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Relevel your 
structures.
Stabilise your 
foundations.
Public and commercial buildings, homes, 
industrial plant and infrastructure.

Small, large, complex and heavy weight.

Sinking foundations, leaning buildings, cracking 
walls, uneven and unstable infrastructure.
 
25 years international experience, we re-level 
with the world-leading JOG integrated 
computer grouting technology, likened to 
‘keyhole surgery’ with minimum disruption.
 
Talk to us about solutions. 

Reliable. Practical. Safe. Accurate. Economical.

Mainmark Ground Engineering (UK) Ltd
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3S E P T E M B E R  2016   |    n E w  c i v i l  E n g i n E E R

M A R K  H A N S F O R D
E D I T O R

IS hInkley the rIght 
nuclear SolutIon?

he government’s surprise announcement to delay its 
final decision about Hinkley Point C nuclear power sta-
tion has been described as “bonkers” by the GMB union 
and “chaos” by Labour. But is it?

Engineering organisations were – on face value – 
more circumspect, with ICE director general Nick Baveystock describ-
ing the move as “disappointing” and the Civil Engineering Contractors 
Association concerned that it would cause “uncertainty”. The under-
lying message is that such a move does little post-Brexit to prove that 
Britain is open for business.

That’s true. But, in the big scheme of things, is the government’s de-
cision to delay such a bad move?

It was certainly a surprise. The industry had barely begun rejoicing 
after French giant EDF announced it had approved the funding at its 
board meeting on Thursday before the government came out and said 
it was “only right” to review the project and would make a decision by 
the autumn.

So what’s driven this? Well, the reasons are unclear but in reality 
there are any number to choose from. Geo-politically, while EDF is 
responsible for sourcing the funding for most of the £18bn to £25bn 
scheme, a great deal of the cash is coming from China. There is a great 
irony in Britain voting for independence and then handing control of its 
energy future to France and China. 

That cannot have been lost on politicians.
That wouldn’t perhaps be such an issue if it wasn’t for the extraordi-

nary price – EDF is guaranteed to be paid £92.50 per MWh generated – 
that’s in 2012 money, and is index-linked. In 2016, that’s just under £102 
– about double the current wholesale electricity price. That deal was 
struck under the Coalition government and an awful lot has changed 
since then.

Then there are the obvious problems EDF is having making its tech-
nology work. Its first EPR under construction, at Olkiluoto in Finland, 
was supposed to open in 2010; the second, at Flamanville in France, was 
due to start firing in 2012. 

It’s for this reason that two EDF directors have quit over its decision 

to approve the Hinkley funding, and they were not lone wolves in this: 
ratings agencies are warning of a downgrade and the French unions are 
not on board either.

So this does seem like a great moment to take stock and reflect on 
what we are really trying to achieve here. Is it a cheap, reliable source 
of energy? Well, gas plants or biomass do that – and very quickly. Or is 
it a green, renewable source of energy? Well, tidal lagoons would do that 
– and in a not dissimilar timescale. Or is it to develop an industry and 
a technology that the UK can export around the world, using all these 

new (yet to materialise) trade agreements that Brexit brings?
Because if it is that, and there needs to be some consideration of 

this, then Small Modular Reactors (SMRs) have to be looked at very 
seriously.

Last month we carried letters from proponents of SMRs – nuclear 
technology on a smaller scale that could be developed as a fabulous UK 
export story. These reactors harness UK nuclear expertise borne out of 
submarine propulsion and would be built in factory environments that 
are fully in line with the UK construction industry’s desire to deliver 
differently.

So herein lies the big question: How many SMRs does it take to build 
a Hinkley?
● mark.hansford@emap.com, twitter @markhansford

New Civil Engineer

“This does seem like a great 
moment to take stock and 

reflect on what we are really trying 
to achieve here. Is it a cheap, reliable 
source of energy?
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Alltask are Scaffolding, Encapsulation and Asbestos 
Removal Specialists working with main contractors 

on Europe’s largest civil and infrastructure projects.

Serious about
360˚Solutions

®

Alltask are leading the way in scaffolding and asbestos 
removal service standards. Our innovative systematic 
approach, collaborative methodology, 24 years of experience 
combined with a new fleet, new facilities and in-house design 
team make us the first choice for many of the UK’s portfolio 
major civil and infrastructure projects.   

Serious about 
360° Design 

Serious about 
360° Systems

Serious about 360°
 Collaboration

Serious about
360° Service

Safety Campaign www.alltask.co.uk

For early contractor engagement with 
access design for Major Projects contact 

nick.covell@alltask.co.uk or on 07837 188717
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We use our insight to construct a 
physical object – taking it out of the 
lab into the real world. We deal with 
the uncertainties of weather and 
human behaviour. This is hugely 
exciting.

A bridge design must of course  
be structurally sound. It has to fulfill 
a purpose of moving people from 
A to B, boosting economies and con-
necting communities.  
But it can also be beautiful. From 
Clifton Suspension Bridge to ICE 
Gold Medal winner Robin Sham’s 
second Penang Bridge, the best 
bridges define their locations and 
generate pride in communities they 
serve. 

Civil Engineering creates huge 
political, business and logistical 
challenges. All of the projects  
covered in this issue will have  
involved engineers convincing  
politicians they have the right  
solutions, bringing on board  
funders and managing an enterprise 
of hundreds, if not thousands of 
workers.

So if a child is a science genius, 
an artist or an aspirant business 
tycoon we have something to offer 
them.

This all contributed to the choice 
of Bridge Engineering for the first 
exhibition in our new Infrastructure 
Learning Hub opening in October. 
The hub will sit within ICE HQ’s 
refurbished library and host a 
series of exhibitions, backed by lots 
of online content for users around 
the world.  

At the centre of the first exhibi-

Bridges can help  
engineers spread the word 

about what they do
hat is civil engineer-
ing? Don’t worry, 
this isn’t a prelude 
to a philosophical 
discussion. It is one 

of the Google searches that drives 
the greatest volume of traffic to 
ICE’s website.

This tells me two things.  Firstly, 
the ICE needs to do a better job at 
explaining itself to the public – or 
why else all the searching? But 
more importantly it tells us there is 
an audience out there who want to 
hear from us. 

Taking this opportunity matters 
for a range of reasons. We have the 
perennial task of attracting the next 
generation into the profession. We 
need to maintain public support 
for our projects. And we need to be 
more willing to celebrate what we 
do and the difference it makes to 
people’s lives.   

This month’s New Civil Engineer 
focuses one of the best ways of 
answering the “what is civil engi-
neering?” question.  We can all point 
at a bridge and say “making that 
happen”.  

But bridge engineering also  
describes the sheer range of what 
we do and how engineering throws 
up opportunities for people with 
very different dispositions and  
skillsets.  

Civil engineering shares much 
with pure science. An engineer 
working on a bridge will define a 
problem, develop and test hypoth-
eses, analyse the data and draw a 
conclusion. But then we go further.  

Lighthouse
I C E  V I E W P O I N T

W

B y  A r T  W E  
m A s T E r 

W h AT  W O u l d 
m A s T E r  u s

tion will be a world record. With 
the help of Robin Sham, WSP and 
software firm Cemar, we will be 
constructing the world’s longest 
Lego bridge. This will be a spectac-
ular and inspiring sight and draw 
young and old to the ICE. Once we 
have captured their attention we 
will tell them a story that demon-
strates everything talked about in 
this column. We’ll show how Lego 
as a building material compares to 
concrete, wood or steel. We’ll show 
how the designers have ensured 
structural integrity.  

The Infrastructure Learning Hub 
is an exciting step forward. Our 
eight founding partners have made 
it possible and we are committed 
to working across the industry to 
showcase the best of our profession 
and how we shape the world. If you 
think you can help, do get in touch.  

“We use our 
insight to 

construct a physical 
object – taking it out 
of the lab into the real 
world. We deal with 
the uncertainties of 
weather and human 
behaviour
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HIGH SPEED 2

High Speed 2 (HS2) Ltd has 
proposed ditching plans to send its 
services to a parkway station on the 
outskirts of Sheffield in favour of 
using the existing city centre station.

The scheme promoter was 
previously thought to have favoured 
a station at Meadowhall to the north 
east of the city centre. But transport 
secretary Patrick McLoughlin has 
been under pressure from lobbyists 
to use a city centre option.

HS2 Ltd chairman David Higgins, 
is now calling for the city centre 
option be built and has set out his 
plans in a report.

“A city centre station solution for 
Sheffield high speed services would 
allow the main HS2 line to be built 
east of the previously proposed 

route, through less densely 
populated areas that would avoid 
the complexities of building a line 
via Meadowhall,” said the promoter.

The newly proposed route 
could also cut journey times on 
services heading to Leeds, York and 
Newcastle.

The Edit
E S S E N T I A L  N E W S  & I N F O R M AT I O N

F R O M  N E W c I v I L E N g I N E E R.c O M

E N E R G Y
F r a c k I n G  ‘m u S t 
m E E t  t H r E E  k E y 
c r I t E r I a’ 
Shale gas exploitation by fracking on 
a significant scale is incompatible 
with the UK’s climate change targets 
unless key criteria for methane 
leaks, gas consumption and carbon 
budgets are satisfied, according to 
new analysis from the Committee on 
Climate Change (CCC). The CCC’s 
report says that the implications 
of UK shale gas exploitation for 
greenhouse gas emissions are 
subject to considerable uncertainty 
– from the potential size the 
industry to the emissions footprint 
of shale gas production. It also says 
that exploitation of shale gas on 
a significant scale is incompatible 
with UK carbon budgets, or the 
commitment to reduce emissions by 
at least 80% by 2050.

S T R U C T U R E S
G a r D E n  B r I D G E 
E n a B l I n G  w o r k S 
H a lt E D

Enabling works for the Thames 
Garden Bridge have been suspended 
amid funding concerns. London 
Underground is carrying out 
preparatory works at Temple Tube 
station in London, so that the north 
end of the bridge can land on the 
top of the station. This includes 
roof strengthening, building a new 
lift shaft, foundation works and 
cable diversions. A spokesperson 
for London mayor Sadiq Khan said: 
“The previous mayor first approved 
plans for enabling work to prepare 
Temple Tube station for the arrival 
of the Garden Bridge two years ago 
in the summer of 2014, but final 
authorisation was only provided 
in March this year, two months 
before the mayoral election. “This 
enabling work has since been 
suspended and that was reported 
to the [Greater London Assembly’s]  
finance and policy committee. Khan 
has been clear that no new public 
funds should be committed to the 
Garden Bridge and he has pledged 
to make the project more open and 
transparent.”

High Speed 2 chairman Higgins 
adds voice to calls to shift 
station to Sheffield city centre

“HS2 ltd 
chairman 

David Higgins is now 
calling for the city 
centre option be built 
and has set out his 
plans in a report
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Crossrail
Platforms
arrive
Two 240m long 
Crossrail platforms 
have been constructed 
at Liverpool Street 
station. Crossrail said 
that the completion 
of the platforms 30m 
underground was a 
major milestone for 
the construction of the 
new Elizabeth Line. 
The precast concrete 
platform sections were 
fabricated in more than 
500 pieces at a factory 
near Sheffield. They 
were then transported 
to London, lowered 
down the station’s  
main shaft and 
assembled below 
ground.

T R a N S p o R T
c r o S S r a I l  2  o F F E r S 
c H a n G E S  a F t E r 
c o n S u ltat I o n 
F E E D B a c k

The designers of Crossrail 2 are 
considering alterations to the 
proposed route after receiving 
21,000 responses to a public 
consultation. A major element 
Transport for London (TfL) and 
Network Rail are considering is 
integrating the station entrance at 
Dalston into the Kingsland Shopping 
Centre. At Angel, engineers have 
reduced the size of the planned 
worksite at Chapel Market and 
are also revising pedestrian links. 
At Clapham Junction, TfL is also 
looking at putting an additional 
entrance on St John’s Hill. In 
Alexandra Park, engineers have 
found a way to reduce the planned 
worksite to reduce impact on green 
space. Crossrail 2 will connecting 
National Rail networks in Surrey and 
Hertfordshire via an tunnel beneath 
central London.

E N E R G Y
w I n D  Fa r m S  I n 
D o u B t  a F t E r 
r S P B  P l a n n I n G 
c H a l l E n G E

Four large Scottish offshore wind 
farm projects are in doubt after the 
Royal Society for the Protection 
of Birds (RSPB) successfully 
challenged their planning consents. 
The wind farms are in the outer 
firths of Forth and Tay. The RSPB 
claimed that the consents were 
granted despite fears that they could 
kill thousands of gannets, puffins, 
kittiwakes and other seabirds from 
protected wildlife sites every year. 
The RSPB said it had been working 
with the developers and Scottish 
ministers for several years to try 
and reduce the harm to seabirds. “In 
these circumstances, RSPB Scotland 
could not just stand by and let such 
devastating impacts on Scotland’s 
wildlife happen without making a 
stand. The Scottish government said 
it had noted the judgement and was 
now considering the implications.

i C E
I c E  F o r m S  B r E x I t  
G r o u P  t o  v o I c E 
I n D u S t r y ’S  v I E w S 
t o  P o l I t I c I a n S

The ICE has formed a group to 
advise politicians about key issues 
affecting the sector during the 
Brexit negotiations. ICE President 
Sir John Armitt said he had 
established a leadership group 
so that the industry speaks with 
one voice. It will also feed into the 
Royal Academy of Engineering’s 
Brexit work. The group will share 
information with the Cabinet 
Office. Armitt will chair the group, 
which also includes EY head of 
infrastructure advisory Amanda 
Clack; Pinsent Masons head of 
infrastructure Richard Laudy; 
Construction Leadership Council 
chairman Andrew Wolstenholme; 
Skanska chief executive Mike 
Putnam; former ICE President Geoff 
French; BSI director of standards 
Scott Steedman; and KMPG global 
infrastructure chair James Stewart.
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HIGH SPEED 2

High Speed 2 (HS2) Ltd has 
proposed ditching plans to send its 
services to a parkway station on the 
outskirts of Sheffield in favour of 
using the existing city centre station.

The scheme promoter was 
previously thought to have favoured 
a station at Meadowhall to the north 
east of the city centre. But transport 
secretary Patrick McLoughlin has 
been under pressure from lobbyists 
to use a city centre option.

HS2 Ltd chairman David Higgins, 
is now calling for the city centre 
option be built and has set out his 
plans in a report.

“A city centre station solution for 
Sheffield high speed services would 
allow the main HS2 line to be built 
east of the previously proposed 

route, through less densely 
populated areas that would avoid 
the complexities of building a line 
via Meadowhall,” said the promoter.

The newly proposed route 
could also cut journey times on 
services heading to Leeds, York and 
Newcastle.

The Edit
E S S E N T I A L  N E W S  & I N F O R M AT I O N

F R O M  N E W c I v I L E N g I N E E R.c O M

E N E R G Y
F r a c k I n G  ‘m u S t 
m E E t  t H r E E  k E y 
c r I t E r I a’ 
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G a r D E n  B r I D G E 
E n a B l I n G  w o r k S 
H a lt E D

Enabling works for the Thames 
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amid funding concerns. London 
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Garden Bridge and he has pledged 
to make the project more open and 
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Dismay as government 
announces new  
Hinkley delay

“The 

government’s 
decision to postpone 
its final decision on 
the project, will create 
great uncertainty

he government’s 
unexpected 
decision to review 
the Hinkley 
Point C project 

after EDF’s board approved 
the final investment case will 
cause unwelcome uncertainty, 
according to civil engineers.

In July, EDF Energy finally 
decided to go ahead with its 
investment in the estimated 
£18bn-£25bn Hinkley Point 
C nuclear power station in 
Somerset.

But hours after the 
announcement, business and 
energy secretary Greg Clark said 
the government is to review the 
deal. 

He said: “The UK needs a 
reliable and secure energy supply 
and the government believes that 
nuclear energy is an important 
part of the mix. The government 
will now consider carefully all the 
component parts of this project 
and make its decision in the early 
autumn.”

News Insight
E m i l y  A S H W E l l

T
It has since been reported that 

prime minister Theresa May has 
concerns about the involvement 
of the China General Nuclear 
Corporation (CGN) in the project.

The Civil Engineering 
Contractors Association (Ceca), 
whose members include Kier 
and Bam, which are lined up to 
work on the project, has warned 
against more uncertainty. Its 
head of external affairs Marie-
Claude Hemming said: “Ceca has 
long campaigned for a long-term 
energy strategy based on a 
mixed portfolio of low carbon 
generation. New nuclear power 
must be central to that approach.

“EDF’s decision ends years 
of uncertainty for the UK’s 
nuclear supply chain, and will 
allow industry to move towards 
delivery of this vital project.

“Moreover, it will deliver highly 
skilled jobs over a sustained 
period of time, driving economic 
growth.

“Yet the government’s decision 
to postpone its final decision 
on the project, will create great 
uncertainty in the construction 
sector and the wider business 
sphere.

The GMB union’s national 
secretary for energy Justin 
Bowden said the decision made 
no sense and was causing 
confusion. “After years of 
procrastination, what is required 
is decisive action not dithering 
and more delay,” he said. “This 
unnecessary hesitation is putting 

finance for the project in doubt 
and 25,000 new jobs at risk 
immediately after Brexit. It is a 
gross error of judgement and 
must be reversed.”

He went on to warn: “The 
ramifications of this foolish 
delay are far wider than putting 
our energy needs in jeopardy, 
they will immediately call 
into question other major 
infrastructure projects coming 
down the line like High Speed 
2 and Heathrow or Gatwick 
expansion.”

CBI deputy director general Josh 
Hardie said a timely decision was 
crucial. “While it is understandable 
the government wants to get to 
grips with the details of the Hinkley 
contract, it must press ahead 
to finalise the deal as soon as 
possible,” he said. “In particular, 
clarity is needed around the next 
Contracts for Difference auction 
and the post-2020 Levy Control 
Framework, to build investor 
confidence,” he added.

Read the full 
version of this 

article at  
newcivil 

engineer.com
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Sanctions removal opens 
Iran civils market   

“ Iran is still the 
second largest 

economy in the 
Middle East

ith the lifting of 
sanctions aimed 
at stopping Iran’s 
uranium enrich-
ment programme, 

the country is opening its major 
infrastructure projects to compa-
nies from around the world.

Iran is back on the world 
market.

In 2006, the UN Security Coun-
cil imposed sanctions on the 
country in an effort to make the 
Iranian government reconsider 
its ambitions to enrich uranium 
– a process that was seen as a 
potential step towards a nuclear 
weapons programme.

The sanctions were fi nally 
lifted in January this year. 

It was good news for the Irani-
an people, and also potentially 
good news for companies that 
had been excluded from Iran’s 
market.

World energy prices are not in 
Iran’s favour – but Iran is still the 
second largest economy in the 
Middle East. 

The country accounts for 
13.1% of the world’s proven 

International Analysis
T O M  H A R T

W
crude oil reserves, according to 
OPEC’s fi gures for 2015.

Those reserves are comple-
mented by the largest natural gas 
fi elds in the world after Russia.

The World Bank expects GDP 
growth in the country to reach 
4.3% this year. 

And there’s a further boost 
from Russia, whose government 
committed to a €2.5bn (£2.1 bn) 
loan for infrastructure projects in 
June. The amount includes fund-
ing for a €1.2bn (£1.1bn) plan to 
electrify 495km of rail.

South Korea has made a strong 
intervention in Iran, with Sam-
woo E&C signing up to a $4bn 
(£3.03bn) motorway project this 
week in cooperation with the 
Shams Omran Construction and 
Engineering Company.

Meanwhile, a European Union 
delegation visited Tehran in early 
July to discuss links in sectors 
including raw materials, and con-
struction. A further “European 
Economic Mission” is scheduled 
for October. 

And it’s more than talk from 
the Europeans. Italy’s national-

ised road construction compa-
ny Anas signed up to a €3.6bn 
(£3bn) motorway construction 
deal this month. The 1,200km 
motorway will strengthen Iran’s 
links with Turkey.

Italy’s Ferrovie dello Stato also 
hopes to start work on a  €4bn 
(£3.38bn) high speed rail ink be-
tween Qom and Arak next year 
while French rail operator SNCF 
has been contracted to redevel-
op stations in large Iranian cities.

And the UK? Well, the news is 
a little more slow but the Depart-
ment for Transport has signed a 
Memorandum of Understanding 
with Iran Railways for the devel-
opment of rail process manage-
ment projects

Perhaps the best is yet to 
come.

K E Y  S TAT

495km
Length of 

Iran’s railway 
network to be 

electrified 
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A i r p o r t s
Manchester pioneers 
runway innovation
It is a real pity that, prior to 
making his contribution to the 
Airports Round Table discussion 
featured in the August edition of 
New Civil Engineer, Neil Thomson 
didn’t speak to his erstwhile 
colleagues at Manchester Airport 
–myself included – regarding 
innovative approaches to runway 
refurbishment.

I have absolutely no argument 
with his view that those involved in 
what are extremely complex, highly 
demanding and business critical 
projects such as these should be 
seeking to “freshen things up” and 
doing all we can to reduce the time 
they take. 

 Indeed, it was for this very reason 
that, back in 2009, we embarked on 
an open and collaborative approach 
with our then framework contractor 
and its supply chain to take forward 
the wholesale rehabilitation of 
Manchester’s primary runway.

Not only was this project 
successfully completed on time, 
within budget and with just one 
reportable accident, it was also 
notable that it included a number of 
firsts for a UK airport.

Most notably, rather than utilising 
grooved Marshall Asphalt (MA) – 
which is the material that is almost 
universally used to resurface 
runways in the UK – we became the 
first major British airport to use the 
French inspired, un-grooved BBA 
surfacing material. 

Not having to groove the surface 
saved us a six-figure sum. BBA 
is also easier to produce and lay 
than MA and therefore greater 
productivity can be achieved. This, 
in turn, generated further cost 
savings and reduced the overall 
disruption to our customers. 

In tandem with this, we also 
became the first UK airport to install 

LED centre-line and edge lights - a 
move that has now been followed 
by most major UK airports and has 
resulted in further savings in terms 
of maintenance costs.

Our aim is that this ethos of 
innovation and collaboration is 
further developed and refined as we 
move into the major re-modelling 
of Manchester Airport’s airfield 
which is part of the wider £1bn 
transformation of the North’s major 
gateway airport, due to start in late 
2016 and continue to 2024. 
James Wood (M) bunterwood@
btinternet.com
 

N e w  C i v i l  e N g i N e e r
website worry
Have you stopped producing a page-
turning version of New Civil Engineer 
once a month? I cannot find it on my 
computer!  If it still exists please let 
me know where I can find it.
Roger Ball (F) roger.ball@clard.
co.uk
Editor’s note: To Roger, and anyone 
else struggling, it does, and it’s here: 
www.newcivilengineer.com/latest/
digital-nce

F u t u r e  t e C h N o l o g y
Let’s get behind 
ModuLar reactors
I think that the letters from Harry 
Edwards and Derek Limbert on small 
modular reactors (SMRs) are the 
most interesting that I have seen in 
New Civil Engineer in years (New Civil 
Engineer, last month). Innovation is a 
topic which has always been pushed 
very hard in your pages and I am 
very glad to see that you published 
these letters, and gave them some 
prominence. This is innovation writ 
large, with fantastic potential, it 
seems. 

The possibility of managing our 
own energy affairs and not going cap 

@
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nceedit@emap.
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in hand for overseas funding and 
technology makes it a project which 
must be pursued with vigour. This is 
deserving of government funding. I 
also wonder if it will lead to a 
presentation at the upcoming Future 
Tech Forum. There is so much to be 
said on the positive side that this 
must surely be taken further.
Michael Scantlebury (M Retd) 
scantmcj@btinternet.com

B r e x i t
handing controL to 
our coMpetitors
It seems that we are sliding 
towards a perpetual reliance on 
Eurocodes to define building and 
manufacturing standards post-Brexit 
(New Civil Engineer last month). I 
am concerned that this will lead 
to the UK becoming a second rate 
engineering country beholden to the 
European Union to set the standards 
without our input.  

The British Standard Codes of 

Practice, discontinued in 2010, are 
not yet so outdated that they could 
not be resurrected to put the UK at 
the international forefront again. If 
we wait much longer, the expertise 
and experience of developing 
the leading edge of design and 
manufacturing practice will have 
dissipated. As a profession which 
produces a vast contribution to UK 
exports we have to point out to the 
government the key role which will 
exist post-Brexit and which we have 
a duty, an ability and a need to fill.

Sleepwalking into an international 
market managed by our principal 
competitors is not an option. A 
naive belief in the benevolent 
centralisation of expertise around 
Eurocodes would leave the UK 
construction industry as an also ran 
competitor in the tender lists for 

the editor,  
New Civil 
engineer, 
telephone 
house,  
69-77 paul 
street, london,  
eC2A 4NQ 
email: nceedit@
emap.com 

brexit: no more standards input

Your View
l e t t e r s  to  t h e  e d i to r  A N d  C o M M e N t s  o N l i N e
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So what is to 
become of the 
five year National 
Infrastructure 
Delivery Plan 
(“NIDP”), and its 
£483bn investment 
plans, when 
commitment to the 
NIDP is needed  
more than ever? 

And is there any light at the end of the tunnel 
following Brexit?

I am concerned that Brexit will be a major 
distraction. However, it is its impact on the 
availability of private sector finance where I 
have had cause to think about solutions as 
opposed to the obvious challenges. I think we 
can draw significant comfort from the water 
industry and a relatively recent, complex (and 
therefore not well understood) success story; 
the finance of the Thames Tideway Tunnel.

Large “one-off” infrastructure projects 
often have little or no precedent to accurately 
assess construction risk, outturn costs and 
contingency requirements. 

While funders are attracted to long term 
contracts and the secure revenue streams that 
regulated utilities can provide, they are not 
generally well disposed towards these risks.

The £4.2 bn Tideway project is no exception.  
While it will ultimately be paid for by levies on 
the bills of Thames Water customers, finance 
was achieved due to the innovative model that 
has been devised to fund construction.

The private infrastructure provider is 
made up of six infrastructure equity investors 
(including pension funds) and was appointed 
following a competitive tender process by 
Thames Water. 

It is investing £1.275bn, which will be used 
to pay for construction work before bank debt 

funding is drawn down.
One reason equity investors were able to 

get comfortable with construction risk was 
the provision of a third limb of funding via 
customer bills using a mechanism similar to the 
water utility investment model. 

Revenue from this funding stream increases 
as the project progresses and the value of the 
built asset increases. This means there is a 
revenue stream for investors from day one.

Another was a package of support measures 
provided by the government, including being 
insurer of last resort and financial support 
in the event of debt market disruption or if 
cost overruns go beyond certain prescribed 
levels. The risk of overruns was also managed 
innovatively within the supply chain using pain 
share/gain share mechanisms to which all key 
stakeholders are party.

This funding solution will not be suitable for 
all types of infrastructure. 

Funders of the Thames Tideway Tunnel 
clearly took significant comfort from the recent 
experience and success of similar London 
tunnelling projects such as Crossrail.  

This approach will not be as attractive to 
projects involving new technology; for example 
new nuclear or offshore renewable technology.  
However, it may well provide a partial solution 
to other publicly funded transport projects.  
Let’s hope this tunnel can provide some light.
l Will Gard is a chartered civil engineer  
and a partner at independent UK law firm  
Burges Salmon

F i N A N C e  v i e w
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gard

consulting and building contracts.
Alan Harris (M) 64 Pickhurst Lane, 
Hayes, Kent, BR2 7JF

t r A N s p o r t
the case for doubLe 
deck crossraiL2
It would make sense for any early 
studies of the business case for 
Crossrail 2 by Transport for London 
to include a high-level study on an 
option to design Crossrail 2 to allow 
for double deck rolling stock. 

With there being no tunnels on 
the proposed existing rail network 
that is earmarked for Crossrail 2 
beyond the new central tunnelled 
section, the percentage increase 
in infrastructure costs to allow 
for the larger loading gauge 
would be substantially less than 
an approximate 50% increase in 
passenger capacity that double 
deck trains would allow compared 
to single level trains that fit within 
existing UK loading gauge. 

London needs to think long-term in 
planning its transport infrastructure 
capacity enhancements to meet the 
substantial expected population 
growth.
Alistair Lenczner, posted online 
on article headlined Atkins and 
CH2M win £1.5M Crossrail 2 
contract

e Q u A l i t y
positive 
discriMination 
I suggest you do the profession a 
disservice by continually proffering 
statistics in support of an alleged 
urgency to recruit more engineers 
preferentially from any section of 
the community which is non-white, 
female, homosexual, lesbian or 
transgender (New Civil Engineer, 
last month). We have equality laws, 
at least in the UK, and they work 
for the people mentioned. Can we 
please leave it there? Let’s allow 
anyone to pursue a career in civil 
engineering - or not according to 
the individual’s preferences.
Colin Ivey  
colinivey@virginmedia.com
Editor’s note: We at New Civil 
Engineer respectfully disagree  
and will continue to proffer  
reasons for addressing inequality  
in our profession and showcase  
those striving to do something  
about it. You can read some of  
them on p58
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Bridge 
Brilliance

b ridge design has come a 
long way: from crudely 
pushing a wooden log 
over a stream to today’s 
longest bridge – China’s 
35km Hangzhou Bay 

Bridge.
Much of this change took place 

over 6,000 years where a handful of 
innovations led from humble brick 
arches to today’s reinforced concrete 
megastructures.

The ancient civilisations of Assyria 
and Egypt could have been the 
fi rst to introduce bridge building. 
Stone arches can be found over the 
entrance of the great pyramid of 
Ghizeh, Egypt (3200 to 4200 BC).

The fi rst real evidence of 
bridge-building technology can be 
traced back to Babylonian society in 
about 4000BC. Outside Babylon was 
a great reservoir, holding overfl ow 
from the river Euphrates. The river 
was spanned in the centre of the city 
by a single brick arch, one furlong 
(220m) long and 10m wide. Brick was 
the only building material.

Other early evidence of bridges 
is in passing references, often in 
the grander description of a mili-
tary victory. The earliest record of 
a timber bridge is from Herodotus 

describing one built over the Euphra-
tes in Babylon about 783BC. With 
stone piers, connected with wooden 
platforms, it was removed at night 
to prevent thieves entering the city. 
One description was 11m wide and 
201m long, and the piers were built 
on a sandy river bottom with arches 
of hewn stone fastened together with 
iron chains and melted lead.

RoMan aRcH
The next giant leap in bridge building 
came from the Romans, who incor-
porated the true semicircular arch 
into their designs in about 500BC to 
600BC. Many of their best examples 
are still standing up to 2,500 years 
later – how many bridges built today 
will boast a similar lifespan?

The Romans’ expertise often 
derived from a tendency to place 
liability for bridge failures on their 

B Y  R O B E R T  H E N S O N

SPANNING 
THE AGES
BRIDGES HAVE ALWAYS EVOLVED TO 
MEET SOCIETY’S CHANGING DEMANDS

“The earliest 
record of a 

timber bridge is from 
Herodotus describing 
one built over the 
Euphrates in Babylon 
about 783BC

KEY STATS

4,000BC
First evidence 

of bridge 
construction

1845
Plans drawn 
up for box 
girder on 

pioneering 
Britannia 
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“The Romans’ 
expertise 

often derived from 
a tendency to place 
liability for bridge 
failures on their 
builders 

builders – money was withheld until 
40 years after construction.

The Alcantara Bridge, built over 
the Tagus River in Spain is a prime 
example. The mortar-less stone 
bridge was built around 100AD. It has 
been ruined four times since then – 
by wars, not by the elements. With 
six semi-circular granite arches, the 
largest spanning 28.8m, it measures 
181m in total and its deck sits 62m 
above water.

daRK ages
The Dark Ages (500AD to 1100AD) 
played host to a severe decline in the 
art of bridge building. Bridges often 
had steep gradients at the ends and 
unequal spans – and were generally 
inferior to those of the Romans.

In the 11th and 12th centuries the 
religious order The Brothers of the 
Bridge began a programme of bridge 
construction. Benedictine monks 
established houses at river crossings 
for comfort and safety, protecting 
vulnerable travellers against bandits, 
and preservation of the bridges and 
their passengers became a sacred 
duty. The monks also picked up 
skills in bridge design, construction 
and maintenance, and were in hot 
demand across Europe.

Perhaps the most famous of the 
Brothers’ bridges was built in 1186 to 
cross the Rhône at Avignon, south-
ern France. Built with 22 spans – the 
longest 34m – and low arches, it in-
spired the aesthetics and engineering 
of many bridges to come.

The most accomplished bridges 
of the period gained the dubious 
honour of a “Devil’s Bridge”. There 
were dozens of these bridges that 
seemed unfathomable to the layper-
son. According to legend engineers 
turned to the Devil for help with 
construction. The Trezzo sull’Adda 
Bridge, built in Lombardy, Italy 1377, 
was such a design. With its single 
arch span of about 75m it held the 
record for largest masonry span for 
500 years, until 1903 and the Adolphe 
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daRK ages
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demand across Europe.
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longest 34m – and low arches, it in-
spired the aesthetics and engineering 
of many bridges to come.

The most accomplished bridges 
of the period gained the dubious 
honour of a “Devil’s Bridge”. There 
were dozens of these bridges that 
seemed unfathomable to the layper-
son. According to legend engineers 
turned to the Devil for help with 
construction. The Trezzo sull’Adda 
Bridge, built in Lombardy, Italy 1377, 
was such a design. With its single 
arch span of about 75m it held the 
record for largest masonry span for 
500 years, until 1903 and the Adolphe 
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“Bridge building 
became more 

active in France than 
any other country 
between 1500AD and 
1750AD

Bridge in Luxembourg was built. The 
Trezzo only lasted 39 years, however 
– when the city was under siege in 
1416, the city’s leaders deliberately 
caused it to collapse by weakening 
the abutments.

Renaissance
Bridge building became more active 
in France than any other country 
between 1500AD and 1750AD, chiefly 
under the direction of the Brothers 
of the Bridges. The tendency was for 
thinner piers, and the use of flatter 
arch forms to create wider spans, 
without excessive rises, or steep 
roadway grades.

Interestingly, around this time the 
first dredging machine was used to 
build the foundations of a bridge at 
Maastricht over the Maas river in the 
Netherlands, in 1635.

At the start of 18th century, it be-
comes evident in France that public 
bridges were in dangerous condition 
and needed rebuilding. In 1715 the 
first “Department of Bridges and 
Roads” was established. The “Nation-
al School of Bridges and Roads” fol-
lowed in 1747 – probably the world’s 
first school aimed at producing civil 
engineers.

Advances were made in England 
as well; Westminster Bridge, begun 
1738 and finished 1750, marks the 
beginning of a new era, with caissons 
instead of cofferdams used for the 
first time. It also brought in a new 
era of “caisson disease”, or decom-
pression sickness, causing countless 
deaths to workers.

Around the late 18th Century the 
principle of the truss is rediscovered; 
it was first discovered by Italian 
architect Palladio in 1560 – for use in 
roofs, not bridges.

iRon
For a relatively short time in history 
cast iron was in fashion, and the 
Coalbrookedale bridge (built 1776) is 
a foremost example. With a span of 
33m, centre rise of 15m. It contains 
378t of metal and was the first bridge 
in any country entirely composed of 
iron. Cast iron is relatively brittle and 
less reliable than steel, but suffers lit-
tle to no corrosion from rust (unlike 
wrought iron and steel).

But cast iron bridges died out from 
about 1875, with the introduction of 
the more ductile wrought iron and 
steel. Structural steel, with a safe 
working strength 20% greater than 
wrought iron, came into general use 
about 1890, and in less than five 
years became the only metal used in 
bridges. First use of steel in a bridge 
globally was much earlier in 1828, for 
the chain bridge in Vienna, over the 
Danube canal, with a span of 101m.

suspension bRidges
Suspension bridges had been built 
throughout history, with examples 
seen in ancient remote villages 
of China, Japan, India, Tibet and 
Mexico and South America, using 
twisted vines or hide to attach to the 
bridge and nearby trees. But the first 
modern suspension bridge arrived 
in 1801, and connected Uniontown 
and Greensburg, Pennsylvania with a 

span of 21m.
The next big development was the 

first wire cable suspension bridge, 
also in Pennsylvania which opened 
1816, with a single span of 124m, a 
width of only 300mm, and cables 
comprising six 9mm diameter wires. 
The concept of resonance was not 
well known and the collapses of 
many of these bridges was put down 
to “wind” or “marching soldiers”.

scientific RigouR
Scientific and exact computation of 
stresses in bridge frames originated 
in the United States in 1847, with 
Squire Whipple’s A Work on Bridge 
Building, then Herman Haupt’s The 
General Theory of Bridge Construction 
published in 1851. Before this, bridge 
members were proportioned according 
to the judgement of experienced build-
ers. Before 1860, railway companies 
designed their bridges in their own 
offices and manufactured parts in 
their own shops, but in the following 
10 years, those who had become 
proficient in the art of bridge building 
organised contractors and engineer-
ing companies to take contracts and 
manufacture their bridges, frequently 
to their own patented designs.

And as rail travel exploded, this 
rigour was sorely needed in the in-
dustry – Statistics from 1888 showed 
bridges on American railroads were 
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failing at a rate of 25 per year, or 1 
per 8,050km of railroad built.

ConCrete
One of the first examples of a 
concrete bridge is still standing in 
Amalfi, Italy. It was built in the 6th 
Century. At 1.5m wide, 3m above wa-
ter and 7m long, the structure is still 
in good condition more than 1400 
years later. But the Romans used con-
crete mainly as a “filler” material, and 
it was not until the late 19th Century 
that exposed concrete was first used.

The Grand Maître Aqueduct (1850-
65) in Farance is a prime example, it 
conveys water from the Vanne River 
the full 151km to Paris thanks to a 
series of concrete arches.

Conventional concrete bridge 
design spread from Switzerland, to 
America where the railroad compa-
nies renewed old steel bridges with 
concrete, often (like the Romans) 
faced with stone.

reinforCed
Brunel might have been the first 
person to experiment with reinforced 
concrete arches, building a semi-arch 
of brick 18.3m long with a hoop iron 
bond, which supported itself through 
cantilever action.

Then in 1867, French gardener Jean 
Monier, decided to strengthen the 
large cement flower pots and urns 
he made with a single layer of wire 
mesh. In just the next few years he 
extended this idea to tanks, bins and 
arches, protecting his inventions 
with German patents.

With the patents spreading around 
the world quickly, the first example 
of a reinforced concrete bridge built 
in England spans the Waveney at 
Homersfield in 1871. It has a 15.2m 

span, a rise of 1.5m, and uses more 
than 100t of concrete. Definitive 
knowledge of reinforced concrete’s 
behaviour was lacking, but with more 
tests and research, it became the 
dominant force in bridge building, 
continuing through to the more archi-
tecturally-focused designs of today.

Box Girders
Another major innovation was the 
box girder. In 1845 engineer Robert 
Stephenson got the job to oversee 
the railway bridge over the Menai 
Strait at Anglesey, connecting the rail-
way between London to Holyhead. 
He envisioned a radical system of 
prefabrication, where the horizontal 
elements could be broken into three 
sections, floated out, and lifted up 
into position on piers.

British engineer/mathematician 
team of Sir William Fairbairn and 
Eaton Hodgkinson were called upon. 
The pair had a good reputation, 
previously working elsewhere in 
Britain on railway bridges and finding 
a formula for which a beam will fail 
as a function of its length.

Their first thought was for cylin-
drical tubes, thought to be the ideal 
form. But various experiments led to 
rectangular boxes. More experiments 
were scaled up and up, over about 
six weeks, and with £6,000 assistance 
from the railway, up to a one-six-

teenth model with girders 23.8m long. 
Eventually the rectangular box shape 
became large enough – about 4.5m 
wide – that, rather than run the trains 
on top, they ran them inside.

The innovation had an immediate 
impact – the spans of 140m on the 
bridge, known as the Britannia bridge 
were almost 15 times longer than the 
longest wrought iron span so far.
Few other rectangular, tubular iron 
bridges were ever built, due to more 
economical materials. But as a forerun-
ner to the box girder, the Britannia is a 
landmark of engineering.

During the 20th century, box girder 
design evolved into lighter weight, 
even longer span steel structures, 
often used in suspension bridges, no-
tably the Severn suspension bridge, 
built in the 1960s and Hong Kong’s 
Tsing Ma bridge, built in the 1990s. N

“The Romans 
used concrete 

mainly as a “filler” 
material, and it was 
not until the late 19th 
Century that exposed 
concrete was first used

the ‘iron 
Bridge’, 
Coalbrookdale 
–the first cast 
iron arch  bridge 
in the World

“Brunel  
might have 

been the first person 
to experiment with 
reinforced concrete 
arches

Providing expert  
support to the 
construction industry

Connections 
& Metering

Infrastructure Metering Energy  
Contracts Services

One point of contact and  
on-site support from day one
From the initial quote to project completion, 
a team of technical experts will simplify the 
connection and metering process for you. 
It’s why we work with suppliers we trust to deliver  
on our exacting standards, and have strong, reliable 
industry contacts experienced on large-scale projects.

For more information call British Gas Business 
Connections & Metering on 0800 316 0378*

britishgas.co.uk/business/nce

For more information about the mix of fuels used to generate  
our electricity, simply visit britishgas.co.uk/fuelmix

* We record and monitor our call to improve our service to you.
  Calls to 0800 numbers are free.

1358/03/16



22 n e w  c i v i l  e n g i n e e r    |    S e P T e M B e r  2016

Bridge Brilliance    Introduction

failing at a rate of 25 per year, or 1 
per 8,050km of railroad built.

ConCrete
One of the first examples of a 
concrete bridge is still standing in 
Amalfi, Italy. It was built in the 6th 
Century. At 1.5m wide, 3m above wa-
ter and 7m long, the structure is still 
in good condition more than 1400 
years later. But the Romans used con-
crete mainly as a “filler” material, and 
it was not until the late 19th Century 
that exposed concrete was first used.

The Grand Maître Aqueduct (1850-
65) in Farance is a prime example, it 
conveys water from the Vanne River 
the full 151km to Paris thanks to a 
series of concrete arches.

Conventional concrete bridge 
design spread from Switzerland, to 
America where the railroad compa-
nies renewed old steel bridges with 
concrete, often (like the Romans) 
faced with stone.

reinforCed
Brunel might have been the first 
person to experiment with reinforced 
concrete arches, building a semi-arch 
of brick 18.3m long with a hoop iron 
bond, which supported itself through 
cantilever action.

Then in 1867, French gardener Jean 
Monier, decided to strengthen the 
large cement flower pots and urns 
he made with a single layer of wire 
mesh. In just the next few years he 
extended this idea to tanks, bins and 
arches, protecting his inventions 
with German patents.

With the patents spreading around 
the world quickly, the first example 
of a reinforced concrete bridge built 
in England spans the Waveney at 
Homersfield in 1871. It has a 15.2m 

span, a rise of 1.5m, and uses more 
than 100t of concrete. Definitive 
knowledge of reinforced concrete’s 
behaviour was lacking, but with more 
tests and research, it became the 
dominant force in bridge building, 
continuing through to the more archi-
tecturally-focused designs of today.

Box Girders
Another major innovation was the 
box girder. In 1845 engineer Robert 
Stephenson got the job to oversee 
the railway bridge over the Menai 
Strait at Anglesey, connecting the rail-
way between London to Holyhead. 
He envisioned a radical system of 
prefabrication, where the horizontal 
elements could be broken into three 
sections, floated out, and lifted up 
into position on piers.

British engineer/mathematician 
team of Sir William Fairbairn and 
Eaton Hodgkinson were called upon. 
The pair had a good reputation, 
previously working elsewhere in 
Britain on railway bridges and finding 
a formula for which a beam will fail 
as a function of its length.

Their first thought was for cylin-
drical tubes, thought to be the ideal 
form. But various experiments led to 
rectangular boxes. More experiments 
were scaled up and up, over about 
six weeks, and with £6,000 assistance 
from the railway, up to a one-six-

teenth model with girders 23.8m long. 
Eventually the rectangular box shape 
became large enough – about 4.5m 
wide – that, rather than run the trains 
on top, they ran them inside.

The innovation had an immediate 
impact – the spans of 140m on the 
bridge, known as the Britannia bridge 
were almost 15 times longer than the 
longest wrought iron span so far.
Few other rectangular, tubular iron 
bridges were ever built, due to more 
economical materials. But as a forerun-
ner to the box girder, the Britannia is a 
landmark of engineering.

During the 20th century, box girder 
design evolved into lighter weight, 
even longer span steel structures, 
often used in suspension bridges, no-
tably the Severn suspension bridge, 
built in the 1960s and Hong Kong’s 
Tsing Ma bridge, built in the 1990s. N

“The Romans 
used concrete 

mainly as a “filler” 
material, and it was 
not until the late 19th 
Century that exposed 
concrete was first used

the ‘iron 
Bridge’, 
Coalbrookdale 
–the first cast 
iron arch  bridge 
in the World

“Brunel  
might have 

been the first person 
to experiment with 
reinforced concrete 
arches

Providing expert  
support to the 
construction industry

Connections 
& Metering

Infrastructure Metering Energy  
Contracts Services

One point of contact and  
on-site support from day one
From the initial quote to project completion, 
a team of technical experts will simplify the 
connection and metering process for you. 
It’s why we work with suppliers we trust to deliver  
on our exacting standards, and have strong, reliable 
industry contacts experienced on large-scale projects.

For more information call British Gas Business 
Connections & Metering on 0800 316 0378*

britishgas.co.uk/business/nce

For more information about the mix of fuels used to generate  
our electricity, simply visit britishgas.co.uk/fuelmix

* We record and monitor our call to improve our service to you.
  Calls to 0800 numbers are free.

1358/03/16



rpsgroup.com    

Providing engineering & 
environmental consultancy for 
infrastructure projects

RPS is uniquely placed to support the planning and 
development of energy infrastructure with our in 
depth knowledge of the energy sector and expertise 
in all aspects of the built and natural environment.

andy.young@rpsgroup.com Highways | Rail | Ports | Energy | Utilities | Aviation 

BUILDING A BETTER FUTURE

 

25S E P T E M B E R   2016   |    n E w  c i v i l  E n g i n E E R

B Y  K A t h e r i n e  S m A l e

Sky 
diver

TranSparenT bridge will 
carry a Swimming pool 

beTween Two Tall buildingS



rpsgroup.com    

Providing engineering & 
environmental consultancy for 
infrastructure projects

RPS is uniquely placed to support the planning and 
development of energy infrastructure with our in 
depth knowledge of the energy sector and expertise 
in all aspects of the built and natural environment.

andy.young@rpsgroup.com Highways | Rail | Ports | Energy | Utilities | Aviation 

BUILDING A BETTER FUTURE

 

25S E P T E M B E R   2016   |    n E w  c i v i l  E n g i n E E R

B Y  K A t h e r i n e  S m A l e

Sky 
diver

TranSparenT bridge will 
carry a Swimming pool 

beTween Two Tall buildingS



26 n e w  c i v i l  e n g i n e e r    |    S e P T e M B e r  2016

R E A D  M O R E  T E C H N I C A L  F E A T U R E S  A T 
N E W C I V I L E N G I N E E R . C O M / T E C H N I C A L - E X C E L L E N C E

L ondon’s Sky Pool will be the 
first swimming pool in the 
world to bridge between 
two buildings 10 storeys up. 
However this isn’t its only 
unique feature – it is also a 

fully transparent structure.
“The challenge was set by the 

client,” says HAL Architects founder 
Hal Currey. It said: “If we’re going to 
do it then we’re going to do it as a 
transparent structure.”

The 5m wide, pool weighs 200t 
when filled and spans 14m between 
two residential buildings in the 
heart of the new Embassy Gardens 
development in Nine Elms, south 
London. Swimmers brave enough to 
take the plunge, will have a dizzyingly 
clear and dramatic view of the 
ground below. It has been designed 
by structural engineer Eckersley 
O’Callaghan, which specialises in 
glass and transparent structures, and 
HAL Architects.

Initially the designers looked to 
develop on a previous swimming 
pool which Eckersley O’Callaghan 
director Brian Eckersley had worked 
on. The glass swimming pool in a 
building in north London had a 2.5m 
wide transparent floor, which used 
the sides as the beams to carry the 
weight with the base, stiffened by 
secondary beams underneath. But 
this approach did not lend itself to 
the simplicity of form the team was 
looking for.

“Actually things all start to get 
quite complicated when you do that,” 
says Eckersley. “All the connections 
start to get quite big and you need 
lots of lamination because you have 
these two glass beams which carry 
all the weight. So you need to build in 
quite a lot of safety.”

Instead the team looked to other 
water retaining structures for 
inspiration and found what could 
be described as a fishy solution – 
aquariums.

“Aquariums may look like quite 
different structures, but actually, 
they’re quite tall so the pressure of 
the water acting on the sides when 

they’re 10m tall are pretty enormous,” 
says Eckersley.

Aquariums are normally made out 
of acrylic which behaves plastically 
compared to the more troublesome 
brittle nature of glass says Eckersley.

“The thing about glass is that it’s 
brittle, it breaks quite easily which 
means that it introduces quite strict 
disciplines for the engineers who 
work with it,” says Eckersley. “If 
you put a bolt in steel and the hole 
is a little bit higher than it should 
be then it doesn’t matter too much, 
as the steel just relaxes a bit and 
redistributes the stresses.

“In glass that doesn’t happen, 
if you stress it then it breaks very 
suddenly.”

So the team turned its attention to 
designing the structure from acrylic 
instead of glass.

Turning the architect’s vision of 
the pool into a reality was the job 
of the structural engineer. To satisfy 
building regulations and ensure 
swimmers do not meet a soggy end, 
the sides of the pool between the 
buildings had to be 3.3m tall. This 
gave the team ample structural depth 
for a pair of 200mm thick beams 
to span between the buildings and 
support the base of the pool. In 
turn, the 300mm thick base is then 
bonded between the side walls with 
a virtually invisible mitred joint as 
strong as the parent material itself.

Each end of the pool is housed 
in stainless steel ‘tubs’ set into the 
buildings. 

To give the structure additional 
robustness, two tensioned cables will 
run beneath the acrylic base, one 
alongside each of the pool walls, tying 
the tubs to the acrylic, but not the 
building. This means the structure all 
moves together with no movement 
occurring at the joints.

“The cables add additional 
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transparent structure.”

The 5m wide, pool weighs 200t 
when filled and spans 14m between 
two residential buildings in the 
heart of the new Embassy Gardens 
development in Nine Elms, south 
London. Swimmers brave enough to 
take the plunge, will have a dizzyingly 
clear and dramatic view of the 
ground below. It has been designed 
by structural engineer Eckersley 
O’Callaghan, which specialises in 
glass and transparent structures, and 
HAL Architects.

Initially the designers looked to 
develop on a previous swimming 
pool which Eckersley O’Callaghan 
director Brian Eckersley had worked 
on. The glass swimming pool in a 
building in north London had a 2.5m 
wide transparent floor, which used 
the sides as the beams to carry the 
weight with the base, stiffened by 
secondary beams underneath. But 
this approach did not lend itself to 
the simplicity of form the team was 
looking for.

“Actually things all start to get 
quite complicated when you do that,” 
says Eckersley. “All the connections 
start to get quite big and you need 
lots of lamination because you have 
these two glass beams which carry 
all the weight. So you need to build in 
quite a lot of safety.”

Instead the team looked to other 
water retaining structures for 
inspiration and found what could 
be described as a fishy solution – 
aquariums.

“Aquariums may look like quite 
different structures, but actually, 
they’re quite tall so the pressure of 
the water acting on the sides when 

they’re 10m tall are pretty enormous,” 
says Eckersley.

Aquariums are normally made out 
of acrylic which behaves plastically 
compared to the more troublesome 
brittle nature of glass says Eckersley.

“The thing about glass is that it’s 
brittle, it breaks quite easily which 
means that it introduces quite strict 
disciplines for the engineers who 
work with it,” says Eckersley. “If 
you put a bolt in steel and the hole 
is a little bit higher than it should 
be then it doesn’t matter too much, 
as the steel just relaxes a bit and 
redistributes the stresses.

“In glass that doesn’t happen, 
if you stress it then it breaks very 
suddenly.”

So the team turned its attention to 
designing the structure from acrylic 
instead of glass.

Turning the architect’s vision of 
the pool into a reality was the job 
of the structural engineer. To satisfy 
building regulations and ensure 
swimmers do not meet a soggy end, 
the sides of the pool between the 
buildings had to be 3.3m tall. This 
gave the team ample structural depth 
for a pair of 200mm thick beams 
to span between the buildings and 
support the base of the pool. In 
turn, the 300mm thick base is then 
bonded between the side walls with 
a virtually invisible mitred joint as 
strong as the parent material itself.

Each end of the pool is housed 
in stainless steel ‘tubs’ set into the 
buildings. 

To give the structure additional 
robustness, two tensioned cables will 
run beneath the acrylic base, one 
alongside each of the pool walls, tying 
the tubs to the acrylic, but not the 
building. This means the structure all 
moves together with no movement 
occurring at the joints.

“The cables add additional 
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robustness to the design and ensure 
that the stainless steel and acrylic 
move together without over-stressing 
the sealant joints,” says Eckersley.

 “There are springs at each end of 
the ties to maintain a consistent level 
of tension when the acrylic expands 
and contracts due to temperature 
variation.

“Acrylic has a really high thermal 
coefficient, so in the winter it will 
shrink a lot and in the summer it will 
grow.”

To analyse the forces in the 
structure the team carried out 
sophisticated computer analysis 
to look at the various natural 
frequencies of sloshing water and 
a finite element analysis was used 
to calculate the stresses within the 
structure, making sure to keep within 
the limits of the material.

One of the main issues the team 
had to consider during the design 

phase was differential settlement 
between the two buildings. Although 
the two buildings will be built at 
approximately the same time, no 
guarantees can be made about how 
much each will move over time.

“They’re built on different 
foundations, they’re built at slightly 
different times, they will behave 
slightly differently and that is totally 
unavoidable,” says Eckersley.

“They may sink slightly on their 
foundations, they may tilt slightly, 
the concrete will shrink over time. All 
of these little movements add up to 
something which for the engineer is 
quite significant. If we rigidly joined 
them together, those movements 
would potentially induce enormous 
stresses into the structure, so you have 
to ensure that stresses are released.”

To release the structure, the pool 
has been built on bearings at either 
end to allow it to move independently 
of the buildings and avoid any build-
up of stresses.

Any necessary services will be 
carried beneath a footbridge which is 
situated parallel to the pool.

The development is expected to 
be finished in late 2017, but only the 
lucky few living in the residential 
apartments on either side will be  
able to take a seemingly gravity-
defying dip. N

“Acrylic has 
a really high 

thermal coefficient, 
so in the winter it will 
shrink a lot and in the 
summer it will grow

From 10 storeys 
up, swimmers will 
have a dramatic view 
through the 300mm 
thick acrylic floor

The transparency of glass 
and acrylic is one of the 
only similarities between 
the two materials. But 
acrylic has many benefits 
for the design of the Sky 
Pool structure.

Acrylic is much lighter 
than glass. Joints in the 
structure are less visible – 
transparent bonded joints 
as strong as the original 
parent material can be 
made in acrylic.  
“This is a pretty amazing 
thing compared to what 
it takes to connect glass 
structures together,” says 
Eckersley.

Acrylic is more 
transparent than glass – 
glass has to be laminated 
to give redundancy to 
the structure. However 
with each lamination, 
the interlayer combined 
with the thickness of the 
glass reduces the visual 
transparency. This is not 

the case with acrylic.
Acrylic has less visual 

distortion. When you fill 
the acrylic with water 
and you look through it, 
the light travels through 
it in a pretty straight line 
between the water, acrylic 
and then air because the 
refractive index is pretty 
similar; whereas when 
you look through glass 
structure, you get quite a 
lot of distortion.

It’s not brittle, it’s plastic 
as the name suggests, so it 
doesn’t have that sudden 
failure behaviour and it 
also has better impact 
resistance.

On the negative side, it 
lacks the stiffness of glass, 
so for any given load it will 
deflect more than a glass 
structure. “But that’s ok,” 
says Eckersley. “It’s just a 
matter of sizing it correctly 
so that deflection is still 
within the limits that you 
need to work to.”
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structure are less visible – 
transparent bonded joints 
as strong as the original 
parent material can be 
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“This is a pretty amazing 
thing compared to what 
it takes to connect glass 
structures together,” says 
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glass has to be laminated 
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the structure. However 
with each lamination, 
the interlayer combined 
with the thickness of the 
glass reduces the visual 
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the light travels through 
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refractive index is pretty 
similar; whereas when 
you look through glass 
structure, you get quite a 
lot of distortion.

It’s not brittle, it’s plastic 
as the name suggests, so it 
doesn’t have that sudden 
failure behaviour and it 
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resistance.

On the negative side, it 
lacks the stiffness of glass, 
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ICICLE 
SHOWERS
makIng mOtORIStS SafE fROm faLLIng  
ICE On CabLE-SuppORtEd bRIdgES

T he problem of falling ice 
from suspension bridge 
cables is an interesting, if 
rare, conundrum.

From a structural point 
of view, most suspension 

bridges can easily cope with the 
additional load of snow or ice mass.

The problem lies in the melting 
phase, when large chunks of ice are 
prone to plummet and damage cars 
or pedestrians.

In 2009 ice fell from the two 
Severn crossings, resulting in 
smashed windscreens and scores of 
compensation claims from motorists.

Following the first closures, the 
Highways Agency commissioned 
consultants to urgently research 
incidents on cable-system bridges in 
Canada, Norway, Sweden, the United 
States and Japan.

But somewhere where there has 
been extensive research is on the 
Veterans’ Glass City Skyway, in 
Toledo, Ohio, a 2,682m long, 122m tall 
cable-stayed bridge, opened in 2007.

University of Toledo professor of 
civil engineering Douglas Nims has 
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been leading a team attempting to rid 
the bridge of ice shedding, sponsored 
primarily by the Ohio Department of 
Transport. But it’s proving tricky.

“We’ve looked at putting chemicals 
on it, wiring it, heating it. We basically 
looked at every available technology, 
and none of them are really practical 
for the bridge. We’ve got 18,000 feet 
(6,000m) of stay, which is a lot of area 
to cover.”

Engineers that designed the bridge 
said ice shedding would never be 
a problem. And yet since then, the 
region has had an average of two 
damaging ice storms a year, where 
sheets of ice of about 6mm thickness 
falls.

“It only ever happens at the 
beginning or the end of the winter, 
conditions have to be just right. 
Warm air comes up from Mexico, cold 
air comes down from Canada.”

But Ohio is not the only part of the 
US affected. The research has wide-
reaching impacts, with more than 80% 
of US bridges located in or near areas 
that have had damaging ice storms, 
Nims says.

“Pretty much every bridge east of 
the Mississippi and north of Florida 
is subject to icing,” Nims says. ”In 
the middle of the country, east of the 
Rocky Mountains, there’s no water in 
the air so you don’t get icing.”

In 2007, sheets of ice up to 19mm 
thick and 1.83m long fell 66m from the 
Veterans’ Glass City Skyway.

A few lanes were closed and 
motorists reimbursed for damage to 
their cars. But Nims acknowledges 
this is far from a best practice 
solution.

“In London, I’m sure there’s bridges 
there that no matter what happens, 
you won’t shut them down. When 
we talk to colleagues in New York, 
you can’t close them either, unless 
it’s really extreme. But for bridges 
like ours, which is never really at 
full capacity, if you close a few lanes 
it’s okay. But if you close the whole 
bridge for six or eight hours, that’s 
when it becomes a problem.”

So what is the best solution?
Traditionally, manual mechanical 

removal of ice has been the only 
option, with the often dangerous 
work reserved for hoisted workers. 
Or infrastructure could be erected to 
”catch” the ice.

Another solution is to use 
electricity to stimulate movement 
of the ice. One such method is an 
Electromagnetic Impulsive De-Icing 
System, which uses high current DC 
pulses run through a coil, leading to 
debonding and expulsion of ice. It was 
found effective for light to moderate 
ice accretions, tested for three years 
on the Storebaelt East Bridge in 
Denmark. Despite early success in 
the trial, a heavy 50mm ice accretion 
rendered the system ineffective.

Then there is the thermal solution.
On Hakucho Bridge, Japan, a study 

of the effects between different 
heating methods was made, including 
use of metal foils, air and water, 
but large amounts of energy were 
required in each case. In Toledo, 
the Skyway’s stays were hollow, so 
heating was possible, Nims says.

“When the air gets warm, it picks 
up moisture, so then you have to 
dehumidify it, which of course is a big 
issue, so we never even got down to 
the question of cost.”

In Sweden, a high pressure hot air 

“ traditionally, 
manual 

mechanical removal 
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only option, with the 
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phase, when large chunks of ice are 
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In 2009 ice fell from the two 
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Following the first closures, the 
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been leading a team attempting to rid 
the bridge of ice shedding, sponsored 
primarily by the Ohio Department of 
Transport. But it’s proving tricky.

“We’ve looked at putting chemicals 
on it, wiring it, heating it. We basically 
looked at every available technology, 
and none of them are really practical 
for the bridge. We’ve got 18,000 feet 
(6,000m) of stay, which is a lot of area 
to cover.”

Engineers that designed the bridge 
said ice shedding would never be 
a problem. And yet since then, the 
region has had an average of two 
damaging ice storms a year, where 
sheets of ice of about 6mm thickness 
falls.

“It only ever happens at the 
beginning or the end of the winter, 
conditions have to be just right. 
Warm air comes up from Mexico, cold 
air comes down from Canada.”

But Ohio is not the only part of the 
US affected. The research has wide-
reaching impacts, with more than 80% 
of US bridges located in or near areas 
that have had damaging ice storms, 
Nims says.

“Pretty much every bridge east of 
the Mississippi and north of Florida 
is subject to icing,” Nims says. ”In 
the middle of the country, east of the 
Rocky Mountains, there’s no water in 
the air so you don’t get icing.”

In 2007, sheets of ice up to 19mm 
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system has been employed on the 
Udevalla Bridge. The air is pushed 
through small holes in high density 
pollyelthelyne tubing. Again, large 
quantities of energy are required.

Finally, passive systems were 
considered, using chemical coatings. 
Nims says research conducted 
with the US Army’s Cold Regions 
Laboratory – one of the foremost 
expert bodies in this area – fielded 
good data, but no solution.

“People turn up to the US Cold 
Regions Lab and expect that they’re 
going to get a solution. And it’s like 
the Kubler-Ross model for five stages 
of mourning: first there’s denial… But 
you have to manoeuvre to admitting 
that there is no solution, and it then 
becomes a question of how to manage 
it in the best way,” says Nims.

The Toledo team has instead 
developed an “ice hazard mitigation 
strategy”, using bespoke sensors on 
stays to measure ice thickness and 
weather. 

A conventional icing sensor system, 
commonly used in airports, has 
also been adapted for the stays, but 
is less than ideal, Nims says. Not 
least because it can cost more than 
£20,000.

Data from sensors is converted to 
a model, which has been proven to 
predict ice accretion and ice shedding 
on other bridges.

Some of the models’ mathematics 
were developed from previous work 
done on powerline icing.

“Powerlines, which have icing 
issues, can rotate along the 
longtitudinal axis, and get cylindrical 
casings of ice. Our stays don’t rotate, 
so we revised those models, adapted 
them and hindcast (testing against 
past weather patterns) them,” Nims 
says.

“We’re dying for another icing 
event, to test all our models,”  
he adds. N

Siemens thrives on 
the development 
of new, innovative 
systems that safely 
deliver more efficient 
solutions to meet our 
customers’ evolving 
needs. 

In the rail sector, 
we work with a wide 
range of internal 

and external partners, identifying like-minded 
organisations with whom we can develop long-
term, mutually beneficial partnerships. We not 
only work with businesses, but also with a number 
of UK universities, enabling us to develop new 
technologies, identify new ways of thinking and 
work with new talent. 

In 2015, we held our first “UK Rail University 
Day”, with seven universities invited to pitch their 
capabilities and successes, outlining why they 
wanted to work with Siemens. All sorts of ideas 
were presented – from sensors fitted to trains to 
identify problems early, to novel ways of managing 
big data.

Arguably the most interesting presentations 
covered the application of technology in non-rail 
environments, yet which would be very applicable 
to our sector. 

For example, one team had been recording 
millions of bits of data about the day-to-day life 
of penguins in the Antarctic, using new graphical 
techniques to analyse and present the data. 

On the face of it (although absolutely 
fascinating), it had nothing to do with the rail 
industry. But given that in the world of the digital 
railway we will be collecting huge amounts of 
data and facing a real challenge to analyse the 
underlying information to improve the operation 

of the railway, the technology is actually directly 
transferrable. 

 There are plenty of funding sources available 
to support research, much of which can only 
be unlocked by universities working together 
with industry. With the UK a current hotbed of 
bright ideas and both government and industry 
committed to radically change the industry we 
work in, we are looking forward to collaborating in 
a range of rail-related areas.

Working with universities offers so much more 
than just access to research funding and joint R&D 
projects. It also allows us to work closely with 
post-graduates and degree students. Whether it be 
through internships, apprentice schemes, graduate 
training programmes or traditional recruitment, we 
recognise the need to continue to bring new skills 
and experience into the industry.

As a market-leader in the rail industry, we have 
a pool of exceptionally talented people, but we 
are also keenly aware that, fundamentally, we are 
a technology business operating within the rail 
sector. 

As such, the skills and experience of engineers 
from other industries are eminently transferable, 
with their introduction into the rail sector helping 
to bring an important mix of new perspectives, 
while at the same time opening up completely new 
opportunities for the individuals’ own professional 
development.
● Mark Glover is Siemens Rail Automation 
head of innovation
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post-graduates and degree students. Whether it be 
through internships, apprentice schemes, graduate 
training programmes or traditional recruitment, we 
recognise the need to continue to bring new skills 
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Integrated 
program
a multI-dIscIplInary team Is attemptIng to 
dIgItIse the entIre constructIon process

D igital engineering 
in discrete areas of 
the design process 
is not new, but all 
too often there is a 
lack of integration, 

and clashing IT platforms cause 
headaches for engineers. Where this 
£1.2M research project differs is in 
its ambition is to integrate every 
aspect – from concept design to the 
maintenance regime.

The benefits of the project led by 
consultant Tony Gee, contractor 
Laing O’Rourke, Cambridge University 
and Innovate UK, should be worth the 
effort: a much faster design process, 
greater efficiency, reliability, and 
reduced overall costs.

Every stage of the design process 
is being digitised going beyond the 
traditional view of digital being 
building information modelling (BIM), 
which forms only a small part of the 
overall package.

“By digital tools, we mean the 
various bits of computer software and 
databases that you use during the 
design, manufacture construction and 
maintenance process,” says Tony Gee 
& Partners executive director Neil 

Bridge
Brilliance

Farmer. “Modelling is where the BIM 
comes in, so that’s just a small part of 
what we’re doing.”

To make this huge undertaking 
more digestible, the project has been 
split up into seven different packages 
which lead on from each other and 
examine each stage of the process. 
The stages range from: market 
research to establish what need there 
is for digitising the process; logging 
and categorising the many different 
types of bridges around the country 
logged; and eventual benchmarking 
and demonstration of the new 
digitisation tool.

Part of the initial stage of the 
research was to examine the design 
decisions that are made during the 
initial stages of the project and then 
map them out.

“Going through the processes, 
the human element, I’m not aware 
of anything which captures that 
and tries to take what you do as a 

“ What we’ve 
found is that 

probably 90% of the 
decisions are made at 
concept design stage

AS BUILT
The completed Soar viaduct

3D RENDER
Soar viaduct components have 
been modelled parametrically 
to enable population of a global 
design library
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designer and quantify that.
“We’re having a brain dump from 

our engineers to put down on paper 
initially and then digitally what we 
do during the design process, and 
part of that is looking to improve the 
sequencing of the decisions which  
are made.

He says that from his point of view, 
the initial design process is really 
interesting.

“What we’ve found is that probably 
90% of the decisions are made at 
concept design stage, and if you get 
that right you can get to the right 
answer very quickly.”

Digitising this phase of a project 
has allowed the consultant to 
discover seemingly innocent 
innocuous decisions, which have 
knock-on effects on the critical path.

From initial discussions, flow 
diagrams were produced and the 
processes have been mapped out 
using design structure matrices 
(DSMs). Through algorithms, these 
then work out interactions between 
the elements and subsequently the 
most efficient way of ordering the 
process.

“What the matrices do is to 
put all of the important things up 
near the front, so you make those 
critical decisions earlier and it links 
the interdependencies of those 
decisions.”

One of the aspects which the team 
is looking at is a parametric tool 
which can allow the designer to push 
and pull the design around to suit 
different requirements. 

This tool aims to not only change 
the geometry of the structure, but 
re-analyse it each time – updating the 
model with the redesigned structural 
elements.

The team’s aim is then to integrate 
this model into costing software, 
using historical data and current 
information to give a preliminary 
costing at an earlier stage. 

To streamline the design process 
further still, each part of a bridge 
could be standardised, manufactured 
off site and then simply assembled on 
site. With the manufacturing process 
standardised, programming software 
could then also be linked into the 
model.

“What tends to happen is  that the 
design information is generally not 
compatible with the contractor’s 
software which we use in design,” he 
says. “Therefore they’ve got to double 
handle the data. So the idea is that 
we’re going to co-ordinate that with 
the manufacturing process.

Currently the team are using 

a digital software package called 
Solidworks, but Farmer says that the 
choice of program is unimportant, 
rather it was a case of examining the 
process behind the development of 
the design that was the aim. Similarly, 
the project is primarily centred on 
concrete structures. But Farmer 
says that once the process is proved 
there is no reason why it could not 
be applied to structures made from 
other materials.

One criticism levelled at the team 
is that this sort of standardisation 
will lead to a run of identical bridges. 
However, he was keen to emphasise 
that this will not be the case and that 
it will still involve human input into 
the visual component of the design.

“I think the biggest obstacle to 
overcome is the people who think 
the word ‘standardisation’, will mean 
that everything will look the same,” 
he says.

“But it doesn’t mean that. What 
it does mean is that more will be 
built using similar processes and not 
keeping on going through the same 
processes that we do manually. By 
automating some of the processes, 
you can get to the bespoke solutions 
a lot, lot quicker.

“We’ve been in consultation with 
Knight Architects to get architectural 
buy-in so we are considering 
aesthetics as well.”

Tony Gee is testing the concepts 
as it goes using existing bridges as 
case studies. The section of the A453 
linking the M1 to Nottingham City 
centre has four bridges which have 
been used to prove the new tools 
which the team have developed. 

In the end, the team hopes to 
produce an integrated system of 
software which demonstrates that the 
system works.

There will be a Solidworks model 
that is at the heart of all the other 
digital tools which feed into it,” says 
Farmer. 

“Quite what it all looks like in a 
year’s time will be interesting, and 
hopefully this will be the journey to 
the utopic digital bridge.” N

“ We’re trying 
to get the 

process right and then 
we can adapt it to 
accommodate other 
materials
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Crimea 
ConneCtor
a major new bridge will link annexed 
Crimea to russia, avoiding ukraine

V ladimir Vladimirovich 
Putin is not known 
as a bridge builder 
in international 
relations. In recent 
years Russia’s all-

action president has been associated 
with bold – some would say illegal 
– international actions including his 
country’s military involved in  Syria 
and the Ukraine.

But burning bridges on the 
diplomatic stage means – strangely 
enough – building bridges in the real 
world. 

When Russia controversially 
annexed Crimea from Ukraine in 2014 
its government was faced with an 
immediate problem. The only land 
connection to Russia proper runs 
through Ukraine and its still disputed 
eastern Donbass region. 

“From a strictly economic 
perspective, Crimea is actually 
more of a burden to Russia, as 
evidenced by the major infrastructure 
projects necessary to circumvent 
its continued dependence on 
transportation and energy links 
through Ukraine, including new 
power lines and power plants,” says 

KeY facT

7,000
Number of 
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maximum 
pile depth

the objective is fast completion – a 
two year construction programme.

The £2.5bn crossing will be known 
as the Krymsky Bridge (Crimean 
Bridge) – not to be confused with 
another crossing with the same name 
in central Moscow.

If all goes according to plan, the 
bridge will open to road traffic in 
December 2018 and to rail traffic in 
2019. 

The dual road-rail bridge will carry 
four traffic lanes and two rail tracks. 
It begins on the Taman Peninsula 
and uses a 5km dam section and the 
Tuzla Spit. 

A panel assessed 74 route options, 
and decided that the southern route 
across the Tuzla Spit was preferable. 
This is in fact a longer distance to 
cover than the next most favoured 
route, which would have started from 
the Chushka Spit in the north.

Maritime navigation in the Black 
Sea is a crucial consideration for the 
bridge. 

 “The Sevastopol naval base – 
HQ of Russia’s Black Sea fleet – is, 
without doubt, Moscow’s main 
strategic asset within Crimea. It was 
probably the main reason why the 
peninsula was taken over by Putin’s 
forces in the first place. The presence 
of, for instance, considerable natural 
gas reserves (potentially up to 2.3 
trillion m3) in the waters around the 

“ The Sevastopol 
naval base – 

HQ of russia’s Black 
Sea fleet – is, without 
doubt, moscow’s  
main strategic asset 
within crimea

Bridge  
Brilliance

Kevork Oskanian, a research fellow at 
the University of Birmingham’s Centre 
for Russian, European and Eurasian 
Studies.

“As [with] most of the rest of 
Ukraine, it is also considerably less 
affluent than Russia, and bringing 
pensions and public sector wages up 
to Russian standards has therefore 
also been a drain on Moscow’s 
resources, as has an annual subsidy 
to the local budget of about $1.5bn 
(£1.1bn),” he adds.

The new Russians in Crimea face a 
less than sympathetic route to their 
home markets. 

So the race is on to build a 19km 
bridge across the Kerch Strait. And 
like the Stakhanovite workers in 
Stalin’s Russia who promised to 
“complete the five-year plan in three” 
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region would only have paid a minor 
part in the decision,” says Oskanian. 

 So the bridge incorporates a 
227m span arched section with 35m 
clearance for shipping.

During the construction work, 
buoys have been deployed to mark 
the navigation path on the Kerch-
Yenikal channel, each buoy is visible 
from a maximum of 5.4km away. 
Waters around the construction area 
are off-limits to shipping – except for 
Russian naval vessels.

While a modern conflict continues 
in the Ukraine, the engineers on the 
Kerch Strait Bridge have dealt with 
the aftermath of heavy fighting in the 
area during past conflicts.

 The project identified and defused 
more than 700 explosives – including 
14 aerial bombs – during preparation 
work for construction.

 Geology has dictated that piles 
for the bridges are to be driven to a 
depth equal to a 30-storey building to 
penetrate a thick silt layer and reach 
the solid soil beneath.

“Underneath it, there is hard clay, 
suitable for holding a bridge. But to 
get to this solid ground, we need to 
drive our piles 30m to 94m deep,” 
says Leonid Ryzhenkin, director for 
construction with Stroygazmontazh, 
the contractor on the project. 

“The findings and 
recommendations offered 
by scientists were taken into 
consideration when designing the 
Krymsky Bridge. They factored in 
our choice of pile types for bridge 
pier foundations. As a result, we are 
now inserting more than 7,000 piles 
of three types: bored piles, precast 
prism tipped piles and tubular piles. 

“In areas that have the most 
challenging geological profiles, 
1,420mm diameter steel tube  
piles are inserted, as this type of pile  
can be driven down as deep as 94m,” 

says Ryzhenkin.
Seismic activity in the area is 

a further consideration and this 
influenced the decision to use 
vertical and inclined piles installed 
on the project. 

“Once every few thousand years, 
the Kerch Strait may experience an 
earthquake with a magnitude of up 
to 9. That is a tiny possibility, but the 
architects of the bridge have made 
room for it, too. To make the bridge 
more earthquake-resistant, we insert 
tube piles into the ground not only 
vertically, but also at an angle. So 
every bridge pier effectively sits on a 
sheaf, or a bush of piles, if you will,” 
says Ryzhenkin.

The rail bridge comprises 307 
piers, and is supported by more than 
3,000 piles while the road bridge has 
288 piers and 2,500 piles. 

Tubular steel piles with concrete 
cores will be sunk to 5m into the 
seabed to provide the foundation 
for the piers. Rail bridge foundations 
also include prism-tipped 400mm by 
400mm reinforced concrete driven 
piles.

“Thanks to elaborate planning and 
careful site preparation, we have 
been able to launch construction 
simultaneously from several sites 
located on and offshore. We are 
effectively building the bridge all 
along its length at the same time,” 
says Ryzhenkin.

“Integrated construction systems 
are employed for installing the 
superstructure, each equipped 
with an assortment of construction 
machinery for inserting piles at 
varying depths, laying grillages and 
building bridge piers. Using such 
complexes enables us to minimise 
the use of floating cranes and other 
special-purpose vessels that cannot 
be effectively used during a storm,” 
he adds.

The exception will be the bridge’s 
Ozero and Kerch stretches where 
bored cast-insitu piles made from 

“  The project 
identified and 

defused more than 
700 explosives – 
including 14 aerial 
bombs – during 
preparation work
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“ To make the 
bridge more 

earthquake-resistant, 
we insert tube piles 
into the ground not 
only vertically, but also 
at an angle

Bridge Brilliance    Krymsky Bridge

heavy hydraulic concrete with steel 
reinforcement are to be used. 

Heavy storms and ice formation in 
the Black Sea mean that the bridge 
faces other design considerations. 
The Krylov State Research Centre 
constructed a 1:50 3D-printed model 
to test how the bridge design would 
withstand wind speeds up to 56m/s. 
The centre also conducted an ice 
test in a swimming pool that featured 
floating ice floes and hummocks. 

“Three temporary bridges have 
been thrown across the Kerch Strait 
to transport workers, hardware and 
construction supplies to offshore 
construction sites, and to enable a 
variety of technical operations, even 
when there is a storm. In other words, 
the temporary bridges give us an 
opportunity to continue working on 
the main bridge in any weather,” says 
Ryzhenkin.

The temporary bridges are 
designed to carry mobile cranes and 
can take loads up 250t. Piling rigs and 
other heavy vehicles also use these 
structures. 

“The first temporary bridge links 
Tuzla Island to the Taman shore. It is 

more than 1km long, and rests on 58 
bridge piers, their piles sunk up to 
56m deep. It takes a five minute drive 
or a 15 minute walk to cross it,” adds 
Ryzhenkin.

“The other two temporary bridges 
stretch toward one another from the 
city of Kerch and from Tuzla Island, 
respectively. The temporary bridges 
do not cross the navigable Kerch-
Yenikale Channel, and therefore do 
not obstruct maritime traffic between 
the Black and the Azov Seas.”

“We have been able to keep up a 
fairly good rate of progress thanks 
to extensive preparation. In the 
run-up to the launch of construction 
in February 2016, a great deal of 
preparatory work was carried out 
throughout the year 2015 on both 
shores of the Kerch Strait, as well as 
off-shore,” says Ryzhenkin.

“Equipment was also examined and 
selected in advance. For example, to 
ensure maximum efficiency, we use 
pile driving rigs that have multi-tier 
pile guide frames, as well as pile 
drivers with tall masts that can 
insert piles of up to 80m in length. 
They use piles that consist of several 
steel tubes welded together through 
electric arc welding,” he adds. 

Crimea was conquered for the 
Russian Empire in the 18th Century 
and it has played an important role in 
Russian and world history.

It provided a summer residence 
for the Tsars, and hosted the Yalta 
Conference where the great powers 
divided the spoils from World War II.

When the Kerch Strait is bridged, 
the Crimean Peninsula will become  
a little more bound to Russian  
history – whether Western powers 
like it or not. N
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Flint & Neill
Bigger Bridges

The external appearance of large 
bridges may not have changed 
much over the last 50 years, but 
tight timescales are driving massive 
innovation in the detailed design. 

Many engineers will date the birth of 
modern “big” bridges to 50 years ago 
this month, when the Severn Bridge 
opened. The technical advances made 
during the design and construction of 
that structure provided the blueprint 
for a whole new generation of major 
crossings, from the Humber to Hong 
Kong’s Stonecutters Bridge and the 
proposed Messina Strait Bridge.

For consultant Flint & Neill – 
involved in the design of some of the 
world’s largest bridges – that was 
certainly where the journey began. 
“The Severn Bridge was not our 
design, but we have been involved in 
it virtually ever since, including the 
strengthening and upgrading in the 

1980s,” says chief operating officer 
Ian Firth. “It was the beginning of the 
story of our big bridge work.”

Initially, the company was largely 
employed by clients to check the 
design of new structures and for the 
assessment, repair and strengthening of 
existing bridges. But more recently – 
and particularly since joining the Cowi 
group in 2008 – the balance has swung, 
and the fi rm now does as much work 
designing new bridges.

So what is it that makes working on 
iconic long span bridges di� erent to 
work on other structures? 

“There are certainly technical 
challenges associated with big bridges,” 
says Firth.  “But increasingly there is more 
pressure for them to be quicker and easier 
to construct, and that has to be facilitated 
by the nature of the design.”

Flint & Neill director Paul Sanders 
adds: “There’s also something 
inspirational about the landmark 

nature of these structures. As 
designers it is hugely rewarding to 
be part of a team that contributes to 
the design and construction of these 
enormous structures.”

But they are landmarks for a 
reason, often solving long term 
infrastructure problems that have 
seemed insurmountable for decades.

“These bridges are big in terms 
of their impact,” says Firth. “By 
definition they have a massive impact 
on infrastructure; so they are also big 
in a political and economic sense.”

Perhaps the most significant 
change in the development of big 
bridges over the last 50 years is the 
way they are procured. 

“Many of these are procured 
through design and build contracts,” 
says Firth. “The degree to which the 
design is fixed in advance will vary: a 
reference design will have been done 
for planning to be achieved, and it 

Design philosophy 
for the Messina 
Strait Bridge (top) 
and Stonecutters 
Bridge (bottom) 
can be traced 
back to the 
groundbreaking 
Severn Bridge
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will route alignment will be fixed. 
But it may also have a fixed external 
appearance, which leaves the detailed 
designer very little freedom.

“As the detailed designer, we have 
to search for innovative ideas that will 
add value, for example through clever 
geotechnical engineering or clever 
temporary works.”

He adds: “We’re also seeing that 
less and less time is given to pre-
construction design. Clients expect 
that they can let a contract and start 
construction right away. 

“So where is the thinking time? 
Where is the scope for innovation? 
It’s a real challenge for all designers.”

This need to build more quickly 
informs the design solution, 
according to Sanders. “There has 
been an increase in pressure to look 
for innovations in the design that 
maximises value for money for the 
contractor – whether in terms of the 
materials used, the way the materials 
are used or construction methods – 
and to look at ways of building things 
quicker,” he says.

Cowi uses what it calls a “distributed 
engineering” approach to major project 
design – drawing on international 
expertise from throughout the business 
to come up with innovative solutions.

This includes Flint & Neill’s expertise 
in assessing and strengthening existing 
structures, and Cowi’s experience in 
operation and maintenance. “Bringing 
in that knowledge of existing 
structures is tremendously important 
when it comes to delivering the design 
of big structures,” explains Sanders. 

“We’re creating a piece of 
infrastructure that has an ongoing 
maintenance requirement, so we’re 
well placed to advise the client or 
concession company on how to plan 
to maintain that structure.

Firth adds: “We understand 
the challenges clients face when 
structures haven’t been designed 
with maintenance in mind, and that 
feeds directly into our design work. 
“So, in 30 years’ time, when someone 
needs to change an expansion joint 
on the Mersey Gateway, we will have 
thought about how to do it.”

The Osman Gazi Bridge, formerly the Izmit 
Bay Bridge, which opened in June, carries the 
new Gebze-Orhangazi-Bursa-Izmir motorway 
across the Sea of Marmara, 50km south 
east of Istanbul. It is part of an £8.3bn PPP 
scheme to build a new 420km motorway 
between Turkey’s two largest cities, Istanbul 
and  Izmir. 

The £762M bridge has a 1,550m long main 
span, making it the fourth longest suspension 
bridge in the world. It was designed by Cowi 
for Japanese contractor IHI Infrastructure 
Systems, and built in just 42 months.

Flint & Neill’s main input was in the detailed 
design of the 2.7km long orthotropic steel deck 
and the bridge’s structural health monitoring 
system, as well as providing assistance with 
geotechnical design and client liaison.

“There were two key issues that really 
differentiated this project,” explains Flint & 
Neill associate Chris Walker. 

“One is the seismicity of the region: the 

bridge site is close to the North Anatolian 
fault line, which affected the design of the 
foundations – particularly for the towers. The 
second issue was the speed of construction. 
Our client  set expectations for a very 
ambitious construction programme, and it fell 
to Cowi to deliver a design that could stand up 
to that.”

Walker says the deck cross section is very 
strongly influenced by the Severn bridge 
and other bridges like it, as well as by Cowi’s 
experience in operations and maintenance, for 
example on the Storebælt bridge in Denmark.

Flint & Neill director Paul Sanders adds: “A 
lot of work went into refining the deck design, 
which has been optimised to a greater level 
than has ever been done before. It was similar 
for the foundation solution: Working with 
the Cowi team, we came up with innovative 
ways to deal with construction in deep water 
and a zone of high seismicity – but having a 
technically knowledgeable contractor meant 
we were given the reins to do that.”
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Flint & Neill
Bigger Bridges

The external appearance of large 
bridges may not have changed 
much over the last 50 years, but 
tight timescales are driving massive 
innovation in the detailed design. 

Many engineers will date the birth of 
modern “big” bridges to 50 years ago 
this month, when the Severn Bridge 
opened. The technical advances made 
during the design and construction of 
that structure provided the blueprint 
for a whole new generation of major 
crossings, from the Humber to Hong 
Kong’s Stonecutters Bridge and the 
proposed Messina Strait Bridge.

For consultant Flint & Neill – 
involved in the design of some of the 
world’s largest bridges – that was 
certainly where the journey began. 
“The Severn Bridge was not our 
design, but we have been involved in 
it virtually ever since, including the 
strengthening and upgrading in the 

1980s,” says chief operating officer 
Ian Firth. “It was the beginning of the 
story of our big bridge work.”

Initially, the company was largely 
employed by clients to check the 
design of new structures and for the 
assessment, repair and strengthening of 
existing bridges. But more recently – 
and particularly since joining the Cowi 
group in 2008 – the balance has swung, 
and the fi rm now does as much work 
designing new bridges.

So what is it that makes working on 
iconic long span bridges di� erent to 
work on other structures? 

“There are certainly technical 
challenges associated with big bridges,” 
says Firth.  “But increasingly there is more 
pressure for them to be quicker and easier 
to construct, and that has to be facilitated 
by the nature of the design.”

Flint & Neill director Paul Sanders 
adds: “There’s also something 
inspirational about the landmark 

nature of these structures. As 
designers it is hugely rewarding to 
be part of a team that contributes to 
the design and construction of these 
enormous structures.”

But they are landmarks for a 
reason, often solving long term 
infrastructure problems that have 
seemed insurmountable for decades.

“These bridges are big in terms 
of their impact,” says Firth. “By 
definition they have a massive impact 
on infrastructure; so they are also big 
in a political and economic sense.”

Perhaps the most significant 
change in the development of big 
bridges over the last 50 years is the 
way they are procured. 

“Many of these are procured 
through design and build contracts,” 
says Firth. “The degree to which the 
design is fixed in advance will vary: a 
reference design will have been done 
for planning to be achieved, and it 

Design philosophy 
for the Messina 
Strait Bridge (top) 
and Stonecutters 
Bridge (bottom) 
can be traced 
back to the 
groundbreaking 
Severn Bridge
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will route alignment will be fixed. 
But it may also have a fixed external 
appearance, which leaves the detailed 
designer very little freedom.

“As the detailed designer, we have 
to search for innovative ideas that will 
add value, for example through clever 
geotechnical engineering or clever 
temporary works.”

He adds: “We’re also seeing that 
less and less time is given to pre-
construction design. Clients expect 
that they can let a contract and start 
construction right away. 

“So where is the thinking time? 
Where is the scope for innovation? 
It’s a real challenge for all designers.”

This need to build more quickly 
informs the design solution, 
according to Sanders. “There has 
been an increase in pressure to look 
for innovations in the design that 
maximises value for money for the 
contractor – whether in terms of the 
materials used, the way the materials 
are used or construction methods – 
and to look at ways of building things 
quicker,” he says.

Cowi uses what it calls a “distributed 
engineering” approach to major project 
design – drawing on international 
expertise from throughout the business 
to come up with innovative solutions.

This includes Flint & Neill’s expertise 
in assessing and strengthening existing 
structures, and Cowi’s experience in 
operation and maintenance. “Bringing 
in that knowledge of existing 
structures is tremendously important 
when it comes to delivering the design 
of big structures,” explains Sanders. 

“We’re creating a piece of 
infrastructure that has an ongoing 
maintenance requirement, so we’re 
well placed to advise the client or 
concession company on how to plan 
to maintain that structure.

Firth adds: “We understand 
the challenges clients face when 
structures haven’t been designed 
with maintenance in mind, and that 
feeds directly into our design work. 
“So, in 30 years’ time, when someone 
needs to change an expansion joint 
on the Mersey Gateway, we will have 
thought about how to do it.”

The Osman Gazi Bridge, formerly the Izmit 
Bay Bridge, which opened in June, carries the 
new Gebze-Orhangazi-Bursa-Izmir motorway 
across the Sea of Marmara, 50km south 
east of Istanbul. It is part of an £8.3bn PPP 
scheme to build a new 420km motorway 
between Turkey’s two largest cities, Istanbul 
and  Izmir. 

The £762M bridge has a 1,550m long main 
span, making it the fourth longest suspension 
bridge in the world. It was designed by Cowi 
for Japanese contractor IHI Infrastructure 
Systems, and built in just 42 months.

Flint & Neill’s main input was in the detailed 
design of the 2.7km long orthotropic steel deck 
and the bridge’s structural health monitoring 
system, as well as providing assistance with 
geotechnical design and client liaison.

“There were two key issues that really 
differentiated this project,” explains Flint & 
Neill associate Chris Walker. 

“One is the seismicity of the region: the 

bridge site is close to the North Anatolian 
fault line, which affected the design of the 
foundations – particularly for the towers. The 
second issue was the speed of construction. 
Our client  set expectations for a very 
ambitious construction programme, and it fell 
to Cowi to deliver a design that could stand up 
to that.”

Walker says the deck cross section is very 
strongly influenced by the Severn bridge 
and other bridges like it, as well as by Cowi’s 
experience in operations and maintenance, for 
example on the Storebælt bridge in Denmark.

Flint & Neill director Paul Sanders adds: “A 
lot of work went into refining the deck design, 
which has been optimised to a greater level 
than has ever been done before. It was similar 
for the foundation solution: Working with 
the Cowi team, we came up with innovative 
ways to deal with construction in deep water 
and a zone of high seismicity – but having a 
technically knowledgeable contractor meant 
we were given the reins to do that.”
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Amey
Forth Road Bridge Repairs

When Amey began work on the 
high profile contract to manage 
and maintain the iconic Forth Road 
Bridge for Transport Scotland in 
June 2015, the firm knew it would be 
closely scrutinised.

But no one could have predicted the 
unique set of challenges it would face 
just six months into the minimum 
five-year contract.

On 1 December, a broken link was 
discovered on the bridge and after an 
inspection of the defect and seven 
other link locations, the crossing – a 
vital part of Scotland’s transport 
infrastructure – closed to all traffic 
three days later.

For operating company 
representative Mark Arndt, the 
problems he faced over the 36 hours 
after the fault was discovered were 
as many and as testing as anything he 
had encountered in his 14 years with 
the company.

For starters, there was the question 

of closure. “These decisions are not 
made lightly at all,” explains Arndt. 
“There is no direct alternative access 
between Edinburgh and Fife so any 
decision that affects traffic to that 
extent is a major one.”

The bridge, which had celebrated 
its 50th anniversary just 14 months 
earlier, was, by 2015, carrying 
70,000 vehicles a day or 24M a year. 
Closure would result in a 35km detour 
each way and was estimated to have 
hit the local economy by around £1M 
a day.

The decision to close the bridge, 
which the Scottish parliament 
described as “an event of national 
significance”, was only taken 
following extended discussions with 
Transport Scotland, but Arndt remains 
confident it was the only one that 
could be made.

“Overriding everything else, our 
job is to ensure that public safety is a 
priority,” he says.

Full closure of the bridge on 4 

December was the start of a month 
of intense activity. The fact that it 
was opened again to non-HGV traffic 
before Christmas, despite periods of 
70mph winds during Storm Desmond 
and Eva, is testament to Arndt and 
his team, as well as a small army of 
subcontractors which worked around 
the clock.

But what caused such a major 
event and how did Amey mobilise 
the workforce to identify, fix and 
test the problem in just three short 
weeks?

The component that was discovered 
to be at fault at the start of 
December was a truss end link located 
adjacent to one of the bridge’s 
supporting towers. 

The truss end links are made 
up of five different elements and 
contain a pin that plays a vital role in 
accommodating the natural lateral 
movement of the bridge, which can be 
up to 700mm either way.

The strain of increased bridge 

Above left: Access 
to the repair site 
was via suspended 
scaffolding
Top right: 
Workers assemble 
the suspended 
scaffolding
Above right: The 
repair site
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satisfying zero.
“The professionalism of everybody 

involved in this project was 
remarkable. This meant that while we 
were working in the most extreme 
conditions, 50m above water, we did 
not have a single health and safety 
incident” he says. 

The unique challenges – in terms of 
the conditions and the location of the 
fault – meant that an unusual solution 
was necessary when it came to access.

Sca� olding was suspended from 
steelwork under the deck at seven truss 
end link locations, while a tower sca� old 
was built up from the pier defences at 
the location of the fracture.

All structural strengthening and 
fabrication work required an immense 
e� ort in particular on the part of Millar 
Callaghan, the subcontractor used 
for steelwork fabrication and on-site 
welding. The work was assembled in a 
time that seems almost super-human.

With access in place and structural 
health monitoring on the links 
beginning on 10 December – just a 
week after the bridge was closed – 
the next challenge was load testing.

Over the course of the project, 
there were 125 controlled load tests, 
with 47 of Amey’s own fleet of lorries 
and gritters used.

Such extensive testing meant that 
the bridge could reopen to 91% of 
traffic – in essence all traffic other 
than HGVs – on 23 December. 
Almost as important as overcoming 
the engineering challenges, the 
symbolism of reopening the bridge 
before Christmas was a PR coup, 
with public, press and politicians alike 
generally applauding the achievement.

“Normally a project such as this 
would take about a year,” says Arndt 
with obvious pride. “Here it was done 
within three weeks.”

The team also withstood Storms, 
Frank, Gertrude and Henry, and after 
yet more design and fabrication of 
further strengthening works including 
extensive load testing and structural 
health monitoring in the two months 
that followed, all traffic including 
HGVs could once again use the bridge 
from 20 February.

“That was a major, major 
challenge,” says Arndt, emphatically. 
“It is something I am extremely proud 
of and I’m not sure it’s something I’d 
like to repeat very often.”

Arndt says it was not just a 
question of getting the technical 
personnel on site in the form of 
designers, engineers, inspectors, 
surveyors, riggers and scaffolders, 
but also mobilising the media and 
communications teams to get the 
message out to the public that road 
users could be facing major disruption 
for an extended period of time.

In fact, during the closure, the 
bridge generated 13.5M Twitter 
impressions and 4.5M Facebook 
impressions.

The next challenge facing Arndt 
and his team – which had now swelled 
to something closer to an army – was 
that of access. This is difficult enough 
at the best of times, given the Forth 
Road Bridge is one of the longest 
suspension bridges in the world; this 
was compounded by the fact that the 
defect was 10m below deck level.

“What we had to do was design 
and install a series of scaffold access 
systems while battling the elements 
of Scotland in December, and all that 
involves,” elaborates Arndt.

As if working high above the Firth 
of Forth wasn’t enough, the access and 
fabrication teams contended with four 
major storms during the repair phase.

For Arndt, the most important 
measure of a job well done is the 
number of accidents or injuries: a 

traffic over half a century – during 
which time the weight and number of 
vehicles using the bridge had grown 
exponentially – meant the pin was not 
rotating as expected.

“A degree of friction had built up 
over that time,” explains Arndt. “It 
was only a matter of time before the 
pin’s movement was affected, leading 
to significant unintended bending of 
the pin ended member.”

“Fracture of the link does not 
happen because of one large bending 
strain; it happens because of cyclical 
stresses and strains over time.”

“When the incident occurred 
there was already work underway to 
strengthen over-stressed elements. 
The element that failed and led 
to the bridge closure was not 
one of those that had been 
identified as being potentially over 
stressed.”

When the fault was identified, 
having a small fabrication team 
already on site was an advantage.

“It certainly helped because we had 
teams at that time who were familiar 
with the bracket,” continues Arndt.

“But the size of the initial team was 
tiny compared to the size of the team 
we mobilised.”

That is something of an 
understatement. Within the first 24 
hours of the defect being discovered, 
between 150 and 200 Amey staff and 
subcontractors were mobilised, from 
across every region in Scotland as well 
as drawing on expertise and teams 
from other parts of the UK 

Left: Amey’s fleet 
of gritters was 
used for load tests 
after repairs were 
completed
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Amey
Forth Road Bridge Repairs
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each way and was estimated to have 
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confident it was the only one that 
could be made.
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job is to ensure that public safety is a 
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December was the start of a month 
of intense activity. The fact that it 
was opened again to non-HGV traffic 
before Christmas, despite periods of 
70mph winds during Storm Desmond 
and Eva, is testament to Arndt and 
his team, as well as a small army of 
subcontractors which worked around 
the clock.
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event and how did Amey mobilise 
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adjacent to one of the bridge’s 
supporting towers. 

The truss end links are made 
up of five different elements and 
contain a pin that plays a vital role in 
accommodating the natural lateral 
movement of the bridge, which can be 
up to 700mm either way.

The strain of increased bridge 

Above left: Access 
to the repair site 
was via suspended 
scaffolding
Top right: 
Workers assemble 
the suspended 
scaffolding
Above right: The 
repair site

Bridge Brilliance Project Pro le A D V E R T I S I N G
F E A T U R E

43S E P T E M B E R  2016   |    N E W  C I V I L  E N G I N E E R

satisfying zero.
“The professionalism of everybody 

involved in this project was 
remarkable. This meant that while we 
were working in the most extreme 
conditions, 50m above water, we did 
not have a single health and safety 
incident” he says. 

The unique challenges – in terms of 
the conditions and the location of the 
fault – meant that an unusual solution 
was necessary when it came to access.

Sca� olding was suspended from 
steelwork under the deck at seven truss 
end link locations, while a tower sca� old 
was built up from the pier defences at 
the location of the fracture.

All structural strengthening and 
fabrication work required an immense 
e� ort in particular on the part of Millar 
Callaghan, the subcontractor used 
for steelwork fabrication and on-site 
welding. The work was assembled in a 
time that seems almost super-human.

With access in place and structural 
health monitoring on the links 
beginning on 10 December – just a 
week after the bridge was closed – 
the next challenge was load testing.

Over the course of the project, 
there were 125 controlled load tests, 
with 47 of Amey’s own fleet of lorries 
and gritters used.

Such extensive testing meant that 
the bridge could reopen to 91% of 
traffic – in essence all traffic other 
than HGVs – on 23 December. 
Almost as important as overcoming 
the engineering challenges, the 
symbolism of reopening the bridge 
before Christmas was a PR coup, 
with public, press and politicians alike 
generally applauding the achievement.

“Normally a project such as this 
would take about a year,” says Arndt 
with obvious pride. “Here it was done 
within three weeks.”

The team also withstood Storms, 
Frank, Gertrude and Henry, and after 
yet more design and fabrication of 
further strengthening works including 
extensive load testing and structural 
health monitoring in the two months 
that followed, all traffic including 
HGVs could once again use the bridge 
from 20 February.

“That was a major, major 
challenge,” says Arndt, emphatically. 
“It is something I am extremely proud 
of and I’m not sure it’s something I’d 
like to repeat very often.”

Arndt says it was not just a 
question of getting the technical 
personnel on site in the form of 
designers, engineers, inspectors, 
surveyors, riggers and scaffolders, 
but also mobilising the media and 
communications teams to get the 
message out to the public that road 
users could be facing major disruption 
for an extended period of time.

In fact, during the closure, the 
bridge generated 13.5M Twitter 
impressions and 4.5M Facebook 
impressions.

The next challenge facing Arndt 
and his team – which had now swelled 
to something closer to an army – was 
that of access. This is difficult enough 
at the best of times, given the Forth 
Road Bridge is one of the longest 
suspension bridges in the world; this 
was compounded by the fact that the 
defect was 10m below deck level.

“What we had to do was design 
and install a series of scaffold access 
systems while battling the elements 
of Scotland in December, and all that 
involves,” elaborates Arndt.

As if working high above the Firth 
of Forth wasn’t enough, the access and 
fabrication teams contended with four 
major storms during the repair phase.

For Arndt, the most important 
measure of a job well done is the 
number of accidents or injuries: a 

traffic over half a century – during 
which time the weight and number of 
vehicles using the bridge had grown 
exponentially – meant the pin was not 
rotating as expected.

“A degree of friction had built up 
over that time,” explains Arndt. “It 
was only a matter of time before the 
pin’s movement was affected, leading 
to significant unintended bending of 
the pin ended member.”

“Fracture of the link does not 
happen because of one large bending 
strain; it happens because of cyclical 
stresses and strains over time.”

“When the incident occurred 
there was already work underway to 
strengthen over-stressed elements. 
The element that failed and led 
to the bridge closure was not 
one of those that had been 
identified as being potentially over 
stressed.”

When the fault was identified, 
having a small fabrication team 
already on site was an advantage.

“It certainly helped because we had 
teams at that time who were familiar 
with the bracket,” continues Arndt.

“But the size of the initial team was 
tiny compared to the size of the team 
we mobilised.”

That is something of an 
understatement. Within the first 24 
hours of the defect being discovered, 
between 150 and 200 Amey staff and 
subcontractors were mobilised, from 
across every region in Scotland as well 
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S kipton was made to be 
flooded. The steep hills 
and sodden moorland 
of the Yorkshire Dales 
National Park run straight 
down into the town of 

about 15,000 people.
Two major watercourses are the 

problem: Eller Beck, a stream to the 
north, and Waller Hill Beck to the 
east.  Both run on a direct path into 
town, then wind their way around 
homes and businesses via a series of 
winding culverts. 

As such, waist-deep water has been a 
regular feature in the town after heavy 
storms. In the 1982 flood, one life was 
lost and 570 properties flooded. About 
230 residential and 90 non-residential 
properties are at risk of flooding during 
a 1-in-100 year event.

Talk about flood-proofing the town 
has gone on for decades. One Arup 
director recalls working on possible 
designs in the 1970s, but these were 
deemed too expensive and complex 
at the time.

Once funding was acquired through 
the partnership model in around 2010 
the next process was to decide what 
to build. Building major pieces of 
infrastructure in town was ruled out 
early on.

“With Skipton being a historic, old 
town, you can’t put the big floodwalls 

through, because the space is so 
limited,” says Environment Agency 
project manager Jenny Cooke. “And in 
terms of taking that approach as well, 
it’s incredibly expensive, in terms of 
the temporary works and impacts on 
buildings in town.”

So upstream storage was the way 
to go. 

For Eller Beck it was decided that 
an upstream dam be created to hold 
back water during heavy rainfall. New 
Civil Engineer visited the 17ha site in 
late July and the scale of the project 
is remarkable, especially considering 
the size of the nearby town, only 
1.5km to the south. Centre stage on 
the larger of the two sites is the 14m 
high, hydraulic powered, sensored, 
automated Eller Beck dam. At 360m 
long, it contains 200,000t of fill, 
imported from a quarry near Halifax 

B Y  R o B e R t  H e n s o n

Slow 
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about 48km away.
Initial investigations revealed the 

ground comprising Glaciolacustrine 
sediments deposited from glaciers 
was very soft and compressible. 
There were a number of possible 
solutions to create a firm base, 
including piling, but digging it out 
down to more stable material and 
then backfilling it was the selected 
option. About 30,000t of material was 
removed from a 5m deep excavation.

It has been replaced by a material 
that’s excavated as a type of shale, 
then treated on-site, becoming clay-
like as it gets air and moisture. The 
team continues testing the material 
to make sure it is up to the structural 
standard required.

The dam has a concrete culvert 
running through it, allowing the 
stream to flow along its natural 
alignment in normal weather 
conditions. The culvert was 
installed in seven sections linked by 
waterproof joints. There is an inlet 
screen to stop debris, and should 
it get blocked during a storm then 
water will be diverted around and 
further down into the culvert via an 
emergency pipe.

When flood conditions arise, a 
Programmable Logic Controller 
monitors receives water flow 
readings upstream, downstream and 

“ With skipton 
being a historic, 

old town, you can’t 
put the big floodwalls 
through, because the 
space is so limited
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near the culverts. It instructs the 
hydraulic penstocks to be lowered 
over the 2.5m2 opening, impounding 
the water to form a reservoir

“The whole system is automated. 
It also sends information back to 
Environment Agency’s control centre, 
where they can take control remotely. 
Or they could come on site and 
operate it manually,” says Galliford 
Black & Veatch (GBV) project 
manager David West. GBV is a joint 
venture between Galliford Try and 
Black & Veatch.

At its fullest, the dam can hold back 
433,000m3 water. The local golf course 
and about half the valley would be 
flooded at that stage, but residents 
and businesses of Skipton would 
continue receiving a steady 17m3/s, 
flow – low enough to prevent flooding.

The penstock operating system 
incorporates a heirarchy of 
contingency operations to ensure 
that it closes at times of flood risk.

“There’s a standby generator that 
kicks in on automatic,” West says. 
“If that fails, then we’ve also got an 
external generator. If that all goes 
down, there’s… a big cylinder, with a 
compressed air section. What it does 
is looks at the main supply, and if it 
doesn’t get a power supply, there’ an 
allowance for the standby to kick in, 
the interlock opens, and gas purges 

into the system, forces hydraulics 
out, and shuts the penstock.”

And if the dam does get to 
433,000m3 of water, a concrete 
spillway comes into action, just 
north of the dam. It measures 30m 
wide by 300m long and to the casual 
observer it may seem like overkill. 
It will likely never be used, only in 
an epic 1-in-1,000 year flood event. 
But as Cooke explains, it is required, 
as part of the dam’s “Category A” 
status under the Reservoirs Act.

“There’s a certain amount of 
safety features that have to be built 
into the dam. And when you have 
a population downstream of the 
new dam that you’re building, then 
you have to make sure you can spill 
safely, in a controlled manner, rather 
than it all flowing over the top of it.”

To reduce the visual impact of 
this concrete eyesore (in what 
will otherwise be a grass-covered 
structure) a type of rubberised 
brick pattern has been laid into the 
setting concrete. It will look great, 
says West. “Once it’s had a bit of 
weather on it, which in this part of 
the world, won’t take long. It does 
rain most days here.”

It is important to mention that 
all this work is taking place on a 
golf course. As works took over, the 
Skipton golfers have played without 

their 15th and 16th holes for about 
a year. Initially there was strong 
opposition from the golf club, and a 
nearby landowner. But as is often the 
case, the dispute was resolved for the 
good of the town.

“It’s not a concern for us, it’s a 
concern for the people at the bottom 
of the hill. But flooding is hard to 
predict, and to have something in 
place now makes sense,” says Skipton 
Golf Club chairman Mick Hirst.

A landscape designer has also been 
brought in to produce designs for 
new fairways and greens to be built 
on and around the dam.

Another feature of the project is an 
otter ledge that runs along the length 
of the culvert. New Civil Engineer 
inquired as to the prevalence of 
otters in the area; early ecological 
studies found evidence of the elusive 
water dweller, but the construction 
crew have yet to sight one.

“[The ledge] is perched about 
a metre above, so when the water 
levels get quite high it [an otter] can 
scurry along the river. A 90m length 
culvert is going to be a challenge to 
swim along,” says Cooke. Likewise 
for the fish it could be a challenge, 
so there are baffles (concrete blocks) 
up to 300mm tall to divert and slow 
the flow.

As you might expect in Yorkshire, 
weather has played havoc with the 
construction programme. The Eller 
Beck works were completely flooded 
out on four occasions last winter. 
Rain fell on 27 days in November, 
every day in December and most of 
January.

“We had probably half a dozen 
major flooding events during the 
winter, which completely flooded out 
our works,” says West.

“Worst of all was Boxing Day, where 
[local homewares store] B&M got 
flooded as well as a few properties, 
and probably just showed that the 
dam is needed.”

There was up to 100,000t of 
material stockpiled on site, and 25 
wagons running about five loads per 
day. So a series of contingency plans 

“ If the dam 
does get to 

433,000m3 of water, 
a concrete spillway 
comes into action, just 
north of the dam

An aerial view of 
the Eller Beck 
site in July
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S kipton was made to be 
flooded. The steep hills 
and sodden moorland 
of the Yorkshire Dales 
National Park run straight 
down into the town of 

about 15,000 people.
Two major watercourses are the 

problem: Eller Beck, a stream to the 
north, and Waller Hill Beck to the 
east.  Both run on a direct path into 
town, then wind their way around 
homes and businesses via a series of 
winding culverts. 

As such, waist-deep water has been a 
regular feature in the town after heavy 
storms. In the 1982 flood, one life was 
lost and 570 properties flooded. About 
230 residential and 90 non-residential 
properties are at risk of flooding during 
a 1-in-100 year event.

Talk about flood-proofing the town 
has gone on for decades. One Arup 
director recalls working on possible 
designs in the 1970s, but these were 
deemed too expensive and complex 
at the time.

Once funding was acquired through 
the partnership model in around 2010 
the next process was to decide what 
to build. Building major pieces of 
infrastructure in town was ruled out 
early on.

“With Skipton being a historic, old 
town, you can’t put the big floodwalls 

through, because the space is so 
limited,” says Environment Agency 
project manager Jenny Cooke. “And in 
terms of taking that approach as well, 
it’s incredibly expensive, in terms of 
the temporary works and impacts on 
buildings in town.”

So upstream storage was the way 
to go. 

For Eller Beck it was decided that 
an upstream dam be created to hold 
back water during heavy rainfall. New 
Civil Engineer visited the 17ha site in 
late July and the scale of the project 
is remarkable, especially considering 
the size of the nearby town, only 
1.5km to the south. Centre stage on 
the larger of the two sites is the 14m 
high, hydraulic powered, sensored, 
automated Eller Beck dam. At 360m 
long, it contains 200,000t of fill, 
imported from a quarry near Halifax 

B Y  R o B e R t  H e n s o n

Slow 
releaSe
Two New DamS will holD back raiNwaTer 
aND preveNT SkipToN from flooDiNg
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Population of 

skipton

about 48km away.
Initial investigations revealed the 

ground comprising Glaciolacustrine 
sediments deposited from glaciers 
was very soft and compressible. 
There were a number of possible 
solutions to create a firm base, 
including piling, but digging it out 
down to more stable material and 
then backfilling it was the selected 
option. About 30,000t of material was 
removed from a 5m deep excavation.

It has been replaced by a material 
that’s excavated as a type of shale, 
then treated on-site, becoming clay-
like as it gets air and moisture. The 
team continues testing the material 
to make sure it is up to the structural 
standard required.

The dam has a concrete culvert 
running through it, allowing the 
stream to flow along its natural 
alignment in normal weather 
conditions. The culvert was 
installed in seven sections linked by 
waterproof joints. There is an inlet 
screen to stop debris, and should 
it get blocked during a storm then 
water will be diverted around and 
further down into the culvert via an 
emergency pipe.

When flood conditions arise, a 
Programmable Logic Controller 
monitors receives water flow 
readings upstream, downstream and 

“ With skipton 
being a historic, 

old town, you can’t 
put the big floodwalls 
through, because the 
space is so limited
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near the culverts. It instructs the 
hydraulic penstocks to be lowered 
over the 2.5m2 opening, impounding 
the water to form a reservoir

“The whole system is automated. 
It also sends information back to 
Environment Agency’s control centre, 
where they can take control remotely. 
Or they could come on site and 
operate it manually,” says Galliford 
Black & Veatch (GBV) project 
manager David West. GBV is a joint 
venture between Galliford Try and 
Black & Veatch.

At its fullest, the dam can hold back 
433,000m3 water. The local golf course 
and about half the valley would be 
flooded at that stage, but residents 
and businesses of Skipton would 
continue receiving a steady 17m3/s, 
flow – low enough to prevent flooding.

The penstock operating system 
incorporates a heirarchy of 
contingency operations to ensure 
that it closes at times of flood risk.

“There’s a standby generator that 
kicks in on automatic,” West says. 
“If that fails, then we’ve also got an 
external generator. If that all goes 
down, there’s… a big cylinder, with a 
compressed air section. What it does 
is looks at the main supply, and if it 
doesn’t get a power supply, there’ an 
allowance for the standby to kick in, 
the interlock opens, and gas purges 

into the system, forces hydraulics 
out, and shuts the penstock.”

And if the dam does get to 
433,000m3 of water, a concrete 
spillway comes into action, just 
north of the dam. It measures 30m 
wide by 300m long and to the casual 
observer it may seem like overkill. 
It will likely never be used, only in 
an epic 1-in-1,000 year flood event. 
But as Cooke explains, it is required, 
as part of the dam’s “Category A” 
status under the Reservoirs Act.

“There’s a certain amount of 
safety features that have to be built 
into the dam. And when you have 
a population downstream of the 
new dam that you’re building, then 
you have to make sure you can spill 
safely, in a controlled manner, rather 
than it all flowing over the top of it.”

To reduce the visual impact of 
this concrete eyesore (in what 
will otherwise be a grass-covered 
structure) a type of rubberised 
brick pattern has been laid into the 
setting concrete. It will look great, 
says West. “Once it’s had a bit of 
weather on it, which in this part of 
the world, won’t take long. It does 
rain most days here.”

It is important to mention that 
all this work is taking place on a 
golf course. As works took over, the 
Skipton golfers have played without 

their 15th and 16th holes for about 
a year. Initially there was strong 
opposition from the golf club, and a 
nearby landowner. But as is often the 
case, the dispute was resolved for the 
good of the town.

“It’s not a concern for us, it’s a 
concern for the people at the bottom 
of the hill. But flooding is hard to 
predict, and to have something in 
place now makes sense,” says Skipton 
Golf Club chairman Mick Hirst.

A landscape designer has also been 
brought in to produce designs for 
new fairways and greens to be built 
on and around the dam.

Another feature of the project is an 
otter ledge that runs along the length 
of the culvert. New Civil Engineer 
inquired as to the prevalence of 
otters in the area; early ecological 
studies found evidence of the elusive 
water dweller, but the construction 
crew have yet to sight one.

“[The ledge] is perched about 
a metre above, so when the water 
levels get quite high it [an otter] can 
scurry along the river. A 90m length 
culvert is going to be a challenge to 
swim along,” says Cooke. Likewise 
for the fish it could be a challenge, 
so there are baffles (concrete blocks) 
up to 300mm tall to divert and slow 
the flow.

As you might expect in Yorkshire, 
weather has played havoc with the 
construction programme. The Eller 
Beck works were completely flooded 
out on four occasions last winter. 
Rain fell on 27 days in November, 
every day in December and most of 
January.

“We had probably half a dozen 
major flooding events during the 
winter, which completely flooded out 
our works,” says West.

“Worst of all was Boxing Day, where 
[local homewares store] B&M got 
flooded as well as a few properties, 
and probably just showed that the 
dam is needed.”

There was up to 100,000t of 
material stockpiled on site, and 25 
wagons running about five loads per 
day. So a series of contingency plans 

“ If the dam 
does get to 

433,000m3 of water, 
a concrete spillway 
comes into action, just 
north of the dam

An aerial view of 
the Eller Beck 
site in July
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were put in place for flooding during 
the construction, limiting the damage 
to both the site and town below.

At Waller Hill Beck dam, about 2km 
west of Skipton, the hills are smaller 
and the valley narrower. It’s easy to 
see how, in flood, this area would be 
less severely hit.

Accordingly, the dam is about a 
quarter of the overall size as Eller 
Beck – 9m high, 60m wide, 75m 
long and only about 35,000t of fill 
is required. Unlike the Eller Beck 
dam, this structure has no spillway, 
but relies instead on “controlled 
overtopping”.

“Because it’s such a tight valley, 

we have no room for a spillway. The 
way the contours are designed it’s a 
controlled overtopping.”

The controlled spill is assisted 
by a lowered central section on the 
crest over the dam, which is lined 
with grasscrete, to prevent the 
dam surface from washing away; 
and concrete slabs to dissipate the 
water’s energy.

“This one’s slightly different in the 
way it’s controlled, instead of having 
an actuated penstock, we’ve got an 
orifice weir, there’s a 400mm2 hole in 
the plate, bolted on to the culvert, so 
there is no active control, the amount 
of pass-forward water is down to 
water levels.”

Underneath Waller Hill Beck 
is about a 3m depth of fractured 
limestone, so more underground 
work was needed.

“There was a concern there might 
be high permeability so there’s a 
6m deep grout curtain designed. 
There ended up being 100 drill holes, 
they’ve been grouted in two stages, to 
get a coefficient of 5x10-7m/s was the 
sort of permeability we were trying 
to achieve,” says Arup scheme design 
consultant Sue Thompson.

The two dams take care of 95% of 

the flooding issue, Cooke says,  
with minor floodwall works in Skipton 
finishing the job. About 300m of  
walls are to be raised in four areas  
of town.

“It would have been great if 
we could have done everything 
upstream, but there were a couple of 
low spots, needing some town works.

Work has been going on since 
June 2015, and is expected to run 
until September, with the full scheme 
commissioned by the end of the year.

The flood scheme has been 
certified to a 1-in-100 flood protection. 
But Arup has qualified this by saying 
“1-in-50 protection beyond 2080”, with 
climate change likely to bring worse 
floods.

Says Cooke: “Our climate change 
scenarios, certainly in terms of recent 
floods we’ve been experiencing, 
are calibrated against events that 
have already happened – if you 
have a rare occurrence, that could 
change everything and you have to 
recalibrate. So we say 1 in 100, but 
really, it could be 1 in 200, depending 
on what’s coming in future, you just 
don’t know.

“It will significantly reduce flood 
risk, I think that’s the key message.” N
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were put in place for flooding during 
the construction, limiting the damage 
to both the site and town below.

At Waller Hill Beck dam, about 2km 
west of Skipton, the hills are smaller 
and the valley narrower. It’s easy to 
see how, in flood, this area would be 
less severely hit.

Accordingly, the dam is about a 
quarter of the overall size as Eller 
Beck – 9m high, 60m wide, 75m 
long and only about 35,000t of fill 
is required. Unlike the Eller Beck 
dam, this structure has no spillway, 
but relies instead on “controlled 
overtopping”.

“Because it’s such a tight valley, 

we have no room for a spillway. The 
way the contours are designed it’s a 
controlled overtopping.”

The controlled spill is assisted 
by a lowered central section on the 
crest over the dam, which is lined 
with grasscrete, to prevent the 
dam surface from washing away; 
and concrete slabs to dissipate the 
water’s energy.

“This one’s slightly different in the 
way it’s controlled, instead of having 
an actuated penstock, we’ve got an 
orifice weir, there’s a 400mm2 hole in 
the plate, bolted on to the culvert, so 
there is no active control, the amount 
of pass-forward water is down to 
water levels.”

Underneath Waller Hill Beck 
is about a 3m depth of fractured 
limestone, so more underground 
work was needed.

“There was a concern there might 
be high permeability so there’s a 
6m deep grout curtain designed. 
There ended up being 100 drill holes, 
they’ve been grouted in two stages, to 
get a coefficient of 5x10-7m/s was the 
sort of permeability we were trying 
to achieve,” says Arup scheme design 
consultant Sue Thompson.

The two dams take care of 95% of 

the flooding issue, Cooke says,  
with minor floodwall works in Skipton 
finishing the job. About 300m of  
walls are to be raised in four areas  
of town.

“It would have been great if 
we could have done everything 
upstream, but there were a couple of 
low spots, needing some town works.

Work has been going on since 
June 2015, and is expected to run 
until September, with the full scheme 
commissioned by the end of the year.

The flood scheme has been 
certified to a 1-in-100 flood protection. 
But Arup has qualified this by saying 
“1-in-50 protection beyond 2080”, with 
climate change likely to bring worse 
floods.

Says Cooke: “Our climate change 
scenarios, certainly in terms of recent 
floods we’ve been experiencing, 
are calibrated against events that 
have already happened – if you 
have a rare occurrence, that could 
change everything and you have to 
recalibrate. So we say 1 in 100, but 
really, it could be 1 in 200, depending 
on what’s coming in future, you just 
don’t know.

“It will significantly reduce flood 
risk, I think that’s the key message.” N
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CelebrateD 
Pioneer
Civil engineer ove aruP’s work anD  
legaCy are CelebrateD at lonDon’s v&a

A 
major retrospective 
at the Victoria and 
Albert Museum (V&A) 
in London shows 
how Ove Arup’s Total 
Design philosophy 

is as fresh today as it was when first 
conceived.

As is clear from its title, at the heart 
of a new, and first-ever, retrospective 
of engineer and philosopher Sir Ove 
Arup is his concept of “Total Design” 
– the desire to join all professions 
right from the start of any project.

The Engineering the World: 
Ove Arup and the Philosophy of 
Total Design exhibition explores 
how Arup pursued an emerging 
new relationship, primarily 
between architects and engineers, 
through more than 150 previously 
unseen prototypes, models, 
archival materials, drawings, 
films and photographs. Iconic and 
groundbreaking projects such as 
the Sydney Opera House, the Centre 
Pompidou in Paris, and the firm’s 
work on Crossrail all feature, as 
well as collaborations with leading 

OVe ArUP 
1895–1988

1946
Arup sets up 
consultancy 
business in 

london

1973
Sydney 

Opera House 
completed, 

making Arup 
a global name
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architects including Berthold 
Lubetkin, Renzo Piano, Richard 
Rogers and Norman Foster.

For those working in the firm today, 
the exhibition is a triumph, according 
to Arup deputy chairman Tristram 
Carfrae, and no doubt many others. 
It represents a rare occasion to 
celebrate the work of engineers.

“What we’ve gained from the 
process is a sense of pride – it gives 
us an external view of ourselves that 
isn’t normally available,” he tells New 
Civil Engineer.

“We did a bit of research at the 
beginning and we found that the most 
recent engineering exhibition at a 
major national cultural institution was 
17 years ago at the Pompidou.”

The opportunity to mainstream the 
work of Ove Arup came about two and 
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engineering 

exhibition at a major 
national cultural 
institution was 17 years 
ago at the Pompidou
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a half years ago, through Arup Design 
Council chairman Sir John Sorrell – 
former chair of the Commission for 
Architecture & the Built Environment 
and the Design Council; and also a 
trustee at the V&A.

Sorrell introduced Carfrae – also 
part of the Arup Design Council – to 
V&A director Martin Roth, and it 
turns out the timing was impeccable.

“We were trying to persuade [those 
in Arup] that it was actually a creative 
design organisation as well as a firm 
of engineers, in that engineering is a 
creative act,” explains Carfrae.

“Coincidentally, at the same time 
I was trying to persuade Arup that 
engineering was a creative activity, 
Martin was trying to persuade the 
V&A that engineering was creative 
activity.”

The V&A’s wider Engineering 
Season, and the Ove Arup exhibition 
was born.

Focusing on the work and legacy of 
the man, rather than a commercially 
successful engineering firm, was an 
important distinction in giving the 
exhibition validity and independence. 
A point worth making as one media 
outlet suggested, incorrectly, the 
organisation paid for the privilege of 
being featured. In fact, sponsors of 
the Engineering Season are Tideway 
and Volkswagen.

The exhibition begins with a 
portrait of Ove Arup, his education 
in philosophy, mathematics and 
engineering, his career-changing 
move to London in 1923, and 
encounters with architects Walter 
Gropius and Le Courbusier; and 
includes his early projects such as 
the London Zoo Penguin Pool.

It then journeys through five 
decades of his career with the firm 
he established, highlighting work on 
the Mulberry temporary harbours 
for the D-Day landings, his concept 
for improving war time shelters and 
mega-projects such as the Sydney 
Opera House and Pompidou.

The exhibition rounds off with Arup 
after Ove, examining his legacy.

It is this legacy that is fascinating 
today. The concept of “Total 
Architecture” that morphs into “Total 
Design” is the forerunner to today’s 
buzzword “collaboration”.

How he helped to create a 
revolution in bridging the gap 
between architects and engineers is 
well explored in the exhibition – and 
citations for both are given next to 
each exhibit. 

What is less explored is how 
contractors and the rest of the supply 
chain are part of this.

This was despite the curators’ 
emphasis on how the constructibility 
of the Sydney Opera House was vital 
to its successful design.

“The Sydney Opera House model, 
shows that the erection arch was all 
about construction,” says Carfrae. 
“And that erection arch was devised 
not by us, but by Hornibrook, the 
builder.”

“The [lack of contractor emphasis 
in the exhibition] is definitely very 
unfortunate because there was 
an individual, Corbett Gore from 
Hornibrook, and it was his attitude 
to can do, will do and how’s the 
best way to do it, that really made a 
success of that phase of the Opera 
House.”

Collaboration still has further to go, 
according to Carfrae. 

“The digital age allows 
collaboration in an additional way 
to our traditional physical means of 
collaboration. 

“Our ability to collaborate 
increases – around documents, 
models, data, ultimately around 
design is increasing.

“Projects are much better when 
everybody is in the room together 
from the beginning. There is an 
English, slight reticence towards 
design and build. For me that’s just 
better Total Design.”

The exhibition has inspired another 
thought for the future for Carfrae.

“The V&A is filled with beautiful 
objects and that’s what we normally 
think of as design,” he states. “The 
exhibition, perhaps unwittingly, 
reinforced the idea that the engineer 
is part of the creation of these 
beautifully designed objects. But it’s 
still an object focused exhibition – 
whether the object is Sydney Opera 
house, Kingsgate Bridge or even the 
more modern Wikihouse.

“Infrastructure – the non-object 
part of engineering – was perhaps 
less than I hoped.”

So Arup has come up with a plan.
“We have an ambition to perhaps 

create an app so people can find out 
more about the engineering of their 
actual environment as they move 
around the city of London. N

“ Projects are 
much better 

when everybody is 
in the room together 
from the beginning

Penguin  Pool,  
London Zoo, 1934

Sydney Opera House 
under construction, 
April 1966
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A 
major retrospective 
at the Victoria and 
Albert Museum (V&A) 
in London shows 
how Ove Arup’s Total 
Design philosophy 

is as fresh today as it was when first 
conceived.

As is clear from its title, at the heart 
of a new, and first-ever, retrospective 
of engineer and philosopher Sir Ove 
Arup is his concept of “Total Design” 
– the desire to join all professions 
right from the start of any project.

The Engineering the World: 
Ove Arup and the Philosophy of 
Total Design exhibition explores 
how Arup pursued an emerging 
new relationship, primarily 
between architects and engineers, 
through more than 150 previously 
unseen prototypes, models, 
archival materials, drawings, 
films and photographs. Iconic and 
groundbreaking projects such as 
the Sydney Opera House, the Centre 
Pompidou in Paris, and the firm’s 
work on Crossrail all feature, as 
well as collaborations with leading 
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architects including Berthold 
Lubetkin, Renzo Piano, Richard 
Rogers and Norman Foster.

For those working in the firm today, 
the exhibition is a triumph, according 
to Arup deputy chairman Tristram 
Carfrae, and no doubt many others. 
It represents a rare occasion to 
celebrate the work of engineers.

“What we’ve gained from the 
process is a sense of pride – it gives 
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isn’t normally available,” he tells New 
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beginning and we found that the most 
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17 years ago at the Pompidou.”

The opportunity to mainstream the 
work of Ove Arup came about two and 

“ The most recent 
engineering 

exhibition at a major 
national cultural 
institution was 17 years 
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a half years ago, through Arup Design 
Council chairman Sir John Sorrell – 
former chair of the Commission for 
Architecture & the Built Environment 
and the Design Council; and also a 
trustee at the V&A.
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unfortunate because there was 
an individual, Corbett Gore from 
Hornibrook, and it was his attitude 
to can do, will do and how’s the 
best way to do it, that really made a 
success of that phase of the Opera 
House.”

Collaboration still has further to go, 
according to Carfrae. 

“The digital age allows 
collaboration in an additional way 
to our traditional physical means of 
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increases – around documents, 
models, data, ultimately around 
design is increasing.

“Projects are much better when 
everybody is in the room together 
from the beginning. There is an 
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design and build. For me that’s just 
better Total Design.”

The exhibition has inspired another 
thought for the future for Carfrae.

“The V&A is filled with beautiful 
objects and that’s what we normally 
think of as design,” he states. “The 
exhibition, perhaps unwittingly, 
reinforced the idea that the engineer 
is part of the creation of these 
beautifully designed objects. But it’s 
still an object focused exhibition – 
whether the object is Sydney Opera 
house, Kingsgate Bridge or even the 
more modern Wikihouse.

“Infrastructure – the non-object 
part of engineering – was perhaps 
less than I hoped.”

So Arup has come up with a plan.
“We have an ambition to perhaps 

create an app so people can find out 
more about the engineering of their 
actual environment as they move 
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It would be an understatement 
to say that Colas’ research and 
development manager, Ryan 
Wood, is passionate about 
innovation. Combine that with his 
passion for safety and it appears 

he’s landed his perfect job.
As part of a larger project 

engineering team created to ensure 
products reflect the latest global 
trends, Wood works to generate ideas 
and innovations and make them 
happen. Not only from within the 
business, but from clients too.

“We have found that SMEs are a 
hotbed of innovation and technology, 
and we collaborate with them to 
bring their concept or initiative to the 
market,” he explains.

Traditionally this would have been 
us going out and finding the right 
people to work with, and asking if they 
would like to develop something. But 
more recently firms are approaching 
Colas with ideas, or something already 
in development.

“It can be really difficult for SMEs 
to finance, scope or find someone as 
an end user to make sure a product is 
right for the marketplace, and that is 
where we can help,” says Wood.

“It is the responsibility of the 
industry to deliver innovative and 
safer solutions. You need to be out 
there gathering as much information 
as possible,” he adds. “It is easy to 
stick with what you know within a 
certain sector, but things are moving 
so quickly you need to find the right 
people to work with.”

And crucially with the likes of 
Samsung and Apple appearing to be 
developing cars, this approach is 
shaking up more traditional areas of 

industry, says Wood.
“Our industry will be in exactly the 

same position. Businesses we haven’t 
heard of before are already entering 
the industry and interacting in the 
marketplace. Competition is part of it, 
but it really is an opportunity for us 
to work with a wider, diverse group of 
people and businesses.”

Wood started at Colas four years 
ago and has continued to develop its 
culture of working widely across the 
industry and sharing safety solutions 
across the marketplace. “This means 
in some cases allowing a client or 
even a competitor to benefit from a 
safety initiative,” he says.

Safety is the number one priority, 
and Wood uses the example of 
protecting the workforce working on 
live carriageways. “It’s a hugely high 
risk environment and we need to do 
as much as we can to try and mitigate 
that risk.

“It is entirely right that we share 
these sort of initiatives to benefit the 
industry as a whole. Our focus within 
safety is not to increase revenue, it 
is to improve the business, and to 
improve safety within the industry 
as much as possible. It is not about 
removing cost, it is about removing 
risk for the workforce.

“It’s not just the financial cost of 
closing a road when a member of the 
workforce is injured or killed. There is 
a much wider cost to our society and 
an emotional impact in a community. 
We want the workforce go home safely 
at the end of the day.”

However Wood warns that the 
industry could be in danger of not 
being diverse enough. “You go to 
specific industry forums or events, 
read the same journals, but sometimes 
you need to be really out there and 
looking at a much more diverse area, 
such as IT or security and defence.

“All those areas have challenges 
that we can learn from or something 
we can develop solutions for. It is 
about being broader than just a 
transportation infrastructure firm.

“It’s about getting the best benefit, 
and how we use it in the wider sense. 
This is what is pushing us along.”

As part of its philosophy of applying 
technologies from other sectors, 
Colas has built and will begin trailing 
the UK’s first autonomous impact 
protection vehicle (IPV) before the 

end of the year.
An IPV is the vehicle that follows 

operatives working on a live road, 
directing the traffic around the 
workforce. On the back there is a 
“crash cushion” which folds down and 
is designed to dissipate energy should 
a vehicle collide with the back of the 
IPV.

Working with two firms from the 
United States – Royal Truck and 
Equipment and Micro Systems Inc 
– the autonomous IPV  removes the 
need for a driver to be seated in the 
cab for high risk operations.

The unmanned 18t vehicle is fitted 
with an electro-mechanical system 
and integrated sensor suite and has a 
leader/follower capability allowing it 
to follow behind a lead vehicle. GPS 
position data is transmitted from the 
manned leader vehicle to the follower 
IPV, so it follows the same path at 
a defined distance, and at the same 
speed along a route.

Wood is keen to point out that the 
IPV isn’t an autonomous car going 
from A to B in the traditional sense. 
“We want to go from A to C, where 
B is the complex work environment. 
Traditional autonomous vehicles 
cannot make the decisions that are 
required in that work environment,” 
he says.

“It’s a different technology to a 
Google car. It is not full autonomy, it’s 
automating an element of the work.”

The IPV is driven to the area, and 
the driver will then move to the leader 
vehicle and the unmanned IPV will 
then follow and react to the leader 
vehicle. The pair of vehicles are then 
driven to the site or point of work.

The complex technology that 

“It is the 
responsibility  

of the industry to 
deliver innovative and 
safer solutions. You 
need to be out there 
gathering as much 
information as possible

“ It is entirely 
right that we 

share these sort of 
initiatives to benefit  
the industry as a 
whole. Our focus 
within safety is not to 
increase revenue
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Wood, is passionate about 
innovation. Combine that with his 
passion for safety and it appears 

he’s landed his perfect job.
As part of a larger project 

engineering team created to ensure 
products reflect the latest global 
trends, Wood works to generate ideas 
and innovations and make them 
happen. Not only from within the 
business, but from clients too.

“We have found that SMEs are a 
hotbed of innovation and technology, 
and we collaborate with them to 
bring their concept or initiative to the 
market,” he explains.

Traditionally this would have been 
us going out and finding the right 
people to work with, and asking if they 
would like to develop something. But 
more recently firms are approaching 
Colas with ideas, or something already 
in development.

“It can be really difficult for SMEs 
to finance, scope or find someone as 
an end user to make sure a product is 
right for the marketplace, and that is 
where we can help,” says Wood.

“It is the responsibility of the 
industry to deliver innovative and 
safer solutions. You need to be out 
there gathering as much information 
as possible,” he adds. “It is easy to 
stick with what you know within a 
certain sector, but things are moving 
so quickly you need to find the right 
people to work with.”

And crucially with the likes of 
Samsung and Apple appearing to be 
developing cars, this approach is 
shaking up more traditional areas of 

industry, says Wood.
“Our industry will be in exactly the 

same position. Businesses we haven’t 
heard of before are already entering 
the industry and interacting in the 
marketplace. Competition is part of it, 
but it really is an opportunity for us 
to work with a wider, diverse group of 
people and businesses.”

Wood started at Colas four years 
ago and has continued to develop its 
culture of working widely across the 
industry and sharing safety solutions 
across the marketplace. “This means 
in some cases allowing a client or 
even a competitor to benefit from a 
safety initiative,” he says.

Safety is the number one priority, 
and Wood uses the example of 
protecting the workforce working on 
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risk environment and we need to do 
as much as we can to try and mitigate 
that risk.
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improve safety within the industry 
as much as possible. It is not about 
removing cost, it is about removing 
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“It’s a different technology to a 
Google car. It is not full autonomy, it’s 
automating an element of the work.”

The IPV is driven to the area, and 
the driver will then move to the leader 
vehicle and the unmanned IPV will 
then follow and react to the leader 
vehicle. The pair of vehicles are then 
driven to the site or point of work.

The complex technology that 

“It is the 
responsibility  

of the industry to 
deliver innovative and 
safer solutions. You 
need to be out there 
gathering as much 
information as possible

“ It is entirely 
right that we 

share these sort of 
initiatives to benefit  
the industry as a 
whole. Our focus 
within safety is not to 
increase revenue



54 n e w  c i v i l  e n g i n e e r    |    M AY  2016

allows it to happen is becoming well 
understood because of the boom 
in the autonomous industry. The 
IPV uses high accuracy GPS and 
communications systems usually used 
by the military to allow both vehicles 
to communicate where they are and 
what they should be doing. It also 
uses an array of sensors to identify 
other hazards or issues and elements 
of the highway environment alongside 
complex decision making algorithms.

“But all autonomous vehicles have 
risks that need to be understood and 
that is part of the process of the work 
we are undertaking now and how we 
will mitigate some of those risks,” 
explains Wood. “Ultimately we don’t 
want to send any vehicle out there to 
do work, if it reduces risk in one area 

“All autonomous 
vehicles have 

risks that need to be 
understood and that is 
part of the process

but increases risk in another. This is 
intolerable.”

The programme to verify the 
technology is well underway and will 
ensure that there are “redundancies” 
in the technology so that if any 
system fails, a back up system kicks 
in and takes control of the system or 
situation. This includes obstructions, 

different driver behaviour, and vehicle 
dynamics.

“If there is an error in a system or a 
component failure, we can still react, 
respond and deliver the right system 
and minimise that risk of a failure on a 
work site. A failure in our environment 
on a real-live highway is massively 
high impact,” says Wood.

The IPV will be trialled and tested 
extensively later this year. But there 
are many challenges ahead, not least 
the legislative framework.

“We need to comply with this 
framework, but autonomous 
technology is developing so quickly 
that it’s difficult for a legal framework 
to keep up without it slowing the 
progress of the development of 
autonomous vehicles.” N

Future Tech   Ryan Wood

Impact 
protection 
vehicles 
could become 
autonomous
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Car automation could transform 
use and maintenance of 
motorways, Highways England 
operations director Mike Wilson 
told New Civil Engineer’s recent 
UK Roads conference. “When 
we are doing works, if there 
are connected autonomous 
vehicles on the network then 
we won’t need road cones. We 
won’t need temporary traffic 
management because all the 
vehicles will automatically 
come round the road works. 
We won’t have the challenges 
where there are vehicle strikes 
on road works.”

New research from a German 
university has used a biofilm 
– or slime – to see whether 
a waterproof mortar can be 
produced. The scientists at 
the Technical University of 
Munich led by professor of 
biomechanics Oliver Lieleg 
|said the biofilm, which 
includes the slimy black coating 
that forms in sewage pipes, are 
usually considered harmful. 
But he said the material is also 
highly water repellent.  
“I was therefore excited to  
find a beneficial use for them,” 
he said.

The government 
has launched a 
major consultation 
to help pave the 
way for automated 
cars to be 
used on British 
roads. Under 
the proposed 
measures, the 
government said 
that rules for 
road users would 
be changed so 
automated vehicles 
could be insured 
for highway use.

S m a r t  t e c h
D i g i ta l  
m-Way s  l a c k 
'c o n s i s t e n t 
D ata'

m a t e r i a l S
Wat e r p r o o f 
m o r ta r 
b r e a k t h r o u g h

t r a n S p o r t
D r i v e r l e s s  
c a r  r o a D 
c o D e 
c h a n g e

D r o n e S
a m e y  l au n c h e s 
l o n g  r a n g e 
D r o n e

A joint venture between Amey 
and Vtol Technologies has 
launched a new ultra stable, 
long range drone which it 
hopes will change the way vital 
infrastructure, such as bridges 
and railways, are monitored.
Vtol managing director Ashley 
Bryant explained that the 
advantage over other types of 
drone is that its new hybrid 
technology combines fixed 
wing technology with rotor 
blades for manoeuvrability 
and lift. This means the drone 
can fly for longer distances, 
giving it the ability to be used 
when surveying long linear 
assets such as bridges, railway 
tracks, roads and water pipes. 
Aerofoils also allow the drones 
to glide if they lose power, 
improving safety.
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protection 
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Engineering 
Equality

A 
survey by New Civil 
Engineer released 
on National Women 
in Engineering Day 
found that 53% of 
respondents had 

heard sexist comments in their 
workplace in the past 12 months. 
Here are some of the responses.

The 10-question survey received 
62 responses, 26 of respondents 
were female. Roughly twice as 
many consultants responded than 
contractors.

Responses were from all over 
the UK and abroad but most were 
from people based in London (23%), 
followed by the South East (15%) and 
Scotland (15%), as well as the South 
West (13%) and overseas (13%).

Most respondents described 
attitudes towards gender equality 
in their workplace as “Very Good” 
(38%), or “Good” (34%), compared to 
“Okay” (19.35%) or “Poor” (8%).

When asked “Have you experienced 
sexist behaviour directly, at work?” 
55% answered “no”.

More than one in five respondents 
said gender was a barrier to their 
professional development.B Y  R o B e R t  H e n s o n

Walking  
With  
Dinosaurs
sexism is still rife Within construction 
businesses, as a recent survey shoWs

The Formwork Experts.

Strong in 
bridge-building
with Doka‘s innovative and safe products

Doka UK | T Maidstone: 01622 749 050, Sheffield: 01909 552 020, 
Glasgow: 01417 793 999, Ireland: +35 341 686 16 20 | uk@doka.com
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www.doka.com/uk
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Engineering Equality    Workplace Sexism

1 2 3

“I was told to 
‘man up’ by 

female colleagues over 
a distressing incident

“In general there have been 
comments, assumptions and the 
need to assert myself more than male 
colleagues to be noticed. Innuendo is 
fairly common,” said one.

“I have observed women not being 
given the same credence or time 
to speak in meetings as equal male 
colleagues. I have heard an overly 
sexist comment suggesting someone 
has more to prove because they are 
a woman in construction,” another 
wrote.

New Civil Engineer asked: “Are 
there women in leading senior roles 
in your company?” More than one in 
five responded “no”.

“In my team there are no females 
in senior management. Women with 
the same qualifications and more 
experience have been overlooked 
for promotions to Associate level 
when men have progressed,” said one 
respondent.

“Patronising comments are often 
made such as referring to me as a 
“young girl” (I am in my late twenties 
and have several years’ experience in 
the industry),” one respondent said.

“I have found in my experience in 
a consultancy, female engineers are 
often given the more administrative 
roles in a project and are given less 
design experience.”

Another response: “It’s often subtle 
and comes in many forms. A simple 
example would be how often people 
of an older generation in particular 
who I meet for the first time just 
assume that I hold a lower level of 
seniority than my male counterparts.”

Many female respondents told of 
men in an office expecting women to 
take minutes, or make tea and coffee.

Complaints about sexism tended 
to surround topics of maternity 
leave, clothing, “humour”, drinking, 
socialising and networking 
opportunities. “I think ‘banter’ or 
‘traditionalism’ are default excuses 
used to make sexism acceptable (to 
a degree) in a workplace,” said one 
respondent.

The comments ranged in severity, 
from unconscious bias to overt verbal 
assaults.

“The auditor looks up from 
checking his email and states ‘I 
hate women’. I am dumbfounded 
and didn’t say anything. I am in a 

room with three men (including the 
auditor) who are more senior than 
me,” one respondent said.

“[I was] told to ‘man up’ by 
female colleagues over a distressing 
incident,” said another.

Male respondents also shared views  
about “positive discrimination”.

“Side-lined for a public presentation 
I was told that ‘it would look better 
to show that we have women in the 
company’. [The] woman parachuted 
in had very little knowledge of the 
project and was largely embarrassed 
that she couldn’t answer a large 
number of the public’s questions,” 
the respondent wrote.

Some said there was no sexism. 
Others commented that it might be a 
“reflection of wider society”.

One woman wrote of becoming 
“fatigued” with the subject: “I was 
getting tired of hearing about how 
great women are…”.

Another respondent warned 
against patronising women: “Don’t 
assume that a prize for best female 
is reinforcing – it actually carries the 
message that women are not good 
enough to compete with men.”

Promisingly, when asked to add a 

comment to the survey, most people 
offered up ideas or solutions to 
change the work culture.

“While inside the industry isn’t 
perfect, it’s the supply side from 
schools and universities which is the 
top problem… We need to publicly 
shed our unfortunately justly-earned 
stereotype of being a men’s club, get 
more of the 8% [of engineers who are 
women] on TV and film!” said one 
person.

“I think there is a lot of good talk 
about equality and diversity, however 
it’s about walking the walk. Employing 
more women is fantastic, but it’s 
the small comments and underlying 
attitude which need addressing, not 
statistics and quotas,” another said.

Other solutions focused on making 
real changes to make the industry 
less male-centric.

“The structure of working hours/
site mobility in the civil engineering 
sector is strongly against female 
progress in particular,” said one 
respondent.

“There have been general 
assumptions made that I will be less 
focused on the work as I am also a 
mother,” said another.

“The discrimination comes from 
the developers’ culture in making 
planning applications and the way 
they choose to negotiate with other 
men. This is an aggressive male-
dominated field and results in bad 
decisions that do not reflect the 
diversity of the community they are 
planning to build in,” said another. N

“The auditor 
looks up from 
checking his 

email and states  
‘I hate women’”

“People assume 
that I hold a lower 
level of seniority 

than my male 
counterparts”

“In my team 
there are  

no females 
in senior 

management”
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E arlier this year, New Civil 
Engineer asked a range of 
influential thinkers to chart 
where they thought emerging 
technologies were on their 
journey and how could the 

industry deliver differently by making better 
use of them.

Six months later at a round table debate, 
hosted in association with Bentley Systems, 
the same emerging technologies were 
discussed alongside the progression of  
technology consumption in the profession.

“We are at a tipping point,” kicked 
off Bentley Systems industry marketing 
director Steve Cockerell. “These are 
times of uncertainty, but there is a lot of 
creative energy in the industry and I think 
it is incumbent upon us to grasp that 
opportunity.  

“We are creating more data than ever. 
Technology and its uses are accelerating at 
a rate we haven’t seen before and it’s not 
going to slow down.”

The technology areas were discussed and 
attendees were asked if they thought their 
use would become the norm, how they might 
be practically applied in the future and to 
give real-life examples. 

Wearables 
Costain has looked at technology which 
can locate mobile workers using low energy 
beacons. This can pinpoint where the 
workers were, and enabled observers to see 
whether they had encroached in designated 
no-go zones. “However the technology 
wasn’t that accurate” explained Costain 
mobile technology manager Harrison O’Hara. 
“It could pinpoint someone as near a no-go 
zone, but not actually in one.” 

A more successful project was using 
wearable technology for road workers. They 
had to record where they were and whether 
they had completed their work, “but there 
has been no appetite for it” added O’Hara

“Technology and its 
uses are accelerating 

at a rate we haven’t seen 
before and it’s not going to 
slow down

cockerell: We must grasp opportunities

University College London (UCL)  
chair in built environment foresight Tim 
Broyd thought the problem could be that 
construction was historically “not an 
inventor of technology, but an adopter”. He 
suggested that the industry should look at 
what 15-year-olds are doing and at people 
coming into the industry. “They will get 
frustrated as they can do so many things 
when they’re not at work, but are much more 
limited at work.”
 
3D Printing 
Arup infrastructure director Tim Chapman 
thinks that 3D printing may have been 
overhyped and the industry was trying to 
use it for the sake of using it. “High Speed 
2 Ltd plans to print embankments, but 
earthworks are one of the cheapest forms of 
construction, so why use 3D printing? What 
are the benefits?”

Arup engineer Victoria Richardson asked 
whether the industry should be using 3D 
printing to replicate traditional building 
methods, or whether it should come up 
with a completely different way to build 
structures. “The thing missing with 3D 
printing in concrete is the detail”

 “I’ve visited barracks in Illinois where they 
have been using 3D printing for buildings 
AKTII senior engineer Daniel Bergsagel 
explained. “But the buildings are boring. 
They are safe, not architecturally interesting 
but are solid. So there is a market for 3D 
printing in construction.”

Virtual and augmented reality 
“The great thing about augmented reality 
is that anyone can pick up an iPad. It is 
completely intuitive” explained Costain’s 
O’Hara. Costain has been using this 
technology for a while including at London 
Bridge railway station redevelopment where 
it was used to show Network Rail and the 
emergency services where hoardings were to 
be placed along shop fronts. 

“It really comes into its own when you 
interact with what is already there, rather 
than a model. At the moment it is only static 
data, but once it has a live data feed, it will 
become really powerful” he added. 

UCL’s Broyd thinks the industry is on the 
cusp of developing a totally parallel digital 
platform for construction and infrastructure 
that will mimic the physical platform. “We 
take the best parts of building information 
modelling and put it together with a number 
of other digital procurement platforms to 
provide a parallel platform. It will be with us 
in the next 10 years” he predicted. 

Gamification of construction design
Gamification makes the user think about 
all of the options available, said Skanska 
innovation manager Vaibhav Tygai. “It’s 
about behaviour change for increased 
efficiency or safety, about predicting 
behaviours and behaviour change.”

Transport for London (TfL) head of 
engineering governance and services John 
Downes agreed.

 “It’s the idea of picking up the technology 
and taking your day job, taking someone 
else’s solution and pushing them together. 
There is a shed load of solutions.”

It’s a “nice to have”  but expensive 
technology, argued Royal HaskoningDHV 
principal consultant Amy Savage, who has 
used gamification for flood risk management 
schemes. “The design should come from the 
stakeholders, but no one is prepared to pay 
for it.”

WSP Parsons Brinckerhoff director of 
development Rachel Skinner agreed but 
said she thought the industry lacked the 
evidence for gamification. 

“There is a lot of opportunity for 
public facing work like consultation and 
engagement to use gamification. Once we 
work out how to use it easily and quickly and 
cheaply.”

R E A D  M O R E  D E B A T E S  A T   
N E W C I V I L E N G I N E E R . C O M / N C E - L I V E

“High Speed 2 
ltd plans to print 

embankments, but 
earthworks are one of 
the cheapest forms of 
construction, so why use 
3D printing?
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“People fear 
that a robot 

will replace them, that 
they will lose their 
job, when actually a 
robot can do a job that is 
unsafe, diff erent, 
or additional to the work 
they can do

“ Technology is not 
a layer across the 

top of engineering. It is 
a part of engineering. 
The sooner we realise 
it is, the sooner we can 
convince others.

In association with

studying engineering now are still not 
learning what they need to do, to be able 
to link huge amounts of data and how that 
transfers into a job.”

The profession must evolve added WSP 
Parsons Brinckerhoff’s Skinner “Technology 
is not a layer across the top of engineering. 
It is a part of engineering. The sooner we 
realise it is, the sooner we can convince 
others. It is not the icing, it’s becoming the 
cake.”

Fear of robotics
Arup’s Richardson said the fear that 
robotics will take over human jobs must 
be overcome. “People fear that a robot will 
replace them, that they will lose their job, 
when actually a robot can do a job that is 
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Skinner: Profession must evolve 

unsafe, different, or additional to the work 
they can do. Why would we not want a 
robot to do that?”

UCL’s Broyd agreed and said it was as 
much a societal issue as technical issue. 
“The 2012 Olympics and paralympics was 
a celebration of what people can do, rather 
than can’t do.

“Society might decide that construction 
sites become no-go areas as they are too 
unsafe for people and there will be a big 
rise in robotics and automation. Or it might 
decide that people can do a lot more even 
if they are less able, and this could lead 
to a big change in the social aspects of 
construction sites.”
� Bentley’s The Year in Infrastructure 
conference 2016 runs from 1 to 3 november 
at the Hilton london Metropole

Round Table     Modern Technology

Internet of things
The development of the internet, where 
everyday objects can send and receive data 
was discussed. But what do we do with that 
data? asked WSP Parsons Brinckerhoff’s 
Skinner.

“We’ve already got a mass of data and 
we’re about to hit by a massive wave of raw 
data. It’s about how we shape the data, and 
what do we need to know and what do we do 
with it.”
TfL’s Downes thought it was all about “how 
somebody manages to connect things that 
are not currently connected in any shape or 
form” and to make it useful.

Context is what is most important added 
Bentley’s Cockerell “We are collecting more 
data than ever before, but without context 
and the transfer into information, where you 
can make informed decisions? Data is just a 
bunch of noughts and ones. It doesn’t mean 
anything.”

The industry has to attract more data 
scientists, said Arup’s Richardson. “People 

chapman: Has 3D printing been overhyped?

project case studies.
The Forum will conclude with the 

finalists pitching their great ideas 
before the winner is declared.

Workshop
Ahead of the main day a smart assets 
seminar will bring together seven 
leading industry clients to set out 
the role they see technology playing 
in asset management with a series of 
presentations and discussions.

VIP Breakfast
And just before the start of the 
main day, join London Underground 
programme director, construction 
Miles Ashley for an informal breakfast 
session to hear exclusive insight 
on how procurement strategies 
should be revamped in order to 
allow technology, innovation and 
collaboration to flourish in the 
design, delivery and management of 
infrastructure assets.
l Visit https://futuretechnology.
newcivilengineer.com for full details

Mark Morris, London Underground 
programme director Miles Ashley, 
Anglian Water @One Alliance director 
Dale Evans.

Visionary technologist Erik 
Schlangen will kick off the Forum. 
As professor of experimental 
micromechanics at Delft University 
of Technology, he will share his work 
to create a self-healing material that 
could revolutionise our roads.

The Forum includes breakout 
sessions, with lightning talks and 
world café workshops tackling data 
and digitisation; automation and 
robotics; industrialisation; and smart 
materials. Breakouts will also feature 

N ew Civil Engineer is 
calling on innovative 
technology company 
leaders to enter a new 
competition at its 
Future Tech Forum.

If you have an innovative 
technological solution that can drive 
efficiencies in the design, construction 
or management of infrastructure, we 
would like to hear from you.

Enter this year’s competition for a 
chance to be short-listed and invited 
to pitch your technology to the 
industry, live at the Forum.

All you need to do is submit a 
500-word synopsis detailing your 
technology, along with five slides to 
illustrate it, to anna.govett@emap.
com. But don’t delay – the deadline 
for entries is Monday 15 August.

Taking place over 14 and 15 
September, the Future Tech Forum is 
returning to the Crystal in London’s 
Docklands.

The Forum brings together 150 
attendees with more than 50 speakers 
and facilitators.

Key clients speaking this year 
include Network Rail transformation 
director, digital railway Patrick 
Bossert; Highways England chief 
engineer Mike Wilson; Tideway asset 
management director Roger Bailey; 
HS2 Ltd asset management director 

Bring  
the tech
enter new civil engineer’s competition
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Institution of Civil Engineers    Record

ICE members have voted 
overwhelmingly in support 
of proposals to broaden the 
Associate Member grade.

In the ballot 82% backed ICE’s 
proposal and calls from President 
Sir John Armitt for the Associate 
Member grade to be made 
accessible to a wider group of 
built environment professionals. 
This will enable the Institution’s 
membership and knowledge base 
to better reflect the professional 
community that delivers civil 
engineering projects.

Writing in New Civil Engineer 
in June, Armitt said: “I know just 
how valuable membership of 
the Institution is and how much 
it means to engineers. But there 
are many other professionals 
who spend their whole careers 
contributing to the creation of 
infrastructure – who may never 
seek to qualify as engineers – 
but who nevertheless would 
value and benefit from a closer 

Strong backing to make grade available to more built environment professionals

P R O F E S S I O N

Plans to widen ICE Associate 
Member grade approved

out the next steps.
“I am delighted that members 

have approved these proposals. 
Subject to approval of the 
changes by the Privy Council, 
we now intend to build on 
the research that was done in 
advance of the ballot in order to 
craft a set of compelling offers 
for individuals working in allied 
professions so that they are 
also able to benefit from the 
Institution’s world-recognised 
knowledge and thought 
leadership programmes.”

ICE members have also voted 
to approve an amendment to 
the Royal Charter and By-laws to 
permit the use of the designatory 
letters GMICE by graduate 
members. 

The change, again subject 
to Privy Council approval, will 
ensure Graduate Members have 
comparable benefits to the new 
“knowledge-pathway” Associate 
Members.

The move will open ICE membership up to a wider array of built environment disciplines

relationship with the ICE.
“This of course, would be of 

mutual benefit to the Institution 
and its members. We all want to 
extend our professional networks 
and seek access to the very 
widest knowledge pool so we can 
be the best at what we do.”

Armitt pointed to projects 
such as Crossrail, Tideway and 
the Queensferry Crossing which 
rely not only on the expertise 
and ingenuity of civil engineers 
and technicians, but on other 
professionals including lawyers, 
planners, architects and project 
managers.

“By opening our membership, 
we will increase cross discipline 
collaboration. We will further 
deepen our collective pool of 
knowledge; and in turn we will 
be more relevant to society and 
more influential,” he added.

ICE membership director, Seán 
Harris, welcomed the strong 
support for the proposal and set 

I N S T I T U T I O N  

New ICE 
Council 
members elected
Results for ICE’s Council 
elections were announced at the 
AGM on 19 July. Fourteen new 
Council members were elected 
to take the Institution forward.

Newly elected members will 
take office from 1 November 
2016. They will share an 
important responsibility with 
members already on Council  
to help the ICE achieve its  
long-term goals.

General members
l Kate Cairns BEng (Hons) DIC 
MSc CEng FICE
l Helen Julia Samuels BEng 
(Hons) MSc CEng FICE
l Andrew George McNaughton 
FREng CEng FICE
l David Caiden BSc CEng FICE 
FHKIE FIEAust FASCE ACIArb PE
l Steven Balliston HND EngTech 
MICE
l Teresa June Frost IEng FICE
l John Robert Beck MBA CEng 
FICE FRICS MCIArb DipLaw

Regional members
l East of England: David 
Leonard Goodliff Eur Ing BEng 
(Hons) MSc CEng FICE MCIOB 
FPWI
l London: Claire Louise Oliver 
BE (Hons) CEng MICE
l Scotland: Ronald Thomas 
Hunter BSc (Hons) CEng MICE 
MCIHT
l South East England: Norman 
Frederick Brent BSc Eng (Hons) 
FICE
l Yorkshire and Humber: 
Damian John Kilburn BEng 
(Hons) MSc (Eng) FICE

International members
l Europe and Central Asia: 
Richard Ian Philip Burleigh BSc 
CEng FICE

Graduate members
l Nicola Elizabeth Robins MEng 
(Hons)
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The ICE has urged the 
government to make a rapid 
decision about the future of 
Hinkley Point C nuclear power 
station. 

It said that a diverse energy 
mix including nuclear power, 
has an important role to play in 
achieving the UK’s goal for a low 
carbon economy.

The Institution welcomed 
EDF’s long awaited decision 
to invest in the project as a 
“major step forward” and said 
it hoped this signalled the start 
of work on the first of a fleet of 
new nuclear power stations. 
But it said that careful planning 
was needed to generate an 
engineering work force with the 

required skills.
“We need to ensure we have 

the skills to build and maintain 
the new stations – and this 
requires long term, focused 
planning by government and 
industry”, said ICE Director 
General Nick Baveystock.

“We must also not relent 
in our pursuit of a mix of low 
carbon solutions. Nuclear is a 
good base load power source, 
but the new fleet is at least 
10 years away from power 
generation and capacity margins 
are tightening.  

“Technologies such as new 
combined cycle gas turbines, 
renewables and electricity 
storage must be driven forward, 

Institution says nuclear power is a key part of  
an energy mix which also includes renewables

L a T E S T 

ICE calls for swift 
Hinkley decision

alongside demand management 
initiatives. The ICE’s Electricity 
Storage: Realising the Potential 
report shows how technologies 
like this could offer a secure, 
affordable and cleaner future 
for Britain’s electricity grid if 
regulators, the government and 
industry took steps to break 
down the barriers that hinder its 
progress.”

Hinkley Point C: 
Will be a vital part of 
the UK’s energy mix

P R O F E S S I O N

 

The ICE is making audio 
versions of some of its most 
popular written content 
available to members as part 
of a pilot scheme. The trial 
offers free, word for word, 
professionally recorded versions 
of the ICE’s Civil Engineering 
journal articles, blogs, briefings, 
and the Practical Guide to CDM 

M E M b E R S H I P

Member discount 
service set up

The ICE has set up a rewards 
scheme giving members 
discounts on a range of 
products and services. ICE 
Rewards discounts cover 
cinema tickets, meals, new 
cars, groceries, accounting 
services and home insurance. 
UK members can access 
the scheme via MyICE, the 
membership portal on the ICE 
website. Work is also underway 
to identify a similar service 
for overseas ICE members 
with details expected to be 
announced in the New Year. 
Visit www.ice.org.uk for further 
details. For queries contact  
ice@parliament-hill.co.uk

I C E

Thought leadership 
web hub launched

The ICE has launched a new 
hub on its website with expert 
blogs, projects, events, videos 
and a range of other content 
all focused on the theme of 
Infrastructure Transformation. 
It will explore and debate issues 
such as agile infrastructure, 
artificial intelligence, skills 
and delivery and autonomous 
vehicles. The thought 
leadership programme aims to 
identify new ways of meeting 
society’s infrastructure needs, 
and bring together professionals 
who collaborate to devise 
solutions to future challenges. 
Find out more at: www.ice.org.
uk/transformation 

Commenting on the 
government’s announcement 
that it was delaying making 
a final decision on Hinkley, 
Baveystock added: “The 
government is right to ensure 
value for money for the public 
and we recognise it would’ve 
been difficult to conduct a 
review before EDF’s approval, 
but now more than ever, timely, 

Regulations 2015. The audio 
recordings can be downloaded 
from the ICE website. They have 
been put online to help ICE 
members keep up with the latest 
information, analysis and opinion 
in civil engineering. Members 
can download the recordings at 
www.ice.org.uk/ICEAudio until 30 
September 2016.

audio versions of Civil Engineering papers  
are now available on the ICE website
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Recognition foR 
 histoRic foot tunnel

It was a delight to 
witness another 
plaque unveiled, 
celebrating our civil 
engineering heritage 
on 5 July. Close to 
the major tourist 
attraction of the Cutty 
Sark in Maritime 
Greenwich, Danny 
Thorpe, Royal Borough 

of Greenwich deputy leader deputy leader Danny 
Thorpe, unveiled the interpretive plaque for the 
Greenwich foot tunnel. Friends of the Tunnel 
secretary Ian Blore commended the council for 
its renewed commitment to the tunnel.

The tunnel, with 1M users a year, remains 
an important Thames crossing despite the 
construction of the Docklands Light Railway 
(DLR) extension from the Isle of Dogs beneath 
the river. Its original construction was part of a 
concerted programme of public works by the 
London County Council around 1900 to create 
toll free crossings of the Thames east of the 
City, enabling workers to cross the river there, 
and at Woolwich. The engineer was Alexander 
Binnie, and the resident engineer was William 
Copperthwaite, who wrote the classic text on 
early compressed air shield tunnels in 1906. 
Copperthwaite had previously worked on the 
Central Line and was one of the pioneers of the 
tube and modern shield tunnelling, although 
much of his later career was involved with 
London’s bridges. 

Interestingly, the plaque was the result of 
local community activists, notably Friends of 
Greenwich and Woolwich Foot Tunnels who were 
concerned that the tunnels were being neglected 
by the local authorities responsible. The Friends 
campaigned to have the tunnel renovated and 
were helped by London 2012 which allocated 
public funds to improve east London. 

Greenwich Council has spent over £11M on 
refurbishing the tunnel, improving the reliability 
of the lifts. It is trialling a cycle management 
scheme in the tunnel to reduce pedestrian/cycle 
conflicts. The tunnel has to be loved to survive; 
the council has to pay for regular cleaning, 
inspections and maintenance. It would be easy 
to condemn it to obsolescence and point to the 
DLR as the 21st century alternative. 

It is fantastic to see a local community 
campaign to promote engineering heritage. As 
part of preparations for the recent Smeaton 
Lecture at the ICE on the Liverpool and 
Manchester railway, I visited many of the 
stations and bridges on the line. This is one of 
the most internationally significant engineering 
sites in the UK, yet there is little recognition 
of this either at local sites or in a coordinated 
manner, despite the eastern terminus being 
part of the Manchester Museum of Science 
and Industry and the Western Wapping tunnel 
terminus being metres away from the Liverpool 
World Heritage site. Surely, with community 
involvement it would be possible to create 
a public trail to celebrate this tremendous 
achievement, and persuade Beatles and Joy 
Division fans to admire Stephenson as well!

Bill Addis, a fellow engineering historian has 
produced a comprehensive best practice guide 
with the  ICE to help engineers care for historical 
structures. It can be accessed at: www.ice.org.
uk/CIRCE 
● Mike Chrimes is an engineering historian

Mike 
Chrimes

as New Civil Engineer is now 
published monthly, the names 
of candidates recently awarded 
a professional qualification with 
ICE will only be published online 
at newcivilengineer.com/latest/
icenews. They will no longer be 
published in the print edition.
 
The pass lists will also be published 
on ICE’s website, along with the 
names of all candidates applying for 
professionally qualified membership 
(Bylaw 16). Both can be viewed 
at www.ice.org.uk/bylaw16 under 
“newest qualified member”. Lists will 
remain on the site for 28 days. To 
view lists on the New Civil Engineer 
website, visit newcivilengineer.com/
latest/ice-news

PAss lIsts, BylAw 16

M O R E  I C E  N E W S
G O  T O   N E W C I V I L E N G I N E E R . C O M / L A T E S T

“ It is fantastic to see 
a local community 

campaign to promote 
engineering heritagetransparent decision making 

is needed. “The UK needs to 
be seen as a reliable partner 
for investors around the world 
and we cannot expect to retain 
confidence if we keep putting 
back vital decisions. 

“Capacity margins are also 
tightening, and we need to make 
bold, strategic choices. We look 
forward to a swift decision.”
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a P P R E N T I C E S  V I E W

leARning fRoM the 
APPRentices scheMe 

It’s been over 10 
years since we started 
the ICE President’s 
Apprentices scheme 
during my presidential 
term – where young 
graduates and 
technicians are 
selected to help 
deliver the presidential 

programme. The scheme has proved an 
outstanding success for the apprentices and the 
Institution, giving the ICE’s leadership regular 
contact with talented young people starting their 
journey towards becoming qualifi ed professionals. 
They represent the future of civil engineering and 
their experiences are an important input to the ICE 
as it continues to improve.

I introduced the scheme in 2005 before the 
start of my presidency to grant young engineers 
access to top industry fi gures and the chance 
to work with an ICE president. Inspired by the 
BBC programme “The Apprentice” – but without 
the ritual fi ring and mortifi cation – I hoped the 
scheme would give candidates some valuable 
experiences and provide an informal sounding 
board for the sitting President, separate to the 
ICE establishment. 

I’m very pleased to say that a number of 
apprentices have attributed a step-change in their 
career progression to the scheme, including one of 
my own apprentices, Jonathan Jong, who is now a 
partner at KPMG in Singapore, where he leads their 
major projects advisory unit, which he started 
three years ago. He now mentors others, hoping 
to emulate what the scheme did for him, to ensure 
the next generation of engineers is well equipped 
for their careers ahead.

The ICE has also supported apprentices to 
fund and develop their own projects. In 2014, 
it helped Geoff French’s apprentice Sakthy 

Selvakumaran develop and run an education 
initiative called “Construkt”, where contractors 
help young people build scale models of famous 
structures to demonstrate engineering in action. 
She is now developing the Construkt scheme so 
that more companies can replicate the initiative 
to reach more young people.

This year’s apprentices under Sir John Armitt 
have been helping develop core areas of ICE 
business, including the State of the Nation: 
Devolution report and the ICE-led infrastructure 
needs assessment to 2050, which will inform the 
National Infrastructure Commission’s National 
Infrastructure Assessment. 

As we look forward to the next decade of 
the programme, it is important that we refl ect 
on these accomplishments and learn from 
them. I was therefore glad to join many of the 
alumni and their presidents at ICE HQ earlier 
this summer where we established a formal 
presidents’ apprentice alumni network, drawing 
on 10 years of alumni experiences as presidents’ 
apprentices. I hope this network will thrive, help 
develop the Institution, the civil engineering 
profession and prove useful to the next round 
of apprentices currently being recruited by 
president-elect Tim Broyd. 

Many of the former apprentices at the gathering 
confi rmed that the scheme had increased their 
understanding of ICE, cemented their connection 
to ICE, provided access to high-level industry 
fi gures, improved their team working skills, 
expanded their professional networks and 
supported their career progression. This is all that 
I could have hoped for 10 years ago, and entirely 
due to the outstanding quality of the successive 
apprentices. 

Applications are open for Tim Broyd’s 
president’s apprentice scheme: www.ice.org.uk/
presidents-apprentices 
l Gordon Masterton is an ICE past president 
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Costain
Strategy
Costain’s success at the NCE100 
Awards reflects a change in the 
company’s business strategy to 
deliver the future infrastructure 
solutions.

The inaugural NCE100 Awards saw 
Costain coming 8th overall and winning 
what some might see as two contrary 
categories: Talent Champion and 
Technical Excellence. In fact, says the 
company’s corporate development 
director Tim Bowen, the two are very 
much aligned: “An organisation is 
only as good as its people, so we are 
recruiting the very best people and 
training them – and ourselves – for the 
needs of the future.

“If you get the very best people, and 
allow them to think and be creative and 
innovative in a way that is aligned to 
thinking through the problems of our 
customers, the solutions they come up 
with are astounding,” he adds.

The Technical Excellence Award was 
for the company’s “Materials for Life” 
research into self-healing concrete, a 
project the judges said showed genuine 
innovation and a commitment to 
improving things for the good of the 
wider industry and society. 

“This was very leading edge in 
terms of a technical solution,” says 
Bowen. “We are constantly challenging 
ourselves to make sure we’re recruiting 
the very best people in the industry and 
giving them their head with regard to 
the innovation arena.” 

Among the reasons Costain won the 
Talent Champion award was its holistic 
approach to talent development. The 
judges were particularly impressed 
by the company’s commitment to 
apprentice, technician and graduate 
development, as well as the talent 
development process, succession 
planning and commitment to people 
returning after a career break.

Costain is continuing to invest on 
both fronts, says Bowen: “We are 
doing it in a number of ways. We have 
very targeted recruitment, which is 
focused as much on technologists and 
consultants as people who are capable 
of delivering infrastructure. And we 
are also making sure we have got the 

capability we need for the future.”
He adds: “The business has changed 

a lot over last two or three years. The 
pace of change in our marketplace is 
fast, and it is only going to increase if 
the UK is going to compete and thrive. 
We need modern infrastructure and 
more capacity, but the resources to do 
that are going to be more constrained, 
which means changing how we do that. 
Customers are going to acquire services 
in di� erent ways so that they can drive 
out waste and benefi t from economies 
of scale.”

Bowen says this is already happening, 
with more clients engaging with delivery 
partner organisations early in the 
process to make sure “we’ve got the 
right solution to the right problem”. 
And, he adds, “that solution is as likely 
to be technology-led as it is a built 
solution as would traditionally have been 
the case”. 

He says the future of a company 
like Costain depends on having the 
capability to engage with the client at 
any stage – from working with it right 
at the beginning to ascertain the exact 
need, through crafting a solution that 
delivers the right benefi ts, into detailed 
design, programme management, 
construction, technology integration 
and operations and maintenance. 

“I not only see a role for ourselves, 
but we are already doing it,” says 
Bowen. “We are already delivering 
services across each of these service 
lines; and increasingly we see that 
what customers will be doing will be 

“We have 
very targeted 

recruitment, which 
is focused as much 
on technologists 
and consultants 
as people who are 
capable of delivering 
infrastructure

A D V E R T I S I N G
F E A T U R E
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Costain wants to 
move away from 
being a traditional 
contractor to 
become a delivery 
partner and 
service integrator

blending that into one integrated 
o� er. As a result, maintaining a broad 
range of capability – which a� ords our 
customers the opportunity to pick and 
mix – is fundamental.”

Costain has been preparing for this 
new world, by growing its capabilities so 
it can move away from the traditional 
contractor role to become a delivery 
partner and service integrator. Bowen 
highlights two recent acquisitions that 
refl ect this change: consultancy group 
Rhead and digital technology specialist 
SSL. “Our plan is to build on these two 
acquisitions, and recruit around the 
core teams of people that came with 
them,” he explains.

Companies entering the NCE100 
were all judged by the same criteria, 
whatever their role in the construction 
and delivery cycle, and Bowen 
welcomes this move away from 
labelling companies as consultants or 
contractors. He says, the industry – 
and particularly its major infrastructure 
clients – is already well on the way to 
rejecting this traditional approach. 

“When you look at statements 
coming out of organisations like the 
Infrastructure Client Group they are very 
much more aligned to integrated service 
procurement,” he says. “As an industry 
we need to deliver more for less, and this 
is one way of achieving that.”

He says Costain increasingly fi nds 
itself competing as much with consultants 
and specialists as with traditional 
contractors. “We see ourselves as the 
service integrator, and at the forefront of 
thinking when it comes to creating future 
delivery models.

“We see 
ourselves as 

the service integrator, 
and at the forefront 
of thinking when it 
comes to creating 
future delivery models
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A D V E R T I S I N G
F E A T U R E
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Costain wants to 
move away from 
being a traditional 
contractor to 
become a delivery 
partner and 
service integrator

blending that into one integrated 
o� er. As a result, maintaining a broad 
range of capability – which a� ords our 
customers the opportunity to pick and 
mix – is fundamental.”
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service integrator, and at the forefront of 
thinking when it comes to creating future 
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“We see 
ourselves as 

the service integrator, 
and at the forefront 
of thinking when it 
comes to creating 
future delivery models
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LeveL 
Best
T he construction industry 

should be welcoming to 
all, and the top 10 NCE100 
firms that rated highest 
in equality are pushing 
the diversity agenda, and 

setting an example.
On average across the top 10, the 

workforce is made up of 29% women, 
this is pretty impressive where just 
5.5% of engineers are women across 
the industry as a whole. Maybe 
more impressive is the fact that two 
firms from the top 10 have boards 
comprising more than 50% women. 
Westlakes Engineering has half, while 
Skanska UK has 64%. 

Less impressive is the ethnic 
diversity within the industry, although 
Arcadis bucks the trend with 22% of 
UK staff from an ethnic minority. 

Of the top 10, all have diversity 
policies in place with an accountable 
board director; and two firms have 
signed up to the ICE’s recently 
adopted 10 Steps to Gender Equality 
initiative devised by Women into 
Science & Engineering (WISE). 

LGBT initiatives for the workforces 
of the top 10 include WSP Parsons 
Brinckerhoff’s LGBT working party, 
and Arup, which was recognised as 
Stonewall star performer last year. 

Civils firms like to work their 
employees hard, and 30% of the top 
10 have asked employees to opt out 
of the European Union working time 
directive. To mitigate this, all of the 
top 10 have policies for managing 
workplace stress.

It would seem that civil engineering 
firms are increasingly recognising 
the importance of having a diverse, 
satisfied workforce. 

TOP 10 FIRMS 
ENGINEERING EQUALIT Y 
 

1    A R U P

2   O P U S  I N T E R N AT I O N A L 
  
3    C L A N C Y  C O N S U LT I N G

4    P E T E R  B R E T T  A S S O C I AT E S

5  S K A N S K A  U K

6  W E S T L A K E S  E N G I N E E R I N G

7  S C O T T  H U G H E S  D E S I G N

8  W S P  P B

9  M W H

10  A R C A D I S

Careers    Engineering Equality

Having strong diversity  
poLicies are vitaL For success
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PROFILE

OPus

“Opus 
embraces 

diversity of thought 
and attitude.  This 
is where people feel 
they can make a 
difference and inspire 
each other

KEY FACTS

100%
Percentage of 
staff offered 
diversity and 

equality training

22%
Percentage of 

workforce which 
has been at Opus 

for more than  
10 years

New Civil Engineer’s Company of 
the Year led the way across all of the 
core themes at this year’s awards 
ceremony but scored particularly 
highly in the equality in engineering 
pillar. The pillar focused on firms 
that recognise the importance 
of having a diverse and satisfied 
workforce, and which have agendas 
in place to achieve it.

“At Opus, we have a proactive focus 
on eliminating any perceived or real 
barriers in the traditional areas of 
diversity,” says Adrian clarkson 
Opus UK Hr director. “we embrace 
diversity of thought and attitude. 
These differing perspectives 
and capabilities are our point of 
difference, they enable us to deal 
with challenging problems to create 
innovative solutions.  

“This inclusive and team-based 
behaviour results in individuals 
feeling valued and creates a sense 
of belonging. This is where people 

feel they can make a difference and 
inspire each other” he adds.

To create this inclusive culture, 
Opus’ entire workforce is offered 
diversity and equality training, and 
additional equality training for staff 
involved in the recruitment process. 

it forms a key part of the 
leadership team’s succession and 
talent planning strategy. 

The “women in leadership” 
initiative has ambassadors 
throughout the global business 
promoting female professional 
development at all career stages.  
it also actively engages with 
educational establishments to 
promote engineering as a profession 
to young people to ultimately, 
further drive diversity.  

clarkson adds: “There’s a reason 
that 22% of our workforce has been 
with us for over 10 years. we work 
hard to ensure that our staff are 
developed, respected and looked 
after.”

As part of its inclusive culture, all staff were offered the chance to win 
attendance to the ceremony, where Opus won company of the Year.
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Find more jobs online at conradconsulting.co.uk

For more information please contact graham@conradconsulting.co.uk
Or, for a confidential chat, call us 8am to 8pm on 020 3159 5387

Trusted recruitment advisors 
bringing candidates and  
organisations together to build 
outstanding careers.

Director of Civil Engineering – 
London | £75k plus excellent 
benefits & bonuses
Award winning civil engineering  

consultancy seeks a Director to head 

their civil engineering team.  

Experienced in the production of bid 

and fee tenders, retaining financial 

control and reporting back to clients 

to ensure successful project delivery 

within time and on budget. As well as  

assisting and mentoring junior  

engineers, you will be proactive in the 

expansion of the business throughout 

the UK, taking on a business  

development role. 

Principal  Infrastructure
Engineer – Caterham                          
£55k - £58k plus car & benefits
Our client is a national company with 

an enviable reputation for creating 

high quality residential developments. 

They are seeking a self-motivated and 

ambitious principal engineer to help 

run the infrastructure team.  

Competent in roads & drainage design 

for large mixed use developments, and 

able to liaise at all levels.

Associate Director,  
Infrastructure – Bristol                           
£55k - £65k plus benefits
This nationally recognised name in 

engineering is seeking an Associate 

Director in their Bristol office.  

Management experience and  

successful project delivery within 

timescale and budget is vital. An adept 

client facing engineer who can clearly 

relay concept studies and strategies 

evidencing technical know-how. 

Senior Infrastructure
Engineer – London                                              
£54k - £58k plus benefits
Established consultancy in Central 

London who offer specialist  

engineering services to a varied client 

base is seeking a senior engineer. 

Schemes include residential, leisure, 

commercial, retail and education and 

they offer cost effective and  

innovative design solutions. Ideally  

you will have at least 5 years’ previous 

experience within a consultancy and 

will have managed a small team and  

headed projects from concept to 

completion.

Infrastructure Engineer – 
Birmingham                    
£35k - £38k plus benefits
With a network of offices throughout 

the UK and abroad, our client can offer 

you an exciting career with unlimited 

progression. Their reputation ensures 

continued projects wins, and the  

infrastructure team in their  

Birmingham office is expanding.  

They are seeking an experienced roads 

and drainage design engineer, who 

has a proven ability on infrastructure 

schemes with knowledge of AutoCAD, 

PDS and MicroDrainage preferred. 

Senior Infrastructure
Engineer – Ipswich                                               
£48k - £54k plus benefits
This leading firm of engineers recently 

opened a new office in Ipswich and 

this exciting new venture offers a 

highly experienced and talented senior 

engineer an opportunity to join their 

expanding team. Candidates must 

have experience with WinDes/ 

MicroDrainage/PDS and AutoCAD.

Senior Infrastructure 
Engineer – Chesham                           
£47k - £50k plus benefits
This medium sized firm in Chesham 

has an opportunity for a key  

appointment at senior level. Ideally a 

Chartered or Incorporated engineer 

with expansive project history working 

on a broad range of roads and  

drainage design schemes across a 

varied sector base.
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www.menasaandpartners.com

Searching Executi ve Talent Globally

We have a wide variety of Internati onal vacancies available so if you are seeking your next overseas assignment 
please email info@menasaandpartners.com for a confi denti al discussion.

Middle East

SRE – ROADS/INFRASTRUCTURE
Qatar/Bahrain
£115k - £120k pa TAX-FREE

A globally-recognisable Engineering consultancy 
is currently looking for a Senior Resident Engineer 
to oversee the constructi on phase of multi -million 
pound Infrastructure projects in both Qatar and 
Bahrain. You must hold a degree in Civil Engineering 
and be Chartered by a recognised authority (MICE, 
CEng etc.) with 20+ years’ post-graduate experience 
in the constructi on supervision of high-value 
Infrastructure projects involving Roads, Highways, 
Drainage and Uti liti es schemes
gareth@menasaandpartners.com

PRINCIPAL ENGINEER – UTILITIES
UAE
£90k - £100k pa TAX-FREE

A leading Engineering consultancy is seeking a 
Chartered Principal Engineer, Uti liti es, to play a 
key role in the delivery of numerous Drainage and 
Uti liti es schemes relati ng to large-scale Infrastructure 
projects in the UAE. You must be degree qualifi ed, 
Chartered and have 10+ years’ post-graduate 
experience in the detailed design and design 
leadership of Drainage and Uti liti es schemes relati ng 
to Infrastructure projects. Previous experience in 
client-facing positi ons preferred.
gareth@menasaandpartners.com

CHIEF RE – INFRASTRUCTURE 
Qatar 
£150k - £175k pa TAX FREE

Highly reputable global project management 
consultancy fi rm with a strong presence across the 
Middle East has an urgent requirement to recruit 
a degree qualifi ed and Chartered Chief Resident 
Engineer to be based in Doha, Qatar. The role 
involves managing the constructi on of a multi -billion 
dollar Roads & Highways programme. This positi on 
will provide an opportunity to deliver one of the 
most presti gious projects in the country and will 
receive a competi ti ve salary package. 
veema@menasaandpartners.com

Middle East Middle East

CHIEF RE – RAIL
Indonesia
£110k - £130k pa + Expat Bens

To supervise constructi on of a key Railway project 
in Indonesia as Engineers Representati ve. You will 
be degree qualifi ed with 20+ years’ experience in 
overseeing civil constructi on projects for Global 
Engineering Consultancies, that include major 
Rail schemes with bridges, viaducts, and elevated 
stati ons. 

Quick start, long term contract with Internati onal 
employer.
jon@menasaandpartners.com

TRACK-WORK DESIGN MANAGER
Malaysia
£100k - £115k pa + Expat Bens

An opportunity to work on a major Rail project 
in Malaysia on a long-term basis. Looking for 
an individual with consultancy and operator 
experience, you will have 20+ years’ of experience 
of Track and Alignment design and hold a relevant 
civil engineering degree qualifi cati on. Chartered/
Professional Engineer status would also be an 
advantage. This is a LIVE role seeking a start in 
September.

jon@menasaandpartners.com

ASSOCIATE – BRIDGES
Singapore
£115k - £120k Package

Leading Internati onal Engineering Consultancy group 
is seeking an Associate to head up their Bridges 
division. You should have 15+ years’ experience of 
Bridge Engineering, preferably including projects 
carried out in Southeast Asia. Technical knowledge 
of precast-segmental-box-girder and balanced-
canti lever Bridges would be an advantage, as would 
Chartered/Professional Engineer status.

jon@menasaandpartners.com

SE AsiaMiddle East

TEAM LEADERS – ROADS/HIGHWAYS
Ethiopia/Kenya/Tanzania
£90k - £100k pa + Expat Bens

We are seeking vastly experienced Team Leaders 
for large scale Highways projects in Sub Saharan 
Africa. Minimum of 25 years’ experience in Highways 
project management, design, delivery and consulti ng 
skills is essenti al and knowledge of Expressways is 
benefi cial. 

These projects are LIVE and require all round leaders 
with previous exposure to large scale, development 
aid operati ons in Africa. 
james@menasaandpartners.com

HYDROPOWER EXPERT – DESIGN
Uganda/Nepal/Rwanda
£120k - £130k pa + Expat Bens

Global Engineering Consultancies are currently 
looking for suitably experienced Engineers for a 
large, complex hydropower project in Sub Saharan 
Africa. You will have over 20 years’ experience on 
Dam and hydropower projects and have worked on 
at least TWO storage/reservoir hydropower projects 
where the Dam height is over 100m and the installed 
capacity not less than 300MW. Other roles available 
in locati ons above across design and site.

james@menasaandpartners.com

PORTS & MARITIME/COASTAL PM’S
New York/Houston/South Africa & Dubai
£Negoti able + Expat Bens

Global Project Management Company are currently 
seeking Senior level Marine/Ports Structures 
Engineers as well as Coastal experts to be based 
in the above offi  ce locati ons. You must be degree 
qualifi ed and ideally Chartered with a minimum of 
7+ years’ experience in their chosen profession. Due 
to an increased work load these roles are permanent 
positi ons and require confi dent capable Technical 
Leads/PM’s.

ed@menasaandpartners.com

Rest of World
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£100k - £115k pa + Expat Bens

An opportunity to work on a major Rail project 
in Malaysia on a long-term basis. Looking for 
an individual with consultancy and operator 
experience, you will have 20+ years’ of experience 
of Track and Alignment design and hold a relevant 
civil engineering degree qualifi cati on. Chartered/
Professional Engineer status would also be an 
advantage. This is a LIVE role seeking a start in 
September.

jon@menasaandpartners.com

ASSOCIATE – BRIDGES
Singapore
£115k - £120k Package

Leading Internati onal Engineering Consultancy group 
is seeking an Associate to head up their Bridges 
division. You should have 15+ years’ experience of 
Bridge Engineering, preferably including projects 
carried out in Southeast Asia. Technical knowledge 
of precast-segmental-box-girder and balanced-
canti lever Bridges would be an advantage, as would 
Chartered/Professional Engineer status.

jon@menasaandpartners.com

SE AsiaMiddle East

TEAM LEADERS – ROADS/HIGHWAYS
Ethiopia/Kenya/Tanzania
£90k - £100k pa + Expat Bens

We are seeking vastly experienced Team Leaders 
for large scale Highways projects in Sub Saharan 
Africa. Minimum of 25 years’ experience in Highways 
project management, design, delivery and consulti ng 
skills is essenti al and knowledge of Expressways is 
benefi cial. 

These projects are LIVE and require all round leaders 
with previous exposure to large scale, development 
aid operati ons in Africa. 
james@menasaandpartners.com

HYDROPOWER EXPERT – DESIGN
Uganda/Nepal/Rwanda
£120k - £130k pa + Expat Bens

Global Engineering Consultancies are currently 
looking for suitably experienced Engineers for a 
large, complex hydropower project in Sub Saharan 
Africa. You will have over 20 years’ experience on 
Dam and hydropower projects and have worked on 
at least TWO storage/reservoir hydropower projects 
where the Dam height is over 100m and the installed 
capacity not less than 300MW. Other roles available 
in locati ons above across design and site.

james@menasaandpartners.com

PORTS & MARITIME/COASTAL PM’S
New York/Houston/South Africa & Dubai
£Negoti able + Expat Bens

Global Project Management Company are currently 
seeking Senior level Marine/Ports Structures 
Engineers as well as Coastal experts to be based 
in the above offi  ce locati ons. You must be degree 
qualifi ed and ideally Chartered with a minimum of 
7+ years’ experience in their chosen profession. Due 
to an increased work load these roles are permanent 
positi ons and require confi dent capable Technical 
Leads/PM’s.

ed@menasaandpartners.com

Rest of World
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Leicestershire County Council is an ambitious, progressive transport authority. We currently have a number of vacancies and are seeking 
enthusiastic individuals to help us develop our highway and transport services at local, regional and national levels.

•  TRANSPORT DATA SPECIALIST
 (Grade 12 - £33,997 - £37,499)

•  SENIOR TRANSPORT MODELLER
(Grade 12 - £33,997 - £37,499)

•  VARIOUS TRANSPORT DATA ASSISTANT 
ENGINEER AND TECHNICIAN ROLES

•  ASSET MANAGEMENT SPECIALIST 
(Grade 12 - £33,997 - £37,499)

•  SENIOR TRANSPORT ENGINEER 
DEVELOPMENT MANAGEMENT 
(Strategy and Policy) (Grade 12 - £33,997 - £37,499)

•  A NUMBER OF ASSISTANT ENGINEERS 
(Grade 11 - £30,542 - £32,975) 
in the following areas:

• Structures and Assets, Traffic and Signals

•  A NUMBER OF SENIOR TECHNICIANS
(Grade 10 - £26,583 - £29,858) 
in the following areas:

• Traffic and Signals, Infrastructure, and Street Lighting

•  A NUMBER OF TECHNICIANS 
(Grade 8 - £20,522 - £22,434) 
in the following areas:

•  Infrastructure, Structures and Assets, Traffic and Signals, Engineering 
Services and Operational Highways

For further information please visit our website 
http://jobs.eastmidlandssharedservices.org/Leicester/index.aspx 

Closing date: 20 August 2016.

No agencies please.

Committed to equality of opportunity in employment and services.

http://jobs.eastmidlandssharedservices.org/
Leicester/index.aspx 

Mabey Bridge Ltd is a leading international provider of high 
quality bridging and infrastructure solutions. Based in Lydney, 
Gloucestershire, we employ 150 staff and specialise in rapid-
build, pre-engineered modular bridging to develop, improve  
and repair essential infrastructure in urban and rural areas.  
We also deliver permanent and temporary bridging solutions  
for military, transport, oil and gas, and mining applications,  
as well as for humanitarian emergencies and disaster relief.
We are proud to have supplied modular bridging solutions to over 140 countries worldwide,  

to customers such as National Governments, NGOs, global energy and mining corporations  

and major construction companies.

We are currently looking for bright design engineers to fulfil the following roles within our  

Product Development team to develop new and existing bridge systems in support of the  

future development and success of the Company. Experience of bridge design codes and  

FEA is desirable but not essential:

 *Senior Product Development Engineer 
 *Product Development Engineer 
In addition to competitive salaries, Mabey Bridge provides a competitive benefits package,  

including contributory pension scheme, healthcare and generous holiday allowance.

If you would like any further information, or if you would like to apply for any of the above posts, 

please send your CV and covering letter via email to hr@mabeybridge.co.uk or call 01291 623801. 

Postal applications should be sent to: HR Dept.,  

Mabey Bridge Limited, Unit 9 Lydney Harbour Estate,  

Harbour Road, Lydney, Gloucestershire GL15 4EJ, UK
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How do you explain what you do  
to your friends and family?
I say that I model rivers on a 
computer using survey data, 
catchment descriptors and light 
detection and ranging data (LiDAR) 
to determine the flood risk to 
development sites. 

How do you see it changing in  
next five years?
With each year comes more flow and 
rainfall data for catchments all over 
the UK, and with better gauged data 
come more reliable results. Surveying 
equipment and modelling software 
are also improving all of the time. 
The next advancements will be in real 
time modelling to help predict flash 
floods, and increasing accuracy of 
urban models as we aim to mitigate 
all sources of flooding.

What is the logical career  
progression for you?
I would like to become chartered over 
the next couple of years and work my 
way up to oversee my own hydrology 
department. 

What advice would you give to someone 
thinking about becoming an engineer? 
Go for it! The people are great and 
if you like numbers, geography and 
deadlines you can’t go wrong.

B Y  M I c H a I l a  H a n c o c k

Predict 
& Prevent
Bethan Young is hydraulic 

modeller for Waterco 
Consultants, where she 
is involved with helping 
clients anticipate and 
mitigate flood events.

Describe your job
I build hydraulic models of rivers 
and coastal areas to simulate 
flooding in areas of concern or where 
development is proposed. A large 
part of my job involves reviewing the 
catchment and working out the shape 
and peak of the inflow hydrographs 
for the hydraulic model. 

Why does your job matter so much? 
My job forms the basis for the design 
of a building or flood defence and can 
be detrimental if not done correctly. It 
can also be the deciding factor as to 
whether a scheme can go ahead. If it 
is shown to flood we can design and 
model flood compensatory storage 
schemes to alleviate the risk. 

What stands out as the most interesting 
project you’ve worked on? 
We worked on an existing National 
Trust property in South Wales. It was 
flooding at least twice a year from 
fluvial and surface water flooding. 
There were two main watercourses 
joining within the site and culverted 

“My job  
forms the  

basis for the  
design of a building  
or flood defence

through the site which caused  
major problems during peak rainfall 
events. The culvert was too small 
and often blocked. A separate surface 
water problem affected a building 
which required a thorough review 
of the catchment and flow paths to 
confirm the source of the water. We 
modelled mitigation measures such as 
upsizing the culvert, flood meadows, 
enlarging existing flood alleviation 
ponds, flood alleviation channels 
and slot drains for the surface water 
issues.

How does your role impact on the built 
environment?
The hydraulic model will show the 
water level during a flood at the 
development site which in turn will 
determine whether development is 
feasible and if flood compensatory 
storage is required. 

How did you get into the job? What was 
your career route?
I finished my degree in Environmental 
Earth Sciences in Aberystwyth in 
June 2012 and asked Waterco for 
work experience with the intention 
of trying out a few jobs before I knew 
which direction I would like to head 
in. However, after a month, I realised 
that I loved the job and wanted to 
learn more. 

Future Engineer    Bethan Young
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