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Objectives:
 Develop stochastic multiscale model for CFRPs and CNT/CFRP structures which utilize nanoscale information

» |Investigate nonlinear, multifunctional, and causal effects of damage initiation and propagation in advanced composites
= Utilize low fidelity damage models for macroscale integration and analysis of composite structures
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= Advanced composite structures present many mechanical/multifunctional

benefits

= Nanocomposites with CNTs: Stiff and strong, ideal filler material

» Lack of accurate predictive models for material engineering or structural
analysis

= Experimental trial and error is too expensive and time consuming

» Large divide between theory and experiments
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Damage evolution law based on
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Damage evolution for matrix phase

CDM is thermodynamically
consistent & computationally
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Polymer Damage Model Validation Microstructure Generation
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e Various validation strategies used:

= All three constituents
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Two softening phases observed in MD
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Low-fidelity Damage Model for Matrix

« Represent matrix response

Microstructure Investigations
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Healthy structure Microscale degradation Microscale+Structural failure

» Macroscale model integration for structural analysis
» Structural composite bonded joints as case study
» Limited use due to lack of appropriate analysis methods
and damage initiation, progression and failure criteria
» Introduction of bolts leading to overdesign
» Unoptimized designs
= Can be used more effectively with comprehensive models
to predict damage and failure
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= Structural Analysis -> FE

» FE integration point - > Microstructure representation

» Microstructure Analysis -> MoC Micromechanics

= Matrix -> Low fidelity damage models

» Matrix analysis -> atomistically informed damage model



