
 

Laminate combo of multiple laminae

tailored structural properties

ply materialpropertiesand thickness
ply orientation wit structural axes
pls stacking sequence

Layup Notation

4 Ply numbering bottom up in tue 2

angle O defines orientation of ply
I material axes

if 90 45 45 0
I

Repeating angles On

Mirror symmetry around x axis I or I

Mirror symmetry around mid plane 0 90 90 07 1090

1019010 101907s

Composite Plate Model

In plane loads

to out of plane loads
Assumptions

Phys macro homogenous linear elastic

Perfect bonded strain continuity

Each ply in plane stress



Note Myy I moment M N defined per unit length
about y axis N Nim
a

M N

Kirchoff Love Plate Model cross sections remain straight
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n

x displacement anywhere along line A B

U Vo z
dWo
b x

and in y V Vo z two
by

Strains from STM2 expressions

Y
O midplane value

sign convention means this is ve curvature



For Knox Sign imagine walking along x axis and note change in gradient etc

ve
tve

ve to tue Fixx O K xx O
Kyy 0 Ky O

Kay O Kay 0

walk along x and note change in y gradient loan

ve
t ve

Kxx O K xx 0
Kyy C O
Kay 0

Midplane is
MidplaneNOT necessarily

neutral axis
Neutral

point axis

of Ostrain

strain through k b lo stress is
cross section continuous stiffness discontinuous

varies per laminae across cross section

Laminate labelled bottom up
Location ha of each ply
measured from midplane
Ply thickness tr ha ha g



eachply assummed to be in plane stress

Each element of matrix
symmetrical around
diagonal as formed bya

Bending moment cases
twisting curvature etc

Twist is when xy rotation

Direct stiffness terms
Stacksequence

Coupling Poissoneffects
A irrelevant

Extension shear
coupling terms

In general describes in plane
out of plane coupling

B
Stack sequence

relevant

1
Similar concept to A but for

bending

D
so for M bending stiffness
we want P EI and there stiff
plies far from the midplane



Symmetric Balanced Laminate Bi j An A26 0

45 s

r Symmetric

Big O

good for
manufacture as

does not bend warp
with temp change

Visual Explanation

Math Explaination stiffer

Bi 1 Qi 1hL ha f I
d

III bending

1
thisterm O f if symmetric cancel outfor symmetric 1 1 4B 0 1111 1 B 0



Balanced each to ply balanced by O ply of equal stiffness thickness

A16 A26 0

Visual

E Est
Balanced HeNo I I shearcancels

Math

ABD terms vary with coordinate system e.g changing angle

T transformation matrix for angle O

Can plot anisotropy of laminate on polar plot
e g for 145



A D

B O

a t A l

Quasi Isotropic Laminate isotropic in plane properties B O

Orb Aor Ai independent



Achieved by n pilesof equal Qi and t oriented at equally spaced angles n

etc

01 60 01 45190

Aug stiffness of anisotropic laminate quasi isotropic stiffness

Stiffness tailoring

Gain in stiffness in one direction balanced by decrease in another

Quoi is laminate provides baseline stiffness

Anti Symmetric Laminate each to ply above midptone balanced by O
belowmidplane

t asymmetive

A16 A26 0

Generally B I 0

ITS Dio 026 0

no bend twist coupling

Couplingof in planeshear outof couplingof in planestrain outof plane
BioBao planebending BioBao twist



Two options to achieve Dio 026 0

Anti symmetric
Cross ply laminate all layers at 00 900

top left quadrant a etc

Composites cured at Mtemp and as they heat cool they expand contract
according to their CTE

coefficients different along and
transversely to fibres

App dten ordersof magnitude lessthan 022

effective loads due to temp change
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if B O Mt 0 Nt 0

Thermal loads may result in residual stresses due to different CTE's

of piles


