APL104: Solid Mechanics Fall 2024

Minor

Total marks: 30 Total time: 2 hours

Answers without proper reasoning/motivation will be given no partial marks.

1. [5 marks| An angular plate in a state of plane stress is subjected to uniform tensile pressure
of 20 MPa on its sides as shown in the figure below.
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If the state of stress is uniform (i.e. it does not vary from point to point) throughout the
plate, determine

(a) the traction vectors (expressed in e; — ey coordinate system) on planes AB and BC,

(b) the stress components 011, 022, and 712 at any point in the plate.

2. [8 marks] A piece of chalk is subjected to combined loading consisting of a tensile load P
and a torque T'. The chalk has an ultimate threshold strength o, as determined in a simple
tensile test. The load P remains constant at such a value that it produces a tensile stress
0.50,, on any cross-section (perpendicular to z-axis). The torque T is increased gradually
until the chalk fractures off along some inclined plane originating at the outer surface of
the chalk.
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Assuming that fracture takes place when the maximum principal stress reaches the ultimate
threshold strength, determine the magnitude of the torsional shear stress produced by
torque T at fracture and determine the orientation of the fracture plane at the surface of
the chalk with respect to the z-axis.

3. [2 marks] Show that the principal directions of the deviatoric part of stress tensor o, is

) =dev
the same as those of the stress tensor a itself.
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4. [9 marks] A rectangular panel (as shown below) on the body of a space shuttle is loaded
in such a fashion that it can be assumed a state of plane strain exists (e,, = €;, = €,y = 0).
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The deformed configuration of the rectangular panel is shown in dotted lines.

(a) Two sides of the rectangular panel undergo no displacements since they are part of
boundary conditions. Identify these two sides and the type of boundary conditions
imposed (Neumann or Dirichlet).

(b) Determine the expressions of displacement components throughout the panel.

) Determine the strain components at point B.

Which point in the panel will have the maximum normal strain and what will be its

orientation?
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5. [6 marks] Consider the strain components in the plate ABCD, in terms of the coordinate
system (z,y)

€ze = Cy(L — ), €y =Dy(L—2x), ~py=—-(C+ D)(A2 — y2)

where A, C, and D are known constants. CHECK if the strain field is compatible or not.
The displacement components (uz,uy) at © =y = 0 are

uz(0,0) =0, uy(0,0)=0

and slope %“y”” atz =y =01is
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Determine u, and u, as functions of x and y.



5. [6 marks] Consider the strain components in the plate ABCD, in terms of the coordinate
system (z,y)

ézz = Cy(L —z), €y =Dy(L—2), 7y =—(C+D)(A* -y’

where A, C', and D are known constants. CHECK if the strain field is compatible or not.
The displacement components (u,,u,) at x =y = 0 are

u:(0,0) =0, u,(0,0) =0

and slope ‘f;'u' atz=y=01is
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Determine u, and u, as functions of = and y.
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4. [9 marks| A rectangular panel (as shown below) on the body of a space shuttle is loaded
in such a fashion that it can be assumed a state of plane strain exists (€., = €., = €, = 0).
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The deformed configuration of the rectangular panel is shown in dotted lines.

(a) Two sides of the rectangular panel undergo no displacements since they are part of
boundary conditions. Identify these two sides and the type of boundary conditions

imposed (Neumann or Dirichlet).
(b) Determine the expressions of displacement components throughout the panel.
(c¢) Determine the strain components at point B.
(d) Which point in the panel will have the maximum normal strain and what will be its

orientation?
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2. [8 marks] A piece of chalk is subjected to combined loading consisting of a tensile load P
and a torque 7. The chalk has an ultimate threshold strength o, as determined in a simple
tensile test. The load P remains constant at such a value that it produces a tensile stress
0.5, on any cross-section (perpendicular to z-axis). The torque T is increased gradually
until the chalk fractures off along some inclined plane originating at the outer surface of
the chalk.

1
Fracture Surface ‘/4/

L o (5

/

Assuming that fracture takes place when the maximum principal stress reaches the ultimate
threshold strength, determine the magnitude of the torsional shear stress produced by

torque T at fracture and determine the orientation of the fracture plane at the surface of
the chalk with respect to the r-axis.
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3. [2 marks] Show that the principal directions of the deviatoric part of stress tensor T e is
=qaev
the same as those of the stress tensor o itself.
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