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Fig.1 : Schematic representation of the block structure with different martensite variants (left) and von 

Mises equivalent stress for local  (middle) and non-local (right) crystal plasticity formulation  (in MPa)  

Model description 
 

The microstructural models discussed here represent the important features of the tempered lath martensitic microstructure 

in a simple  geometric formulation. To capture the interaction of sub-blocks and blocks in the same packet, the geometry 

represented in fig.1is used, in which alternating regions with different crystallographic orientations have been modeled. The 

yield curves for martensite blocks (single crystals) and packets has been calculated and shown in fig.1 and 2. 

 

•  Model 1: combination of blocks forming one packet 

 

•  Model 2: combination of packets forming one prior austenite grain 

 

•  Each martensite block is treated as a single crystal 

 

•  Misorienation angles has been extracted from  Kurdjumov Sachs orientation  

    relationship[1], which suggests 24 martensite variants having different  

    misorientation between them 

 

• Periodic boundary conditions  are applied on the microstructural unit cell 

 

• Phenomenological crystal plasticity model (local) and gradient based non local 

   crystal plasticity formulations are used for microstructural models 

 

• Different load cases are considered to test the mechanical response of the model and  

   yield curves have been calculated for  single martensite variants and packets 

 

 

Computational predictions 
 

• Variant morphology and orientations 

have a direct impact on the behavior 

of martensitic steels 

 

• It has been observed that only 3 

types of yield curves are possible out 

of 24 martensite variants  

 

• Yield loci has clearly shown that 

material behavior is becoming 

isotropic if we go from single crystal 

(block level) to martensite packet 

level 
 

• For local crystal plasticity model, it 

has been observed that packets 

deform homogeneously and plastic 

strain is quite localised in case of 

some specific block combinations 
 

• In case of non-local crystal plasticity 

models, plastic strain gradients 

provide additional hardening and it is 

seen material reorientations occurs 

close to grain boundaries 
 

• Internal stresses are larger in case 

of non local crystal plasticity model, 

but more homogeneous inside the 

blocks. 
 

 
 

 

 

 

Micromechanical modelling of tempered martensite steels 
Tempered martensitic ferritic steels are used in many applications of 

technological and economic importance, for example power generation, 

chemical plants and aerospace. Martensitic microstructures are formed by a 

diffusionless transformation from the fcc austenite phase and characterised by a 

specific crystal orientation relationship between parent and product phases. 

These steels have a hierarchical morphology in which prior austenite grains are 

subdivided into interpenetrating packets and the packets are further divided into 

blocks each consisting of tiny laths. Even after tempering, this type of 

microstructure plays a key role in the mechanical behaviour of martensitic 

steels. 

Microstructure 

Packet: 

collection of 

blocks with 

approx. same 

habit plane 

Sub-block: 

assembly of laths of 

same orientation 

variant 

Block: collection 

of sub-blocks of 

two variants 

Lath: smallest unit. 

Exhibits one variant 

of orientation 

relationship 

 ppp FLF

)(

/1

0













 sign

p

GND


 






 hˆ








 




9

1

1
ˆ bc

GND

Crystal plastictiy and constitutive laws 

Fig.4: Schematic representation of the block and packet structure with different martensite variants and plastic slip (left) 

and von Mises equivalent stress for local (middle) and non-local (right) crystal plasticity formulation  (in MPa)  

Fig.2 Yield  curves for six single 

martensite variants [2] 
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In present work local and non-local crystal plasticity models have been utilized in 

order to show the effect of microstructure on mechanical properties. Only slip-

based deformation mechanism is considered. A non-local crystal plasticity finite 

element model for finite deformations is used which is able to predict the isotropic 

hardening provided by geometrically necessary dislocations(GND). Evolution of 

GNDs is required to maintain the lattice continuity in case of inhomogeneous 

plastic deformation. Plastic deformation can be calculated as follows : 

Flow rule : 

Hardening law : 

 

The isotropic hardening produced by GNDs [3] can 

 be formulated in form of a Taylor law as 

Where  

Prior Austenite grain model Mises stress using 

local CP model Plastic slip (local CP) 

Fig.3: Yield curves for variant 

combinations (martensite packets) [2] 

With the strain hardening [3], the evolution law  

used for the  model is a phenomenological  

evolution law inspired from the work of Kalidindi 

 et al[4]  

Prior austenite grain 

containing four packets 

having blocks with lower 

misorientation 

Prior austenite grain 

containing four packets 

having blocks with higher 

misorientation 
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Plastic deformation 
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Schmid tensor 

 

Velocity gradient 

 

Resolved shear 

stress 

 

Strain rate sensitivity   

 

Hardening matrix  

 

 Burger vector  

 

Nye tensor 

 

Shear modulus 
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Courtesy V. Yardley 

Mises stress using non-

local CP model 


 is taken from [5] 


