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Methods to predict material fracture frequently rely on large experimental datasets tuned to the properties of one
material or are based on computationally expensive modeling. Both methods are time-intensive and do not
adapt well to changes in material chemistry or processing. Development of analytical models with easily
measured, physically meaningful parameters are key to alleviating bottlenecks in new materials development. In
this work, | will describe the use of nanoindentation strain rate jump tests to predict the fracture behavior of
macroscale tungsten single crystals. These techniques were applied at low temperature (-100 °C) and high
temperature (50-300 °C) to measure activation parameters, effective stress and activation volume, as a function
of temperature. The activation parameters, in combination with an analytical model for the strain energy release
rate, accurately predict the brittle-ductile transition temperature along particular fracture systems in single crystal
tungsten. Activation parameters measured from indentation of the (100) surface of single crystal tungsten
accurately predicts the brittle-ductile transition and fracture toughness along the {100}<011> fracture system of
macroscale tungsten single crystals. Use of data from bulk tension of single crystal tungsten from the literature
accurately predicts the fracture toughness in the {110}<110> fracture system of macroscale tungsten single

crystals.

30 T
O SRJ-based Prediction (Model, micro)
O Gumbsch {100}<011> (Experimental, macro)
O Previous Prediction (Model, macro)
25+ O Gumbsch {110}<110> (Experimental, macro)
| X Ast{100}<010> (Experimental, micro)
20

12
1c (MPam ™)
>

0 100 200 300 400 500 600
Temperature (K)

Figure 1- Predicted fracture toughness of single crystal tungsten. Prediction based on data from nanoindentation
strain rate jump tests (black circles) closely matches experimental macroscale fracture toughness from
Gumbsch [1] (red circles). Notably, the BDT of microscale tungsten [2] is shifted to lower temperatures than bulk
fracture experiments or our predictions.
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