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Industrialised construction Is
about setting the right
environment to allow innovation
to happen at speed and be .
: national
tested on projects (ICE, 2022) ® highways




Figure 2: Construction Leadership Council (CLC)
g)iz[tlpugcfi‘o%mducwe EHAUIDENbids UK Productivity output per worker (% Improvement) vs R&D Investment

Industrialised Construction and )
. . . . i L rl
Productivity in Context —the Opportunity
(]
]
Figure 1: Productivity has changed little in the construction P '
industry in the past 50 years NG, e ®
Qutput per hour worked and multi-factor productivity, construction i
industry and market sector, UK, 1970 to 2020 .
Market sector output per hour Market sector MFP A T
= 2015 2016 2017 2018 2019 2020 2021 2022
Crmstmuchion VR — UK economy productivity = = (Construction sector productivity B R+D investment in construction

—— Construction output par hour

Index 1970=100

300
20 Creating a Productive
ot e W v ot ey Son 020 environment for
2004725 by hectaetetl (L vehue of prejectyy 4 221 4
200 ; ; UK anstructuon
150 3
iy
100
50 Modern Methodsof Consrcton I
N Mraretel (LID)
(tidance Note |
(4]
1972 1975 1978 1881 1984 1587 1990 1993 1956 1999 2002 2005 2008 2071 2014 2017 2020 Tis o ol b uatler e ofistieticheccy

Productivity and Industrialised Construction

Version December 2023 v1



ICE State of the Nation

How? Setting the Right Environment
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People, culture and mindset are The sector needs to simultaneously embed The greatest productivity improvements are
just as important as process change established best practice and drive continuous | available before construction begins — but there
and new technology. improvement across programmes. are opportunities throughout the lifecycle.
national

highways
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Components of Industrialised Construction
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Recent Developments

Advanced Automation: The advent of advanced sensors, GPS technology, and machine learning

facilitated the development of more autonomous construction equipment capable of performing tasks

with minimal human intervention,

3D Printing Revolution: The intro

duction of 3D printing technology has revolutionized construction,

enabling the creation of entire structures using additive manufacturing techniques.

Al and Machine Learning Integration: Artificial intelligence and machine learning have been integrated

into construction robots, enabling them to make autenomous decisions, optimize routes, and improve

operational efficiency.

Increased Safety Measures: Robotics in construction has significantly enhanced safety by handling

hazardous tasks and minimizing risks to human workers.

Benefits: Repetitive, faster, standardised, unaffected by adverse weather, reduced
labour, less waste, new talent, quality control, safety, scalable, Leveraging cost,

routes to net zero

Client enablers

Productivity app

Rapid Engineering model

Product Catalogue

Category Strategies

Demand planning

Standardising design

Innovation Team

IP clauses

Carbon registers

Pre-Manufactued Value

IC working group

MMC Toolkit

Logistics
s

The overall process of
managing how resources
are acquired,stored, and
transported to a final

national
highways



Seven category definition framework

Industrialised Construction

Pre-Manufacturing
3D primary

structural systems

Pre-Manufacturing
2D primary
structural systems

Pre-manufactured

Additive
Manufacturing
(Structural and
Non-Structural)

site led labour
reduction /
productivity

improvements
e

labour reduction
productivity and

assurance
improvements

! ! 7 ,gé:ﬂﬂ’l’ 4 W"" w 4
M3S4 Standardised Gantry 2 Bridge Span Components : Pre-fab ‘530‘ Drain Slipform Concrate Barrier Underground Utilies v D sch Sucke‘ - Drone S'.zrv-:f-ys.
Complete modular || 2D units produced || Standardised and Components Non-structural Building products Site led process
3D units in factory mass engineered formed to a iitems and manufactured for improvements
conditions. components that specific digital components easy on-site using innovative-
Factory produced can be assembled design / mould bought together ~assembly. oriented solutions
and transported to || When assembled and connected including remote that when
site for final create complete together or site-based assembled make Error proof
installation. structures / assets (Pre-cast) printing of parts an asset designed tools /
components

Onsite Construction

Offsite Industrial / Automated Manufacturing

national
highways
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MMC definition framework

_ Ministry for
Categories Housing
Communities
and Local
Government
(MHCLG) 2019

MODERN METHODS

OF CONSTRUCTION

Site based
process improvement

3D boxes 2D panels Structural Pods, Smarter Better
and frames | components panels and materials processes
components
< > < >

Structural Non-Structural

Ramboll 17



MMC(h) framework - structural categories

Category 1

Pre-manufacturing 3D
primary structural systems

Complete modular 3D units,
factory produced and
transported to final location

MS4 standard gantries
Whole structures built offline

Ramboll

Category 2

2D primary structural
systems

Full structural components,
forming complete structures
when assembled

Arches, culverts, precast
portal frames

Category 3

Pre-manufactured
components

Mass engineered
components connected
together

Precast components to form
bridge systems

Permanent formwork

Category 4

Additive manufacturing
(structural and non-
structural)

Standard designs, moulds
and site base printing

3D printing
Slipforming

18



MMC(h) framework — non-structural categories

N

Category 5 Category 6 Category 7
Pre-manufacturing assembly Traditional building product Site led process
Non-structural components site led labour reduction / improvements suing

' productivity improvements innovative-oriented solutions

when assembled making an
asset Building products
manufactured for easy

. Drones
_ onsite assembly .
Gantry cabinets Robotics
Pre-formed utilities Autonomous plant
Cladding units (non- P
structural)

Ramboll V-ditch buckets +



Implications of Industrialised Construction

» Benefits of Industrialised « Implications of Industrialised
Construction Construction for Design

* Reduced access requirements PLAN - Earlier collaboration and

« Less constrained worksites REPEAT SLOW integration

« Reduced number of operatives on site » Integration of products into
- Improved Safety design process
« Labour constraints from skills » Learning and feedback

availability improved

Improved programme and increased
certainty

» Moving work off the critical path

Reduced cost and increased certainty

Constructability at the heart of design

LEARN AND DELIVER
IMPROVE FAST

Ramboll 20
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Balfour Beatty

MMC(h) sharing our approach to
adoption.

Michael Schenk



Balfour Beatty
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3D Modular 2D Components Pre-fabricated 3D Printed / Extruded Pre-manufactured Equipment / Material / Construction Process
Construction Components Components Components Product Innovation Innovation

Plug & Play

Electrical Boxes

Openspace Reality
Capture

Modular Slot
Drainage

RC Concrete
Panels

Near Site Modular
Bridge

Central Barrier




Balfour Beatty

Pre-fabricated 3D Printed / Extruded Pre-manufactured Equipment / Material / Construction Process

D Mod Construction 2D Components N .
= e ° ompone Components Components Components Product Innovation Innovation

Near Site Modular
Bridge

Plug & Play Openspace Reality
Electrical Boxes Capture

Modular Slot Central Barrier
Drainage

RC Concrete
Panels




Cé6

Construction Process
Innovation

Balfour Beatty

Or, ding ge

Equipment / Material /
Product Innovation

0500
Pre-manufactured
Components

3D Printed / Extruded
Components
Full
Automation

Pre-fabricated
Components

2D Components

3D Mod Construction
Remote
Control

3D Machine
Control

5
Industry Leading

Smart Raft

4
Raising the Bar

3
Earthwork
Blade

Platform for
Excellence
Steel VRS

2
Doing the Basics
Well

1
Doing the Basics
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Western & Wales MMC Strategy %

Vislon: Kier's MMC strategy has been established for many years as
the “Choice Factory” which promotes the use of our supply chain
relationships to integrate many offsite solutions, providing flexibility for
our clients. Our updated 2023 Building for a Sustainable World
strategy, sets targets to reduce waste and increasing Pre
Manufactured Value. In Western & Wales our vision is to use these
strategies to ensure our buildings maximise efficiency and
productivity by collaborating early with our supply chain and applying
standardisation at all stages. We aim to deliver safer, faster, greener
buildings that reduce risk and are easier to monitor and learn from.

Industry and company working groups

KIER
THE
FACTORY

Investment in time and expertise into National Highways

To measure PMV% & productivity on our projects and drive a year on yedgimprovement.

and company Industrialised construction working groups.

Align strategy - share best practice - Collaborate

Safer - removing
risks from sites to
avoid accidents

Less disruption -
avoiding noiss,
vibration and dust

Faster - offsite
manufacture to
reduce build time

Predictable - plan
& track progress
of components

Cost reduction
less waste, risk &
temporary warks

Cost certalnty -
price clarifyaarty

using components "

4 ity\— better
buildings detailed QA
and lessidéfects

Waste, deliveriesand
people movement

Item Timing Lead
0 Introductions 10 mins All
[ Tim
Erown Foster
1 10 min Victoria Burnham oo
Health, Safety & Wellbeing moment : MMC moment — sharing and building case studies
2 Workshop 3 objectives and actions arising from the last meeting 10 min Manjit /Gavin
Educationfor allon Supply Chain
3 15 mins Maniit the benefits Collaboration
MMC Maturity
Plan for assessment Action Plan
Ladder — what does our journey look like?
4 MC Toolkit: progress on trial of the toolkit and feedback on: 30 Mins Michael / All
(a) the guidance note MMC MMC f MMC
(b) the toolkit and its application -1(? Type Catagories DEMA RIBA Advisory
(c) how can we operationalise the toolkit? toneer Assessmant Crib Shee Roadmap Sessions
5 Good / Bad and The Ugly prioritisation 25 mins Manjit Resources:
6 LUNCH 35 mins The Choice KwWw MMC MMC QPD MMC.Supply Supply Qhom
Factory Page SharePoint Recordings Chain Map School Videos
7 Learning from others: The NHS MMC assessment model — what can we adopt in highways? 30 mins Scott T
8 MMC and Digital: NH Rapid Engineering Model — what is it and how is it used? 20 mins N & R
Lorraine Butler T+
9 AOB 10 mins o I + I
See page 2 for our action plan
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Kier MMC Strategy Tes

. Steelframing Engineered Precast Prefabricated
Volumetric

Integrator of manufactured AT systems timber concrete MEP
solutions

928098008
ﬁﬁ@@ﬁ,@ﬂ@ﬁﬂg\ PROJECT INTEGRATOR

SUPPLIERS — KIER -—
OFF-SITE
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BESPOKE SOLUTION
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MMC(h) in practice

M6 Junction 10 bridge
beam lift

David Emery
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MMC(h) in practice

M25 junction 10 upgrade
works ramps up

e, . . . il 45
Eg million investment y == y

I here -
« N "

David Emery
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MMC(h) in practice

May 2024 - M25 Junction
10 Update - New
roundabout bridge beam
installation by drone x5
speed

David Emery
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