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Where to Use Solid Shell Elements
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SS8 Solid Shell Element Geometry

Advanced FEM

η

0

0

Z

YX

5

8

2

3

5

8

2

3

1

7

7

2w

3w
4w

1w

2w

50

50

80

80

70

70

60

60

3w
4w

1w

1

η

2w

20

30
3w4w

40

1w

10

ξ, x

ξ, x

ζ,z

flattened
midsurface

warped
midsurface

(a)

(b) (c)

(d)

thickness direction

4

bottom surface

top surface

6

4

6

AFEM Ch 32 – Slide 3



SS8 Flattening
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Thickness Tapered SS8
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Midsurface Warping Measure
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Organization of Top Level Stiffness Computation
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For lower level organization see next slide
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Organization of Lower Level Stiffness Computation
Advanced FEM

Compute Membrane 
Strains

SS8MembStrains

Compute Thickness 
Strains

SS8ThickStrains

Thickness integrate MBT 
constitutive equations 
SS8ThickIntegMBT

Membrane+Bending+
Thickness Stiffness
SS8StiffnessMBT

Membrane+Bending+
Thickness Stiffness

SS8MBTStrains

geometry, 
options

geometry, 
options

strain 
displacement

matrix

strain 
displacement
matrix

strain 
displacement
matrix

geometry,
options

shear-layer
constitutive

matrices,
layer

dimensions

MBT layer
constitutive

matrices,
layer

dimensions

integrated
shear
constitutive
matrix

integrated
MBT
constitutive
matrix

Compute Thickness 
Strain

SS8ThickStrain

Compute Thickness 
Strains

SS8ThickStrains

strain 
displacement
matrixgeometry,

options

Compute Shear 
Strains

SS8ShearStrains

For upper level organization see previous slide

Thickness integrate shear 
constitutive equations 

SS8ThickIntegS

TransverseShear 
Stiffness

SS8StiffnessShear

AFEM Ch 32 – Slide 8



Advanced FEM

Composite Wall Construction

h2
h0

1h h3

h4

1+

4+

3+

3−

2−

1−

0h

4−

h0

h0

ζ = −1 ζ = −1/2 ζ = 0

ζ = 1

ζ = 1/2

2+

z, ζ z, ζ

η

1+

4+

3+

3−

2−

1−

(b)(a)

4−

2+

AFEM Ch 32 – Slide 9



Membrane Field: Midsurface Geometry
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Membrane Field: Assumed Strain Modes
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Torsion Benchmark

Advanced FEM

a

b

h

Pt

Pt

Pt

Pt

Pt

Pt

Pt

Pt

x

y
z

(b)(a)

1

2

3

45

6

7

8

T

T

θ x1
2θ x1

2

0.2 0.4 0.6 0.8 1

0.2

0.4

0.6

0.8

1

h/b

J t One SS8 element

Elasticity

1
3

3
bh

AFEM Ch 32 – Slide 12



Flat Composite Plate Benchmark
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Cantilever Distortion Benchmarks
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Thin Composite Ring Benchmark
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Pinched Cylinder Benchmark

Advanced FEM

P

P

X

Y

Z

E = 3 x 10
ν = 0.3
R = 300
L = 600
h =  3
P = 1

6

rigid diaphragm

rigid diaphragm
R

AFEM Ch 32 – Slide 16



Scordelis-Lo Roof Benchmark
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Pinched Sphere Benchmark
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Pre-Twisted Beam Benchmark
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