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ABSTRACT	
A	 continuum	model	 of	 dislocation	 transport	 incorporating	 grain	 boundary	 transmission	was	 developed	
within	a	dislocation-based	crystal	plasticity	framework,	which	was	then	adopted	to	study	the	deformation	
mechanisms	 of	 gradient-structured	 material	 and	 bimodal-grained	 material.	 The	 nonlocal	 nature	 of	 the	
model	on	the	slip	system	level	enables	the	direct	investigation	of	strain	gradient	effects	caused	by	internal	
deformation	heterogeneities.	Furthermore,	the	interaction	between	dislocations	and	grain	boundaries	leads	
to	 the	 formation	 of	 pileups	 near	 grain	 boundaries,	 which	 is	 key	 to	 studying	 the	 grain	 size	 effects	 in	
polycrystals.	Finite	element	implementation	of	the	model	for	polycrystals	with	different	grain	sizes	captured	
the	 grain	 size	 effect	 well.	 Simulation	 results	 of	 heterostructured	 materials	 and	 their	 homogeneous	
counterparts	 showed	 that	 smaller	 grains	 lead	 to	higher	geometrically	necessary	dislocation	density	and	
enhanced	back	stress.	The	soft	grains	in	a	bimodal-grained	material	are	strengthened	when	constrained	by	
hard	grains,	and	the	strengthening	effect	depends	on	the	mechanical	properties	of	the	hard	grains.	These	
effects	 are	 attributed	 to	 the	 severe	 dislocation	 pileup	 and	 the	 resulting	 back	 stress.	 This	work	 helps	 to	
understand	 the	 contributions	 of	 deformation	 mechanisms	 to	 the	 synergetic	 strength	 and	 ductility	 of	
heterostructured	materials	and	to	guide	the	microstructure	design	and	optimization	for	improved	strength-
ductility	combination.	
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