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ABSTRACT

Due to the advancements in additive manufacturing and increased applications of additive
manufactured structures, it is essential to fully understand both the elastic and plastic behavior of
cellular materials, which include the mathematically-driven triply periodic minimal surfaces (TPMS).
The elastic and plastic behavior has been well established for many TPMS structures [1, 2]. These
structures are however rather computationally expensive to model explicitly when used in meta-
materials and hence the need to develop an accurate yield function in order to model their plastic
behavior in a homogenized approach. In this study, the effect of different loading conditions is
numerically investigated on the effective yield strength of IWP ligament-based (IWP-L) TPMS. The
simulations are based on a single unit cell of IWP-L under periodic boundary conditions, assuming an
elastic-perfectly plastic material, for relative densities ranging from 7% to 28%. In order to define and
account for the different loading conditions, the Lode parameter (L) [3, 4] is used. The effect of L is
studied over a range of stress triaxialities (T) to understand the effect of both L and T on the effective
yield strength. The results show that the effective yield surface for IWP-L should be characterized by
T and L, and that the effect of these parameters is similar for the entire range of relative densities
considered. In terms of T, yield strength is higher under lower T values, while in terms of L, yield
strength is highest for L = 0 (shear loading) and is least for L = + 1. It is found that the yield strength
values are similar for L = +1 (compression) and L = -1 (tension), indicating similar yielding behavior
under compression and tension loading conditions, respectively. These findings will guide the
development of a yield function that takes into consideration the effect of both T and L to accurately
predict the yielding of TPMS based cellular meta-materials.
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