Table 2. Compact capability matrix for fracture modelling of PBXs and solid propellants.
	Fracture-modelling requirement
	XFEM
	CZM
	PFM
	PD
	DEM

	Resolved interface debonding
	 ◐
	●
	 ◐
	●
	●

	Representation of one or a few dominant crack paths
	●
	 ◐
	 ◐
	 ◐
	○

	Distributed nucleation, branching and coalescence
	○
	 ◐
	●
	●
	●

	Fragmentation and large separation
	○
	 ◐
	 ◐
	●
	●

	Closure, friction and rearrangement
	 ◐
	 ◐
	○
	 ◐
	●

	Coupling to continuum multiphysics fields
	●
	●
	●
	●
	 ◐

	Three-dimensional engineering-scale application
	●
	●
	 ◐
	○
	○


Note: The classifications are based on applications to PBXs, solid propellants and explicitly identified energetic constituents reviewed in Sections 3-7. ● indicates direct application evidence for the stated process; ◐ indicates application evidence limited by material scope, dimensionality, process coverage or local validation; and ○ indicates little or no direct evidence in the reviewed energetic-material literature. The symbols describe the application-supported scope of each method rather than a universal ranking of intrinsic capability, predictive accuracy or computational efficiency.

