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Tensile properties of Fiber Reinforced Polymers (Plastics)

Stress
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Fiber

Composite

Rule of Mixtures

Oc=0fvf+Om Vm
Ec=Efvf+EmVvm
* Polymer Matrix

> Transfers loads
> Protects Fibers

Strain (€)



Sample Calculation

« Carbon Fiber ( Hercules AS 4)

Ef=32msi (32x 100 psi) (220 GPa)
Ofu = 450 ksi (450,000 psi ) (3.1 GPa)
efu = 0.012
« Epoxy Matrix
Em = 350 ksi
Omu = 12 ksi
€mu = 0.034
+ Composite ( vf = 0.60, unidirectional )
Ec =32 (0.6) + 0.35 (0.4) = 19.3 msi
(99 % fiber)
@ efy = 0.012, om =350 (0.012) =4.2 ksi
Oc =450 (0.6) + 4.2 (0.4) =272 ksi
(99 % fiber)



Need High Aspect Ratio to reach Ultimate Strength of Fibers
 Assume stress transfer by shear
e Assume constant interfacial shear stress
« Fiber section near end of fiber (diameter, d, and length, dx )
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(interfacial shear stress)

» Force balance:
(of + dof) (n d2/4 ) - of (u d2/4 ) - i (rd) dx = 0
dof =471 or of=41iX

dx d d
* Critical length, I¢c = 2 x¢c , when ©f = Ofy
lc/d = s¢ = critical aspectratio or sc= Ofy
; 27
+ Sample calculation
Carbon fiber ( AS 4 ): ofy =450 ksi,d =8 pm
Epoxy matrix: assume Tj = Omu. = 6 ksi

2
sc=450 =375
26
lc =37.5(8 um) =300 pm = 0.3 mm = 11.8 mils
* Goals
s > 50 s¢

Ti = Omy where Gmy is the marix yield strength
2
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