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CHAPTER 2  

 

 

 

 

 

 

Failure/Fracture Criterion 
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Failure (Yield) Criteria for Ductile Materials under Plane Stress 

 

 

 

 

 

 

 

 

 

 

 

 

  

Different criterions for ductile (Tresca & von Mises) and brittle conditions (Coulomb & Mohr) 

Maximum-Shearing-Stress Criterion for Ductile Materials (Tresca, 1868) 

τmax < τmax)Y (at uniaxial test)       τmax)Y =  σY/2  therefore    τmax < σY/2                    

τmax = σa/2                  if principal stresses have the same signs 

τmax = |σa – σb|/2       if principal stresses have opposite signs 

 

 

 

 

  

 

Uniaxial Stress    (σx<σY) Plane Stress    (?) 

 

For uniaxial stress: Θp =0 & Θs = ± 45°: shear is responsible for the failure of ductile materials (τmax)Y =  σY/2) 

 

 

If the principal stresses σa and σb 

have the same sign 

|σa| < σy   and    |σb| < σy 

If they have opposite signs 

|σa –σb| < σy 

Assumptions: only shear is 

considered (not sensitive to σa & σb ), 

σyT = σyC 

 

Designer engineer: 1- Analysis of loading (for simple geometry using 

what you learn here and for complex ones using finite element approach) 

and 2- Does failure occur under the predicted loading condition? 

It is more accurate to use experimental data for τy  
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Example 5: Calculate allowable P according to 

Tresca’s criterion and considering a factor of 

safety of 2. 
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Example 4: Consider a spherical vessel with thickness of t, diameter of D, 

and yield stress of σy. At what value of internal pressure (P) will yielding 

occur according to Tresca’s criterion? 

� = 	 ��4 �� =	
4���� 						
 = 	��� = 	 ��	

�2�2 ��2��
= 16����  

��,� = ���� � ± "(��$� � )� + 

��				��,� = �� ± "(��)� + 
� 

��,� =	 2���� ±'( 2����)� + (16����)
� 			�� =	 2���� + √260���� > 0			�� =	 2���� − √260���� < 0 


��
 =	�� − ��2 = √260���� 					-. = 	 
�
��
 =
��2√260����

= 2					 → 		� = 	 �����4√260	 

�0 = 0 

Example 6: Calculate Factor of Safety according to the Tresca’s criterion (σY = 280 MPa) 

At point K:  σmax = 124.3 MPa   σmin = 22.9 MPa,  
123	)�45 =	 ���.0$7� = 62.2	8�9 

.- = 	 
:
��
 = 280/262.2 = 2.25, .- = 	>.>? = 284.7126.4 = 2.25 
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TBR 4: P = 25 kN, σy = 420 MPa, Factor of Safety = 4. Find maximal T based on Tresca’s criterion. 

 


 = 	 �2A̅	 		9C�		� = 	�A 

A̅ = 	 12	(30	EE)(40	EE) = 600	EE� 


��
 =	 �2A̅	 = 	 �2	(600	EE�)(2	EE) = �2400 

� = 	�A = 25000	F(30 × 2 + 50 × 5 + 40 × 3) = 58.14	8�9 

��,� = �� ± "(��)� + 
� = HI.��� ± "(HI.��� )� + ( J��77)� 


��
 =	�� − ��2 = 	'(58.142 )� + ( �2400)� 

-. = 	 
�
��
 =	
��2

"(58.142 )� + ( �2400)�
= 4	 → � = 104923	FEE	 

	� = 104.92	FE 
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Maximum-Distortion-Energy Criterion (von Mises’ criterion) 

 

 

 

 

 

  

L = 	 ����M� + ���4M4 + ���NMN  Replace strains using Hook’s law 

L = 	 ��O P��� + �4� + �N� − 2Q#���4 & ���N & �N�4%R 
 

 

 

 

 

 

 

LS �	 ��TUO V#�� � �4%� & #�4 � �N%� & #�N � ��%� W										XY�	Z[9C\	]	�\]]:							LS �	 ��T0O V��� � ���4 & �4�W    

For uniaxial tension test �� �	�:	9C�		�4 � 	0  #LS%_ � 	 ��T0O �:�			XY�	Z[9C\	]	�\]]:			��� � ���4 & �4� � �:� 

For general state of stress:  `YC	8a]\]	\bLa`9[\C		]	�\]] = �c = "�� V(�� − �4)� + (�4 − �N)� + (�N − ��)� W = 	�� 

  

 

Experimental evidence show that materials can withstand very high uniform (hydrostatic) stresses without 

yielding. In 1904 Huber proposed that yielding in a ductile material occurs when distortion energy per unit 

volume of the material exceeds or equals the distortion energy per unit volume of the same material when it is 

subjected to yielding in a sample tension test. To obtain ud then substitute stresses with ��,4,N � ��de 

1) Same results for six points (uniaxial and fg = fh conditions)                       

2) Tresca’s criteria is more conservative                                                                

For torsion (maximum difference): 

σa = -σb = ±0.5σY (Tresca) 

σa = -σb = ±0.577σY (Mises) 

τY/σY = 0.55-0.6 

 

 L = Ld +	LS 												��de = �� + �4 + �N3 															��́ � �� � ��de				�4j � �4 � ��de				�Ń � �N � ��de 

no volume change 

	�
 + �� + �k = 0 

Energy is a scalar quantity 

and thus for the sake of ease 

principal axes are considered 

Since only differences of the stresses are involved adding a constant stress to each does not alter the yield condition 

Reminding points: 

g)	lYYm′]	o9p:	M� = ��q − Q �4q − Q �Nq  

h)	rs9Ct\	aC	`Y[LE\	YX	9	rLu\	LCa		\[\E\C	: \ = 	 M
 + M� + Mk 

If: e = 0 then	M
 + M� + Mk = 0					 → 			 	�
 & �� & �k � 0 

v%	w � 	 �� mx� � �
� 	�x												L � y

z � �
� 	�M = strain-energy density 
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τ 
τ 

�� =	��	 					�� =	��2	 								��� − ���� + ��� = �:� 

(
{|} )� −	(~|} )	({|�}) +(

{|�})� = �_2	         	 = 	√0{|��  

��\]r9:	
��
 =
��

	
− 0

2
=
��

2
	→ 	 =

��

��
 

 

Example 7: Consider a cylindrical vessel with internal 

pressure of P, radius of r, and yield stress of σy. Find 

minimal thickness of vessel based on von Mises criterion. 

Example 8: The element with yield stress of σy is under pure shear 

loading as shown. Find factor of safety based on Von-Mises criterion. 

��,� = ���� � ± "(��$� � )� + 

��  = ± τ 

�d� = ��� − ���� + ���    			�d� =	τ2- τ(-τ)+ τ2 

�d =	√3	
							-. = 	 � √0	�	Based on Tresca criterion: -. = 	 � ���� =
� �� = � �� 

Example 9: The state of stress shown occurs in a machine component made of a 

brass for which σY = 160 MPa. Using the maximum-distortion-energy criterion, 

determine the range of values of σZ for which yield does not occur. 

��,� = ���� � ± "(��$� � )� + 

��  = 
�77��7� ± "(�77$�7� )� + 75�  

 ��,� = 145	8�9,−25	8�9 

'12 P(�� − �4)� + (�4 − �N)� + (�N − ��)�R = 	�� 

'12 ��145 − (−25)�� + (−25 − �k)� + (�k − 145)�� < 160	8�9 

2�k� − 	240	�k − 	650 < 0 

−2.65	8�9 < �k < 122.65	8�9      SOLVE USING TRESCA’s CRITERIA. Is there a solution? 

σz is the 3rd principal stress as there is 

no shear stress on face z 
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TBR 5: The stresses on the surface of a hard bronze 

component are shown in the figure. The yield strength of 

the bronze is σY = 345 MPa. (a) What is the factor of safety 

predicted by the maximum-shear-stress theory of failure 

for the stress state shown? Does the component fail 

according to this theory? (b) What is the value of the 

Mises equivalent stress for the given state of plane stress? 

(c) What is the factor of safety predicted by the failure 

criterion of the maximum distortion energy theory of 

failure? Does the component fail according to this theory? 
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Example 10: The 60-mm-diameter shaft is made of a grade of 

steel with a 300 MPa tensile yield stress. Using the maximum-

shearing-stress criterion and maximum-distortion-energy 

criterion determine the factor of safety for magnitude of the 

torque T= 5 kNm, P = 100 kN, and M = 2.3 kNm. 

Based on Tresca’s criterion (for critical point): 

�
 =	�A = 	 100	000	F�4 (60	EE)� = 35.36	8�9,					�
 =	
8�� = 	 (2	300	000	FEE)	(30	EE)�4 (30	EE)� = 108.46	8�9 



� = ��� = (5	000	000	FEE)	(30	EE)�2	(30	EE)� = 117.9	8�9																			�
 = 143.8	8�9			 
��,4 = ���� � ± "(��$� � )� + 

�� 	→ �� = 210	8�9 ,	�4 = −66.2	8�9 


��
 = ��−	�42 = 210 − (−66.2)2 = 138.1										.- = 
�
��
 =
3002 8�9138.1	8�9 = 1.08					 

 

Based on von Mises criterion:  

�c� = ��� − ���4 + �4� = (210)� − (−66.2 × 210) + (−66.2)� 

�c = 249.76	8�9												.- = 	 300	8�9249.76	8�9 = 1.2							 ���4 =	−3.2 
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Example 11: A hollow structural steel flexural member is subjected 

to the load shown. The yield strength of the steel is σY = 320 MPa. 

(a) Determine the factors of safety predicted at point K by the 

maximum-shear-stress theory of failure. (b) Determine the Mises 

equivalent stresses at point K. (c) Determine the factors of safety at 

point K predicted by the maximum-distortion-energy theory. 

 

 225 kN 

V = 225 kN 
M = 225 kN×1m = 225 kNm 

�� = 8r�k , r = 50	EE, 				�k =	 112 × 150 × 2500 − 112 × (150 − 16)(250 − 16) = 5.22 × 10�	EE�
 

→	�� = (225 × 10U	FEE)(50	EE)5.22 × 10� = 215.37	8�9		(rYEZ�\]]a`\) = 	−215.37	8�9 



� = ����k	� , 	� = 16	EE, 	�� = _�A = (125 − 4)(8 × 150) + 2 �(125 − 50 − 8)2 + 50� (67 × 8)
= 234712	EE0	 

→ 	

� = z����}� = (��H777	�)(�0����	���)(H.��×�7����)(�U��) = 63.18	8�9, ��,4 = ���� � ± "(��$� � )� + 

�� 

��,4 = 7�($��H.0�)� ± "(7$($��H.0�)� )� + 63.18� = 17.17	8�9,−232.54	8�9  


��
 = 17.17 − (−232.54)2 = 124.85	8�9																												.-)J|�5N� =
3202124.85 = 1.28 

�c� = ��� − ���4 + �4� = (17.17)� − �17.17 × (−232.54)� + (−232.54)� → �c = 242	8�9 

.-)d��	c�5�5 = 320242 = 1.32 
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Example 12: A steel shaft with an outside 

diameter of 20 mm is supported in flexible 

bearings at its ends. Two pulleys are keyed to 

the shaft, and the pulleys carry belt tensions 

as shown. The yield strength of the steel is 350 

MPa.(a) Determine the factors of safety 

predicted at points H and K by the maximum-

shear-stress theory of failure. (b) Determine 

the Mises equivalent stresses at points H and 

K. (c) Determine the factors of safety at points 

H and K predicted by the maximum-

distortion-energy theory. 
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TBR 6: If the A-36 steel (σY = 250 MPa) pipe has an outer and 

inner diameter of 30 mm and 20 mm, respectively, determine the 

factor of safety against yielding of the material at point A according 

to the maximum-distortion-energy theory. 



(24) 

 

 

  

 

TBR 7: A force P0 applied by a lever arm to the shaft 

produces stresses at the critical point A having the values 

shown. Determine the load PS = cS P0 that would cause the 

shaft to fail according to the maximum-shear-stress theory, 

and determine the load PD = cD P0 that would cause failure 

according to the maximum-distortion-energy theory. The 

shaft is made of steel with σY = 36 ksi. 

��,� � ���� 
� ! "#��$� � %� & 

�� 

��,� � �7�7
� ! "#�7$7� %� & 14.14�									��,� �	�10, 20	m]a 

* The stresses at point A are proportional to load 

 

Tresca: 

�� �	�2��	, ��	�	�� � �� � 36	m]a	,			�� � 24	m]a			�� �	�12	m]a 
 �5
�7 �

24	m]a
20	m]a � 1.2				�5 � 1.2	�7 

cS = 1.2 

 

Von Mises: 

�� =	−2	��	, ���	– ���� & ��� 	� ��� � #36	m]a%�	 �� + 0 and �� , 0 

�� � 27.2	m]a			�� �	�13.6	m]a 
 ��
�7 �

27.2	m]a
20	m]a � 1.36				�� � 1.36	�7 

cD = 1.36 

OR 

�d� � ��� � ���� & ��� = (20)2-(-10×20)+(-10)2   							�d  = 26.4 ksi 

 

-. = 	���d =		 36	m]a26.4	m]a � 1.36 
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TBR 8: A sign is supported by 

a pipe (σY = 250 MPa) having 

outer diameter 110 mm and 

inner diameter 90 mm. The 

dimensions of the sign are 2.0 

m × 1.0 m, and its lower edge is 

3.0 m above the base. Note that 

the center of gravity of the sign 

is 1.05 m from the axis of the 

pipe. The wind pressure against 

the sign is 1.5 kPa. Determine 

factor of safety based on Tresca 

and von Mises (maximum-

distortion-energy theory) 

criterions at points A, B, and C. 

 

 

Tresca: FS = (250/2)/76 = 1.64 

Tresca: FS = (250/2)/19.94 = 6.26 Tresca: FS = (250/2)/23.7 = 5.27 
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TBR 9: A steel shaft with an outside 

diameter of 20 mm is supported in flexible 

bearings at its ends. Two pulleys are keyed to 

the shaft, and the pulleys carry belt tensions 

as shown. The yield strength of the steel is σY 

= 350 MPa. Determine the factors of safety 

predicted at points H and K by the 

maximum-shear-stress theory and by the 

maximum-distortion-energy theory.  
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(28) 

 

Failure (Fracture) Criteria for Brittle Materials under Plane Stress 

For uniaxial tensile test failure occurs when σ = σU (ultimate stress).                                                             

For plane stress conditions a criterion needs to be defined 

Maximum-Normal-Stress Criterion (Coulomb’s or Rankine; Criterion) 

 

 

 

 

 

Mohr’s and simplifies Mohr (Coulomb-Mohr) Criterion 

 

 

 

 

 

  

 

  

  

 

 

��v − ��g �v − �g = ¡�h − ��g �h − �g 

f¢ − f£h − f¤¥hf¤¥h − f¢ + f£h = |f¤�|h − f¤¥hf¤¥h + |f¤�|h
 

f¢f¤¥ −	 f£|f¤�| = g	 

Applicable when results of various tests on material are available. If both 

principal stresses are positive, the state of stress is safe as long as σa<σUT 

and σb<σUT; if both principal stresses are negative, the state of stress is 

safe as long as |σa|<|σUC| and |σb|<|σUC|. 

 

No yielding for 

brittle conditions so 

caution is required 

 

 

|f¢| < f¤¥									|f£| < f¤¥													§¨ = f¤¥ ©ª« 	(f¢, f£)¬  

 

C 

C2 

C1 C3 

D 

 

 

σ 

τ 

σUT 

σUC 

Failure Envelope 

f¢f¤¥ −	 f£|f¤�| = g 

For design, incorporating the factor of safety FS, divide all strengths by FS: 

f¢f¤¥ −	 f£|f¤�| = g§¨	,		 
If principal stresses have the same sign: §¨ = f¤¥ ©ª« 	(fg, fh)¬ 		­®				§¨ = |f¤�| ©ª« 	(|fg|, |fh|)¯ 	 
Mohr’s criteria can be used in ductile conditions in which yield stress in tension and compression are very different 

as Tresca and von Mises criterions both assume that yield stress in tension and compression are equal.   

Only when principal stresses have 

opposite sign 

Failure Envelope 

 

Usually More conservative 

than Mohr’s criterion 

For Brittle materials: 1- fracture is due to normal stress and 2- f¤¥ <f¤�	 (e.g., for cast iron f¤� = ° × f¤¥).  Shortcoming: Not good if f¢, f£ < 0. But it shows good agreement with experimental tests if 

there exists a tensile principal stress or for a brittle material with f¤¥ = f¤� (this is seldom due to presence of cracks). 

σUT 

σUT 

-σUT 

-σUT 
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Example 14: The shaft of a femur can be approximated as a hollow cylindrical 

shaft. The loads that cause femur bones to fracture are axial torque and 

bending moments. During strenuous activities (e.g., skiing) the femur is 

subjected to torque of T = 100 Nm. Determine the maximal bending moment 

M that the bone can support without failure according to maximum normal 

stress criteria (D = 24 mm, Di = 16 mm, σut = 120 MPa, σuc = 240 MPa).  


k = ��

� = 100 000 #FEE% #12 EE%
�2 #12� − 8�% EE� = 45.9 8�9 

�
 =  8�
� =  8 #12 EE%

�4  #12� − 8�% EE� = 0.000918 8 

�k = 0;  ��,4 = �����
� ± "#��$��

� %� + 

k� = 

0.000459 8 ± ±#0.000459 8%� + #45.9%� 

���
 = 0.000459 8 + ±#0.000459 8%� + #45.9%� = 120 8�9  →   ² = ggg³´° µ¶¶ 

Based on Coulomb-Mohr:  
0.000459 8 + ±#0.000459 8%� + #45.9%�

120 − 0.000459 8 − ±#0.000459 8%� + #45.9%�
240 = 1 

² = ´´³³³ µ¶¶        #·¸¹º¸ º»¹¼½»¹¢ ¹¾ ¶¿»½ º¿À¾½»Á¢¼¹Á½? ·¸Ã? % 

 

Example 13: For a certain point of a cast-iron machine frame the 

state of stress on an element is as shown. Find factor of safety based 

on Mohr’s criterion (σUT = 295 MPa and σUC = 970 MPa). 

��,4 = ���� � ± "(��$� � )� + 

�� 

= �H7$�77� ± "(�H7��77� )� + 50� 		= 159.6	8�9, −109.6	8�9     
���ÄÅ −	 �Æ�ÄÇ = �ÈÉ 	→ 

 

 

-970 295 

159.6 

-109.6 
σ (MPa) 

τ (MPa) 

Compression test 

Tension test 

State of Stress 

 
   159.6

295 − −109.6
970 = 1

.-   → .- = 1.53 
How to calculate FS using Mohr’s circle?How to calculate FS using Mohr’s circle?How to calculate FS using Mohr’s circle?How to calculate FS using Mohr’s circle?        
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Example 15: The cast-aluminum rod shown is made of 

an alloy for which σUT = 60 MPa and σUC = 120 MPa. 

Using Mohr’s criterion, determine the magnitude of the 

torque T for which failure should be expected. 

 

�
 =	�A = 	 26	000	F�4 #32	EE%�
� 32.3	8�9 



� � ��� � �	#16	EE%�2	#16	EE%�
� 1.55 G 10$�	� 

��,4 � ���� 
� ! "#��$� � %� & 

��   

�� � ��
� & "#��� %� & 

��						 

�4 � ��
� � "#��� %� & 

�� 

�� + 0	9C�	�4 , 0 

 

��
�ÄÅ �	

�Æ
�ÄÇ � 1  

�U.�H	c{��±#�U.�H	c{�%��#�.HHG�7Ý�	J%�
U7	c{� � �U.�H	c{�$±#�U.�H	c{�%��#�.HHG�7Ý�	J%�

��7	c{� � 1  

T	�	196900	Nmm	�	196.9	Nm					�� � 50.7	8�9			�4 � �18.4	8�9						 
				
				 				

 

f¢
f£ �	�h. á³ 

 

σ (MPa) 

τ (MPa) 

120 60 50.7 -18.4 

Tension test 

Compression test 
Envelope Failure Envelope 
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E.P. Popov (1990), page 529 

Comparison of Yield and Fracture Criteria with Test Data 

Remark: Pure shear test 

Principal stress: �� = 
â		9C�	�4 = −
â 		→		 �9�w� �	 �u�w? � 1	 → 		 �ã�w� �	��ã�w? � 1 


â =	 �w��w?�w� + �w? 			aX	�w� = �w? 		→		 
â � �w�2 	 
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TBR 10: The cast-aluminum rod shown is 

made of an alloy for which σUT = 31000 

psi and σUC = 109000 psi. Using Mohr’s 

criterion, determine the maximum 

magnitude of the force F for which factor 

of safety is equal to 2 at point A (neglect 

shear stress due to F and only consider 

bending and torsion stresses at point A). 

�
 = 8�� = 	 (14.%#0.5	aC%�4 	#0.5	aC%�
� 142.6.	



� �	��� � 	
#15.%#0.5	aC%�2 #0.5	aC%�

� 76.4	. 

��,4 � ���� 
� ! "#��$� � %� & 

��	

�� � ��
� & "#��� %� & 

�� � 175.8	.					 

�4 � ��
� � "#��� %� & 

�� �	�33.2	. 

��
�yJ �	

�4
�yä �

1
2												 

175.8.
31000 �	

�33.2.
109000 �

1
2													 

. � 83.5	[uX 

�� � 14680	Z]a 
�4 � 2772	Z]a 
 

 

��
�4 �	�5.3 

= 31000 
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TBR 11: The shown press is made of cast iron having ultimate strength in tension (σUT = 170 MPa) and 

compression (σUC = 650 MPa). Calculate the allowable load P according to the Mohr-Coulomb criteria and 

based on a factor of safety equal to 2.5. 

 

_� = ∑_A∑A = 90 G #180 G 80% & 240 G #120 G 240%
180 G 80 & 120 G 240 � 190	EE 

8 � �#400 & 180 & 120 � 190% � 510	�	#FEE% 

��.æ. � 1
12 80#180%0 & #80 G 180%#100%� &

1
12240#120%0 & #120 G 240%#50%� � 2.8944 G 10I	EE�

 

�123	%J��5�ç� �
�
A &

8r��

� � �

#180 G 80 & 120 G 240% &
#510	�%#110	EE%
2.8944 G 10I	EE� � 0.000217	� 

�123	%ä��~ �
�
A &

8r��

� � �

#180 G 80 & 120 G 240% �
#510	�%#190	EE%
2.8944 G 10I	EE� � �0.000312	� 

��
�yJ �	

�4
�yä �

1
2.5 	→ 	

0
170	8�9 �	

�0.000312	�
650	8�9 � 1

2.5 	→ � � 834306	F � 834.3	mF					 
��
�yJ �	

�4
�yä �

1
2.5 	→ 	

0.000217
170	8�9 �	

0
650	8�9 �

1
2.5 	→ � � 313406	F � 313.4	mF	#rYC	�Y[]% 

 

 

190 mm 

P M  

N. A. 
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TBR 12: A 1.25-in.-diameter solid shaft is 

subjected to an axial force of P = 7,000 lb, a 

horizontal force of V = 1,400 lb, and a 

concentrated torque of T = 220 lb-ft, acting 

in the directions shown. Assume L = 6.0 in. 

The ultimate failure strengths for this 

material are 36 ksi in tension and 50 ksi in 

compression. Use the Mohr failure 

criterion to evaluate the safety of this 

component at points H and K.   
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TBR 13: The shaft of a femur can be approximated as a 

hollow cylindrical shaft. The loads that cause femur 

bones to fracture are axial torque and bending moments. 

During strenuous activities (e.g., skiing) the femur is 

subjected to M = 100 Nm. Determine the maximal torque 

T that the bone can support without failure according to 

Coulomb-Mohr criterion and factor of safety of 1.2 (D = 

24 mm, Di = 16 mm, σut = 120 MPa, σuc = 240 MPa). 

 

  

 

 


k = ��

� = � #12 EE%
�2 #12� − 8�% EE� = 0.000459 � 

�
 =  8�
� =  #100 000 FEE% #12 EE%

�4  #12� − 8�% EE� = 91.8 8�9 

�k = 0;  ��,4 = �����
� ± "#��$��

� %� + 

k� = 45.9 ± ±#45.9%� + #0.000459 �%� 

Based on Coulomb-Mohr:  
45.9 + ±#45.9%� + #0.000459 �%�

120 − 45.9 − ±#45.9%� + #0.000459 �%�
240 = 1

1.2 

¥ = ³èhvá. é µ¶¶ 
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TBR 14: A pipe (σY = 95 MPa) with an 

outside diameter of 140 mm and a wall 

thickness of 5 mm is subjected to the 

loadings shown. The internal pressure in the 

pipe is 1,600 kPa. (a) Determine factor of 

safety at point K according to Tresca and 

Mises criterion. (b) if the structure is put in 

the brittle conditions find factor of safety at 

point H according to Coulomb-Mohr 

criterion ( σut = 80 MPa, σuc = 160 MPa).  

 



(39) 

 

  

 



(40) 

 

TBR 15: A pipe (σY = 250 MPa) with an 

outside diameter of 95 mm and a wall 

thickness of 5 mm is subjected to the 

loadings shown. (a) Determine factor of 

safety at point K according to Tresca and 

Mises criterion. (b) if the structure is put in 

the brittle conditions find factor of safety at 

point H according to Coulomb-Mohr 

criterion ( σut = 250 MPa, σuc = 400 MPa).  
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TBR 16: For a given brittle material 

under torsion the maximal shear 

stress is equal to 80 MPa. Moreover, 

the material fails under loading 

condition (1). Find factor of safety 

for this material under loading 

condition (2) (use Mohr’s criterion). 
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