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The design and protection of structures exposed to significant heat transfer rates is studied in this work. This 
problem corresponds to a structure exposed to a fire or near an extremely hot environment. The classical 
optimal layout of a structural material is modified to include constraints associated to thermal considerations. 
The problem is formulated as a standard topology optimization problem, where the shape of the structure is 
represented by a material property [1,2], but also contains the distribution of fire protective material that will 
not stiffen but insulate the structure. A three-phase layout problem is thus suggested that includes an insulating 
material, the structural material, and an unspecified distribution of heat sources. The heat sources are used to 
approximate very crudely a fire burning in the available space adjacent to the structure and the insulating 
material. This problem is represented with a three-phase SIMP (Simplified Material with Penalization) model 
[3,4].  Various thermal constraints on the structure are possible and presented. The model is very simple but 
already yields interesting layouts that differ significantly from layouts found from solving the structural 
problem without heat transfer considerations. 
 
References 
[1] Bendsøe, M.P. “Optimal Shape Design as a Material Distribution Problem”, Structural Optimization, v. 1, p. 
193-202, 1990. 
[2] Bendsøe, M.P. and Sigmund, O., Topology Optimization, Springer, Berlin, 2003. 
[3] Rozvany, G.I.N., Zhou, M., and Birker, T. “Generalized Shape Optimization Without Homogenization”, 
Structural Optimization, v. 4, p. 250-254, 1992. 
[4] Mlejnik, H.P., Schirrmacher, R., “An Engineering Approach to Optimal Material Distribution and Shape 
Finding”, Computer Methods in Applied Mechanics and Engineering, v. 106, p. 1-26, 1993. 


