
© 2015 Collier Research Corp.

James Ainsworth

Collier Research Corporation 

Hampton, VA

Composite Design & Analysis
Monday (10/26) 9am ï12pm 

Dallas 2015
Analysis and Sizing Software for Composite 

and Metallic Airframe Structures



Q

© 2015 Collier Research Corporation

Let Me Introduce Myself
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ÅStarted at Collier Research in Jan 2009 (6+ years experience)

ÅTitle: Composite Stress Analysis, application engineer

ÅExpertise: Closed-form analysis of stiffened composite structures

ÅRelevant Project Experience:

Composite Crew Module (CCM)

Ares V Launch Structures Wind Turbine Blades

Commercial Aircraft Analysis

Recreation

Composite UAV
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Outline for Presentation

3

ÅComposite ply properties

ÅClassical Lamination Theory (CLT)

ÅExtension of CLT to stiffened panels

ÅMargin of Safety

ÅComposite strength failure criteria

ÅLinear buckling

ÅHoneycomb panel failure

ÅStiffened panel failure

ÅComposite joints

ÅCoupling analytical methods with FEA

ÅStiffened panel modeling approaches

ÅComposite optimization

ÅContinuous vs. Discrete Sizing

ÅDesigning composites for producibility and repair

Fabrication

Analysis

Design

Structural Design & Analysis 

with Composite Materials
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Orthotropic Material Properties

ÅOrthotropic materials have properties dependent on fiber (or 

warp) and matrix (or weft) directions (1, 2)

Sources for Composite Ply Properties

1. Coupon Testing

2. Mil-Hdbk17

3. Vendor data sheets

E1 > E2

E1 fiber stiffness

E2 matrix stiffness

E1 = E2

E1 stiffness in warp

E2 stiffness in weft

Weft Direction
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What does Orthotropic Mean?
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ÅOrthotropic

ÅProperties are unique in 3 perpendicular directions

ÅStiffness terms:

No normal-shear coupling terms, No Bij terms
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Material Properties
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Typical vs. òBasisó Properties

ÅTypical (or Mean) 

properties are determined 

as the average failure load 

from a series of identical 

tests.

ÅñDesign-toò allowables are 

statistically determined 

such that a certain 

percentage of the test 

values will be above the 

allowable with a certain 

confidence. 

ÅTypical = Mean of test sample

ÅBasis (design-to):

ÅA-Basis = 99% of failure is expected to occur above allowable with 95% confidence

ÅB-Basis = 90% of failure will occur above allowable with 95% confidence
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Pristine vs. Damage Tolerance Properties

ÅIn practical design situations 

pristine ply allowables are 

knocked down for damage 

tolerance.

ÅKnocked down allowable may 

be 40%-60% pristine value

ÅMaterial corrections used to 

account foré
1. Open hole (0.25ò open hole)

2. BVID

3. After-impact, CAI, TAI, SAI

4. Filled Hole, FHT, FHC

5. Ageing, Moisture

Barely Visible Impact Damage

Design-to damage tolerant ply strain allowable (AS4-3502 Gr/Ep) = 4400µin/in 
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Laminate Properties

ÅLaminate stiffness properties determined from Classical 

Lamination Theory (Laminated Plate Theory)

Ply stiffness, E1, E2, G12

Laminate stiffness, E0, E90 

E0 > E90
E0 = E90
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Laminate Stiffness Formulation

[A] Ąmembrane stiffness (EA)

[D] Ą bending stiffness (EI)

[B] Ąmembrane-bending coupling
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Reduced stiffness terms based on 

orthotropic ply properties
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Basic Plate Theory

ÅPanel constitutive equation

ÅStraight-forward method for resolving uniform in-plane 

load and bending into laminate strains and curvatures.

ÅForce Sign Convention
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ÅKirchoff-Love Plate Assumption
ÅStraight lines normal to the mid-surface remain 

straight after deformation

ÅStraight lines normal to the mid-surface remain 

normal to the mid-surface after deformation

ÅThe thickness of the plate does not change during 

a deformation.



Q

© 2015 Collier Research Corporation

Relationship Between Force and Strain

òKnowns óòUnknowns ó
Stiffness Matrix

Unknowns on left, Knowns on right
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Relationship Between Force and Strain

STRAINS FORCESInverted Matrix
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When coupling analysis codes with a FEM, the FEA 

computed forces are imported to compute panel strains 

and curvatures this way. 
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