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48 6. (9 AZWLUYU) A laminate, which is 6 mm thick, is composed of an upper unidirectional

layer, 2 mm thick, with the fiber aligned at 45° to the plate edges, and a lower unidirectional

layer, 4 mm thick, with the fibers parallel to the x-axis. The composite material has E,,=138

GPa, E,,=8.96 GPa, G,,=7.10 GPa and V,,=0.30. Find the A, and D matrices.

Ply-1, 45°, 2 mm
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note that §,, =8,, and equation 7.3 becomes
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OFF-AXIS LOADING OF A UNIDIRECTIONAL COMPO3TE j 1 229 |

Ve see that we can re-write equation 7.5 as
a12=QRE;,, (7.8)
fhere
; £12=RE, ;.
|
i 1 00
i R=}j 01 0
00 2
As with any elasticity analysis we wish to determine the sirains for a
nown set of applied stresses {or vice versa). We can do this provided we
now the elastic properties of the material. The situation we are faced with
ere is that whilst we know the propertics refcrrpd to the 1-2 axes. we do not
now them with reference to the x-y axes. So, before we can solve the

roblem, we need to do some mathematical manipulation.
Now, from equation 7.6a we have

a,=T "¢,
nd using equation 7.8 we get
axr=T_ IIQR!EIZ-
‘hich combined with equation 7.7 gives
a.,=T 'QRTi,, =T 'QRTR 'c,,.
/e write finally
6.,=0c,,. (7.9

lote that we have returned to g (={z,&,¥.}} rather than retaining

rr(_z {ect 170))-

his makes equation 7.9 consistent with equation 7.5.

The transformed stifiness matrix :

O=T 'QRTR"',
1 elements of which are:
Cui=0pm* +2Q 2 +2035)0'm? + @ 5,0,
02:=00,n* + 2001+ 20 33)0°m> + Q33m*,
G2=(0, + 02, — 4033 m? + 0, (m* + 0%, (7.1
033=(Q11+Q2:—201; - 20307 m* + 0 y3(m* +n*),
G13=(Q1:— 1> =20 3)am’ +(Q1>— 022 +2Q 33)n’m,
023={011 — Q1 —2Q33)°m +{0 2 — @22+ 20 35)nm>.
he terms Q,,. ctc., are found from equation 7.5.
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t,=Q o, or
£, =50, (7.11)
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‘xr=Q-I‘n' or
£y =50,, (7.11)
where § is the transformed compliance matrix, the elements of which can be
obtained by a similar process to that used (or finding the elements of Q, ie.
Si=5, 1"‘.‘ +{25,7 + Sx3)?m? 4+ Syn*,
S22=5y10* +(2512 + Sy3)n’m? + §1,m*,
S12=(S5:s+ S22 —S53)nm? 4 5,4(m* + %),
Sy =281 4253, -45,; =S’ m2 4 Sya(m* + n*), (7.12)
S13 =251~ 2552 — S n+ (25, = 252, + S35 )mn,
$23=025,, - 25,; - Sys)mn® +(28,, — 25, + Syy)m>n.
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