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Chapter 4 Macromechanical Analysis of a Laminate I
Relating Loads to Midplane Strains/Curvatures |
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N, = normal force resultant in the x direction (per unit length)

®)

M, = bending moment resultant in the yz plane (per unit length)

N, = normal force resultant in the y direction (per unit length) )
M, = bending moment resultant in the xz plane (per unit length)

N,, = shear force resultant (per unit length)

FIGURE 4.3 M,, = twisting moment resultant (per unit length)
Resultant forces and moments on a
laminate.
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FIGURE 4.6

Coordinate locations of plies in the laminate.
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N. Ay An A || &x B Bu Bl k. [A] - Extensional stllffness matrix relating the resultant in-
plane forces to the in-plane strains.

Ny | = | 4z An  As 85)- + | Bz B»n B Ky
[B] - Coupling stiffness matrix coupling the force and moment

Ny i Az Ass y_“", Bis B Besl| Ky terms to the midplane strains and midplane curvatures.
Ay = 2 WO Une - he), i =12,6:j =126,
k=1
1 & = . .
By =5 X U@ (- i), i =126 =126
k=1
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[A] — Extensional stiffness matrix relating the resultant in-
M- Bu Bu Bl e Du Du D || Kx plane forces to the in-plane strains.

M,|=|B: Bxn Bis 8_3 +|{Dn Dxn Dis|| Kk

[B] — Coupling stiffness matrix coupling the force and moment

M, Bis By Bes »° Dis Dz Des ||k, terms to the midplane strains and midplane curvatures.
| [D] - Bending stiffness matrix relating the resultant bending
ey - . ts to the plat t .
Dy = 5 Z [(Qg)]k i - mb),  i= 12,6;j = 1,2,6. moments to the plate curvatures
- 5 Z [(O )1 (i - B ). i=12,6,j=126
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