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THEORY OF SHELLS

Differential Geometry

A,

Metric (First fundamental form) — intrinsic geometry
a. Base vectors, reciprocal base vectors

b. Gradient, tensor fields

Normal Curvature (Second fundamental form)
a. Conditions of Gauss and Mainardi-Codazzi
b. Divergence theorem

Normal coordinates for E

3

Shell Equations

A.»
B..

C.

FDQ

E.

F.

Stress and equilibrium

Diéplacement and compatibility'

Static-geometric analogy

Strain and constitutive relations

Special forms forllinear théory

1. Equations of Novozhilov for lineé—of—curvature coordinates
2. Shell of revolution with asymmetric loads »b

5. Shallow-shell equations

.Nonlinear theories — "moderately-large' rotation

Perturbation Methods of Solution

A.

"Smooth" loads on a "smooth" shell
1. Edge-effect bending -

2. Membrane stresses

3. Inextensionai bending
"Geometric optics" solution

1. Variational solution of Whitham
2. Eikonal and transport eqhatiéns

3._ Wave propagation and stability
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PROBLEM:

Spring 1980

ME 241C
THEORY OF SHELLS
Assignment 1
Due April 15, 1980

A surface is defined by z = z(g,y)' where x,y,z are the usual

cartesian coordinates in 3—D,'for example the paraboloid

2 2

Y )
1 2

 where R1 and R2 are positive constants. If x and y are used

for the curvilinear coordinates on the surface

X = x
y =%

then determine formulas for the base vectors aa, feciprocal base

~

aB

a . .
vectors a , metric coefficients a reciprocal coefficients a

~

aB ’

determinant of the metric coefficients a, and unit normal to the surface

R4

a3

Now consider the curve on the surface defined by x=1y, or in

parametric form, x =X, y = X. Find the fofmulés for computing the

arc length of this curve, the (total) curvature vector, the geodesic

curvature, and normal curvature.






ME 241C : : Spring
THEORY OF SHELLS 19&3(}
Assignment 2_
PROBLEM 1 - Show that for a surface with the metric
» o) .12 . 2
ds” = (Aax) + (A, dx°)

that the Christoffel symbols ar¢

B -
, =l Alaxl

1 Yo aA1
12f = 2
v Alax
A {2} BA2
12¢ = 1
Agax
{2} .-AlaAi
1f =" s »
AEBX
{1}~ _A23A2
22f T o
Aliix%
-
' ! 2
e Aaax
PROBLEM 2 - Show that the metric and curvature tensors for a surface are
0 = vr
b=(V) - a
‘ p)
where r is the (3-D) position vector and a thé\unit
normal to the surface.
PROBLEM 3 - How mény geodesics (i.e. lines of zero geodesic curvature) connect

two points on the generator of a cylinder? Sketch a few.
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