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FIGURE 2

Lamina and Laminate
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Typical laminate made of three laminae.
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General Material in 3D Stress State

= Stiffness matrix [C]
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Stiffness matrix [C] has 36 constants
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General Material in 3D Stress State

= Compliance matrix [S]
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Isotropic Material in 3D Stress State

= If all planes in an orthotropic body are identical, it is an isotropic material
= Homogeneous and linearly elastic material

= Compliance matrix [S]

1 v v 0 [\ (}
E E E
. v 1 v 0 0 Olr -
) E E E Oy
Ty v T 0 0 off%
£ E F L o. -
Yv.{] o o o 1 0o ol (217)
Y., G
Y., 0 0 0 0 I‘ 0
- Lo
0 0 0 0 o
(.




Isotropic Material in 3D Stress State

= Stiffness matrix [C]
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Plane Stress Assumption
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FIGURE 2.17
Plane stress conditions for a thin plate.

= Upper and lower surfaces are free from external loads
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Reduction of Hooke’s Law in 3D to 2D

£l FSH S22 S5 Su S5 Sk ’—(51-
€2 Sn 52 Sn Su Sxu Sx||o:
E1_[Sn S22 Su Su Sn Skl 6 _ (2.26)
Yo | [Sy Sz Siz Sy S Suf| 1z
Ta Ssi S Sss Sa Ses o Ssef| T

Yio| LSe1 S Ses Ses Ses Swel[ T2

= Reduction of compliance matrix
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Reduction of Hooke’s Law in 3D to 2D

= Reduction of stiffness matrix
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Compliance and Stiffness Matrix vs. Elastic Constants

—— = (a) Pure tensile load in direction 1

_ i - = (b) Pure tensile load in direction 2
T = (c) Pure shear stress in the plane
1 of 1-2
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FIGURE 2,16

Application of stresses to find engineering constants of & unidirectional lamin
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Pure Load in Direction 1

* Apply a pure tensile load in direction 1 (Figure 2.18a), that is,
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Pure Load in Direction 2
Apply a pure tensile load in direction 2 (Figure 2.18b), that is
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Pure Shear Stress in the Plane 1-2
Apply a pure shear stress in the plane 1-2 (Figure 2.18c) — that is,
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Coefficients of Compliance Matrix
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Hooke’s Law for a 2D Angle Lamina
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FIGURE 2.20
Local and global axes of an angle lamina.

Global and Local Stresses

o, o,
6\/ :[T] : 02 ’ (294)
T\l/ tlz
(L‘ 5 ~-28C
[T]'=|s* ¢ 2s¢ |, (2.95)
sc  —s¢  ¢P—g?
[ 2 & 2s¢
[T]=| s & -2sc |, (2.96)
—s¢  s¢ ct-s?
c=Cos(0),
s =5in (0). (2.97a,b)




Global and Local Strains
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Global Stress and Strain
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Transformed Reduced Stiffness Matrix
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= Elements of transformed reduced stiffness matrix:
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Transformed Reduced Compliance Matrix
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= Elements of transformed reduced compliance matrix:
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Engineering Constants of an Angle Lamina

]

FIGURE 2.23
Application of stresses fo find engineering constants of an angle lamina.

Pure Load in Direction x
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Shear Coupling Term m,

= In an angle lamina, interaction occurs between the shear strain and the
normal stress.

= The shear coupling term that relates the normal stress in the x-direction
to the shear strain is denoted by m,

* The same parameter, m,, relates the shear stress in the x-y plane to the
normal strain in direction-x

= m, is a non-dimensional parameter like Poisson’s ratio
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Pure Load in Direction y
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Shear Coupling Term m,

= In an angle lamina, interaction occurs between the shear strain and the
normal stress.

= The shear coupling term that relates the normal stress in the y-direction
to the shear strain is denoted by m,

* The same parameter, m,, relates the shear stress in the x-y plane to the
normal strain in direction-y

= m, is a non-dimensional parameter like Poisson’s ratio

Shear in the x-y Plane
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Strain-Stress Equation of an Angle Lamina
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Engineering Constants of an Angle Lamina
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Engineering Constants of an Angle Lamina
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Engineering Constants of an Angle Lamina
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Engineering Constants of an Angle Lamina
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Engineering Constants of an Angle Lamina
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Engineering Constants of an Angle Lamina
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Invariant Form of Stiffness Matrix
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Invariant Form of Stiffness Matrix

U, = %(3(211 #3005 +204 +4Q)
U, = 2(Qu - Q)
2 2 11 22/

u_\ = é(Qn TQ::J. - ZQE = JQN.),

U, = ;(Q,, +Qy + 60 — 4Q4; ) (2.138a-d)

vioE,
Q]z N ] *V21V12
Qn= Ex , and
1-v,vy,
Qe =Gz (2.93a-d)
Invariant Form of Compliance Matrix
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Invariant Form of Compliance Matrix
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