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1
Digital Transformation in Construction
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OF THE WORLD

Industry Agenda

Shaping the Future of
Construction

A Breakthrough in Mindset
and Technology

Prepared in collaboration with The Boston Consulting Group

May 2018

McKinsey
& Company

Decoding digital
transformation
In construction

Few engineering and construction companies have captured the full
benefit of digital. Five practices can help E&C companies move beyond
isolated pilots and unlock digital's value across their enterprises.

by JanKoelerman, Maria Jodo Ribeirinha, David Rockhill, Enk Siddin, and Gernot Strube

August 2019
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Figure 1: Industry Transformation Framework
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Figure & Digital Technologies fpplied in the E&C Value Chain*®
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Figure 9: Applications of BIM along the E&C Value Chain®®
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Yl Likelihood

Figure Z0: Future Impact a bf New Technologies
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2
Quick Review on BIM



 Building
 Construction (CIM)
o Infrastructure (InfraBIM)

 Information (& Data)
 Graphical info.
» Non-graphical info.

» Modeling
* Model
* Management
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Digital

BIM

Business
process
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Business Process

for generating and leveraging building data to
design, construct, and operate the building

during its life cycle

Digital Representation

of physical and functional characteristics
of a facility

el Organization & Control

(B R e = of the business process by utilizing the
information in the digital prototype to effect the
T sharing of information over the entire life cycle of

IR an asset

Source: National Institute of Building Sciences (2015) .
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3
BIM Applications
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3D

() () QO QO
<t Lo O M~
Visualization Time Cost Sustainable Facility
. management management management management
* Space planning
& management « Scheduling « Cost estimating « Green building * Repair and

* Clash detection > « Simulation > « Cost control > « Energy maintenance
management * Energy savings

Dimensions of BIM Applications
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BIM for Structural Steel Design and Construction
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4D — Time Management
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5D - Cost Management
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BIM Model

il
Quantity of work
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6D — Sustainable Management
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These nodes calculate LCC of selected type based on LCC required coefficient

Figure 2. An example for applying the proposed system to a typical external wall type.
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War Room for Construction Projects




Immersive Virtual Reality (VR) System

Control Unit -
(Using synchronization technology)

Tracking camera (6 units) Projector (3 units)
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VR System Accessories

Controller & Position Tracker Visualization

Ll f"“ . -.. ‘- M-“-* v‘ "-I 2 c.

X-Box joystick Polarization Glasses Wlth Tracker



VR System Accessories

Head-Mounted Display (HMD)

Gloves




Immersive Virtual Reality (VR) System




Heritage BIM
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BIM for Infrastructure Projects
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National BIM Guidelines and
Case Studies for Infrastructure
SBEnrc Project 328

Executive Summary

To date, the level of BIM implementation in
the transport infrastructure sector is a few

years behind that for vertical building

construction. Compared with the building

Sustainable
Built Environment
National Research Centre

w

April 2017

sector, the provision of infrastructure

usually involves physical and organisational

structures addressing society needs which
are mainly owned and managed by

governments. Almost all published BIM
guidelines/standards are targeted to the

building sector. The purpose of this BIM




2 BIM uses in infrastructure

Infrastructure BIM Uses

&

Site Analysis Surface Analysis

Design Authoring

Constructability
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Performance

Land Survey
= forecasting

Design Reviews Visualisation Design Changes
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Design Evaluation Design Integration

Cost Estimation Code Validation Structural Analysis

Point Clouds Traffic Simulation
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Ficld Suevcy Logistics and Work Planning

Construction

Material Management Progress Tracking
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Quality Tracking and Safety planning and

Reposting il Cost Control
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Equipment

Digital Fabrication
Management £

Fig. 1: BIM uses in

infrastructure Maintenance

Scheduling Asset Management

System Analysis

Disaster Planning Record Modelling Event Planning

Road/Rail Traffic Volume

Management

Transportation
Management System
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——‘-_____-‘-'——h____‘_ -___-—_ﬁ-h_._‘__
LODO | LOD 1 LOD2-4

TransportationComplex TransportationComplex Surface geomeltry is devided
provides linear network provides surface geometry thematically into TrafficAreas,
with line objects describing the actual like:
— B0 chjects shape of the object [[] Traffic = cars

[] TransportationComplex L Traffic — emergency lane

(Surface geometry) [ Traffic — restricted area
[[] Terrain surface [ Auxiliary - grass

Fig. 4: TransportationComplex in LODO, 1, and 2-4
(example shows part of a motorway) (source:
Rheinmetall Defence Electronics).

Function

Auxiliary
TrafficArea

footpath

cyclepath
— kerbstone

driving lane
road marking

driving lane

——1 kerbstone

footpath

green area

Fig. 5: TransportationComplex in LOD 2-4: representation of
a road with a complex cross-section profile (example shows
urban road) (source: Rheinmetall Defence Electronics).
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Fig. 3: Example for the representation of a TransportationComplex in LOD2 in CityGML:
a road, which is the aggregation of TrafficAreas and AuxiliaryTrafficAreas (source: City

of Solingen, IGG Uni Bonn).
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China Railway BIM (CRBIM) Alliance #/@B(M

* The CRBIM was established 1n December 2013.

FEEEBIMER

* Its purpose 1s to promote the application of BIM technology in the Chia railway field.

* Members:

£ $ERBELAIRFAS

EWTINEERIND MANAEWENT CENTER

DikE-AmtRREENLE

weess W, f3dl.com.cn

(A% Bk U S 3
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Tunnel
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Tunnel temporary works
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* Digital pre-assembly construction

Steel
Bridge

* Construction management based

on BIM 4D

ARSETHEFRE
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* Integrated manufacturing of steel beam

Steel * Data exchange between BIM models
Bridge and CNC

* Automation and accuracy using BIM

l'lﬂﬂlmazzm:m

-~}
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Design
Coordination

Terrain,
alignment, e
subgrade, track, ¥
bridge, tunnel, | |
station model

* Design check

* Quantity take
off (QTO)

* Drawing
output

* Construction
simulation

* Finite element
analysis

56



China Railway BIM Standard

* China Railway BIM Standard 1s composed of three parts:

* Part 1: Raillway BIM Classification Standard
» Refer to ISO 12006-2
« Was completed in December 2014,

» Part 2: Railway BIM Data Standard
» Based on ISO 16739:2013
» A draft version was accomplished in June 2015.

» The public version was expected to be available in December 2015.

 Part 3: Railway BIM Delivery Standard
» Based on ISO 29481, started in July 2015

B

0 T R

..............................

* Led by the Third Railway Survey and Design Institute Group Corporation &

Tsinghua University, all direct members involved.
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Station Bridge

Discipline modules

Track Drainage =
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WORLD
ECONOMIC
FQRUM

Here’s how smart construction could
transform home-building after COVID-19

The pandemic is forcing us to find new ways of building homes and Image: REUTERS/Pascal
offices. Rossignol

07 Aug 2020

Fanyu Lin

CEOQO, Fluxus LLC

Matt Howell-Jones
Partner, Arcadis
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Digital
Collaborative
Platforms

Digital platforms such as
cloud based Building-
Information-Modelling (BIM)
is essential in the workfiow
to enable the industry-wide
shift into remote ways of
collaboration, and to better
manage risk, enable
collaborative workflow
globally, plan for

© Fluxus + Arcadis 2020

Q Artificial Intelligence

Artificial Intelligence can speed up and
automate elements of design and
construction. Algorithms can be
developed to automate the assembly of
prefabricated building components to
form varying massing and layouts which
directly respond to define physical and
enviranmental conditions, using GIS-
data, to optimize volumes to achieve the
highest yield of units and drive value, and
possibly learning from occupants'
changing living behavior to define next
generation homes for future of living.

t& Internet-of-Things & Robotics
(]

The Intemet-of-Things (loT) is a vital interface
in connecting the physical and digital
operations. Industrialization of connected
buildings will likely become mainstream,
because successful integration of sensors,
antennas, control systems and other
components into the building envelop is best
managed in a factory scale setting.
Construction robotics for use in factory
settings have entered the market. On-site
applications including autonomous
excavating equipment, surveying drones,
painting machines, worker exoskeletons, will
also continue to proliferate.
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Smarter planning and design

The construction sector is already using Building Information Modelling (BIM), a first step in
the digital transformation of the sector. During the COVID-19 lockdown, BIM was more widely
adopted in the industry. It enabled projects to continue in a digital and virtual environment
even when participants were unable to meet in person. This collaborative approach allows
data to be shared across professional disciplines and businesses, and facilitates smarter
construction. In the prefab industry, the data can then be fed into manufacturing processes for

components and modules that are later put together to form finishing buildings.
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‘1‘ Less Labor

Amount of labor on site
significantly reduced
assisting with social
distancing and productivity
on site. Prefabricated
systemns typically have B0%
less labor on site
compared to traditional
construction. The amount
of activities that require
working in groups is also
reduced.

© Fluxus + Arcadis 2020

El
a--a Shorter

- Programs

Providing shorter programs with
more surety on program with
little disruption around future
waves where traditional
construction sites may close
again.

Early data provides evidence to
support this where
prefabricated based projects
have not closed and not seen
any impact on progress,
productivity or program.

== Cost
Certainty

Mitigating cost increases
due to longer programs and
reduced productivity, Future
project costing is likely to
include known and
unknown risk associated
with program, labor, supply
chain fragility and material
shortages. Prefabrication
does not suffer these risks
to the extent of traditional
construction.

Faster
Delivery

Y

Numbers of deliveries to
site required significantly
reduced. Prefabricated
solutions deliver near
finished elements to site.
Most of the trade and
supply chain management
is camried out in the factory
reducing material deliveries
to site and the need to
distribute at scale.
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Greener Construction 90% reduction in construction waste; 70% saving in CO, emissions.

Reduced
|\W Energy Use
On-site

Research shows gross
savings of around 80% and
net savings of around 30%
for off-site manufactured
buildings.

This takes into account
worker access, movement
and accommodation —
services, lighting and
equipment/plant, including
site-wide lighting.
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c’; Less Waste

Traditional construction
suffers from up to 30%
wastage - in terms of
time, where work needs
to be repeated, and
rmaterials, where up to
30% can end up in
landfill, The comparators
figures factory-controlled
conditions is 1-3%.

g& Less Traffic

A comparative study of the total CO, emissions associated with onsite
and offsite manufacturing was completed by Virginia University. In
terms of metric tons of CO, associated with transport this study
shows site-based reductions in the order of 60%.

Onsite-Offsite comparison of CO, emmissions due to transport

B Worker Transport 10 Site

Worker Transport 10 Faciony

maotric 1ons CO02e
]
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