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Knockdown factors for defective lattice materials
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Static strength of lattice materials (increasingly adopted for 
their lightweight) are deeply affected by geometric 
errors/vacancies
• FE models with homogeneized cells + submodels;
• dependence of static strength on number of vacancies

investigated by FE simulations of static strength (based on 
Gurson’s model) for ideal and real geometry;

• definition of prospective dependence of yield strength;
• definition of knockdown factors for static resistance.

The results for tensile load condition are shown in
Figure 9. The difference in the stress-strain curves
(Figure 9A) between single cell models with as-designed
and as-manufactured geometry is significant and more
severe than what observed for compression. In particular,
the strain at failure of the as-designed cell is 2.5 times
higher than the one of the as-manufactured cell, indicat-
ing more severe effects of irregular struts borders and
random imperfections for this loading condition. The pre-
diction given by the sample models (dashed and dotted
blue lines) is close to the experimental curve, and no sig-
nificant difference can be observed between them. In the
single-cell model (Figure 9B), failure occurs on the verti-
cal struts subjected to tensile load in correspondence with

geometrical imperfections. Referring to the vertical row
model, in Figure 9C, failures on the vertical strut of the
different cells, highlighted with red circles, are randomly
distributed in the structure, as for the experiments.

3.3 | Multiaxial load numerical models

The results reported above show that the GTN damage
model can be used to predict the response of the
lattice structures up to failure. Single-cell models with
as-manufactured geometry correctly describe the cell
local failure mechanism and provide predictions of the
experimental curves with sufficient accuracy (less than

FIGURE 8 Results for increasing complexity numerical models in compression: (A) homogenized stress-strain curves compared with
experiments, failure localization (VVF color plot) for (B) single cell, and 1/8 of specimen model, (C) single vertical row of cells, and
(D) entire specimen. In the numerical models, the load was applied in the vertical direction [Colour figure can be viewed at
wileyonlinelibrary.com]
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