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RESEARCH 
 

My research area is structural and multidisciplinary optimization. In the area of structural optimization, my students 

and I investigate diverse applications ranging from the development of algorithms to the experimental validation of 

reliability based optimization. The focus of many of these investigations is the design of structures made from 

composite materials. The combinatorial nature of the stacking sequence design for composite laminates is 

particularly challenging, and has motivated my work in the development of genetic algorithms for this application. 

 

The analysis of aerospace vehicles and other complex systems often requires discrete models with many thousands 

or millions of degrees of freedom. A single analysis of such systems may represent large computational cost and 

optimization may require many thousands of such analyses.  One focus of my group’s research is on using 

approximation methods and optimization methods specifically tailored to the application to ease the computational 

burden. One major application of these ideas has been to the design optimization of composite laminates. Here we 

developed a wide variety of approximation techniques and tailored genetic algorithms, particle swarm optimization, 

as well as conventional gradient-based optimization to a variety of problems. 

 

A second focus of our research is on the use of statistical models and statistical models for design optimization. This 

includes reliability based design, where systems are designed to have low probabilities of failure. It includes the use 

of statistical models for creating robust approximations, such as response surface techniques, which are used to 

alleviate the computational burden of optimization. It includes the use of statistical optimization methods that 

estimate the probability that a candidate design will be optimal as a basis for making the decision whether to analyze 

it or not. Finally, it includes the statistical characterization of errors in optimization algorithms due to poor 

functioning of these algorithms. 

 

In the area of multidisciplinary optimization I have focused on combined aerodynamic and structural optimization of 

aircraft wings. Applications have included the next generation supersonic transport; the design of a truss braced 

transport, and blended wing body transport. In these activities I have been part of research teams in the 

multidisciplinary analysis and design (MAD) center at Virginia Tech. Another multidisciplinary program involves 

the design of multi-functional thermal protection systems for launch vehicles which carry part of the loads. 

 

I like to work with colleagues, and I attempt to share all of my graduate students with other faculty members or 

NASA researchers. This arrangement benefits the students, and it helps me create interactions with and learn from 

my colleagues. This interaction results also in joint papers and joint research proposals. Over my 13 years at 

Virginia Tech, I have written papers with 8 faculty colleagues in my department and 8 in other departments. At the 

University of Florida I have published papers with 6 faculty members. Since 1991 I have also published papers with 

10 NASA researchers and colleagues from other many other countries including, Belgium, Denmark, France, 

Germany, Israel, Italy, Japan, Netherlands, Poland, South Africa and Turkey.  
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TEACHING 

 

My major interest in teaching is introducing optimization techniques into the undergraduate curriculum and bringing 

them to bear on undergraduate design activities. For this purpose I have introduced into the curriculum 3 

undergraduate optimization courses - a general optimization course, a course on experimental optimal engineering 

design and a composite structures and material optimization courses. Additionally, I have initiated and collaborated 

with colleagues on the introduction of mini-design projects into structures and vibration-and-control courses. 

 

Curriculum Development at the University of Florida 

 

• EGM 6365 Structural Optimization: Developed and introduced this course at Virginia Tech and then at the 

university of Florida. Course seeks to introduce students to modern methods for structural design mostly in the 

fields of aerospace and civil engineering. Taught first in 1996 as special topics course, and in Fall 1998 as a 

regular course. See also course web page at http://mae.ufl.edu/haftka/stropt/. 

• EGM 4473 Experimental Optimum Engineering Design: Developed and introduced this course in 1996 as a 

special topics course and then as a regular course in 1997. The course seeks to demonstrate to students how both 

analytical and experimental techniques are used in the design process. The course is centered around a project. 

This innovative course has drawn praise from graduate students in industry who took it as a special topic 

course. One of the students in the 1997 course, Terry Siorek, a specialist in hematology instrumentation, 

collaborated on a paper describing the project in this year Multidisciplinary Analysis and Optimization 

conference. The 1996 project, developed with Dr. Jenkins of AeMES, was described in a paper published in 

Structural Optimization in February 1998. A set of notes was developed for the course and made available to 

students on the course web page (http:/www.mae.ufl.edu/haftka/eoed). 

• EAS 4240 Aerospace Structural Composites: Introduced an optimization segment into the course as a guest 

instructor in a two-week segment in order to broaden the design experience of the students. This will be further 

expanded in Spring 1999, when I will teach the course out of a newly developed textbook (see below). 

• EAS 4200C and EAS 4210C Aerospace Structures 1,2: Introduced mini-design projects for these two 

courses, using the remarkable capabilities for optimization now available in commonly available spreadsheet 

programs (Microsoft Excel, Lotus 1-2-3, Quatro Pro). See course web pages 

(http:/www.mae.ufl.edu/haftka/structures and /haftka/structII) 

 
 

PROFESSIONAL ACTIVITIES 
 

I believe that many researchers and industrial practitioners do not have the time to read the large numbers of papers 

that are published in their field. I have invested much effort in keeping abreast of the latest development in the areas 

of structural and multidisciplinary optimization and I attempt to use this to provide a service to the engineering 

community in these fields. I have written a textbook (with Gürdal) which has an extensive list of references, and 

which we update regularly. I have written several survey papers, and I review about 30-40 papers per year, mostly 

for the AIAA journals. In reviewing papers I always attempt to call the authors attention to related work that they 

might have overlooked. I also organized and chaired many sessions in scientific meetings (mostly AIAA).  

  

I was the president of the International Society of Structural and Multidisciplinary Optimization (1995-1999). This 

young society (founded by George Rozvany in 1991) has about 400 members, and is concerned with promoting 

international research and education in Structural and Multidisciplinary optimization. I continue as a member of the 

executive committee of ISSMO. 

 

 
 

BOOKS AND PROCEEDINGS 
 

 

1. D. T. Krasteva, C. Baker, L. T. Watson, B. Grossman, W. H. Mason, and R.T. Haftka, “Distributed control 

parallelism for multidisciplinary design of a high speed civil transport”, in Parallel Numerical Computations 
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with Applications, T. Yang (ed.), Kluwer Internat. Series in Engrg. and Computer Sci., Vol. 515, Norwell, MA, 

1999, 119-140. 

 

2. Gürdal. Z., Haftka, R.T. and Hajela, P., “Design and Optimization of Laminated Composite Materials”, John 

Wiley, 1999. 

 

3. Barthelemy, J.F. M., and Haftka, R.T., Function Approximation, Chapter 4, (pp. 51-70) and Adelman, H.M., 

and Haftka, R.T., “Sensitivity Analysis of Discrete Systems”, Chapter 12, (pp. 291-316) in Structural 

Optimization: Status and Promises. Edited by M.P. Kamat, American Institute of Aeronautics and Astronautics, 

Washington, DC, 1993. 

 

4. Unger, E.R., Haftka, R.T., Grossman, B., and Mason, W. H., “Integrated Aerodynamic-Structural Design of 

Aircraft Wings”, in Control and Dynamics Systems, Advances in Theory and Applications, Vol. 57: 

Multidisciplinary Engineering Systems: Design and Optimization Techniques and their Application. Edited by 

C. T. Leondes pp 55-107. Academic Press, 1993. 

 

5. Haftka, R. T, and Gürdal, Z., “Element of Structural Optimization,” 3rd Edition, Kluwer Publishers 1992. 

 

6. Haftka, R. T., Gürdal, Z., and Kamat, M. P., “Elements of Structural Optimization,” 2nd Edition, Kluwer 

Publishers, 1990. 

 

7. Adelman, H. M. and Haftka, R. T., (Editors), “Sensitivity Analysis in Engineering,” Proceedings of Symposium 

held at Hampton, Virginia, September 1986, NASA CP-2457,1987. 

 

8. Haftka, R. T. and Kamat, M. P., “Elements of Structural Optimization,” Martinus Nijhoff, The Hague, 1985. 

 

9. Haftka, R. T., “Finite Element and Optimization,” Chapter 4 of Foundation of Structural Optimization: A 

Unified Approach (A. J. Morris, Editor), John Wiley, 1982. 

 

 

REFEREED JOURNALS 
 

1. Gogu, C., Bapanapalli, S.K., Haftka, R.T. and Sankar, B.V., (2009) “Comparison of Materials for an 

Integrated Thermal Protection System for Spacecraft Reentry”, Journal of Spacecraft and Rockets, Vol. 

46(3), 501-513. 

 

2. Goel, T., Haftka, R.T. and Shyy, W, (2009) “Comparing error estimation measures for polynomial and 

kriging approximation of noise-free functions”, Structural and Multidisciplinary Optimization, Vol. 38(5), 

429-442. 

 

3. Kumar, S., Pippy, R.J, Acar, E., Kim, N.H., and Haftka, R.T., (2009) “Approximate probabilistic 

optimization using exact-capacity-approximate-response distribution (ECARD)”, Structural and 

Multidisciplinary Optimization, Vol. 38(6) 613-626. 

 

4. Lin, Y.C., Haftka, R.T., Queipo, N.V. and Fregly, B.J., (2009) "Two-Dimensional Surrogate Contact 

Modeling for Computationally Efficient Dynamic Simulation of Total Knee Replacements", Journal of 

Biomechanical Engineering, Vol. 131. 

 

5. Koh, B., Reinbolt, J.A., George, A.D., Haftka, R.T. and Fregly, B.J., (2009) "Limitations of parallel global 

optimization for large-scale human movement problems" Journal of Biomechanical Engineering, Vol. 31(5), 

515-521. 

 

6. Gogu, C., Matsumura, T., Haftka, R.T. and Rao, A.V., (2009) "Aeroassisted Orbital Transfer Trajectory 

Optimization Considering Thermal Protection System Mass", Journal of guidance, control and dynamics, 

Vol. 32(3), 927-938. 
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7. Kurdi, H., Schmitz, T. and Haftka, R.T., (2009) “Milling optimization of removal rate and accuracy with 

uncertainty: Part 1: parameter selection”, International Journal of Materials and Product Technology, Vol. 

35(1-2), 3-25. 

 

8. Kurdi, H., Schmitz, T. and Haftka, R.T., (2009) “Milling optimization of removal rate and accuracy with 

uncertainty: Part 2: parameter selection”, International Journal of Materials and Product Technology, Vol. 

35(1-2), 26-46. 

 

9. Herencia, J.E., Haftka, R.T., Weaver, P.M., and Friswell, M.I., (2008) “Lay-Up Optimization of Composite 

Stiffened Panels Using Linear Approximations in Lamination Space” (TN), AIAA Journal, 46(9), 2387-2391. 

 

10. An, A., Acar, A., Haftka, R.T., Kim, N.H., Ifju, P.G, and Johnson, T.F., (2008) “Being Conservative with a 

Limited Number of Test Results,” Journal of Aircraft, 45(6), 1969-1975. 

 

11. Gogu, C., Haftka, R.T., Le Riche, R., Molimard, J., Vautrin, A., and Sankar, B.V., (2008) “Comparison 

between the basic least squares and the Bayesian approach for elastic constants identification”, Journal of 

Physics: Conference Series, Vol. 135, No. 012045. 

 

12. Kurdi, M.H., Haftka, R.T., Schmitz, T.L., and Mann, B.P., “A Robust Semi-Analytical 

Method for Calculating the Response Sensitivity of a Time Delay System,” Journal of Vibration and 

Acoustics, 130 (6): 6 pages. 

 

13. Lin, Y.-C., Haftka, R.T., Queipo, N.V., and Fregly, B.J., “Two-dimensional surrogate contact modeling for 

computationally efficient dynamic simulation of total knee replacements,” Journal of Biomechanical 

Engineering, (In press). 

 

14. Goel, T., Haftka, R.T., Shyy, W., and Watson, L.T., (2008), “Pitfalls of using a single criterion for selecting 

experimental designs,” International Journal for Numerical Methods in Engineering, 75: 127 – 155. 

 

15. Goel, T., Dorney, D.J., Haftka, R.T., and Shyy, W., (2008), “Improving the Hydrodynamic Performance of 

Diffuser Vanes via Shape Optimization,” Computers and Fluids, 37 (6): 705-723. 

 

16. Samad, A, Wei, Shyy., Kim, K.-Y., Goel, T., and Haftka, R.T., (2008), “Multiple Surrogate Modeling for 

Axial Compressor Blade Shape Optimization,” Journal of Propulsion and Power, 24 (2): 302-310. 
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Systems,” AIAA Journal, 45(9): 2323-2336. 

 

21. Schutte, J.F., Haftka, R.T., and Fregly, B.J. (2007) “Improved global convergence probability using multiple 
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25. Goel, T., Haftka, R.T., Shyy, W., Queipo, N.V., (2007), “Ensemble of Multiple Surrogates”, Structural and 

Multidisciplinary Optimization, 33 (3): 199-216. 

 

26. Goel, T., Vaidyanathan, R., Haftka, R.T., Shyy, W., Queipo, N.V., and Tucker K., (2007) “Response Surface 

Approximation of Pareto Optimal Front in Multi-objective Optimization,” Computer Methods in Applied 

Mathematics and Engineering, 196 (4-6): 879-893. 

 

27. Mack, Y., Goel, T.,Shyy, W., Haftka, R.T., “Surrogate Model-based Optimization Framework: A Case Study 

in Aerospace Design”, to appear in Evolutionary Computation in Dynamic and Uncertain Environments, 
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28. Acar, E., Haftka, R.T., and Johnson, T.F., (2007) “Tradeoff of Uncertainty Reduction Mechanisms for 
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Inertial Parameters Needed for Accurate Inverse Dynamics Analyses of Gait?” IEEE Transaction on 
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Optimization: Tradeoff Between Sensitivity and Noise Floor,” Journal of Micromechanical Systems, 15(6), 

1632-1643. 

 

31. Haftka, R.T., Rosca, R.I., and Nikolaidis, E., (2006), “An Approach for Testing Methods for Modeling 

Uncertainty,” Journal of Mechanical Design, 128 (5): 1038-1049. 

 

32. Groenwold, A.A., and Haftka, R.T., (2006) “Optimization with Non-homogeneous Failure Criteria like Tsai-

Wu for Composite Laminates,” Structural and Multidisciplinary Optimization, 32 (3): 183-190. 
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34. Ramu, P., Qu, X., Youn, B.D, and Choi, K.K., (2006), “Inverse reliability measures and reliability-based 
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laminate optimization,” Structural and Multidisciplinary Optimization, 31 (1): 49-59. 
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49. Venkataraman, S., Haftka, R. T., Sankar, B. V., Zhu; H., Blosser, M. L., (2004) “Optimal Functionally 

Graded Metallic Foam Thermal Insulation,” AIAA Journal, 42 (11): 2355-2363. 
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62. Liu, B., and R.T. Haftka, (2004) “Maximization of Composite Wing Weight Using Flexural Lamination 

Parameters,” Structural and Multidisciplinary Optimization, 26: 111-120, Springer Verlag. 
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Optimization of Composite Laminates for Cryogenic Environments,” AIAA Journal, 41 (10): 2029-2036. 
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