
Today’s objectives-Composite Applications 
and Discontinuous (short) fibers

• Be able to calculate the longitudinal strength for long, short, and 
very short fiber composites.

• Be able to calculate the Young’s modulus for discontinuous 
fibers oriented in 3 dimensions, 2 dimensions, or 1 dimension.

• Understand fiber composite fabrication: protrusion, prepreg, • Understand fiber composite fabrication: protrusion, prepreg, 
and winding.



Types of composites



Continuous Fiber Review

• Longitudinal stress distribution:

• Longitudinal modulus:

• Longitudinal fracture strength
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• Transverse stress distribution:

• Transverse modulus:

• Transverse fracture strength
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Fiber composite strengthening mechanisms
• Standard mechanism:

– Hindering crack propagation by redistributing stress 
near a crack tip and/or deflecting cracks.

• New mechanisms also at play:
– Deformation of fibers.
– Form bridges across crack faces.
– Absorb energy as whiskers are pulled out of the 

matrix by an advancing crack (essentially friction).
– Absorb energy upon fracture of whiskers.– Absorb energy upon fracture of whiskers.
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Fiber composite failure as a f(load orientation)

1. Fiber may fracture, and with 
further loading the matrix as well

2. Fibers and matrix may fracture
3. Interface may fracture 

(especially for transverse 
loading)

4. Interface may shear (especially 4. Interface may shear (especially 
for angled loading)

http://www.matter.org.uk/matscicdrom/manual/co.html #_Toc360435310



Types of composites
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What if fibers are short?
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Strength for aligned fibers of various lengths
• Aligned shorter fibers:

– Chopped glass, carbon, and aramid fibers are employed in tennis 
rackets, automobile parts, etc.

– Fracture strength (� c*) up to ½ that of continuous fiber composites, 
but savings far beyond 2x.

• The longitudinal tensile strength for very short, aligned 
fibers with L<Lc:
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• Compare with the longitudinal strength for optimally long 
aligned fibers from earlier:
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E for Discontinuous and random fibers

• For very short fibers (L<Lc) the elastic modulus follows a 
rule of mixtures (as if the fibers were simply particles). 

• BUT, the fibers may be oriented or random, dictating the 
composite properties (and the manufacturing cost).
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Fiber Orientation Stress Direction K

Parallel Parallel to fibers 1

• So, for uniaxial loads, aligned fibers are optimal. For 
isotropic loads, fibers should be uniformly randomly 
oriented either in plane or in all directions.

Parallel Parallel to fibers 1

Parallel Perpendicular 0

Random, uniform, in plane Any in-plane direction 3/8

Random, uniform, in all directions Any direction 1/5



Summary of some fiber orientation effects
• For uniform properties, the fiber distribution should be uniform.
• Continuous fibers should be aligned to take advantage of them.
• Discontinuous fibers benefit from parallel or random alignment 

depending on the application (uniaxial, biaxial, or arbitrary 
loading).

• For enhanced properties in many orientations: random 
orientations may be used, or multiple orthogonal layers can be 
stacked (structural composite).stacked (structural composite).



Structural Composites

• Laminar composites
– 2-d sheets or panels
– Stacked and bound with orientation in altering 

directions
– Improved strength in 2 or more directions in 2d, 

but not 3d.

• Sandwich Panels• Sandwich Panels
– Face sheets with uniform strength are 

separated by a core or honeycomb.
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(Mostly) uniaxial fiber composite fabrication
• Prepreg (preimpregnated with 

resin)
– Resin added to fibers, then rolled 

(pressed) and heated into sheets, 
rolled and sold.

– Cures at or just above room 
temperature, so generally must be 
stored at 0C.

http://www.netcomposites.com/news.asp?2714

• Same materials as SpaceShipOne, X Prize winner for 
“tourist” space flight. 

• Designed for record solo non-stop round-world flight.
• Composite prepreg materials: carbon fibre and epoxy.

– stiff carbon fibres in long wings
– sandwich of carbon and epoxy with aramid honeycomb for skin. 



Start to finish

http://www.owenscorning.com/

http://www.acp-composites.com/ACP-CAT.HTM



More (mostly) uniaxial fiber composite fabrication
• Pultrusion

– For continuous shape structures (rods, beams, pipes)
– Start with fibers, impregnate with polymer resin, pass through a die of 

near final shape, pass through a die of final shape with simultaneous 
heating to cure (fix) the part, roll to finish, cut and sell.

– Structures are high strength to weight, corrosion resistant, non 
conductive, electromagnetically transparent, have better thermal 
expansion than steel and aluminum, and work from -70 to 80 F.

http://www.acmanet.org/pic/products/description.htm



Fiber composite fabrication, not uniaxial

• Filament Winding
– Wind either fibers or narrow prepreg 

structures around a mandrel using 
various patterns. 

– High strength to weight.
– Most economically attractive

http://www.owenscorning.com/



Hybrids

• If we want to improve properties of a given part, we can 
make a composite.

• If we want to improve the composite, we can tweak the 
particle or fiber size (length), distribution, material, 
interface, or orientation.

• If we want to improve it still further, we might combine 
benefits from multiple composite typesbenefits from multiple composite types
– Glass and carbon fibers

http://www.owenscorning.com/



HW review

• HW1
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Midterm next Thursday

• 2 pages of notes allowed (not 1 page)
• Must be in your own handwriting—no copies, printouts, etc.
• Review in class on Tuesday



SUMMARY
• Be able to calculate the longitudinal strength for long and very 

short fiber composites.
• Be able to calculate the Young’s modulus for discontinuous 

fibers oriented in 3 dimensions, 2 dimensions, or 1 dimension 
(or random).

• Understand fiber composite fabrication: protrusion, prepreg, 
and winding.


