of the cloud for data exchangeisincreasingly critical Use of the Cloud for Data Exchange by Company-Type
tosuccessfully enablingintegrated digital workflows that Dodge Data & Analytics, 2021

optimize the power of BIM. The charts on this page examine
findings about use of the cloud for the four types of data
exchange workflows featured onthe previous page.

Variation by Company-Type
Thechartatupperright shows how many of each of the four
company-types studied are currently using the cloud for four
types of dataexchange workflows.

- Allcompany-typesare leveraging the cloud forinternaland
project team data exchanges, but somewhat less so when
working with clients.

- Civilengineersare the most active users overall, especially
withagencies, perhapsindicatingahigher digital capability
level at those types of owner organizations.

Variation by Region MEP and oo

The chart at bottom shows how many of the companiesin Architects Structural Engi':éers Contractors

eachregionare currently using the cloud for four types of data Engineers

exchange workflows and the overallaverage foreach country.

- France, Japan, Germany and North Americalag, while AU/NZ
and UK/Ireland significantly outpace others.

- The UKBIM mandate may be adriver for the relatively high
percentagesin UK/lIreland.

- North America’s low use with regulatory agencies(16%)
suggestsanopportunity tolearnfromotherregions, which
average 34%.

M |nternal MW Team MClients ™ Agencies

Use of the Cloud for Data Exchange by Region

Dodge Data & Analytics, 2021

All Regions France Japan Germany Alr\llwc;rrtir(]:a Scandinavia AU/NZ UK/Ireland

Internal

Team

Client

Agencies

Regional
Average
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Collaborative BIM

Common Data Environment

Anotherimportant way to leverage the value of BIMand
model-based dataistoalign the full project teaminacommon
data environment(defined for the purposes of thisresearch
asthesingle source of information used to collect, manage
and disseminate documentation, the graphical modeland
nongraphical dataforthe whole project team).

Use of a Common Data Environment
Todetermine the current status of this practice, respondents
were asked if they use acommon data environment to
exchange datawith their project team, thenamongthose who
do, howvaluableitistoimprovingthe performance of the
projectteam.

The chartatupperright shows that the majority of
respondents fromall company-typesreport usingacommon
dataenvironmentandthat most find it highly valuable.

Variations by Region

Thechartatbottom shows how the use of acommon data

environment varies across theregions studied.

- AU/NZleadstheregionsintotaluse and North Americalags,
butusersinbothregions show highlevels of satisfaction.

- Small percentages of usersassignalow value, suggesting
that continued adoptionand implementation of the cloud for
dataexchange workflows canbe expected globally.

Use of a Common Data Environment by Region
Dodge Data & Analytics, 2021

North

All Regions America

Using:
High/Very
High Value

Using:
Medium
Value

Using:
Low/No Value
or Not Sure

Not
Using
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France

Use and Value of a Common Data Environment
by Company-Type

Dodge Data & Analytics, 2021
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Collaborative BIM

Advanced BIM Usage

The previous sections of thisreport show wide variationsin Advanced Use of BIM by Company-Type
BIMuse by company-typesand acrossthe regions studied. Dodge Data & Analytics, 2021

Thechartsonthis pageidentify the percentages of users who
canbe considered advanced, meaning they:

o Architects 54% 73% 4% 60%
- Conduct at least four of the 22 data-related activities
studied. MEP and
- Use both acommon data environment and the cloud for e (3 . 5%
digital workflows. o
- Deploy BIMon at least 50% of their projects. En;',;’élers 36% 87% 44% 46%
Advanced BIM Use by Company-Type Contractors  [EARA 81% n%  §%
Thechartatright showsthatarchitectsare the most
advanced asagroup, thoughtheylagcivilengineersand
contractorsinreportinguse of acommon data environment. M conducts [l Usea M UsetheCloud [l Use BIM for
or More Common (average for 50% or More
Advanced BIM Use by Region E(aztiaviﬁiljtw Eif/?ronment f;ﬂ;;gz;kflows ofProjects

(of 22 studied)

Thechartatbottomreveals severalinterestingtrendsamong

the sevenregions studied.

- North Americanotably leadsin high BIM deployment(62%),
yetitsrelatively lowratings for the other three metrics
placesitwell below otherregions overall.

- UK/Ireland s first or second highestinall categories,
perhapsreflecting theimpact of the government BIM
mandate in the UK.

- Australia/New Zealand also scores well across all metrics.

Advanced Use of BIM by Region

Dodge Data & Analytics, 2021

Il Use BIMfor50% or More
of Projects

M Use the Cloud (average for
four workflows studied)

[ Use aCommon
Data Environment

[} Conduct 4 or More
Data-Related Activities
(of 22 studied)

North Germany France Scandinavia Japan AU/NZ UK/Ireland
America
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Case
Study

Aswith many thingsinlife, dataisbetter
shared. Common data environment
software(CDE)offers project teams
the ability to share asingle source of
informationinwhichall of a project’s
documentation—BIMor 20, graphic
or text—iscollected, managedand
disseminated acrossall stagesof a
project’slifecycle. CDEs canimprove
collaborationand coordinationamong
project team members, and cut down
onerrorsandduplication of effort, with
specificadvantagesvaryingacross the
different stagesof aproject’slifecycle.
“Acommon data environment
providesaplatformwhere we canshare
information for collaboration with the
least effort,”says Ada Fung, chairperson
of the Hong Kong Construction Industry
Council(CIC)'s committee on BIM."With
asingle source of truth, the project
teamisconfidentabout obtaining the
mostreliableinformation.”Formedto
forge consensusonlong-termstrategic
issuesinHongKong's construction
sectorandtoprovide achannelfor
communications betweenindustryand
government, the CIC servesasaCentre
of Excellence for BIM, formulating
strategies for market transformation
and promoting cross-discipline
collaborationand wideradoption of BIM.
Since January 2018, whenthe Hong
Kong government mandated thatall
state-funded projectswithavalue over
S30millionuse BIM, the CIC has been
formulating BIM technical standards,
providing trainingand support, and
encouragingthe private sectorto
adoptdigitaltechnologiesaswell. As
part of that push, the CIC is facilitating
understandingand adoption of CDE.

Creating Common Ground
Initiativesinclude aseries of webinars
launchedtointroduce currently available
solutionsand boost uptake, publication
of CIC BIM Standards General Version

SmartMarket Report

HONG KONG, CHINA

2, aligningwith the international BIM
standard IS0 19650(which emphasizes
CDE functionalityasboth aninformation
repositoryandasacomplete
information management system
throughout a project’s lifecycle)and
asurvey of local CDE providersabout
key aspects of theirservice. Examples
of factors surveyedinclude alignment
with CIC standards,serverlocation,
securityand various operational details.
“Most of the providers cancomply,”says
Fung.”lthink thisisagood start—thatall
CDE providersin Hong Kong can meet
most of the requirements, and this will
develop overtime.”

Within the Hong Kong government'’s
Development Bureau(of which the
CICisapart), each project will haveits
own CDE, and each department will
have adepartmental CDE. The Civil
Engineering & Development Department
(CEDD), forexample, hasidentified
fourkey strategiesforbuildingits
departmental CDE: alignment with ISO
19650, standardization of modelingand
presentations, collaboration through
the establishment of CDE protocols
andongoingdevelopment through
internalworkshopsand guidelines.
Steps towardalignment with ISO 19650
include enhancing the department'’s
BIMgovernance process, refining BIM
usesinprojectapplications, developing
as-built standards with maintenance
partiesand upgrading current
deliverablesto S0 19650 for operations
and maintenance. The collaboration
strategyalsobreaks downintoaction
points. Theseinclude establishinga
collaboration process between projects
andthe department, developingan
enterprise CDE asaninterface between
projectsandin-house applications, and
specifyingmetadataandinterfacing
standards for model sharing.

20

Fostering Common Data Environments

Nested Solutions
Once established, all the departmental
CDEs will connect to a Bureau-wide
BIM data repository (BIMDR) to improve
the efficiency of BIM data sharing and
dissemination. The BIMDR will collect,
validate, extract and exchange BIM
dataamong departments and between
BIM and GIS. Shareable BIM models
and open GIS format will be converted
to enable BIM/GIS integration that can
then, for example, facilitate the study
and production of 3D digital maps
for Hong Kong. For that to happen,
harmanization across departmentsis
essential.

The CEDD’s BIM Harmonization
Initiativeisnow beingrunina
new project using data from
various government departments
responsible for water, sewage, energy,
infrastructure and building projects.
Aconsultantis harmonizing the BIM
standards and workflows under which
these departments will contribute and
exchange their BIM models through
the BIMDR. “We start off with different
departmentsworking togetherinanew
developmentarea, buteachhasits
own standards,”says Fung.“It'stime for
harmonizationso that these different
departments can communicate across
each other.”

The BIMDR willinturn form part
of a 320-dataset “digital Hong Kong”
known as the Common Spatial Data
Infrastructure(CSDI). Stillinthe early
stagesof development, the CSDlis
intended to facilitate the sharing of
spatial dataamongpublicand private
organizationsacross the territory and
tosupportthe development of various
smart city applications. Linkage and
integration of spatial data will be
facilitated through the establishment
of CSDIstandards, now in development.
“The conceptiseasy,"saysAlexHo,
the CIC’s senior manager for BIM, “but
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ACCELERATING DIGITAL TRANSFORMATION THROUGH BIM

there'salotof worktodotoalignthe
datadefinitions, structure and BIM
models fromdifferent departments
and, eventually, from the private sector,
too.”Standards will cover geotagging
of nonspatial data, documentation

of data specificationsand metadata,
conversion of spatial datatoan open
and machine-readable formatand

the establishment of an application
programminginterface(API). The
hopeisthatacommon platformfor
integratingand exchanging geospatial
information willlead to reliable spatial
dataservices, enable more efficient use
of resourcesand facilitate Hong Kong's
goal of carbon neutrality by 2050.

More in Common

Looking ahead to challenges on the
horizon, harmonization continues

to be the central theme. “People are
selecting the most suitable CDE for
their project’s particular stage, which

SmartMarket Report

islogical,” says Ho, “but the market
right now doesn’t really understand
that the CDE should cover the whole
lifecycle.” Currently available solutions
consist almost entirely of closed
systems, he says, so transitioning
from design and construction to
operations and maintenance will likely
require project teams to transfer data
from a CDE selected for the former

to another selected for the latter. “If
thereisno standard and no common
protocol, data will be lost, and there
will be a lot of work for people to check
the data transfer to their own system,”
Ho says. He draws an analogy to the
banking system: “If we needed to be
using the same bankin order for one
person to transfer money to another,
it would be undesirable,” he says,
“butin CDE, thisisthe way we doit.”
Transitioning from one CDE to another
entails more than data, adds Fung. “It's
also the workflow and logic behind it,”

21

Dodge Data & Analytics

she says. From the CIC’s perspective,
the need to move easily between
CDEsis the most significant challenge
facing the technology’s development.
Inresponse, Fungand Ho are hoping
to see the emergence of common
standards and protocols to which
software vendors comply, facilitating
datatransfer across project stages.
“Beyond open BIM," says Ho, “we really
need open COE."m

+ www.construction.com
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Data: Benefits

of Using BIM

Business Benefits for Designers From Using BIM

Designers(architects, building engineers and civil engineers)
rated the degree to which they experience six business
benefits fromtheir BIM use on afive-point scale(no, low,
medium, high or very high). The chart at right shows the
percentages whorate eachaseither medium or the combined
values for highand very high.

The findings clearly demonstrate that BIM helps designers
improve and grow their businesses, with more than three
quartersreporting thislevel benefit for each, and mostata
high orvery highlevel. Thisis particularly true forimproved
design quality(66%)andimproved client satisfaction(61%).

Impact of BIM Intensity

BIMintensity(see page 11)refersto the percentage ofa
company'’s projects where they use BIM. Firms with high BIM
intensity(i.e., using BIMon 75% or more of their projects)
are more likely to experience improved design quality and
improved client satisfactionatahigh/very high level than
those who use BIMless frequently, especially those who
employitonlessthanone quarter of their projects. These
core benefits contribute most to the success of adesign firm,
so these findings demonstrate the importance, not just of
BIMuseatall, but of more widely using it on projects to fully
achieve the most powerfulimpact.

Variation by BIM Engagement

The designerswho are highly engagedin the data-related
activities studied inthisreport(see pages 12-16) experience
three benefits significantly more frequently thanthose
conducting fewer of them . Again, improved design quality and
improved client satisfactionare more likely when more
deeply engaged with BIM, but also, not surprisingly, they find
that they canexpand and diversify the services they offer. The
ability to be flexible and diversify isbecomingincreasingly
important as factorslike pandemics, climate change, and
social, economic and political instability drive changes within
the global building market.

Variation by Type of Company

The following business benefits are experienced at a high/
very high level by significantly more civil engineers than
architects.
- Expanded and diversified services(63% versus50%)
- Increased recognition asanindustry leader

(70% versus 55%)
- Attractandretain top talent(67% versus 54%)

SmartMarket Report

Business Benefits From BIM at Medium and High/Very
High Levels (According to Designers)

Dodge Data & Analytics, 2021

Improved Client Satisfaction

28% 61% 89%

Improved Design Quality™®
22% 66% 88%

Increased Recognition as an Industry Leader

25% 59% 84%
Attract and Retain Top Talent

27% 56% 83%
Expanded and Diversified Services

28% 55% 83%
Improved Win Rate

31% 47% 78%

*Not Asked of Civil Engineers M Medium ™ High/Very High

Impact of BIM Intensity on High/Very High Level of Benefits

Dodge Data & Analytics, 2021

Very Low Low Medium High
Intensity Intensity Intensity Intensity
(1%-24% of (25%-49% | (50%-74% of | (75%-100%
projects) of projects) projects) of projects)
e et Wl 54% 65% 65% 73%
Quality
'msp“.’"ed Wl 81% 50% 85% 70%
atisfaction

Impact of BIM Engagement on High/Very High Level of Benefits

Dodge Data & Analytics, 2021

Low Medium High
Engagement Engagement Engagement
(0-3 activities) | (4-6 activities) (7 or more
activities)

Improved Design Quality

60%

67%

T4%

Improved Client
Satisfaction

52%

69%

67%

Expanded and Diversified
Services

47%

53%

N%

Previous research by Dodge on BIM adoption suggests

that civilwork haslaggedin overall BIMuse compared with
buildings, which may explain why benefits that do not depend
onintensity of use are more commonly experienced by civil

engineersthanbyarchitects or buildingengineers.
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Benefits

of Using BIM

Sustainability Benefits for Designers From Using BIM

Designersalsorated five sustainability benefits. The chart at
right shows the mediumand combined high/very high ratings.

Similarto their experience with business benefits(see
page 22), over 70% of designers also experience sustainability
benefits fromtheiruse of BIM, particularly at the high/very
highlevel.

- The top benefit experienced is exceeded performance
requirements, which demonstrates how wider use of BIM
cancontribute toimproved building performance.

- Itisclearthat many designersalso find great value in how
BIM allows them to understand the impacts of their projects
duringdesign, reduce the use of materials, increase project
life expectancy andresiliency, and reduce emissions. Allare
givensimilarratings, demonstrating that allthese issuesare
bothimportanttodesignersandaddressed wellusing BIM.

- Itisnotable that there were no significant differencesinthe
responses of those with low BIM intensity versus those with
high BIMintensity, suggesting that many of these benefits
are achievable for firmsregardless of the percentage of
projectswhere theyare using BIM.

Variation by BIM Engagement

While BIM engagement across abroadrange of projects
appearsnottobe critical toachieving most of these benefits,
highengagement does correlate with higher achievement of
two benefits: theincreased ability to consider environmental
impactduringdesignand theincreased project life
expectancyandresiliency.

Use of tools that canassess factorslike daylight, wind
impact, airflow and even human passage through the spaces
designed can help to better understand the building’'simpact,
aswellasallow design choices that will likely expand the
lifespan of the buildingandincreaseresiliency.

Variation by Type of Company

The following sustainability benefits are experienced at a

high/very high level by significantly more civil engineers

than architects.

- Increased ability to consider environmental impact during
design(61% versus 44%)

- Exceeded performance requirements(58% versus 44%)

- Reduced materialusage(57% versus 41%)

- Reduced orremoved emissions (52% versus 39%)

SmartMarket Report

Sustainability Benefits From BIM at Medium and
High/Very High Levels (According to Designers)

Dodge Data & Analytics, 2021
Exceeded Performance Requirements
31% 49% 80%
Increased Ability to Consider Environmental Impact During Design
31% 47% 78%
Reduced Material Usage
29% 47% 76%
Increased Project Life Expectancy and Resiliency
27% 46% 73%
Reduced/Removed Emissions

27% 44% 7%

B Medium  ® High/Very High

Impact of High Engagement on Achieving High Level
of Benefits

Dodge Data & Analytics, 2021

Low Medium High
Engagement | Engagement | Engagement
(0-3 (4-6 (7 or more
activities) activities) activities)

Increased Ability to
Consider Environmental 42% 48% 53%
Impact During Design

Increased Project Life

Expectancy and Resiliency 44% “1% 567%

These findings clearly demonstrate the value that civil
engineersfindin BIMforimproving the sustainable
performance of their projects. AsBIMand GIS are better
abletobeusedinconcert, civilengineers may increasingly
find that factorslike reduced material usage or reduced or
removed emissions are benefited by designing their projects
using BIManditstools, as the findings of the recent Business
Value of GIS for Design and Construction SmartMarket Report
demonstrate.
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Risk Reduction Benefits for Designers From Using BIM

Designersalsoratedsixriskreduction benefits. The chart at
right shows the medium and combined high/very highratings.
Over three quarters of the designersreport experiencing
these BIM benefitsatamediumlevel or higher, with the
majority at the high/very highlevel.
Takentogether, these findings clearly demonstrate
that BIMuse significantly reducesthe inherentrisks of a
construction project, whether thoserisks involve avoiding
errorsand rework, getting key stakeholder buy-in or ensured
business continuity throughincreasedresiliency.

Variation by BIM Intensity

Asthe table at mid-right shows, BIMintensity correlates

directly withachieveing high/very highlevels of risk reduction

benefits for design firms.

- High BIMintensity has the biggestimpact onimproving the
ability to manage complexity, reduce errors and rework
andimprove the ability to meet customer and design
requirements.

- Evenmedium levels of BIM intensity correlate with
experiencingincreased stakeholder buy-inand ensured
business continuity atahigh/very high level.

Variation by BIM Engagement
Designfirmsthatare highly engaged with data-related
activitiesfarmore frequently report experiencingincreased
stakeholder buy-inand reduced errorsand reworkat a high/
very high level compared with those at low engagement.
Evenmedium engagementisenoughtosupportthe
improved ability to manage complexity, with over three
quarters of both those with medium and high engagement
reporting that they experience thisatahigh/very high
level, compared with59% of those with alow degree of
engagement.

SmartMarket Report
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Risk Reduction Benefits From BIM at Medium and
High/Very High Levels (According to Designers)

Dodge Data & Analytics, 2021

Improved Ability to Manage Complexity

24% 69% 93%
Reduced Errors and Rework
30% 62% 92%
Better Ability to Meet Customer and Design Requirements
25% 64% 89%
Increased Stakeholder Buy-in
28% 54% 82%
Improved Project Forecasting
25% 54% 79%
Ensured Business Continuity*
27% 52% 79%
*Not Asked of Civil Engineers B Medium ™ High/Very High

Impact of BIM Intensity on High/Very High Levels of Benefits

Dodge Data & Analytics, 2021

Very Low Low Medium High
Intensity Intensity Intensity Intensity
(1%-24% of | (25%-49% | (50%-74% of | (75%-100%
projects) of projects) projects) of projects)
Increased
Stakeholder 34% 60% 57% 57%
Buy-in
Improved Ability
to Manage 58% 63% 68% 85%
Complexity
Reduced Errors 529 56% 63% 73%
and Rework
Better Ability to
Meet Customer 50% 64% 64% 73%
and Design
Requirements

Impact of BIM Engagement on High/Very High Levels of Benefits

Dodge Data & Analytics, 2021

Low Medium High
Engagement | Engagement | Engagement
(0-3 (4-6 (7 or more
activities) activities) activities)
Increased Stakeholder Buy-in 50% 55% 61%

Improved Ability to

Manage Complexity 59%

78% 78%

Reduced Errors and Rework 55% 64% %

Dodge Data & Analytics « www.construction.com



ACCELERATING DIGITAL TRANSFORMATION THROUGH BIM DATA

Benefits

of Using BIM

Operational Efficiency Benefits for Designers From Using BIM

Designersalso rated five operational efficiency benefits. The Operational Efficiency Benefits From BIM at Medium
chartat right shows the medium and combined high/very high and High/Very High Levels (According to Designers)
rati ngs. Dodge Data & Analytics, 2021

Similar to the other benefits that designers experience

. . Improved Team Collaboration
from BIM, very high percentagesreport at leastamedium

level of operational efficiency benefits,andamongthose, the 2% ot 947%
majority are atahigh/very highlevel. Improved Data Handover
Most notable isimproved team collaboration, whichis the 27% 61% 88%

most highly rated benefit for designers from BIM in the study.
Inalltheresearch conducted by Dodge on BIM, improved
collaboration has consistently been widely recognized asa top 28% 55% 83%
BIM benefit.

Asawhole, the findings demonstrate that use of BIM

Increased Workload Capacity

Reduced Overall Design Time

improvesthe efficiency of the processes of designersina el s 80%
significant way, includingincreasing their workload capacity, Safer Environments*
reducing overall designtime and helping to create safer 26% 47% 73%

environments for the construction process.
*Not Asked of Civil Engineers B Medium  ® High/Very High

Variation by BIM Intensity

BIMintensity correlates most strongly to two risk-reduction

Impact of BIM Intensity on High/Very High Levels
benefits.

of Benefits
s . o . .
- Design firms doing atleast 50% of their work with BIMreport Doddge Data & Analytics, 2021
higher levels of improved team collaboration. This makes
sense because higher BIMusage increases the likelihood of Very Low Low Medium High
working with other team members who have BIM experience “'2:_92'1'32’('” ('zgtf’j'éy/ (5'0”%9_';2'%3'“ (;gt/ef‘fdgy/
and are capable of and interested in digital collaboration. projects) | of projects) projects) | of projects)
- Increased workload capacity also correlates to higher BIM
. . . : . Improved Team 60% 56% 7% 7%
intensity. This suggests that asusage increases, skillsand Collaboration
efficiencyalsoimprove, generating a positive effecton -
productivity. Workload 42% 55% 60% 56%
Capacity

Variation by BIM Engagement

Thisis the only category of benefits with no significant
differences by the degree of BIM engagement. This may
be because the benefits generated from data-related
activities accrue more directly to improving projects than
to company operational performance.

Variation by Type of Company

More civilengineersreportreduced overall designtime
(65%)and increased workload capacity(63%)at ahigh/very
highlevel compared with building engineers(39% and 46%,
respectively). Significantly fewer architects report reduced
overalldesigntime at thatlevel as well. Again, with use of BIM
for civil constructionlagging behind building, itis possible that
civilengineers may be noting operational efficiencies that
otherswith longer BIM history may now take for granted.
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Benefits for Designers From Using BIM by Region

Tocompare the findingsacross the sevenregionsincluded
inthe study, theiraverageratings for each benefit were
convertedtoa100-pointindex. The average score for each of
the four categories are showninthe charts below.

Business Growth Benefits

Thetopthreeregions forthis categoryare Scandinavia, Japan

and Australia/New Zealand.

- Allthreereport particularly high scores forimproving design
quality.

- Scandinaviaalso scoresvery highly on attractingand
retaining top talent, Japanonimproved winrate and
Australia/New Zealand onimproved client satisfaction.

Sustainability Benefits

Thetop tworegionsfor this category are Scandinaviaand

Japan. North Americahas the lowestaverage.

- Japan's designers have particularly highratings for
increased ability to consider environmentalimpact during
designand exceeding performance requirements.

Business Growth Benefits (Average Index Score)

Dodge Data & Analytics, 2021

76 80 77
74 7
| I I I i I l

North AU/NZ  Scandinavia  France Germany  UK/Ireland Japan
America
Risk Reduction Benefits (Average Index Score)
Dodge Data & Analytics, 2021
77 79 77
76
74
vl
68 I I
North AU/NZ  Scandinavia  France Germany  UK/Ireland Japan
America
SmartMarket Report

- Scandinavia has consistently strong scores for all
sustainability benefits, but the two highest are reduced
materialusage and reduced or removed emissions.

Risk Reduction Benefits

Strongindexscoresare seenformostregions here, with

Scandinaviaontop. North Americaand the UK/Ireland lag abit

behind the others.

- Thereareafewaverageindexscoresof 80 orabovein
this category: better ability to meet customer and design
requirementsin Scandinavia, improved project forecasting
andimproved ability to manage complexity inJapan, and
reduced errorsand reworkin Australia/New Zealand.

Operational Efficiency

Scandinavia, Japanand Australia/New Zealand all have top

scores forthis category, and North America hasthe lowest.

- The highestrating for operational efficiency benefitsis
ascore of 82in Scandinavia forincreased workload capacity.

Sustainability Benefits (Average Index Score)

Dodge Data & Analytics, 2021

79 80
72 7
66 68
57 I I I I
North AU/NZ UK/Ireland
America

Scandinavia  France Germany Japan

Operational Efficiency Benefits (Average Index
Score)

Dodge Data & Analytics, 2021

79
75 75 76
73 70
66 I I
North AU/NZ UK/Ireland
America

Scandinavia  France Germany Japan

26 Dodge Data & Analytics « www.construction.com



ACCELERATING DIGITAL TRANSFORMATION THROUGH BIM DATA

Benefits

of Using BIM

Business Benefits for Contractors From Using BIM

Contractorswhouse BIMwere asked torate the degree to

which they experience five business benefits from their BIM

use onafive-point scale (no, low, medium, high or very high).

Thechartatright showsthe percentageswhorate eachas

either medium or the combined values for highand very high.

- Aswith designers (see page 22), the vast majority of
contractors(around three quarters or more)find amedium
or higher degree of benefit for each of these five.

- Anincreased percentage of successful projectsis the top
overall benefit experienced atamedium or higher level. This
topratingisapowerful testament to BIM's contribution to
overall business healthand success.

- Nearly half of allrespondents experience the top four of
these benefitsatahigh/very highlevel, demonstrating that
many contractors experience asignificant businessvalue
fromtheir use of BIM.

Variation by BIM Intensity

The table at middle demonstrates how BIMintensity
influencesthe percentagesreportinghigh/very highratings
for several of the business benefits measured. Contractors
implementing BIM on at least half of their projects(medium or
highintensity)outperformthose less frequently deployingit,
particularlythoseintheverylow intensity tier.

Theslight declinein percentagesamongthose at the
highestlevel may be because they nolonger have asufficient
sample of recent projects that do not use BIM to fully evaluate
what level of incremental benefit they are currently achieving
from BIM. For them BIM may be regarded simply as the way
they do business. But those at medium intensity stillhave a
substantial share of projects not using BIM, and can better
understand the full benefitsthey are able to achieve from
itsuse.

Variation by BIM Engagement

Contractorswho engageinahighlevel of data-related
activitiesare farmorelikely toreport a high/very highlevel of
improved stakeholder engagement, and evena medium level
inthese activitieshasa positiveimpact onimprovingwinrate
andincreased bid efficiency.

SmartMarket Report

Business Benefits From BIM at Medium and High/Very
High Levels (According to Contractors)

Dodge Data & Analytics, 2021
Increased Percentage of Successful Projects

33% 51% 84%
Improved Stakeholder Engagement

30% 48% 78%
Expanded Service Offerings

31% 44% 75%
Increased Bid Efficiency

28% 47% 75%
Improved Win Rate

36% 37% 73%

M Medium  ® High/Very High

Impact of BIM Intensity on High/Very High Levels
of Benefits

Dodge Data & Analytics, 2021

Very Low Low Medium High
Intensity Intensity Intensity Intensity
(1%-24% of | (25%-49% | (50%-74% of | (75%-100%
projects) of projects) projects) of projects)
Improved o o o o
Win Rate 13% 42% 47% 35%
Improved
Stakeholder 21% 52% 61% 50%
Engagement
Increased
PREETEGE 36% 49% 61% 59%
of Successful
Projects

Impact of BIM Engagement on High/Very High Levels
of Benefits

Dodge Data & Analytics, 2021

Low Medium High
Engagement

Engagement Engagement f—
(0-3 activities) | (4-6activities) o

activities)
Improved Win Rate 27% 43% 44%
Increased Bid Efficiency 38% 53% 54%
Improved Stakeholder 40% 46% 64%

Engagement
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Quality Benefits for Contractors From Using BIM

Contractorsalso rated four quality-related benefits. The Quality Benefits From BIM at Medium and High/Very
chart at right shows the medium and combined high/very high High Levels (According to Contractors)
rati ngs. Dodge Data & Analytics, 2021
Thefindings clearly demonstrate that contractors who Reduced Number of Constructability Issues Onsite
use BIM bell.eve |t@provesgualltyperformance,Y\/lth over 259 64% 89%
80% reportingmedium or higher levels of impactinall four
categories studied. Alsoimportant to note is that over half of Reduced Rework During Construction
contractors give high/very highratings. 25% 84% 89%

Improved Handover Experience

Variation by BIM Intensity
Higher BIMintensity correlates to high/very high ratings for 34% 50% 84%
the quality benefits shownin the table at middle. Interestingly,
contractorsinthe low intensity group (25%-49% of projects)
score highest foranimproved handover experience. And well
over half of those at the lowest level of BIM intensity report
reduced number of constructability issues onsite. These
findings suggest that some benefitscanemergeearlyina
company’s BIMjourney.

Reduced Defects at Handover

30% 51% 81%
B Medium M High/Very High
Impact of BIM Intensity on High/Very High Levels

of Benefits

Dodge Data & Analytics, 2021

Variation by BIM Engagement

Contractors at medium or high engagement with the data- vy Loy Laow yiglibi L)
. . Intensity Intensity Intensity Intensity
related activities studied more frequently report that BIM (1%-24% of | (25%-49% | (50%-74% of | (75%-100%
has a high/very high impact on reducing the number of projects) | ofprojects) | projects) | of projects)
constructability issues onsite. That makes sense because Reduced Number
of Constructability 56% 58% 69% 79%

many of these activities help with both the accuracy of
the design and better understanding of the site before

Issues Onsite

Reduced Defects

construction begins, therefore contractors conducting at Handover 36% 49% 57% 85%
them are likely to be better prepared to deal with any site- | g

. mproved Handover o o o o
related issues. > 31% 61% 47% 53%

Experience

Impact of BIM Engagement on High/Very High Levels
of Benefits

Dodge Data & Analytics, 2021

Low Medium High
Engagement
Engagement Engagement fm—
(0-3 activities) | (4-6activities) o
activities)

Reduced Number
of Constructability 55% 70% 70%
Issues Onsite

SmartMarket Report 28 Dodge Data & Analytics « www.construction.com



ACCELERATING DIGITAL TRANSFORMATION THROUGH BIM DATA

Benefits

of Using BIM

Cost Control Benefits for Contractors From Using BIM

Contractorsalsorated four cost control benefits. The chart at
right shows the mediumand combined high/very high ratings.

As withthe quality benefits, cost control benefitsare
widely experienced by contractors using BIM. Over 70% report
that they experience thematamedium or higherlevel,anda
majority of those give the top ratings.

Inthis case, the percentagesreporting these benefitsare
remarkably consistent, suggesting that all contractors should
be abletorelyonachieving them.

Variation by BIM Intensity

BIMintensity correlatesto high/very highratings for the three
benefits showninthe table at middle. Ineach case, evena

low level of BIM intensity(25% to 49%)leads toamuch higher
ratingthanthe verylow intensity one. This suggeststhat these
benefitsareachievablerelatively early inacompany’s usage
of BIM.

Variation by BIM Engagement
There are no significant differencesintheresponsesbasedon
their use of the data-related activities studied.

Variation by Size of Company

Midsize contractors(100 to 499 employees)are most strongly

experiencing some cost control benefits from BIMatahigh/

very highlevel.

- Nonrecoverable costs: 62% of midsize companies,
compared with 44% of larger onesand 31% of smaller ones.

- Improved subcontractor qualification: 60% of midsize
companies, compared with 42% of larger and smaller ones.

Itis possible that midsize companies have fewerresources to
dedicate toward cost control thanlarger companiesand more
complicated cost controlissues than smaller ones, leading
them tobenefitmostinthisareafromthe use of BIM.
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Cost Control Benefits From BIM at Moderate and
High/Very High Levels (According to Contractors)

Dodge Data & Analytics, 2021

Improved Cost Control

36% 43% 79%
Improved Forecast Accuracy
33% 43% 76%

Improved Subcontractor Qualification

29% 46% 75%
Reduced Nonrecoverable Costs

30% 42% 72%
B Medium M High/Very High

Impact of BIM Intensity on High/Very High Levels
of Benefits

Dodge Data & Analytics, 2021

Very Low Low Medium High
Intensity Intensity Intensity Intensity
(1%-24% of | (25%-49% (50%-74% | (75%-100%
projects) of projects) | of projects) | of projects)
Improved
Subcontractor 28% 51% 53% 44%
Qualification
Reduced
Nonrecoverable 13% 48% 51% 50%
Costs
Improved Cost o o N o
Control 21% 48% 53% 44%
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Schedule Benefits for Contractors From Using BIM

Contractorsalsorated four schedule benefits. The chart at

right shows the mediumand combined high/very high ratings.

As with quality and cost, these findings show that the vast
majority are achieving measurable schedule benefits from
BIM. And again, the larger share are at high/very high levels.
The consistency of percentages also sugests that these
should bereliably achievable benefits forall contractors.

Variation by BIM Intensity

The most pronounced differencesinthe percentages of
contractorsreportinghigh/veryhighratingsare between
those at very low intensity(1%-25% of projects)and those at
higher levels. Thissuggests that these benefitsare relatively
easy toachieve even with moderate deployment of BIM.

Variation by BIM Engagement

Similar to the cost control benefits, there are no significant
differencesinresponse by the number of data-related
activities conducted.

Variation by Size of Company

Again, similar to the cost control benefits, several schedule

benefitsare more frequently experienced at a high/very high

level by midsize contractors, including the following.

- Optimized schedule duration: 55% of midsize companies,
significantly higher than 35% of very small companies
anddirectionally higher than small(50%)or large(40%)
companies.

- Improved schedule control: 62% of midsize companies,
significantly higher than 39% of large companies and
directionally higher than smaller ones(53%).

- Improved resource planning: 62% of midsize companies,
significantly higherthanvery small(31%)and large(39%)
companies anddirectionally higher than small ones(45%).

SmartMarket Report

30

Schedule Benefits From BIM at Moderate and High/
Very High Levels (According to Contractors)

Dodge Data & Analytics, 2021

Improved Schedule Control

30% 51%

Improved Resource Planning

Improved Plan-to-Actual Ratio

33% 47%

Optimized Schedule Duration

34% 45%

B High/Very High

81%

80%

79%

M Medium

Impact of BIM Intensity on High/Very High Levels of
Benefits

Dodge Data & Analytics, 2021

Very Low Low Medium High
Intensity Intensity Intensity Intensity
(1%-24% of | (25%-49% | (50%-74% | (75%-100%
projects) of projects) | of projects) | of projects)

Improved

Plan-to-Actual Ratio 31%

49% 53% 50%

Improved Schedule

Control 36%

58% 57% 47%
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Health and Safety Benefits for Contractors From Using BIM

Contractorsalsoratedfive healthand safety benefits. The
chartatright shows the mediumand combined high/very high
ratings.

Thoughreported by alower overall percentage of
contractorsthanthe three previous categories of benefits,
the majority are still experiencing measurable healthand
safety benefits from BIM. Also varying from the pattern of the
previous contractor benefits, the percentagesof thoseata
medium level are much closerto those at high/very high.

Thereisalsoabiggerrange between the total percentages
of mediumand high/very highratings.

- The most frequent health and safety benefitreportedis
reduced number of man-hours onsite. This corresponds to
the high scoresforresource planningand emphasizes the
importance of using BIM to manage the jobsite better.

- Improved safety awarenessisalso frequently reported. Use
of BIM can provide betterinsightinto the project designas
wellas the site conditions, which canallow for better safety
planning.

- Reducedinsurance premiumsisleast frequently reported.
Thisaligns witha Dodge study titled Using Technology
tolmprove Risk Management, in which many insurance
companies say they are waiting for more quantitative proof
of technology’'simpactonriskreduction before reducing
premiums basedjustonitsuse by their customers.

Variation by BIM Intensity
Asthetableatrightreveals, forall five of the healthand safety
benefits, engagement beyond alowlevel with BIMyields a
much greater likelihood that contractors will experience
these benefitsatahighlevel. Thisis consistent with previous
findings from other studies conducted by Dodge that suggest
that recognition of the health and safety benefits from
BIMtendstocome fromthose who have moved beyond a
superficialengagement withit.

Thisfindingiscritical because contractors have always
placed great weight on safety improvementsand may be
more likely to prioritize ways toimprove healthin the post-
Covid era. Understanding that the majority of contractors
experience these benefitsatamediumor higherlevel, and
that one third to one half of those using BIM on more than 25%
of their projectsreport significantimprovements may help
contractors see critical value beyond just costand schedule in
theirinvestmentsin BIM.

Variation by Size of Company

Midsize companies most frequently report highlevels of
several healthand safety benefits from BIM.

SmartMarket Report

Health & Safety Benefits From BIM at Moderate and
High/Very High Levels (According to Contractors)

Dodge Data & Analytics, 2021
Reduced Number of Man-Hours Onsite

31% 39% 70%
Improved Safety Awareness

31% 37% 68%
Reduced Incident Frequency Rate

31% 33% 64%
Reduced Environmental Impact

24% 36% 60%

Reduced Insurance Premiums

26% 28% 54%

M Medium M High/Very High

Impact of BIM Intensity on High/Very High Levels
of Benefits

Dodge Data & Analytics, 2021

Very Low Low Medium High Inten-
Intensity Intensity Intensity sity
(1%-24% of | (25%-49% | (50%-74% | (75%-100%
projects) | of projects) | of projects) | of projects)
| d Safet
M warenoas 21% 45% 4% 32%
Reduced |
S 5% 38% 33% 24%
Reduced Number of o o N o
Man-Hours Onsite 13% 49% 45% 35%
Reduced Incident o o N N
Frequency Rate 10% 39% 43% 32%
Reduced N o o N
Environmental Impact 5% 44% 58% 26%

- Reducedinsurance premiums: 47% of midsize companies
versus all other sizesat 25% orless.

- Reduced number of man-hours onsite: 53% of midsize
companies, significantly more thanvery small(31%)orlarge
(28%)companies.

- Reducedincident frequencyrate: 45% of midsize
companies, significantly more than very small companies
(24%)and notably more than small(36%)or large(32%)ones.
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Benefits for Contractors From Using BIM by Region

Tocompare the contractor benefits by region, asimilar - Otherthan cost benefits, the findings from Australia/New
approach tothe oneusedtounderstand the designer benefits Zealand and Japan correspond closely to the findings from
was employed: theiraverage ratings of each benefit were Europe.

convertedtoa100-pointindex. Since there were fewer

contractors than designerswhoresponded to the survey, The findings suggest that North American contractors may
though, the comparisonisonabroadly regional basis, needtoengage moreintensively with BIManditstools to
between North America, Europe(includingthe UK)and the remain competitive inaglobal market.

countriesinthe eastern hemisphere (Japan, Australiaand

New Zealand).

Business Growth Benefits

These findings show the following: P —

- North American contractorstendtoreportlower business
growth and cost benefits, but they are particularly 73 73
enthusiastic about the quality benefits they derive from
BIM. These findings correspond with the lower use of BIM

62
activitiesreportedin North America, which clearly have the
biggestimpact on costand business-related benefits.
- Contractors from Europe more frequently report cost
benefits from BIM than the other two regions, but their
genfaralscore forcostberTeflts maFchesthelrscorefor North America Europe AU/NZ
business growth and quality benefits. (Including the UK) and Japan
Quality Benefits Cost Benefits
Dodge Data & Analytics, 2021 Dodge Data & Analytics, 2021
75
73 72 73
67
59
North America Europe AU/NZ North America Europe AU/NZ
(Including the UK) and Japan (Including the UK) and Japan
Schedule Benefits Safety Benefits
Dodge Data & Analytics, 2021 Dodge Data & Analytics, 2021
69 68 69 68
o I .
North America Europe AU/NZ North America Europe AU/NZ
(Including the UK) and Japan (Including the UK) and Japan
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Degree to Which the Value of BIM Is Being Experienced

Inadditiontoasking designersand contractorsabout the
tangible, measurable waysin which BIM provides value, shown
over the preceding pages, they were also asked to share their
overall sense forhow much of BIM’s potential value they are
currently experiencing.

Responsesarelargelyinfluenced by acompany’slevel of
BIMintensity(the percentage of projects where they use BIM),
sothosefindingsare showninthe chartatbottom.

- Evenamongthe leastintense BIM users(fewerthanaquarter
of projects), the percentages believing they are getting no
meaningful value from BIM are very small.

- Asusersincrease theirdeployment of BIM, thereisa
dramatic shift from percentages believing they are just
getting startedreceiving BIM benefitsand those reporting
alot of value and still seeingmore to gain. This clearly
indicatesthat higherintensity generates greater value.

- The small percentagesinalltiers of BIMintensity who believe
they have reached the maximum level of BIM benefitsisalso

Value of BIM by Level of BIM Intensity

Dodge Data & Analytics, 2021

High Intensity
(75% or more of projects)

3% 17%

Medium Intensity

(50%-74% of projects) ale 4%

Low Intensity

(25%-49% of projects) ab 38%

Very Low Intensity
(1%-24% of projects)

M We're getting
no meaningful
value from BIM.

B We're just scratching
the surface of how much
value BIM can provide us.

SmartMarket Report

M We're getting a lot of value
from BIM but believe there
is more to be gained.

small. Thisis a positive sign that most usersare not willing
tobe complacent with what they have achieved and will
continuetoinnovate and optimize.

Variation by Company-Type

Architects have the highest percentage(54%)who state that
they getalot of value from BIM but believe thereismore to be
gained. Theirresponsesare slightly higher than the engineers,
buteven more so for the contractors(45%).

Variation by Company Size

Large companies with500 or more employees are far more
likely toreport that they getalot of value out of BIMwith more
tobe gained(60%)than do smaller companies. This makes
sense because they tend to have higher BIM intensity.

51% N%

47% Nn%

M We're getting everything
out of BIM that we believe
it can provide.
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Benefits

of Using BIM

Impact of BIM on Design/Construction
Industry Sustainability and Resiliency

Theanalysistoolsthat can be used withaBIMmodelarea Impact of Using BIM on the Sustainability and
critical part of how BIM canimprove the sustainability and Resiliency of Design and Constructionin the
resiliency of designand construction projects. Next Two Years

Onpage 23, designers were asked to evaluate several Dodge Data & Analytics, 2021

specific sustainability benefits they have been able to

achieve through use of BIM. However, use of BIM has also e

had abroaderimpact onsustainability by drivingawareness 6%
and prioritization of project performance and enabling more

ambitious goals for sustainability and resiliency. That broader
impactisfeltacrosstheindustryandisdifficult toascertain

justfromthereview of the specific benefits.

16%

7%

Therefore, allrespondents were asked to rate what
they believe will be the overallimpact of using BIMon the -
sustainability and resiliency in design and construction over High/Very High Moderate Low No Impact/

the next two years. The findings represented in the chart at Impact Impact Impact Not Sure

right clearly indicate that nearly all designand construction
professionals expect BIMto help the industryimprove inthese
areas, withthe highest percentage (41%)expecting a high/
very highimpact.

Variation by Company-Type

Fewer contractors(31%)expect ahigh/very highimpact from
BIMonthese areasthandoarchitectsand buildingengineers
(both 47%). Thisis likely due to wider use of analysis tools by
these designersthanbythe contractors.
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Benefits

of Using BIM

Top Means of Increasing Benefits Experienced From BIM

The findings on the specific benefits that designersand
contractors experience from BIM, on pages 22 to 32, clearly
demonstrate that BIMisadding value to the designand
constructionindustry. However, they also reveal that many
couldincrease the degree to which they experience those
benefits.

Inorderto betterunderstand how to increase the benefits
experienced from BIMuse, respondents were asked to select
the top three means of doing so from each of the following:

- Alist of sevenindustryresources
- Alist of six technical and business factors

Industry Resources
Thefindingsonthetopindustryresourcesinthe chartat
rightrevealatight cluster of four top onesrelated to BIM
capabilitiesand usage across the project team.

- Nearly half(47%)cite more clearly defined BIM deliverables
to helpallteam members more effectively contribute.

- Tiedforthe top spotat 47% is more internal staff with BIM
skills. Despite industry use of BIM for decades, staff with BIM
skills are stilla high priority. This may also contribute to why
somany believe that they can get more value from BIM than
they are currently receiving(see page 33).

 41% believe that owners asking for BIMwould add value.
Certainly, BIMrequirements by owners would also help
ensure that BIMis used by allmembers of the project team.

- 41% also are looking for BIM skills beyond their own firms.
More information about how the designersand contractors
regard the BIM skills of other project team members canbe
found on page 44.

Betweenabout one quartertoonethird select the three
remaining factorsintheirtop three, revealing thatallare
importanttoanumber of industry professionals. Two out of
three of these factorsare ones that would drive wider use of
BIMintheindustry: more quantified data demonstrating the
businessvalue of BIMand more public/private mandates.
Some also consider greater access to outsourced modeling
servicesaninfluential factor, probably because it helps to
offsetthe need formoreinternal BIM skillsand allows access
to specialized BIM capabilities onanas-needed basis.

Variation by BIM Engagement

The highest percentage(55%)of those with low BIM
engagement(using BIM on fewer than 25% of their projects)
select more ownersasking for BIMas one of the top ways they
would get more value out of BIM.

SmartMarket Report

Most Important Industry Resources for Increasing
Benefits Experienced From BIM(Selected in the
Top Three)

Dodge Data & Analytics, 2021

More Clearly Defined BIM Deliverables Between Parties

47%

More Internal Staff With BIM Skills
47%

More Owners Asking for BIM
K%

More External Firms With BIM Skills

1%

More Quantified Data Demonstrating the Business Value of BIM

33%

More Public/Private Mandates

24%

More Readily Available Outsourced Modeling Services

24%

Dodge Data & Analytics « www.construction.com



ACCELERATING DIGITAL TRANSFORMATION THROUGH BIM DATA

Benefits

of Using BIM

Top Means of Increasing Benefits Experienced From BIM.......

Technical and Business Factors

When selecting their top three technicaland business factors

that would help increase the benefits they can experience

from BIM, designand construction professionals place

the highest priority ontwo technical factors. Citing these

factors suggeststhat they still see the need for technology

improvements to get the most out of BIM.

- Improvedinteroperability between software applications:
While thisisaless prominentissue than when Dodge first
beganresearching BIMoveradecadeago, itisstillatop
technical factor. The ability to seamlessly integrate BIM
with otherapplications, like GIS, would continue toincrease
itsvalue tousers.

- Improved functionality of BIM solutions: While there are
anumber of applications that help provide tools touse
BIM(see pages 12 to 16), nearly half of users believe that
improving their functionality would increase the value of
BIMoverall.

The third mostimportantfactoris more BIM training and
support, whichwould be considered a business factor,
rather thanatechnical one. Theimportance of thisfactor
correspondstothe need for moreinternal staff with BIM skills
reported under the industry resource factors(see page 35),
and together, they demonstrate that the industry stillneeds
further educationand supportonthe use of BIM.
Overonethird(37%)place more contracts that support

BIMand collaborationintheir top three. Thisalso corresponds

tothe previousfinding of the industry resources factors that
overallteamuse of BIMis critical to derive the most value
fromit.

Finally, industry professionals are alsolooking for ways
to make using BIM easier, frommore product manufacturer
BIM content to more integration of BIM data with mobile
applications.

Variation by Company-Type

There are two notable variations by company-type.

- Architects: Far more architects(47%)believe that more
product manufacturer content for BIMwould increase their
ability to experience benefits from BIM than do engineers or
contractors.

- Building Engineers: 68% would get greater value from
BIMwithimproved interoperability between software
applications.

SmartMarket Report

36

Most Important Technical and Business Factors
for Increasing Benefits Experienced From BIM
(Selected in the Top Three)

Dodge Data & Analytics, 2021

Improved Interoperability Between Software Applications

50%

Improved Functionality of BIM Solutions

49%

More BIM Training and Support

N
-]

%

More Contracts That Support BIM and Collaboration

37%

More Product Manufacturer BIM Content

37%

More Integration of BIM Data With Mobile Applications
33%

Variation by BIM Intensity

The highest percentage(63%)of those who have alow level of
BIMintensity(fewer than 25% of projects using BIM) believe
that they would be able to experience more benefitsif they had
more BIMtrainingand support.

The highest percentage(61%) of those with avery highlevel
of BIMintensity(75% or more of projects using BIM)would
seeincreased value from BIMwith improved interoperability
between software applications.
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Images Courtesy of Lombardini22

Case
Study

Deliveringnew commercial office
space withinadense urban core often
presentsdesignand construction
teamswith significant challenges. For
the Vigentina 9 projectin Milan, design
firm Lombardini22 was tasked with
the added complication of meeting the
demands of local historical review board
officials. Inaddition, the developer
needed the project designed and
completed onatighttimeline. With no
roomdelay, the Lombardini22 team
chosetoheavily leverage BIM from the
earliest stages of the project to help
meetitsambitious goals.

Need for BIM Model and
Point-Cloud Survey

“BIMwas notrequired, but fromthe
beginningwe decided toapproach the
project with BIM from the feasibility
study,”says Andrea Meneghelli, project
architectand BIM coordinator with
Lombardini22."0f course, there was
anincreaseininformation overtime,

MILAN, ITALY

but fromthe beginning[the model]was
alwaysevolving.”

Meneghelli says the team needed
detailed modelsearlyinorderto meet
the Commission for Cultural Heritage's
strict quidelines—ahurdleit had toclear
prior to submitting forabuilding permit.
The existing 60,000-sg-ft building on
the site, which openedinthe 1960s,
was not deemed historic, but the final
design needed tofit within the historic
context of the neighborhood, including
the 16th-century Church of Santa Maria
al Paradiso, which faces the buildingon
one elevation.

Thebuildingitself wasapproved
for fulldemolition, but Meneghelli says
the teamdecidedinstead toretainthe
existing structure, fully reconstructing
theinteriorsand addinganew facade.
He saysthe strategy would help reduce
the construction schedule and keep the
projectontrack.

Betweenthe needtofit withinthe
historical context of the neighborhood

The project team was able to tweak the model toincrease its
sustainability goals from achieve LEED Gold certificationto LEED
Platinum, including a redesign of the fagcade to reduce solar gain.

SmartMarket Report
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Vigentina 9 Office Building

and the need todesignaroundan
existing structure, the teamdecided
toconductapoint-cloud survey that
wouldincorporate valuable detailsinto
its models.

“Beingan historical site witha
churchjustinfront of the building...
we had to prove how the design of the
facade would work within the context,”
Meneghellisays.“The modeland survey
were neededinorder to give asense of
the project.”

Aiding the Approval Process
Unsure about how the project would be
received by the commission, the team
created two designs—one ambitious
optionandamore conservative one.
Although the commission did not
approveitsfirstdesign, the teamhad
its conservative optionready to submit
quickly. Meneghellisays that beingable
to easily share common databetween
the two designs saved precioustime on
the project. He estimates that havingto
submit anew designto the commission
usingtraditional methods would have
added up to 30% more time.

Project Facts and Figures

Project Name
Vigentina 9

Project Location
Milan, Italy

Designer
Lombardini22

Type of Project
Renovation(preserved structure)

Groundbreaking
February2020

Completion
May 2021

Occupancy
November 2021 (estimated)
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Images Courtesy of Lombardini22

Case
Study

CONTINUED

“"We were able to retain some ability
to make changesuntilthe last day,”
he adds.

Thefinal design called for
reworking the four-level building’s
floor plans, including the removal
of multiple existing sets of stairs to
create additional openspacesand
the construction of anew staircase.
Otherelementsinclude renovation of
abasement garage, new bathroom
blocks, anewlobbyandremoval of
several existing partitionsto further
openup the layout. Mechanical and
electrical systemswerealso fully
reconfigured.

The permit was submittedin
November2019. Although permitting
authoritiesdid not accept BIM models,
Meneghellisaystheteamwasable to
provide more detailed 2D plans by using
datafromthe models. The teamwas
able tocontinuerefiningits design,
while site demolition was underway
with construction beginningin
February 2020.

Consistent Project Data
Several of Lombardini22’'sin-house
disciplines were engagedinthe
Vigentina9 design—including
mechanical, electricaland plumbing—
which helped with seamlessintegration
betweenvarious models. Structural
engineeringwas handled by an outside
firmand Meneghellisays Lombardini22
modeled those drawingstoadd them
toitsmodel. Ultimately, Meneghelli
says elements of their design models
exceeded LOD 300, eventhoughthey
were notused by the construction
team. He saysthe firmwasable to

use the detailed model for clash
detection, takingon some efforts
typically carried out by contractors
during preconstruction.“lt wasamore
proactive approachtothe design,”he
says.“We could fixissuesearlier.”

SmartMarket Report

Vigentina 9 Office Building
MILAN, ITALY

i 'i"" I
- 4 i

The project teamretained the existing structure, fully
reconstructing the interiorsand adding a new facade.

Datamanagementwasalsoacritical
component of Lombardini22’s strategy
for keeping the project onschedule.
Although the firm was the only member
of the project team that directly worked
inthe BIM models, Meneghelli says the
firm was able to clearly communicate
with multiple other partiesand expedite
decision-making via cloud-based
databases. Inaddition, he says the
model proved helpfulin cost controls,
life safetyand calculating LEED credits.

Achieving Tenant Goals
The projectwas originally designed
toachieve LEED Gold certification,
but afteratenant was secured for
the project, Lombardini22 was asked
toaim for LEED Platinum.“We used
the model for fine-tuning to achieve
Platinum,”Meneghelliadds, noting that
the teamwasable to furtherimprove
indoorair quality, as well as stormwater
management, and redesign the fagade
toreduce solargain.

Whenthe tenantjoined the team,
the firm’'s detailed modeling effortsalso
proved valuable in designing the fit-out.

38

"The fit-out was done by a colleague
of mine,”Meneghellirecalls.“We had
aspecificadvantage because[my
colleague]was able to work from
our model.”

Base building construction was
completed onschedule in mid-May
2021with occupancy scheduled for
November2021.

Overall, Meneghelli says the main
advantage of its BIM strategy was
“beingadaptable to different scenarios
without having to throw anything
away.”He adds that the ability to
leverage adetailed modeland make
decisions quickly proved particularly
importantin expediting permittingand
approvals. Meneghellialso notes that
having consistent project data helped
the multiple disciplines that worked
fromthe models meet the project’s
aggressive timeline.

“"We could all work together, which
isabigsavingsfromadesign point of
view,"he adds. ®
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Data: BIM Investments & RO

Investmentsin BIM

Todetermine where companies will be investing in their BIM
programs over the nexttwoyears, respondents were asked to
identify theirtop three investment targetsfromalist of seven
showninthe chartsonthese two pages. Thefindingsinthe
chartsare:

- Divided between technologiesand processes

- Indexed onascale of 1-100 for ease of relative comparison

Technology-Related BIM Investments
This categoryfocusesoninvestmentsinsoftware, hardware,
and the customizations and content that optimize their use.

Variation by Length of Time Using BIM
Thechartatupperright shows how plans for technology-
relatedinvestments vary by the length of time acompany has
beenusing BIM. The findings suggest anatural evolutionary
cycle of BIMinvestment fromaninitialadoption period, into
amiddle stage of program expansion, then stabilizing for the
longrun.

- The newest BIM users have the highest focus on content
libraries, which makes sense asahigh need during that early
stage of engagement.

- Companiesinthe midrange of duration are actively
expanding their BIM programs, therefore they are the most
active overallandlead in software and customization.

- Following this cycle, hardware investmentsincrease directly
with duration, which makes sense because as companies
become more engaged they need more robust devices to
supportincreasingly sophisticated uses of BIM.

- And conversely, the need for content decreases over time,
reinforcingthatitis primarily an early-stage investment.

Variation by Company-Type
Thechartatlowerright showshow plans fortechnology-
relatedinvestments vary by company-type, regardless of BIM
duration.

- Architects: Theyare primarily focused onupgraded
hardware and developing custom 3D libraries of content.

- MEP and structural engineers: Showing the mostactive
plansfortechnology-related investments overall, they are
particularly targeting software, customization and content.

- Civilengineers: Ranking second overall, they are also
focused onsoftware and content, thoughlessinterestedin
customization.

- Contractors: While highly focused on software and
customization, they are lowest on content, likely because
they haveless frequent need toauthor models.

SmartMarket Report

Technology-Related BIM Investments by
Length of Time Using BIM (1-100 scale)

Dodge Data & Analytics, 2021

29
38
36
27
41
26
48 39
Short BIM Medium Long BIM
Duration BIM Duration
(1- 2 years) Duration (6 years
(3-5years) or more)

m New/ B Developing | Software uBIM
Upgraded Custom 3D Customization/ Software
Hardware Libraries Interoperability Solutions

Solutions
Technology-Related BIM Investments by
Company-Type (1-100 scale)
Dodge Data & Analytics, 2021
24
50
28
50
Architects MEP and Civil Contractors
Structural Engineers
Engineers
= New/ M Developing B Software mBIM
Upgraded Custom 3D Customization/ Software
Hardware Libraries Interoperability Solutions

Solutions
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BIM Investments & RO

InvestmentsinBIM......

Process-Related BIM Investments

This category focuses on BIM training and the development of
internaland external collaborative processes that optimize
the value of BIM forintegrated digital workflows. Although
theserepresentonly three of the seven options from which
respondentsidentified their top three investment targets,
eachscoresnotably higher than any of the technology-related
investments. This highligts the importance BIM users place on
this overall category of investment.

Variation by Length of Time Using BIM

The chartatupperright shows how plans for process-related
investmentsvary by the length of time acompany has been
using BIM. When compared with the evolutionary cycle

of technology-related investments, which peak in middle
years, these findings clearly show that processes become
increasingly important to continue adding value to BIM
programs.

While investmentin trainingisrelatively consistent over
time, the focus on collaborative processes steadily grows.
Thissuggests thatas companies continue to use BIM, they
increasingly appreciateitscritical contribution to facilitating
integrated digital workflows thatimprove multiparty
decision-makingand project outcomes for all stakeholders.

Variation by Company-Type

The chartatlower right shows how plans for these investment

typesvary by company-type, regardless of BIM duration.

« All company-typesshow keeninterestincollaborative
processes, especially civilengineers, who are the most
active overallamongthe company-types.

- Interestingly, MEP and structural engineers, while most
activeintechnology-relatedinvestments, are least activein
this category, with a particularly low focus on BIM training.
This may suggest that these companies would benefit from
agreaterfocusontraining to optimize their technology
investments.(See page 41for more detailon MEP and
Structural Engineers’perception of the return on their
investmentsin BIM.)

SmartMarket Report

Process-Related BIM Investments by Length of Time
Using BIM(1-100 scale)

Dodge Data & Analytics, 2021
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BIM Processes With
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Collaborative BIM
Procedures

Process-Related BIM Investments by Company Type
(1-100 scale)

Dodge Data & Analytics, 2021
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BIM Investments & RO

Perceived ROl on BIM

Thereisnostandard, globally accepted method for calculating
the ROI(return oninvetsment)on BIM. Sorespondents were
asked, when considering the investments their company has
made and the value their company has experienced, to select
arange thatbestreflectstheir current perceived ROl on their
overallinvestmentin BIM.

Variation by BIM Intensity and Duration
Thechartatupperright shows how the percentage of
companiesreportingvery high(50% or better)ROl increases
based onthe percentage of projects where BIMis deployed
(intensity)and the number of years acompany has been using
BIM(duration).

Although both show meaningfulimpacts, the findings
indicate that ROl correlates more to BIMintensity than to
BIM duration. Thisis meaningful because while users cannot
change the date they began using BIM, they have control over
the percentage of their projects where they implementit,
putting ROlimprovement withinreach of all users.

Variation by Company-Type
Thechartatlowerright showsthe responsesforalllevels of
ROl divided by the four types of companies studied.

- Overall, architectsreportthe best ROI. Thisaligns with
findings about theirlonger duration(see page 9)and higher
intensity(see page 4).

- Civilengineersand architects have almost equal
percentagesreporting high or very high(25% or more)ROI.

- MEP and structural engineers show the highest percentages
at either breakeven or negative. Thisalso aligns with
findings onduration(see page 9)and intensity(see page 4).

Variation by Region

There are some variationsin perceived ROl by region.

- Negative or breakeven: North America(31%)leads, followed
by France(24%)and Germany(20%). UK/Ireland and AU/NZ
eachreportonly10%, and no usersin either Scandinavia or
Japanreportthislevel.

- Positive ROl but less than50%: Thisis the most frequently
reportedlevel, ranging from51% in North Americato 81%
inJapan. Not surprisingly, itisled by the fourregions noted
above that have few or no usersreporting negative or
breakeven.

- 50% ROl or greater: Scandinavia(25%), Germany(23%)
and UK/Ireland(23%) lead in this category with AU/NZ the
lowest(13%).

SmartMarket Report
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Impact of BIM Duration and Intensity on Achieving
50% or Higher ROI

Dodge Data & Analytics, 2021

Medium/High BIM Intensity

o,
(50% or more of projects) 29%
Very Low BIM Intensity 49
(less than 25% of projects) °©
Long BIM Duration
g 28%

(6 years or more)

Short/Medium BIM Duration
(5 years or less)

15%

Perceived ROl on BIM by Company-Type

Dodge Data & Analytics, 2021

Architects MEP and Civil Contractors
Structural Engineers
Engineers
m \Very M High: B Medium: ™ Low: M Breakeven M Negative
High: 25%-49% 10%-24% 1%-9%

Over50%
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BIM Investments & RO

Frequency of Formally Measuring BIM ROI

Although thereisno standard, globally accepted method for
calculating ROI(return oninvestment)for BIM, about 80% of
the companies surveyed report that they have developed their
ownapproachto formally measure ROland apply it to some
percentage of their projects. The charts on this page evaluate
that practice.

Variation by Company-Type
Thechartatbottom left shows the differencesinfrequency
between the four types of companies studied compared with
allrespondents.

- Very few usersare formally measuring ROl on more than 75%
of their projects, but mostare doingso on 25% to 75% of their
projects. Thisis particularly true for civilengineers, where
overtwo thirds(68%)report measuring at that frequency.

- While frequencyis generally consistent between architects
and contractors, the two types of engineers surveyed
represent the two extremes, with civilengineers the highest
and MEP and structural engineersthe lowest.

Frequency of Measuring ROl by Company-Type

Dodge Data & Analytics, 2021

All BIM Architects MEP and Civil Contractors
Users Structural  Engineers
Engineers
m VERY HIGH m HIGH = MEDIUM
75%-100% of projects 50%-74% of projects
SmartMarket Report

25%-49% of projects

Variation by BIM Intensity

The chartatbottomright shows the differencesin frequency
between companies based on the percentage of their projects
where they use BIM(intensity).

The pattern shows that formal measurement of ROl peaks
among companies doing 25% to 50% of their projects with
BIM, and declines after that, particularlyamong the highest
intensity group(75% or more projects with BIM). This suggests
that with greater experience, users come toaccept that BIM
ismaking a positive contributionand feelless of aneed to
formally measureits ROI. This finding is consistent with other
technology-related studies conducted by Dodge over the
years.

Frequency of Measuring ROI by BIM Intensity

Dodge Data & Analytics, 2021

Very Low Low BIM Medium BIM High BIM
BIM Intensity Intensity Intensity Intensity
(Using BIM on (Using BIM (Using BIM (Using BIM on
lessthan25%  on25%-49%  on50%-74%  75% or more

of projects) of projects) of projects) of projects)
mLOoW = NONE

1%-24% of projects Do not measure ROI

Dodge Data & Analytics « www.construction.com



ACCELERATING DIGITAL TRANSFORMATION THROUGH BIM DATA

BIM Investments & RO

Business Benefits of Improving ROl on BIM

Asshown onthe previous page, increased use of BIM Top Internal Benefits From Improving ROl on BIM
correlatesdirectly to higher ROI. To relate thisincreased ROI (Percentage Selecting Each as Among Top Three
toimproved business health, respondents were asked to From List)

select the top three internal benefits, fromthelist of eight Dodge Data & Analytics, 2021

showninthe chartatright, they have experienced asaresult
of improving their BIMROI.

Each of the eight was identified by at least 20% of 49%
respondents, indicating that companies are enjoyinga wide Improved Profitability
variety of business benefitsas theyincrease their ROl on BIM.

Improved Productivity of Personnel

35%

Variation by Company-Type

R X Ability to Offer New Services
Each company-typeinthe study reportsdifferentlevels of

improved business benefits.
- Architects: They are within three percentage points of the Positive Impact on Maintaining Repeat Business

averagesshowninthe chartforall eightinternal benefits.
- MEP and structural engineers: This group reports a major

impact on offering new services(47%)and is well above Positive Impact on Marketing New Business

average on marketing new business(39%), but notably lags

onimproved profitability(25%).

- Civil engineers: These engineers are significantly above
average for positive impacts onrecruiting/retaining staff 27%
(46%), marketing new business(42%), sustainability (32%)
and offering new services(42%). But thisis offset by very low
ratings for productivity (34%)and profitability(27%), which
are thetwomost frequently reported across all respondents. Fewer Claims/Litigation

- Contractors: Thisgroup reports above-average impactson
profitability(43%), productivity(53%)and maintaining repeat
business(37%), but lags on sustainability (18%).

Positive Impact on Recruiting/Retaining Staff

Positive Impact on Sustainability Practice

24%

22%

Variation by Region

The business benefits of improved BIM ROl also vary by region. - Germany: The ability to offer new services(44%)is the

- North America: Productivity(63%)far exceeds the global highest hereamongallregions, indicatinganinnovative
average and profitability(39%)also rates strongly here. spirit. Marketing new business(37%)is also above average,
Unfortunately the other six benefitsare reported at below- although profitability(20%)and fewer claims/litigation(14%)
average frequencies, especially sustainability (13%). areboththelowestreportedinanyregion.

- Australia/New Zealand: Similarly strongin productivity - UK/Ireland: Although somewhat low onimproved
(52%)and profitablity(42%)this region also comesinabove productivity (44%), thisregion scores next-highest overallin
average for fewer claims/litigation(28%). Only marketing the ability to offer new services(42%)andis also wellabove
new business(27%)falls significantly short of the average. the norm for sustainability (32%).

- Scandinavia: Thisregion leadsall othersinreporting the - Japan: Thisregionisanexercise in extremes, with recruiting
positive impact on sustainability (37%). It is also notably and retaining staff(39%), sustainability (36 %), marketing
above average for marketing new business(38%)and new business(43%)and maintaining repeat business(39%)
maintaining repeat business(33%). allwellabove average, while productivity (39%), profitability

- France: Although France has by far the fewest reporting (31%)and offering new services(30%)are below.

apositiveimpact on productivity(30%), it boasts above-
average ratings for positive impacts on maintaining repeat
business(42%), recruiting/retaining staff(36%)and fewer
claims/litigation(27%).
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Data: Project Team Engagement

With BIM

Project Team Engagement With BIM

The study findings clearly demonstrate that one of the most
importantareasneeded to gainvalue out of BIMisitsuse
acrossthe project team(see page 35). Todo sorequiresa
project team with sufficient BIM skills to work effectively with
the model.

Tobetterunderstand BIM users’perspective on the skills
of other companies they work with they were asked two
questions:

- The degree of BIM skills that they expect from other project
teammembers, including owners and facility managers.

- Theirdegree of satisfaction with the BIM skills of each,
basedontheirexperiences.

Foreach company-typeinthe chartbelow, theleft column
showsthe percentage of all BIM users surveyed who expect
that group to have full BIM usage capability, and the center
columnshows the number expectingthemtojust have the
ability toread BIM.(No BIM skills are expected by the remaining
percentage that would total 100%.) The right column shows
the share who are satisfied with the BIM skills they encounter
inthatgroup.

- Architects and structural engineers: Over 70% of all the
BIMusers expectarchitectsand structural engineersto
have good BIM skills,and around 60% report that they are
satisfied with their skills, the highest forany of the players.

- MEP and civil engineers: 60% or more of allthe BIMusers
expect MEP and civilengineers to have full use of BIM
software. Only about half, though, report being satisfied with
the skillsthey find for these engineers.

- Contractors: BIM users surveyed are nearly evenly split
betweenthose who expect general contractorsto have
fulluse of BIM software and those who only expect these
companiestobeabletoreadBIM. Incontrast, far fewer
expect specialty trade contractors to have BIM skills than
those who anticipate that they can only read the models.
Theyarealso far less satisfied with the skills of the trades
they have encountered thanthey are with the skills of the
GCs, whichno doubtinfluences their expectations.

- Owners: Fewer than one third expect owners or facility
managers to be able to use BIM, but about half do expect that
they canread amodel. Only about one third also are satisfied
with the BIM skillsamong owners.

- Peers: Consistently, architects, engineersand contractors
are more satisfied with the skill level of their own company-
typethanothers. However, itis notable that,other than
building engineersand architects, most have alarge share
(one third or more)who are not even satisfied with the skills
of theirpeers.

Improving BIM Skills

Asshowninthe chart, satisfactionis generallyunder50%. In
ordertoimprove, the designand constructionindustry needs
tohave greater confidenceinthe BIMskillsacross the project
team, and may need owners or government mandates to help
drive higher skill levels across the project team. Increased use
of outsourced modeling expertise can more quickly address
this skills gap.

Expectation of and Satisfaction With BIM Skills of Each Company-Type

Dodge Data & Analytics, 2021

2% 7%

47%
30%

Owner Architect Structural MEP
Engineer Engineer
B Expect Full Use of Software
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B Expect Ability to Read Only

4% 449,48% 449,

36% 33%

Civil General Specialty Operational
Engineer Contractor Trade Maintenance and
Contractor Management

B Satisfied With Skills
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Image Courtesy of Anglian Water

Case
Study

Use of BIMisjust one element of
thelargerdigitization of design,
constructionand operationsin the built
environment. Digital twins, whichare
often model-based, are another critical
element of digital transformationin this
industry. Adigitaltwinis the creation
adigital version of an existing asset
powered by real-time data. Pioneering
asset ownersare leading the wayin
helping to explore their potential to
transform constructionand operations.
Inconjunction with construction of
amassive greenfield pipeline project,
Anglian Wateris taking the initial steps
toward creatingagroundbreaking
digital twininthe water sector.
Although buildingadigital twininthe
water sectoris stillanascent concept,
Anglian Water’s Guy Gregory says the
company seesan opportunity to create
“anintegrateddigital representation
of its physical assets, systemsand
treatment processes.”If successful, the
digital twin will“unlock value by enabling
improvedinsight to supportbetter
decisions, leading to better outcomes
inthe physicalworld.”

Opportunity for Digital Twin
Interms of geographicreach, Anglian
Wateristhelargest waterand water
recyclingcompanyin England and
Wales. Italso coversthedriestregions
of the country, which could face awater
deficit of 30 million liters per day by
2025, accordingtothe company.

Under Anglian Water's Strategic
Pipeline Alliance, up to 500 km of
interconnected pipes will be installed
within five years—along with associated
pumping stations and tanks—to deliver
water from the north of theregionto
thedrier southernareas.

With so much new infrastructure
beinginstalled, Gregory saysthe
company saw an opportunity to
advanceitsdigital twin strateqgy,

SmartMarket Report
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includinginstallation of sensorsalong
the new network. Prior to deploying
itsnew technology, Gregory says the
company’sinternal Innovation hub
conducted extensive testsaspartofa
proof-of-concept effort.

“Thatwas essentialforustogeta
basicunderstanding of what could go
wrong, so thatwhenwe scale up, we've
got some firsthand knowledge of what
we don'twanttodoorrepeat,”he says.

One of the more complexaspects
of the projectisthe controland
automationthat willbe requiredtorun
the pipeline."We’llneed lots of sensors
justto control the flow of water, sowe're
almost halfway there toward that digital
twin piece,” he says.“Why not take it
one step furtherand start to deliver this
digital twin piece alongside the physical
asset?”

Data-Enabled Processes
Akey goal of the SPA pipeline projectis
toimprove both delivery and operation
of itsassets.“Some digital twinsareall
about operating the asset, but we've got
toimprove the way we put that assetin
the groundand commission that asset,”
Gregory explains. Inthe future, he sees
the potential to leverage datafromthe
digitaltwin to help automate pipeline
design by creating digital assetsthatare
standardized and repeatable.

Anglian Waterandits partnersare
already banking onthe success of
these enhanced capabilities. With the
availability of real-time dataabout the
performance of its assets, Gregory says
the company was able to designthe
network with smaller diameter pipe than
would be typically used.

“That savesus £5 million, but that
alsoincreasesourrisk,”he says.”So
we've got to get the digital twin piece
right to enable us to move that[water]
over 24 hours, when typically it would
be 22 hoursand we'd have some float.

45

Anglian Water Digital Twin

We cantake away the floatand better
manage therisk, but we have to make
sure we have theright datato make
decisions with confidence.”

Oncethe new networkis completed,
Anglian Water can further explore the
next stepsonitsroadmap, including
field use of these digitally enabled
physical assetstoaidinreal-time
aswellas predictive operations
and maintenance. Gregory says the
companyis particularlyinterestedin
capturing dataonwater pressure, water
quality and flow.

Overafive-yearperiod, the team
will explore how operators can make
bestuse of datacaptured by the new
technology, including making informed
decisionswithoutan operator needing
to physically be onsite. The teamalso
aimsto createanintegratedview of
itsasset base datasothatitcan make
decisionsonanevenlargerscale,
includingatanenterprise level.

GIS and Al

Abigpart of this step willalso focus
onwhere Anglian Water sees that the
digital twinandrelated technology,
suchassensors, can provide value.
By analyzingwhat works and what
doesn't work, Gregory says they will
determine the scale at which it should
be deployed acrossthe company’s
entire asset base. Ultimately, Gregory
seesthedigitaltwin willinclude
extensive GIS data, as wellas BIM
models of built structures.“GIS and
BIMwill have to workinharmony forus
to maximize the opportunities that we
hopetogain,”"he adds.

Anglian Waterisalso exploring the
potential for Al-controlled assets. As
part of the current pipeline project, the
company will install physical controls
such asvalves that canbe enabled
manually fromaremote location.
Eventually, however, the company
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Case
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hopesthat some of these decisionsand
manual processes could be controlled
viamachine learning.

“Ultimately, the analytics will either
drive amanual decision or let the digital
twin make the decision forusand
undertake the physical piece[such as
turningavalve],” he says.“We hope that
over time the digital twin will give us
the confidence that we can almost take
away the manualintervention piece.
Small changes willbe undertaken by the
twinitself. It will turn the valve, it will
look at the consequencesandit will
make minute adjustments.”

Challenges

Gregory says the biggest challenge so
fartoitsdigital twinimplementation
planisstakeholder management. To
successfullyintegrate all of its assets

withinadigitaltwin, he says the entire

SmartMarket Report
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Strategic Pipeline

Integration

*?5525
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Automated Lifecycle
Planning

Scale Across Our

Al Controlled
Assets

Adjoining Water
Utility Integration

enterprise andits partnersneedtowork
incoordination.

“Ourbusinessissobighere, someone
inisolation could be developing
something overinanother part of the
organizationand we don't know about
it,"he says.”Soyoustarttodevelop
great stuff, butit'snot linked together.”

Change managementisalsoa
significant challenge, navigating the
cultural changes within the organization
that willbe needed.”We have to
consider what the operator of the
future looks like and how we make sure
theyarereadytotakethison,”hesays.
“Theyhavetobeanintegral part of the
change. Theyare part of ourjourney.It's
importantto getthatright. It'sabitofan
investment, butit'salmostasimportant
asthedigital twinitself.”
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Existing Strategy
Convergence

Enterprise Predictive
Operations

Digitally Enabled
Physical Assets

National Digital Twin
Integration

Future Goals
Although Anglian Water is weighing
the value of adigital twinforitsown
organization, italsorecognizesits
importance withinthe water sectorasa
whole. Althoughitisthe first company
inthe U.K. to explore afull digital twin,
Gregory says the company engaged with
othersinthe waterindustry to see what
they would want adigital twintoachieve.
“"We will have our digitaltwinas a
water company, butideally anational
digitaltwinis equallyasimportant,”he
says."Weneedtobeabletocollaborate
with other water companies as well
asotherindustries, so we allhave the
same baseline. That enablesusallto
collaborateand share datain
the future.”m
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Sidebar: Convergence

Convergence: Digitized Workflows and Prefabrication

Are Becoming a Single Powerful Process

Two of construction’s most rapidly evolving processes—digitization
of work flows and prefabrication—are converging.

hileit'scommonto

think of BIMasone

factorshapingthe way

projectsare designed,
builtand managed, and prefabrication
asaseparate factoraddressing
productivity and carbon through
ashifttomanufacturing, there'sa
growingrecognitionthat theseare two
interdependent aspects of the same
industry-transforminginitiative.“You
can'treally do prefabwithout doing the
collaborative and coordinated design
thatadigital workflow makes possible,”
saysJaimie Johnston, London-based
head of global systems at Bryden Wood.
“And doing collaborative designjustto
turnitintonormal construction throws
away major benefit,"he adds.

Transformation Through
Productization
Forindustrialized construction—
anumbrellaterm forthe application
of manufacturing techniquesto

built environment planning, design,
constructionand operation—the
convergence of digital workflows and
prefabrication generatesapowerful
new driver: the ability towork with
assembliesand theirassociated data,
rather than the millions of individual
bitsand pieces that have been
construction’s traditional building
blocks. Productization offersto speed
up design with a palette of standardized,
interrelated components; toreduce
reliance onadwindling pool of skilled
labor; and to streamline delivery with
improved safety, predictability and
productivity.

SmartMarket Report

"Productization of building
componentsallowsyoutodefinea
productand thenaworkflow that makes
sense forit,”says Amy Marks, head of
industrialized construction strategy
at Autodesk. “It'salso easier touse
analyticslike machine learningand Al
whenyou're talkingabout something
that's consistently aproductized piece.”

When Bryden Wood designed a
cladding system for the passenger
tunnels of Crossrail, amajor new
rail systeminLondon, the project'’s
complex geometry meant that the
lining panels could only be described
in3D. Fromthere, the teamadoptedan
entirely digitally driven process—with
fabrication-quality models governing
the setting out of interface points
onsite, automatic checking of as-built
againstas-designed base tunnel
dimensionstoidentifyand preempt
toleranceissues, CNC millingand 3D
printing of panel molds directly from
the modeland preplanninglogistics.
This convergence of digitizationand
prefabrication enabled a productivity
increase Johnston describesas
massive, withzero health and safety
instances, and zeroinstances of defects
onsite.“We typically get at least double
productivity,”says Johnston, “and we've
certainly delivered projects that were
30% lower cost.” Across the industry,
such savingsare worth trillions.

Fixed Assets vs Current
Configurations
Astechnologiesand processes
converge, the silosthat separate
construction’'s sectorsand disciplines

inevitably startto collapse. Even
different building typesturnoutto
have significant opportunitiesin
common. Forexample, about 70% of
public buildingsinthe U.K., whether
healthcare, education or office, could be
built using the same structural system,
saysdJohnston. That'sbecause, asa
function of daylight penetration with
ceilingheights designed toahuman
scale, theyalluse about the same eight-
meter(26-foot)floor span.“That'sa
massive market,”Johnston points out.
Designing and building withassemblies
based onthisand other fundamental
commonalities makesit possible to
stop thinking of buildings as fixed
assets, andinstead tothinkof themasa
current configuration of manufactured
components.“The potential to
transform productivity—interms
of design, delivery, manufacturing,
assemblyandreuse—isabsolutely vast,”
saysdJohnston, “with the opportunity to
solve for enormous global problems.”
Sowho'sleading the productization
charge? Afewyearsagoit might have
seemed that outsiders fromthe tech
or manufacturing sectors were poised
toswoopinanddisrupt construction.
Nowadays, though—especially with
the demise of Katerra—that seemsless
likely.“There’saload of deep-seated
things about buildings and construction
thatyou have to have ahandleontobe
able to develop some of the solutions
and apply them,”says Johnston.”Soit’s
onus.Noone'scomingtosaveus.Ithas
tocome fromconstruction.” m
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Data: Digital Transformation

and the Use of Emerging Technologies

Digital Transformation of the Design

and Construction Industry

The constructionindustry hasbeenundergoinga digital
transformation for many yearsnow, and BIMand its tools
have beenacentral part of that evolution. Recently, many
otherapplicationshave also gained tractionin the design
and constructionindustry. Inorder tobenchmark the current
status of digital transformationandto be able to understand
whereitisheading, designand constructionindustry
professionals were asked three questions.

- First, they were asked where they believe their company is
inthe process of digital transformation from the five-point
scaleindicatedinthe chartbelow.

- Thenthey were asked two questions about specific
emerging technologies: which ones they use currently
and whichthey expecttouseintwotothreeyears. Those
findings are discussed on pages 49to 51, but the chart at
right shows a summary of the responses to the first question
basedonthe degree of BIMuse, includingresponses from
those who donot currently use BIM.

BIM Use and Digital Transformation

The findings showninboth charts onthis page clearly reveal

thatamoreintensive level of BIM engagementisdirectly

correlated with ahigher degree of use of digital toolsin

general.

- Companiesnotusing BIMnot only typically rate themselves
asnot starting their digital transformation processyet or
stillbeinginthe early stages, but they are also farlesslikely

Stage of Digital Transformation

Dodge Data & Analytics, 2021

3% 3% 19,

Using at Least One Emerging Technology
Dodge Data & Analytics, 2021

99%
94%

56%

AllBIM
Users

Non-Users High BIM Intensity

(75% or more
of projects)

touseany otherdigital technologies than BIM Users.

- Nearly allBIMusers employ at least one other emerging
technology.

- Those using BIMon 75% or more of their projects far more
frequently report that they are approaching their digital
transformation goals.

Clearly BIMisanimportant part of an overall digital
transformation strategy. As BIMand the many other digital
toolsand applicationsbecome increasingly important to
improving productivity and project performance, companies
need to make sure they can stay competitive by havingaclear
digital transformation strategy.

51%

21%21%
12%

Haven't Inthe Rightin the Approaching Already Achieved
Started Yet Early Stages Middle of the Goal the Goal
our Effort
B Non-Users [ AllBIMUsers [ MediumBIMIntensity  gg High BIM Intensity
(50-75% of projects) (75% or more of projects)
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Digital Transformation

and the Use of Emerging Technologies

Use of Emerging Design Intelligence Tools

ACCELERATING DIGITAL TRANSFORMATION THROUGH BIM DATA

Designand constructionindustry professionals were

asked whetherthey use or plantouse fourtoolsthat help

designersand builders gainintelligence about their projects,

either through better visualization or the ability to optimize
performance options. These have been categorized for the
purpose of thisanalysisunder the label designintelligence
tools. The findings atright show the differencein current
and expected use between those who use BIMand those
who do not.(Non-users were not asked about model-based
simulation.)

- The most widely used of these fouris model-based
simulation. One third of BIM usersreportusingthis.19%
expect toadoptthesetoolsinthe future, suggesting that
use willberelatively widespread within the next two to
threeyears.

- The biggest growthamongBIMusersis expectedinthe use
of generative/outcome-based design. The percentage of
users expectingto utilize these toolsintwo to three yearsis
as highasthe percentage using them now.

- The findings further suggest that the already substantial
gapinusebetweenBIMusersand non-users for VR/AR/MR,
generative/outcome-based designand Al/machine learning
will continue to widen.

Design Intelligence Tools

Dodge Data & Analytics, 2021

Generative/
Qutcome-
Based Design

Model-Based
Simulation*®

Al/Machine

VR/AR/MR Learning

19%

16%
20%
17%

33%

BIM Non- BIM Non- BIM Non- BIM
Users Users Users Users  Users Users  Users

*Not asked of Non-Users ~ ® Using Now M Expect to Usein 2 to 3 Years

Use of Innovative Construction Methods

The questionsabout emerging trendsalsoincluded three
innovative construction methods, which the use of digital
technologies canoftensupport. Again, BIMusersand
non-users were asked whether they are using these
currentlyand, if not, if they intend to use themin the next
twotothreeyears.(Non-users were not asked about
model-driven prefabrication.)

- AmongBIMusers, use of all three methodsis moderate,
withthe highest share(22%)reporting use of design for
manufacturingand assembly, and a similar percentage
reporting use of model-driven prefabrication(20%)and
industrialized construction(18%).

- Model-driven prefabrication has the largest share of BIM
users who expecttoadoptitinthe nextthreeyears, but
nearly as many expect to adopt design for manufacturing
and assembly.

- Those not using BIM consistently lagbehind BIMusers,
soagain, the already substantial gapsinuse are likely to
expandinthe near future.

SmartMarket Report

Innovative Construction Methods

Dodge Data & Analytics, 2021
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Digital Transformation

and the Use of Emerging Technologies

Use of Emerging Jobsite Technology

Respondents were also asked about their use and future
expected use of four different emerging technologies for
jobsites.

- Themost widely adopted technologies for the jobsite are
reality captureand 3D printing, each used by one quarter
of BIMusers, but only by asmall fraction(8% and 6%,
respectively)of companies not using BIM.

- Eventhough model-devices(wearables)and robotics/
automated vehicles are used by asmaller share of BIM
usersnow, asimilar percentage expect touse all four of
thesejobsite technologiesinthe nexttwotothreeyears,
suggesting that the potential of eachis wellrecognized.

- Reality captureis of the greatestinterest to those not using
BIM, with the highest share usingit now, and the highest
percentage expectingtouseitinthe nexttwotothreeyears.

- Again, though, the share of those not using BIM who currently
use these technologieslags far behind the BIMusers, and
the share expectingtouse theminfuture also falls far short,
suggestingawideninggapinuse.

Jobsite Technology

Dodge Data & Analytics, 2021

P Reality Model-Devices Robotics/
3D Printing Capture (Wearables) Automated
Vehicles
19% 17%

16%
18%

12%

Non- BIM Non- BIM Non- BIM Non- BIM
Users  Users Users Users Users  Users Users  Users
m Using Now W Expect toUsein2to 3 Years

Use of Smart Building Technology

The questions onthe use of emerging technologies also
included technologiesthat are often employedin the
operational phase of buildings(as wellas during the design
and construction process)to help understand and improve
building performance. These include digital twins, internet
of things(loT)technologies and sensors/M2M(machine-to-
machine)technology. These can lead to great intelligence
aboutandautomation of building operations processes.
These technologiesare less established than some of the
previous onesdiscussed, with fewer than 25% of BIMusers
reporting their current use. Feweralso expect touse these
inthe future. However, among BIM users, these technologies
have clearly gained afoothold, and use is likely to expand
enough for themtobecome more commonintheindustry.
Onlyatiny share(5% orless)of those who do not use BIM
reportuse of these technologies, and 4% or fewer expect to
use digital twin, loT or sensor/M2Mtechnologiesinthe next
fewyears. Thismaylead to adisadvantage when dealing
with owners seekingtoincrease their ownlevel of digital
transformation. However, thereis greaterinterestamong
non-usersinthe use of virtual assistants, with12% who

SmartMarket Report 50

Smart Building Technology

Dodge Data & Analytics, 2021

Sensor, M2M
Technology

Virtual

Digital Twin loT Assistant

Non- BIM Non- BIM Non- BIM Non- BIM
Users  Users Users Users Users  Users Users  Users
M Using Now M Expect toUsein2to 3 Years

believe that they may use thisinthe nexttwo to three years.
Wideradoption of smart speakersand other tools outside of
construction may lead to greaterinterestinthese tools for
buildings.
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Digital Transformation

and the Use of Emerging Technologies

Means of Data-Sharing

Two of the 16 innovations and technologiesincludedin the
study involve the ability to share dataacross teamslocated
indisparate locations. With many Dodge Data & Analytics
studies demonstrating the potential of collaboration
toimprove project performance, these data-sharing
technologiesare critical to help support collaborative efforts.
- Cloud computingisthe only one of the 16 innovations and
technologies aswidely used by those notusing BIM asiitis
by those usingit. However, withboth groups at 42%, even
thismost commontechnology s stillinuse currently by
lessthan half of the industry. Anditis notable that the share
anticipatinguseinthe nexttwoyearsisonly 12% to 13%,
suggestingthat much of the industry is not planning to tap
the potential of thistechnology.

- VDT/remote computing, while more widely deployed by BIM
users thannon-users, stillsees farmore comparable levels
of use between these two groups than most of the other
technologiesincludedinthe study. However, with 12% of BIM
users expectingtouseitinthe future, compared with 7% of
non-users, the gap inuse will continue to grow.
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Sidebar: Artificial Intelligence

Designing for the Future With Al

In the next 10 years, artificial intelligence (Al) is expected to transform
how design teams work by providing predictive analysis and
helping designers generate designs to meet their project goals.

ith the construction
industry’s stagnant
productivity rates and
the need to provide
foraburgeoning global population,
tools for streamlining the design
process, such as Al, have a vital
role to play. Various estimates
put the compound annual growth
rate for Al developmentinthe
construction market between 24%
and 38% through the next two to five
years, and industry observer Frank
Stasiowski, CEO of the AEC-focused
management consulting firm PSMJ
Resources, predicts that by 2030,
half of the architecture profession
will be using Al for 50% of its work.!
But for many AEC professionals,
whose work is premised on
developing humane solutions to site-
specific conditions, itis still difficult
toimagine how.

Targeting Schematic

The most promising point of
interventionis the schematic design
phase, according to Havard Haukeland,
co-founderand head of Spacemaker,
an Al-integrated design platform, at
Autodesk.“Inthe early phase, there
are hundreds of variables to take into
account,”he says. Al supportsyouin
reasoningabout them, and making
decisionsabout thingsthatare often
lefttoalaterstage, but thatactually
shouldimpact the concept.”

The typesof variables that Alcan
processinclude daylightand views,
traffic noise and wind behavior, in
additionto geometrical constraints
resulting fromfloorarea, height,
setbackandotherzoningrequlations,
and economic and spatial requirements
pertaining to unitlayouts.

“"We use the termAl onyour shoulder,”
says Carl Christensen, co-founderand
chief technical officer at Spacemaker.
“"We don't believe in Almaking decisions
about designorarchitecture. We want
the designertobeincontrol.” Alcan
supportearly, improved, data-informed
decision-makingin two ways: predictive
and generative. In predictive mode, it
cananticipate anemerging design’s
implications for project priorities
instantaneously; andin generative
mode, it can suggest alternative options
basedonthe project’'s prioritiesand
constraints. “We've done our best to
make the Al feelunobtrusive, to the
degreethatalot of people ask, 'Where is
it?"says Christensen.“It'sabout making
itaccessibleand transparent. We don't
wantamagic boxthat comesup with
things. Youneedtobeabletoreason
about whatjusthappened.”

Designing Faster, Denser and
More Livable

Steen & Strgm, aretailandreal estate
company partnering with Storebrand
(pensionfund andreal estate)inthe
development of @kern Sentrum, amore

thantwo million square-foot mixed-use
redevelopment of 17acres of former
industriallandsin Oslo, began using Al
abouttwoyearsagointhe conceptual
phase of the project’s master plan. At
one point, the municipality asked that
the proposal be adapted to daylight

two channelized waterways on the site.
Alenabled the teamto achieve this
inanunprecedented two days, while
atthe sametimeactuallyincreasing
developable floorarea, halving the
number of residential units with

the lowest exposure to daylightand
reducing by 10% the residential facades
with the highest exposures to traffic
noise.“Our own analysis could take
weeks,"” says Peter Fossum, project
administrative managerat Steen &
Strom.“Now we have the chance to sit
together, the architectsand engineers,
andrunhundreds of alternatives, check
the analysisandfind the best solutions
much, much faster.”

Tomeet the demands of urban
population growth, we need to build
denserand faster thanbefore. “But
oftenasyoudensifyaneighborhood,
you hitathreshold where the quality
startscomingdown, the compromises
startcominginandthingsdontaddup,”
says Haukeland. "My biggest enthusiasm
isthe case studieswhere we cansee
that Al has contributed to teams making
betterdecisionsand comingup with
bettersolutions forthe next50, 100 or
200years."m

'https://commonedge.org/an-optimists-take-on-ai-and-the-future-of-architecture/?utm_medium=website&utm_source=archdaily.com
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Perspectives on the Future of BIM

Introduction

Toaddtothefindingsabout current practices, Dodge
invited fourindustry leaders fromacademia, construction,
governmentandarchitecture/engineeringto share their
visions for the future of BIM.

Phillip Bernstein, FAIA, RIBA, LEED AP

Associate Dean and Professor Adjunct, Yale University
Philisawell-known advocate foradvancing the entire process
of design, fabrication, constructionand operations to
produce better projects, more satisfied stakeholdersand an
enlightened use of resources.

Marzia Bolpagni, Eng., Ph.D.

Head of BIM International, Associate Director, Mace Group,
Ltd.

Marzia will explain how BIMis key to her strategy for driving
digital construction solutionsat thislarge global construction
firm.

Adam Matthews, MBA

Head of International, Construction Innovation Hub, and
Chair of the Global BIM Network

Closely involved withthe UK BIM mandate, Adam will address
the positive role governmentagencies canplayinbringing
information, structure and clear expectations to the complex
process of industryadvancement.

Kurt Maldovan, CM-BIM, CM-Lean

Digital Delivery Global Solution Director, Jacobs

Kurt will share how BIM contributes to Jacobs'digital future,
includinglinear, verticaland plantinformation modeling,
robotic processautomation, automated designand VR/AR.

Interviews: Thought Leaders

Phillip Bernstein, FAIA, RIBA, LEED AP
Associate Dean and Professor Adjunct, Yale University

Phil Bernstein is an architect, a technologist and an
educator who has taught at the Yale Schoolf of Architecture
since 1988. He was formerly a vice president at Autodesk
where he was responsible for setting the company’s

future vision and strategy for BIM technology.

What is your perspective on how BIM
fitsinto the overall evolution of design
and construction?

BERNSTEIN: BIM, the data
phenomenon—asdistinct fromBIM,

the product—isanimportantjuncture
inthe evolution of building in that
itrepresentedthefirstintensive
digitization of AECO information

that wasn'tinthe service of some
otherartifact, like the production of a
drawing. Predecessortools, particularly
geometric modelers, created complex
representations of the underlying
geometriclogic of, say, a building, but
nothing close to the complex of inter-
related spatial, relationship, parametric
or characteristic datathataBIM
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process should produceinthe service of
creatingamore dynamic, accurate and
behaviorally provocative representation
of the project prior to construction.
Thefactthatthereissomuch
controversy about what comprises
a“buildable”BIMisanindication of

that potential, somewhat unrealized,

of these tools themselves, and the

o
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popularity of what seemstobethe
successor concept of “digital twin"is
derived fromthe anticipated utility of
BIMasit was originally conceived, by
thelikes of Chuck Eastman(“product
models”)and others.

The emergence of “accessible BIM"—
that could be bought and implemented
by AECO players—contrastswith that

Familiarity with BIM processes, and the ability
to manage BIM-related data and collaboration
tools, has prepared today’s architects,
engineers and builders for what appears

to be the coming explosion of “BuildTech”
capabilities as the industry is finally digitized.
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Phillip Bernstein Interview ......

of “theoretical BIM,”which was defined
long before machines were powerful
enoughtoactually supportit. By the
late 2010s, BIM tools were capable and
mature enough that conversations
beganabout their transformative
power: torefactor the structure of
project delivery models(IPD), accelerate
sustainable design(through energy
modeling)and close the gap between
designintentand construction
execution(the end of the shop drawing).
Manifestos like the CURT whitepaper
declaredthe onset of anewdigitalerain
building. The argument for the transition
from CAD to BIMwaslargely predicated
onthistheoretical foundation. Inthat
sense, BIMforetold a potential future
of adigitally enabled, and thereby

more effective, AECOindustry. Butas
described by McKinsey’s analysis of AEC
digitizationand low productivity, this
potentialislargely unrealized.

thanthe number of employees—at
leastin US architectural firms—would
suggest. BIM-related efficiency was the
likely cause.

Second, theaccuracy,
completeness, and proper coordination
of technical drawings, particularly
working drawings, is far greater than
inthe previous CAD era. Automatic
generation of coordinated views,
schedules, call-outsand other
documentationtechniquesis
vastlyimproved with BIM, asis the
management of the resultingdrawings
sets. Constructionismore preciseasa
result. The era of clash-related change
orders, forexample, islargely over.

Finally, perhaps BIMis the “gateway
drug”that has made the AECOindustry
ready foradigital future. Familiarity with
BIM processes, and the ability to manage
BIM-related dataand collaboration
tools, has prepared today’s architects,

It's my hope that as the industry faces its next set
of existential challenges—climate change, social
inequity, labor shortages, broken supply chains—
it will deploy tools like BIM, and eventually Al, in the
service of optimizing the entire delivery process.

Today, where are you seeing the
greatest value, and where are we
falling short of its potential?
BERNSTEIN: Arealistic, ratherthan
idealistic, view of BIM's greatest value
isafunction of its actual utility in daily
practice. Although this observation
deserves furtherresearch(which might
be aresult of thisSmartMarketreport’s
analysis), anecdotal evidence suggests
that BIM's greatest value to the industry
todayisthreefold. First, it hasincreased
the productivity of the designersand
builderswho use it by makingit possible
to create, coordinate and distribute
informationabout aproject more
effectively. The growthin workvolume
since 2014, when BIM adoption(at least
inthe US)reached 60%, was far greater
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engineersand buildersfor what
appearstobethe comingexplosion of
"BuildTech” capabilitiesastheindustry
isfinally digitized. The resulting data
may form the basis of amore rational,
analytical, fact-basedand outcome-
drivenindustry as these tools mature
in capabilityand use. InEurope, for
example, BIMtoolsare usedinthe
service of cost managementand
energy analysis. But notinthe service
of design, the core competency of
architectsandengineers. Thisisall

to say that the early promises for
transformation of AECO by BIMare
largely unrealized. To see that the most
dramatic innovationin the means of
representationsince the invention of
tracing paperhasbeendeployed, once
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again, inthe service of generating
constructiondocuments, isan
enormous missed opportunity.
Thereasonsforthisfailure of nerve,
onthe part of either the vendors or
their customers, is the subject of
anotherdiscussion.

What do you believe will be the future
of BIMin the built environment?
BERNSTEIN: The internet-enabled
capabilities of the cloud, where
intensive computation can be delivered
anywhere from studio to jobsite to
building management system, portends
afuturewhere, like the rest of human
enterprise, buildingbecomes digitized.
One would hope that BIM, beginning
with adynamic conceptual model at the
outsetand culminating with a digital
twinduring operation, would be the
basis of vastly improved capabilities
for design, constructionand operation.
Artificialintelligence-based systems
demand enormous datasetstobe
properly trained, and BIM can play a part
inproviding thisfodder.

[t'smy hope thatastheindustry
facesits next set of existential
challenges—climate change, social
inequity, labor shortages, broken
supply chains—it will deploy tools like
BIM, and eventually Al, inthe service
of optimizing the entire delivery
process, and not simply optimizingless
interesting subsets of that process(like
making working drawings). That will
require vision on the part of technology
providers, who can define the potential
of informationitselfin the building
enterprise, aswellastechnology
consumers, who must be willingtobe as
innovative intheiruse of technology as
they purporttobeinthe conceptionand
construction of the built environment
itself. Butasthe saying goes, "hope
isnotastrategy.” The strategyisa
proper collaboration betweenthese
two constituencies who, together, can
define the future of adigitized, BIM-
enabled AECO industry.
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How were youintroduced to BIMand
how are you currently engaged withit?
BOLPAGNI: | discovered BIM during my
time at University, thanks to professor
Angelo Ciribiniwho has beenthe Italian
pioneerin pilotingand promoting BIM
adoption. At that time BIM was mainly
used by construction companiesand
designersand there was still limited use
by public clients. Thus|decided to work
inFinland where | developed a master’s
thesisonthe use of BIMin public
procurementin collaboration with the
Technical Research Centre of Finland
(VTT). Thework hasbeenusedasa
reference for different governments
for their national BIM strategy, including
Germany and Russia.

I continued my careerin helping
constructioncompaniesand designers
in day-to-day modelingand clash
detectionactivities, and at the same
time | startedaPh.D. where Iworked
in Boston for the Massachusetts Port
Authority with the exceptional Dr.
LucianaBurdi. At Massport | learnt
how BIM canbeintegratedintoLean
Construction.

Currently I developandimplement
BIM strategies for construction clients:
|focusonwhat clients canget from
using BIM. | specialize inthe information
management side of BIMand,
especially, on how to define information
requirementsinamore accurate
way. | lead the development of anew
standard that goes beyond the concept
of "LOD". The standard (EN 17412-1
Building Information Modeling—Level
of Information Need—Part 1: Concepts
and Principles)defines anew framework
that can be usedbyanyone who needs
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Marzia Bolpagni, Eng., Ph.D.
Head of BIM International, Associate Director, Mace

toreceive information whenusing BIM,
andit enablesautomatic checking

of deliverables. The standard is now
followed by the main European clients to
structure theirrequirements.

Today, where are you seeing the
greatest value, and where are we
falling short of its potential?
BOLPAGNI: [tisagreat question, but
Idonotseeaunivocalanswer. BIM
candrive value todifferentactorsat
different points of time, depending
onthe purpose we are applyingit for.
Instead of speaking of value of BIMin
general, | prefertofocusonthevalue
that different BIMuses/modeluses can
bringtothe projects.

Penn State University hasbeen
one of the firstto speakabout“BIM
uses”and Massportalso developed
anextensive list. | personally use the
modeluseslist developed by the BIM
Excellence Initiative. What is “valuable”
forarchitects, might not be the same
forthe main contractoror the client.
Thatisthe reason why main contractors
usually tend toredo models: We should
not be surprised. Thereasonisthat
the models created by designerswere
not developed to fulfill contractors’
purposes. Itisthereasonwhy the
conceptof Level of Information Need is
key:tomeasure value, itis essential to
define the purposes(BIMuses)firstand
then define the needsto avoid over-or
under-creation of information.

Comingbacktoyour question,among
allBIMuses, | see the implementation
of BIM for sustainability as an essential
drivertodelivervalue, especially for
embodied and operational carbon
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Bolpagni develops and implements digital construction
solutions for public and private international clients

in five international hubs. In 2021, she received

the prestigious Young Engineer of the Year award

and the Sir George Macfarlane Medal as overall

winner by the Royal Academy of Engineering.

analyses. Itisthereason why Mace
isinvestingonthis topic torefine the
boundaries of ambitionand pursuea
sustainable world.

Finally, I see stillabig misconception
of considering BIMjust asatechnology
instead of amethodology thatincludes
also processesand policies: Thisis
where we are falling short of its potential.

What do you believe will be the future
of BIMin the built environment?
BOLPAGNI: | see BIMbecoming
businessasusualtoapoint that we will
not callit BIManymore, but the journey
isstilllong, and we donotneed tojump
the steps. Now | see several people
speakingaboutdigital twins, forgetting
the basics suchasstructuring data
usinganappropriate classification.

Atthe sametime, | see the use of
virtual designand construction(VDC)
principles(such asintegration with
information management, project
management, agile, lean construction,
innovative businessand procurement
models)as key drivers, as well the
“goldenthread”approach, tocreatea
line of sight of information.

But we donot have to forget about
the new challengesthat we needtoface
with the emergence of BIMadoptionand
integration with artificialintelligence.
Ethicsaspectsarealreadyrelevant, and
we willneed to fight more and more for
our datarights, inthe built environment
aswellasinourprivatelivesif we want
tousetechnology forthe public good.
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What is your perspective on how
governmental entities can best
support designand construction
innovations such as BIM?
MATTHEWS: We have seen that
governments can playanimportantrole
inencouraging the digitalization of the
construction sector. Firstly, they can
signal the way ahead with policy
(e.g., the UK Construction Playbook),
which provides confidence to the sector
toinvestindigitalupskilling, process
improvementsandtechnology.
Asoneof thelargestbuyers of
the built environment, public sector
owners canset professional standards
for project delivery. By specifying
requirements forinformation
management/(i.e., BIMaligned with
IS0 19650), clientsand owners can
incentivize the sector’s modernization.
Finally, governments caninfluence
the system of innovation withina
country. They can help diffuse the
benefits of innovations, such asBIM,
andstimulate furtherinnovations.
Forexample,inthe UK the government
helpedtobringindustryandacademia
togetherunderanational program,
called the Construction Innovation Hub.

How effective has the UK BIMinitiative
been, and what steps are underway to
improve and expandit?

MATTHEWS: 2021 marks 10 years
since the launch of the UK’s national
BIM program, I'm often asked how
wellthe UKindustryisadopting the
standardsand practices. While the
industry adoption of BIM aligned with
IS0 19650 is high, itisnot 100% across
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Adam Matthews, MBA
Head of International, Construction Innovation
Hub, and Chair of the Global BIM Network

A former chair of the EU BIM Task Group, Matthews has over
30 years’ experience in information technology, strategy,
policy and change management across various sectors,
including utilities, infrastructure, retail and airports.

all public projects, but where would
we be now if we hadn’t launched the
BIM program?

The consensusview is that we would
notbewhereweare: BIMand the UK
government’s BIM program have been
amajordriverforabroader call for
change acrossthesector. Itishardto
imagine that the UK would have a central
policy focusto transform construction
(transforming construction challenge)
were it not for the spectacular success
of the UKBIM Program under the
Government Construction Strategies of
2011and 2016-2020.

Takingaglobalview, the UK's
international program has contributed
to national BIM policiesand programs
across Europe, Latin Americaand Asia,
and, mostrecently, support of the US
BIM programled by the National Institute

of Building Sciences.

The UKisseenasaworldleader
in BIM—not just the implementation
of it—butitsapproachto purpose-
driveninformation management. The
next phase will see the UK extend its
innovation from BIMand information
management across the lifecycle of
the asset. For example, extending
benefits frominformation management
tothe procurementandbriefing
phase of anasset, by using value-
based procurement(Value Toolkit)and
downstream benefits from whole-life
operations with Soft Landings.

Looking ahead, what do you believe will
be the role of governmental entities

re: BIM going forward, and how will it
impact the built environment?

56 Dodge Data & Analytics

MATTHEWS: With the formation

of the Global BIM Network in March
2021, we expect governments to
playanincreasinglyimportantrole
inencouraging BIMandinformation
management across the lifecycle of
assets. Thisglobal network of public
sectorand multilateral organizations
aimstoencourage the digitalization
of the sectortoincrease benefits for
society and for the built environment.
Byincreasing the capacityand
capability of the public sectorasa
majorinfrastructure client, the Global
BIM Network willencourage the
construction sector toachieve shared
socioeconomic goals for COVID19
recovery, net-zero and environmental
sustainability.

Recent studies. including Value
of Information Management in
Construction. support the view that
investmentininformation management
createsvalueinthreeareas: 1)direct
productivity gains for organizations;
2) increased growth across the wider
UKeconomyasaresult of thsoe
productivity gains; and 3)social value
to customers, wider societyandthe
environment through enabling the
delivery of higher qualityand more
sustainable built assets.

While thisis a UK-based study, its
message s clear: Aglobalinvestment
ininformation management by
governmentsandindustry hasthe
potentialtounlock atriple benefit—
forthe construction sector, the built
environmentand for society.

+ www.construction.com
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Kurt Maldovan, CM-BIM, CM-Lean
Digital Delivery Global Solution Director, Jacobs

Maldovan drives innovation by connecting, leading
and growing Jacobs’ internal capabilities and external
market presence. He cultivates leaders supporting

the company’s linear, vertical and plant information
modeling as well as robotic process automation,

automated design and VR/AR initiatives.

How were youintroduced to BIMand
how are you currently engaged withit?
MALDOVAN: | wasintroduced to
building information modeling(BIM)
asanundergraduate at Penn State.
Ihad beendoinganindependent study
and created a 4D model of one of our
under-construction campus dormitory
projects. The 3D model developed
had dataattributesassociated with
itsowe could more easily tieit to the
constructionschedule, thus creatinga
4D model.
Afewyearslaterlwasbackas
agraduate studentand began
undertakingresearch specifically
on BIM.Iwasintroducedtoanuclear
power plant model that was used
for designreview visualizationand
construction schedulingaswellas
several built environment models used
toanalyze schedule sequences. As
partof thisintroduction, lhad handson
experience with Smart Plant 3D, Bentley
Microstation, Navisworks Jetstream,
andtooka certificate course for Revit.
When linitially joined Jacobsin
2006, we were implementing our first
multidisciplinary BIM projectand | was
fortunate to get closely embedded
with the teamand became responsible
for design phase clash detectionand
model-based quantity take offs.
Today, I'mmore aligned with the
broader spectrum of information
modelingand digital delivery. My focus
istomake sure we are leveraging the
suite of modeling applications our
staff hasaccesstoaswellasinitiatives
to optimize our processes around
designautomation. The key is that we
must continue to leverage the data
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attributes containedin our models,
drive for consistency anddeliver
content—whetheritbe models, dataor
both—to ourclients for their benefitin
downstream stages of the project.

Today, where are you seeing the
greatest value with BIM, and where are
we falling short of its potential?
MALDOVAN: |'ve hadintriguing
discussions with people who began
implementing BIMaround the same time
as myself. BIMhasbotharapidand slow
adoptionacrosstheindustry. It seems
that early adopterswhoembraced
the technology have experienced
challengesto completely streamline
operationsand convince internal staff
and external partners that BIM software
isone of the best waystodelivera
project. The greatestvalueisthe
collaboration opportunities, the overall
process, discussions, the ability to see
modeled elementsin three dimensions,
todrilldowninto the dataassociated
with modeled componentsand to make
decisions—all theitems|first saw when
Iwasindoctrinatedinto BIMinthe early
2000s. Unfortunately, | have the same
discussionstoday as we oftenfavorthe
product overthe process.
Beingauserof BIMsoftwareis
agatewaytoembracingthelarger
whole, butitisnotaprerequisite to
understanding the value of bothawell-
articulated BIM product and process.
Stillhavingto educateinbothareashas
slowed adoptionandisnotyetallowing
the collective industry toembrace the
full potential of BIM.
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What do you believe will be the future
of BIMin the built environment?
MALDOVAN: The futureisnow, and
theindustry needstoembraceit.
Incorporating both automated design
and robotic processautomationto
initiate, iterate, ideate, coordinate,
conformand analyze design productsis
crucialto providinginnovative solutions
forclients.

It'smy belief that we'll see more data
analyticsandreportingassociated
with our built environment BIMs,
whether that stems from statistics
onmodeled elementsusedacrossan
enterpriseasadesignlibraryorinto
operationstobetterunderstandreal
installed equipment performance.
Inthe past severalyears, as5G
infrastructure becomes more prevalent
the opportunity toachieve asmart,
connected, and secure facilitiesis going
tobeaprimaryfocus.

The opportunity to develop BIM
softwaretoharnessdataisyettobe
standardized around the globe, but the
opportunities withautomated design,
RPA[robotic processautomation]and
BIMmust be at the forefront of our
conversations today sowe canbuilda
bettertomorrow.
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Methodology

This study was conducted to assess
the extenttowhich BIMhasbeen
embraced in major regions of the world,
including the experience of those
who have used BIMinterms of related
activitiesthey employ, the benefits
theyreceive, the ROl they get from BIM,
the BIM engagement they expectand
experience from other team members
onprojects. The study also examined
digital transformationingeneral,
andthe currentand future use of
emerging technologiesand processes
inparticular.
Thisresearchwasadministered
online from October 2020 to March
2021. The survey datawas collected
fromthe Dodge Data & Analytics
Architectand Contractor Panels,
the Dodge Database of construction
professionals, and memberships
of partnering associations(AMCA,
Australian Constructors Association,
CIBSE, CICES, CINOV, COMIT, GBC
Finland, GBCA, Norwegian GBC, Planen

BIM Users: Job Roles

Dodge Data & Analytics, 2021
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Bauen 4.0, RICS, RIL, USGBC and
UNSFA). The Dodge Data & Analytics
Architectand Contractor Panels contain
representative samples of construction
architectsand contractorsacrossthe
US. The panelistsare identified by many
categories, including size, region, types
of projectsundertakenand specialty.

Respondent Profile

REQUIREMENTS

Respondents were required to be
employed by anarchitecture firm, site
design firm, construction company,
engineering firm or consulting company
andlocatedin Australia, Canada,
France, Germany, Japan, New Zealand,
Scandinavia, UK or the US.

BIM USERS

The analysis for most sectionsin
thisreportfocusesontheresponses
fromrespondents whoreport that
theircompany uses BIM. In total, 641

respondentsreportusing BIMin this
study.

The following definition was provided
for BIMtoidentify thoseusingit:
Building Information Modeling(BIM)is
aprocessthatbegins with the creation
of anintelligent 3D modeland enables
document management, coordination
and simulationduringthe entire
lifecycle of aproject(plan, design,
build, operationand maintenance).

The profilesof the BIMusersare
showninthe two bar chartsat the
bottom of this page and the following
one.

The final section, which analyzes
currentand future use of technology,
also examines the responses of
those notusing BIMabout digital
transformation. Allrespondents to
the survey were asked torate the
current status of their companies’
digital transformation, with 843
totalrespondentsto this question.
Subsequent questionsabout current

BIM Users: Types of Companies

Dodge Data & Analytics, 2021
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and expected future use of emerging
technologiesand processes were made
optional due tosurveylength,and576
totalrespondents contributedinsights
tothisquestion, 374 BIMusersand 202
non-users.

Finally, the study also explores the
differencesinresponsesamongBIM
usersinthesevenregions/countries
includedinthe study.

Because of ahighnumber of smaller
companiesintheresponsesfromNorth
America, weightingwas applied to
make the proportion of North American
respondentsinvarying size categories
(by number of employees)match those
of respondentslocatedinregionsother
than North America.

Analytic Variables

Two analytic variablesdrawn fromthe
findings of this study are also used
throughout thereport.

BIM Intensity of Use: More information
about the share of contractors that

BIM Users: Primary Types of Projects

Dodge Data & Analytics, 2021

M Buildings/Interiors

SmartMarket Report

fallinto the four categories of BIM

intensity—very low, low, mediumand

high canbe found on page 11.

= Engagement With BIM-Related
Activities: A fullanalysis of the degree

to categorize BIMusersinto three
groups:
«Low Engagement:
3 orfeweractivities
«Moderate Engagement:

M Civil Infrastructure

4tobBactivities
«High Engagement:
7 ormore activities

of engagement with BIM-related
activities can be found on pages
12to16. That datawas thenused

BIM Users (Size of Company by Number of Employees)

Dodge Data & Analytics, 2021
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BIM Users: Distribution by Location (Weighted)

Dodge Data & Analytics, 2021
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Organizations, websites and publications to help you get
smarter about BIM and digital transformation.
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Dodge Construction Central:
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construction-market-data
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Autodesk: www.autodesk.com

We would like to thank Autodesk for their ongoing partnership with Dodge to bring
intelligence about BIMand the digital transformation of the design and construction
industry.

We thankall of ourresearch partnersfor their participationinthe survey processto
help make sure the industryisbetterinformed. These include the Air Conditioning &
Mechanical Contractors’Association(AMCA), Australian Constructors Association
(ACA), the Chartered Institution of Building Services Engineers(CIBSE), the Chartered
Institution of Civil Engineering Surveyors(CICES), la Federation CINOV, COMIT
(Construction Operation & Maintenance through Innovative Technology), Finnish
Association of Civil Engineers(RIL),Green Building Council of Australia(GBCA), Green
Building Council Finland, Norwegian Green Buiding Council, Planen Bauen 4.0, Royal
Institution of Chartered Surveyors(RICS), US Green Building Council (USGBC)and
UNSFA(LUniondes Architectes).

Wethankallthose who shared theirinsights and experiences, including the thought
leadersfeaturedinthisreportand those who provided us with case studies or shared
their insightsinour featurearticles.
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Planen Bauen 4.0: https://planen-bauen40.de

RIL (Finnish Association of Civil Engineers):
www.ril.fi/en/ril.html

Royal Institution of Chartered Surveyors: www.rics.org/uk

Air Conditioning & Mechanical Contractors’

Association: www.amca.com.au

Australian Constructors Association:

www.constructors.com.au

US Green Building Council: www.usgbc.org
UNSFA(L'Union des Architectes): www.unsfa.fr

Chartered Institution of Building Services

Engineers: www.cibse.org

BIMForum: bimforum.org

Chartered Institution of Civil Engineering buildingSMART International: www.buildingsmart.org
Surveyors: www.cices.org Construction Innovation Hub:

la Federation CINOV: www.cinov.fr/la-federation-cinov https://constructioninnovationhub.org.uk

COMIT (Construction Operation & Maintenance through Global BIM Network: www.globalbim.org

Innovative Technology): www.comit.org.uk Lean Construction Institute: leanconstruction.org

Green Building Council of Australia:

https://new.gbca.org.au

National Institute of Building Sciences Building Information
Management (BIM)Council: www.nibs.org/bimc

Green Building Council Finland: https://figbc.fi/en

Norwegian Green Buiding Council:

https://byggalliansen.no
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For more information on these reports and others, visit

www.construction.com/toolkit/reports

D

Dodge
Construction
Network


https://www.construction.com/toolkit/reports/The-Business-Value-GIS-Design-Construction
https://www.construction.com/toolkit/reports/business-value-BIM-mechanical-HVAC-construction
https://www.construction.com/toolkit/reports/prefabrication-modular-construction-2020



