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	Material problem and loading context
	Dominant mechanism and target observable
	Mechanism-compatible representation
	Critical qualification

	PBX mesoscale fracture
	Interface debonding, binder-ligament failure and microcrack coalescence; local damage and specimen response.
	CZM or DEM for distributed interface/contact damage; XFEM for a dominant crack after localisation [1,13,20,64].
	Separate interface and bulk failure parameters; validate local damage as well as global response.

	PBX crack from a cavity or notch
	Sharp crack initiation and propagation; crack path, failure load and growth history.
	XFEM for one or a few dominant cracks; PFM or PD when distributed initiation and interacting topology must be represented [26,81].
	Use independently measured fracture properties and demonstrate mesh/internal-length sensitivity.

	PBX impact, hot-spot formation and ignition
	Mechanical damage or fracture; dissipative heating, temperature, reaction progress and ignition delay.
	Coupled PD for distributed damage and thermo-chemical fields; DEM or an explicit mesoscale formulation when contact or friction is central [65,68].
	Mechanical agreement does not validate temperature or ignition; energy partition and local thermal validation are required.

	Solid-propellant dewetting and rate-dependent failure
	Viscoelastic interface separation, matrix deformation and distributed mesodamage.
	Rate-/temperature-dependent CZM for represented interfaces; PFM for distributed matrix/fracture fields; DEM when explicit force networks are required [8,21,63].
	Calibrate across rate, temperature and loading mode; avoid fitting all parameters to one global curve.

	Solid-propellant dominant or mixed-mode crack
	Crack-tip blunting and mode-I/mixed-mode growth at specimen or grain scale.
	XFEM or CZM for one or a few cracks; PD or PFM for non-prescribed interacting topology [16,66].
	Validate crack path and load response under withheld rates or mode mixities.

	Crystal fracture or fracture-deflagration coupling
	Anisotropic cleavage or co-evolution of damage, heat release and burning surface.
	PFM or PD with anisotropic constitutive relations for crystal fracture; coupled multiphysics formulations for deflagration [67,69].
	Direct PBX crystal-fracture evidence and local thermochemical validation remain limited.



