4C2 - Designing with Composites
Cribs

1. (a) A laminate is made up of a stacked assembly of unidirectional plies, each having
its fibre axis lying at a specified angle to a reference direction. They are used in
preference to unidirectional plies because they are more isotropic.

A balanced laminate (A1s = Az = 0) is one in which the laminate as a whole exhibits no
tensile-shear interactions i.e. the tension-shear interaction terms contributed by the
individual laminae all cancel out each other (a tensile stress induces no shear straining
and a shear stress induces no normal strain).

A symmetric laminate is one possessing a mirror plane lying in the plane of the laminate
i.e. the stacking sequence in the top half reflects that in the bottom half. A symmetric
laminate does not exhibit bending-stretching coupling (the coupling stiffness [B] = 0),
i.e. in-plane loading will not generate any out-of-plane distortion and vice versa.
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Calculate [Q] in principal material axes (1, 2)

Q= 5 = 395 =40.10 GPa
l1-v,v,, 1-0.3x0.05

Q, = E, __ 37T 5.86 GPa
l-v,v,, 1-0.3x0.05

Q, - v, E,  03x5.77 176 GPa

T 1-v,v,  1-0.3x0.05
Q.=G,=24GPa  Q,=Q, =0

40.10 1.76 0
[Q]=] 1.76 586 0 | GPa
0 0 24

Calculate the transformed stiffness matrix [Q] in the global x-y axes.

The transformed lamina stiffness matrix [Q] for the 0° plies is given by

40.10 1.76 0
[Q].=] 176 586 0 |GPa
0 0 24



The transformed stiffness matrix for the +45° plies is given by
)450 = (Qll +Qy, —4Q ) s’c” + Q. (04 + 54) =9.97 GPa
622 )450 = Q]]S4 + Q22C4 + 2(Q12 + 2Q66 ) SZCZ = 14‘77 GPa

) o = (Qll _le _2Q66)C3S _(sz _Q12 - 2Q66 )C 53 = 856 GPa
Q26) . (Qn -Qp _2Q66) ’

45
Que),.. =(Q +Qs ~2Q;; ~2Q4,)$°C* +Qqe (5* +¢*) =10.61 GPa

where €=cos45, s=sin45

cs’—(Q, - Q,, —2Q, )c’s =8.56 GPa

1477 997 856
[Q].=]997 1477 856 |GPa
8.56 856 10.61

The transformed lamina stiffness matrix [Q] for the —45° plies is given by

1477 997 -8.56
[6] =1 997 1477 -8.56|GPa
—45°
~8.56 -8.56 10.61

The only difference between the stiffness matrices for the two plies is that the shear
coupling terms (terms with subscripts 16 and 26) for the —45° ply have the opposite
sign from the corresponding terms for the +45° ply.

Set t(=0.5 x10~ m) for lamina thickness

Ac=|(Qu) . +(Qu), +2(Qu), |-2t=10974 MN m !
Az = :(612 ) +(Qu) 2(_12)0]2t ~2345MNm"
Ao = :(622 )+ (Qx)  +2(Qu )Jzt — 4126 MN m”'
A[(@0),,+ (@), +2(@x), ] 20
Ay = :(526 )+45 + (6% )_45 +2(Q, )OJ =0
Ao =] (Que) .+ (Qus) , +2(Qus), | -2t =26.02 MN m”

109.74 23.45 0
[Al=| 23.45 41.26 0 |[MNm"
0 0 26.02

Since A16=A26=0, the laminate is balanced.
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N, =0=A,¢, +A,¢, e = —igx =-0.57¢,

N,=0 ..7,=0

Xy
(i1) For the 0° ply: ¢, =¢, etc, so
o, Q, Q, 0 |fe¢g 40.10 1.76 0 |( ¢

o, |=1Q, Q, 0|l & |=|176 586 0| ¢
Oy 0 0 Qu |\ 72 0 0 24 |(»,

Hence,

o, =0Q,,& +Q,,&,=40.10 £, +(1.76x(-0.57¢,) = 39.10¢,
o, =Q,& +Qye, =1.76 &, +(5.86x(-0.57¢,) = —1.58¢,

o,, =0 (since y,,=0)

For the +45° ply
&, g ¢ & sc e,
& =T &, |=| & ¢ —s¢ |l¢g
o Vy) | =25¢ 2sc ¢’ -s*)( 0
05 05 0.5 &, 0.5¢,-0.285¢,) (0.215¢,
=05 05 -05|[-057¢, | =|05¢-0285¢, |=| 0215,
-1 1 0 0 -¢,—0.57¢, -1.57¢,

where C=cos45=sin45=

w5

o) [Q, Q, 07(&) [40.10 1.76 0 (0215,
o, =1Q, Q, 0| & |=|176 58 0 || 0215
) 0 0 Qllr, 0 0 24[-1.57¢,



o, =Q,,& +Q,,&, =40.10x0.215¢, +1.76x0.215¢, = 9¢,
0,=0Q, &+0Q,,& =176 x0.215¢, +5.86x0.215¢, =1.64¢,
oy, = Qg1 ==3.77¢,

For the —45° ply

&, €, ¢ s osc e,
& =TT &, |=| & ¢ -s¢ | g
Vi V) \-25C 2sc ¢—s* |\ 0
05 05 -05 &, 0.5¢,-0.285¢, ) (0.215¢,
=05 05 05| -057¢ | =|05¢-0285, |=|0.215¢,
1 -1 0 0 -£,-0.57¢, 1.57¢,
where C=cos(—45)= % and S = sin(-45)= —g

o) [Q, Q, 07(&) [40.10 1.76 0 ](0.215¢,
o, =1Q, Q, 0| & |=|176 586 0 | 0215,
o,) |0 0 Qlly 0 0 24| 157,

o, =9¢,
o, =1.64¢,

0y, = Qi =3.77¢,

The only difference between the in-plane stresses for the +45 plies is that o,, for the

—45° ply have the opposite sign from the corresponding term for the +45° ply.

































Examiner’s Comments

Question 1: Elastic Deformation

A popular question. Marks were lost mainly because of errors in estimating the laminate stiffness in
part (b) and the stresses in part c(ii). A significant number of candidates erroneously took > for
+45 plies as zero in part c(ii).

Question 2: Stress-based lamina failure

Part (a) wasn’t answered very well due to lack of details. Several candidates focused on long and
short fibre composites and didn’t refer to the manufacturing methods or cost. Part b(i) was answered
reasonably well but again several candidates took y12 for £45 plies as zero. Also, several candidates
made numerical errors in estimating the stresses and ended up identifying a different failure mode.
Part b(i1) was answered less well. However, the majority of candidates were able to deduce that the
strength will increase.

Question 3: Laminate design (carpet plots)

Parts (a), (b) and c(ii) were answered reasonably well. In part c(i), several candidates made errors in
the formulas for the shear and direct stress resultants, making it difficult to estimate M/Q. Despite
errors, most candidates were able to deduce that, for a given M/Q, a higher proportion of +45° plies
was required for GFRP (part c(ii)).

Question 4: Micromechanics Strength)

This was a very unpopular question — only four candidates attempted this question. The candidates
had to think a bit outside the box to answer this question. Part (a) was straightforward and was
answered quite well. In part b(i), candidates sketched the applied load versus displacement with an
initial elastic region but then assumed that applied load would remain constant during fibre pull-out.
Parts b(ii-iv) were answered poorly as students seemed to run out of time.

Athina E. Markaki (Principal Assessor)





