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Enabling Technologies

. Modeling

. Visualization

. Virtualization

. Big data

. Cloud

. Decision making
. Communication
. Agent-based

. Semantic web

. Data mining

. Computing

. Machine learning
. 3D printing

. Natural language processing

o

Key Features

. Automation

. Infegration

. Collaboration

. Optimization

. Digitization

. Innovation

. Customization

. Decentralization
. Flexibility

. Safety and security
. Sustainability

. Quality

. Productivity

. Effciency

. Interoperability

. Context-aware

. Reliability
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Construction matters for the world economy
... but has a long record of poor productivity

Construction-related spending ...but the sector’s annual productivity
accounts for growth has only increased

13% of the world's GDP 1 % over the past 20 years

HIH of additional value added could b
$1.6 fmillion e

meeting half the world’s infrastructure need

McKinsey&Company
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Potential global productivity improvement from

implementation of best practices Cost savings
Impact on productivity (%) %
Reguilation Enabler

Collaboration

and contracting - & el
Design and o
engineering - L 710
Procurement
and supply-chain - -8 35
management

On-site

. - +s
Technology - 14-15 4-6
Capability

building . ol een

Cumulative
impact

Firm-level
operational
factors

&0

4560 27-38

Gap to total
economy 50
productivity

sun 1 maiudsz@ngninwuaanigneainaleetlsulsanssuiunngyiieu A : Ml (2017)

v 9

ﬂi:%‘mﬁmwmmLLiqmusLuaqmmwm‘mdaa%'wumLm'a:ﬂ?zmﬂ LLam"Lugﬂ 2 dusudseinalnaiinnging
UszAnsnmaesusanuilszann 1.2% AnnansnisiiutedasEgnatssing unidaandsineslunquindnisiig
ﬂizamﬁmwag} lurusmlszimaay pstuazuananlAtNsIRNLsZaNEN MBI NNUNAINN

. Action in seven areas [ © Reshape regulation
B & to —O Rewire contiracts
R e —@ Rethink design
productivity by

@ Improve procurement and supply chain
A, 20-60%

—O Improve onsite execution
—O Infuse technology and innovation
—O Reskill workers

McKinsey&Company
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Construction labor productivity, 2015
2005 % per hour worked by persens employed, not adjusted for purchasing power parity
50

Declining leaders ® Belgium Outperformers
45 -

S Ha @ Netherlands
40 - . Denmark * United Kingdom I I
: * Israe
Austria
a5 L * France . Canada
. Sweden
ag L Japan
United States . Germany . Australia International

25 . ltaly average =25

Laggards Accelerators
201 ' Greece
15 - Slovak Republic

Saud'.A bi W Korea
i Arabia
@ Mexico « [czech Republic . @ Russia * Turkey
5| Colombia Chile Hungaw
. Argentina - Indonesia * South Africa
i Malaysia «* |Nigeria ;
o  Brazil s Thailand s .. Egypt-o India . _—

20 15 10 05 0 05 1.0 1.5 20 25 3.0 35 40 6.0 6.5 7.0

Construction labor-productivity growth, 1995-2015
Annual growth in real gross value added per hour worked by persons employed

0 Sector productivity growth lags behind total economy Size indicates total country N

construction investment, 2015 | )
@ Sector productivity growth exceeds total economy $ billion N A 200

a

Un 2 dsrAninmasaussnulugramnssunaainuesdssinanieg un : MGI (2017)
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Engine
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Technology
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DIGITAL ECOSYSTEM .. CYBER-PHYSICAL SYSTEM
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AutoCAD & AutoCAD ] - o a
LT.24% §Un 6 Construction 4.0 AR N19974 Digital Ecosystem NU CPS 11 : Sawhney, et.al. 2020
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Digital Ecosystem

Business Network of Third-Party Developers and End-Users
(e.g. safety monitoring software that uses BIM and site data)

Boundary Objects (e.g. modules and interfaces to the BIM
authoring tool)

Core Digital Platform (e.g. BIM authoring tool)

SUR 7 szuuflnAfaiiaredgnanvingsunaasia  7idn : Sawhney, et.al. 2020
NANNI9URY Construction 4.0 ﬁa ﬂ’]iﬁﬂﬁﬁm Smart Construction Site Tmﬂm?ﬂﬂﬂﬂmiuﬂauﬁamaﬁ(ﬁf%am
N19%1197U simulation) 114 wazldnalulagnaneliaiunsaldminangsauiu Tassiua1nN1svinauIaIAaunILAes
41‘ Ve a a dll s = dl =l . . . (%2 41‘ o v | Vv o a
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Tilatinatidsz@ngnan

Construction 4.0

Smart site |+ |Simoulation |+ ‘u’u‘tlm.l.l.ﬂ;tﬁnn -

Constriction project performance

l

Intern=t of Clond Radured
Lunzs BIM computing cost and
EFID Virtual hdohile time

Autormetion reaJ.:tjr computing au
3D printing

"
-

sUR 8 dnn1saa4 Construction 4.0 111 : Osunsanmi, et.al. (2018)
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Smart Construction Site

Prefabrication/ Modularization 3.82 1

Internet of things 3.55 2

Automation 3.45 3

Internet of services 3.27 4
Product-lifecycle management (PLM) 3.18 5
Human-computer interaction (HCI) 2.64 6
Addictive identification 2.64 7
Radio-frequency identification (RFID) 2.45 8
Robotics 2.36 9

Cyber-physical systems (CPS) embedded systems 2.00 10

Simulation tools
Building information modeling (BIM) 3.55 1

Augmented/ virtual/ mixed reality 2.82 2

Virtualization

Mobile computing 3.64 1
Social media 3.45 2
Big data 2.91 3
Cloud computing 2.36 4

111 : Osunsanmi, et.al. (2018)
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