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Abstract 

This study mainly focuses on initial prestress design of symmetric cable-strut systems with multiple 

symmetric self-stress modes. A novel optimization model for the determination of combination 

coefficients of independent symmetric self-stress modes is presented, where the global rigidity of the 

structure is employed as the objective function. A penalty function is used to consider both hard and 

soft constraints including stability conditions, unilateral property of members and prestress distribution 

evenness. Two strategies of the genetic algorithms with and without incorporating isolation niche 

technique are developed to solve this optimization problem respectively. A typical numerical example 

is tested to validate the efficiency of the present approaches. 

References 

[1]  A. G. Tibert, and S. Pellegrino, “Review of form-finding methods for tensegrity structures,” 

International Journal of Space Structures,  vol 26, pp. 241-255, 2011. 

[2] X. Xu and Y. Luo, “Force finding of tensegrity systems using simulated annealing algorithm,” 

Journal of Structural Engineering,  vol 136, pp. 1027-1031, 2010. 

[3] S. Pellegrino, “Structural computations with the singular value decomposition of the equilibrium 

matrix,” International Journal of Solids and Structures, vol 30, pp. 3025-3035, 1993. 

[4] J. Quirant, “Selfstressed systems comprising elements with unilateral rigidity: Selfstress states, 

mechanisms and tension setting,” International Journal of Space Structures, vol 22, pp. 203-214. 

2007 

[5] Y. Chen, J. Feng and Y. Wu, “Prestress stability of pin-jointed assemblies using ant colony 

systems,” Mechanics Research Communications, vol 41, pp. 30-36, 2012. 

[6] R. D. Kangwai, S. D. Guest and S. Pellegrino, “Introduction to the analysis of symmetric 

structures,” Computers and Structures, vol 71, pp. 671-688, 1999. 

[7] X. F. Yuan and S. L. Dong, “Integral feasible prestress of cable domes,” Computers and structures, 

vol 81, pp. 2111-2119, 2003. 

[8] L. Chen and S. Dong, “Optimal prestress design and construction technique of cable-strut tension 

structures with multi-overall selfstress modes,” Advances in Structural Engineering, vol 16, pp. 

1633-1644, 2013. 

[9] P. Zhang and J. Feng, “Initial prestress design and optimization of tensegrity systems based on 

symmetry and stiffness,” International Journal of Space Structures, vol 106, pp. 68-90, 2017. 

[10] J. Y. Zhang and M. Ohsaki, “Stability conditions for tensegrity structures,” International Journal 

of Solids and Structures, vol 44, pp. 3875-3886, 2007. 


