
Success and Failure 

A Paradoxical Relationship 



FAILURE 

SUCCESS 



THIS IS NOT A NEW IDEA: 
 

“Failure changes for the better, 
success for the worse.“ 

 
              —Seneca  

    (fl. 1st century AD) 
 



The advance of technology 
does not fundamentally alter 

the essential process 
of engineering design. 



Minneapolis I-35W Bridge, August 2007  
 
 
 
 
 
 
 
 

steel truss, >125 years experience 



Why Do Failures Continue to Occur? 

Does experience matter? 



Success and Failure 

• Prolonged successful experience does not      
 insure against failure: 
– Success breeds confidence. 
– Confidence can lead to overconfidence. 
– Overconfidence promotes risk taking. 
– Risk taking increases the chance of failure. 

• A failure need not doom a whole technology: 
– Failures are wake-up calls. 
– Wake-up calls provide lessons learned. 
– Lessons learned, if heeded, lead to future success. 
 

 



The Paradox of Design 

• Anticipating Failure Leads to 
 Success 

• Successful Designs Evolve into 
 Failures 
 



A Classic Case Study 

Titanic 







Titanic Failure Scenario 
• North Atlantic crossing, icebergs present 
• Collision with iceberg, grazing 

– Riveted joints fail, plates separate 
– Gash opens in hull plates 

• Water enters bow compartments 
– Ship’s bow dips down, water inflow continues  

• Water overtops bulkheads 
– Ship’s bow dips further down 

• Ship’s stern rises out of water   
– Hull fractures, ship sinks  







But imagine that the Titanic 
had not struck an iceberg 

 on its maiden voyage. 



Likely Consequences of Successful Titanic 
• Design “proven” to be successful, unsinkable 
• Competing steamship lines likely would have: 

– Designed and built larger, finer, faster ships 
– Economized with thinner hulls, fewer rivets 
– Argued for carrying more passengers, fewer lifeboats 
– Sailed at faster speeds through the North Atlantic 
– Retained Titanic’s bulkhead design   

• Eventually, a descendant of the Titanic (with its 
 inherent generic design flaws) would have struck an 
 iceberg and sunk—a clear failure. 



Titanic, 1912 



Aftermath of Titanic Failure 

• More respect for icebergs 
• Iceberg patrols 
• Redesigned bulkheads 
• More lifeboats 
• 24/7 monitoring of radio 
• Overall safer ships 



Unjustified overconfidence  
in the success of a design 

can trump legitimate concerns 
over failure scenarios.  



A century of lessons learned 
can be effectively erased  

by decades (or even just years)  
of successful experience. 



Suspension Bridge Failures  
in the Early-1800s  

 
 
 
 



Menai Strait Suspension Bridge, 1825 



Brighton Chain Pier (1823 - 1896) 





    Two Responses  
  to Repeated Failures 
 
1. Look to alternative  designs. 
 
2. Learn from past failures 
 how to obviate future 
 failures. 
 



Robert 
 Stephenson 
(1803-1859) 



Britannia Tubular Bridge, 1850 



             



Royal Albert (Saltash) Bridge, 1859 



John A. 
Roebling 
(1806-1869) 



“Storms are unquestionably the 
greatest enemies of suspension 

bridges.” 

--John Roebling 
     1841 



Niagara Gorge Suspension Bridge, 1854 



What made the Niagara Bridge work for 
railway traffic? 
 

“Weight, Girders, Trusses, 
 and Stays” 
 
                              --John Roebling, 
                         Final Report (1855) 



--Robert Stephenson  
 to John Roebling 

“If your bridge succeeds, 
mine is a magnificent 

blunder” 



     

 

weight, stiffness, stays 
 
 
 
 
 
 

Brooklyn Bridge, 1883 



Brooklyn Bridge 





“Weight, Girders, Trusses, 
 and Stays” 

 
Weight, Stiffness, Stays 



Williamsburg Bridge, 1903 



Manhattan Bridge, 1909 



Benjamin Franklin Bridge, 1926 



George Washington Bridge, as built 1931 



Weight, Stiffness, Stays 



Golden Gate Bridge, 1937 
Golden Gate Bridge, 1937 



Thousand Islands Bridge, 1939 



Deer Isle Bridge, 1939 







Bronx-Whitestone Bridge, 1939 





Tacoma Narrows 
Bridge, 1940 



Tacoma Narrows Bridge, July 1940 



Tacoma Narrows Bridge, November 1940 









Lessons Learned (1941) 

• Wind is the enemy of 
 suspension bridges. 
• Flexible decks are 
 vulnerable to the wind. 



Tacoma Narrows Bridge Failure 

• Preceded by incremental departures from  
 proven design (and safety) features 

• Inability to see relevance of new technology 
 (aerodynamics) 

• Emphasis on aesthetics over technology 
– Slenderness over stiffness 

• Going well beyond the envelope of experience 
• Dismissal of repeated warning signs 

– Unexplained wind behavior of similar designs 
• Deference to assertions of expert authority 

 



1950 



“Progress, far from consisting 
 in change, depends on 

retentiveness. . . . 



“Those who cannot 
remember the past are 

condemned to repeat it.” 

--George Santayana 



Cycles of Success and Failure  

• New designs are introduced with thought            
 and caution. 

• Continuing success promotes confidence. 
• Caveats and fears are forgotten or ignored. 
• Factors of safety are progressively lowered. 
• Technology is pushed beyond its limits. 
• A failure provides a wake-up call. 
• Failure is analyzed, recriminations occur. 
• Design, procedure changes are called for. 
• The pattern repeats. 

 



Lessons from History 

• Things change, but the fundamental design 
 process by which they change does not. 

• Failures hold valuable lessons for achieving 
 success. 

• Successes teach us little, if anything, about 
 how to extend those successes. 

• Sustained success can lead to complacency, 
 which can lead to failure. 

• Engineering history is relevant to engineering 
 practice. 


	Success and Failure
	Slide Number 2
	THIS IS NOT A NEW IDEA:��“Failure changes for the better, success for the worse.“��              —Seneca �				(fl. 1st century AD)�
	The advance of technology�does not fundamentally alter�the essential process�of engineering design.
	Minneapolis I-35W Bridge, August 2007 ���������steel truss, >125 years experience
	Why Do Failures Continue to Occur?
	Success and Failure
	The Paradox of Design
	A Classic Case Study
	Slide Number 10
	Slide Number 11
	Titanic Failure Scenario
	Slide Number 13
	Slide Number 14
	But imagine that the Titanic had not struck an iceberg� on its maiden voyage.
	Likely Consequences of Successful Titanic
	Titanic, 1912
	Aftermath of Titanic Failure
	Unjustified overconfidence �in the success of a design�can trump legitimate concerns�over failure scenarios. 
	A century of lessons learned�can be effectively erased �by decades (or even just years) �of successful experience.
	Suspension Bridge Failures �in the Early-1800s 
	Menai Strait Suspension Bridge, 1825
	Brighton Chain Pier (1823 - 1896)
	Slide Number 24
	   	Two Responses �  to Repeated Failures��1. Look to alternative 	designs.��2. Learn from past failures 	how to obviate future 	failures.�
	Robert� Stephenson�(1803-1859)
	Britannia Tubular Bridge, 1850
	            
	Royal Albert (Saltash) Bridge, 1859
	John A.�Roebling�(1806-1869)
	“Storms are unquestionably the greatest enemies of suspension bridges.”
	Niagara Gorge Suspension Bridge, 1854
	What made the Niagara Bridge work for railway traffic?��“Weight, Girders, Trusses, 	and Stays”��                              --John Roebling,�                         Final Report (1855)
	--Robert Stephenson � to John Roebling
	    
	Brooklyn Bridge
	Slide Number 37
	“Weight, Girders, Trusses, 	and Stays”�
	Williamsburg Bridge, 1903
	Manhattan Bridge, 1909
	Benjamin Franklin Bridge, 1926
	George Washington Bridge, as built 1931
	Weight, Stiffness, Stays
	Golden Gate Bridge, 1937
	Thousand Islands Bridge, 1939
	Deer Isle Bridge, 1939
	Slide Number 47
	Slide Number 48
	Bronx-Whitestone Bridge, 1939
	Slide Number 50
	Tacoma Narrows�Bridge, 1940
	Tacoma Narrows Bridge, July 1940
	Tacoma Narrows Bridge, November 1940
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Lessons Learned (1941)
	Tacoma Narrows Bridge Failure
	Slide Number 59
	“Progress, far from consisting� in change, depends on retentiveness. . . .
	“Those who cannot remember the past are condemned to repeat it.”
	Cycles of Success and Failure 
	Lessons from History

