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GLOBAL SCANNING OF POTENTIAL TECHNOLOGIES ¥
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Through secondary research, trend analysis and workshop discussions, a long list of

150 technologies/applications were identified.
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Steel-frame PPVC modules

Topic Application Over 150
3D Printing Low Volume, Highly Customised Components
3D Printing Combini -D printi iling) 1 /
3D Prin] Robotics | Site inspection robots (collaborative) Tec h n o I og I es
Robotics | Assistive robots to lift heavy parts/equipment . °
30 Prin| Robot{Tomrs e Applications
3D Prin] Robotid ICT | i i Jail o e
3D Prin] Robotid..ICT =il BIM for As-Built Verification _ ~ I d e nt Ifl ed
- IcT BIM Predictive BIM modeling
3D Prin| Robotid <+ BIM Iioianasabilivat RIN L Y .
3D Prin| Robotid joT BIM BIM | Competency of workers e.g. master craftsmen, guides Th ro ugh 0 ur
3D Prin| Robotid ICT BIM BIM _Making sure that model has been used exp MOH (post construction)
- BIM . . . L3 L3
3D Prin 1 ICT BIM AR/VR Construction Coordination
3D Prin RObOt! IcT BIM BIM AR/VR | For assembly of precast elements I n It 1a I Sca n
Robotig— <+ BIM BIM AR/VR ) Safety Inspections
PPVC | Roboti{ |c1 BIM BIM AR/VR | Marketing Tools i
T BIM A m
PPVC | Roboti{ icT BIM ARIVR Category Application
PPVC | Robotid ICT BIM BIM ARIVR I _ - i
8 BIM BIM AR/VR | Advanced Materials ___. Materials for 3D printing (molds) .
PPVC | Roboi ICT BIM BIM AR/VR | Advanced Materials Salf alaao tasiala TIO0 ahatacataluicl
PPVC | Robotid- BIM BIM ARVR | Advanced Materials Concieic SR Lot e a5<]poros ity -
ICT .~ | Concrete | Air-entrained concrete 5
PPVC | Smart | |cT BIM BIM AR/VR | Advanced Materials | concrete | Fly ash concrete
PPVC | Smart | 1CT BIM AR/VR | Advanced Materials | Concrete Recycled material for self-compacting concrete
PPVC | smartl ICT BIM BIM AR/VR | Advanced Materials | concrete | Optimization of mix design of self-compacting concrete
IcT BIM BIM AR/VR | Advanced Materials | Concrete = . 0
PPVC | Smart I BIM BIM ARIVR | Advanced Materials T|.mber W,I;berldlComposne use -~
PPVC | Smart f-iat— | BiM | BM | AR/VR | Advanced Materials | Concrete | Timber selicslsfclonlhols .
PPVC | smart | o7 BIM BIM ARVR | Advanced Materials | Concrete T!mber Roofing _structur_e - light & h_eat insulation using CLT
PBVC S BIM BIM Advanced Materials | Concrete Timber Composite/hybrid construction _
Smart -~ em BIM Advanced Materials | Concrete Timber Integrated cassette floor system
BIM A - o :
PPVC | Smart N BIM Advanced Materials | Stee! Timber Using wood panel for acoustic insulation
Smart BIM BIM Advanced Materials | Stee! Timber ) Building envelope - roof + fagade
BIV BIM Advanced Materials g:::: Timber Curtain wall
BIM BIM Advanced Materials | gioq Timber Upgrade existing buildings with timber components
BIM BIM Advanced Materials | steel Timber Hybrid structure of concrete + CLT in floors
g:m Advanced Materials | steel Timber Wall and ceiling claddings
BIM gdvancted Mateiials g:::: Timber | Bus/car shelter link ways
BN cﬁﬂﬁﬁé — Timber Open building "shelter"
Concrete Steel Timber Timber bridges
Concrete g:::: | Ultra-nign strengin sieei B i
— —cundpnoafingedhinsulaile damping i
Concrete Steel 77” ~ | Galvanizing )
Concrete Steel Spray-on fireproofing B
Concrete Steel | Update construction methods to integrate steel works
Concrete Steel Self-healing steel - memory alloy for impact areas -
Concrete Steel | Green mark




NEW TECHNOLOGIES IN PERSPECTIVE

Impactdikelihood matrix of new technologies
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Source: Future of Construction Survey Taken from Report by BCG, Shaping the Future of Construction




CONSTRUCTION IN FUTURE — ICPH AS AN =N US

ENABLER B

The ICPH will be a key enabler of Singapore’s strategy, providing an off-site
environment where construction can be automated, mechanised and standardised.

Reduce
manpower
requirements
by 50% - 60%

Faster
construction
due to use of

due to automation
mechanisat- and robotics
ion

Low land
footprint due
to multi-story

High quality

production standardised
facility and components
use of ASRS

for storage

Facilitates use

of DfMA due to Noise f:md
manufacturing pollution
within a reduced at
controlled construction
environment sites




CONSTRUCTION OF THE FUTURE o

Design and Construction tightly integrated in a DfMA environment enabled by
BIM in a VDC process that is undergirded by lean principles implementation

DfMA Environment

BIM/VDC

Smart Hoisting kf

Robotics
UAS

Mobile Apps
VR & AR '
* Sensors T ——

* Materials  copnstruction Site

Productivity enhanced through
automation & ICT
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ECI/IPD
construction knowledge Designed for
constructability
N
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Design Process AN LIRS
\
\
Lean Principles \\
\ Automation
X
Integrated Supply 7 e ICPH
Chain Management « PPVC, PBU, M&E
Logistics m Senuices
* Robotics
* 3D Printing

* Smart tracking (with
RFID and/or sensors)

* Just-in-Time Delivery
Strategy

Potential for full automation of
production processes



DFMA SOLUTION FOR A SITE PROBLEM
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West Deck Re-design
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West Deck Results

The built solution in the field

Reported savings of $170,000 just on PIP installations

c2014 g FUYECT PROCUCTION DSTITUTE

A buildable solution in the model

é”CIFE Stanford University 12




ArtScience Museum at Marina Bay

With BIM, Yongnam was able to diiy
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ERAINUS
PREFABRICATED STEEL STRUCTURES @

Unique steel structure measures 165m in
height and resembles an open lotus.
Total steel tonnage: 5,000 tonnes

RURIA

Identify the complexity of the fabrication
Generate key data for the fabrication
Reconcile cladding skin of the structure
Detail complex jointing system




PREFINISHED, PREFABRICATED AND VOLUMETRIC
CONSTRUCTION

Crowne Plaza Changi Airport .,'3'
Hotel Extension
Moving to manufacturing and assembly
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Complete launching in

26 days

* 45% reductionin
manpower on site

e 17% reduction in
construction time

* 40% manpower savings

overall
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SYSTEM FOR ENABLING DFMA CONSTRUCTION

Based on a proposal
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CRAINUS
INTEGRATED BUILDING INFORMATION SYSTEM @

Project Lifecycle

Operation &

Procurement & Production Construction i
Maintenance

Integrated BuildingInformation System (IBIS)

BIM Visualization & Collaboration BIM Data
Non-BIM Data
User Data

Version Tracking

User Access Control & Communication :

Version Tracking & Document Management
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Design Management [Smart Production &Construction] Automated Crane |Facility Management LTI
System Management System Operation System System
Design Integration RFID Smart Tracking for Anti-swi trol Maintenance Function
& Clash Detection Logistics Management nti-swing contro Scheduling
Desian Analvsis Real-time Construction Smart Hook Monitoring and
g : Progress Management Operation Reporting Data

ogistics
Design Data
Analysis Data
Production
Schedule

Construction
Progress
onstruction
Schedule

: Maintenance
onstruction Schedule
Site Data




PROPOSED SYSTEM INTEGRATION
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DfS
Requirements

BIM-Expert
System for
DfS Check

Design
\GQeck

Reshg

Precast
Configuration
Design

o

HDB Precast Precast Mold
Profiles

Configurations

Smart Precast
DfMA System

RFID
Technology
System

HDB Standard
Design
Protocol

Design
Collaboration
Platform

IFC

IBIS < Y

. Realtime

\ \Gogstruction
Logistics & \ Progress
Production \ \ Lean
Status \ ~ Construction
\\ Control
\ System
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Tracking System \. Schedule &
/ \ \\ Actual Progress
Production N\
Schedule b

RFID

Smart Hoisting
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SMART HOISTING
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Instead of handwritten

labels, each precast

component has its own » /

RFID tag — enables supply ' S s

chain tracking system. — ! i
Smart path - determines
ideal lifting path

2l

Integrated Building
Information System —
design collaboration,
smart production, smart
hoisting
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RESEARCH COMPONENTS OF THE SYSTEM

Completed and On-going work
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SMART PRECAST DFMA SYSTEM

NodelD: W1 - -’_—1 T
Type wall T{IJ r _Il:jl:r -I:L.r
Material Concrete "k e | I
Length 10000mm 5 1 "
Helght 3000mm f k_ 1& _F EI- I El-
Thickness  [300mm = — - I Lo

Functionality |Structural

Representati [Sweptsolig 4 GA with tabu-search and

0 ornacitity | isomorphism algorithms for

CN: Containment B e optimal mould numbers based ‘
Graph Data Model and on desired installation cycle

Topological Relationships »
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BiIM PLATFORM FOR PPVC DESIGN Vé’
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Basic PPVC Components Basic PPVC Modules PPVC Buildings
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. J ) J
Classification and Predesign of basic PPVC Pre-emptive design process, to
modularization of basic PPVC modules and functional check critical transportation &
components units installation constraints

With optimised crane utilisation




CRANE LIFTING IN BIM ENVIRONMENT

TR | Crane Code and
Niga ™t Tt 1

e Vgt Regulations
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Available Cranes
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Chiis Guialey Automated

Crane Lifting
Plan

Local search — Simulated annealing

CLP Regu

rane Workspace

Taxonomy

rements

Hepresentatior

BuiHng Information Model

Cluster solutions — Genetic algorithm
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Site Layout Plan

Material Delivery
p|-_’l

Construction Phasing
Plan




PROPOSED PPVC COMPONENT HIERARCHY FOR ERINUS
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CONSTRUCTABILITY ANALYSIS
Building
»  Storey

Constructability analysis includes

- Installation sequence

Bunk Module - Accessibility for onsite work

- Simulation for better visualization

Constructability analysis at module level considers constraints on:

- - Transportation
" Module | Production/ Assembly
- Lifting
- Customized components (including joints)
- Parametric (changeable size based on
PPVC pre-defined parameters)
Component| _  stored as libraries
- Can bereused over projects
7 Standard Standard built-in component

\/ Component | catalog in BIM software ‘




BIM CLOUD-BASED SUPPLY CHAIN
MANAGEMENT OF PRECAST ELEMENTS

BIM Model

i Construction Sequence & i
Schedule
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Production and Logistic Planning and Management

Real-time Precast
PPVC Module
Production Data

Real-time updating production
status, tracking logistics route,

information J

/

Real-time Logistics
Information

Real-time feedback and
updating of the supply chain
with design and construction

information

N
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Optimal Dynamic
Inventory Plan

Applying just-in-time concept
into supply chain network
planning to reduce on site

\_ inventory

and checking inventory
.

)




AUTOMATIC SCHEDULING BASED ON NUS
CONSTRUCTION KNOWLEDGE ::;;:ga;z,e

Core knowledge
models for automatic

Developing Methodology for BIM-based

Automatic Scheduling scheduling e o

- Construction Requirement Model: Capturing SE—— @g’ |
and representing complex construction e Pl ===
knowledge for automatic sequencing e R o e

- Automatic Scheduling Framework: Provide p— i B [ S
generalized approach to generate alternative ﬂ R aoners FZ ‘m
construction schedules oosn | prcens| | fseetnone| |

- Al Algorithms for Automatic Sequencing and et P Deeton NN B\ P et s
Production Planning for Shipyard ey Seduenene

the whole block Relationships

construction

2nd and 3 International Conference on Engineering,

PI‘OjeCt, and PI'OdUCtiOI’) Management, fOI’ paperS 3. Assembly Sequencing 4. Panel & Sub-Assembly 5. Optimized Sub-
entitled “A Simulation Model for Look-ahead Spatlal &Weldirjg,igength Identification Blocks & Construction
B Lo :«- Sequence

Scheduling of Dynamic Block Assembly in Shipbuilding”
and “Criticality of Schedule Constraints — Classification
and Identification”




DFS WITH EMBEDDED KNOWLEDGE IN BIM
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BIM-based Design for Safety Check

Objective: Developing a BIM system for checking Design for Safety issues

during the design phase
Provide industry with basic implementation of DfS requirements

-

Design for

Safety Safety
Language Knowled
ge :
(DfSL) Templates Design for
Safety Safety
Analysis Knowledge
Reasoning (DfSK)
Rules

SAFETY KNOWLEDGE ACQUISITION

~

Y
.

PROJECT
DATABASE

~_

/ REASONING ENGINES \

Reasoning Graph
Engine Algorithms

Graph Data
Model

DfSLP

(GDM)

/

BIM-INTEGRATED SAFETY )
REGISTER

Register
Functions

Register
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FRAMEWORK FOR INTELLIGENT BIM-BASED
REVIEW OF DFS
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BIM Model Window Cleaning Falling from DfS Required
Height Design Feature
O [ Present, sufficient
S Present,
insufficient
\ Absent
Y/ N W Y/ S — N — §
| | FOR({Design WITH HAVING THEN {DfS Required I Atomic Rule
| | Element} {Condition} {Risk} Design Feature} | — Meta Elemen.t Rule
Meta Rule (Higher Level)

Safety Design Work Activity Safety Risk Dfs. Required
K ledee B Element Libra Libra Design Feature
nowledge base Library Yy Yy Library
DfS Modeling Design for Safety DfS Language Parser >
Tools Language <>
Agents operative space
DfS Reasoning Graph Data Model &

Engine Safety Check Algorithms




ERINUS
CONCLUSION s

o The future of construction points to prefabrication with
integrated BIM and lean construction assisted by real-time
mobile collaboration

o BIM forms the core of an Integrated Building Information
System that will facilitate design, production, logistics and
construction collaboration

o BIM is the enabler for automation for precast production
(at ICPH) and assembly (at site)

o Intelligent BIM facilitates design and process optimisation
e.g. prefabrication configuration, automated scheduler,
crane lifting, constructability analysis for DfMA ‘
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