BIM and blockchain-enabled Logistics and Supply
Chain Management for Modular Integrated
Construction (MiC)
[ EHBIMA R SREERATAAR S & R R R A L

EEE: —'E.' ]

o
2
n
o)

Prof. Wilson Lu (B &£ BI%)

ABFE (EE4RYE: TTP/029/20LP) Ji ) THetssacah: & & & % LgM
This rese ] mber: ITP/029/20L.P) is funded by: 4 f, _  !nnovation and Hong Kong RED Cantsfr Logisticsand

arch (project nu Technology Commission

Suppl: '(‘:%ai:'ﬁmagamom Enabling Technologies
ERNARUEREREBRAFR SO

’L 3 b @HKURBANS
the urban big data lab




uieyopo|q pue Allg :,2ienbs A9,

* Background - LSCM for MiC

* MiC LSCM digitalization

* The pilot project - HKU WCH student hostel project
» Introduction of e-InStar, e-TranStar, and e-InstalStar

* Prospects and challenges
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Part 1

Logistic and supply chain management

(LSCM) for Modular integrated
Construction (MiC)
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Challenges faced by HK’s construction industry

Construction 2.0

1980

/ 50-54

Ave, 52

New York City

Construction Aging Construction
Cost Techniques

There is a decrease in

The Construction cost Average age of skilled
construction technigques

in HK is the third construction waorkers is 52
highest in the world

Slide courtesy:
Estates Office, HKU




Why MiC?

8,
BIM integration .

MiC facilitates the use of BIM within the
design and construction phase.

Improved site safety

—!”“ﬁ” Some procedures can be carried out in a
% controlled factory environment.

Less waste and reduced 4

carbon footprint
Factory construction facilitates a

reducing in waste and carbon
footprint also.

Shortened construction period

Due to controlled nature, tasks can
be run parallel reducing the
construction timeframe.

Improved supply chain

management
A reduction in external variables

leads to improved supply chain
management.

Improved quality control

Factory automation leads to
improved quality control.

Less local disruption Less potential for contractual claim

Disruptive construction activities can be
relocated off-site.

A more controlled work environment
leads to less potential for contractual
claim.

Slide courtesy:
Estates Office, HKU
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@ Designedin HK © Transported cross the border

® Manufactured in the PRD @ Storage

Management

Process

ity

Q

Assurance

O Assembly

Provenanc
e issues

Inventory, location
of components

Storage

In-factory testing and
quality supervision

Cross-border
logistic control

Logistics

Truck loading

Motion during
assembly

Quality inspection

Post-construction
inspection
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Quality inspections required at
Mainland factories

Infeasible to dispatch now due to 14 + 14

days quarantines

(Photo source: Authors, SCMP)
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’K$97.1billion Sha Tin-Central rail link in Hong Kong

Process Management

Officers arrest 21 over faked concrete test results for Hong
Kong-Zhuhai-Macau bridge project
e n says it is investigating possible safety g

ctory testir
ality superv

Quality Assurance

Cross-border Motion during
logistic control assembly

Quality inspection Post-construction
inspection
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Part 11

MiC LSCM digitalization




Digitalization of MiC
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GPS .

Reports /
Certifications Humidity/
temperature
monitoring

Inspection
Records

Positioning

Logistics

@ ‘ o
Workflow Production . Installation Installation
Timing

Mobile Platform




Digitalization of MiC Off-Site Fabrication

¢

Credibility of
workmanship &
inspection records

[
[
o ° i
Compliance with BD's ﬁ Digitalised
Statutory T Management

Requirements Off-Site Factory Control

Mobile Platform
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Part I11

The pilot project
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Extensive site formation and
lateral support

WONG CHUK HANG SITE
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® A 3-storey non-residential podium

e Two 17-floor towers of student

e 1,224 hostel places
e Site Area: 4306 m?
e NOFA: 14,277 m?
e CFA:28,176 m?
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Figure 1 - The Pilot Project
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(c) 3 non-standard floors using

traditional cast in-situ
() Overall view of HKU's WCH Student Residence project

Project Name: HKU's Wong Chuk Hang Student Residence

Functions: A total of 1224 student places and supporting facilities such as
canteen, common room, laundry rooms and car park

CFA: 28,176m?2

Contract sum: ~HK$1.1 billion

Address: Police School Road, Wong Chuk Hang, Hong Kong

Structure: Two 17-storey tower buildings on top of a 3-storey podium
Construction technology: Modular Integrated Construction (MiC)
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Part IV

Introduction of
e-InStar,
e-TranStar,
e-InstalStar




Mobile Platforms for MiC
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e-TranStar e-InstalStar
Logistics on your finger tips Site on your finger tips

On-Site
Installation

Cross Boarder
Logistics

Off-Site
Production
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» Each Module is given a unique ID
using a naming convention system

* A QR code is generated from the ID

* The QR code is created as soon as the
3D module is formed and applied to the
structure. -

Create a

Naming Convention System Standard

A-10F-09-M-M2-MU

\_

[=] ¥ [=]

=

"

for all future MiC Module projects

.

The Naming Convention System created
for the modules allows us to identify the
following information;

- Block

- Floor

- Module Sequence

- High / Middle / Low Zone
- Module Type

"\ CONSTRUCTION

~ INDUSTRY COUNCIL

Reference Material on

Use of Digital Technologies
for QA/QC of MiC Modules in
MiC Factories

June 2022



—

: A
Inspection Record i
2

o
Z
n
e

Inspection by
Tradesmen

Inspections
procedures

Inspections
records

Inspection by~ g¥ .4l

Failed
Main Contractor aSea ]

Pass

" e o Em s w3

Failed

Failed

|} —_— n —_— |} —_— n —_— |} —_— n —_— |} \

Blockchain system

I
I
J

\




,2Jenbs A4,

U2>>0|q pue |A|g

uie

16:24 £t @ &

Welcome

Sign into your account
HHEENRER

6 username BF &

B Password 3§

g fememberlogn
SLERRRP T

Dort't have an aceount? Sign Up
HABIESE? R

] @® 4

Two Factor Authentication

E’F@@

User ID Fing.erprint
verification

16:32 7+ @ @

Modules 548

Hi User_EQ,

Use one of the below methods to
check the inspection progress
EER-TAAREHELR

<2

BY QR Code —#Ef%HE

[ NFC iigimR

Module ID:

Inspect Now {2

Preparations Modules Statistics

L] ® “
Scan Module ID

=1 m (2]

JOEPMEZE G @ & -

< Modules 14

Module ID: A-70F-07-M-M1

e s e s 000000088

EOTSIN - Door/window '] Conereting iz

3D assembly including (welding work for
bondek, Shear Stud,bracket, wall & ceiling

sheet) MEIR (HTHR, 1247, FAEMES MR

] @ 4




@
<
72
QO

Inspection £

Rebar fixing Visual Inspection,
Cleaning FIBEERM. FE

Dimension result R455% :

oo

Remarks &7 :

‘Write your remarks here...
HER ..

Photo L5k

[B] Teke Photos HIEHEE

Inspection Record

OGO
Inspection &

HRERFE..

Photo BUHEES -

Instruction #B1#&# (doc, drawing) :

@

nspection Record & 508 Inspection Record #

Water Test for chassis enclosure 7

Remarks & {4857k (AP spot check)
Remarks fi&k:

Dimension Result R<T458: S

Photo Records 1 32#: Dimension Result R<H&E8: S
Photo Records 18} 225%:

..
- ® R

Comment box

Help button

Photo upload function

e-InStar

'\



,21enbs Al1g,,

U2>20[|q pue NIg

uie

i o~ - B il B @4

Dashboard f#Z&HR

Production

40%

Completed
0%

Logistics

OUnitS
(o) Q

Installation

=]
-
ns Madules Dashboard

] @ <

¥ il = G 4

Dashboard &% ik

Production

40% P

393....

in Progress

Work Stage

Units in
Progress

E:1 (3 VTel (1T Smmem——————- 1 | ) ]

CONGIENING oo
Door/Window _.....
Wall

Painting

Preparstions Modles Dashboard

69 Units
7 Units
45 Units
3 units

9 Units

(=)

Settings

] @ <

EFoseG 2 @ &S -

Dashboard &&=iR

<

Bl T G4

393....

in Progress

Work Stage

Structure o e sttt i

CONGIEting oo

Door/Window

wall ..

Palniings i

MEP

Floor ...

Furniture

Facade ...
Cleaning/protection
T&C Final Check

Wet trades

units in
Progress

245 Units

............ 69 Units

7 Units
45 Units
3 Units
9 Units
Q Units
0 Units
& Units
0O Units
2 Units

0 lnits

Dashboard

«

Statics for decision-making

EFos9G 2 G A -

<

B all = G #

Dashboard &% 1%

/976

Completed

o

0 Units

Stored at Factory

2
3
>
2

I §
L el

JAN FEB MAR AFR MAY JUN
Month

= o o

Modules Dashboard Setlings

o @ <




Blockchain visualization

o
2
n
o)

Cladding Sub Frame Alignment
Check BIEFIESRRTT

Remarks fiikE:

Transaction
(Inspection record)

»>>)

Dimension Result R<T#558R: S
Photo Records 4 BCER:

Background Music Credit : www.bensound.com



Microsoft Game DVR

我的影片 5.mov




,2Jenbs A4,

U2>>0|q pue |A|g

uie

A press conference on e-inspection 2.0 and MiC held
on 6 June 2022.

Coinnounce /= wwmmsne sumreressrasse Q

construction monitoring
system developed by The
University of Hong Kong

| @ ) VekanandanThvan |
O WF “!a o
5 = | — - U e
ey 3 A (= !

Photo credit: HKU Media Team o e




,2Jenbs A4,

U2>>0|q pue |A|g

uie

i-Core sensors are installed in
the MiC modules

==

e-TranStar
Logistics on your finger tips

(

The i-Core sensors are one of
the development tools with
multi-functions to monitor the
logistics of MiC modules

i-Core Sensors Humldlty&

. Temperature

Motion Sensor




Hong Kong Disneyland Park, 20 June 2022

“BIM square”: BIM and blockchain
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Part V

Prospects and challenges
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CIC Innovator Awards 2015

A team formed by Dr Nina Niu, Dr Leo Chen, Dr Megan Ye, Dr
Diandian Liu, and Dr Kevin Wang led by Prof Wilson Lu, won the
Hong Kong

. The winning idea is an “i-Core”
developed in Dr Wilson Lu’s team to encapsulate smart
construction objects (SCOs) properties. Similar to a CPU to a
computer, this ‘i-Core” can be understood as the ‘heart’ of
smart construction. With this ‘i-Core’, it is possible to develop
scalable and customizable smart construction, which is
perceived as a promising direction of future construction. The
Award Presentation Ceremony was held in the Government
House on 15 December 2015 hosted by the Chief Executive,
Hon Mr. LEUNG Chun-ying.

@BLulding SMART

International

buildingSmart International Awards 2021

A team led by Professor Wilson Lu, and Dr Frank Xue (Assistant
Professor) at iLab, Faculty of Architecture, The University of Hong
Kong (HKU) won the buildingSMART International (bSI) Awards
2021 in the “Professional Research” category. Their project is
called “OpenBIM: Opening the gate for BIM and blockchain
integration (OBBi)”.

The bSI Award is a prestigious international award programme
initiated since 2018 with an aim to promote OpenBIM for project
design, construction, operation, research, and technology. In this
year, there were 133 submissions entering the eight categories of
the Award. The submissions were predominantly from developed,
BIM-advanced countries/regions. A highly selective jury was
formed to shortlist 3 finalists in each category, deliberating their
presentations, and finally selecting a single winner from each
category. The OBBi submitted by iLab is the sole winner in the
Professional Research category. It is also the sole winner from
Hong Kong across all the 24 finalists.

Press Releases:
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@buildimgSN\HﬂI

International

WINNER

openBIM: Opening the Gate for BIM
and Blockchain Integration (OBBi)
The University of Hong Kong, Hong Kong

About the Project

There is great enthusiasm within the AEC
industry for the potential for blockchain and
BIM integration to overcome challenges arising
from multiple parties working concurrently on
collaborative BIM programs (e.g. cybersecurity
risks, lack of single source of truth), as well as the

design changes, offshore production, cross-border
logistics and supply chain, and on-site assembly.
This research adopted a threefold approach.
Firstly, the in-house research team developed the
0BBI system architecture, its major components,
and interlinks. Secondly, the system was
contextualized in bSI's openBIM ecosystem for

redundancy and volume
that result from file-based data exchange.
However, the integration of BIM and blockchain
faces challenges such as lack of interoperability,
information redundancy, and resemblance and
swiftness of retrieving data. The project team, from
the University of Hong Kong, harnessed openBIM
1o solve the interoperability issue and applied their
Semantic Differential Transaction (SDT) method to
solve the information redundancy problem.

Core Objectives

This research project aimed to take advantage of
BIM and blockchain integration to salve challenges
in building projects, such as communication,
provenance and quality assurance, installation,
traceability, lifecycle management and more.

Project Description

Aprototype system integrating BIM and blockehain
(called OBBI, openBIM and Blockchain Integration)
was developed for managing AEC processes ina
realife building project in Hong Kong called the
WCH project. In particular, it looked to manage

with the core input-output format
being IFC. Lastly, the prototype was tested and
validated in the WCH project.

The OBBi system was designed to meet the
demands of BIM users for the WCH project. Four
vital layers were designed:

(1) Commercial BIM as the base mode! designed in
Revit

(2) Web op interface for the vi of
nD BIMin IFC;

(3) openBIM semantics-based server back-end for
minimization of changed BIM components as SDT
recards; and

< Back

iLab@HKU team wins in the buildingSMART International Awards 2021
20 Oct 2021

2 Download All Photos

T

172 Show caption a

A team led by Professor Wilson Lu, Dr Frank Xue and Dr Jinying Xu at iLab of the Faculty of Architecture at the
University of Hong Kong (HKU) is the sole winner in the “Professional Research” category of the buildingSMART
International (bSI) Awards 2021, with the project “OpenBIM: Opening the gate for BIM and blockchain integration
(OBBi)". The results have been announced on October 7.



,2Jenbs A4,

U2>>0|q pue |A|g

uie

Awards

July 14,2022

LiupengfeiWu
Dept. Real Estate and Construction Management
Univ.of Hong Kong Hong Kong, China

RuiZhao
Dept. Real Estate and Construction Management
Univ. of Hong Kong, Hong Kong, China

Xao Li
Dept. Real Estate and Construction Management
Univ. of Hong Kong, Hong Kong, China

Weisheng Lu
Dept. Real Estate and Construction Management
Univ.of Hong Kong, Hong kong, China

Jinying Xu
Dept. Real Estate and Construction Management
Univ. of Hong Kong, Hong Kong, China

Fan Xue
Dept. Real Estate and Construction Management
Univ. of Hong Kong, Hong Kong, China

Dear Mr. Wu, Prof. Lu, Mr. Zhao, Dr. Xu, Dr. Li, and Dr. Xue

On behalf of the American Society of Civil Engineers, | wish to congratulate you on being the winner
of the ASCE 2022 Journal of Management in Engineering Best Peer Reviewed Paper Award for your

paper entitled, “Using Blockehain to Improve Information Sharing Accuracy in the Onsite Assembly of

Modular Construction” (Volume 38, Issue 3).

Again, please accept my personal congratulations on this significant milestonein your career.

Sincerely,

Young Hong Kuak, Ph.D, MASCE

Editor-in Chief, Joural of Management in Engineeri
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Journal of Management in Engineering

1SSN (print): 0742:597X | ISSN (online): 1943-5479
Frequency: Bimonthly | Sponsored by the Committee on Developing Leaders
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Editor

Young Hoon kwak, AWARDS
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HKU High West Development
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Student Hostel

e Two 19 storey towers on a single storey
podium providing 938 student places

® 670 MiC Modules

Staff Quarters

Two 20-storey towers providing a variety of
2 Bedroom, small 3 bedroom and Large 3
bedroom units

e 1140 MiC Modules

®  E-Instar will be used for the mass production
of the MiC modules

e  E-Transtar will be used for the
transportation of the MiC modules to site
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The readiness of the industry

:%IB ﬂ\\

e-TranStar e-InstalStar
Logistics on your finger tips Site on your finger tigs

Are the technologies robust enough for MiC cross-border inspection
during the pandemic?

Are the institutional arrangements (e.g., inspection related regulations,
norms, or common practices) ready for this e-inspection 2.0?

Shall we go back to “business as usual” or embrace a ‘lighter” e-
inspection future?
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