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significant concentration of hoop tension in the surface layer, implying that fracture may initiate at any circumferential
position at the outer surface, which contradicts with the well-defined fracture sites observed in previous experiments (Lee
et al., 2012; Liang et al., 2013; Liu et al., 2011c). Such discrepancy arises from the small-strain theory used in our 3D
simulations, to be shown in the next section.

5.2. Lithiation-induced anisotropic fracture: finite-strain model

We next simulate the 3D morphological change and stress evolution of the SiNWs based on the finite-strain model, but
with the same boundary conditions as adopted in the small-strain model. Fig. 6 plots the maximal principal Cauchy stress
(denoted by σ1) at the lithiation snapshots t¼0.3, where t is again normalized by the total time required to fully lithiate the
front end of the four SiNWs. The predicted morphological changes of the cross sections for all the SiNWs due to lithiation are
similar to those by the small-strain model. Importantly, the finite-strain analysis predicts concentration of hoop tension at
particular angular sites of the cross sections in the SiNWs, indicating the onset fracture locations. The predicted sites of
onset fracture agree with the recent experimental studies (Lee et al., 2012; Liang et al., 2013; Liu et al., 2011c), as shown in
Fig. 1.

As our model involves large plastic deformation and dynamically couples Li diffusion and mechanics, the 3D model is
computationally expansive, particularly when relatively fine meshes are used. Since different cross sections in each of the

Fig. 6. Stress distributions (based on finite-strain theory) in the lithiated SiNWs (from left to right: 〈100〉, 〈110〉, 〈111〉, and 〈112〉) at the lithiation snapshots
t¼0.3, where t is the normalized time.

Fig. 7. Stress contours (the maximal principal stress) in the lithiated SiNWs. From left to right, the four columns represent the morphological changes and
stress distribution in 〈100〉, 〈110〉, 〈111〉, and 〈112〉 SiNWs, respectively. Each column includes four simulation snapshots (t¼0.015, 0.05, 0.2 and 0.3, where t
is the normalized time) of the SiNWs being lithiated.
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Maximum Hoop Stress in 2D
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