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Simplify the way we deal with material 
properties and make it as easy as working with 

Aluminium. 

 

Lets see where we were before: 
  



Design it as if it is aluminium or 

replace existing aluminium 
component: 

Extensive Use of Quasi 
Isentropic 

Used rules of thumb to design 
equivalent laminates 

Use large factors of safety 



Strength and stiffness 
determined by test. 

Weight similar to aluminium.  

Sometimes too heavy. 

Stiffness barely better than 
Aluminium. 

Cost too high to redesign and 
retest. 

 What is the point? 

 
 



Carbon Filaments with stiffness of steel 

Strength over 10X that of aluminium 

Stiffness over 2X that of aluminium 

Corrosion free 

Fatigue Resistant 

Efficiency of Sandwich Structures 

 

Some challenges: 

Temperature 

Moisture 

Damage Tolerance & resistance 

870 ksi 

14.5 MSI 

450 MPa 



Prototype Cargo Pod 

Ultimate Static Test > 6000 lb  

• Sandwich Construction 
• Weight of pod 45kg 
• Loaded with over 6000 lb of 

lead ingots 
• No failure, high stiffness 
• High strength to weight ratio 
• Achieved with glass fibre 

facings on Nomex Honeycomb 
core 

 

The potential is there… 



Steel – 65kg 

Carbon – 15kg 



Steel – 65kg 

Carbon – 15kg 



New Project, 

New Design Challenges 



Beyond Black Aluminium 









In matrix form, Hooke's law for isotropic materials can be written as:   

 

Only two independent variables: E, ν 



Or in inverse form the familiar: 

Under plane stress 







In linear elasticity, the stress and strain are related by Hooke's law: 

or, using Voigt notation 

The condition for material symmetry in linear elastic materials is 

giving: 





In engineering notation,  

 

Note we have 5 variables, compared with 2 in isotropic material. 



In the plane stress case for stiffness |Q| 











Need only ONE stiffness Ex 



Carbon/epoxy Kevlar 49/epoxy E-glass/epoxy 

Qxx 

Qyy Qss 

(88, 5, 3)% (88, 6, 3)% (70, 15, 7)% 

Qxx* Qyy* Qss* Qxy* 



Calculate macroscopic 
material properties for 
any laminate and 
orientation from 
microscopic material 
properties. 



Testing – As Manufactured 

Material Manufacturer’s Data 









Unidirectional coupon with  
0/90 strain gauges and 
aluminium grips 







0/90 Carbon Facings 

Aluminium Honeycomb Core 

Strain gauges 0/90 





How do we calculate design 
allowables from test data 











 As manufactured test samples are a 
good measure of manufacturing 
process capability – measure against 
material manufacturer’s data. 

 Compression strength of carbon 
laminates depends highly on 
configuration – failure mode is 
buckling of the fibre and depends on 
lateral support for the fibre. 

 Nomex honeycomb core can only 
support relatively thin carbon fibre 
face sheets effectively, Al honeycomb 
is better and can be used in testing. 

 



Online, Live Composites Design Workshop XII 
  

June 20-25, 2016; noon to 4 PM PDT; 20 hours + homework 

US$1,200 including hardcover and e-books, and tools 

All sessions recorded/downloadable for individual viewing 

Widely recognized as the best online training; no travel 

Optional official transcript of 3 credit CE hours for extra fee 

Must-learn trace that has revolutionized design and testing 


