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Understanding fracture processes in structural and functional materials is of utmost importance in order
to improve material properties and design failure resistant components and systems. The challenge here
lies in the fact that, while failure can destroy large structures in an instant, the underlying crack initiation
and propagation processes occur on a very local scale.

In order to bridge these scales, we address brittle as well as elasto-plastic fracture processes in a
combined scheme utilizing in-situ testing in electron microscopes along with numerical analysis. In
fact, we combine miniaturized dynamical fracture testing in scanning electron microscopes (SEM) (e.g.
Figure 1) [1, 2] with in-situ transmission electron microscopy (TEM) [3]. The former allows to test
representative bulk properties and at the same time monitor crack propagation, either directly from the
in-situ images or from the continuously measured change in specimen stiffness upon crack propagation
(e.g. Figure 2). The latter enables to identify the initial nucleation processes of individual dislocations
at different slip systems at a crack tip. These experimental techniques are paired with finite element
analysis (FEA) in order to determine valid geometry factors for the SEM experiments and discrete
dislocation analysis to address the local stress and strain state at the crack tip and the connected crack
driving forces in the in-situ TEM experiments.

This suite of techniques enables for the first time to bridge from macroscopic properties to individual
dislocation processes at a crack tip. Notably, this approach is generally applicable to any material that
can be exposed to vacuum conditions and tolerates an electron beam for imaging. Moreover, our
analysis extends the current state-of-the-art from miniaturized testing of quasi-brittle materials towards
the more general and more demanding case of elasto-plastic fracture processes.

To demonstrate the detailed insights achievable in order to understand global fracture processes on a
local scale, selected examples are presented for brittle and quasi-brittle fracture processes in ceramic
and metallic materials.
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Figure 1. Initial microstructure (top), FIB introduced crack (middle) and final failure mode (bottom)
for nanocrystalline Cr tested in-situ in the SEM at RT (left) and 230°C (right), respectively. A change
from grain boundary failure to crack blunting is evident. 2 um scale marker applies to all images [1].
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Figure 2. Overview and detail of slip steps emitted from a crack during an in-situ SEM fracture
experiment on single crystal tungsten (left), along with related load-deflection and continuous crack
extension data (right) [2].



