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Problem 1   35 points 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Consider a thin walled, cylindrical tank made of 1080 steel under internal pressure with inside 
radius, r = 10 in, wall thickness, t = 0.05 in, and a length of 8 feet. Given the stresses acting on 
an element in the θ-z plane of the cylinder wall oriented at an angle φ from the coordinate axes, 
 

a) Find the angle φ that this element is oriented relative to the coordinate axes. 
 

b) Find ߪఏఏ, ,௭௭ߪ  .௥௥ߪ	݀݊ܽ
 

c) Find the internal pressure, P, in the cylinder. 
 

d) Find the axial force, F, that needs to be applied to the cylinder to reach the onset of 
yielding given that 1080 steel has a tensile yield strength of 85 ksi and ultimate tensile 
strength of 140 ksi. (Use Tresca criteria.) Hint, this is a 3D problem. 

 
  



Solution 
a. 

For the following equations consider:   ߪ௫ ൌ ௬ߪ				,43.75 ൌ 31.25,				߬௫௬ ൌ 10.825 

Center: 
ఙೣାఙ೤

ଶ
ൌ  ݅ݏ݇	37.5

Radius: ටቀ
ఙೣାఙ೤

ଶ
ቁ
ଶ
൅ ߬௫௬ଶ ൌ  ݅ݏ݇	12.5

tanሺ2߰ሻ ൌ 	
2߬௫௬

௫ߪ െ ௬ߪ
ൌ 1.732 

→ ࣒	 ൌ ૜૙° 
 

b. 

௠௔௫ߪ ൌ ࣂࣂ࣌	 ൌ 37.5 ൅ 12.5 ൌ ૞૙	࢏࢙࢑ 
௠௜௡ߪ ൌ ࢠࢠ࣌	 ൌ 37.5 െ 12.5 ൌ ૛૞	࢏࢙࢑ 
࢘࢘࣌ ൎ ૙ 
 

c. 

ఏఏߪ ൌ
ݎ݌
ݐ
 

࢖ ൌ 	
ݐఏఏߪ
ݎ

ൌ
݅ݏ݌	50,000 ∗ 	 .05"

10"
ൌ ૛૞૙	࢏࢙࢖ 

or 

௭௭ߪ ൌ
ݎ݌
ݐ2

 

݌ ൌ 	
ݐఏఏߪ2
ݎ

ൌ
2 ∗ ݅ݏ݌	25,000 ∗ 	 .05"

10"
ൌ  ݅ݏ݌	250

 

d. 

Use superposition: Tension + Pressure 

߬௠௔௫ ൌ ݇ ൌ
85 ൅ 0
2

ൌ  ݅ݏ݇	42.5

→ ௬௜௘௟ௗ	௧௘௡௦௜௟௘ߪ ൌ 2 ∗ ߬௠௔௫ ൌ  ݅ݏ݇	85

 

For yielding: ߪ௭௭ ൌ ݅ݏ݇	85 ൌ ௭௭௧௘௡௦௜௢௡ߪ	 ൅	ߪ௭௭
௣௥௘௦௦௨௥௘

 

௭௭௧௘௡௦௜௢௡ߪ	→ ൌ 85 െ 25 ൌ  ݅ݏ݇	60
 

௭௭௧௘௡௦௜௢௡ߪ ൌ
ܨ

ܽ݁ݎܣ
ൌ

ܨ
ݐݎߨ2

 

→ ࡲ ൌ ௭௭௧௘௡௦௜௢௡ߪ ∗ ݐݎߨ2 ൌ ݅ݏ݇	60 ∗ 2 ∗ ߨ ∗ 10"	*	.05" ൌ 	૚ૡૡ. ૞	࢙࢖࢏࢑ 
   



Problem 2   30 points 
 
Suppose you have a long thin plane made of 6061-T4 aluminum between two rigid (non-
deforming) walls acted on by a compressive force P of 10,000 N in the x1 direction. The plate 
has original dimensions: L = 20 cm, b = 5 cm, and t = 1 cm. 
 
Find ߪଶଶ , ߝଷଷ, and the new length L'. 
 
 
  



Solution 

ଵଵߪ ൌ 	
െܲ
ݐܾ

 ݁ܿݎ݋݂	݁ݒ݅ݏݏ݁ݎ݌݉݋ܿ	ܽ	ݏ݅	ݐ݅	݁ݏݑܾܽܿ݁	݁ݒ݅ݐܽ݃݁݊							

ଵଵߪ ൌ 	
െ10,000	ܰ

0.05	݉ ∗ 0.01	݉
 

 

This will produce a stress in the 2 direction, σ22, because of the constraint, ε22 = 0. There won’t 

be a stress in the 3 direction, σ33 = 0, because there is no constraint. Instead the material will 

deform in this direction, ε33. 

 

Note ߪଷଷ ൌ ଵଶߪ	 ൌ ଵଷߪ	 ൌ ଶଷߪ	 ൌ 	0 
 

Setup strain equations: 

ଵଵߝ ൌ
ଵ
ா
ሺߪଵଵ െ ଶଶߝ										ଶଶሻߪ߭	 ൌ

ଵ
ா
ሺߪଶଶ െ ଷଷߝ												ଵଵሻߪ߭	 ൌ

ଵ
ா
൫െ߭ሺߪଵଵ ൅	ߪଶଶሻ൯ 

ଵଶߝ	 ൌ 	 ଵଷߝ ൌ 	 ଵଶߝ ൌ 	0 
 

From ߝଶଶ ൌ 0 ૛૛࣌	→ ൌ ଵଵߪ߭	 ൌ
ଵ

ଷ
∗ െ20	ܽܲܯ ൌ 	െ૟. ૟ૠ	ࢇࡼࡹ 

 

Then, 

ଷଷߝ ൌ
ଵ
ா
൫െ߭ሺߪଵଵ ൅	ߪଶଶሻ൯ 

ଷଷߝ ൌ
ଵ

଻଴,଴଴଴	ெ௉௔
൬െଵ

ଷ
ሺെ20	ܽܲܯ െ  ሻ൰ܽܲܯ	6.67

૜૜ࢿ ൌ ૚. ૛ૠ ∗ ૚૙ି૝ 
 

Finally, 

ଵଵߝ ൌ
ଵ
ா
ሺߪଵଵ െ  ଶଶሻߪ߭	

ଵଵߝ ൌ
ଵ

଻଴,଴଴଴	ெ௉௔
൬െ20	ܽܲܯ ൅

ܽܲܯ	6.67
3

൰ ൌ 	െ2.54 ∗ 10ିସ 

 

Where, ߝଵଵ ൌ 	
୼௅

୐
 

→ 	ΔL ൌ 		 ܮ ∗ ଵଵߝ ൌ 20	ܿ݉ ∗	െ2.54 ∗ 10ିସ ൌ 	െ.005	ܿ݉ 

ᇱࡸ ൌ ܮ ൅ 	Δܮ	 ൌ 20	ܿ݉ െ 0.005	ܿ݉ ൌ ૚ૢ. ૢૢ૞	࢓ࢉ 

  



Problem 3   35 points 
 
The thin-walled cylinder, shown below, has an internal pressure of p = 1000 kPa, and is 
subjected to a twist of T = 10 MNm. The inner radius of the cylinder is 2 m with a wall thickness 
of 20 mm. The shear stress on a thin-walled tube can be approximated by: 
 

߬ ൌ ఏ௭ߪ ൌ
ܶ

ݐ	௠ଶݎ	ߨ	2
 

 
where T is the applied torsional moment, ݎ௠ is the radius to the median line, and t is the 
thickness of the cylinder. See below: 
 

 
 

a) Assuming that the ends have no effect on the stresses near the center of the cylinder, 
i. Determine the principal stresses and show them on a sketch of a properly oriented 

element, i.e. rotated by the principal angle. 
ii. Determine the maximum shear stress. 

b) Is there any evidence of plastic yielding in the cylinder if the yield strength of the 
material used is 180 MPa? (Consider only the θ-z plane, i.e. 2D) 

c) If the cylinder is punctured to leave a tiny pinhole in the wall thickness, check if yielding 
will occur at the edge of the hole using the Tresca and von Mises criteria.  

  



Solution 

௠ݎ ൌ ݎ ൅	
ݐ
2
ൌ 2 ൅

0.02
2

	݉ ൌ 2.01	݉ 

߬ ൌ ఏ௭ߪ ൌ
ܶ

ݐ	௠ଶݎ	ߨ	2
ൌ

10 ∗ 10଺ ∙ ܰ ∙ ݉
݉ሻଶ	ሺ2.01ߨ2 ∗ 0.02	݉

ൌ 1.97 ∗ 10଻	ܲܽ ൌ  ܽܲܯ	19.7

ఏఏߪ ൌ
ݎ݌
ݐ
ൌ
ܽܲܯ	1 ∗ 2	݉
0.02	݉

ൌ  ܽܲܯ	100	

௭௭ߪ ൌ
ݎ݌
ݐ2

ൌ
ܽܲܯ	1 ∗ 2	݉
2 ∗ 0.02	݉

ൌ  ܽܲܯ	50

 

a. 

For the following equations, 

௫ߪ ൌ ఏఏߪ	 ൌ  ܽܲܯ	100
௬ߪ ൌ ௭௭ߪ	 ൌ  ܽܲܯ	50
߬௫௬ ൌ 	߬ ൌ   ܽܲܯ	19.7

 

࢖૚࣌ ൌ 	
௫ߪ ൅	ߪ௬

2
൅	ඨቀ

௫ߪ െ	ߪ௬
2

ቁ
ଶ
൅ ߬௫௬ଶ ൌ ૚૙૟. ૡ	ࢇࡼࡹ 

࢖૛࣌ ൌ 	
௫ߪ ൅	ߪ௬

2
െ	ඨቀ

௫ߪ െ	ߪ௬
2

ቁ
ଶ
൅ ߬௫௬ଶ ൌ ૝૜. ૛		ࢇࡼࡹ 

tan൫2ߠ௣൯ ൌ 	
2߬௫௬

௫ߪ െ ௬ߪ
→ ௣ߠ	 ൌ 19.1° 

 

࢞ࢇ࢓࣎ ൌ ඨቀ
௫ߪ െ	ߪ௬

2
ቁ
ଶ
൅ ߬௫௬ଶ 	ൌ ૜૚. ૡ	ࢇࡼࡹ 

 



b. 

Tresca 

݇ ൌ 	
௬ߪ
2
ൌ
ܽܲܯ	180

2
ൌ 	ܽܲܯ	90 ൐ 	 ߬௠௔௫ ൌ  ܽܲܯ	31.8

Therefore, does not yield. 

 

Von Mises 

Consider the stress state in the θ‐z plane, called the 1‐2 plane here. Note that the stresses in 

the 3rd direction are zero since this is a 2D problem. 

ߪ ൌ 	ඨ
1
2
ሾሺߪଵଵ െ ଶଶሻଶߪ ൅ ሺߪଶଶ െ ଷଷሻଶߪ ൅ ሺߪଷଷ െ ଵଵሻଶሿߪ ൅ 3ሺߪଵଶଶ ൅ ଶଷଶߪ ൅  ଷଵଶሻߪ

ߪ ൌ 	ඨ
1
2
ሾሺ100 െ 50ሻଶ ൅ ሺ50 െ 0ሻଶ ൅ ሺ0 െ 100ሻଶሿ ൅ 3ሺ19.7ଶ ൅ 0ଶ ൅ 0ଶሻ 

ߪ ൌ 	ܽܲܯ	93.1 ൏ ௬ߪ	 ൌ  ܽܲܯ	180

Therefore, does not yield. 

c. 

ଵܵ ൌ ଵ௣ߪ	 ൌ ଶܵ										ܽܲܯ	106.8 ൌ ଶ௣ߪ	 ൌ  ܽܲܯ	43.2
 

஺ఏఏߪ ൌ 	3ܵଶ െ	 ଵܵ ൌ ஻ఏఏߪ												ܽܲܯ	22.7 ൌ 	3 ଵܵ െ	ܵଶ ൌ  ܽܲܯ	277.3
 

஺௥௥ߪ ൌ ஻௥௥ߪ	 ൌ ஺௥ఏߪ ൌ ஻௥ఏߪ ൌ 0  Note that at the edge of a hole there is no material radially 

inward. If there is no material present, then there can’t be can’t be a stress inward. In order to 

have force balance, there can’t be any radial stresses at the edge of a hole.  

 

At point A 

Tresca 

߬௠௔௫ ൌ
஺ఏఏߪ െ ஺௥௥ߪ

2
ൌ ܽܲܯ	11.34 ൏ ܽܲܯ	90 ൌ ݇ 

Von Mises 

ߪ ൌ 	ඨ
1
2
ሾሺ22.7 െ 0ሻଶ ൅ ሺ0 െ 0ሻଶ ൅ ሺ0 െ 22.7ሻଶሿ ൅ 3ሺ0ଶ ൅ 0ଶ ൅ 0ଶሻ ൌ 11.34 ൏ ݇ 

Yielding does not occur at point A. 

 

At point B 

Tresca 

߬௠௔௫ ൌ
஺ఏఏߪ െ ஺௥௥ߪ

2
ൌ ܽܲܯ	138.7 ൐ ܽܲܯ	90 ൌ ݇ 



ߪ ൌ 	ඨ
1
2
ሾሺ138.7 െ 0ሻଶ ൅ ሺ0 െ 0ሻଶ ൅ ሺ0 െ 138.7ሻଶሿ ൅ 3ሺ0ଶ ൅ 0ଶ ൅ 0ଶሻ	 ൌ 	ܽܲܯ	138.7 ൐ ݇ 

Yielding occurs at Point B. 

 


