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Classical Lamination Theory

Stress-Strain Relation tor Off-AXis Layers

2

0o, 0 0

o 2 o
O tQ m< n 2mn oo X
0o, U= | n2 m2 -2mn U0,
0 0 5
Erlzg -mn mn nf-n ery

where m = co9 n = sin@

Ty

B

X

1

=
o o o |

Q Q

<

—

x

o o o |
<

o o o |

o

NI
=
N

™
[ERY

m
N

I o
11
=
I o
NI
>.<< <m Xm
<

o

Januarv 26. 1999




Classical Lamination Theory

Starting with a modified stress-strain relation
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Classical Lamination Theory

Premultiplying by [T]*
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Classical Lamination Theory

Off-Axis Stress-Strain Relations
where

Q11 = Q;m*+2(Q ,+2Qg)M?n? +Q,,n*

612 = (Qll + Qo — 4Q66) m?n2 + le(m4 + n4)

Q66 = (Qqq + Qpp—2Q;5— 2Qg) M2n2 + Qg (m? + n?)
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Classical Lamination Theory

o A simpler form in terms of multiple angles

Qu = U, +U,cos26 + U;cos46 Quz2 = U,—U;cos46
Q22 = U, —U,C08268 + U,c0s48 Qes = Ug—U,c0s48
— 1. . — 1 .
Q16 = §U25|n29+ U,sin46 Q26 = §U25|n29—U35|n49
where
_1 1
U = §(3Q11+3Q22+2Q12+4Q66) U, = é(Qll_QZZ)
1 1
U3 = é(Q11+Q22_2Q12_4Q66) U4 - é(Q11+Q22_6Q12_4Q66)

Us = %(Qn + Qg —2Q;, + 4Qg¢)
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