Tan Yoong Heng
[k S

Director # & ;
Arup Singapore Office Leader SHEGHINYE T AT

mn
19 Aug 2019

Journey

About Arup

Innovations

Internal
Transformation

19/08/2019

ARUP




About Arup

19/08/2019

Our Global Presence

33

offices in

s at May 2019

countries

as

London
Head Office

70+ yeaI'S of profitable trading debt free
£2 . 6bn* turnover
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Southeast Asian Footprint
50" years

of city-shaping history

Ho Chi Minh'Giity % 900+ sear

Kota'Kinabalu

9 office locations

g €
© Ry, :
Jakarta ‘4;?\ A

- & ARUR,

Truly Multi-disciplinary

isual \ Theatre Consulting \ Building Services \ Civil \ Environmentally Sustainable Design \ Facade \ Fire \ Geotechnics \ G
d Communications \ Maritime \ Program and Project Management \ Risk and Security \ Specialist Lighting \ Structural \ Trg
tical Transportation Design \ Vertical Transportation \ Acoustics \ Audiovisual \ Theatre Consulting \ Building Services \ Civi
technics \ Green Mark — LEED™ Consulting \ Infrastructure \ IT and Communications \ Maritime \ Program and Project Ma
\ Traffic and Transport Planning \ Tunneling \ Urban Design \ Vertical Transportation Design \ Vertical Transportation \ Acous
Civil \ Environmentally Sustainable Design \ Facade \ Fire \ Geotechnics \ Green Mark — LEED™ Consulting \ Infrastructurg
ct Management \ Risk and Security \ Specialist Lighting \ Structural \ Traffic and Transport Planning \ Tunneling \ Urban De
on \ Acoustics \ Audiovisual \ Theatre Consulting \ Building Services \ Civil \ Environmentally Sustainable Design \ Facade
\ Infrastructure \ IT and Communications \ Maritime \ Program and Project Management \ Risk and Security \ Specialist Lid
\ Urban Design \ Vertical Transportation Design \ Vertical Transportation \ Acoustics \ Audiovisual \ Theatre Consulting \ B
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[Specialist Lighting \ Structural \ Traffic and Transport Planning \ Tunneling \ Urban Design \ Vertical Transportation Design \
= Consulting \ Building Services \ Civil \ Environmentally Sustainable Design \ Facade \ Fire \ Geotechnics \ Green Mark
s \ Maritime \ Program and Project Management \ Risk and Security \ Specialist Lighting \ Structural \ Traffic and Transpor

ARUP




19/08/2019

ARUP

Arup Singapore | BIM Awards
v’ Tekla Global BIM Award 2014 | Singapore Sports Hub
M

‘A‘\X/ARDS
B C 2015

v' BCA BIM Award 2015 | Tanjong Pagar Centre [Gold] s semme s

)\/

v' BCA BIM Award 2015 | CapitaGreen [Platinum]

v' BCA BIM Award 2015 | Yishun Community Hospital [Platinum]

NY
v' BCA BIM Award 2017 | Australian International School [GoldPlus] 2\:‘
BCA%™
v" BCA BIM Award 2017 | JTC Furniture Hub [GoldPlus] Recosniena caleres o ths el Ko

Vo
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BIM/Digital Transformation Journey

s

No. of BIM & digital

Proficient Staff

i

2008 | Marina Bay Sands

3D Modelling

i 4
TMmn

Naviswork Clash Detection
Limited Data Interoperability

f 14
#1918
#9191t
114
T

2017 | Various Projects,

Digtial Strategy

VDR (Issue Tracking)
BIM Automation Tools

Data Interoperability (2 ways)

BIM Model Checker
GIS & Data Harvesting

fh 14
it
fh 14
it
it
11
"Tren

120

2019 | Changi Projects etc

IDD
VDC

Supply chain integration
FM

ARUP
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Digital Delivery Trends

BIM Modelling Packages BIM Review Packages BIM Issue Tracking / GIS / Interopt

| AUTODESK
REVIT

& Tekla E3

Structures

\ / Qvizto

j .. g Erme

x SEAMLESE EAIA ‘E:E:IANGE
25 Bentley = ! :
AECOsim = Q LA ® - °
Building Designer = et &fﬁiémm

S ST
Jira Server

@

> 900
ec=©

O® =@
DGO

Digital Delivery Steps — “BAU” 7 Key Steps

Business As Usual

1 BDDR BIM Design Data Review
2 | BEP BIM Execution Plan
3 /CDE Common Data Environment

4 VDR Virtual Design Review
5 OSD Open Standard Deliverable

6 MS Marketing Strategy

7 BMM  BIM Maturity Measure
ARUP
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Digital Delivery | BIM Maturity Measures

Why Measure BIM?

* To promote common understanding
* To identify strengths and weaknesses
* To compare regions, groups and disciplines

» To set targets and assess progress towards
meeting them

* To communicate goals and strategies across
different levels within the firm

TO DELIVER BETTER PROJECTS

TO BETTER DELIVER PROJECTS

“'Iul |s the B.’MMm'unQMeamre’ et s FchRy the SRS Vs M X Wil 10

youw i hasb«mk cloped by o hesdon wln Ponn Sute

. ummmunwmwm within a project and in
compartson wit

.mek‘nlhl’\luldmp\rxlm
* Quick and transpasent

‘= Allows propects to set clear gosls and measure progress
Propect data imposted fioe Arup Projects

ARUP Jdob Mo, 225696 Lot Saves By Tomam » Maturity assessod against Anup’s Phiase | BIM targets and against
{ BIM MATURITY RATING TOOL 3 Wossl | P - ; ;xymmw;:;m::m I;w ity
=] e - e s e ™
— Souols NA information modellmg

The highcr o 5. the reter the BIM engagenca. 1
e fa gain begh score:

i some ares ~ BIN il
i methordogies re sl e devloped s e sy and
s been and il conkms 10 b  th o s

developrment
ARUP

will carrenily be quite

te lew ard

5 expexted that the y
that we will usc the 100 Arup’s BIM development

How will it help my group and Arup?
Arup's BIM implementation has sffcred From besng unable to
consistently compane progress across different projects, teams and
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Digital Delivery | BIM Maturity Measures

Arup’s Maturity Measure

This diagram vbserves:

Existing BIM A

Mamc of the AM

Yea

3. Country of origin
4. The target to be evaluated

Reference

6. Rescarch vs. Mon-rescarch = S
based AM E i
3 i
< o -
el g ]
g =1 E
< = T
g | 2 I
£ 2 2 =
@ =
4
£
Indos

I :ccarchs bused AN

$ categories

ment Methods (BIM-AMS)

3 factors
& 10 areas

(BRE.2015)

cc & Won, 2014)
(Nepal, Jupp & Aibiau, 2014}

| (Arup, 2014)

(bimSCORE, 2013)
(Giel. 2003

(Kam, Sengrtng, Xigo
& McKinney, 2013)

(€1, 2013}

{VICO, 20113
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(Azzouz et al., 2016)

ARUP

Digital Transformation | Systematic Steps

Questions

Responses

@

20% Ready

50% Ready

5. In a typical week, how often do you use the technologies below
B Neve - etimes W Very Often W Always

ARUP
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Digital Transformation | Challenges

What are issues preventing wider adoption?

ARUP

Digital Transformation | Solutions

What have we done?

ARUP
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(] Transformation
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ARUP

Internal Transformation | 5 Key Approaches

R Setting Digital Mindset

& Setting Digital Implementation Strategy
% Investing in Digital Technology

2x  [nvesting in Digital Skills and Talent

»  Organization Change

ARUP

10
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Internal Transformation | 5 Key Approaches

R Setting Digital Mindset

x&  Setting Digital Implementation Strategy
% Investing in Digital Technology

2 Investing in Digital Skills and Talent

»  Organization Change

ARUP

Digital Mindset i

Hand crafted Mass bespoke Mass production
Engineering the products one The model for how we need Engineering the process that
at a time to be consistently working creates the products

ARUP
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Digital Mindset

IDD = Flow of Data

A supply chain, as opposed to supply chain
management, is a set of organizations directly
linked by one or more upstream and downstream
flows of products, services, finances, or information
from a source to a customer. Supply chain
management is the management of such a chain

Process Flow Horizontal Integration (Metadata View)

/ ranch with Task Metadata  Pre- Feasibi- Horizontal Raw Post-  Metadata
-~ Specification  Input  Alignment lity Integration  Output Alignment  Output

Data Flow Triggers

Grasshopper™ Data Tree

ARUP

Digital Mindset

BIM is not a Software

BIM = Meta Data

Metadata is "data [information] that provides information about other

data".l'' Many distinct types of metadata exist, among

these descriptive metadata, structural metadata, administrative

metadata”, reference metadata and statistical metadata'’! i

Purpose of the data

Time and date of creation

Creator or author of the data

Location on a computer network where the data was created
Standards used

File size

Data quality

Source of the data

Process used to create the data

ARUP
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Digital Mindset

Traditional Structural Bim Workflow

MANAGER

3D

Analysis Modeling

Checking
1250 Dwgs

Geometrical BIM
Modeling
—

> Reinforcement

Arup Structural Bim Workflow

Information 2D Drawings /

Information Management Model Management

i evit
and 250Mb Excel ‘ AUTODESK
REVIT

Data

Engineer

1
q 1 3D Modeling + Data
Analys's 1 Management

ARUP

CODE OF PRACTICE FOR

VIRTUAL DESIGN
&CONSTRUCTION

Version 1.0~ October 2017

1
What is VDC?

Virtual Design and Construction or VDC is the management of BIM models as
well as people and processes in order to achieve explicit project or
organizational goals and to improve performance.

In essence, VDC is to

“Build Twice”
first Virtual and then Real

Model what Rehearse Build what was
is to be built whatistobe  modelled and
built rehearsed
v v v
CONSTRUCTION VIRTUAL

DESIGN COORDINATION PLANNING

EXECUTION

Building twice enables a project team to fully simulate design and
construction in a virtual envirenment first prior to actual execution on site

ARUP

13
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Digital Mindset

VDC in Design and Build (D&B) and Design Bid Build (DBB) Projects are di

Singapore Sports HUB (D&B)
(Construction Completed)
Arup: Structure + Consultancy

Paya Lebar Quarters (D&B)
(Construction On-Going)
Arup: Structure + Consultancy

Furniture Hub (DBB)
(Construction On-Going)
Arup: Structure + MEP +
Consultancy

Outram Community Hospital (DBB)
(Construction On-Going)
Arup: Structure

Straits
Construction
Higher Further Together

Our Journey of VDC i

\\

SN

Z

\\\

=4

21

National Cancer Center
(DBB)
(Construction On-Going)

Arup: Structure SHmMzZ

O EFER

ARUP

Internal Transformation | 5 Key Approaches

R Setting Digital Mindset

x&  Setting Digital Implementation Strategy

% Investing in Digital Technology

2x  [nvesting in Digital Skills and Talent

»  Organization Change

ARUP

14
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IDD - Managing Data Flow
ﬂﬂ-ﬂ

Computation

What skills should we have?

¢ Read/ write data

e Write functions & sub-routines
* Use of loops & Arrays

¢ Use API/ Com Interfaces

Why have these skills?

* Manipulate data between software

packages
* Understand shared tools
* Adapt and extend existing tools
*  Write new tools

Who should have these skills?

* Core skill for Engineers and
technicians

* Aim for 40/40/20 split:
coders/ learners/ non-coders

Grasshopper, Dynamo.

Macros

z‘z’“

*Ix

*x 0

Pynen
ET (G5, VB NET. )
Seuare P15
A famewurks (WPF..)
Extemai icanes
e oereipement
Version Contrl tesus Track
feoormen_____
Sretem archdecire

Large scale
G

°°"""""' Exiend sotware.
‘Smail sutomation
Automation in Rhino.
‘and Revit )

7 |Basic access 1o aPts

Ful dunnonn-o
et user| | Compiex systems
and appicatons.
Phogins/Addins
Compiex automation
tasks.
Interact with
softwares APis

Workina

ARUP

How to Work 1n a Common Environment

Collaborative BIM

-~

Common Data Environment

Workflow Repository \
GLENT sHARED AREA l
[ Client Authorization ]
-
{ Client Approval ]
Phase 3: Phase 4:
Document Control Ll B gLl ARCHIVE
Transmittal Co-ordinated and EYOjot Ristofy!
. etk laded o —_— maintained for
(Deliverable e m .‘;‘P‘" Knowledge, reguiatory
Management) project team and legal requirements

-—t

x('x

*0

Design Team

Collaboration for Revit
(CaR)

Managed Via
CaR Integrator

Uploaded to PW

P
[P S . Other Native Appli n
Data Output

GIS Server
Synchronizing Data
using FME
Connectors

JIRA ISSUE TRACKER
and Solibri Model
Checker (BIM

QA/QC)
BCF and Clash

Report

ARUP
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Digital Strategy | Workflows &

A common set of digitally-enabled

engineering workflows is the key to =——m
connecting development across a broad ---—= =

range of project types and tool sets. e—_—

ARUP
Internal Transformation | 5 Key Approaches
R Setting Digital Mindset
& Setting Digital Implementation Strategy
% Investing in Digital Technology
2x  [nvesting in Digital Skills and Talent
»  Organization Change
ARUP
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. - )
Digital Technology 9
¢¢ Digital technology is redefining the property
sector as we speak, bringing the potential to
radically improve our working lives, increase
asset value and create more sustainable
buildings. However, investors, developers and
owners of corporate real estate must be carefiil
— this isn't about gadeets and eguipment, it is
about stratecic thinkine that avoids wasting
money on the wrong innovations and inefficient
capital and operational expenditure. With the
right strategy in place, we can align the
property sector with the demands of our
digitally enabled society and truly deliver
buildings for the future.
§ Volker Buscher
\v) IG."fil;aflzeaaix Data
ARUP
. . A
Digital Technology | Tools P
Tool sets must serve the way we want
to work and we must become expert .
Modelling C .
users and adaptors of our tools. toolsets reatin g
The digital process drives everything Design L
else so we must own and manage our toolsets Desi gning
processes, and do so in a visible way N
. -3
that includes and empowers our teams .. . Automation .
to do new things. - toolsets Connecting
Mastery of our current tool sets Management . .
creates a basis for spotting new tools toolsets Deliver ing
that will help us improve.
ARUP
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Digital Technology | Arup University 9

Ask

A regional Library team — research to support
winning work, project work and keeping current.

Share
Sharing our knowledge and skills to
develop our staff and our business.

Learn

Enabling high quality technical learning across the
region.

energy

Explore

Exploring new possibilities through research,
foresight and innovation.

ARUP

§

Digital Technology | Have Fun 9

AMS|TER|DAM

March 6th, 2018

2hss
W

™

Arup University

18
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Internal Transformation | 5 Key Approaches

R  Setting Digital Mindset

& Setting Digital Implementation Strategy
% Investing in Digital Technology

2 Investing in Digital Skills and Talent

»  Organization Change

ARUP

Digital Skills and Talents | Digital Skills required 2*
DIGITAL —_
SKILLS
CARDS
ARUP \” o~ ARUP TR e ARUP

19



19/08/2019

Digital Skills and Talents | Skill Gaps

Structural engineering 8

Management skills 4
Communication skills 4

engineering
Data engineering
Software engineering

-

7

i\‘\

The structural
engineer
(and team)

Technical & operational skillsets Digitally enabled skillsets

ARUP

Digital Skills and Talents | Filling the gaps

Information managers
Technical services engineers
IT and Cloud specialists
Visualisation specialists
Gaming designers

Analysts

Programmers

Data Specialists — Big Data
DB administrators

Neural networks, machine learning
[oT

Web developers

>
(-
(O]
2
o
©
)
(®]
2
(]
o
o
e]0]
c
=
>
©
©
[}
©
()
Q
P

20
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Digital Skills & Talents | Progressive Mindset —

Portability Interaction Prototyping
Take your design with you More intuitive ways to work, Let’s become makers and
wherever you go interact and share explore design though objects

ARUP

Digital Skills & Talents | Success Factors o

Learning Communication

Arup University wyeanng  cataiogue  cate

Home My leaming Catalogue Calendar Help
Home > Site pages > Calendar > 26 November 2014 » BIM for Leaders

November 2014
Sun Mon Tue Wed Thu

L Learning event: BIM for Leaders

o s~ —About this event
1

Aowareness of Afup Leadership on the impsct of BIM on our

21
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Digital Skills & Talents | Learning 2

Basic BIM Advanced BIM

Bespoke, large scale, business driven Specialist development, partners

STACKUP Year 2017

OIALRUE : . Arup Professional Services vio
OWERYOURIMAGINATION (Ploneer tralnlng)

Training Courses - Breakdown

Below are brief breakdowns of what content will be covered for the proposed bespoke training.
courses.

Revit MEP Advanced - 3 day course

Ideas for advanced (master) Revit training:
1. Coordinates
a.Shared
b.Project base point
c.Survey point
d.Revit internal origin
E 2. MEP family creation
« a.Connector settings
7% Year 2018 e
c.Family sub categories

> Vs (ReVlt bespoke and d.Part types (breaks into, etc)

e.Controlling reference planes/lines to allow families that not just stretch in size but

) . are articulated, eg rotate connector from front face to top face
, / / baSIC progamme) f. Nested families
/ g Type catalogues
- o h.Lookup tables
i. Formulas ARUP
j. Parameters

k. Detail levels

22



19/08/2019

Digital Skills & Talents | Learning 1
Parametric Skill Upgrade

e Gt Yo ot Fama Do B Tk it Uit

Database MY o S
anl 11} anl anl il

NOUICOMOpen  MINIIXCOMCOpien  MONZIKCOMOpen  NINIAICOMOpien  MNINCCONE Opten
i iy 3 £y 5

BINDKCOMOWen  MINIXCOMOpten  WINZLKCOMOen  NINILJCOMOpen  NINILKCONOpten

Sﬂl [ lll sﬂl

BRI N Ot MR XCON Ot ORI XSO Optn BRI Nt

Creating Sloping Beam along Surfaces Using Revit-Dynamo ARUP

Digital Skills & Talents | Learning 2
Interoperable Skill Upgrade

We have new courses for you! (D EXPLICIT MODELING Bem

"o 30 Beisre Qe O bead,

' 1t tmong edury

*=, INTEROPERABILITY @ VISUALIZATION

) DIGITAL FABRICATION

Basic Interoperability Rhino & Revit

23
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Digital Skills & Talents | Learning 2
Visualisation Skill Upgrade
CJsi CMPTERE SRR MHSQRL
Figure 2: A Central Database Server Optimized for Data Storage and Retrieval
&) AUTODESK .mongoDB
FORGE APIs ~ Figure 7: NoSQL Store for Version Control
Microsoft Excel API B® Microsoft :
Ofﬂce 365 nnnnnnnn oy, SetBonchmck o Curent Rison
JE-EEas  oana
Coding Database ARUP
Internal Transformation | 5 Key Approaches
R Setting Digital Mindset
& Setting Digital Strategy
% Investing in Digital Technology
2x  [nvesting in Digital Skills and Talent
»  Organization Change
ARUP

24
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>

Teams

The composition of the team should be driven by
the outcomes we are seeking.

Roles, skills and tasks are products of the
processes we build.

m Designer

m Technician
External ® Data scientist
pairiner Programmer

® Al minder

m Ext. technologist

m Researcher

Teams

25
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Innovations | Industry Sharing and Collaboration

Agencies and Industry

CONSULTING ENGINEERS
555555555

HOUSING &

ol

URBAN
REDEVELOPMENT
AUTHORITY

Varsities & Organization

SINGAPORE UNIVERSITY OF
TECHNOLOGY AND DESIGN

iitsd NANYANG
4% | TECHNOLOGICAL
% UNIVERSITY

@RgildingSMﬂRT

ational Alliarice for Interoperability

Technology

2" Microsoft

{\ AUTODESK
Avetics
B Advancing Infrastructure

26
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AR | Metro Project

@ 3D Model Viewer

ARUP KVMRT LINE 3 %

ARUP
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AR | OveAR

ARUP

Drone Fagade Inspection (Research)

14-day Methodology

Team
____________________________________________ Avetics > NTU

o o o ={A 2
-

™ N P
Drone i Developing Analyzing Mapping Share with Consilan

Scanning . 3D Model Data* Defects Client
\ 4| Cloud Based bi-/

28
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Arup DriveSim | Simulator

I\tt_p,,s://wwwjinkedin‘co|m“ pulse/arup-drivesim-simulator-andrew-lewis/

Arup Parametrics for Segmental Tunnel Lining
Configuration

|
i -

- - x
|
\

\

ARUP
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1. Tunnel Alignment

4m Internal Diameter 6m Internal Diameter
e L o Segment Max [Segment Min . Segment Max | Segment Min
Case: width width EES width width
3 K I I Straight 1400 1400 Straight 1600 1600
A R - - Radius 150 (Lefi and Right) 1638 1562
4 7 3 - .
. ey n g e ules BRadinsH0KRIgh)R 43 818 Radius 200 (Left) 1628 1572
e maen EEOT gormn Radius 150 (Left and Right) 1422 1378 Radius 300 (Right) 1620 1580
- \ 2
Lo N | Radius 250 (Right) 1414 1386 Radius 500 (Lefi) 1609 1591
', B - -
‘;-’ P [ Radius 300 (Left) 1412 1388 Radius 1200 (Lefi and Right) 1604 1596
/ 4 PN
! &\ B I @ G-a- FOA G OEGD - E,;t,_g_. 2 @

2. Segment Min/Max Width Rules

L

omeior

Key Considerations _

st [0 o s, T 0 9 e
_—

&ty #) B
QhH o

-
3 = ey L3 [9)

'y

ioma vasns

New Revit Project

LT

CoT with NTU / BCAA (ResearCh) | Code Complying Machine

Cities of Tomorrow (CoT) R&D

The CoT R&D Programme is a multi-agency
effort, led by Ministry of National
Development, to identify challenges that cities
face and develop R&D solutions to address the
challenges.

A total of $150 million has been set aside for
CoT, which is part of the $900 million
allocated to the Urban Solutions and
Sustainability (USS) domain under the
Research, Innovation and Enterprise 2020

Proposed Teaming
Principal Investigator
Co-Principal Investigator
Engineering Consultant
Consultant (E-Corenet)

Collaborators

@Trimble GRAPHISO

YANG
TECHNOLOGICAL
UNIVERSITY

SINGAPORE

BCA ACADEMY

ARUP

NOVA GROUP

n

THE UNIVERSITY OF

NEWCASTLE

AUSTRALIA

e

ARUP
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CoT with NTU / BCAA (Research)

Model coordination:
BIM + AZD, Element Design Data -

MR G
-Telda

Proposed Workflow COT Development Coetives
- .
|
. |
Software Open Formats Database Multi-Levels Checks
Saltware most commonly used for Data axported t opsn formats Datn stored in open formats ara Compianca chocks of diffarant \
sy & Desin (44D, and Bl Silows Tof INtesopesabilty UpI0BdE 10 & COUT-based bevels will be perloamed |
wil e dentfied cataness automatically orven a sst of . f
& Tekla o - conplence Loy | - Py e
i PlattormiAgrastic N o
A&D  ETABS s i —
Dataset -
STAAD.Pro T & csv il w Figure 5 The workflow for developing Code Compliance Engine
Oasvys ks
Dasy. —
& Tekla SAFY) s~ o ———
Element Todcs visualizabon o AlMachine Learning
Dasign ng Excel
Software XCe PosigreSCL P Froicea
[\, £RoKON Clowd Database
oty i
o
Machine
. learing %
\RCHIC/ > 1
R AUTODESK @ IF¢ BacHend Clash Human-Computer
BIM REVIT Detection Interaction
i Tekla ~rr
Structures Updste BIM modl wilh .

Stuctural data from DB

Figure 2 The proposed workflow for Structural A&D submission and processing

- >
Figure 8 Role of Al/Machine Learning in the developed Code Compliance Engine

ARUP
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ARUP

We shape a better world
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