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OFFSITE 
CONSTRUCTION

Laing O’Rourke’s Explore Manufacturing precast concrete facility 
near Worksop could change the way that buildings are constructed 
in Europe.  Explore’s approaches to manufacturing and preassembly 
have already won it prestige contracts in the UK, and there are 
signs that its Design for Manufacture and Assembly strategy will 
be followed further afield.  It is the brainchild of Ray O’Rourke who 
spoke to Ingenia to explain the principles behind Explore. 

The future of construction 
will be engineering-led and 
the secret of what it will look 
like may be found in a former 
quarry on the Nottinghamshire-
Derbyshire borders.  So believes 
Ray O’Rourke, the chairman 
and chief executive of Britain’s 
largest private contractor, Laing 
O’Rourke. 

The company has so far 
invested £100 million creating 
the state-of-the-art Explore 
Industrial Park in Steetley near 
Worksop, with a factory mass-
producing concrete components 
using processes modelled on 
the automobile and aerospace 
industries.  Indeed, the process 
bears closer resemblance to 
a car production line than a 
traditional precast yard, with the 
machinery controlled directly 
by the 3D software on which 
the intended buildings or civil 
engineering works are designed. 
 The vision is for a factory-
based construction industry 
where as much of the work as 
possible is done in efficient, 
controlled conditions, leaving 
just the site preparation and 
assembly to be done in situ.   
 The company’s initial target 
is 70% of construction in offsite 
fabrication, 60% reduction of 
labour onsite, and 30% reduction 
in programme time.  On the 
high-profile 122 Leadenhall 
Street building in the City of 
London (see Thinking differently), 
it is now expected that 85% 
offsite fabrication will be 
achieved.  

IMPROVING 
PERFORMANCE
A simple statistic illustrates 
the problem with traditional 
construction methods and 
signposts where to look for 
something better.   According 
to the campaigning 
organisation, Buildoffsite, in the 
pre-recession decade from 1997 

to 2006 when inflation totalled 
25%, the price of a small car 
increased by just 1.5% while 
the cost of construction went 
up by 89%.   Could the lessons 
from one industry be applied to 
improve another?

It is not just a matter of 
reducing costs.  Ray O’Rourke is 
targeting benefits in four other 
areas as well: higher quality, 
faster completion, improved 
safety and a more sustainable 
construction process.  He also 
feels that if the construction 
workforce were highly rewarded, 
worked fewer than 40 hours 
a week, were highly trained 
(and multi-skilled) and if most 
worked in a factory rather than 
a cold and wet construction 
site, perhaps another perennial 
difficulty for the industry might 
be overcome – attracting able 
people to work in it, at all levels. 

Other industries have shown 
how it could be done.  In 

aerospace, a plane is designed 
and ‘built’ as a 3D computer 
model, then evaluated and 
redesigned many times before 
anything is manufactured or 
assembled.  This results in levels 
of precision, efficiency, reduced 
waste and, ultimately, savings 
in time and cost which the 
construction industry can only 
dream of. 

A subsidiary, Crown House, 
which currently produces 
services in similar factory 
conditions near Wolverhampton, 
will relocate to Steetley, and the 
site will eventually house all the 
company’s offsite fabrication for 
the UK.

HOW EXPLORE WORKS
The £60 million, 25,000 m² 
Explore factory is arranged 
in three lines.  On one side, 
standard items such as floor or 
wall panels are produced; on the 

other, bespoke items.  Down the 
middle, the rebar is cut, bent and 
assembled.  A monorail delivers 
precise amounts of concrete 
from the central batching plant. 

But the first stage in the 
process happens in the design 
office, establishing a detailed 
3D software model of the 
whole structure.  Working 
from architects’ and engineers’ 
designs, the team builds up 
a model on its Nemetschek 
software system, which is able 
to break down the structure into 
individual, compatible elements 
for manufacture. 

The data for each element 
is then passed electronically 
to the production team’s 
Unitechnik software system.  This 
software extracts all the data for 
controlling the shuttering robots 
and the reinforcement assembly.  
It also optimises which items 
are to be manufactured when, 
both to maximise the efficient The Explore Manufacturing plant at Steetley in Nottinghamshire
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Reinforcement link bending machine which produces complex shaped reinforcement links from coils of reinforcement
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use of the factory plant and to 
ensure that the eventual output 
matches delivery schedules.  

Standard items such as floor 
slabs are cast on a production 
line of large 14 m by 4 m pallets.  
The production line consists 
of a series of these large, flat 
steel plates – or pallets – which 
move by stages through the 
production line.  Robots guided 
by the software then select from 
a stockpile of different lengths 
of 95 mm-deep steel sidewalls 
for the shuttering, and place 
the walls precisely in position 
on the pallet where they are 
held in place with magnets.  The 
same robots also contain inkjet 
plotters which mark on the 
pallets the precise positions of 
any fixtures and fittings – such 
as electrical boxes, cut-outs or 
handrail brackets. 

The pallet then moves along 
to the ‘first human intervention 
station’ where these fixtures 
and fittings are added, again 
held down with magnets.  
Meanwhile, on a parallel 
production line, a reinforcing 
mesh machine guided by the 
same software is drawing from 
coils of different diameter 
steel bar, cutting and joining 
the bar to form the mesh to 

the right shape and spacing. 
When the shape is complete, an 
automated crane lifts and places 
the completed mesh into the 
exact position in the mould via a 
buffer stock. 

Another robot then adds a 
reinforced lattice girder to give 
additional strength before the 
‘second human intervention 
station’ when the lattice girder 
is tied in, the whole assembly is 
checked visually against the 3D 
model and any additional items 
in the top of the element, such 
as cable conduits and fittings are 
added by hand. 

The pallet then moves to 
the casting station where an 
operator transfers data on the 
volume of concrete required 
and the parameters of the mix 
from the Unitechnik system to 
the control system for the Skako 
batching plant and distribution 
system.  This measures and 
weighs the ingredients and 
transfers them straight to the 
mixer.  Three minutes later the 
mix is dropped into a hopper 
on a monorail, which goes 
to a mould and deposits the 
concrete.  The whole pallet is 
then vibrated by a gyro shaker 
to compact the concrete. 

Finally, the pallet moves 

to the curing chamber where, 
eight hours later, the elements 
are ready for de-moulding, and 
the pallet can be cleaned and 
returned to the start of the line. 

More complex items on the 
‘bespoke’ production line require 
more human intervention, but, 
even then, all the cutting and 
bending and much of the fixing 
of the reinforcing bar is done 
automatically.

Explore is currently running 
with a single 8-hour shift, with 
a second 8-hour shift in some 
sections for some of the time. 
However,  the team believes 
that production processes 
have been refined, productivity 
improved and potential 
bottlenecks identified so that 
they could move up several 
gears to full 24/7 operation as 
demand increases.

SUCCESS TO DATE
The targeted benefits of 
factory production are not 
straightforward to measure.  The 
savings in cost are potentially 
substantial as a result of the 
huge efficiency gains of mass 
production. 

Increase in quality comes 
with the improved finishes and 

tighter tolerances which can be 
obtained in factory conditions, 
combined with the ‘perfect fit’ 
achievable with integrated 3D 
design.  In addition, the time 
savings can be substantial.  
On a recent school-building 
programme, the delivery time 
for a school was reduced from 
the ‘standard’ 80 weeks to 60 
weeks, and then to 44 weeks, 
so that a new school could 
be delivered within a single 
academic year. 

Safety is bound to improve, 
perhaps by a factor of four, 
with a switch of activity from 
site to factory.  Last year there 
were 50 fatal accidents on UK 
construction sites, compared 
with 27 in manufacturing – 
despite the fact that twice 
as many people work in 
manufacturing.

Sustainability benefits 
come in a number of ways.  
The concrete mixes in the 
factory use a minimum of 
25% cement replacement 
using ground granulated blast 
furnace slag which reduces 
embodied carbon without 
affecting structural strength 
and curing times. The plant 
also has a recycling plant to 
reprocess and reuse any waste 

THINKING DIFFERENTLY
An example of the offsite advantages that Explore brings can be seen in the 122 Leadenhall Street project now taking shape in the City of 
London.  Laing O’Rourke was ranked outsider in the bidding process for the prestigious Rogers Stirk Harbour designed 52-storey building.  
They were perceived as having no previous experience of tall building construction. 

However, the client, British Land and Oxford Properties, noted O’Rourke’s determination to do things differently: in particular, to do at 
least 83% of the construction works offsite and to pour no wet concrete whatsoever onsite above basement level.  Everything possible 
would be preassembled offsite in the largest sections which could sensibly be carried into the City on lorries.  Craneage was planned 
accordingly, with four 32-tonne Terex CTL 630 luffing-jib tower cranes on the south side of the site, and two specially commissioned, 
upgraded 45-tonne CTL 650s on the north side. Larger, mobile cranes were brought in for the occasional, larger lift. 

An example is the north core, the vertical wall running the 
full height of the building and containing the washrooms, risers 
and lifts.  The core is built up like Lego bricks with a stack of 15m 
long by 3.5 m wide, one storey high, prefabricated ‘table modules’.  
Each table is fabricated by steel subcontractor Watson Steel’s sister 
company Fisher Engineering in its plant in Northern Ireland and 
shipped to Crown House’s Wolverhampton factory, where pre-
assembled services modules are attached, together with precast 
concrete planks from the Explore factory.  Within 24 hours, the fully 
equipped tables, weighing around 35 tonnes, are on the road again 
for the City. 

During the re-engineering process, a series of meetings 
was held in the ‘collaboration suite’ at the company’s Dartford 
headquarters where all of the stakeholders – architects, engineers 
and suppliers – examined every detail of the modelling to identify 
any hole or any cable run which had a discontinuity between one 
element and another. 

The design by architects Rogers Stirk Harbour and the structural 
engineers Arup includes the distinctive wedge, or ‘Cheese Grater’, 
shape for the building – a response to planning requirements 
to maintain the view of St Paul’s cathedral.  This meant that the 
building is asymmetrical and, as a consequence, settlement both 
in the foundations and through compression of the building 
elements would be irregular.  Arup’s answer was to design the 
building to be built effectively slightly off the vertical, so that it 
would settle into its correct final form.

This made the building extraordinarily challenging to construct.  
The contractor’s answer was to commission eminent tall-buildings 
engineer Bill Baker of Skidmore Owens & Merrill to come up with 
an alternative so that it could be built square and vertical.  Now, 
when the building reaches the 19th floor (and has leaned slightly 
to the north), the steel along the sloping face will be tensioned to 
pull the structure back to the vertical.  This process will be repeated 
every seven stories up to the top. 

A simplified 3D model of a single storey of the 45m wide north core wall, which is made up from three 15m wide prefabricated sections.  Left: the bare steel 
from Fisher in Northern Ireland.  Centre: with services added by Crown House. Right: with precast flooring from Explore placed on top

Visualisation of 122 Leadenhall Building currently under construction by 
Laing O’Rourke in the City of London
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Full 3D visualisation of the complex, space-constrained attic plant rooms at 
122 Leadenhall Building, containing cooling towers, generators, switch rooms, 
and boilers

A hopper controlled by computer software delivers concrete to a mould at the 
end of the production line
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BIOGRAPHY  
Ray O’Rourke KBE HonFREng came from Ireland to London in 
the mid-1960s to work on construction sites.  After gaining 
an HND qualifi cation in engineering, he set up on his own, as 
Ray O’Rourke & Son, in 1978.  The company rapidly achieved a 
reputation for innovation in concrete construction, including 
buildings in London’s Broadgate development and Canary 
Wharf.  In 2001 the business acquired the long-established 
construction arm of John Laing plc for just £1.  This triggered 
a period of substantial growth, and major projects such as 
Heathrow Terminal 5.  Laing O’Rourke remains privately owned 
and, despite the knocks of recession in construction, has offi  ces 
in eight countries, employs 16,500 people and had a turnover 
last year of £4.3 billion.  Ray O’Rourke is chairman and chief 
executive of the company and maintains a hands-on role.

On behalf of Ingenia, the writer Hugh Ferguson met with Laing 
O’Rourke’s Chairman and Chief Executive, Ray O’Rourke and business 
development director of Explore Manufacturing, Alan Clucas.  He 
also met construction director of the 122 Leadenhall Building project, 
Steve Cork and talked to Richard Ogden, chief executive of ginger 
group Buildoffsite.

wet concrete. One truck may 
deliver components to site 
which, for onsite construction, 
might usually require five 
or six visits.  Waste is greatly 
reduced on site, and can be 
reduced to virtually zero in the 
factory.  But one of the greatest 
benefits may be that buildings 
completed with integrated 3D 
design and tight tolerances are 
showing a tenfold improvement 
in air-tightness, with resulting 
reductions in wasted energy.

IMPORTANCE 
OF MODELLING
The change from site to factory 
production requires a change in 
mindset from everyone involved 
in the design and construction 
process.  Designers and 
managers have to embrace the 
concept of 3D modelling, not 
just for design but for planning, 
managing and monitoring the 
whole construction process.  
Site teams are smaller, need 
to be multi-skilled and have 
to be disciplined in operating 
to a pre-set time plan, and 

wearing white gloves to handle 
materials on site is a major 
cultural change.  The gloves are 
both to protect the items and a 
reminder that the materials are 
high-quality finished items. 

The really big change is the 
need to think through the whole 
design and construction process 
before anything is done onsite, 
or a single component ordered.  
Every last bolt-hole, services riser 
and cable duct needs to be pre-
planned so that the right sized 
voids can be cast into the floor 
slabs and the correct details 
included on each item.  Only 
with this extraordinarily high 
level of pre-planning – a novelty 
for much of the construction 
industry – can the process lead 
to ‘right first time’ and zero 
intervention onsite, and hence 
the promised time, cost and 
quality improvements. 

The response from 
designers, both architects 
and engineers, has been 
overwhelmingly positive, the 
company says.  They are excited 
at the opportunity to design in 
3D, with such close links to the 

construction process. 
 So why has it taken 
construction so long to start 
to embrace techniques which 
have been embedded in 
manufacturing for decades?

HISTORICAL 
SETBACKS
The conventional answer is that 
it is the legacy of mistakes in 
the past with housing, and the 
bad name that was given to 
prefabrication.  The technique 
was used extensively to meet 
the huge UK post-war housing 
needs, leading to a wave of 
high-rise tower blocks.  The 
partial collapse in 1968 of Ronan 
Point, a 22-storey block in East 
London built with a ‘large panel 
system’, led to a retreat from 
prefabrication.  Later, in 1983, 
a World in Action television 
programme severely criticised 
the construction of a small 
group of houses in the west of 
England for allowing water to 

penetrate, and caused a collapse 
of the prefabricated timber-
frame building market. 

Richard Ogden of 
campaigning organisation 
Buildoffsite gives a different 
reason, that of a deeply 
conservative industry unwilling 
or unable to embrace new 
ideas.  He feels that it continually 
harks back to isolated failures 
in prefabricated housing while 
ignoring the numerous failings 
of conventional construction.  
And, of course, in those days 
the industry had none of the 
benefits of 3D design software.

Ogden believes that Laing 
O’Rourke is now way ahead of 
the rest of the industry, and that 
Explore really is the vision of 
the future which others, sooner 
or later, will have to follow.  He 
also believes that, if there were 
an international league table of 
21st century offsite construction 
created, the UK would probably 
be leading it.

Explore provided pre-fabricated elements for the barracks for the Ministry of 
Defence at Corsham
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COMPETITIVE SPIRIT
SARAH SPRINGMAN CBE FREng
A pioneer of triathlon, Sarah Springman received a 
CBE earlier this year for her services to sport. She has 
combined her international athletic achievements 
with a distinguished career as a civil engineer, working 
on projects around the world, and is renowned for 
her research and teaching in soil mechanics.  Michael 
Kenward OBE talked to her at Gatwick airport as she flew 
back to Switzerland, having given a series of talks in the UK.

Sarah Springman has managed to 
combine a passion for international 
sporting competition with a distinguished 
engineering career.  A civil engineer by 
training, she started out working on the 
design and construction of dams in the 
Pacific, spent time at Cambridge as a young 
academic before joining the respected 
civil and environmental engineering 
departments at the Swiss Federal Institute 
of Technology in Zurich.  She has been 
Head of the Institute twice and is 
currently on sabbatical.

EARLY INSPIRATION
The discovery that engineering was for her 
came after O Levels during a school visit, 
at Marconi Elliott Automation Systems.  
“I came back from that absolutely 
convinced, aged 15, that I wanted to 
be an engineer.” 

A pre-university job with Sir Alexander 
Gibb & Partners (now part of Jacobs) 
introduced Springman to the world of heavy 
civil engineering, which was to dominate 
her early career.  As a Cambridge University 
student, she continued to spend her 
vacations working at Gibb on international 

projects – ports in Mombasa and sugarcane 
sheds in Mauritius as well as the Kiri dam in 
Nigeria and the Monasavu dam in Fiji.

 It wasn’t until her second year at 
Cambridge that Springman found her true 
vocation.  An undergraduate project in 
soil mechanics that won her an award and 
alpha plus marks in soil and geotechnical 
engineering persuaded her to change the 
direction of her career.  “I discovered soil 
mechanics and that was it.  It was the only 
subject area that I mastered instantly.”

On graduating, Springman headed 
for Australia.  Her student employer, Gibb, 
invited her to Adelaide to work on a novel 
diaphragm wall system for cooling culverts for 
a local power station.  After more travelling, 
she reached Canberra, headquarters of Gibb 
Australia, where she worked on the Monasavu 
dam again, this time on the cost-benefit 
analysis of the project. 

After coming back to work for Gibb in 
Reading for a year, she returned to Australia 
as quality control engineer for the Monasavu 
project making sure that the dam was built 
according to the spec. 
 The project was an unusual one for a 
young engineer, with an exotic location and 
fascinating technical challenges.  It was a 

Sarah Springman with the centrifuge at the Swiss 
Federal Institute of Technology, 1999
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