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Modelling Methodology: overview
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Reconstruction of initial morphology

Acceptance-rejection algorithm

• Draw samples (e.g. orientation) from a given distribution 

(e.g. skew-Gaussian) 

• Intersection/overlap checks 

• Ensures global/local periodicity  

• Implementation: Fortran (2D) and Python (3D)  



Examples of 2D and 3D models

2D models 3D models



‘bond-stretching’ (B) ‘conformational’ (C) 

 

Stress-strain behaviour around Tg 

- entangled polymer
Glass-rubber model
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Constitutive model: polymer matrix



Constitutive model: interface/interphase/gallery
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Qiao et al. (2011), 49:740, J. Pol. Phys. B
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Scale transitions: macro-to-RVE & RVE-to-macro
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Case study 1: Secondary processing near Tg
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Morphology evolution



Experiment

Viscous flow

Stress-induced crystallisation

Simulation
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Nanocomposite sheet during thermoforming (1000C, 1s-1)
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• CFRP laminates under impact loading
Opening of matrix cracks (brittle nature of epoxy) 
→ delamination at the interfaces, structural degradation

• Hypothesis: CNT/epoxy surface coating will enhance the impact 
resistance due to an increase in energy dissipation/absorption.

(1) an enhanced nonlinear deformation of the matrix(2) CNT pull-out in form of CNT crack bridging

Force

σ22

Case study 2: Rate-dependent response



MWCNT properties
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e.g. Cr bond-stretching constant; Cθ bond-angle variation 

constant; n - chirality

Shen and Li (2004) Phys. Rev. B.
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Edwards & Vilgis (1986), 27: 483, Polymer
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Buckley et al. (2004), 52: 2355, J. Mech. Phys. Sol.

Buckley et al. (2004), 52: 2355, J. Mech. Phys. Sol.

Weidt & Figiel (2015), 115: 52, Comp. Sci. Techn.

Values of model parameters

Weidt & Figiel (2015), 115: 52, Comp. Sci. Techn.

MWCNTs parameters



Interface behaviour
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Li et al. (2011), 50: 1854, Comp. Mat. Sci.

CNT pull-out via MD Tangential traction-separation law
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Weidt & Figiel (2015), 115: 52, Comp. Sci. Techn.

2.7 MPa

and  max ( ) 0.225i shearD F a nm

Weidt & Figiel (2015), 115: 52, Comp. Sci. Techn.



RVE size:

Ensemble size:

Weidt & Figiel (2014), 82: 298, Comp. Mat. Sci. 



Quasi-static rate (110^-3 s^-1) Impact rate (110^3 s^-1)

Energy absorption

Stress-strain rate response, and related parameters

Weidt & Figiel (2015), 115: 52, Comp. Sci. Techn.

Weidt & Figiel (2013), In. Njuguna (Ed.), Structural Nanocomposites, 207-224, Springer, 2013. 



Concluding remarks

• Computationally-efficient & accurate, multiscale approach 

can assist in the optimisation of processing and property 

enhancements for polymer nanocomposites

• Further work ongoing on:

– Linking with molecular simulations to account more accurately for 

nanoparticle functionalization & nanoparticle-polymer interactions

– Description of nanoparticle functionalization-related uncertainty

– Computational efficiency enhancement for localisation-

homogenisation scheme through model reduction and parallel 

processing

– Incorporation of non-mechanical fields (e.g. thermal, electric) into the 

scheme
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