
Advanced Mechanics of Solids (ME60402)
Spring Semester, 2021

Mechanical Engineering
IIT Kharagpur

Problem Sheet 3: Classical Plate Theory

1. Determine the relation between σnn, σns, σss and σxx, σxy, σyy using the rotation
matrix.

2. Determine the relation between σnn, σns and σxx, σxy, σyy using the relation between
traction vector and stress tensor.

3. Substituting the expressions Mx = −D
(
∂2w

∂x2
+ ν

∂2w

∂y2

)
, My = −D

(
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∂y2
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)
,

and Mxy = −D(1 − ν)
∂2w

∂x∂y
in the relation Mn = n2

xMx + n2
yMy + 2nxnyMxy, and

transforming from the xy-coordinate system to the ns-coordinate system, show that
(you can use SymPy in a Jupyter Notebook)

Mn = −D
[
ν
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]
.

4. Using the expression for Mn from the previous question, show that for a circular plate

under axisymmetric conditions: Mn ≡Mr = −D
(

d2w

dr2
+
ν

r

dw

dr

)
.

5. Using the expressions for the shear force per unit length Qx =
∂Mx

∂x
+
∂Mxy

∂y
and

Qy =
∂Mxy

∂x
+
∂My

∂y
in the relation Qn = nxQx + nyQy together with appropriate

transformations between coordinate systems, show that for a circular plate under ax-

isymmetric conditions Qr = D
dw

dr

{
1

r

dw

dr

(
r

dw

dr

)}
.

6. Starting from the general expressions for boundary conditions obtained from the varia-
tional formulation, show that the expression for the effective shear force per unit length
for a circular plate under axisymmetric conditions reduces to just the shear force per
unit length.

7. For an annular plate that is simply supported at the outer periphery and which is loaded
by an applied moment at the inner periphery, write down the boundary conditions.

8. Consider a rectangular plate of dimensions: a parallel to the x-axis and b parallel to
the y-axis. The plate is subjected to a sinusoidal loading in the transverse (z) direction

of the form q = q0 sin
πx

a
sin

πy

b
.

(a) Determine the deflection, w.

(b) Compare the total reaction force along the four edges with the total load applied
on the plate and determine the difference.
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(c) Account for the difference in part (b) in terms of the contribution from the corner
points.

(The solution to this problem is presented in this link.)
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https://nbviewer.jupyter.org/github/jeevanjyoti4/advmechsolids/blob/master/rect_plate_cpt.ipynb

