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Abstract 
A novel method to model the interphase between phases in 
DP steels is introduced and implemented on a specimen 
created from DP980. Use of the proposed method remedied 
the problem of underestimation of stress-strain curve by 2D 
RVEs and also showed that failure initiates at the interphase 
between phases. 
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Introduction 
Due to their high strength and good formability, Dual-Phase 
steels are widely used in the automotive industry. Their 
microstructure consists of hard martensite islands and a soft 
ferrite matrix. Strain localization is the first stage of failure 
process in DP steels [1] and is therefore critical to our 
understanding of their behavior. Although there has been 
various studies on properties and structure of DP steels [2-
4], so far limited attention has been paid to the effect of the 
interphase between ferrite and martensite phases [5]. 

In this paper, the micromechanical behavior of DP 
steel will be investigated using experimental and numerical 
methods and a novel method for modelling the interface 
between phases will be proposed. 
 
Materials and Methods 
A 3.00 mm thick sheet of DP980 with properties reported in 
[6], derived from its chemical composition (Table 1), was 
used to generate the optical micrograph shown in Figure 
1(a), which was used to create the RVE shown in (b). 
 

 
(a) (b) 

Figure 1. (a) Optical micrograph of dual phase steel, showing 
the microstructure of DP980. (࢓ࢂ ൌ ૜૜%) and (b) the resulting 

RVE. 

Using Matlab’s image processing toolbox, the ferrite phase 
in the binarized optical micrograph were eroded repeatedly 
to create an empty region between the two phases. This was 
done based on nano-hardness results of [5], in which 
martensitic values were observed at the phase boundary, and 
changed gradually to ferritic in the ferrite phases. In Figure 
2, an RVE model created using this method is shown and the 

resulting space, hereinafter referred to as the interphase 
region, is colored blue. 
 Material properties of ferrite and martensite 
phases were re-used from [6]. Properties of elements in the 
interphase region were determined using interpolation. This 
interpolation was used for all parameters describing the 
elastic and plastic behaviors of the material. Eq. (1) was 
used to interpolate the material parameters for each element 
in the interface region. 

 
Figure 2. 2D RVE model of DP980 microstructure with the 

interface region. 
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In this equation, ௘ܲ௟௘௠௘௡௧ is the value of the parameter in 
question for the element, ݀ଵ and ݀ଶ are the closest distance 
between the element and the first and second phases and ଵܲ 
and ଶܲ are constants referring to values of the parameter in 
their respective phases. To interpolate plastic properties, 
stress values of ferrite and martensite were calculated at 
points of equal strain so they would be comparable. 
 
Result and Discussion 
Mesh sensitivity was studied in [6] for the 2D RVE model 
and five different element sizes were investigated. As shown 
in Figure 3, the increased number of elements can help the 
simulations to have smoother grain boundaries between 
ferrite and martensite phases.  

 
Figure 3. Simulation results for different models 



 

 

Table 1. Chemical compositions of low carbon steel, used in this study and [6] 

Element C Mn Si P S Cr Ni Al Mo V Cu Co 

Mass contents % 0.2 1.1 0.22 0.004 0.02 0.157 0.083 0.011 0.046 0.008 0.121 0.019 
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 (c) (d) 

Figure 4. Distribution of equavalent plastic strain in the RVE in (a) whole model, (b) the interface, (c) part of the interface and (d) part of 
the ferrite phase. (ઽ ൌ ૙. ૚૙ૡ) 

Figure 3 shows results of simulations for different models. It 
is evident that although RVEs incorporating the interphase 
can model the stress-strain response better than the RVE 
without interphase, increase of interphase resolution has 
negligible effect on the results.  
One major problem of 2D RVEs in previous works was 
underestimation of the stress-strain curve, which lead to use 
of computationally expensive 3D RVEs [6]. This is solved 
by the proposed model. Figure 4 shows distribution of 
equivalent plastic strain in the RVE with interface at ߝ ൌ
0.108. Shear bands seen in the figure mark the failure paths 
in the RVE. Figure 4(c) and (d) show that a significant 
number of these shear bands begin to form in the interphase 
region and then propagate to the ferrite phase. This is 
because martensite grains undergo much less deformation 
than the ferrite grains, and the mismatch between the values 
of deformation in two phases causes deformed bands at the 
interphase and ultimately, in the softer ferrite phase. 
According to Figure 4, strain localization occurs mainly at 
two types of locations: (1) in ferrite grains within the 
neighborhood of martensite islands, where the martensite 
grains have much less deformation than the neighboring 
ferrite phase and the difference between deformation of the 
two phases causes the initiation of voids in the interphase; 
and (2) in closely spaced martensite grains, where the 
existence of some harder phase grains close to one another 
results in stress/strain localization. 
 
Conclusion 
In this study, the micromechanical behavior of DP steel was 
investigated using experimental and numerical methods and 
a novel method for modeling the interphase region between 
phases was proposed. Use of this method resulted in better 
prediction of stress-strain curve and also showed that failure 
initiates in the interphase region. Finally two types of 
initiation mechanism were reported in ferrite and interfaces 
phases. 
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