Engineering Tripos, Part 11B

4C2 Designing with Composites, 2019
Solutions Michael Sutcliffe

1 (@) The axial and transverse stiffnesses are given by
E, =[ fE +(1- f)E, |=0.6(232)+0.4(3)=140.4 GPa

To predict the axial stiffness of an aligned composite, we represent both constituents, the
matrix and the fibres, as parallel slabs welded together, with thicknesses in proportion to
their volume fraction. When the stress is applied parallel to the fibres, an equal strain
condition applies. Since the slabs are bonded together, both the fibres and the matrix will
stretch by the same amount in this direction, i.e. they will have equal strains (matrix and
fibre in “parallel™).

When the stress is applied transverse to the fibre direction, the stiffness can be predicted
using an equal stress assumption. The fibres and the matrix carry the same stress, like
springs in series. The stiffness of the composite is much lower in this case, since the
(compliant) matrix is not shielded from carrying stress to the same degree as for axial
loading (there is no transfer of stress to the stiffer constituent).
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Ez{i+u} =[£+O—ﬂ =7.36GPa
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Calculate [Q] in principal material axes (1, 2)

Q-—o = 1404 141 6pa
1-v,v, 1-0.3x0.016

Q,-—2 - 3% _J40Gpa
1-v,v, 1-0.3x0.016

o, YuB _ 03XT36 )6

" 1-v,v, 1-0.3x0.016
Qs =Gy, =6.92 GPa Qi =Qx% =0
= GPa
(€] 1411 2.22 0
222 740 0
0 0 6.92

(c) (i) Calculate the transformed stiffness matrix [6] in the global x-y axes.

The transformed lamina stiffness matrix [6] for the 0° plies is unchanged
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The transformed stiffness matrix for the +60° plies is given by

(Qu)  =141.4¢*+7.405" +2(2.22+2x6.92)s°c’ =19.03 GPa

60
(Qu )600 = (141.4+7.40- 4x6.92)s%c” +2.22(c* +s*) = 24.05 GPa
(Q. )600 —141.4 5* +7.40 ¢* +2(2.22+2x6.92)s%c? =85.84 GPa

(Qus ), =(141.4+7.40-2x2.22-2x6.92)5°C” +6.92(s" + ') = 28.74 GPa
where ¢=c0s60=0.5, s=sin60=0.866

No need to calculate Qi and Q25 as these will cancel out.

[5]6002 19.03  24.05 _ | CPa

24.05 85.84 -
- - 28.74

The relevant parts of the transformed lamina stiffness matrix [6] for the -60° plies are

the same.

Set t (=0.25 x10°m) for lamina thickness

Ac=[(Qu) , *+ (Qu), +(Qus) , |-26t= 7265 MN m™

A, = _(612 )+60 + (612 )0 +(612 )_ 0]16’[ =201.3MNm™*

Ar=|(Qa)  +(Qw) +(Qx) , |-16t=7165 MN m*
As = :(616 )+60 + (615 )o +(626) 60} 16t=0

AZG - :(626 )+60 + (626 )0 +(626 )—60: l6t = 0

Ae=|(Qu) . +(Qus), +(Qus) , | 16t=257.6 MNm
(A=l 7165 2013 o | MNm™

2013 7165 0
0 0 257.6

Since A16=A26=0. the laminate is balanced. This means that the laminate as whole does
not exhibit any tensile-shear interactions. Tensile-shear interactions are tensile strains
arising from applied shear stresses and visa versa and result in in-plane distortion of the

laminate.
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Furthermore, because the laminate is quasi-isotropic (the laminae are oriented at the same
angle relative to adjacent laminae), [A] has the following form

Ar A 0
[Al=[ A A 0
0 0 (A;-Ay)/2

The stacking sequence is symmetrical, hence [B] = 0. This means that there is no bending-
stretching coupling in this laminate. In-plane loads do not generate bending and twisting
curvatures which cause out-of-plane distortion. Also, bending and twisting does not
produce an extension of the middle surface.

(if) By symmetry sy = 0.

2
Prd” _ Nzd=N =N =Fd
4 Y4
~N,=N,=05P=05MNm™ (whered =2mand P = 1 bar = 1 MPa)
N,, =0
pd
&y 4d
-1 p
& |=IAI| 7
}/xy 0
[A]= MNm"*
716.5 201.3 0
201.3 716.5 0
0 0 257.6
g, N, 0.001515 -0.0004258 0 0.5
& |= [A]_1 N, |=1{-0.0004258  0.001515 0 05]|=
Vo N, 0 0 0.003882 |( 0
" | 0.545x10°
0.545x10°°
0

E =&y, % X ually i irecti Ie. i .
. = &, , hence vessel expands equally in all directions (i.e. remains a sphere

[A standard question attempted by all candidates with a correspondingly high average.
Since laminate plate theory is at the heart of the course, the good marks for this question
are reassuring evidence that all students have mastered this aspect well.]
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(i) We simply want to use +-45s. | think that it would be fine in this case to omit Os as splitting is not so likely in this case with
plies in the two orthogonal directions.
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Typewritten Text
(iii) We simply want to use +-45s. I think that it would be fine in this case to omit 0s as splitting is not so likely in this case with plies in the two orthogonal directions.
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