
(a)

(b) 

Figure 13.(a) Load displacement graphs for the five plates stiffened with stochastic patterns, along with 
the upper and lower baselines, and (b) Buckling patterns for the four patterns (side view for pattern 12 not 

available, hence showing front view during buckling) 
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(a)
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Figure 14. (a) Load displacement graphs for the five plates stiffened with topologically optimized
patterns, along with the upper and lower baselines, and (b) Buckling patterns for the three mass retention 

values (side view for pattern 2 not available, hence showing front view during buckling)      
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Discussion

As discussed before, load-displacement data presented in Figures 9-13 do not lend 
themselves to meaningful comparison since the mass of each plate varies. If one is to examine the 
effectiveness of any particular design strategy, a “specific” metric, that is normalized with respect 
to mass, may be used. The two metrics of interest in this work are the specific stiffness and the 
specific buckling load and these are plotted in Figures 15 and 16, respectively, color coded by the 
type of stiffening strategy employed. Specific stiffness was obtained by dividing the estimated 
stiffness for each plate by the mass of the plate (estimated using the volume of the plate in design 
and the published density of Nylon 12 in the supplier datasheet). A similar procedure was followed 
for estimated buckling load, dividing the peak load by the mass of the plate.

For specific stiffness, the results suggest that improvements in plate stiffness under 
compression over the baseline stiff plates, are attainable. The baseline plates show increasing 
stiffness with more mass, as would be expected, with the exception of the 6mm solid plate. As 
shown in Figure 14, using the highest performing baseline plate (4mm) as a reference (shown as 
the dotted line), several shapes outperform this baseline. The top 3 shapes that do so are labeled. 
For triangular shapes, the diagonal overlay (Pattern 2 in Figures 4 and 10) performs better than the 
cross-pattern (Pattern 1). However, the top performing shape is somewhat surprisingly, the 
stochastic shape. Stochastic geometries tend to be more commonly associated with high-
compliance, energy absorbing structures [16,17]. The uniform stochastic stiffener plate (Pattern 
12) is not particularly impressive, but when gradation is added to the shape, it does have the 
promise of increasing specific stiffness, at least based on these results.      

Figure 15. Specific stiffness histogram by design, classified by type of stiffening strategy
     

With regard to buckling load, the results suggest that no cellular stiffening strategy 
outperformed the solid plate, as can be seen in Figure 16. However, within all the stiffening designs 
considered, the triangular Pattern 2 again outperformed the rest. Introduction of gradation in the 
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center seemed to not positively effect the buckling load for these structures. The topology 
optimized solution with 50% mass retention had a high specific buckling load.   

Figure 16. Specific buckling load histogram by design, classified by type of stiffening strategy

While this dataset is very limited, both in terms of design space explored, and in terms of 
replicates to build confidence in it, it suggests some promising lines of future inquiry. The periodic, 
diagonal triangular shape seems to be the best performing stiffening design when both specific 
stiffness and specific buckling load are considered. Interestingly, localizing mass at the center, as 
was done with the step- and graded designs, seemed to have no improving effect on the data, 
suggesting that the aperiodicity of these designs may have led to a buckling instability that the 
more uniform geometries took longer to initiate. Stochastic stiffening also showed some promise 
– and there are some examples in nature (like dragonfly wings [18]) that suggest stochastic designs
may be useful for thin plate stiffening, at least in the context of the combined goals of fluid flow
and stiffening, and where buckling loads are less of a concern in relation to maintaining plate
shape.
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