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Phase-field models of (quasi-)brittle fracture typically incorporate a gradient term of the
phase-field variable (ϕ) in their energy functional [1]. Stationarity of the entire functional
then yields a set of governing equations that involve the second-order spatial derivative
(∆ϕ = ∇ ·∇ϕ). Numerous works link this expression to a physical length scale

√
l of the

fracture process — which works conveniently in one dimension, see Eq. (1) and [2].

In three dimensions, however, this simple interpretation fails for a finite fracture width,
e.g., for classic finite elements. Splitting the gradient of the phase-field variable into its
amplitude and its direction (∇ϕ = αn) allows to distinguish two resulting governing
terms, see Eq. (2). Only the first term resembles the idealized 1d interpretation. It
operates in the gradient direction and is linked to the fracture width. The additional and
typically unintentional term, though, is linked to the fracture curvature (∇ · n).
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The present investigation aims at exploring this additional curvature effect in the phase-
field equations. Numerical examples will highlight how it affects the behaviour of fracture
evolution. Simulations of negligible and dominant curvature influence are presented as
limit cases. The discussion finally focuses on how this curvature influence can be controlled
numerically to obtain a traditional, curvature-free link to fracture mechanics.
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