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	Method
	Dimensionality and scale
	Discretisation and resolution
	Conditional cost tendency

	XFEM
	2D specimens and 3D structural-scale propellant-grain models [3,13,16,26,94,95].
	FE mesh with local enrichment; the classical four-function basis adds ndim Heaviside or 4ndim crack-tip DOFs per enriched node. Key controls: h, quadrature and enriched-node count.
	Favourable for sparse cracks; cost rises with multiple fronts, branching, contact and 3D tracking [206].

	CZM
	2D/3D mesoscale and specimen models, including represented structural interfaces [8,9,64,118-124].
	FE mesh with cohesive interfaces; h must resolve the cohesive zone. Example: 1.0 × 0.8 mm, 98 HMX particles (25–98 μm) and 118,377 bulk/cohesive elements [119].
	Favourable for a limited set of known interfaces; dense interface networks increase DOFs and stiffness constraints.

	PFM
	Predominantly 2D PBX/propellant mesoscale and specimen models; 3D HMX single-crystal evidence [63,67,81,141-143].
	FE displacement–phase-field system; one scalar phase-field DOF per node. Key controls: h/ℓ, refined-zone extent and nonlinear iterations.
	Uniform 3D resolution is costly; adaptivity is advantageous when fracture remains localised.

	PD
	Mainly 2D PBX/propellant mesoscale and specimen models; limited 3D engineering-scale evidence [10,66,68,157-159].
	Meshfree material points with ndim mechanical DOFs per point. Example: 60 × 20 × 5 mm, 4,961 points, Δx = 0.5 mm and δ/Δx = 3.134 [161].
	Cost scales with point count, neighbour count and explicit time-step restriction; full-domain 3D analyses remain expensive.

	DEM
	2D PBX damage models; 3D HTPB/NEPE particle assemblies for deformation and time-dependent response [19–21,175,176].
	Rigid-particle DEM; 3 DOFs per particle in 2D and 6 in 3D. Key controls: Np, coarse-graining and contact time step.
	Cost scales with particle/contact count and the stiffness-controlled time step; most useful when contact and rearrangement are target observables.


Note: ndim, spatial dimension; h, FE size; ℓ, phase-field length; Δx, PD point spacing; δ, PD horizon; and Np, point/particle count. Cost tendencies are conditional on accuracy, implementation, solver and hardware.

