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Shells and plates

Thin-shells and plates models can be applied to analyze the

following constructions:

aircraft fuselage, the wing cover,
boat hull,

roof (floor) of building.

-
N

1

Thin shell of revolution




Examples of plates and shells

a motor yacht:
the hull (shell), the deck (plate)

construction of a building (plate model)




Linear theory of thin shells

Types of shells:
- elliptical,
- cylindrical,
- spherical,
- toroidal,
- hyperbolic.




Internal force at level z in a small area dA,
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Internal force at level z in a
small area dA, per unit length
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Internal forces:

n- normal force per unit length
m- bending moment per unit length

t- shear force per unit length
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Internal forces:
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Stress components

Total
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Membrane strain:

1) Deformation of a middle layer in xy plane




Membrane strain :

2) Deformation of a middle layer along z axis

Curvatures
resulting from
geometry
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MEMBRANE STRAIN:
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Bending strain:

3) Deformation of the layer at level z

0

Radius of
curvature
resulting
from
geometrﬁi\

s

Radius of curvature
resulting from
bending

Length of the layer at level z
before deformation:
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Length of the middle layer
(after and before deformation)
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Bending strain
(deformation of the layer at level z)
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Total strain component vector (Membrane + bending)
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stress component vector
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STRESS COMPONENTS AS FUNCTIONS OF INTERNAL FORCES
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MAXIMUM VALUES OF STRESS COMPONENTS
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An isoparametric shell finite element
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Local vector of nodal parameters
(three parts)

— degrees of freedom related to
deformations in the element plane

Ly, = L Lgude, [Fvde, L], de

Ax2.0
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Local vector of load components
(three parts)

. h‘z.
Load components related
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W = }\/4 'L{1 + NZ.HL “+ N35{} + A/q-ﬂy Displacements in
— the element plane
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Nodal approximation and shape functions

Displacements in
—  the element plane

Displacements out of
~ the element plane
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Vector of degrees of freedom related to

Mel’V\bVaV\e strain deformatlons in the element plane
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Bending strain (function of curvatures):

j 2
y X 42xL " Vector of degrees of
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STRAIN- DISPLACEMENT MATRIX
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STRAIN- DISPLACEMENT MATRIX

The part related to membrane
deformations from displacements

in the element plane
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STRAIN- DISPLACEMENT MATRIX
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ELASTIC STRAIN ENERGY

Elastic energy from
bendlng deformations
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Elastic energy from
membrane deformatlons
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ELASTIC STRAIN ENERGY (membrane)
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ELASTIC STRAIN ENERGY (bending)
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ELASTIC STRAIN ENERGY (bending)
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ELASTIC STRAIN ENERQGY:
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4-node shell element in Ansys

Library of Element Types Structural Mass
Link
Beam

Pipe
Solid

Solid-5hell

Elernent type reference number

Figure 181.1: SHELL181 Geometry

‘2o

KL

l y
1

I J
"7\@ Triangular Option

not recommended
KEYOPT(11) =0 ( ) KEYOPT(11) =1

Xp = Element x axis if element orientation (ESYS) is not specified.

x = Element x axis if element orientation is specified.

&node 281
Axisym Znode 208
3node 209
Axi-harmonic 61

|3D dnode 181
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8 node shell element in Ansys

Library of Element Types

Elernent type reference number

Figure 281.1: SHELL281 Geometry

'J—-v M
X KEYOPT(11) =0 KEYOPT(11) =1

X, = Element x axis if element orientation (ESYS) is not specified.

x = Element x axis if element orientation is specified.

Structural Mass
Link
Beam
Pipe
Solid

Solid-Shell

3D dnode 181

Axisym 2node 208
3node 209
Ai-harmonic 61

Bnode 281
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Layers option in shell element

Figure 181.3: SHELL181 Stress Output
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Bending of a rectangular plate
Data: g=0.1MPa, a=200 mm, b= 300mm, h=4mm, E=2-10> MPa, v=0.3

Pin suport
on all edges
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ELEMENTS

PERES—TICRM
—.1

ANSYS

R19.2

MRY 26 2022
10:27:25
PLOT NO. 1
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ELEMENTS

U
ROT

PRES-TNOEM
—.1

ANSYS

R19.2

MAY 26 2022
10:26:53
PLOT TNO. 1




ANSYS
NCDAL SOLUTICH

R19.2
STEP=1 MARY 26 2022
SUB =1 7 10:26:10
TIME=1 PLOT TNO. 1
%, ( BRG) 7 gt

RSYS=0

OMX =1.06872

SM =—1.06872

—1.06872 —.83123 —.593736 —.356241 —.118747
—. 949977 —. /12483 —.474989 —.237494




ANSYS

NCOAL SOLUTICN R19.2
STEP=1 MRY 26 2022
SUB =1 7 10:29:40

TIME=1
SH (AVG)
RSY5=0

O =1.06872
SM =—124.823
oMY =1.24.823

FPLOT NO. 1

—124.823 —069.3461 —13.8692 41,6077 97.0845
—97.0845 —41.6077 13.8692 69.3461 124,823




ANSYS

NCDAL SOLUTICN R19.2
STEP=1 MAY 26 2022
SUB =1 7 10:25:30

TIME=1 PLCT NO. 1
Y (AVGE)

RSYS=0

DMK =1.06872

SMY =—76.3303

SMK =76.3303

—76.3303

—42 .4057 —5.48114 25,4434 59,368

59,368 05.4434 8.48114 42 .4057 7 76.3303




Comparison of the shell element with the Solid3D element

Y

ROT Y 4
P ROT X

/ﬂ Rotz A
Shell Model #‘ﬁ
Geometry Surface
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Connecting shell elements to Solid3D element

solid slements
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sheli-to-solid interface
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Modeling the wing structure
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/ /
/

777

ELFMENTS

MPC180

/

ANSYS

RL4S
MARY 29 2014
16:48:05
PLCT NO. 1

MASS21

(A

101
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