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• Stress components σi 

• Strain components εi 

• Stiffness: Qij, Aij, Dij, Bij,… 

• Failure criterion in stress 
space: Fij, Fi 

 where Fijσiσj + Fiσi = 1 

• Failure criterion in strain 
space: Gij, Gi 

 where Gijεiεj + Giεi = 1 

 Gij = QikQjlFkl. Gi = QijFj 

 

Tr [σ] = σ1 + σ2 + σ3 = pressure 

Tr [ε] = ε1 + ε2 + ε3 = Δ volume 
 

Tr [Q] = Q11 + Q22 + 2Q66 

= Tr [A*] = A11* + A22* + 2A66* 

= Tr [D*] = D11* + D22* + 2D66* 

Tr [B*] = 0 
 

Tr [F]= F11 + F22 + F66/2 

Tr {F} = F1 + F2 

Tr [G] = G11 + G22 + 2G66 

Tr {G} = G1 + G2 

 

 

  
 

Tensors and Traces for Composites 
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CFRP: Trace and Lamination Factors 



Plane Elasticity & Bending Equations 

Plane elasticity: 

 

Plate bending: 
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a22 
a11 

a22 
2(A12 + 2A66) 

A11 
A22 

A11 
Trace, GPa [0/±30]; 2:0 

Homogeneity: [D*] = [A*]; [B] = 0 



One Test for Trace = Multiple Solutions 
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C-Ply Replacement of Old Laminates 
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Convergence of Failure Criteria 
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T700/2510 
Tsai-Wu: -1/2 & 0 
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 Strain anchors 



Omni LPF Strain Envelopes 
T650/epoxy IM7/8552 AS4/MTM45 

T700/2510 T700 C-Ply 64 T4708/MR60H 
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CFRP unitape and fabric laminates 
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Generation of Master Stress-Strain Template 
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Need one and only one 
 master ply data from  

[0] for each CFRP 

Traditional 
building blocks 

Trace-based: 
just like metals 
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Traditional vs Trace-based Pyramids 

[0] >>> Trace >>>  Master template >>> As-built rated >>> Structure 



Opportunities in Homogenization 
Optimum tapered beam 

from ProfileRank  

Heterogeneous beam 

Homogeneous beams 



Comparisons between the Old and New 

• [0/±45/0] & 10 percent 

• Uniform thickness [0] 

• 4-axis layup 

• Heterogenous laminate 

• Optimum not possible 

• Symmetric ply drop 

• Square edges (delam) 

• Hundreds of coupons 

• Multiple laminates 

• No basis for rating 

 

 

• [0/±ϕ/±ψ/90] 

• Thick-thin [0/ϕ]  

• 1- or 2-axis layup 

• Homogeneous laminate 

• Optimum strategy possible 

• Asymmetric, single ply drop 

• Tapered (reduced delam) 

• Like metals, [0] only 

• As-built laminate(s) only 

• Rating based on max strain 

The old The new 


