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These remarks are based on more than fifty years of experience conducting linear and nonlinear 
structural dynamic analyses of many different types of civil and mechanical engineering 
structures. From 1958 to 1963, Ray Clough and Ed worked very closely at the University of 
California at Berkeley to develop new numerical dynamic analysis methods and digital 
computer programs for structural analysis. During this period the research and development 
work in earthquake engineering was motivated and funded by local Bay Area Structural 
Engineering Firms that requested our help in the earthquake analysis and design of real 
structures. In 1959 we first used the approximate response spectrum method for seismic 
analysis. However, by 1962 the speed and capacity of computers had improved to the point 
where it was possible to perform very accurate time-history dynamic analysis of both linear 
and nonlinear two-dimensional frame systems. However, since we freely gave away the 
computer programs for linear and nonlinear time-history seismic analysis, many structural 
engineers were able to use this new technology three years prior to the publication of the paper. 
 
The numerical methods and the engineering significance of a seismic nonlinear analysis was not 
documented until our paper “Inelastic Earthquake Response of Tall Buildings”  was 
presented at the 3rd World Conference on Earthquake Engineering in January 1965 which 
was held in New Zealand (Ray wrote and presented the paper while Ed was working at 
Aerojet).   
 
Based on the Nonlinear Analysis of a 30 Story Steel Frame, the 1965 New Zealand paper 
indicated the following three conclusions (written by Ray in 1964, condensed by elw): 
 

1. The displacements, obtained from a nonlinear time history analysis, were significantly 
greater than a linear analysis of the same structure subjected to the same earthquake 
record.  This conclusion is contrary to the equal displacement results based on the 
analysis of a one story building that was presented by Veletsos and Newmark at the 2rd 
WCEE in Tokyo in January 1960. 

 
2. The linear moment deformations did not provide a direct estimation of the deformations 

obtained from a nonlinear analysis.  In addition, they varied significantly between 
different members of the structure.  

 
3. If tall buildings are designed for elastic column behavior and restrict the nonlinear 

bending behavior to the girders, it appears the danger of total collapse of the building is 
reduced. 

 
After fifty years, engineers continue to use the equal displacement rule to justify nonlinear static 
pushover analyses. It appears that many structural engineers want to convert a complex 
dynamic nonlinear problem into a very simple statics problem.  Please read the attached paper 
and see what the common practice was in 1963. (see attached pages to read the 17 page paper) 



 

 



 



 



 



 



 



 



 





 



 





 



 



 





 


