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Computational Modeling of Interfacial Behaviors in Nanocomposite 

Materials  

Liqiang Lin, Xiaodu Wang, Xiaowei Zeng
*
 

Department of Mechanical Engineering, University of Texas at San Antonio, TX 78249 

Abstract: Towards understanding the bulk material response in nanocomposites, an interfacial 

zone model was proposed to define a variety of material interface behaviors (e.g. brittle, ductile, 

rubber-like, elastic-perfectly plastic behavior etc.). It also has the capability to predict bulk 

material response though independently control of the interface properties (e.g. stiffness, strength, 

toughness). The mechanical response of granular nanocomposite (i.e. nacre) was investigated 

through modeling the “relatively soft” organic interface as an interfacial zone among “hard” 

mineral tablets and simulation results were compared with experimental measurements of stress-

strain curves in tension and compression tests. Through modeling varies material interfaces, we 

found out that the bulk material response of granular nanocomposite was regulated by the 

interfacial behaviors. This interfacial zone model provides a possible numerical tool for 

qualitatively understanding of structure-property relationships through material interface design.  

Keywords: Material interface modeling; organic interface; nacre; biological nanocomposite; 

polycrystalline structure 

1.  Introduction 

Biological nanocomposites such as fish scale, bone and nacre are increasingly attracting attention 

from engineers and researchers due to their remarkable mechanical performances (Vernerey et 

al., 2014). In this kind of mineralized nanocomposites, the volume fraction of mineral generally 

is over 85vol% (Dastjerdi et al., 2013; Ritchie, 2011; Wang and Gupta, 2011). In some extreme 

cases, such as tooth enamel or shell of Strombus gigas, the volume fraction of mineral is up to 

99vol% (Kamat et al., 2000; Yahyazadehfar and Arola, 2015). However, these biological 

nanocomposites exhibit outstanding strength and toughness with high contents of brittle minerals 

due to their ingenious design of microstructures. The universal microstructural feature of these 
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biological nanocomposites is that the brittle mineral tablets are bonded by “relatively soft” 

interfaces (Barthelat and Rabiei, 2011; Fratzl and Weinkamer, 2007; Gao, 2006; Ni et al., 2015; 

Vernerey et al., 2014). Thus, although the minerals are brittle, the “soft” interfaces could deflect 

the crack propagation and provide addition energy dissipation paths along the interfacial surfaces. 

Through the inspiration of wisdom and ingenious design in the biological nanocomposites, a 

number of artificial super materials have been fabricated (Bonderer et al., 2008; Deville et al., 

2006; Finnemore et al., 2012; Munch et al., 2008).   

To investigate how the interfacial behaviors and properties will determine the mechanical 

performance of nanocomposite materials, various experimental tests were conducted, it was 

found out that the toughness and strength of bulk materials can be improved through different 

mechanisms, e.g. the interface shear deformation (Barthelat and Espinosa, 2007; Gupta et al., 

2006; Mercer et al., 2006), interlocking of nano-asperities and micro-scale waviness (Espinosa et 

al., 2011; Wang et al., 2001), mineral bridging (Smith et al., 1999; Song et al., 2003). In the 

meanwhile, different theoretical models have been proposed to study contributions of interfacial 

interaction on the mechanical response of bulk materials (Okumura, 2015). The shear lag model 

was borrowed to study the transfer of stress through tablets and interfaces under the tensile 

loading (Gao et al., 2003; Jackson et al., 1988; Kotha et al., 2001). The elastic energy model was 

applied to study the effects of interface stiffness and volume fraction on the stiffness and 

toughness of bulk materials (Okumura and De Gennes, 2001). In addition, various numerical 

models were applied to study the role of interfaces in determining the mechanical properties of 

bulk materials. The bilinear cohesive zone model (Geubelle and Baylor, 1998) was used to 

investigate the effects of mineral-collagen interface behavior on microdamage accumulation in 

lamellar bone tissues(Luo et al., 2011). The exponential cohesive zone model (Van den Bosch et 

al., 2006; Xu and Needleman, 1994) was employed to determine the independent roles of 

enzymatic and non-enzymatic cross-linking on the mechanical behavior of a mineralized 

collagen fibril (Siegmund et al., 2008). Despite broad studies have been conducted to scrutinize 

the interface contributions on the high mechanical performance of nanocomposites, it still has 

not been fully elucidated how the interfacial behaviors and properties determine the mechanical 

response of bulk materials. From experimental perspective, it is difficult to directly observe the 

contributions of interfacial properties on the mechanical response of bulk material because the 

deformation process involves multiscale underlying mechanisms in strengthening toughness and 
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strength (Barthelat and Rabiei, 2011; Peterlik et al., 2006). On the other hand, there are currently 

no comprehensive interfacial zone models to capture the different interfacial behaviors in 

determination of the bulk material response.  

The aim of current work is to develop an interfacial zone model to describe difference material 

interface behaviors to predict the bulk material response through material interface design. In this 

work, the characteristics and features of the proposed interfacial zone model are discussed firstly. 

Then, the mechanical behavior of granular nanocomposite (i.e. nacre) was studied using the 

proposed interfacial zone model to model the interfacial behaviors of nanocomposite. The 

simulation results provide insights on how the interfacial behaviors and interfacial damage 

pattern control the bulk material response. 

2.  Development of the interfacial zone model 

The granular biological nanocomposites (e.g. nacre) have the universal structure in which the 

hard aragonite crystals are bonded by “relatively soft” interfaces (Fig. 1). Although the interface 

is relatively weak and its volume fraction is very low, it has high impact on the mechanical 

performance of bulk material. During the interface debonding process, the interface could 

undergo normal or shear deformation. To describe the interface deformation behaviors, an 

interfacial zone model was proposed to mimic various interfacial behaviors. The traction-

separation relations in normal and shear directions were used to govern the interfacial behaviors 

as shown in Fig. 2, which include four deformation stages in normal traction-separation law: 

compressive contact stage       , elastic stage         , damage stage (       )  and 

complete failure stage (      ) . In the shear traction-separation law, it has the similar 

deformation stages (elastic stage        , damage stage (       ) and complete failure stage 

(     )) with symmetry in both positive and negative directions. The interface toughness is the 

area under the traction-separation curve and the normal and shear interface toughness are 

respectively defined as: 

   ∫  
   

  
                                                                                                                                 (1) 

   ∫  
   

 
                                                                                                                                  (2) 
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Fig. 1 Schematic of granular nanocomposite: (a) macroscopic structure of nacre, (b) microscopic 

structure of nacre 

 

 
Fig. 2 Generalized traction-separation relations used to describe interfacial behaviors: (a) normal 

direction, (b) tangential direction 

In the interfacial interaction, it is not necessary for normal and shear interaction always to have 

mutual effects on each other. For instance, the uncramping and unfolding of molecule in collagen 

fibrils due to stretching might not involve shear interaction (Meyers et al., 2013). For this reason, 

we presented an uncoupled interfacial zone model in this study for interfacial modeling. Based 

on Xu and Needleman’s exponential cohesive traction-separation law (Xu and Needleman, 1994), 

an interfacial zone model was proposed to model different interfacial behaviors. The proposed 

interfacial traction-separation laws take the following form: 
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where    and    are cohesive strength in normal and tangential direction, respectively; and     

and     are critical separation. The     and     are normal and tangential failure separation, 

respectively. The    is the equilibrium position and               . The shape parameters 

        are introduced to describe different interfacial behaviors (or different traction-separation 

curve shapes), e.g. brittle, ductile, rubber-like behavior etc. In the model, the variables    and    

represent normal and tangential separation, respectively. 

The interfacial traction-separation laws for different positive and negative value of shape 

parameters         are plotted in Fig. 3 and Fig. 4. It can be seen from Fig. 3 that the proposed 

interfacial zone model has the exponential properties before damage initiation 

position             . In the damage stage                      , the model shows different 

shapes with different shape parameters        . When the shape parameter is between zero to 

one, the current model demonstrates a convex softening shape. When the shape parameters are 

equal to one, the damage behavior of current model represents a linear relation. When the shape 

parameters are greater than one, the damage behavior has a concave shape. As a special case, 

when      or     , it represents elastic-perfectly plastic behavior in normal or in shear 

direction (Fig. 3). In addition, when shape parameters         are taking as negative values, it 

can be seen from Fig. 4 that the interface shows a rubber-like behavior. 
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Fig. 3 Different interfacial behaviors with positive shape parameters         

 
Fig. 4 Different interfacial behaviors with negative shape parameters         

In addition, the stiffness of the interface at the equilibrium position is defined as:  
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Eqs. (5) and (6) suggest that a smaller value of           or     would result in a higher 

interface stiffness in normal or tangential direction. Thus,          and     can be used to tune 

the interface stiffness in the normal and tangential directions.  
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In the proposed interfacial zone model, there are five independent parameters (  ,    ,   ,     

and   ) in normal direction and four independent parameters (  ,    ,     and   ) in tangential 

direction to manipulate different interfacial properties and behaviors. The interface toughness 

(     ) can be readily determined from the traction-separation curves.  

To test the proposed interfacial zone model, a two-dimensional geometry of granular 

nanocomposite was generated in which the mineral crystals are bounded by an interfacial zone. 

The proposed traction-separation laws were employed to mimic different interfacial behaviors in 

the granular nanocomposite. The proposed interfacial model was verified through a comparing 

study with experimental measurements (i.e. stress-strain relation). On the other hand, by using 

this model, the bulk mechanical behavior of granular nanocomposite can be predicted through 

material interface design. 

3. Geometry model and materials  

3.1 Geometry model of granular nanocomposite 

A well-known example of granular nanocomposites is nacre. The nacre is composed of aragonite 

(CaCO3) crystals, which are organized in polygonal tablet, arranged in a thin layer of interfaces 

(Fig. 5). For simplicity while ensuring reasonable accuracy, a two-dimensional (2D) model of 

CaCO3 crystals bounded through a thin interface (Fig. 5) was generated in this study to represent 

the microstructure of nacre. Briefly, polygonal shaped CaCO3 crystals were first generated using 

the Centroidal Voronoi tessellation method in a 2D geometric model (Lin et al., 2014b). Then, an 

interfacial zone was created to represent the organic interface between the CaCO3 crystals by 

recessing the edges of each grain cell in parallel towards the centroid of the grains with a 

designated distance (Fig. 5). Based on the previous study regarding the minimum representative 

elementary volume (Evesque and Adjémian, 2002), 100 grains were required for the proposed 

2D model to ensure consistent outcomes. In this study, roughly one hundred and forty four (144) 

CaCO3 grains were generated in each representative model. Based on the existing information on 

the thickness (20nm~35nm) (Barthelat and Espinosa, 2007; Barthelat et al., 2006; Dastjerdi et al., 

2013; Lopez et al., 2014) and volume fraction (~5% vol) (Barthelat et al., 2007; Song et al., 2003) 

of the organic interface in nacre, the interfacial zone thickness in the model was set to be 20nm 

and the specimen size was set to be                     .  
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Fig. 5 2D geometry model of a granular nanocomposite. The interfacial zone was generated by 

recessing the outline of the original Voronoi cells (dash line) to form the new outline of the 

mineral grain (solid line). The grains in specimen were meshed by triangular element. 

3.2 Material properties 

According to the material properties of aragonite crystal reported in the literatures (Askarinejad 

and Rahbar, 2015; Barthelat et al., 2006; Hrabánková et al., 2013; Zhang and Chen, 2013)，the 

material properties of CaCO3 were set to be: Young’s modulus         , Poisson’s ratio 

      , mineral density             . The soft interface in nacre contains different 

molecules and a direct experimental measurement of interface properties and behaviors at 

nanoscale is very challenging. In this study, the mechanical behaviors of the interface were 

simplified and governed by the traction-separation laws, which can be defined through those 

independent parameters described earlier. Those independent interfacial parameters will be 

estimated based on the experimental data and numerical simulation results reported in the 

literatures for different interfacial properties of nacre (Barthelat et al., 2007; Espinosa et al., 2009; 

Evans et al., 2001; Lin and Meyers, 2009; Meyers et al., 2013; Smith et al., 1999; Wang et al., 

2001).  

4 Numerical simulations 

4.1 FEM implementations 

Following standard procedures and neglecting the body force, the principle of virtual work of 

finite element formulation is written as: 
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∫       
 

 ∫            
      

 ∫  ̅
    

      ∫   ̈      
 

                                        (7) 

where  ,       ,      are the volume, interface boundary and external traction boundary of 

element in the reference configuration, respectively; P is the first Piola-Kirchhoff stress tensor; F 

is the deformation gradient;   denotes the interfacial displacement jump across the interfaces;  ̅ 

denotes the external traction vector and        is the interfacial bonding traction vector; 

  represents the material density in the reference configuration. The Newmark   method was 

applied for the explicit time integration with     and       (Hughes et al., 1979).  

In this study, the organic interface behaviors were governed by the traction-separation laws 

described earlier. The CaCO3 grains were meshed using triangular elements. All simulations 

were implemented using a custom-made finite element package, which had been developed by 

Zeng and his co-workers (Li et al., 2012; Lin et al., 2014a; Lin et al., 2015; Lin and Zeng, 2015; 

Zeng and Li, 2010, 2012). Uniaxial load (tensile or compressive loading) was applied to the 

finite element model by assigning a uniform displacement on the top and bottom edges of the 

model (Lin et al., 2014a), with the right and left side of the specimen being set free. 

4.2 Comparison study of the interfacial zone model via an elastic-perfectly plastic behavior  

The organic interface in the nacre is a thin layer of biopolymer, which has the capability of very 

large extension through sequential uncramping and unfolding of modules (Mohanty et al., 2008; 

Smith et al., 1999). It was noted that experimental data did not show a significant hardening over 

the large stretching test. In addition, the interface provided the slipping possibility between 

minerals (Wang et al., 2001). Some researchers described the interface to have a long plateau 

after yield point (Barthelat et al., 2007; Evans et al., 2001). Hence, we assumed that the interface 

has an elastic-perfectly plastic behavior. Specifically, the normal critical displacement      

    at the interface was set to be 0.6nm. This value was estimated by assuming that the tensile 

yield stain of the interface was 3.0% based on the information reported in literatures (Barthelat et 

al., 2007; Dastjerdi et al., 2013). The data reported by (Smith et al., 1999) illustrated that some 

molecules with large stretching capability is present in the interface. According to the study of 

(Mohanty et al., 2008; Smith et al., 1999), the effective displacement of plateau region is from 

30nm to 100nm. Through parametric study and sensitivity test, it was found that the simulation 
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results matched with experimental data when we set normal failure separation (      )  

    . Hence, the normal failure separation          at the interface was estimated to be 

30nm in this study by assuming that the tensile failure strain of the interface was approximately 

150%. In the absence of experimental data on the interfacial shear behavior, we assumed the 

traction-separation relation in tangential direction is similar to the one in normal direction. The 

critical shear separation     was set to be 0.6nm and the failure shear separation     was set to be 

30nm. The strength in normal direction was set to be           and the shear interface 

strength was set to be          based on the experimental data reported in 

literatures(Barthelat and Espinosa, 2007; Espinosa et al., 2009; Evans et al., 2001; Lin and 

Meyers, 2009). The details of the interface parameters were listed in Table 1 and the curves of 

the traction-separation laws were plotted in Fig. 6. 

Table 1 Parameters of interface property with elastic-perfectly plastic behavior 

        110 

             0.6 

             30 

   0.0 

        40 

        0.6 

        30 

   0.0 

  

 
Fig. 6 The traction-separation relations with respect to elastic-perfectly plastic interfacial 

behavior: (a) normal direction, and (b) shear direction 
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In current study, grains in the specimen were meshed by triangular element (Fig. 5). Based on 

the previous convergence test of similar models (Lin et al., 2017; Lin et al., 2016), the mesh size 

in current work is around 150nm and the time step is            . We have plotted the 

stress-strain curves after calculations, the stress-strain curves in the early post yield state agreed 

well with experimental measurements as shown in Fig. 7. The average stress was compiled as 

mean ± standard deviation in which 6 samples with random polycrystalline grain distribution are 

considered in the calculation. The bulk stress showed an initial strain hardening after yield point 

in tension (Fig. 7). However, in compression, the stress-strain curve showed a relatively linear 

pattern until failure. The average yield stress of approximately 100MPa in tension is very close 

to the experimental yield stress of 105MPa. The ultimate stress was approximately 452±93MPa 

in compression, and the experimental value of 370MPa when testing was discontinued lies in the 

range. In addition, the stiffness obtained from the simulation matched with the experimental 

measurement value at approximately 70GPa. The agreement between the simulation results and 

experimental data suggested that the proposed interfacial zone model has the capability to 

capture the characteristics and features of the interfacial behaviors. 

 
Fig. 7 The stress-strain relations in tension and compression tests: the sim-tension represented 

simulation result in tension; the sim-compression represented simulation result in compression; 

the exp-tension denoted experimental result in tension; the exp-compression denoted 

experimental result in compression. The experimental results in abalone nacre were reported in 

Wang et al. (Wang et al., 2001). 

4.3 Prediction of bulk material response via a rubber-like interfacial behavior model  

As we know, different biopolymer may show different material behaviors. For instance, the 

spider silk shows a rubber-like behavior(Meyers et al., 2013). This kind of biopolymer also 

showed high plastic deformation. To understand the effects of interface behavior on the 
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mechanical response of biological nanocomposites, we designed a case by assuming that the 

interface possessed rubber-like behavior in a biological nanocomposite. The interface parameters 

were estimated based on the information reported in literatures (Lin and Meyers, 2009; Meyers 

et al., 2013). The designed interface properties were set to be: 

                  ,             ,         at 15% yield point and      

        ,          at 75% failure position,             based on the properties 

reported in the literatures (Lin and Meyers, 2009; Meyers et al., 2013). The details of the 

interface parameters were listed in Table 2 and the curves of the traction-separation laws were 

plotted in Fig. 8. According to the data reported by (Meyers et al., 2013), the failure strain of 

interface with rubber-like behavior in this case was set as 0.63. From the traction-separation 

curve, we can readily determine the ultimate stress of interface with rubber-like behavior to be 

1.4GPa. 

Table 2 Parameters of interface property with rubber-like behavior   

        130 

             3 

             15 

   -1.5 

        40 

        3 

        15 

   -1.5 

 
Fig. 8 The traction-separation relations with respect to rubber-like interface behavior: (a) normal 

direction, and (b) shear direction 
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In observation of the stress-strain curves for tension and compression tests, it was found that the 

bulk stress with rubber-like interface also showed a rubber-like behavior in stress-strain relation 

under tensile loading (Fig. 9(a)). This result may explain that the stress-strain relation of whelk 

eggs always presents a trend of rubber-like behavior under tension test in different temperature 

condition (Meyers et al., 2013) possibly because the organic interface between the minerals 

inside the whelk eggs has an overall rubber-like property. In compression test, however, the 

stress-strain curve showed a relatively linear response until failure (Fig. 9(b)). 

 
Fig. 9 The stress-strain relation in tension and compression for rubber-like interface: (a) tension; 

(b) compression. 

4.4 Deformation & failure pattern from different loading conditions 

It has been investigated that the loading mode dependence of nacre mechanical behavior is 

manifested (Evans et al., 2001; Wang and Gupta, 2011; Wang et al., 2001). The ultimate stress of 

nacre in tension is smaller than the one in compress (Jacobs, 1990). On the other hand, the stress-

strain curve of nacre shows highly nonlinear behavior in tension(Barthelat and Espinosa, 2007; 

Evans et al., 2001; Wang et al., 2001), whereas it shows linear response in compression 

(Barthelat et al., 2006; Evans et al., 2001; Wang et al., 2001). Furthermore, the dilatation band 

was formed among intertablets when nacre is in tension(Wang et al., 2001). This is highly 

indicated that the fracture mechanism of nacre in tension vs. compression. 

Through analysis of the fracture pattern in the specimen, we found that the cracks were initiated 

at the interface perpendicular to the loading direction when the model was loaded in tension (Fig. 

10 and Fig. 11). When the damage at the interfaces started to initiate, the stress     released 
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within the damage interface zone region. As the loading kept increasing, cracks nucleated and 

coalesced, and finally traveled transversely passing through the specimen (Fig. 10 and Fig. 11).  

It seems that there is a tendency for the crack initiation, nucleation and coalescence mainly in 

mode  . This phenomenon is analogous to the observation of “dilatation bands” in the nacre 

under tension test (Wang et al., 2001). 

When the specimen loaded in compression, intergranular cracks propagated along an inclined 

angle via relative sliding between the mineral crystals (Fig. 12 and Fig. 13). This 

deformation/failure tendency of inclined crack propagation within interfaces allowed more 

energy dissipation during the damage process. 

 
Fig. 10 Snapshots of stress distribution      with elastic-perfectly plastic interface under tensile 

loading: (a)           (b)          (crack initiation), (c)          (crack nucleation), 

(d)         (crack coalescence) 
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Fig. 11 Snapshots of stress distribution      with rubber-like interface under tensile loading: (a) 

          (b)           (crack initiation), (c)           (crack nucleation), (d)     
      (crack coalescence)  

 
Fig. 12 Snapshots of stress distribution       with elastic-perfectly plastic interface under 

compressive loading: (a)           (b)           (crack initiation), (c)          , 
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(d)           (crack propagation along an incline angle within interface) (e)          , 

(f)           

 
Fig. 13 Snapshots of stress distribution       with rubber-like interface under compressive 

loading: (a)           (b)          (crack initiation), (c)          (crack propagation 

along an incline angle within interface), (d)          , (e)         , (f)           

4.5 Bulk Material Response vs. Different Interfacial Behaviors 

To further prove that interface behavior directly influences the bulk material response, we 

conducted three simulations by assuming that the interface possessed a brittle, elastic-perfectly 

plastic and rubber-like behavior in a biological nanocomposite, as shown in Fig. 14. The details 

of the interface parameters were listed in Table 3. Through these studies, we explored the 

contribution of interfacial properties on the bulk material response. It is found that the bulk 

stress-strain curves are very similar to the interfacial behaviors in tension(Fig. 15), suggesting 

that the interface behavior directly dictates the bulk material response.  
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Fig. 14 The traction-separation relations with respect to different interfacial behaviors: (a) brittle, 

(b) elastic-perfectly plastic, (c) rubber-like. 

Table 3 Parameters of interface property with different behaviors  

  brittle 

elastic 

perfectly 

plastic rubber-like 

        130 130 130 

             3 3 3 

             3 30 15 

   ----- 0 -1.5 

        40 40 40 

        3 3 3 

        3 30 15 

   -------- 0 -1.5 

 

Fig. 15 The stress-strain relation of bulk material with different interfacial properties: (a) 

interface with brittle behavior; (b) interface with elastic perfectly plastic behavior; (c) interface 

with rubber-like behavior. 

5. Discussion and Conclusions 
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In this study, we have reported an interfacial zone model for interface modeling in granular 

nanocomposites to study the bulk material response. The proposed interfacial model has the 

capability to describe different interfacial material behaviors, e.g. brittle, ductile, elastic-perfectly 

plastic and rubber-like behaviors through adjusting the control parameters.   

Via comparison with experimental data, the stress-strain curves of simulation in the early post 

yield state agreed well with experimental measurements (Fig. 7). From the simulation results, we 

observed that the bulk stress-strain relation represented a rubber-like response with rubber-like 

interface behavior in tension, but bulk stress-strain showed a linear behavior in compression (Fig. 

9). The simulation results also captured the damage process in a 2D nacre specimen. The loading 

mode dependence of the mechanical behavior of granular nanocomposites is manifested in the 

distinct deformation mode of the organic interface; that is, intergranular opening mode in tension 

and intergranular sliding mode in compression (Fig. 10-Fig. 13).  

From fracture pattern (Fig. 10-Fig. 13) and the stress-strain relation analysis (Fig. 7 and Fig. 9), 

we observed that the bulk material behavior was regulated by the interface properties. The 

possible reason is that the interface carried the most loads under tensile loading due to its weak 

strength, which is easier to transfer loads to adjacent interfaces after it damaged along the 

interface in normal direction. Thus the interface behavior dominated the bulk material response. 

However, in compression, the interface could provide facility for the CaCO3 crystals to 

continually slide along the interface till shear damage. Under compressive loading, the interfaces 

are mainly in compression. Due to the relatively linear behavior of interfaces under compression 

in normal direction, it might be the reason that the stress-strain curves showed a linear relation 

until failure in compression. Also, CaCO3 is a linear elastic material, which may have 

contributions on the linear material response. 

There are several limitations associated with current work. Firstly, a 2D plane strain model is 

used in the study of nacre, which may not be fully representative of 3D cases. Although 3D 

models composed of multiple layers, the inner plane fracture between mineral tablets is still the 

dominant failure mode in the structure based on experimental observations (Evans et al., 2001; 

Wang et al., 2001). In the early post yield state, the sliding between inter-layers might have 

minor effects on the bulk mechanical response, thus the current 2D plane strain model is 



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

19 

 

presumably only sufficient in capturing the early stage of post yield behaviors. Secondly, the 

organic interface properties are simply estimated based on the experimental observations and 

related information reported in the literatures, which do not consider complex chemical bonding 

and environment of organic-inorganic interface and may be used only for qualitative analysis. 

Nonetheless, the results of this study indicate that the proposed interfacial zone model is still able 

to capture the major deformation behavior of nacre, which may give rise to the insights on the 

mechanisms of superior tough and strong mechanical properties of nacre.  

The proposed interfacial zone model provides a numerical tool to study bulk material response 

through defining different material interface behaviors. In addition, by adjusting the controllable 

parameters in the current interfacial zone model, we could independently control the interface 

stiffness, toughness, and mechanical strength in normal and shear directions. Through different 

interfacial behavior modeling by the proposed model, it is indicated that the bulk material 

response is largely determined by interfacial behavior. Through the model and simulation study, 

we could predict the bulk material behavior by interfacial property. The main point of this paper 

is to demonstrate the capability of the interfacial zone model and we believe the model can be 

used to design artificial tunable nanocomposite materials through material interface design. 
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