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The Challenge: Multiple Scales

Human Hair

1 mm3 material block 
~ 20 Million DOFs

Carbon fiber
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Top-Down Multiscale Modeling

101 m 10-6 m
Structural Analysis Microstructure

Minimize Information Loss

Mechanics of 
Structure Genome
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Mechanics of Structure Genome

Original model
(3D continuum mechanics)

Principle of Minimum Information 
Loss (PMIL)

Constitutive modeling 
over the SG (SwiftComp)

Structural analysis 
(Geometrically exact)

Global structural behaviorDehomogenization 
relations

Local multiphysics fields
within the original structure

Multiphysics
constitutive models

Identify Structure Genome (SG)
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SG for 3D Structures

+
3D macroscopic structural analysis

a) 1D SG
b) 2D SG

c) 3D SG
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3D Properties of Composite 
Laminates

Original model: 3D 
continuum mechanics with 
layerwise heterogeneity 

Macroscopic model: 3D 
continuum mechanics 
with homogenous solid

, , ,i ij iju Uε σ
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 Express kinematics of the original model in 
terms of that of the macroscopic model and 
unknown fluctuating functions 

 Define kinematics of the macroscopic model 
in terms of the original model
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3D Properties of Composite 
Laminates (cont.)
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 Express the energy of the original model

Minimize the energy to solve fluctuating 
functions

 Result: in-plane strains are constant and 
transverse stresses are constant
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3D Properties of Composite 
Laminates (cont.)
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MSG-Based Hybrid Rule of Mixtures 
for Composite Laminates
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Best complete set of effective thermoelastic
properties of composite laminates

MSG-Based Hybrid Rule of Mixtures 
for Composite Laminates
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Homogenized transverse Poisson’s 
ratios, ν*

13 & ν*
23

Homogenized transverse Young’s modulus E*
3
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[θ/-θ] Laminate

Comparison with Other Theories
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Comparison with Other Theories
Homogenized transverse shear modulus 

G*
13 & G*

23Homogenized Coefficients of Thermal Expansion, 
α*

1,α*
2  & α*
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Open Hole – Case Definition
Actual [±25]2S laminate Homogenized Laminate -HRM

Lamina Engineering 
Constants Values Laminate Engineering 

Constants Values

𝑬𝑬𝟏𝟏 [𝑮𝑮𝑮𝑮𝑮𝑮] 140.00 𝑬𝑬𝟏𝟏 [GPa] 65.68

𝑬𝑬𝟐𝟐 = 𝑬𝑬𝟑𝟑[𝑮𝑮𝑮𝑮𝑮𝑮] 8.40 𝑬𝑬𝟐𝟐 [GPa] 8.968
𝝊𝝊𝟏𝟏𝟐𝟐 = 𝝊𝝊𝟏𝟏𝟑𝟑 0.28 𝑬𝑬𝟑𝟑 [GPa] 9.504

𝝊𝝊𝟐𝟐𝟑𝟑 0.55 𝑮𝑮𝟏𝟏𝟐𝟐 [GPa] 22.99
𝑮𝑮𝟏𝟏𝟐𝟐 = 𝑮𝑮𝟏𝟏𝟑𝟑[𝑮𝑮𝑮𝑮𝑮𝑮] 4.37 𝑮𝑮𝟏𝟏𝟑𝟑 [GPa] 3.939

𝑮𝑮𝟐𝟐𝟑𝟑 [𝑮𝑮𝑮𝑮𝑮𝑮] 2.71 𝑮𝑮𝟐𝟐𝟑𝟑 [GPa] 2.907

𝝊𝝊𝟏𝟏𝟐𝟐 1.561

𝝊𝝊𝟏𝟏𝟑𝟑 -0.3785

𝝊𝝊𝟐𝟐𝟑𝟑 0.4381

𝛆𝛆11

Digital Image Correlation (DIC) -
Strains at Failure

𝛆𝛆22
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Open Hole – Results

𝛆𝛆22

Hybrid  Rule of Mixtures

𝛆𝛆11 𝛆𝛆33 𝛆𝛆22

Composite Section - Abaqus

𝛆𝛆11 𝛆𝛆33 𝛆𝛆22

DNS - Abaqus

𝛆𝛆11 𝛆𝛆33



Woven Composite Laminate

Lower Middle Upper

TexGen4SC - cdmHUB

Yarn Properties Matrix Properties

Engineering
Constants Values Engineering

Constants Values

𝑬𝑬𝟏𝟏 [GPa] 200 𝑬𝑬𝒎𝒎 [GPa] 3

𝑬𝑬𝟐𝟐 = 𝑬𝑬𝟑𝟑 [GPa] 10 𝝊𝝊𝒎𝒎 0.20
𝑮𝑮𝟏𝟏𝟐𝟐 = 𝑮𝑮𝟏𝟏𝟑𝟑 = 𝑮𝑮𝟐𝟐𝟑𝟑

[GPa] 5

𝝊𝝊𝟏𝟏𝟐𝟐 0.30

𝝊𝝊𝟏𝟏𝟑𝟑 = 𝝊𝝊𝟐𝟐𝟑𝟑 0.40

Fully Populated 
Effective 

Stiffness Matrix 
𝐶𝐶 =
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Woven Composite Laminate –
[𝟎𝟎/𝟗𝟗𝟎𝟎]s Laminate 

Laminate Engineering Constants – Approximated as Orthotropic

Laminate Engineering 
Constants Gibson (2012) Kollar et al 

(2003)
Classical
Theory HRM

𝑬𝑬𝟏𝟏 [GPa] 33.8069* 33.8000 33.8069 33.8036

𝑬𝑬𝟐𝟐 [GPa] 33.8069* 33.800 33.8069 33.8036

𝑬𝑬𝟑𝟑 [GPa] 4.6575 4.6800 4.6578 4.6578

𝑮𝑮𝟏𝟏𝟐𝟐 [GPa] 2.1361* 2.1361 2.1361 2.1364

𝑮𝑮𝟏𝟏𝟑𝟑 [GPa] 1.8789 1.8440 1.8449 1.8442

𝑮𝑮𝟐𝟐𝟑𝟑 [GPa] 1.8111 1.8440 1.8449 1.8442

𝝊𝝊𝟏𝟏𝟐𝟐 0.0303* 0.0304 0.0303 0.0304

𝝊𝝊𝟏𝟏𝟑𝟑 0.3365 0.3102 0.3102 0.3102

𝝊𝝊𝟐𝟐𝟑𝟑 0.2838 0.3102 0.3102 0.3102

Lamina Engineering Constants –
Approximated as Orthotropic

Laminate Engineering 
Constants Values

𝑬𝑬𝟏𝟏 [GPa] 11.3890

𝑬𝑬𝟐𝟐 [GPa] 56.1692

𝑬𝑬𝟑𝟑 [GPa] 4.5823

𝑮𝑮𝟏𝟏𝟐𝟐 [GPa] 2.1364

𝑮𝑮𝟏𝟏𝟑𝟑 [GPa] 1.8111

𝑮𝑮𝟐𝟐𝟑𝟑 [GPa] 1.8786

𝝊𝝊𝟏𝟏𝟐𝟐 0.0183

𝝊𝝊𝟏𝟏𝟑𝟑 0.2880

𝝊𝝊𝟐𝟐𝟑𝟑 0.3189
*Values predicted using Classical Theory
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Woven Composite Laminate –
[𝟎𝟎/𝟗𝟗𝟎𝟎]s Laminate  

HRM (Full Anisotropy) – Effective Stiffness Matrix for [𝟎𝟎/𝟗𝟗𝟎𝟎]s 

Classical Theory (Full Anisotropy) – Effective Stiffness Matrix for [𝟎𝟎/𝟗𝟗𝟎𝟎]s  

Kollar (Monoclinic) – Effective Stiffness Matrix for [𝟎𝟎/𝟗𝟗𝟎𝟎]s  
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MSG is applied to homogenize composite 
laminates. 

 A simple hybrid rule of mixture is developed.

 Provides complete set of thermoelastic
properties for laminates with general layup 
and general anisotropic materials. 

MSG-based hybrid rule of mixtures have 
a good agreement with existing 
approaches for orthotropic materials.

Conclusion
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Principle of Minimum Information Loss

• Virtual testing of materials
o Mechanical properties
o Multifunctional properties 

• Multiscale modeling of 
structures
o Composite laminates
o Build-up structures: 

stiffened, sandwiched, 
corrugated

Right Results
Right Away

A Purdue Technology
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