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Different plate theories

ESL (Equivalent Single Layer) plate theories:

CLPT (CLassical Plate Theory)
FSDT (First order Shear Deformation Theory)
HSDT (Higher order Shear Deformation Theory)

U Layerwise plate theories:

LISBOA

L Layerwise FSDT
!]i Layerwise HSDT
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Kirchhoff hypotheses for CLPT

1. straight lines normal to the mid-surface remain straight after deformation
2. the thickness of the plate does not change during a deformation.

3. straight lines normal to the mid-surface remain normal to the mid-surface
after deformation
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Displacement components for CLPT

From first and second Kirchhoff hypotheses:
dw
€zz = e 0

w component is an independent parameter from z.
From third Kirchhoff hypotheses:
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Displacement components using CLPT

Considering u, and v, as the values of the displacement on the mid-plane:
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W(x»y;Z) = WO(ny)
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Obtaining Strain components

Using Lagrange - Green strain tensor:

o 1 du; N duy, N 0Uy, OUy,
J¥ 209X, 0X;  0X; 90X,

B _6u+1 ou 2+ av2+ ow “
1" 0x 2|\ ox 0x 0x

N CRER
279y 2|\ay ay ady
ot ) )
370z 2|\oz 0z 0z
U 1'6u+6v+6u6u+avav+awaw]
LISB0A dy Ox 0Jdyodx Odyodx Oy 0x

2
g e 1[ou N ow N ou ou N v dv N ow Ow |
!ﬁ 197210z 0x 0x9z 0x0z 0x 0z
s 1-8v+8w+8uau+8v8v+8w8w"
TEChIco 237 210z " ay "dyadz adyodz dy dz|

@ www.centec.tecnico.ulisboa.pt Name of the Conference/Meeting




strain components using CLPT

Considering small rotation:
du ou dv dv dw

Ox 0y dx’ 0y’ 0z
Considerable terms in the analysis:
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Strains, Stresses and resultant forces using CLPT
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Kirchhoff hypotheses for FSDT

1. straight lines normal to the mid-surface remain straight after deformation
2. the thickness of the plate does not change during a deformation.
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Displacement components for FSDT

From first and second Kirchhoff hypotheses:

ow
EZZ=E=O

w component is an independent parameter from z.
From third Kirchhoff hypotheses:
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Displacement components using FSDT

Considering u, and v, as the values of the displacement on the mid-plane
using FSDT:

u(x,y, Z) — uO(xly) + Zd)x
v(x,y,z) — vo(x,y) + Zd)y
w(x,y,z) = WO(ny)

¢, and ¢,, are independent parameters.

For CLPT we had:

dw
U u(x;}’;z)=u0(x,y)—za—xo
owy
v(x,y,z) =vy(x,y) —z—
o) =25,
w(x,y,z) = wy(x,y)
i
il In CLPT: b= and ¢, = 2%
' X 0x y dy
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strain components using FSDT
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Strains, Stresses and resultant forces using FSDT
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|ﬁ h is the thickness of the lamina and k is Shear energy correction coefficient and it is
about 0.833
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ESL and layerwise theories

yd 4 Equivalent single layer theories
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z Layerwise theories
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