
Design to restore faith: 
The permanent cantilever 
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Firth of Forth Crossing 



Google sees all? 





Sir Thomas Bouch 
•  Knighted upon 

completion of the 
bridge crossing the 
Firth of Tay, 1877 

•  Commissioned to 
design Firth of Forth 
crossing 1873 



Firth of Tay 1867 Progress 



2.25 miles of value engineered cast 
iron 



•  Remains 
worst 
structural 
disaster 
in British 
History 



Beufort 10… 55-70mph wind 

•  Dec. 28, 1879 
•  Train was crossing at the time 
•  Engine, tender and first class coaches 

fall in, second class coaches remain on 
rails 

•  Death toll 75 
•  Includes Bouch’s son-in-law 



Cast iron disaster 



Search and Rescue 



Hardhats to recovery 



After S&R, recovery 



Told you it wouldn’t work 



Relief, Rebuild, don’t repeat causes 



Reuse 



Formal Inquiry 

•  Led by “Commissioner of Wrecks” Henry 
Rothery, 1880 

•  Found no wind calculations in Bouch’s design 
documents 

•  Found inspections reports citing “chattering” 
in wrought iron braces during wind a few 
months after opening….what would cause this in a riveted truss? 

•  Concluded it was “Badly designed, badly built 
and badly maintained” 

•  Bouch discredited as a designer, died 1880 



Suspected causes 

•  Derailment makes coach hit structure 
•  Masonry failed in wind, delaminated 
•  Poor smelting practice caused Iron to be 

brittle at connections, failed in lateral loading 
•  Design was economized to point of 

insufficient redundancy 
•  Pieces fell into seabed during construction, 

but were re-used 
•  Design was too narrow  



56 psf wind design 

•  One outcome of the inquiry into the Tay 
bridge collapse, 
– A 56 psf wind load was required to be 

included in the engineering design of all 
bridges crossing North Sea rivers (Tay, 
Forth ….) 



Delamination cause? 

•  Masonry 
delamination, 
what would lift 
it? 

•  How would you 
avoid it? 
– 1 
– 2 



Cast iron failure? 



Collapse of Faith 

•  Thomas Bouch started bridge, laid 
some foundations for the Tay Bridge, 
but after a collapse (1879, 75 die)… The Firth 
owners lost faith 

•  Sir John Fowler, and Sir Benjamin 
Baker took over as designers 

•  Sir William Arroll took over as builder 
working from 1883 to complete in 1889 



Alternative 
Designs 

•  Designs for 
the Firth of 
Forth crossing 
begin as early 
as 1818 



Bouch’s Design 1873? 

•  Loses contract in 
1879 after Tay 
collapse 

Roebling 1855 Niagara 



Barlow & Fox’s first plan 

•  If you were on the railway board why would you accept 
or reject this design? 
–  1 
–  2 

Charles Ellet’s 1849 Wheeling Bridge Collapse 



Why did the railroad board 
buy this instead? 

•  Ridership? 
•  Visual Strength?  
•  Restoring Faith? 



Temporary Cantilevers 

1869 Rouzat Viaduct Eiffel 



Cantilever, not well known by 
the public 



It really really works 



All parts 
designed to 
resist wind 



Trains only 

•  1.5 mile overall length 
•  150 feet above high tide 
•  Main spans 1,710 feet, side spans 675 ft 
•  Tower-Cantilever structures 340 ft high 
•  Three support piers 

–  Used compressed air caissons to get to 90 foot 
bearing depth. 



Caissons required 

•  Solid bearing at 90 feet below low tide 
mark 



Arrol’s 
Caisson 
design 



Caisson launch ramp 



What’s the difference? 
What have we learned? 

•  Roebling at East 
River 1870 

•  Arrols at Firth of 
Forth 1883 



After Tay, owners 
become risk-averse 
•  The railroad board 

requested the designers 
and builders take every 
measure possible to 
eliminate shocking the 
bridge during train 
transit…and to contain 
the wheel should it 
derail 

•  What does that say 
about their faith in the 
outcome of the Tay 
collapse board of 
inquiry? 



Rivet 
Dependent 
•  What was the 

likely cause of 
the “chattering” 
cited by the 
bridge 
inspector at 
Tay during 
high winds? 



Process design to avoid 
construction defects cited in Tay 

collapse 



Production 
Plan for 
Quality 

•  Why is riveting 
a challenge on 
a north-sea 
crossing? 

•  How could you 
assure rivet 
quality? 



Becoming a 
Standard 



•  Rivet intensive, 
•  7,000,000 rivets 



Reduce human fallibility 
•  Rivet 

machine 
•  Hydraulic, 

not human 
powered 
hammers  

•  Arrols leads 
the world in 
producing 
Riveting 
machines 



2.13% mortality during 
construction 

•  4600 workers on the project at peak of activity 
•  98 deaths so 2.13% of peak personnel load (it 

would be 1.17 people in this class) 
•  Non-fatality accident total 26,000…hundreds 

of permanent disabilities 















•  Steam Cranes ride 
the back of the 
tower 



















Design for Maintainability? 









•  Wide 
stance 
reaction 
to Tay 
failure 

•  How? 
– 1 
– 2 







“Badly designed, badly built 
and badly maintained” 

•  What did the team involved with the 
Firth of Forth Crossing do to respond to 
the failures of the Tay Bridge Collapse? 

•  1 
•  2 
•  3 
•  4 


