Mechanical behavior of Polymer Composite Materials

MECH 6581/MECH 422

Final Exam
Open book, Open notes
1. Question 1: (24 marks)
A unidirectional composite layer is made of Kevlar/epoxy with 60% fiber volume fraction. The properties of Kevlar fiber are:
E1f = 130 GPa

E2f = 33.6 GPa

G12f = G13f =12 GPa
G23f = 8.27 GPa
ν12f = ν13f = 0.2,  ν23f = 0.4
α1f = -2 x 10-6/C
α2f = α3f = 10.10 x 10-6/C

The properties of the resin are given in the  book and (m = 0.012/%M.

Determine E1, E2, G12, ν12,  α1, α2, β1, β2 for the layer. Relations for ( are similar to relations for α. (Each item is worth 3 marks).
2. Question 2 (30 marks):

A graphite/epoxy laminate with properties as given in Table 2.1 of the book has a lay-up sequence of [20/-20/0/90]s is subjected to a temperature increase of 10 oC. 

a) Determine the degree of anisotropy of the laminate (Ex/Ey) (10 marks)
b) The laminate is constrained along the x direction, calculate the stresses that are developed in the laminate (20 marks).
3. Question 3 (30 marks):

A glass/epoxy laminate with properties as given in Table 2.1 of the book has a lay-up sequence of [20/-20/0/90]s. It is subjected to a bending moment Mx. 

a) Determine the value of the bending moment for first ply failure, using the Tsai-Wu failure criterion (20 marks)
b) If the laminate has a width of 30 mm and a length of 100 mm and is constrained at one end like a cantilever beam, determine the out-of-plane displacement at the free end (10 marks)
