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Dimensionally reduced shell models are particularly suitable for the efficient simulation of
thin-walled laminate structures. However, state-of-the-art modeling approaches with classic
shell elements are limited in their prediction quality, as they can only represent a redu-
ced stress state. Especially for thick laminates, such as those found in hydrogen tanks, it
is necessary to consider a three-dimensional stress state in order to obtain more realistic re-
sults.

In this thesis, the suitability of so-called higher-order 3D-shell elements for the efficient simu-
lation of laminate structures is to be investigated. These elements are capable of representing
a three-dimensional stress state as well as cross-sectional warping. The results are compared
with simulations using standard shell elements. Experimental data from the literature (where
possible) and fully three-dimensional simulations with linear solid elements will be used as refe-
rences. These reference solutions will be used to conduct a systematic comparative study on the
quality of the results. The simulation of the laminate structures will be performed in the com-
mercial finite element software LS-DYNA, neglecting delaminations.
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The specific tasks are

• Literature review on fiber reinforced polymers and modeling approaches.
• Familiarization with explicit finite element simulations with LS-DYNA.
• Simulation of selected benchmarks with different modeling approaches.
• Systematic comparison and evaluation of the results.

Recommended fields of interest
Commercial finite element software, fiber reinforced polymers.
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