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HISTORY - Forth & Clyde

. Forth & Clyde Canal

— First coast-to-coast ship canal
« Connecting Grangemouth (Forth) to Bowling (Clyde)
» 35 miles long
— 40 Locks
» Also 25 agueducts, 32 opening/swing bridges
— Constructed 1768 — 1773 (fully open 1790)
« John Smeaton

— Closed to navigation 1963
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HISTORY - Union

« Union Canal
— Single level canal
« Connecting Edinburgh and Falkirk
» 31 miles long
— 11 locks
« All at end, to connect to the Forth & Clyde
— Constructed 1818 — 1822
* Hugh Baird
— Closed to navigation 1965
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HISTORY - City link

« Major transport link
— 200,000 passengers/yr
— 80km distance
— Horse-drawn swift boats
— 7 hour journey
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HISTORY - Falkirk Interchange

11 lock staircase

— 35m height difference

— 3500 tonnes water per “run”
e Took most of a day
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HISTORY - Millennium Link

* Reopening project
— 5 year project
« But funding 1999 tied to completion 2001!
— 30 major obstructions had to be removed
— Replacement/rebuild of 120 structures
— Twenty-five £3M “design and build” packages let
— Required careful water management!
— World's first “drop lock” at one road bridge
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« The new Falkirk Interchange
— Canal extension

— Tunnel
— The Falkirk Wheel
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The Problem - The Falkirk Interchange

« Historically
— 11 lock staircase
— 34m height difference
— 3500 tons water per run
— Full day

« Start again
— Novel solution?

Union Canal

N

Forth and Clyde Canal

Two boats up / Two boats

Forth g .Canal ! down every 15 minutes

Y | U ArupScotland

British Waterways




mrmme— m“ LEEL - e —_ i oL
A ———— T s e bl L g I -
— e ea o = L= ‘ :1 ‘-‘
== B Tied CLHeaD, MOROEAIL RN, = T igly ey ol s r'\
el kiRt
SSTEM - — 3

|
Butterley 7 ArupScotland

SOLETANCHE ENGINEERING

British Waterways



Butterley Y | ArupScotland

SOLETANCHE ENGINEERING

British Waterways



ArupScotland

RVJ

J

i
W
A
[ |

British Waterways

RING

Butterley




Winning bid
Morrison Bachy Soletanche JV
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The Wheel - revised design
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The Wheel - Concept
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Circular rail track
for gondaola

Rotating cogs

\ | — Gearing ring

fixed to
aqueduct

==y

Gondola fived to
Moving cog
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Wheel Operation

« 5 Gear Wheels are incorporated into arms

Five cogs are

used to maintain \
horizontality of

caissons
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Wheel Operation

e Mechanism maintains horizontality of caisson

Five cogs are
used to maintain
horizontality of
caissons
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Wheel Operation

« Power consumption
— 10 x 7kW geared motors
— Consume 1.5 kW-hrs in 4 mins
« Equivalent to boiling 8 kettles!

— Trick is Archimedes
« Water displaced by boat exactly equal to boat weight
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Wheel Engineering

e Mechanical performance
— 100% stress reversals
— 1kN/mm? on rims
— FEM analysis

e« Accommodate
— Thermal movements
— Solar effects
— Boat impacts
— Freezing
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Timing Gears
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Support Bearings and Drive
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Construction
Basin
Tunnel
Adqueduct
Wheel
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CONSTRUCTION

« 2km of New Canal
— 250,000m? Excavation/Fill
160m tunnel (8m diameter, sprayed concrete)
20m + 120m aqueducts
3 sets of locks (7.4m + 3.0m)
Bridges over Forth & Clyde and Union Canal
600m access roads

 Boat Lift

— Unigue in the world
— 23.7m long gondolas

Visitor Centre
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Falkirk Interchange - Construction
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Falkirk Interchange - Construction
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Falkirk Interchange - Construction
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Falkirk Interchange - Construction
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Falkirk Interchange - Construction
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Falkirk Interchange - Construction
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Tunnel - Construction

180m Roughcastle Tunnel
— Under Antonine Wall!

8m wide, driven in 3 stages
— 2 upper quarters, lower half
— Adapted road planer took outsOmm milled layers

o - T, 4 :w- -

— Excavated rock recycled
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Aqueduct — Construction

e« 104m long
— On 24m high curved concrete columns
— Matches profile of Wheel

— Aesthetics required floating canal
« “Unbuildable”
» Lots of steel (40mm rebar)
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Falkirk Interchange - Construction

Butterley V| U ArupScotland

ENGINEERING British Waterways




Falkirk Interchange - Construction
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Falkirk Interchange - Construction
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Falkirk Interchange - Construction
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Falkirk Interchange - Construction
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Falkirk Interchange - Construction

Butterley

G [ ] o
SOLETANCHE ENGINEERIN British Waterways




Falkirk Interchange - Construction
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Falkirk Wheel - Construction

e Uses 1200 tonnes of steel
— 2 x 50 tonne gondolas
— Assembly to within 10mm
— 25m axle aligned to within 1mm

« Fabrication

— Steel sections bolted, not welded
» Robustness to fatigue loading
« 600 tonne fully reversed load cycle
« 15,000 bolts

— All pre-assembled offsite to test fits

— Broken down and transported in 35 lorry loads
e Averaging 34 tonnes
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Project success?

 Total cost £84.5M
— Wheel complex c. £20M
— Wheel itself c. £5M

Opened on time

— HM The Queen
« 24 May 2002

Generated development
— Aim

* 4500 new jobs

« £400M private investment
— www.thefalkirkwheel.co.uk/
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Do you want to work for
a leading UK construction business
operating at the forefront of
industry best practice?

People

Paophe are aur most Enportan assel aovveing & wids
wadaly of roles, skils and ablifes. We sask only e

masl oulstanding peopis and resard efior, innov alion
Nt Achisvaimen.

Career Opportunities

Emplaying over 3,500 pecpls, we offer caneer
epporkunilies, tining and development for all,
sipparting vocalional, nalonal, igher

and professinnal quailcsinns
. Dur oparation in Sootiand saoks Gradisdes

For 2007 In the lollowing disclplines:

= Civil Engineering

*  Quantity Surveying

Wit sfan mequire undegradustes o work with us dudng
e sumimesr Bresk Sutons sl simmer sludenis will
be considerad or owr Spansarship Sehames.

Are you enthusliastic,
committed and a team
player? If you are then we
would like to hear from you.

. Morrison /&
G:‘:ﬁ“ﬂf}idir‘@-' Construction

Civil Engineering
Graduates

Civil Engineering
Undergraduates

— Sponsorship
Scheme

ICE Approved
Training Scheme

Opportunities Iin

— Construction

— Engineering

— Planning

— Cost Management

Scotland or UK



