
Professor Ray Clough coined the finite element terminology in the publication “The Finite 
Element Method in Plane Stress Analysis”, Proceedings, Second Conference on Electronic Computation, ASCE, 
in Pittsburgh, PA, Sept. 1960.  At that time, the vacuum-tube IBM 701 could only solve 40 equations; therefore, 
the examples presented were small and the engineer had to develop the stiffness matrix by hand calculations. 
During the next year, graduate student Ed Wilson, working under the direction of Ray Clough, developed (on 
the IBM 704) the first completely automated finite element program that could analyze any plane stress 
structure without program modification or the requirement to perform additional hand calculations.  
 
The first application of the program clearly demonstrated the significant power of the Finite Element Method, 
FEM, in solving a very complex real problem in the repair of Norfork Dam. The resulting publication in the 
Bulletin RILEM(3), a group of international laboratories and experts in materials and analysis of structures.  The 
recognition by this large and respected international group of structural engineers was one of the major reasons 
the FEM was accepted within a few years.  Prior to 1963, experimental physical models, photo-elasticity and 
finite differences analyses methods were used to solve problems of this type. Within the next several years, 
most of these methods were replaced by the FEM. (continued on last page) 

__________________________________________________________________________________________________________________________________ 

  
          (3)   RILEM - Reunion Internationale des Laboratoires et Experts des Materiaux was formed in 1948. 



 
 



 
 



 



 



 



 



 



 



 



 



 
 

Historical remarks by Ed Wilson - 2013 
At the time Ray wrote this 12 page paper he had approved the final draft of my Doctor of Engineering 
Dissertation which was later published as a 72 page report “Finite Element Analysis of Two Dimensional 
Structures”, UCB/SESM Report No. 63/2, University of California Berkeley, June 1963.  The analysis of 
Norfork Dam was included as an example, in addition to other examples.  The dissertation also included 
improvements to the Gauss-Seidel iteration method and extension of the FEM to the analysis of structures with 
nonlinear materials. However, the major reason copies of my dissertation were requested by thousands of 
structural engineers was to obtain the Appendix, which contained the six page users’ manual and the six page 
FORTRAN listing of the linearly elastic version of the FEM program.  A few years later, an engineer in 
Washington modified the program and sold it for $30,000. 
 
The policy of freely distributing the structural engineering software, which was developed by graduate students 
and me, continued for the next 22 years. During this period of time, my research was motivated and funded by 
my consulting work and solving real engineering problems. In addition, Professor Jack Bouwkamp and I had a 
small ongoing NSF project for the dynamic field testing of structures and comparing results with computer 
program predictions. In 1984 our proposal to continue the project was rejected by NSF and it was necessary to 
personally fund one graduate student.  It was at that point in time; I decided structural analysis programs, 
developed (in FORTRAN) on my personal computer at home, would no longer be freely given away. It was a 
great opportunity to develop a new generation of structural engineering software to operate on inexpensive 
personal computers. Looking back, the loss of the NSF project funding was one of the best days of my life. Also, 
I will always be thankful to Ray Clough for placing my name on this historic paper. 



Appendix – First Automated Finite Element Program written in Portable FORTRAN by Ed Wilson 1961 
 

 



 

 



 



 



Computer Output – Displacement and Stress      65 

 



 



 



 



 





 
At the present time (Dec. 2013), this FORTRAN program should be less than 3 pages – Ed Wilson 


