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[\) The construction context

McKinsey&Company

MCKINSEY GLOBAL INSTITUTE

REINVENTING CONSTRUCTION:
A ROUTE TO HIGHER
PRODUCTIVITY

FEBRUARY 2017

IN COLLABORATION WITH
MCKINSEY'S CAPITAL PROJECTS & INFRASTRUCTURE PRACTICE

EXECUTIVE SUMMARY

MCKINSEY
GLOBAL
INSTITUTE

The productivity opportunity

in construction

Construction matters for the world economy
... but has a long record of poor productivity

Construction-related spending ..but the sector's annual productivity
accounts for growth has only increased

13% woewinsor 1% cwveposzopen

$1.6 trillion i,
meeting half the world’s Infrastructure need

Construction is a
sector of two halves

Fragmented specialized trades drag down
the productivity of the sector as a whole

by subsector
s e o empioyee, hosmd lotsl sectr-100, 2013
D % of constructan value agdsg

Reshape regulation

Rewire contracts

Rethink design

Improve procurement and supply chain
Improve onsite execution

Infuse technology and innovation

. Action in seven areas
can hoost sector
productivity by

Reskill workers
A

5-10x productivity boost

possible for some parts of the industry by moving
to a manufacturing-style production system

state of the industry

SOURCE | Barbosa et al., Reinventing Construction: A Route to Higher Productivity, (McKinsey & Company, 2017), accessed September 14, 2019,
https://www.mckinsey.com/industries/capital-projects-and-infrastructure/our-insights/reinventing-construction-through-a-productivity-revolution.
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Poor productivity* .
Operational stoppage*
Labour shortage*

Lack of materials*

Lack of design information*

Planning issues

Lack of subcontractor
orders*

Unforeseen building issues

N The construction context

-

Security clearances*
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Client variations*
Impact of other projects

Lack of oversight personnel*

. Cumulative %age
. Monthly %age
. Number of projects

reasons for project delays causing additional cost

SOURCE | Delivery Platforms for Government Assets Creating a marketplace for manufactured spaces. (Bryden Wood Technology Limited: 2017), 8-9.
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Overview of productivity improvement over time - Manufacturing

m—— (Construction

Productivity (value added per worker), real, $ 2005

$ thousand per worker
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1994 1996 1998 2000 2002 2004 2006 2008 2010 2012

productivity comparison

SOURCE | Chart by McKinsey & Company, as found in Sriram Changali, Azam Mohammad, and Mark van Nieuwland, “The Construction Productivity Imperative”, 2015,
https://www.mckinsey.com/industries/capital-projects-and-infrastructure/our-insights/the-construction-productivity-imperative
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fragmentation of specialist knowledge

SOURCE | Eduardo Lyon, “Emergence and convergence of knowledge in building production: Knowledge-based design and digital manufacturing”
in Distributed Intelligence in Design, ed. Tuba Kocattirk and Benachir Medjdoub (Blackwell Publishing Ltd., 2011), 93, Figure 6.14.
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HOME WHOWEARE ~WHATWEDO  OURPROJECTS  ENGINEERING THE FUTURE

! DFMA AND OFFSITE MANUFACTURING
Design for Manufacture + S —

Assembly : ;

INFRASTRUCTURE CONSTRUCTION

sing the full power o for single projects DFMA AND OFFSITE
Using the full power of DIMA for single project Lionldrated
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Sectors  Expertise Globalreach  News  Views  Careers

Projects

DfMA - Supporting Your Design
Decisions

Home /2015 / DIMA

1
|

DfMA - One of the keys to unlocking a more
efficient industry Mark Enzer

Date Category Article Author
17/01/2018 Our Expertise Andrew Goodwin

If truly embraced across the infrastructure industry, design for manufacture and

R iy it o assembly (DfMA) could bring a step change in efficiency and waste reduction
f DfMA uses BIM technology to design assets and components that are
m MONAS Fl manufactured in factory conditions and transported to site for safe assembly.
@ ' Un i 0 i i i Masaging Do of BAK Serkes oo 0. e peevicay Serupiod in The industrial nature of DIMA brings production line efficiencies to construction,
NIversIty the role of Commercial Director and has been with the business since 2003. reducing waste not only in raw materials, but in human resources, time, cost and

carbon too.
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DfMA in the manufacturing context:

A “systematic procedure”! or “discipline whereby products are designed so as to be as
easy and cost effective to produce as possible.”?



MANUAL HANDLING-ESTIMATED TIMES (s)
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C >15 mm 15 <6mm | >6mm | <6mm | >15mm [ <6mm | >6mm [ <6mm to maintain orientation and processes to maintain orientation
. — One hand >15mm 2 mm location (3) at location (3)
= 0 1 2 3 4 5 6 7 8 9
< Easy to align and Not easy to align or Easy to align and Not easy to align or
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P (04 B) < 360° P P
) i assembly (4) assembly assembly (4) assembly
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m %3 £ piors insertion  [Imsertion ) | G on insertion (5) | oo insertion (5) f; .o | insertion (5)
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) £5% (o) = 720° Parts can be manipulated without | Parts require optical magnification | S Hands) can esclly
c fE% : s S s 5 ws reach the desired 1| 4 5 5 6 8 9 9 10
optical magnification for manipulation Tsg o] E,g ] location
,O Parts are easy to Parts present Parts are easy to | Parts present éf §- -2‘2 % 2
,E, T grasp and handling grasp and handling 5 fo ,a_b.g. N E. = Dueto 2 55 6.5 6.5 7.5 9.5 10.5 105 115
[ o= l:l with manipulate difficulties (1) manipulate difficulties (1) | g5 § § FE g x| £ access or
= gtasping aids Py P P T T ickness| Thickness| 22 § |22 £ :é% E g% restricted
s 5 2958 o
Q 50.25 mm| <0.25 mm| >0.25 mm)| <0.25 mm| >0.25 mm | <0.25 mm| >0.25 mm| <025 mm| £ & £ |€ 8§ & giclgis] e @ No screwing operatio] S e il ahee haeron
b & 2 SYEIED or plastic
stga 0 1 2 3 1 5 6 7 8 9 §53 55% w0 deformati e e T — Screw tigh
[ z 5 <3 g §58| chairucted limmediately after ]orn:;;ior;" ing anen:a_g or similar immediately
2 < £ ot operation av fsertl
z S | & 4 36 6.85 435 76 56 835 635 86 7 7 2§83 Bl restricted 1:‘(?:,‘;’1'1‘ (:_'s‘afr’e pres La affex (nsertion
G H g B=360° §gg E 2 § vision (2) "m-hvcw)P s Not easy to align or Not easy to align or _
a Biyw 5 4 7.25 475 8 6 875 675 9 8 8 = % S:i::ﬂydunng apsu:el;%!]'ydurms gl ¢
£ £ 5% . asse 5 ¢
Te & ] g g
228 Part secured 2 5355 % £ Be5 (553
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25 & (including hands) can ggicg R 22 |882| 23 GeE|83E
5 g‘.ﬁ B=360° — _ easily reach the desired ANRSK AR s - R Hadlzas
=E= Parts present no additional Parts present additional handling difficulties location and the tool 0 1 2 4 5 6 8
handling difficulties (e.g. sticky, delicate, slippery, etc.) (1) 2,z |an be operated easily
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tangle or are flexible but Z5E |ggf g|rostricted Mechanical fastening processes Non-mechanical fastening p Non-fastening
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" secured immediately after insertion) secured immediately after insertion)
by one hand (with the . " - =
: ;e Parts can be handled by one person without mechanical assistance g 7
use of grasping tools if k-l None or localized Metallurgical processes
necessary) (2) Parts do not severely nest or tangle and are not flexible H £5 plastic deformation o ® 3
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o 2 9o = E] k) iti 2 =
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P] MONASH SOURCE | Geoffrey Boothroyd, Peter Dewhurst and Winston A. Knight, Product Design for Manufacture and Assembly,
& University Third Edition, (Boca Raton: Taylor and Francis Group, 2011). 6-7
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DfMA in the building design and production disciplines:

“DfMA is an approach which allows designers to maximise value for clients, maintain
control over the delivery of their designs and facilitate the adoption of emerging
methods, materials and technologies in construction best practice.”!

efinitions a

NENANA A
DfMA d

“The DfMA approach redefines the traditional phases of project delivery. This means
agreeing and locking down the design phase much earlier to allow the manufacturing,
assembly, testing and commissioning phases to be compressed and run in parallel, rather
than in one long linear sequence.”?

“DfMA [...] is a system that takes the process of off-site manufacture one step further
by identifying the most cost-effective material early in a structure’s design, to speed
construction and reduce costs.”?

AONA
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b LEL) 3R] Design for Manufacturing and Assembly Technologies (DfMA) (L) K] Design for Manufacturing and Assembly Te
=} -
i - N Value - N Value (continued)
=
QC) N VALUE
5] DESIGN FOR MANUFACTURING AND ASSESMBLY TECHNOLOGIES | UNITOF PERCENTAGE OF DESIGN FOR MANUFACTURING AND ASSESMBLY TECHNOLOGIES
= (DFMA) COVERAGE COVERAGE" (DFMA)
© 265%TO | ooo
2 < 80% =eue
S | AL. First Class
©
o Fully Integrated System
-8 Prefabricated Prefinished Volumetric Construction (PPVC)® A4 | Integrated precast components comprising at least 2 elements (e.g.
= INE {The PPVC system has to be accepted by the Building Innovation diea 8.00 10.00 e multi-tier column/wall, double bay fagade wall)
= ’ Panel (BIP) and accredited under the PPVC Manufacturer ’ ’
= Accreditation Scheme} A4.2 | Precast external wall with cast-in windows
< Prefabricated Prefinished Volumetric Construction (PPVC) meeting Mechanical connection for precast column/precast wall (horizontal
;_ Al.2 requirements stipulated under Sections 5.1 and 5.2 ed 6.00 7.00 A4.3 joints)
o
A2. 2 Class (Upper) Ad.4 Mechanical connection for precast beam joints
3 Fully Integrated Sub-assemblies A4.5 Mechanical connection for precast wall (vertical joints)
A21 Mass Engineered Timber (e.g. Cross Laminated Timber, CLT) area® 6.00 7.00 A4.6 | Prefabricated wall/facade with onsite dry applied finishes
A2.2 Prefabricated Volumetric Construction (PVC) area 5.00 6.00 A4T7 Prefabricated slab with onsite dry applied finishes
ithi i ions®
A23 Structural steel with innovative connections area 5.00 6.00 A48 Prefabricated ceiling with onsite dry applied finishes
A2.4 Steel-Mechanical, Electrical and Plumbing (MEP) floor system area 5.00 6.00 AdS Prefabricated and pre-insulated duct for air-conditioning system®
A25 | Prefinished wall with MEP services length 1.00 2.00 ' (Mandatory for all projects)
A2.6 | Prefinished ceiling with MEP services area 1.00 2.00 A4.10 | Flexible sprinkler dropper®®
A2.7 Prefabricated MEP modules integrated with work platform/catwalk no. 3.00 5.00 A4.11 | Flexible water pipes®
Prefabricated bathroom units (PBUs) pre-assembled off- g'é'ﬁ';;gg_:‘s A4.12 | Common M&E bracket (at least 3 M&E services)®
cita ~Aamnlata with finichae eanitars warae ~rAncaalad
DfMA “technologies”
P¥ MONASH SOURCE | Building and Construction Authority, Code of Practice on Buildability, (Singapore: Building and Construction Authority, 2017), 47-48.

@ University
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DEFINE PRODUCT CONCEPT &

SIMPLIFICATION

REDUCE PART COUNT AND PART TYPES

a. Is the part needed? Apply the three fundamental criteria.

b. Eliminate separate fasteners by using integral locking features.

c. Eliminate parts that act as conduits on connections.

d. Design multi-f | parts by exploi f: ing processes.
e.

f.

. Do not focus on piece part producibility at the early stage of design
Eliminate any product features which do not add value to the customer.

DESIGN PARTS FOR EASY HANDLING

g. Maximise part symmetry or design parts to be obviously assymmetrical.
h. Provide features to prevent jamming or nesting when stored in bulk.

i. Avoid features that can tangle.

j.  Avoid parts that are slippery, delicate, flexible, very small or very large.

EASY INSERTION AND FASTENING

Standardise parts, processes and methods across all models and lines.
Design for progressive assembly about one axis. Assemble from above!
. Design parts to be self locating and self aligning.
. Use chamfers and tolerances to avoid jamming.
. Avoid the need to hold parts down.

reor during bl

Minimise adjustments.
Use kinematic design principles.
Do not restrict access for assembly operations

v noaBvO33—X®

SELECT MATERIALS + EARLY DFM COST
ESTIMATES .

EACH FABRICATION PROCESS HAS ITS
OWN GUIDELINES

Materials and processes chosen based on product life volume, permissible
tooling expenditure, possible part shape and complexity, service or
environment factors, accuracy factors, appearance.

MORE ECONOMIC MATERIALS AND PROCESSES

Boothroyd + Dewhurst guidelines

SOURCE | Geoffrey Boothroyd, Peter Dewhurst and Winston A. Knight, Product Design for Manufacture and Assembly,
Third Edition, (Boca Raton: Taylor and Francis Group, 2011). 6-7



Buildability’s lack of success partly due to:

/ a lack of shared understanding of best practice in construction

/ lack of manuals on material, component or process data for qualified
comparisons between the alternatives

/ lack of metrics for comparative evaluation and lack of collaboration between
manufacturing, assembly and plant companies.

AONASE
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26 Scopus articles refer specifically to DfMA in construction,
9 were published since 2018.



Three primary objectives of research in the literature:
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Three primary objectives of research in the literature:

01 i1dentifying and obtaining relevant production information to inform design decisions.
(often looking to existing work on buildability)

%ﬂ ‘!\OI\\SJ}I



Three primary objectives of research in the literature:

02 Developing methodologies for applying production knowledge in the design process.

%ﬂ ‘!\OI\\SJ}I



Three primary objectives of research in the literature:

03 Investigating optimisation techniques.

@ Unershy
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Why DfMA is not entirely appropriate
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modules limited by transportability

LEFT | 3D Print Canal House and Urban Cabin by DUS Architects, images from http://3dprintcanalhouse.com
MID | Buckminster Fuller’s 1938 patent for a modular bathroom made of 4 pieces of pressed metal sheet.
RIGHT | lllustration from the Ying Tsao Fa Shi, reproduced in Utzon by Richard Weston
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context

/ Factory x Site

/ Variability

/ Construction x
Assembly

MONASH
University
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V/
V/

%

SIS

A VS

Part must be released
before it is located

FIGURE 3.10
Design to aid insertion.

SOURCE

NN

NN

8%

Part located before release

buildings are large.

Geoffrey Boothroyd, Peter Dewhurst and Winston A. Knight, Product Design for Manufacture and Assembly,

Third Edition, (Boca Raton: Taylor and Francis Group, 2011). 78



“Obviously, one database of assembly times
cannot be accurate for all situations.”
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COMPLETED
BUILDING

MAT COM AS M

BUILDING BUILDING ASSEMBLY
MATERIAL COMPONENT

(U Why DfMA is not entirely appropriate
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SMALL LARGE
P4 MONASH SOURCE | Diagram adapted from Kasper Sanchez Vibaek, “System Structures: A Theory of Industrialised Architecture”, in
® University Ryan E. Smith and John D. Quale, Off-site Architecture, Constructing the Future (Routeledge, 2017), 30
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Why DfMA is not entirely appropriate

/ Assembly strategy
/ Lifting logistics
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Why DfMA is not entirely appropriate
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/ Assembly strategy
/ Lifting logistics

/ Instal logistics

/ Tolerance

design
objectives
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URCE | Door handle design by PKdM, image by Rafael Pinho,

at httpé;/}divisare.com/projects/347093-pkdm-rafael-pin ho-pkdm-office
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/ Assembly strategy
/ Lifting logistics

/ Instal logistics

/ Tolerance

design
objectives

/ Beyond cost + time?
/ Safety
/ Quality
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DfMA refers to the “detailing of the materials, shapes and tolerance of
the individual parts of a product” rather than the aesthetic decisions
that are made in the conceptual design phase; “the external shape of a
car, or the colour, texture and shape of the casing of a can opener.”
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RIBA Plan of Work Designing for Manufacture and Assembly overlay

This Overlay to the RIBA Plan of Work 2013 includes additional task bars to support Designing for Manufacture
and Assembly. It should be used in conjunction with the RIBA Plan of Work 2013: www.ribaplanofwork.com

www.offsiteschool.com/DfMA

from the RIBA
Plan of Work

Aspirations, Project Budget, other
parameters or constraints and
develop Initial Project Brief.
Undertake Feasibility Studies and

outline specifications and
preliminary Cost Information along
with relevant Project Strategies in
accordance with the Design

building services systems, outline
specifications, Cost Information
and Project Strategies in
accordance with the Design

review of Site Inf

Prog Agree 1s to
brief and issue Final Project Brief.

Strategies to include all
architectural, structural and building
services information, specialist
subcontractor design and
specifications, in accordance with
the Design Programme.

resolution of Design Queries from
site as they arise.

(7]
RIBA g _f 2 S ol
Rea  HO N, (1 12 3 4 5 %6 7 4
or % : \ ‘ \

2013 b | ¥ 4 -

Strategic Preparation Concept Developed Technical Handover

Definition and Brief Design Design Design Construction and Close Out In Use
Ta sks W [P —————— ;| |
Core Identify client’s Business Case and | Develop Project Objectives, Prepare C pt Design, Prepare D ped Design, Prepare Technical Design in Offsite manufacturing and onsite Handover of building and conclusion | Undertake In Use services in

% . Strategic Brief and other core including Quality Objectives and outline proposals for structural including coordinated and updated | accordance with the Design Construction in accordance with of the Building Contract. accordance with Schedule of

Ob]ec’ﬂves project requirements. Project Outcomes, Sustainability | design, building services systems, proposals for structural design, Responsibility Matrix and Project | the Construction Programme and Services,

DfVIA
Strategy

(U Why DfMA is not entirely appropriate
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Consider opportunities for applying
DfMA across portfolios or
programmes of projects.

Consider how DfMA might impact
on the Business Case or Strategic
Brief.

Consider whole life issues in the
Strategic Brief including options
for reuse or repurposing and
recycling of components at the end
of the building’s life.

Consider Research and
Development that might assist
Feasibility Studies or the Concept
Design including intellectual
property issues.

Initiate DfMA thinking and
incorporate client requirements into
the Initial Project Brief. This should
include high-level targets for the
extent of DfMA adoption and time/
cost/waste savings against
traditional benchmarks.

Consider opportunities for
‘repeatability’, site/logistical
constraints, Research and
Development and early input
required from specialist
subcontractors.

Consider best practice DIMA
exemplars for comparable projects.

Test the feasibility of high-level
DfMA objectives included in the
Initial Project Brief using the Site
Information and F ibili

Test initial Concept Design options
against the DfMA aspirations set out
in the Initial Project Brief. [dentify
opportunities for the greatest impact
and initiate any Research and
Devel required to i

DfMA into the Concept Design.

Prepare the Construction Strategy
considering high-level DIMA
benefits including safety,
productivity, quality and
sustainability, considering topics
such as eliminating scaffolding, wet
or hot works, the delivery
methodology and the suitability of
proposed systems.

Consider DfMA aspects in Risk
Assessments and the Health and
Safety and Maintenance and

= x & &

Update the Construction Strategy
taking into account DfMA
opportunities appropriate to the
Developed Design and
coordination activities. Prepare a
schedule of DFMA components and
consider national (or other)
standards appropriate for DIMA.

Consider buildability, including how
the erection sequence, fabrication
or manufacturing techniques and
tolerances impact on interfaces.

Update Cost Information taking
into account discussions with
potential contractors, specialist
subcontractors and suppliers.

Update Risk Assessments and the
Health and Safety and
i and O ional

Studies.

Ensure that the Cost Information
takes account of the DfMA
methodologies set out in the
Construction Strategy.

Strategies taking into account
DfMA considerations.

Develop the DfMA components
more accurately considering the
implications of the possible
methods of manufacturing or
fabrication. Develop the interfaces
and specifications including
structural, water/moisture/vapour
penetration and acoustic issues.

Update the Construction Strategy
considering the lifting, handling and
transportation strategy for each
component and sub-assembly.

Consider manufacturing and
assembly risks in the updated Risk
Assessment and Health and
Safety Strategy.

Develop a commissioning plan
optimising the use of factory
acceptance testing.

Update the Construction Strategy,
including a logistics plan that
ensures the right materials, plant
and operatives are deployed in the
right place at the right time.

Commission the building
progressively and capture
‘As-Constructed’ Information.

Consider how DfMA impacts the
Construction Programme.

Consider how to capture
commissioning and
‘As-Constructed’ information ina
manner that will assist the In Use
stage including the potential
disassembly of the building.

Consider any Feedback during
the In Use stage necessary to
inform future projects.

Monitor the performance of
standardised components
including maintenance and
replacement and provide
Feedback.

Monitor disassembly or potential
reuse of materials during
demolition at the end of the stage
and provide Feedback.

Suggested
BIM Tasks
for DFfMA
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Analyse data from the existing
building to identify key metrics for
success.

Gather cost and programme data
from previous projects to set
benchmarks.

Consider establishing a BIM object

Use BIM for the preparation of
Feasibility Studies including
data-rich ‘placeholder’ objects with
limited geometry to assist in the
preparation of Cost Information.
Use BIM to test and optimise the
Initial Project Brief.

Include the Level of Development

Develop the BIM model and
components to the Level of
Development set out in the Design
Responsibility Matrix. Validate the
model against the client’s
information requirements.

Consider DfMA tolerances in the
development of the BIM model.

Progress the BIM model and
components to next Level of
Development as set out in the
Design Responsibility Matrix.
Validate the model against the
client’s information requirements.

Use digital technologies as part of
coordination exercises.

Progress the BIM model and
components to next Level of
Development as set out in the
Design Responsibility Matrix.
Validate the model against the
client’s information requirements.

Use 4D technologies to test and
rehearse the sequencing set out in

Use BIM to train site operatives.

Use digital technologies to track
each step of the manufacturing,
packing, logistics and delivery
process.

Consider recording the complete
history and location of every

Ensure any relevant documentation
relating to DfMA components is
linked to BIM components for
Feedback, including lessons
learned and potential repurposing.

Consider configuration
management techniques to
maintain an up-to-date record
(BIM model) of the building.

SOURCE | Sinclair et al., RIBA Plan of Work 2013 Design for Manufacture and Assembly, (Newcastle upon Tyne: RIBA Publishing, 2013), 36.
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Prepare Developed Design, Prepare Technical Design in

including coordinated and updated
proposals for structural design,
building services systems, outline

accordance with the Design
Responsibility Matrix and Project
Strategies to include all

1s, Cost
and Project Strategies in
accordance with the Design
Programme.

structural and building
services information, specialist
subcontractor design and
specifications, in accordance with
the Design Programme.

Update the Construction Strategy
taking into account DfMA
opportunities appropriate to the
Developed Design and
coordination activities. Prepare a
schedule of DFMA components and
consider national (or other)
standards appropriate for DIMA.

Consider buildability, including how
the erection sequence, fabrication
or manufacturing techniques and
tolerances impact on interfaces.

Update Cost Information taking
into account discussions with
potential contractors, specialist
subcontractors and suppliers.

Update Risk Assessments and the
Health and Safety and
Maintenance and Operational
Strategies taking into account
DfMA considerations.

Develop the DfMA components
more accurately considering the
implications of the possible
methods of manufacturing or
fabrication. Develop the interfaces
and specifications including
structural, water/moisture/vapour
penetration and acoustic issues.

Update the Construction Strategy
considering the lifting, handling and
transportation strategy for each
component and sub-assembly.

Consider manufacturing and
assembly risks in the updated Risk
Assessment and Health and
Safety Strategy.

Develop a commissioning plan
optimising the use of factory
acceptance testing.

Progress the BIM model and
components to next Level of
Development as set out in the
Design Responsibility Matrix.
Validate the model against the
client’s information requirements.

Use digital technologies as part of
coordination exercises.

Progress the BIM model and
components to next Level of
Development as set out in the
Design Responsibility Matrix.
Validate the model against the
client’s information requirements.

Use 4D technologies to test and
rehearse the sequencing set out in

SOURCE | Sinclair et al., RIBA Plan of Work 2013 Design for Manufacture and Assembly, (Newcastle upon Tyne: RIBA Publishing, 2013), 36.




Why DfMA is not entirely appropriate

-
o8

2019

DfMA19 | 1-2 October

o)

®

Noise / Uncertainty / Patterns / Insights

Clarity / Focus

“designerly” vs. scientific approach

SOURCE | Daniel Newman'’s “Design Squiggle” found at https://thedesignsquiggle.com/
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Clarity / Focus

linear iteration starts happening at about this point
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“designerly” vs. scientific approach

RCE | Daniel Newman'’s “Design Squiggle” found at https://thedesignsquiggle.com/
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/ Stages of design

/ Scientific vs Designerly

/ Attitudes towards
optimisation
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Girder nag

Q) Towards an augmented DfMA

@ Arrangement of girders A and B and of the girder nose

Girder

P4 MONASH | ints it | Japar \rct ‘ ; { 2 ¢ B Elovatic Raf '@ Girder B is inserted into girder A (housed dovetail).
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