
ME 323: Mechanics of Materials

Spring 2021

Homework 11

Due Friday, Apr 30

For the given stress element,

a) Calculate the three principal stresses, the absolute maximum shear stress ⌧max,abs and the von-Mises
stress.

b) If the material is ductile and the yield stress is MPa, determine the factor of safety using the
maximum shear stress theory and the maximum distortion energy theory.

c) If the material is brittle, the ultimate tensile stress is MPa the ultimate compression stress is
MPa determine the factor of safety using the maximum normal stress theory and Mohr’s failure

criterion.

Use: �x = �15MPa, �y = �25MPa, and ⌧xy = +45 MPa
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Problem 11.1 �10 points�
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and a wood member BC. Member BC is made of two segments and a pin scarf joint as shown in 

both circular in cross section, of diameter d, and are made of steel with following properties, 
𝜏 . 

𝐹𝑆𝑐𝑎𝑏𝑙𝑒 = 2, 𝜎𝑌𝑖𝑒𝑙𝑑,𝑠𝑡𝑒𝑒𝑙 =  𝑀𝑃𝑎, 𝑑 = 1 𝑐𝑚 

a) Determine axial loads in cable AB and member BC as a result of applied load P. Are the 
loads tensile or compressive?  

tangential components of stress on the loaded cross section EF of the pin. Notice that the 
tangential load is carried only by the cross section of the pin whereas the compressive 
normal load is shared by the member BC and the pin.  

c) Determine the maximum allowable load P such that the structure does not fail. You need 
to consider failure for both pin and cable. 
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Problem 11.2 (10 points):

Fig. 2 (b)

Fig. 2 (d)

The structure shown in Fig 2 (a) is composed of a steel cable AB

Fig. 2 (c)

Fig. 2 (a)

= 0.2 𝜎

Fig 2 (c). The structure is acted upon by a load P at B, as shown. The pin and steel cable are

����������������

b) Using a free body diagram of the structural segment BEF, see Fig 2 (b), determine the

0.2Tyieldsteel



Given Ifpin 0.2Tfpin
FScable 2

Tysteel 400hPa
d1cm

o.amFindAxialloadAB BC
Ft wedgey

negPABfrac13frac3PBC
Pmax chi

BSolution

1 FBDof B
pV

2Equilibriumof
B.IF xfrac35PAB3sqrt10PBC0

ΣFy frac45PABfrac1sqrt10PBCP0
PABfrac53cdotfrac3sqrt10PB15sqrt10PBC

beginmatrix4sqrt10endmatrixPBCfrac1sqrt10PBCP
frac5sqrt10PBCPRightarrowPBCsqrt105P

PABP
BC E P compression
AB P Tension

3 FBD BEF Equilibrium

4Design
w cable

Fscable P 1
te
A
e ty

1
stee
PI

Peable Tyis
l
tedFs

wedge

e

backslash 2

lebeginmatrix400times100724endmatrix1 a1Lcdot102m2
1571kN

w pin

Zpin 4026 3Ppin 02cdot400MPa

Ppin 02400times106fracNm21987kN
RightarrowP Max 1571kNcdot

negFnPBC

45circnuFt
PBCfracsqrt105P
SigmaFtFtfrac1sqrt2leftfracsqrt105Pright0

RightarrowFtfracsqrt55P
IpinFtA p
1
in beginmatrixsqrt5Pcdot45cdotcdot5cdotpicdotsqrt2cdotd2endmatrix
04026fracPd240263P



ME 323: Mechanics of Materials

Spring 2021

Homework 11

Due Friday, Apr 30

Problem 11.3 (10 points)

Note: due to the boundary conditions at A and C, you must check buckling on both planes: x-y and y-z.

Figure 3
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A horizontal rigid bar DCB is supported by a very slender column AC and is subjected to a uniformly
distributed load q. The column AC has a Young’s modulus E and a rectangular cross section as is shown.
Consider supports A and C to act as pinned-pinned when buckling in x-y plane and fixed-fixed when
buckling in y-z plane. Determine the maximum distributed load q can be applied without buckling. Use:
� 	 � �� � 	 .� ��� � 	 �� ��� 
 	 .�� �
��
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Problem 11.4 (5 points)

Cylindrical columns A, B, C and D shown below. A compressive axial load P is applied to each column.
Use the following properties for the columns:

a) Young’s Modulus: E, radius: R, length: L

b) Young’s Modulus: 4E, radius: R/2, length: L

c) Young’s Modulus: 4E, radius: R/2, length: L

d) Young’s Modulus: 4E, radius: R, length: L

(a) (b) (c) (d)

Figure 4

The critical Euler’s buckling loads P (a)
cr , P (b)

cr , P (c)
cr , P (d)

cr columns A, B, C, and D, respectively, are such
that:

1. P (a)
cr = P (b)

cr > P (d)
cr = P (c)

cr

2. P (b)
cr = P (c)

cr > P (d)
cr > P (a)

cr

3. P (a)
cr > P (d)

cr > P (b)
cr = P (c)

cr

4. P (c)
cr > P (d)

cr > P (a)
cr = P (b)

cr

5. None of the above
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