ME 323: Mechanics of Materials Homework 11
Fall 2020 Due Friday, December 04

Problem 11.1 (10 Points)

The elbow shown below is fixed to the ground at the center of the coordinate system. Two loads 75 N
and 150 N are applied at the free end in the y and z directions, respectively. If the elbow has a circular
cross-section with a diameter of 20 cm, find:

(a) The internal reactions at a cross-section perpendicular to the y-axis at point A (y = 1 m). Classify
the forces as either axial or shear forces, and the moments as either bending or torsion.

(b) The stresses induced (magnitude and direction) in the stress elements M and N on the cross-section
at A, shown in Fig. 11.1 (b), due to each reaction calculated in part (a). Use the three-dimensional
stress elements in Fig. 11.1 (c).

(c) Draw the Mohr’s circle for the stress states at M, and N, and calculate the principal stresses and the
absolute maximum shear stress |7,4.-
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ME 323: Mechanics of Materials Homework 11
Fall 2020 Due Friday, December 04

Problem 11.2 (10 Points)
For the given stress element, determine the following;:

(a) The principal stresses, the absolute maximum shear stress |T,,q.| and the von-Mises stress.

(b) The factor of safety using the maximum shear stress theory and the maximum distortion energy
theory for a ductile material with yield strength 32 ksi.

(c) Whether or not failure is predicted using Mohr’s failure criterion for a brittle material with ultimate
compressive strength 90 ksi and ultimate tensile strength 30 ksi.

y
! o, = 10 ksi
> Ty = 8 ks
X
o, = 20 ksi
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ME 323: Mechanics of Materials Homework 11
Fall 2020 Due Friday, December 04

Problem 11.3 (10 Points)

A horizontal rigid beam ACB is pinned to a wall at A and is supported by a pin-fixed column CD, as shown
in the figure below. The beam is subjected to a linearly distributed load between B and C. The column
CD has Young’s modulus F and a rectangular cross-section, as shown. Consider supports C and D to act
as pinned-fixed when buckling in the x-y plane and fixed-fixed when buckling in the y-z plane. Determine
the maximum linearly distributed load ¢ such that column CD does not buckle. For this problem, use the
parameters: L = 1.5m, b = 30mm, h = 45mm, E = 150GPa. Use Euler’s buckling theory to solve the
problem.
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Homework 11

ME 323: Mechanics of Materials
Due Friday, December 04

Fall 2020

Problem 11.4 (5 points)

1. Consider the state of stress shown below in a ductile material. Let 73,95 and mypg be the values of
the shear stress 7 above that correspond to failure of the material using the maximum shear stress
and maximum distortional energy theories, respectively. Circle the answer below that best describes

the relative sizes of Tyr95 and TypE. (2.5 points)

a) TmMss < TMDE

(b) TMSSs = TMDE
(C) TMSS > TMDE
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ME 323: Mechanics of Materials Homework 11
Fall 2020 Due Friday, December 04

2. Cylindrical columns A, B, C and D shown below are made of the same material (Young’s modulus
of F) and have the same circular cross-section of radius R. A compressive axial load P is applied to
each column. The critical Euler’s buckling loads P2, P2, P¢ and P2 for columns A, B, C, and D,

respectively, are such that: (2.5 points)

(a) P2 > PC > pA > pb
(b) PP > pA> p¢ > pB

c) PP > pB> pC> pa ) ' A
D pC < pB < pA }/ '8
Wii> (< Frenpe 1ersin

P l Fplo p—

2R

7 //% - % % — % F=10
% (B)/% (C)% (D) .
(A)

Fig. 11.4 (b)

Provide a written explanation for your answers.
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