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Some Facts

»Number 1 Ranked University in Australia.
Founded in 1853

» 18 Faculties and Schools
> 8500 + Staff

»50000+ Students (around 35% International
Students)
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Introduction

* Tall buildings are introducing new
challenges

— Recent trends towards slender, flexible and
light-weight buildings (41K 1), ZFWH, HHEHD

* Residential, Office and Mixed use purposes
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World's Tallest Buildings
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Hong Kong 1990s Hong Kong —recent

Note: These photos were sourced from the web



Eureka Tower
Melbourne

Australia’s tallest
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Typlcal example of an advanced formwork system-double storey jump
(Eureka Tower Melbourne
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HISTORY OF PREFABRICATED OFF-SITE MANUFACTURING & MODULAR
STRUCTURES
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* Definition * Main Characteristics

v’ Prefabricated three dimensional units v Fast Construction

v' Repetition of similar modules v' Delivered with finishes & facades — Minimum on-site
v' Mass produced in a factory — controlled environment work

v Brought to site and assembled v' Incorporates — stairs, lift shafts, facades, corridors and
v Minimum finishes required on-site SErVICes

v’ Reusability




Transformational Technologies Automotive to
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ARC Training Centre for Advanced Manufacturing of
Prefabricated Housing
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ARC

CAMP.H Centre overview

MONASH ' | . Australian ;ernment BN vERSITY OF . - .
e Ulversin THE'J:::R;? ; 9 Australian Research Council *EIE * SYDNEY %
MELBOURNE
PREBUILT  =Fleetwood
p ARC Y, rREpUILL, .
prefabAUS BHAL TV
< envirosip t%s precision kend
= sivvctural Inslates panels construction. er en
The leader in property software
@habit = Forest & Wood
B Products Australia
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ARC

CAMPH  Our research activities (+20 projects)
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ARC

CAMP.H  Four research programs

Program 1: Innovation in Design for Manufacturing and Assembly

BIM for prefab
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ARC

CAMP.H  Four research programs

Program 2: Advanced building systems and assembly techniques

Lightweight Floor Systems
Framing Systems
Panel Systems
Smart MEP Systems
Connections

THE EVQLUTION STARTS HERE



ARC

CAMP.H  Four research programs

Program 3: High performance materials

Lightweight High Strength
Affordable Environmental
friendly

THE EVQLUTION STARTS HERE




ARC

CAMP.H  Four research programs

Program 4: Supply chain and financing innovation

* New risk profiling tools and procurement
frameworks for prefab housing.

» Assist industry to develop a more efficient
supply chain and new financing models.
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ARC

CAMP.H Modular vs Traditional
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CAMP.H

THE UNIVERSITY OF

MELBOURNE

Centre for Advanced

Manufacturing of
Prefabricated Housing

ABOUT THE CENTRE PARTNERS RESEARCH PEOPLE NEWS AND EVENTS

ARC

CAMP.H

Unlocking the potential growth of Australia’s prefabricated building industry.

camph.eng.unimelb.edu.au
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Prefabricated Homes
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Retail Facilities
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Public Infrastructure Projects

Schools

The permanent modular school buildings (PMSB) programme of Victorian School Building Authority of Australia

(VSBA,2018)

30



Southmoor Primary School
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Mount Waverley Heights Primary

Beaumaris North Primary School Tarneit North Kindergarten

School






Schools
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Schools
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Taking Measurements of IEQ
Assessment (CO,, RH, Temp
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Railway Stations
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Healthcare

Hospitals built with modular technology in India

40






Other Public Facilities — Police Stations
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Modula; Correctional Facilities / Prisons
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Post-disaster Reconstruction

44



ARC

CAMP.H

Case study: from early beginnings...

‘Little Hero’ in Melbourne, Australia

58 single-storey apartment modules

5 double-storey apartment modules

The 8 modular stories assembled on site in just 8 days

g | UNIYHSITYOT THE EVOLUTION STARTS HERE
-« MELBOURNE
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e
Modular buildings (FiHegE#)

> Prefabricated (THfC BHI4:)

» Normally fully fitted out in manufacture room-
sized volumetric units (K& R ~F RORR B 78 T
| SEAEREE)

» Installed on-site as load-bearing building blocks

(FEI S 20 258 3 HAE R #0744

» Used to create varieties of apartment types for
high rise buildings  (ReF& A RSB ) = =
5t

> Speedy construction it T3 fE )

THE UNIVERSITY OF
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Modular Building Systems currently in use
Unitised Building System (UB)

48



Modular units with in-situ concrete floors and central RC core

Student Apartments, UK

Cast in-situ concrete core

\ :

=

FIoors being casted with in-situ concrete
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Modular units with in-situ concrete floors — Early Structures, Japan

Example — Modular gone wrong —
Nagakin Capsule Hotel

Tokyo, Japan

* Builtin1g72
* Out-dated design today

* Reusability eliminated by
pouring concrete into structural
joints

Only solution - Demolition
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General Design Requirements for Modular Buildings

Conceptual Design Formulation

Usage

Importance

Loading

Materials

Arrangement and sizing of structural members
Logistics

Transportation

Lifting

Fabrication Process

Assembly Process
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Latrobe Tower — Melbourne, Australia
Hickory Group

e 44 Levels
* 206 Apartments

* 19 months to
completion




Latrobe Tower — Melbourne, Australia

Module A Internal Shotcrete
shear wall
Stair
Module
Module Module
Lobby Module .
& Load bearing Steel columns
: Module Module
LIFT Module . .
= - Lightweight
concrete floor
External Shotcrete Internal Shotcrete /
shear wall Core wall
=== Module

Prefabricated
- bathroom pods
(SYNO)

Preassembled curtain wall




Latrobe Tower — Melbourne, Australia
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SCHOOI OF

s OTHER FORMS OF PREFABRICATION

Pods
(Prefabricated units inside conventional buildings)




MELBOURNE

SCHOOI OF

mﬁ,&)ﬂ, PREFABRICATED MODULAR BUILDINGS AROUND THE WORLD

THE UNIVERSITY OF

MELBOURNE
Student Apartments, UK Public Housing Project, UK B2 Apartments, USA
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SCHOOI OF

MODULAR HIGH RISES

THE UNIVERSITY OF

MELBOURNE

Collins House, Melbourne
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461 Dean Street New York
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Typical traditional project schedule

< SITE BUILT CONSTRUCTION SCHEDULE >

m
APPROVALS FOUNDATIONS CONSTRUCTION RESTORATION
Typical modular project schedule

< MODULAR CONSTRUCTION SCHEDULE —>

Simultaneous site development and
building construction at the plant reduces
schedule by 30% to 50%

BUILDING CONSTRUCTION AT PLANT




Customisation

Scalabil ity fofigggaﬂgtnion
Challenges
Perception

awaleness
Testing facilities
Market size



SOHO Tower
Darwin

(A1 2 43 S 46 7))

Bl diachidhd o d & a A BN 'S

1A

LEVEL 6 KEY PLAN
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Rough Scaling - 7m x 4m modules

- Planar bracing or diaphragm action
required to transmit lateral loads back

to the cores

Figure 14. Prototype module (Source: Ramboll Group)
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ht-Gage Steel
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Hot-rolied Corner Posts

Composite Corner Post
Figure 4. Modular chassis types (Source: Ramboll Group)




System

Chassis

Floor Construction

Max Height

Lifting Weight’

Cold-formed Posts

All CF Steel Galvanised

Steel with gypsum board

G+3

5-6 tonnes

CF Walls

Double CF Steel

Steel with light weight
screed

G+10

6.5-8.0

Hot Rolled corner post

Hot rolled Steel corner
Posts/

CF Sections for walls and
ceiling

Steel with gypsum board

5.5-6.5 tonnes

Steel with light weight
screed

70-85

Full Hot rolled frame

HR Posts and Beams CF
Sections infill to walls
and ceiling

Steel with gypsum board

6-7 tonnes

Steel with light weight
screed

75-90

Pre-cast Concrete

All sections in precast
concrete

Pre cast concrete

30-40 tonnes

Table 2. Summary of PPVC Technology (Source: Ramboll Group)
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General Design Requirements for Modular Buildings

Conceptual Design Formulation

Usage

Importance

Loading

Materials

Arrangement and sizing of structural members
Logistics

Transportation

Lifting

Fabrication Process

Assembly Process



Design for Lifting —
Lifting Strategy

Methodology for lifting from the module
* Top lift or bottom (strapped) lift?
* With or without spreaders?

20T ADJUSTABLE SPREADER

15T ADJUSTABLE 15T ADJUSTABLE
SPREADER SPREADER
m . T T =TT T T ™
TYPICAL MODULE
-
I 15551 I T e o b ol 1§l = = e TS | T | LiF IS8 1)



Design for Lifting — Lifting Strategy

E— Lifting With Tower Cranes

I
by
L
{10
L

* For medium to high rise buildings

Considerations
* Crane capacity
4 e — * Boom angle —access to delivery truck
=Eh oo * Crane ties (having concrete walls is an advantage)

] ﬂ!l’ I.EﬁéTiveryTruck
N =

80



Design for Lifting — Lifting Strategy

TN

Lifting With Mobile Cranes
* For low to medium rise buildings

Considerations
N : * Crane capacity
= * Boom angle — access availability
] : . Slte speC|f|c obstacles

‘Hl

! l U g LA u,?"c IS dome
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Design for Transportation

* Temporary Cantilevers
(not there in the final
structure)

82



Design for Transportation

* Temporary bracing
* Temporary columns

83






Advantages of prefabrication for fire resistance

3]

Failed connection

 Off site manufacturing in a quality controlled factory environment allows careful detailing of fire
resisting components.

» EQ: Fire stops — Provided in external cladding to act as a barrier against fire spread. Installing
them inside a factory rather than on-site allows quality workmanship which enhances the fire
resistance.

85



Major Concern

S - |

~N 0/

Cavities between
modules

« \oids between adjacent modules could increase the risk of vertical and horizontal fire spread
» Address this issue before installing the modules, as after modules are assembled together it is
difficult to reach these voids to carry out any remedial work.

86



Fire performance of facades

Temperature (°C)

800

700

@
=]
)

o
=]
o

Temperature (°C)
B
o
o

30 40 50
Time (mins)

60

87
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« Off-site manufacturing can enhance the fire
resistance

e Cavities between modules could increase the
risk of fire spread

* Fire modelling will be carried out using;
*  CFD programs — thermal behaviour
e FE programs — structural behaviour

310s Temperature = 600s

(°0)
300'

200

Temperature
(°0)

30(]

20

‘I
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Performance based code NCC 2019

COMPLIANCE PERFORMANCE REQUIREMENTS
LEVEL

COMPLIANCE PERFORMANCE

DEEMED-TO-SATISFY
SOLUTIONS SOLUTION SOLUTION

and/or

Figure: NCC Compliance Structure

89
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MODULAR MEP PROJECTS

North Core and services integrated bench at The Modular Hotel RoomConstruction London (Image
Leadenhall Building (Source: Davies 2013) courtesy: Amoveo (Pty) Ltd.)




senooror Use of Al -OPTIMUM SOLUTION FOR PROJECT A -

GRADUATE

RESEARCH 12MODULES

700000

600000

500000

200000

100000

0 5 10 15 20 25 30 35 40 45 50
Iteration Number

m = 12 (iteration 6)
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Journal papers

Samarasinghe, T., Gunawardene, T., Mendis, P., Aye, L., Sofi, M., (2018) Hierarchical Clustering based algorithm for optimum module identification in MEP Systems
(Accepted with comments - Automationin Construction)

Samarasinghe, T., Gunawardene, T., Mendis, P., Aye, L., Sofi, M., (2018) Hybrid offsite construction strategy for MEP systems to achieve minimum installation cost (
To be Submitted to Journal of Construction Engineering and Management (ASCE))

Samarasinghe, T., Mendis, P., Fernando, S., (2018) Advancements in BIM for modular MEP construction in high-rise buildings in Sri Lanka (Submitted to Journal of
Construction Engineering and Management (ASCE))

Articles

Samarasinghe, T., Heath, D., (2018) CAMPH BIM Initiatives: Modularisation and Standardisation of MEP, Built Offsite (Issue 10), 8 August , pp 37 (Published)
Conference papers

Samarasinghe , T.,Mendis, P.,Aye, L., (2018) An Optimization method for MEP plant room Modularization. Proceedings of ZEMCH2018 International Conference,
Melbourne, 29 January-1 February 2018. (Published)

Weerasinghe, P.,Samarasinghe, T.,Gunawardena, T.,Nguyen, K., Mendis, P.,Ngo, T.,& Aye, L. (2018). AN OPTIMUM CONSTRUCTION STRATEGY FOR MULTI-STORY
RESIDENTIAL PREFABRICATED MODULAR BUILDINGS. . Proceedings of ZEMCH2018 International Conference, Melbourne, 29 January-1 February 2018. (Published)

Samarasinghe, T., Mendis, P., Aye, L., Gunawardena, T., Fernando, S., & Karunaratne, R. (2017). BIM and modular MEP for Super-Tall’and Mega-Tall Buildings. Paper
presented at the 8th International Conference on Structural Engineering and Construction Management. (Published)

Samarasinghe, T.,Mendis, P.,Aye, L., & Vassos, T.(2016). Applications of design for excellence in prefabricated building services systems. (7th
International Conference On Structural Engineering And Construction Management, Kandy, Sri Lanka(Published)

Samarasinghe, T.,Mendis, P.,Ngo, T.,& Fernando, W. (2015). BIM Software Framework for Prefabricated Construction: Case Study Demonstrating BIM
Implementation on a Modular House. Paper presented at the 6th International Conference On Structural Engineering And Construction Management. (Published)




Wind Design

Static vs Dynamic

P (Load) P (Load
C
(Damping)
k k
(Stiffness) (Stiffness)
M
* (Mass)
Y/ “
W %
STATIC DYNAMIC
Static Force = k(x)
Dynamic Force =M (x")+C(x")+k(x)

Where M, C, k are mass, damping and
stiffness charactevistics as a function of
height.

Advanced Protective Technology for Engineering Structures APTES
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Wind Design - Deflection
and Drift

Design Criteria

(a) To limit damage to the cladding on the building
facade and to partitions and interior finishes;

(b) To reduce the effects of motion perceptibility;
(c)To limit the P-A or secondary loading effects.

Total Lateral Deflection

—_— A e

H TOTAL DEFLECTION

(Control for P- A
effect)

\
Serviceab/i\ity Wind % < 500 to 1000

ive Technology for Engineering APTES

Module to module connections

4

\

4 B

A (relative deflection)

Drift=a/ h
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Wind Design - CFD for Wind Analysis

Stream line of a flow over a building model — Vertical view & Pressure distribution

-2.295¢c4
-2.910e+00
-3.525e+001
-4, 140e+001
-4.755e+001
-5.369e+001
-5.984c+001
H -B. 599&@1

[Pa|
e
L
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Capitol Twin Peaks Wind Tunnel Model
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Wind Design - Wind Accelerations (Ref: Mendis
et al., EJSE, 2007)

Human perception of motion (Allowable accelerations)

1 I N I | | | | | 1] | | | |
Melbourne’s (1988) maximum peak horizontal acceleration criteria

o based on Irwin (1986) and Chen and Robertson (1973), for T = 600

) seconds, and return period R years

E |

c Tl RETURN

i) RN o SO PRERIODS

® < AR PERIODS

; B o EE N R 5

@ 0.1 LTS T L1410 YEARS

Q : N SYFARS

Q T -,

(1] v I — “mh I YEAR

®

o - S

g Irwin’s E2 Curve afid ISO 6897 (1984) L]

N — Curve 1, maximum standard deviation ]

B | horizontal criteria for 10 minutes in 5

T years return period for a building.

001 RN
0.01 0.1 1 10

Frequency n, (Hz)
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Wind Design - Pedestrian Comfort
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Multi-purpose Systems
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Latest Research on Modular Construction

PREFABRICATED CONCRETE CONSTRUCTION — GUEST EDITORIAL

INNOVATIONS IN MODERN PREFABRICATED
CONCRETE CONSTRUCTION

BY ASSOCIATE PROFESSOR TUAN NGO

refabricated construction is an
P i iy i
is considered a key mechanism
1o unlock existing potential and
boosting productivity in our $200 billion
construction industry. However, this
is not without its challenges including

Melbourne have secured

prefabricated construction

sgnificantly contribute
towards the transformation

overcoming the stigma that prefab is 2 of the construction industry.
lower qualiy offering. The long history “This research hub also
and proliferation of precast concrete projects in Australia today | draws upon strong research
is a testament to the merits of off-site manufacture relative to networks with other
conventional site-based construction. academic institutions and
Moreover, benefits ¢ many: ¥ p il
greater speed, . high quuxmm tralia and abroad. Ne
improved productvit, among ahﬂ Nonethele as well
this are centeal th stiorm. Ths adtion

ptake of iew echnclogies e, »m.hnul its challenges. The

shomcses thres papers from the work Ihuxxbc-mg conducted by
Melbourne.

new pandign th
supply ch facture, t i assemmbly, operat

“The st peper considers the importance ﬂfpcn}vcr design for

to-cradle thinking.

suidance o sening dsign s curtenly il i Sundarls

‘within the Melbourne Schoal of Engineering at the University of

3850.1 to cover lifling and
Auunl’«ly Ly i fixings for permanent safety
How hinok

36 Concrotein Australia | Vol 43N0

PERFORMANCE OF PREFABRICATED

IDULAR BUILDINGS

PERFORMANGE OF MULTI-STOREY PREFABRICATED

MODULAR BUILDINGS WITH INFILL CONCRETE
WALLS SUBJECTED TO EARTHQUAKE LOADS

FOAM CONCRETE

CHARACTERISATION TESTS AND DESIGN
OF FOAM CONCRETE FOR PREFABRICATED
MODULAR CONSTRUCTION

1.0 INTRODUCTION
Profbrication and modulaistion have both featured n buiding
construction for many years in
forms e iyl s, st inssd pds 61
ressd beams, rebar

THARAKA GUNAARDENA TUA NGD', PRITAN MENDS, SHAN KLMAR:
DEPARTMENT OF INFRASTRUCTURE ENGINEERING, THE UNVERSITY OF MELBOURNE
INDVATION AND RED, HCKORY BULDING SYSTEMS:

ndrhe oo of o

walls s cambquac bads

wsed e s paper

¢ more innovative and unconventionl disigns are

through modem architecture, prefsbricated modules with different
ill be increasing in demand. A building designer is

fieeto lay outa building in the comventional manner o suit clients
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Design for Manufacture and Assembly process

developed by ARC CAMPH

Performance Measures Sub assemblies
Modularity Structural Manufacturingtime Final Assemblies
Flexibility Thermal/Acoustics Material Usage Total parts
Adoptability Cost and Energy Number of Defects Transportation
Initial Design Functionality Sustainability and Advanced .| Handling and .| Optimised
- Performance “| Manufacturing - Assembly - Design
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MELBOURNE BIM & Prefab Process developed by ARC CAMRE
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Basic Building Developm Improving BIM Improving Manufacturing Fabrication of Testing and Mass Transportation
Design & ent of BIM for BIM for process ple prod Commissioni Manufacturing & Installation
Project Model Prefabrication factory Planning &site on site
preparation
Lab Testing
DeveloBing BN Material Fabrication
to be used for > Quantities pulpy AR SHE
> advanced & Costs
f e Field
Cost of Enterprise Testing
Improving the m > Resource
3 design for ease of Planning
transportation Site
9| preparation
Eodts Material
Resource
Cost of —> Planning
| transportati
on and
installation




