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One or Two Page Course Description 
in ABET Format  



Course Syllabus 
(ABET Self-Study 2020-2021 Template) 

1. Course number and name:

2. Credits and contact hours:

MCEG 3304 Machine Design I 

3 credit hours; 4 contact hours 

3. Instructor’s or course
coordinator’s name: Dr. Xiaobo Peng  

4. Text book: Title: Shigley’s Mechanical Engineering Design  
Author: Budynas, R. G. and Nisbett, J. K., 
Publisher, Year & Edition: McGraw-Hill Book Company, New York, 

2016, 10th Edition 

a. Other Supplemental material None. 

5. Specific course information
a. Brief description of the content of the

course (catalog description) 
MCEG 3043 Machine Design I, 3 credit 
hours. Fundamentals of mechanical design 
methodology, design of machine elements 
for static and fatigue failure, design projects 
and classroom discussions of various design 
solutions. 

b. Prerequisites or
Co-requisites

CVEG2063 Mechanics of Materials 
MCEG1021 Introduction to Mechanical 
Engineering Drawing and Design Lab I  

c. *Indicate whether a required, elective, or 
selected elective (as per definition 
provided) course in the program 

Required 

6. a. Specific goals for the course specific 
outcomes of instruction (e.g. The student 
will be able to explain the significance of 
current research about a particular topic.)  

After completion of this course, the students 
should be able to apply the design processes 
to mechanical elements, using contemporary 
design standards and tools and have 
developed the following: 

b. Explicitly indicate which of the
student outcomes listed in 
Criterion 3 or any other outcomes 
are addressed by the course.  

The specific goals for the course specific 
outcomes listed on the left column will 
address the following student learning 
outcomes: 

1. Skills for mechanical element design; Outcome 2 
An ability to apply engineering design to 
produce solutions that meet specified needs 
with consideration of public health, safety, 
and welfare, as well as global, cultural, 
social, environmental, and economic 
factors. 



.  
 2. An ability to analyze mechanical 

engineering elements; 
 

 3. Knowledge of various machine elements;  
 4. An ability to complete a mechanical 

design project. 
 
 

 

7 Brief list of topics to be covered 
 

(1)  Introduction/Basics 
(2)  Design Process and Project 
Management  
(3)  Material, Load and stress analysis  
(4)  Deflection and stiffness  
(5)  Failures resulting from static loading 
(6)  Failures resulting from variable loading 
(7)  The design of screws, fasteners, and 
connections 
(8)  Rolling contact bearings 
(9)       Mechanical springs 
 

 
*Required courses are required of all students in the program, elective courses (often referred to as open or free 
electives) are optional for students, and selected elective courses are those for which students must take one or more 
courses from a specified group 

 
 

 



 
II ASSESSMENT RESULTS FOR CURRENT AND PAST THREE PERIODS 

 
 

Program Outcomes Assessed in this course  
 

Outcome 2:   an ability to apply engineering design to produce solutions that meet 
specified needs with consideration of public health, safety, and welfare, as well as global, 
cultural, social, environmental, and economic factors. 
. 
 

    
 
 
 
Assessment Summary of Class Semester Averages  for Outcomes: Fall 2019 - Fall 
2021 

 

Outcomes   2 

Semester 
Semester Class 

Average (%) 

Fall 2021 82.6 

 
Fall 2020 

 
84.05 

 
Fall 2019 

 
81.3 

Comments on Data
The overall performance 
is better than the expected 
average.  

           *Expected  Semester Class Average = 70% 

 
 



 

End of Semester 
Course Assessment Report 

 
This summary contains the following Information 

  
1.  Performance Statistics 

 Total number of students in class 
 The class average performance (stated as %) in each course 

outcome assessed in this class and the two previous times course 
was assessed.  

 The acceptable class average for the class in each outcome area as 
set by your Department.  

 Percentage of students who scored below the expected average in 
each outcome. 

 
2.  Implementation Summary 

 Brief summary of plans implemented during the semester based 
on last assessment report 

 
3.  Perceived Problems 

 Instructor’s critical evaluation of perceived problems that 
affected students’ performance.  

 
4.  New Plans for Addressing Problems 

 Instructor’s plans for addressing the perceived problems the next 
time the class is taught.  

 
5.  Overall Trend over last three assessment periods 

 Instructor’s summary of overall performance trend for each 
outcome measured over the last three periods. 

 



END OF SEMESTER COURSE OUTCOME ASSESSMENT REPORT 
MCEG3304-P01 MACHINE DESIGN I 

Fall 2021 SEMESTER 
   Report Prepared by: Dr. Xiaobo Peng 
   Report Date:   December 13, 2021 
 
 

 
 

Semester 

 
 

Analysis 
Type 

 
Number 

of 
Students 

Outcome  (2) 
Ability to apply engineering design to produce solutions 

Expected 
Average 

 

Expected Percent of 
students at or above 

average 

Class Average % Students Meeting  
Expected Average 

Fall 2021 Direct 20 70 70 82.6 90% 
Fall 2020 Direct 19 70 70 84..05 84.2% 
Fall 2019 Direct 15 70 70 81.3 80% 

 
Implementation 

Summary 

 The following activities have been implemented to improve 
the student learning on outcome 2: 
(1) A series of Tutorials on how to apply engineering design 
to solve engineering problems are developed and distributed 
to students; 
(2) One design project was assigned which required students 
to use ANSYS software to solve engineering problems; 
(3) Ecourses was utilized for the class to distribute the 
tutorials and submit projects. 
 

 
 

Perceived 
Problems 

 1. Students lack the abilities in applying the fundamentals to formulate 
the design problem and to validate the design using analysis. 
2. Students showed more enthusiasm on working on the project than 
working on the homework. 

 
 

Plans for 
Addressing 
Problems 

 It is suggested to do the following: 
(1) More in-class training sessions are needed to give 
students more training on ANSYS software. 
(2) More out-of-class tutoring sessions are needed.  
(3) A tutor  is needed to provide help to students.  
 

Overall Trend 
over Periods 

 The overall performance is better than the expected average. 



 
 
 
 
 
 
 

MACHINE DESIGN I  
FALL 2021 

 
        
 

Title of Assignment:  Exam One 
 

TOPICS COVERED IN EXAM ONE 
 

  
Chapter 2. Materials 
Chapter 3. Load and Stress Analysis 



 
 
 
 
 
 
 
 
 
 
 
 

MACHINE DESIGN I  
FALL 2021 

 
 
 
 

SAMPLE EXAM QUESTIONS, SOLUTION,  
AND GRADING SCHEME 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



1 
 

Exam One 
MCEG3304: Machine Design I 

Fall 2021 
10/11/2021 

Total: 100 pts 
Name:  
 
Note:  
 Time: 8:00am ~ 10:00am. 
 You can only use the formula provided by instructor and calculator during the exam. Using 

any other devices (including phone) or materials is prohibited. 
 Write your answers on blank papers. Write question number and sub-question numbers, 

otherwise you will not receive any points on that questions. 
 Return both the exam sheets and solution sheets separately. 
 
Show the detail steps of the following calculation problems. 
 
1. (20 pts) For the beam shown 

(1.1) (4 pts) Find the reactions at the supports A and B; 
(1.2) (8 pts) Draw the shear-force diagram; 
(1.3) (8 pts) Draw the bending moment diagram.  

 
Problem 1. 

 
2. (18 pts) The section is shown. The dimensions are in inches. Assume the neutral axis is 
horizontal. 
(2.1) (8 pts) Find the distance of the neutral axis to the bottom surface. 
(2.2) (10 pts) Find the second moment of area. 

 
Problem 2. 



2 
 

3. (20 pts) For the stress states 𝛿𝛿𝑥𝑥 = 25 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘, 𝛿𝛿𝑦𝑦 = −15 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘, 𝜏𝜏𝑥𝑥𝑥𝑥 = 15 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑐𝑐𝑐𝑐𝑐𝑐.  
(3.1) (12 pts) Draw a 2D-Mohr’s circle diagram and label the coordinates of A, B, C, D, E, F, 
G points on the Mohr’s circle.  
(3.2) (8 pts) Draw the stress elements of principal normal stresses and shear stresses. 
 
 
4. (18 pts) For the stress states  𝛿𝛿𝑦𝑦 = 20 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘, 𝛿𝛿𝑧𝑧 = −15 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘, 𝜏𝜏𝑥𝑥𝑥𝑥 = 12 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑐𝑐𝑐𝑐𝑐𝑐.  

(4.1) (12 pts) Calculate all three principal normal and shear stresses 3/13/22/1321 ,,,,, τττσσσ . 

(4.2) (6 pts) Draw a complete Mohr’s three-circle diagram and label the points 

3/13/22/1321 ,,,,, τττσσσ . 

 
5. (24 pts) A cantilevered bar shown below is loaded by the force F= 800 lbf. The cross section 
O at the wall is also shown with labeled points A and B.  
(5.1) (6 pts) Draw the freebody diagram and calculate all the reaction loads at the cross section 
O at the wall. 
(5.2) (12 pts) Calculate all three-dimensional stress elements of  point A and point B. 
(5.3) (6 pts) Calculate the maximum principal normal and shear stresses at point B. 

 

 
Problem 5. 
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Title of Assignment:  Exam Two 
 

TOPICS COVERED IN EXAM TWO 
 

Chapter 4. Deflection  
Chapter 5. Failure Theory 
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Exam Two 
MCEG3304: Machine Design I 

Fall 2021 
11/3/2021 

Total: 100 pts 
Name:  
 
Note:  
 Time: 8:00am ~ 10:00 am. 

 You can only use the formula provided by instructor and calculator during the exam. Using any 
other devices (including phone) or materials is prohibited. 

 Write your answers on blank papers. Write question number and sub-question numbers, 
otherwise you will not receive any points on that questions. 

 Return both the exam sheets and solution sheets separately. 
 

1. (12 pts)  

(1) A 4-in-diameter steel rod (E=30 Mpsi) is 40 in long and loaded by 12000 lbf normal force. 
What is the spring rate for tension? What is the deformation? 
 
(2) A 2-in-diameter steel rod (G=11.5 Mpsi) is 40 in long and loaded by 15000 lbf-in torque. What 
is the spring rate for tension? What is the deformation? 
 
 
 
2. (14 pts) The circular beam is shown below. Assume E = 30 Mpsi. If the deflection at C will not 
exceed 0.15 in, what does the minimum diameter of the shaft need to be? 
 

  
3. (20 pts) The cantilever circular beam (d = 2 in) is loaded by two forces shown below. Assume E 

= 30 Mpsi. 

(3.1) Find the deflection at C. 

(3.2) Find the deflection at D. 



2 
 

 

4. (18 pts) For a bar of AISI 1030 hot-rolled steel (Sy=37.5 kpsi). The stress states 

σx = –15 kpsi, σy = 20 kpsi, τxy = –12 kpsi 
(4.1) (12 pts) Using the maximum-shear-stress theory to determine the safety factor. 

(4.2) (6 pts) Using distortion-energy theory to determine the safety factor. 

 
5. (12 pts) For a brittle bar (Sut= 60 kpsi, Suc= 50 kpsi), using the maximum-normal-stress theory 

determine the safety factor for the stress states σy = 70 kpsi, σz = -80 kpsi, τxz = 30 kpsi. 
 
6. (24 pts) A crank has yield strength Sy=50 kpsi. It is loaded by the forces F = 800 lbf as shown in 
the figure.   
(1) (6 pts) Draw the freebody diagram and calculate all the reaction loads at the cross section at the 
wall. 
(2) (12 pts) Calculate all three-dimensional stress elements of  point A and point B. 
(3) (6 pts) Compute factors of safety, based upon the distortion-energy theory for point A. 
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Final Exam 
MCEG33043 Machine Design I 

Fall 2021 
12/3/2021 

Total: 100 pts 
 

Name: 
 

Note:  
 Time: 9:30am ~ 11:30 am. 
 You can only use the formula provided by instructor and calculator during the exam. 

Using any other devices (including phone) or materials is prohibited. 
 Write your answers on blank papers. Write question number and sub-question numbers, 

otherwise you will not receive any points on that questions. 
 Return both the exam sheets and solution sheets separately. 
 
Show the detail steps of the following calculation problems 1 - 5. 

1. (16 pts) An M 14 × 2 hex-head bolt with a regular hexagonal nut and a 14R washer under 
each of bolt head and the nut is used to clamp together two 18-mm steel plates. 

(1.1) (7 pts) Determine a suitable length for the bolt, rounded up to the nearest 5 mm. 

(1.2) (9 pts) Determine the bolt stiffness kb, the bolt material is carbon steel (E=207GPa). 

  

2. (21 pts) A 2.5-in Magnesium plate (E = 6.5 Mpsi) and a 4.5-in Copper plate (E = 17.2 
Mpsi) are compressed with one bolt and one regular hexagonal nut. The bolt is 3/4 in-16 
UNF. Determine the stiffness of the members km. 

 

3. (21 pts) A total of N bolt are used to clamp two member plates. A total external load of 65 

kips is applied to the entire joint. The bolts are preloaded to 75 percent of the proof load. 

Assume the load is equally distributed to all the bolts. The stiffness of each bolt is kb = 3 

Mlbf/in and the stiffness of the member is km = 7 Mlbf/in. 

Bolt properties: 7/16 in - 14 UNC, E= 30 Mpsi, Proof strength, Sp = 120 kpsi. 

(3.1) (8 pts) Find the minimum number of bolts required for yielding safety factor of 1.15. 

(3.2) (5 pts) With the number of bolts obtained in (1), determine the realized safety factor of 

joint separation. 

(3.3) (8 pts) With the number of bolts obtained in (1), determine the resultant bolt load Fb and 

resultant load on members applied by one bolt Fm.   



2 
 

4. (18 pts) An 02-series Cylindrical Roller Bearing is desired a life of 30000 hours at 350 

rev/min with a radial load of 15 kN. The catalog rating life LR is 1 x 106 revolutions.  

(4.1) (9 pts) Select the smallest bore size from Table 11-3 that can satisfy this condition. 

(4.2) (9 pts) With the bearing selected from (1), estimate the desired bearing life in hours at 

300 rev/min if the radial load is changed to 20 kN. 

 
 

5. (24 pts) (22 pts) An 02-series Deep-Groove ball bearing with a 40-mm bore (see Tables 

11-1 and 11-2 for specifications) has an axial load of 4 kN and a radial load of 7 kN applied. 

The outer ring rotates at 800 rev/min. The catalog rating life is 1 million revolutions.  

(5.1) (16 pts) What is the equivalent radial load Fe? 

(5.2) (8 pts) Estimate the life of bearing in hours? 

 



3 
 

 

 
 



4 
 

 
 

 



5 
 



6 
 

MCEG3304 Machine Design I Final Exam Solution Sheets 
12/3/2021 

Total: 100 pts 
 
Name:  
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MACHINE DESIGN I  
FALL 2021 

 
        
 

Title of Assignment:  Quiz 1 
 

TOPICS COVERED IN QUIZ 1 
 

  
 

1. Free-body Diagram 



 
 

 
 
 
 
 
 
 

MACHINE DESIGN I  
FALL 2021 

 
 
 

SAMPLE QUIZ QUESTIONS,  SOLUTION,  
AND GRADING SCHEME FOR QUIZ 1 



MCEG3304: Machine Design I 
Fall 2021 
Quiz #1 

Total points: 30 
Date: 9/6/2021 Name:                                                  

 
1. Sketch the free-body diagram of element AD and BC in the figure. Compute the 

magnitude and direction of each force on AD and BC. 

 



MCEG3304: Machine Design I 
Fall 2021 
Quiz #1 

Total points: 30 
Date: 9/6/2021 Name:                                                  

 
1. Sketch the free-body diagram of element AD and BC in the figure. Compute the 

magnitude and direction of each force on AD and BC. 
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MCEG3304: Machitre Desigtr I
F{ll202l
Quiz #l

Totalpoinls:30
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l. Sketch the f'ree-body diagram of element AD and BC in the tigure.
magnitude and direction ofeach force on AD and BC.
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MCEG3304: Machine Design I
Fell 2021

Quiz #l
Total points: 30
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MCEG3304: Machine Design I
Fall202l
Quiz #1

Total points: 30

N.de: S hu r"^t r.., ,r@rt
l. Sketch the ftee-body diagram of element AD and BC in the figure. Compute the

magnitude and direction ofeach force on AD and BC.
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MACHINE DESIGN I  
FALL 2021 

 
        
 

Title of Assignment:  Quiz 2 
 

TOPICS COVERED IN QUIZ 2 
 

  
 

2. Shear Force and Bending Moment Diagram 
 



 
 
 
 
 
 
 
 
 
 
 

MACHINE DESIGN I  
FALL 2021 

 
 
 

SAMPLE QUIZ QUESTIONS, SOLUTION,  
AND GRADING SCHEME FOR QUIZ 1 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



MCEG3304: Machine Design I 
Fall 2021 
Quiz #2 

Total points: 30 
Date: 9/13/2021 Name:                                                 
 
 
1. For the cantilever beam shown 

(1) Draw free-body diagram of AB and find 
the reactions at A 

(2) Draw the shear-force diagram 
(3) Draw the bending moment diagram  

 



MCEG3043: Machine Design I
Fall 2019

Quiz#2
Total points: 30

Name:Date: 9/1612019

For the cantilever beam shown
(1) Draw free-body diagram ofAB and find

the reactions at A
(2) Draw the shear-force diagram
(3) Draw the bending moment diagram
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MCEG330,l: Machine Design I
Fall 2021

Quiz #2
Total poinls: 30
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(l) Dran'frce-body diagram ofAB and Iitrd
the reactions at A
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MCf,G3304: Machine Design I
Fall 2021

Quiz #2
Total points: 30
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Title of Assignment:  Quiz 3 
 

TOPICS COVERED IN QUIZ 3 
 

  
 

Mohr’s Circle 
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FALL 2021 
 
 
 

SAMPLE QUIZ QUESTIONS,  SOLUTION,  
AND GRADING SCHEME 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



MCEG3304: Machine Design I 
Fall 2021 

 
Quiz #3 

Total points: 30 
Date: 9/22/2021 

Name:                                                   

For the plane stress states . 15,20,10 cwkpsikpsikpsi xyyx ==−= τσσ , find 

(1) Draw a Mohr’s circle, label the points A, B, C, D, E, F, G with their coordinates. 
(2) Find what are the principal normal stresses and what are the principle shear stresses. 
(3) Draw the stress elements of principal normal stresses and shear stresses. 
(4) On a separate coordinate, draw a complete Mohr’s three-circle diagram and label the 

value of .,,,,, 3/23/22/1321 τττσσσ   

 
 
 
 



MCEG3043: Machine Design I
Fall 2018

Quiz #3
Total points: 30

Date: l0/l/2018

For the plane stress states d, - -l0kpsi,ot =2ikpsi,t,y ='l1kpsicw.,nnA

() O Draw a Mohr's circle, label the points A, B, C, D, E, F, G with their coordinates.

-r,- (2) Find what are the principal normal slresses and what are the principle shear
q stresses.
(8 / 1f) nraw the strcss elements of principal normal stresses and shear stresses.
'A tl) O, a separate coordinate, draw a complete Mohr's threecircle diagram and label
/t)
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@,,,-Quiz #3
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For lhe plane stress states o. =-l0lpsl,o, =2Okpsi,r. = l5tpslcrr'., nnO

(l ) Drrri t Mohr's circle, label the points A, B, C, D, E, F, G with their coordinetes.
(2) Find what are the principal normal stresses and what arc the principle sherr strcsses.
(3) Draw the stress elements of principal normal stresses aod shear stresses.
({) On a sep.nte coordinate, draw a complete Mohr's three-circle diagram and label the

vllue of 6t,d,,dl, fl ,, t1 l, f, r.
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MCEG330;l: Machine Design I
Fall202l

Quiz #3
Total points: l0 @/-

Name:fy p4P1-1,

Forthe plane stress states o. = ljkpsi.o, = 2otpni. r., = l5lrpsl or'., Iind

(l) Draw a Mohr's circle, label the points A, B, C, D, E, F, (; with their coordinates.
(2) Find what are thc principrl normal stresses and what are the principle shear stresses.
(3) Draw the stress elements of principal normal stresses and shear stresses.

\On a separate coordinate, dra$ a complete Mohr's three-circle diagram and label the

valre ol o l, o 2, o ), t 1, 2, T t 1 1, T 
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MCEG3304: Machine Design I
Fall 2021

Quiz #3
Total points: J0
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For lhe plane stress sh1s5 o, =-10,tp.rl,o, =20kpsi.t., = l5,tpsl crr'., find

( I ) Draw a Moh r's circle, label the points A, B, C, D, E, F, G $ ith iheir coordinates.
(2) Fi[d r['hat rre the principal oormal stresses and whrt .re the principle shear strcsses.
(J) Dran the stress elements of principal normal stresses and shear stresses.
(,1) Otr s-sepaflte eoordinate, drard. a compl.te MolE's.thr€e-circle di.grim enffith?

$alce-o{-4r-d:.5t-+r. ---!--.-Jr-.

v>

Nchp-'c-L C,^, V.

f,t
,55',_

L

l:, o)

)-lr)+xb\ -\'?) tr,,;,r/

{

i-q."tqt

{

.-\

rJ7-rrr.A
-\l7rr\: \,x /l

1

o

'i r /
't O,1 r,r,

I

,)
/ -1s'

t1(

b
1

@, 
tr;.o-r'r'r1\r

(r\') tJ.---ll1lr*T-

t)

lr\.4q1\x ,u) 6

G)'lo
fi -'/,t,..^le'ny)
:_.t5" xU'

())

-v

J1,,,-,7;f.l,s)' =

- d/^)"L
-.-l-

+
I

I

i -r

(9

(



 
 
 
 
 
 
 
 

MACHINE DESIGN I  
FALL 2021 

 
        
 

Title of Assignment:  Quiz 4 
 

TOPICS COVERED IN QUIZ 4 
 

  
 

Mohr’s three-circle diagram 
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SAMPLE QUIZ QUESTIONS,  SOLUTION,  
AND GRADING SCHEME 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



MCEG3304: Machine Design I 
Fall 2021 

 
Quiz #4 

Total points: 30 
Date: 09/27/2021 

                                                                     Name:                                                   
 

1. For the stress states . 15,15,20 cwkpsikpsikpsi xyzy =−== τσσ , find  

(1) All three principal stresses (Do not use the cubic equation (3-15)). 
(2) Three principal shear stresses.  
(3) Draw a complete Mohr’s three-circle diagram and label all points of interest 

.,,,,, 3/13/22/1321 τττσσσ  

 
 



MCEG3304: Machine Design I
Frll202l

Quiz #4
Total points: 30

Drte| 0912112021

Name:

L For the stress states o , = 2lkpsi.o - = -15@sl, r., = l5tpsl cw.. find

( I ) All three principal slresses (Do nol use the cubic equation (3- 15)).

(2) Three principal shear stresses.

(3) Draw a complete Mohr's lhree-circle diagram and label all points of interest
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MCEG3304: Machine Design I
Fall 2021

Quiz #4
Total points:30

lr:dte| 09121/2021

f. For the slress states o, =2okpsi,o, = -15kpsi,r^ = l5tpsicv'.. find

(l) All three principal stresses (Do not use the cubic equation (3-15)).
(2) Three principal shear stresses.
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(3) Draw a complele Mohr's tfu€e-circlc diagram and label all points of interest
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MCEG3304: Mschine Design IF.r2o2t a^ ^
Quiz *r4 ( 'l l- ) /

rotar points:3. \-1-://Z O

n,,", (lny,5tJf6or
NvOlS-

l. For the stress stat€s o, = 2okpsi,o. = -lJkxi,to =t51*"; 
"n,, 

r-O

(l) All three principal stresses (Do not use the cubic equatior (3-15)).
(2) Thr€e principal shear stresses.

(3) Draw a complete Mohr's thr€e-circle diagram and label all poins of interest

O 
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Quiz #4
Total points: 30

Date. 09/21/2021 ' Nrm., ChriS Nl hna<r

l. For the stress states o,=2llcpsi,o,=-lskpsi,try =l'kpsi cw.,futd

(1) All three principal stresses (Do not use the cubic equation (3-15)).
(2) Three principal sheai stresses.

"@,,"

(3) Draw a complete N4ohr's 
/5e-circh 

diag"am and label all points of interest
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Title of Assignment:  Quiz 5 
 

TOPICS COVERED IN QUIZ 5 
 

  
 

Bending normal stress 
 



 
 
 
 
 
 
 
 
 

 
MACHINE DESIGN I  

FALL 2021 
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MCEG3304: Machine Design I 
Fall 2021 

 
Quiz #5 

Total points: 30 
Date: 10/04/2021 

 
Name:                                                   

 
For the section shown, the bending moment is shown in the 
the figure and Mz= 100 kip in. 
(1) Find the distance from the mass center to the bottom 

surface. 
(2) Calculate the second moment of area I of the section. 
(3) Determine the bending normal stresses at top D and 

bottom A. 
 
 
 
 
 



Date: l0/0,U2021

MCEG3304: Machine Desigr I
Frll202l

Quiz #5
'lbtal points: 30

Name:

For the section shown, lhe bending mom€nt is shown in the

the figure and Mz= 100 kip in.
(l) Find the dislance fiom the mass center to the bottom

surface.

(2) Calculat€ the s€cond moment ofaEa I ofthe s€ction.

(3) Deternine the bending normal stresses at top D and

bottom A.
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Title of Assignment:  Quiz 6 
 

TOPICS COVERED IN QUIZ 6 
 

  
 

Deflection 
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SAMPLE QUIZ QUESTIONS,  SOLUTION,  
AND GRADING SCHEME 

 
  



Name:  
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MCEG3043: Machine Design I 
Fall 2021 

 
Quiz #6 

Total points: 30 
Date: 10/20/2021 

 
The cantilever circular shaft is loaded as shown in the figure. The material is carbon steel ( E=30 Mpsi). 

(1) If the diameter of the shaft is 2 inch, what’s the deflection at B? 

(2) If the deflection at midspan will not exceed 0.5 in, what does the minimum diameter of the shaft need to 

be? 

 

 

 



Name:

MCEG3043: Machine Design I
Fall 2019

Quiz #5
Total points: 30

Datet 101232019

The cantilever circular shaft is loaded as shown in the figure. The material is carbon steel ( E=30 Mpsi).
(l) Ifthe diameter ofthe shaft is 2 inch, what's the deflection at B?

(2) If the deflection at midspan will not exceed 0.5 in, what do€s the minimum diameter ofthe shaft need

to be?

10O in

2 Canrilevcr-intcrmediatE load

3 Canlilever-uniform load
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Fall 2021

Quiz #6
'Ii)nl points: l0

Drte: l0/2012021

The cantilever circular shaft is loaded as sho n in the figure. The malerial is carbon sleel ( E=30 Mpsi).

( l) lfthe diameler ofthe shafl is 2 inch. what s the deflection at B?

(2) Ifthe deflection al midspan will not exceed 0.5 in. what does the minimum diameter of rhe shall need lo

be?
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MCEG3043: Machine Design I
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Nu ",-50$1*Llt- MCE(i-10{3: Machinc Design I
l'all 2ll2l

(hi #6 " /r"Total points: 30

Drtez l0l20D02l

The cantilever circular shaft is loaded as shown in the figure. The material is carbon sleel ( E=10 Mpsi).

(l) Ifthe diameter ofthe shan is 2 inch, rvhal's the deflection al B?

(2) tfthe deflection al midspan will not exceed 0.5 in, what does the minimum diameter ofthe shaft need to

be?
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Quiz #6
lotal points: l0

D.te: l0/202021

The cantilever circular shafr is loaded as shown in the figure. Th€ malerial is carbon steel( E=10 Mpsi).

(l ) Ifthe diameter ofthe shaft is 2 inch, what's the deflection at B?

(2) lfthe deflection al midspan will nol exceed 0.5 in, what does the minimum diameter ofthe shaft need to

be?
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TOPICS COVERED IN QUIZ 7 

Failure Theory from Static Loading 
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MCEG3304: Machine Design I 
Fall 2021 

 
Quiz #7 

Total points: 30 
Date: 10/27/2021 

Name:                                                   
 

A steel bar has yield strength of 120MPa. The stress 

states: .40,50,100 MPaMPaMPa yzyx    

(1) Use maximum-shear-stress theory to determine the safety factor. 
(2) Use distortion-energy theory to determine the safety factor. 
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MCEG3043: Machine Design I
Fall2019

Quiz #6
Total points: 30

Date:1012812019 
Name:

A steel bar has yield strength of l2OMPa. The stress

states: o * = l$0MPa, o y = -S|MPa,T * = 40MPa.

(l) Use maximum-shear-stress theory to determine the safety factor.
(2) Use distortion-energy theory to determine the safety factor.

c t) f, >t"...> i" tr--L yAttcJ.- S'itl--s9 O

fr,*=rytm
/-n 

-

_ -rv + !r-.slD^2 z
z -NtZ) t+o

= zL-iJ, -72'/7 @

.'', D1-/fr, Fr=22't), E:)2't7 @

ry - i*o*7a,)- 8t e

I v - *Lrn^r 8'b 
v

( > ) C,, h [lf. -$ l',+ (q -t;1 f+CC-& )'+6 (Z*b2 +Itr e2+\2il'J1

= hf c r^+ 9)'+ ('cl)-+( -lsoJ ?6 (4o')JL

xipeng
Text Box
Fall 2021

xipeng
Text Box
Quiz #7

xipeng
Text Box
10/27/2021



 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

ABOVE AVERAGE  
 
 

 



MCEG3304: Machine Design I
Fall202l

Quiz #7
Total points: l0
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rt'Lr lon1no2l 
nrmc: r-e rvr rre{ o

A steel bar has yield slrengih of l2oMPa.

*ateso, =lO0MPa,o 
" 

= -50ls,lpq,7, = !Ql4pq.

(l) Us€ maximum-shear-strcss theory to determine the safety factor.
(2) Use distonion-€neEy theory to detemine $e safety factor.
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Fall 2021

Q|iz #7
Total points: l0

D^tet lll/21 l2ll2l
Neme:

A steel bar has yield strength of l2oMPa.

states:o. =100MPQ,o,: -50MPa.r,- = 40 MPct.

( I ) Use maximum-shear-stress theory to determine the safety factor.
(2) Use distortion-energy theory to determine the safety factor.
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Date', 10121 12021

100 t r r0)
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A steel bar has yield strength of l20MPa. The stress

31ays51o, =l|lMPa,o, - -JQlt[pe,7,,= 4,0MPa. cf.=Ot eZ*-O SZ x1 --O
(l) Use maximum-shear-stress theory to determine the safety factor.
(2) Use distortion-energy theory to determine the safety factor.

MCEG3304: Machine Design I
Fall202l

Quiz #7
Total points:30
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Title of Assignment:  Quiz 8 
 

TOPICS COVERED IN QUIZ 8 
 

  
 

Chapter 8. Bolt Design 
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SAMPLE QUIZ QUESTIONS,  SOLUTION,  
AND GRADING SCHEME 



1 
 

MCEG3304: Machine Design I 
Fall 2021 

 
Quiz #8 

Total points: 30  
Assigned date: 11/17/2021         Due date: 11/22/2021, 8AM                    Name:                                                   

 
A 3-in Aluminum plate and a 2-in cast-iron plate are compressed with one bolt and nut. The bolt 
is 7/8 in-9 UNC.  
(1) Determine a suitable length for the bolt, rounded up to the nearest ¼ in. 
(2) Determine the bolt stiffness. 
(3) Determine the stiffness of the members. 



Date:11/18/2019

MCEG3043: Machine Design I
Fall 2019

Qtrw#7
Total points: 30

Name:

o-442x o4ol / ),>
= ).q- Yrbf/^

U

A 3-in Aluminum plate and a 2-in cast-iron plate are compressed with one bolt and nut. The bolt
is 7/8 in-9 UNC.
(1) Determine a suitable length for the bolt, rounded up to the nearest % in.

(2) Determine the bolt stiffness.
(3) Determine the stiffness of the members.
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MCEG330,l: MachiDc Design I
Fall202l

Quiz #&
Total points: 30

Assigned date: llllll202l Due dater I l/22l2021,8AM
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A 3-in Aluminum plate and a 2-in cast-iron plate are compressed $ith one boh and nut. The bolt
is 7/8 in-9 IINC.
(l ) Determine a suitable length for the bolt. rounded up to the nearest % in.
(2) Determine the bolt stiffness.
(3) Determine the stiffness ofthe members.
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Assigned datc: ll/17 l2ll2l

M( UG330{: Machine Design I
Fall202l

Quiz #8
Total points:30

Due date: I l/2212021. 8AM

A 3-in Aluminum plate and a 2-in cast-iron plate are compressed with one bolt and nut. The bolt
is 7/8 in-9 IJNC.
(l ) Determine a suitable length for the bolt, rounded up to the nearest % in.
(2) Deiermine the bolt stiffness.
(3) Determine the stiffness of the members.
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MCEG3304: Machine Design I
Frll 2021

Quiz #8
Total points: 30

Assigned date: llll7l2l2l Drc d^te. lll22l2l2l,8AM Name:
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A 3-in Aluminum plate and a 2-in cast-iron plate are compressed with one bolt and nut. The bot
is 7/8 in-9 [JNC.

(l ) Determine a suitable length for the bolt, rounded up to the nearest % in.
(2) Determine the bolt stiffness. \(b
(3) Determine the stiffness ofthe members. la h
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MCEG3304: Machine Design I 
Fall 2021 
Quiz #9 

Total points: 30  
Assigned Date: 11/22/2021   Due date: 11/24/2021                                      Name:                                                   
 
A total of 6 bolts are to be used to resist an external load. The stiffness of each bolt is kb=3.4 Mlbf/in and the 
stiffness of the members is km=8.6 Mlbf/in per bolt. The bolts are 3/8 in-24 UNF SAE grade 4. The bolts are 
preloaded to 75 percent of the proof load. Assume the external load is equally distributed to all the bolts. 
(a) Determine the maximum external load that can be applied to the entire joint if the overload safety factor is 
designed to be 1.5. 
(b) With the maximum external load obtained from question (a), determine the service load stress in one bolt. 
(c) Determine the maximum external load that can be applied to the entire joint without causing the members to 
come out of compression. 
 
 
 



Date: lll25l20l9

MCEG3043: Machine Design I
Fall 2019

Quiz #8
Total points: 30

Name:

A total of 6 bolts are to be used to resist an external load. The stiffness ofeach bolt is k6:3.4 Mlbf/in and the
stiffness of the members is k.=8.6 Mlbf/in per bolt. The bolts are 3/8 in-24 UNF SAE grade 4. The bolts are
preloaded to 75 percent ofthe proofload. Assume the extemal load is equally distributed to all the bolts.
(a) Determine the maximum extemal load that can be applied to the entirejoint if the overload safety factor
is designed to be 1.5.

(b) With the maximum extemal load obtained from question (a), determine the service load stress in one

bolt.
(c) Determine the maximum extemal load that can be applied to the entire joint without causing the
members to come out of compression.
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Free-body Diagram 
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Assignment Print View https://ezto.mheducation.com/hm.tpx

1 of 20 9/14/2020, 12:31 PM



What is the value of the forces at points O and B in lbf? 

The force at point O is 88.89 ± 1.01  lbf.
The force at point B is 111.11 ± 1.01  lbf.

Taking the moment about point O,

Therefore, the reaction force at point B is

The sum of equilibrium of forces is

Therefore, the reaction force at point O is

The force at point O is 88.89 lbf.
The force at point B is 111.11 lbf.

References

Numeric
Response

Problem 03.001.a -
Determine the
specified reaction
force(s)

Difficulty: Medium

Assignment Print View https://ezto.mheducation.com/hm.tpx

2 of 20 9/14/2020, 12:31 PM
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Assignment Print View https://ezto.mheducation.com/hm.tpx
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Assignment Print View https://ezto.mheducation.com/hm.tpx

5 of 20 9/14/2020, 12:31 PM



What are the values of forces at points A and B in lbf? 

RAx = 333.3333 ± 1%  lbf

RBx = 333.3333 ± 1%  lbf

RAy = 300 ± 1%  lbf

RBy = 300 ± 1%  lbf

Consider body AB.

Therefore,

Now, consider body OAC.

Taking the moment about point O yields

Assignment Print View https://ezto.mheducation.com/hm.tpx
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RAx = 333.3333 lbf
RBx = 333.3333 lbf
RAy = 300 lbf
RBy = 300 lbf

References

Numeric
Response

Problem 03.002.a -
Determine the
specified reaction
force(s)

Difficulty: Medium

Assignment Print View https://ezto.mheducation.com/hm.tpx

7 of 20 9/14/2020, 12:31 PM



What are the values of the x and y forces at point O in lbf?

Rox = -333.3333 ± 1%  lbf

Roy = -200 ± 1%  lbf

Sum of forces in the x direction

Sum of forces in the y direction

Rox = −333.3333 lbf
Roy = -200 lbf

References

Numeric
Response

Problem 03.002.b -
Determine the
specified reaction
force(s)

Difficulty: Medium

Assignment Print View https://ezto.mheducation.com/hm.tpx

8 of 20 9/14/2020, 12:31 PM



Determine the magnitude and direction of each force at points O and A. In the figure shown, V1 =
0.6 kN and V2 = 0.9 m. What are the resultant values of the forces at points O and A in kN?

RO = 1.0392 ± 1%  kN

RA = 1.2 ± 1%  kN

Assignment Print View https://ezto.mheducation.com/hm.tpx

9 of 20 9/14/2020, 12:31 PM



RO = 1.0392 kN
RA = 1.2 kN

References

Numeric
Response

Problem 03.003 -
Determine the
specified reaction
force(s)

Difficulty: Medium

Assignment Print View https://ezto.mheducation.com/hm.tpx
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Compute the x and y components of each force acting on element 2.

(RAx)2 = -692.8 ± 1%  N

(RAy)2 = -400 ± 1%  N

(RBx)2 = 750.9 ± 1%  N

(RBy)2 = 0 ± 1%  N

(RCx)2 = -58.1 ± 1%  N

(RCy)2 = 400 ± 1%  N

The reaction forces at point A are determined as follows:

The reaction forces at point B are determined as follows:

Assignment Print View https://ezto.mheducation.com/hm.tpx
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The reaction forces at point C are determined as follows:

(RAx)2 = -692.8 N
(RAy)2 = -400 N
(RBx)2 = 750.9 N
(RBy)2 = 0 N
(RCx)2 = -58.1 N
(RCy)2 = 400 N

References

Assignment Print View https://ezto.mheducation.com/hm.tpx

13 of 20 9/14/2020, 12:31 PM



Numeric
Response

Problem 03.004.a -
Determine the
specified reaction
force(s)

Difficulty: Hard

Assignment Print View https://ezto.mheducation.com/hm.tpx
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Compute the x and y components of each force acting on element 3.

(RBx)3 = -750.9 ± 1%  N

(RBy)3 = 0 ± 1%  N

(RDx)3 = 750.9 ± 1%  N

(RDy)3 = 0 ± 1%  N

The reaction forces at points B and D in the x direction are equal and opposite to each other, and
equal in magnitude to

Therefore,

(RBx)3 = −750.9 N
(RBy)3 = 0 N
(RDx)3 = 750.9 N
(RDy)3 = 0 N

References

Numeric
Response

Problem 03.004.b -
Determine the
specified reaction
force(s)

Difficulty: Hard

Assignment Print View https://ezto.mheducation.com/hm.tpx
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Compute the x and y components of each force acting on element 4. 

(RCx)4 = 750.9 ± 1%  N

(RCy)4 = -799.98 ± 1%  N

(RDx)4= -750.9 ± 1%  N

(RDy)4 = 0 ± 1%  N

(REx)4 = 0 ± 1%  N

(REy)4 = 799.98 ± 1%  N

The reaction force at point D has the same magnitude as that of element 3, but with the opposite
sign.

Because point E is on a horizontal roller,

To find the vertical reaction at point E,

Assignment Print View https://ezto.mheducation.com/hm.tpx
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The reaction forces at point C are determined as follows:

(RCx)4 = 750.9 N
(RCy)4 = −799.98 N
(RDx)4 = −750.9 N
(RDy)4 = 0 N
(REx)4 = 0 N
(REy)4 = 799.98 N

References

Numeric
Response

Problem 03.004.c -
Determine the
specified reaction
force(s)

Difficulty: Hard

Assignment Print View https://ezto.mheducation.com/hm.tpx
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Score: 100/100 Points 100 %

3.Problem 03.001 - Determine the specified reaction force(s) - DEPENDENT MULTI-PART PROBLEM -
ASSIGN ALL PARTS

Determine the magnitude and direction of each force. In the given figure, F = 300 lbf, a = 1 in, b = 17 in, and c = 11 in.
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.

 
 

References

Section Break Chapter: 03 Load and Stress
Analysis

3.Problem 03.001 -
Determine the
specified reaction
force(s) - DEPENDENT
MULTI-PART PROBLEM
- ASSIGN ALL PARTS

Section: 03.02 Shear Force
and Bending Moments in
Beams
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 1. Award: 8 out of 8.00 points  
 You received credit for this question in a previous attempt

Problem 03.001.a - Determine the specified reaction force(s)

What is the value of the forces at points O and B in lbf? 

The force at point O is 283.33  lbf.
The force at point B is 16.66  lbf.

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.001.a -
Determine the
specified reaction
force(s)

Section: 03.02 Shear Force
and Bending Moments in
Beams

Problem 03.001.a - Determine the specified reaction force(s)

What is the value of the forces at points O and B in lbf? 

The force at point O is 283.33 ± 1.01  lbf.
The force at point B is 16.67 ± 1.01  lbf.

 
Explanation:

Taking the moment about point O,

∑Mo = RB(18 in) − Fa

∑Mo = RB(18 in) − (300 lbf × 1 in)

Therefore, the reaction force at point B is

RB = Fa18 = 300 lbf × 1 in18 in = 16.67 lbf

The sum of equilibrium of forces is

∑F = RB − F + R0

Therefore, the reaction force at point O is

Ro = − RB + F = - 16.67 lbf + 300 lbf = 283.33 lbf

 



 2. Award: 9 out of 9.00 points  
 You received credit for this question in a previous attempt

Problem 03.001.b - Determine the specified reaction force(s)

What will be the direction of force RB if the direction of force R0 is as shown in the figure? In the image provided below v3 = 300 lbf, v1 = 1
in, and v2 = 17 in. 

The direction of the force RB will be negative.

The direction of the force RB will be positive.

Taking the moment about point O,

∑Mo = RB(18 in) − (300 lbf × 1 in)

Therefore, the reaction force at point B is

RB = Fa18 = 300 lbf × 1 in18 in = 16.67 lbf

The force RB must be positive otherwise the bar AB would rotate clockwise around point O.

References

Multiple Choice Chapter: 03 Load and Stress
Analysis

Problem 03.001.b -
Determine the
specified reaction
force(s)

Section: 03.02 Shear Force
and Bending Moments in
Beams
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 3. Award: 9 out of 9.00 points  
 You received credit for this question in a previous attempt

Problem 03.001.c - Determine the specified reaction force(s)

What is the direction of force RC? In the image provided below v3 = 300 lbf, v1 = 1 in, and v2 = 17 in.

The direction of force RC is negative.

The direction of force RC is positive.

The sum of equilibrium of forces in the vertical direction is

∑Rc − Rb = 0  →  Rc = Rb

Therefore, the direction of force RC is positive.

References

Multiple Choice Chapter: 03 Load and Stress
Analysis

Problem 03.001.c -
Determine the
specified reaction
force(s)

Section: 03.02 Shear Force
and Bending Moments in
Beams



✓ 



Problem 03.002 - Determine the specified reaction force(s) - DEPENDENT MULTI-PART PROBLEM -
ASSIGN ALL PARTS

Determine the magnitude and direction of each force. In the figure shown, a = 12 in and F = 50 lbf.
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
 

References

Section Break Chapter: 03 Load and Stress
Analysis

Problem 03.002 -
Determine the
specified reaction
force(s) - DEPENDENT
MULTI-PART PROBLEM
- ASSIGN ALL PARTS

Section: 03.02 Shear Force
and Bending Moments in
Beams



 4. Award: 10 out of 10.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.002.a - Determine the specified reaction force(s)

What are the values of forces at points A and B in lbf? 

RAx = 125  lbf
RBx = 125  lbf
RAy = 150  lbf
RBy = 150  lbf

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.002.a -
Determine the
specified reaction
force(s)

Section: 03.02 Shear Force
and Bending Moments in
Beams

Problem 03.002.a - Determine the specified reaction force(s)

What are the values of forces at points A and B in lbf? 

RAx = 125 ± 1%  lbf

RBx = 125 ± 1%  lbf

RAy = 150 ± 1%  lbf

RBy = 150 ± 1%  lbf

 
Explanation:

Consider body AB.

ΣFx = 0, RAx = RBx

ΣFy = 0, RAy = RBy

ΣMB = 0, RAy(10 in) − RAx(12 in) = 0

Therefore,



RAx = (10 in)RAya

Now, consider body OAC.

Taking the moment about point O yields

RAy(10 in) − F(30 in) = ΣMO = 0

RAy = 3F = 3 × 50 lbf = 150 lbf

RBy = RAy = 150 lbf

RAx = (10 in)RAya = (10 in)(150 lbf)12 in = 125 lbf

RAx = RBx = 125 lbf

 



 5. Award: 10 out of 10.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.002.b - Determine the specified reaction force(s)

What are the values of the x and y forces at point O in lbf?

Rox = -125  lbf
Roy = -100  lbf
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Problem 03.002.b - Determine the specified reaction force(s)

What are the values of the x and y forces at point O in lbf?

Rox = -125 ± 1%  lbf

Roy = -100 ± 1%  lbf

 
Explanation:

Sum of forces in the x direction

ΣFx = 0 → ROx = − RAx = − (10 in)RAya

Rox = - (10 in)(150 lbf)12 in = - 125 lbf

Sum of forces in the y direction

ΣFy = 0

ROy + RAy − F = 0

ROy = − RAy + F = - 150 lbf + 50 lbf = -100 lbf

 



 6. Award: 20 out of 20.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.003 - Determine the specified reaction force(s)

Determine the magnitude and direction of each force at points O and A. In the figure shown, V1 = 0.8 kN and V2 = 0.8 m. What are the
resultant values of the forces at points O and A in kN?

RO = 1.385  kN
RA = 1.6  kN
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Problem 03.003 - Determine the specified reaction force(s)

Determine the magnitude and direction of each force at points O and A. In the figure shown, V1 = 0.8 kN and V2 = 0.8 m. What are the
resultant values of the forces at points O and A in kN?



RO = 1.3856 ± 1%  kN

RA = 1.6 ± 1%  kN

 
Explanation:

Ro = V1tan30°

Ro = 0.8 kN0.5773 = 1.3856 kN

RA = V1sin30°

RA = 0.8 kN0.5 = 1.6 kN

 



Problem 03.004 - Determine the specified reaction force(s) - DEPENDENT MULTI-PART PROBLEM -
ASSIGN ALL PARTS

Determine the magnitude of the forces. In the given figure, V1 = 600 N, V2 = 0.9 m, and V3 = 17 m.
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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 7. Award: 8 out of 8.00 points  
 You received credit for this question in a previous attempt

Problem 03.004.a - Determine the specified reaction force(s)

Compute the x and y components of each force acting on element 2.

(RAx)2 = -519.62  N
(RAy)2 = -300  N
(RBx)2 = 368.97  N
(RBy)2 = 0  N
(RCx)2 = 150.65  N
(RCy)2 = 300  N
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Problem 03.004.a - Determine the specified reaction force(s)

Compute the x and y components of each force acting on element 2.

(RAx)2 = -519.6 ± 1%  N

(RAy)2 = -300 ± 1%  N

(RBx)2 = 368.97 ± 1%  N

(RBy)2 = 0 ± 1%  N

(RCx)2 = 150.63 ± 1%  N

(RCy)2 = 300 ± 1%  N

 
Explanation:

The reaction forces at point A are determined as follows:

∑Fx = 0 (RAx)2 + Fcos30° = 0

(RAx)2 = − Fcos30° = − V1cos30°



(RAx)2 = - 600 N × 0.866 = -519.6 N

∑Fy = 0 (RAy)2 + V1 − V1sin30° = 0

(RAy)2 = V1sin30° - V1

(RAy)2 = (600 N × 0.5) - 600 N = -300 N

The reaction forces at point B are determined as follows:

h = 12¯AEtan30° = 1217 m0.57735 = 14.72 m

∑MC = 0 12¯AEF −(h − V2)(RBx)2 = 0

(RBx)2 = 12¯AEF(h−V2) = 12V1V3
12V3tan30°−V2

(RBx)2 = 12(600 N × 17 m)1217 m0.57735−0.9 m = 368.97 N

(RBy)2 = 0

The reaction forces at point C are determined as follows:

∑Fx = 0 (RCx)2 − Fcos30° + 12¯AEF(h−V2) = 0

(RCx)2 = V1cos30° − 12V1V3
12V3tan30°−V2

(RCx)2 = (600 N × cos30°) − 12(600 N × 17 m)1217 mtan30°−0.9 m = 150.63 N

∑Fy = 0 (RCy)2 = -(V1sin30°) + V1 = - (600 N × 0.5) + 600 N = 300 N

 



 8. Award: 9 out of 9.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.004.b - Determine the specified reaction force(s)

Compute the x and y components of each force acting on element 3.

(RBx)3 = -368.97  N
(RBy)3 = 0  N
(RDx)3 = 368.97  N
(RDy)3 = 0  N
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Problem 03.004.b - Determine the specified reaction force(s)

Compute the x and y components of each force acting on element 3.

(RBx)3 = -368.97 ± 1%  N

(RBy)3 = 0 ± 1%  N

(RDx)3 = 368.97 ± 1%  N

(RDy)3 = 0 ± 1%  N

 
Explanation:

The reaction forces at points B and D in the x direction are equal and opposite to each other, and equal in magnitude to

(RBx)2 = 368.97 N

Therefore,

(RBx)3 = −(RBx)2 = - 368.97 N

(RBy)3 = 0

(RDx)3 = (RBx)2 = 368.97 N

(RDy)3 = 0

 



 9. Award: 8 out of 8.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.004.c - Determine the specified reaction force(s)

Compute the x and y components of each force acting on element 4. 

(RCx)4 = 368.97  N
(RCy)4 = -599.99  N
(RDx)4= -368.97  N
(RDy)4 = 0  N
(REx)4 = 0  N
(REy)4 = 599.99  N
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Problem 03.004.c - Determine the specified reaction force(s)

Compute the x and y components of each force acting on element 4. 

(RCx)4 = 368.97 ± 1%  N

(RCy)4 = -599.99 ± 1%  N

(RDx)4= -368.97 ± 1%  N

(RDy)4 = 0 ± 1%  N

(REx)4 = 0 ± 1%  N

(REy)4 = 599.99 ± 1%  N

 
Explanation:

The reaction force at point D has the same magnitude as that of element 3, but with the opposite sign.

(RDx)4 = −(RDx)3 = - 368.97 N



(RDy)4 = 0

Because point E is on a horizontal roller,

(REx)4 = 0

To find the vertical reaction at point E,

h = 12¯AEtan30° = 1217 mtan30° = 14.72 m

∑MA = 0 ¯AE(REy)4 − h(Fcos30°) − 12¯AE(Fsin30°) = 0

(REy)4 = h(Fcos30°)+12¯AE(Fsin30°)¯AE

(REy)4 = 14.72 m(600 N × cos30°)+1217 m(600 N × sin30°)17 m = 599.99 N

The reaction forces at point C are determined as follows:

∑Fx = 0 (RCx)4 +(RDx)4 = 0

(RCx)4 = -(RDx)4 = 368.97 N

∑Fx = 0 (RCy)4 +(REy)4 = 0

(RCy)4 = −(REy)4 = - 599.99 N

 



 10. Award: 9 out of 9.00 points  
 You received credit for this question in a previous attempt

Problem 03.004.d - Determine the specified reaction force(s).

Select the correct set of free-body diagrams from the given choices.

✓ 
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



The correct free-body diagram is
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3.Problem 03.001 - Determine the specified reaction force(s) - DEPENDENT MULTI-PART PROBLEM -
ASSIGN ALL PARTS

Determine the magnitude and direction of each force. In the given figure, F = 200 lbf, a = 11 in, b = 7 in, and c = 11 in.
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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 1. Award: 8 out of 8.00 points  
 You received credit for this question in a previous attempt

Problem 03.001.a - Determine the specified reaction force(s)

What is the value of the forces at points O and B in lbf? 

The force at point O is 77.8  lbf.
The force at point B is 122.2  lbf.
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Problem 03.001.a - Determine the specified reaction force(s)

What is the value of the forces at points O and B in lbf? 

The force at point O is 77.78 ± 1.01  lbf.
The force at point B is 122.22 ± 1.01  lbf.

 
Explanation:

Taking the moment about point O,

∑Mo = RB 18 in − Fa

∑Mo = RB 18 in − (200 lbf × 11 in)

Therefore, the reaction force at point B is

RB =
Fa

18
=

200 lbf × 11 in

18 in
= 122.22 lbf

The sum of equilibrium of forces is

∑F = RB − F + R0

Therefore, the reaction force at point O is

Ro = − RB + F = - 122.22 lbf + 200 lbf = 77.78 lbf

 

( )

( )



 2. Award: 9 out of 9.00 points  
 You received credit for this question in a previous attempt

Problem 03.001.b - Determine the specified reaction force(s)

What will be the direction of force RB if the direction of force R0 is as shown in the figure? In the image provided below v3 = 200 lbf, v1 = 11
in, and v2 = 7 in. 

The direction of the force RB will be negative.

The direction of the force RB will be positive.

Taking the moment about point O,

∑Mo = RB(18 in) − (200 lbf × 11 in)

Therefore, the reaction force at point B is

RB =
Fa

18
=

200 lbf × 11 in

18 in
= 122.22 lbf

The force RB must be positive otherwise the bar AB would rotate clockwise around point O.
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 3. Award: 9 out of 9.00 points  
 You received credit for this question in a previous attempt

Problem 03.001.c - Determine the specified reaction force(s)

What is the direction of force RC? In the image provided below v3 = 200 lbf, v1 = 11 in, and v2 = 7 in.

The direction of force RC is positive.

The direction of force RC is negative.

The sum of equilibrium of forces in the vertical direction is

∑Rc − Rb = 0  →  Rc = Rb

Therefore, the direction of force RC is positive.
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Problem 03.002 - Determine the specified reaction force(s) - DEPENDENT MULTI-PART PROBLEM -
ASSIGN ALL PARTS

Determine the magnitude and direction of each force. In the figure shown, a = 11 in and F = 100 lbf.
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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 4. Award: 10 out of 10.00 points  
 You received credit for this question in a previous attempt

Problem 03.002.a - Determine the specified reaction force(s)

What are the values of forces at points A and B in lbf? 

RAx = 272.7  lbf
RBx = 272.7  lbf
RAy = 300  lbf
RBy = 300  lbf
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Problem 03.002.a - Determine the specified reaction force(s)

What are the values of forces at points A and B in lbf? 

RAx = 272.7273 ± 1%  lbf

RBx = 272.7273 ± 1%  lbf

RAy = 300 ± 1%  lbf

RBy = 300 ± 1%  lbf

 
Explanation:

Consider body AB.

ΣFx = 0, RAx = RBx

ΣFy = 0, RAy = RBy

ΣMB = 0, RAy(10 in) − RAx(11 in) = 0

Therefore,



RAx =
(10 in)RAy

a

Now, consider body OAC.

Taking the moment about point O yields

RAy(10 in) − F(30 in) = ΣMO = 0

RAy = 3F = 3 × 100 lbf = 300 lbf

RBy = RAy = 300 lbf

RAx =
(10 in)RAy

a
=

( 10 in ) ( 300 lbf )

11 in
= 272.72727 lbf

RAx = RBx = 272.7273 lbf

 



 5. Award: 10 out of 10.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.002.b - Determine the specified reaction force(s)

What are the values of the x and y forces at point O in lbf?

Rox = -272.7273  lbf
Roy = -200  lbf
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Problem 03.002.b - Determine the specified reaction force(s)

What are the values of the x and y forces at point O in lbf?

Rox = -272.7273 ± 1%  lbf

Roy = -200 ± 1%  lbf

 
Explanation:

Sum of forces in the x direction

ΣFx = 0 → ROx = − RAx = −
(10 in)RAy

a

Rox = -
(10 in)(300 lbf)

11 in
= - 272.7273 lbf

Sum of forces in the y direction

ΣFy = 0

ROy + RAy − F = 0

ROy = − RAy + F = - 300 lbf + 100 lbf = -200 lbf

 



 6. Award: 20 out of 20.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.003 - Determine the specified reaction force(s)

Determine the magnitude and direction of each force at points O and A. In the figure shown, V1 = 0.5 kN and V2 = 0.8 m. What are the
resultant values of the forces at points O and A in kN?

RO = 0.866  kN
RA = 1  kN
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Problem 03.003 - Determine the specified reaction force(s)

Determine the magnitude and direction of each force at points O and A. In the figure shown, V1 = 0.5 kN and V2 = 0.8 m. What are the
resultant values of the forces at points O and A in kN?



RO = 0.866 ± 1%  kN

RA = 1 ± 1%  kN

 
Explanation:

Ro =
V1

tan30 °

Ro =
0.5 kN

0.5773
= 0.866 kN

RA =
V1

sin30 °

RA =
0.5 kN

0.5
= 1 kN

 



Problem 03.004 - Determine the specified reaction force(s) - DEPENDENT MULTI-PART PROBLEM -
ASSIGN ALL PARTS

Determine the magnitude of the forces. In the given figure, V1 = 300 N, V2 = 1.5 m, and V3 = 14 m.
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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 7. Award: 8 out of 8.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.004.a - Determine the specified reaction force(s)

Compute the x and y components of each force acting on element 2.

(RAx)2 = -259.81  N
(RAy)2 = -150  N
(RBx)2 = 197.66  N
(RBy)2 = 0  N
(RCx)2 = 62.14  N
(RCy)2 = 150  N
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Problem 03.004.a - Determine the specified reaction force(s)

Compute the x and y components of each force acting on element 2.

(RAx)2 = -259.8 ± 1%  N

(RAy)2 = -150 ± 1%  N

(RBx)2 = 197.66 ± 1%  N

(RBy)2 = 0 ± 1%  N

(RCx)2 = 62.14 ± 1%  N

(RCy)2 = 150 ± 1%  N

 
Explanation:

The reaction forces at point A are determined as follows:

∑Fx = 0 RAx 2
+ Fcos30° = 0

RAx 2
= − Fcos30° = − V1cos30°

( )

( )



RAx 2
= - 300 N × 0.866 = -259.8 N

∑Fy = 0 RAy 2
+ V1 − V1sin30° = 0

RAy 2
= V1sin30° - V1

RAy 2
= (300 N × 0.5) - 300 N = -150 N

The reaction forces at point B are determined as follows:

h =

1

2

¯

AE

tan30 °
=

1

2
14 m

0.57735
= 12.12 m

∑MC = 0
1

2

¯
AEF − h − V2 RBx 2

= 0

RBx 2
=

1

2

¯

AEF

h−V2

=

1

2
V1V3

1

2
V3

tan30°
−V2

RBx 2
=

1

2
( 300 N × 14 m )

1

2
14 m

0. 57735
−1.5 m

= 197.66 N

RBy 2
= 0

The reaction forces at point C are determined as follows:

∑Fx = 0 RCx 2
− Fcos30° +

1

2

¯

AEF

h−V2

= 0

RCx 2
= V1cos30° −

1

2
V1V3

1

2
V3

tan30°
−V2

RCx 2
= (300 N × cos30°) −

1

2
( 300 N × 14 m )

1

2
14 m

tan30°
−1.5 m

= 62.14 N

∑Fy = 0 RCy 2
= - V1sin30° + V1 = - (300 N × 0.5) + 300 N = 150 N
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( )( )

( )
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( )

( )
( )

( )
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 8. Award: 0 out of 9.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.004.b - Determine the specified reaction force(s)

Compute the x and y components of each force acting on element 3.

(RBx)3 = 86.6  N
(RBy)3 = 150  N
(RDx)3 = 673.2  N
(RDy)3 = -300  N
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Problem 03.004.b - Determine the specified reaction force(s)

Compute the x and y components of each force acting on element 3.

(RBx)3 = -197.66 ± 1%  N

(RBy)3 = 0 ± 1%  N

(RDx)3 = 197.66 ± 1%  N

(RDy)3 = 0 ± 1%  N

 
Explanation:

The reaction forces at points B and D in the x direction are equal and opposite to each other, and equal in magnitude to

RBx 2
 = 197.66 N

Therefore,

RBx 3
= − RBx 2

= - 197.66 N

RBy 3
= 0

RDx 3
= RBx 2

= 197.66 N

RDy 3
= 0
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( ) ( )
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 9. Award: 5.33 out of 8.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.004.c - Determine the specified reaction force(s)

Compute the x and y components of each force acting on element 4. 

(RCx)4 = 0  N
(RCy)4 = 299.99  N
(RDx)4= -197.66  N
(RDy)4 = 0  N
(REx)4 = 0  N
(REy)4 = 300  N
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Problem 03.004.c - Determine the specified reaction force(s)

Compute the x and y components of each force acting on element 4. 

(RCx)4 = 197.66 ± 1%  N

(RCy)4 = -299.99 ± 1%  N

(RDx)4= -197.66 ± 1%  N

(RDy)4 = 0 ± 1%  N

(REx)4 = 0 ± 1%  N

(REy)4 = 299.99 ± 1%  N

 
Explanation:

The reaction force at point D has the same magnitude as that of element 3, but with the opposite sign.

RDx 4
= − RDx 3

= - 197.66 N( ) ( )



RDy 4
= 0

Because point E is on a horizontal roller,

REx 4
= 0

To find the vertical reaction at point E,

h =

1

2

¯

AE

tan30 °
=

1

2
14 m

tan30°
= 12.12 m

∑MA = 0
¯

AE REy 4
− h(Fcos30°) −

1

2

¯
AE(Fsin30°) = 0

REy 4
=
h (Fcos30 ° ) +

1

2

¯

AE (Fsin30 ° )

¯

AE

REy 4
=

12.12 m ( 300 N × cos30 ° ) +
1

2
14 m ( 300 N × sin30 ° )

14 m
= 299.99 N

The reaction forces at point C are determined as follows:

∑Fx = 0 RCx 4
+ RDx 4

= 0

RCx 4
= - RDx 4

= 197.66 N

∑Fx = 0 RCy 4
+ REy 4

= 0

RCy 4
= − REy 4

= - 299.99 N
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 10. Award: 9 out of 9.00 points  
 You received credit for this question in a previous attempt

Problem 03.004.d - Determine the specified reaction force(s).

Select the correct set of free-body diagrams from the given choices.


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



The correct free-body diagram is
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3.Problem 03.001 - Determine the specified reaction force(s) - DEPENDENT MULTI-PART PROBLEM -
ASSIGN ALL PARTS

Determine the magnitude and direction of each force. In the given figure, F = 200 lbf, a = 11 in, b = 7 in, and c = 10 in.
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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 1. Award: 8 out of 8.00 points  
 

Problem 03.001.a - Determine the specified reaction force(s)

What is the value of the forces at points O and B in lbf? 

The force at point O is 77.78  lbf.
The force at point B is 122.22  lbf.
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Problem 03.001.a - Determine the specified reaction force(s)

What is the value of the forces at points O and B in lbf? 

The force at point O is 77.78 ± 1.01  lbf.
The force at point B is 122.22 ± 1.01  lbf.

 
Explanation:

Taking the moment about point O,

∑Mo = RB(18 in) − Fa

∑Mo = RB(18 in) − (200 lbf × 11 in)

Therefore, the reaction force at point B is

RB = Fa18 = 200 lbf × 11 in18 in = 122.22 lbf

The sum of equilibrium of forces is

∑F = RB − F + R0

Therefore, the reaction force at point O is

Ro = − RB + F = - 122.22 lbf + 200 lbf = 77.78 lbf

 



 2. Award: 9 out of 9.00 points  
 

Problem 03.001.b - Determine the specified reaction force(s)

What will be the direction of force RB if the direction of force R0 is as shown in the figure? In the image provided below v3 = 200 lbf, v1 = 11
in, and v2 = 7 in. 

The direction of the force RB will be negative.

The direction of the force RB will be positive.

Taking the moment about point O,

∑Mo = RB(18 in) − (200 lbf × 11 in)

Therefore, the reaction force at point B is

RB = Fa18 = 200 lbf × 11 in18 in = 122.22 lbf

The force RB must be positive otherwise the bar AB would rotate clockwise around point O.
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 3. Award: 9 out of 9.00 points  
 

Problem 03.001.c - Determine the specified reaction force(s)

What is the direction of force RC? In the image provided below v3 = 200 lbf, v1 = 11 in, and v2 = 7 in.

The direction of force RC is positive.

The direction of force RC is negative.

The sum of equilibrium of forces in the vertical direction is

∑Rc − Rb = 0  →  Rc = Rb

Therefore, the direction of force RC is positive.
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Problem 03.002 - Determine the specified reaction force(s) - DEPENDENT MULTI-PART PROBLEM -
ASSIGN ALL PARTS

Determine the magnitude and direction of each force. In the figure shown, a = 7 in and F = 150 lbf.
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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 4. Award: 5 out of 10.00 points  
 

Problem 03.002.a - Determine the specified reaction force(s)

What are the values of forces at points A and B in lbf? 

RAx = 300  lbf
RBx = 300  lbf
RAy = 450  lbf
RBy = 450  lbf
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Problem 03.002.a - Determine the specified reaction force(s)

What are the values of forces at points A and B in lbf? 

RAx = 642.8571 ± 1%  lbf

RBx = 642.8571 ± 1%  lbf

RAy = 450 ± 1%  lbf

RBy = 450 ± 1%  lbf

 
Explanation:

Consider body AB.

ΣFx = 0, RAx = RBx

ΣFy = 0, RAy = RBy

ΣMB = 0, RAy(10 in) − RAx(7 in) = 0

Therefore,



RAx = (10 in)RAya

Now, consider body OAC.

Taking the moment about point O yields

RAy(10 in) − F(30 in) = ΣMO = 0

RAy = 3F = 3 × 150 lbf = 450 lbf

RBy = RAy = 450 lbf

RAx = (10 in)RAya = (10 in)(450 lbf)7 in = 642.85714 lbf

RAx = RBx = 642.8571 lbf

 



 5. Award: 5 out of 10.00 points  
 

Problem 03.002.b - Determine the specified reaction force(s)

What are the values of the x and y forces at point O in lbf?

Rox = -300  lbf
Roy = -300  lbf
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Problem 03.002.b - Determine the specified reaction force(s)

What are the values of the x and y forces at point O in lbf?

Rox = -642.8571 ± 1%  lbf

Roy = -300 ± 1%  lbf

 
Explanation:

Sum of forces in the x direction

ΣFx = 0 → ROx = − RAx = − (10 in)RAya

Rox = - (10 in)(450 lbf)7 in = - 642.8571 lbf

Sum of forces in the y direction

ΣFy = 0

ROy + RAy − F = 0

ROy = − RAy + F = - 450 lbf + 150 lbf = -300 lbf

 



 6. Award: 0 out of 20.00 points  
 

Problem 03.003 - Determine the specified reaction force(s)

Determine the magnitude and direction of each force at points O and A. In the figure shown, V1 = 0.8 kN and V2 = 0.7 m. What are the
resultant values of the forces at points O and A in kN?

RO = 0.2586  kN
RA = 0.2986  kN
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Problem 03.003 - Determine the specified reaction force(s)

Determine the magnitude and direction of each force at points O and A. In the figure shown, V1 = 0.8 kN and V2 = 0.7 m. What are the
resultant values of the forces at points O and A in kN?



RO = 1.3856 ± 1%  kN

RA = 1.6 ± 1%  kN

 
Explanation:

Ro = V1tan30°

Ro = 0.8 kN0.5773 = 1.3856 kN

RA = V1sin30°

RA = 0.8 kN0.5 = 1.6 kN

 



Problem 03.004 - Determine the specified reaction force(s) - DEPENDENT MULTI-PART PROBLEM -
ASSIGN ALL PARTS

Determine the magnitude of the forces. In the given figure, V1 = 500 N, V2 = 1.8 m, and V3 = 12 m.
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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 7. Award: 0 out of 8.00 points  
 

Problem 03.004.a - Determine the specified reaction force(s)

Compute the x and y components of each force acting on element 2.

(RAx)2 = 433.01  N
(RAy)2 = n/r  N
(RBx)2 = 0  N
(RBy)2 = n/r  N
(RCx)2 = n/r  N
(RCy)2 = n/r  N
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Problem 03.004.a - Determine the specified reaction force(s)

Compute the x and y components of each force acting on element 2.

(RAx)2 = -433 ± 1%  N

(RAy)2 = -250 ± 1%  N

(RBx)2 = 349.15 ± 1%  N

(RBy)2 = 0 ± 1%  N

(RCx)2 = 83.85 ± 1%  N

(RCy)2 = 250 ± 1%  N

 
Explanation:

The reaction forces at point A are determined as follows:

∑Fx = 0 (RAx)2 + Fcos30° = 0

(RAx)2 = − Fcos30° = − V1cos30°



(RAx)2 = - 500 N × 0.866 = -433 N

∑Fy = 0 (RAy)2 + V1 − V1sin30° = 0

(RAy)2 = V1sin30° - V1

(RAy)2 = (500 N × 0.5) - 500 N = -250 N

The reaction forces at point B are determined as follows:

h = 12¯AEtan30° = 1212 m0.57735 = 10.39 m

∑MC = 0 12¯AEF −(h − V2)(RBx)2 = 0

(RBx)2 = 12¯AEF(h−V2) = 12V1V3
12V3tan30°−V2

(RBx)2 = 12(500 N × 12 m)1212 m0.57735−1.8 m = 349.15 N

(RBy)2 = 0

The reaction forces at point C are determined as follows:

∑Fx = 0 (RCx)2 − Fcos30° + 12¯AEF(h−V2) = 0

(RCx)2 = V1cos30° − 12V1V3
12V3tan30°−V2

(RCx)2 = (500 N × cos30°) − 12(500 N × 12 m)1212 mtan30°−1.8 m = 83.85 N

∑Fy = 0 (RCy)2 = -(V1sin30°) + V1 = - (500 N × 0.5) + 500 N = 250 N

 



 8. Award: 0 out of 9.00 points  
 

Problem 03.004.b - Determine the specified reaction force(s)

Compute the x and y components of each force acting on element 3.

(RBx)3 = n/r  N
(RBy)3 = n/r  N
(RDx)3 = n/r  N
(RDy)3 = n/r  N
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Problem 03.004.b - Determine the specified reaction force(s)

Compute the x and y components of each force acting on element 3.

(RBx)3 = -349.15 ± 1%  N

(RBy)3 = 0 ± 1%  N

(RDx)3 = 349.15 ± 1%  N

(RDy)3 = 0 ± 1%  N

 
Explanation:

The reaction forces at points B and D in the x direction are equal and opposite to each other, and equal in magnitude to

(RBx)2 = 349.15 N

Therefore,

(RBx)3 = −(RBx)2 = - 349.15 N

(RBy)3 = 0

(RDx)3 = (RBx)2 = 349.15 N

(RDy)3 = 0

 



 9. Award: 0 out of 8.00 points  
 

Problem 03.004.c - Determine the specified reaction force(s)

Compute the x and y components of each force acting on element 4. 

(RCx)4 = n/r  N
(RCy)4 = n/r  N
(RDx)4= 0  N
(RDy)4 = n/r  N
(REx)4 = n/r  N
(REy)4 = n/r  N
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Problem 03.004.c - Determine the specified reaction force(s)

Compute the x and y components of each force acting on element 4. 

(RCx)4 = 349.15 ± 1%  N

(RCy)4 = -499.99 ± 1%  N

(RDx)4= -349.15 ± 1%  N

(RDy)4 = 0 ± 1%  N

(REx)4 = 0 ± 1%  N

(REy)4 = 499.99 ± 1%  N

 
Explanation:

The reaction force at point D has the same magnitude as that of element 3, but with the opposite sign.

(RDx)4 = −(RDx)3 = - 349.15 N



(RDy)4 = 0

Because point E is on a horizontal roller,

(REx)4 = 0

To find the vertical reaction at point E,

h = 12¯AEtan30° = 1212 mtan30° = 10.39 m

∑MA = 0 ¯AE(REy)4 − h(Fcos30°) − 12¯AE(Fsin30°) = 0

(REy)4 = h(Fcos30°)+12¯AE(Fsin30°)¯AE

(REy)4 = 10.39 m(500 N × cos30°)+1212 m(500 N × sin30°)12 m = 499.99 N

The reaction forces at point C are determined as follows:

∑Fx = 0 (RCx)4 +(RDx)4 = 0

(RCx)4 = -(RDx)4 = 349.15 N

∑Fx = 0 (RCy)4 +(REy)4 = 0

(RCy)4 = −(REy)4 = - 499.99 N

 



 10. Award: 9 out of 9.00 points  
 

Problem 03.004.d - Determine the specified reaction force(s).

Select the correct set of free-body diagrams from the given choices.



✓ 





The correct free-body diagram is
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For the beam shown, find the reactions at the supports and plot the shear-force and bending-moment diagrams.
V1 = 7 kN, V2 = 7 kN, V3 = 300 mm, and V4 = 900 mm.

Provide values at all key points shown in the given shear-force and bending-moment diagrams.

Reaction force R1 (left) = 7 ± 0.125  kN and reaction force R2 (right) = 7 ± 0.125  kN.

In the shear-force and bending-moment diagrams given,

A = 7 ± 0.125  kN
B = 7 ± 0.125  kN
C = 0 ± 0.125  kN
D = 0 ± 0.125  kN
E = -7 ± 0.125  kN
F = -7 ± 0.125  kN

P = 2100 ± 0.25  kN⋅mm

Q = 2100 ± 0.25  kN⋅mm

Taking the moment about point A,
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In the bending-moment diagram shown above, the bending-moment at each point is determined as follows:

The reaction forces are R1 (left) = 7 kN and R2 (right) = 7 kN.

In the shear-force and bending-moment diagrams given,

A = 7 kN
B = 7 kN
C = 0 kN
D = 0 kN
E = -7 kN
F = -7 kN
P = 2100 kN⋅mm
Q = 2100 kN⋅mm

References
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Difficulty: Medium
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For the beam shown, find the reactions at the supports and plot the shear-force and bending-moment diagrams.
V1 = 700 lbf, V2 = 48 lbf/in, V3 = 10 in, and V4 = 5 in.

Provide values at all key points shown in the given shear-force and bending-moment diagrams.

The reaction force R0 = 940 ± 0.125  lbf.

The bending moment M0 = -11200 ± 2%  lbfꞏin.

In the shear-force and bending-moment diagrams given,

A = 940 ± 0.125  lbf
B = 940 ± 0.125  lbf
C = 240 ± 0.125  lbf
D = 240 ± 0.125  lbf

P = -11200 ± 0.25  lbf⋅in
Q = -1800 ± 0.25  lbf⋅in
R = -600 ± 0.25  lbf⋅in

Assignment Print View https://ezto.mheducation.com/hm.tpx
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The bending-moments and the reaction force are

Reaction force R0 = 940 lbf
The bending moment M0 = -11200 lbfꞏin.

In the shear-force and bending-moment diagrams given,

A = 940 lbf
B = 940 lbf
C = 240 lbf
D = 240 lbf
P = -11200 lbf⋅in
Q = -1800 lbf⋅in
R = -600 lbf⋅in
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Find the reaction forces, R1 and R2, in kN. 

Reaction forces R1 = -0.4545 ± 2%  kN and reaction force R2 = 3.4545 ± 2%  kN

Taking the moment about point B,

Sum of forces along the vertical direction

The reaction forces R1 = -0.45 kN and R2 = 3.45 kN.
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Determine the values of the moments M1, M2, and M3 in kN⋅m. Provide values at all key points shown in the given
shear-force and bending-moment diagrams.

In the shear-force and bending-moment diagrams given,

A = -0.45 ± 2%  kN
B = -1.45 ± 2%  kN
C = 2 ± 2%  kN

M1 = -0.55 ± 2% kN⋅m
M2 = -2 ± 2%  kN⋅m
M3 = 0 ± 2%  kN⋅m

The bending-moments are

In the shear-force and bending-moment diagrams given,

A = -0.45 kN
B = -1.45 kN
C = 2 kN
M1 = -0.55 kN⋅m
M2 = -2 kN⋅m
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M3 = 0 kN⋅m
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 1. Award: 30 out of 30.00 points  
 You received credit for this question in a previous attempt

Problem 03.005 - Find the reactions and plot the shear-force and bending-moment diagrams.

For the beam shown, find the reactions at the supports and plot the shear-force and bending-moment diagrams. V1 = 5 kN, V2 = 5 kN, V3
= 200 mm, and V4 = 1100 mm.

Provide values at all key points shown in the given shear-force and bending-moment diagrams.

Reaction force R1 (left) = 5  kN and reaction force R2 (right) = 5  kN.

In the shear-force and bending-moment diagrams given,

A = 5  kN
B = 5  kN
C = 0  kN
D = 0  kN
E = -5  kN
F = -5  kN
P = 1000  kN⋅mm
Q = 1000  kN⋅mm
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Problem 03.005 - Find the reactions and plot the shear-force and bending-moment diagrams.

For the beam shown, find the reactions at the supports and plot the shear-force and bending-moment diagrams. V1 = 5 kN, V2 = 5 kN,
V3 = 200 mm, and V4 = 1100 mm.



Provide values at all key points shown in the given shear-force and bending-moment diagrams.

Reaction force R1 (left) = 5 ± 0.125  kN and reaction force R2 (right) = 5 ± 0.125  kN.

In the shear-force and bending-moment diagrams given,

A = 5 ± 0.125  kN
B = 5 ± 0.125  kN
C = 0 ± 0.125  kN
D = 0 ± 0.125  kN
E = -5 ± 0.125  kN
F = -5 ± 0.125  kN

P = 1000 ± 0.25  kN⋅mm

Q = 1000 ± 0.25  kN⋅mm

 
Explanation:

Taking the moment about point A,

In the bending-moment diagram shown above, the bending-moment at each point is determined as follows:

∑ = 0 = ( + 2 ) − ( + ) − ( )MA R2 v4 v3 v2 v3 v4 v1 v3

= = = 5 kNR2
( + )+ ( )v2 v3 v4 v1 v3

( +2 )v4 v3

5 kN(200 mm + 1100 mm)+5 kN(200)

(1100 mm + 2×200 mm)

= + − = (5 + 5 - 5) kN = 5 kNR1 v1 v2 R2

P = = 5 kN × 200 mm = 1000 kN⋅mmR1v3

Q = ( − ) ( + ) + ( ) = (5 kN - 5 kN) (200 + 1100) mm + 5 kN (200 mm) = 1000 kN⋅mmR1 v1 v3 v4 v3v1



 



 2. Award: 30 out of 30.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.006 - Find the reactions and plot the shear-force and bending-moment diagrams.

For the beam shown, find the reactions at the supports and plot the shear-force and bending-moment diagrams. V1 = 350 lbf, V2 = 34
lbf/in, V3 = 12 in, and V4 = 4 in.

Provide values at all key points shown in the given shear-force and bending-moment diagrams.

The reaction force R0 = 486  lbf.
The bending moment M0 = -6648  lbf·in.

In the shear-force and bending-moment diagrams given,

A = 486  lbf
B = 486  lbf
C = 136  lbf
D = 136  lbf
P = -6648  lbf⋅in
Q = -816  lbf⋅in
R = -272  lbf⋅in
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Problem 03.006 - Find the reactions and plot the shear-force and bending-moment diagrams.

For the beam shown, find the reactions at the supports and plot the shear-force and bending-moment diagrams. V1 = 350 lbf, V2 = 34
lbf/in, V3 = 12 in, and V4 = 4 in.

Provide values at all key points shown in the given shear-force and bending-moment diagrams.

The reaction force R0 = 486 ± 0.125  lbf.

The bending moment M0 = -6648 ± 2%  lbf·in.

In the shear-force and bending-moment diagrams given,

A = 486 ± 0.125  lbf
B = 486 ± 0.125  lbf
C = 136 ± 0.125  lbf
D = 136 ± 0.125  lbf

P = -6648 ± 0.25  lbf⋅in
Q = -816 ± 0.25  lbf⋅in
R = -272 ± 0.25  lbf⋅in

 
Explanation:

The bending-moments and the reaction force are

= − − ( + )Mo v1v3 v2v4
3
2 v4 v3

= − (350 lbf × 12 in) − (34 lbf/in × 4 in) ( 4 in + 12 in) = -6648 lbf⋅inMo
3
2

= + * = 350 lbf + 34 lbf/in × 4 mm = 486 lbfRo v1 v2 v4

= + * = -6648 lbf⋅in +  (486 lbf × 12 in) = -816 lbf⋅inM1 Mo Ro v3

= + ( − )  = -816 lbf⋅in +  (486 lbf - 350 lbf)4 in = -272 lbf⋅inM2 M1 Ro v1 v4



 

Problem 03.007 - Find the reactions and plot the shear-force and bending-moment diagrams -
DEPENDENT MULTI-PART PROBLEM - ASSIGN ALL PARTS

For the beam shown, find the reactions at the supports and plot the shear-force and bending-moment diagrams. V1 = 3 kN and V2 = 6 kN.
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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 3. Award: 10 out of 10.00 points  
 You received credit for this question in a previous attempt

Problem 03.007.a - Find the reactions and plot the shear-force and bending-moment diagrams.

Find the reaction forces, R1 and R2, in kN. 

Reaction forces R1 = -1.363  kN and reaction force R2 = 10.36  kN
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Problem 03.007.a - Find the reactions and plot the shear-force and bending-moment diagrams.

Find the reaction forces, R1 and R2, in kN. 

Reaction forces R1 = -1.3636 ± 2%  kN and reaction force R2 = 10.3636 ± 2%  kN

 
Explanation:

Taking the moment about point B,

Sum of forces along the vertical direction

 

Σ = 0MB

− (2.2 m) + 1( ) − 1( ) = 0R1 V1 V2

= = = -1.36 kNR1
−V2 V1

−2.2 m
6 kN - 3 kN

−2.2 m

Σ = 0Fy

+ − − = 0R1 R2 V1 V2

= + − = (3 + 6 -  (-1.36)) kN = 10.36 kNR2 V1 V2 R1



 4. Award: 30 out of 30.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.007.b - Find the reactions and plot the shear-force and bending-moment diagrams.

Determine the values of the moments M1, M2, and M3 in kN⋅m. Provide values at all key points shown in the given shear-force and
bending-moment diagrams.

In the shear-force and bending-moment diagrams given,

A = -1.36  kN
B = -4.36  kN
C = 6  kN
M1 = -1.64 kN⋅m
M2 = -6  kN⋅m
M3 = 0  kN⋅m
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Problem 03.007.b - Find the reactions and plot the shear-force and bending-moment diagrams.

Determine the values of the moments M1, M2, and M3 in kN⋅m. Provide values at all key points shown in the given shear-force and
bending-moment diagrams.



In the shear-force and bending-moment diagrams given,

A = -1.36 ± 2%  kN
B = -4.36 ± 2%  kN
C = 6 ± 2%  kN

M1 = -1.64 ± 2% kN⋅m
M2 = -6 ± 2%  kN⋅m
M3 = 0 ± 2%  kN⋅m

 
Explanation:

The bending-moments are

 

 =  (1.2 m) = -1.36 kN × 1.2 m = -1.64 kN⋅mM1 R1

= − (−( − )2.2 m − 1.2 m( ))M2 R1 V1 V1

= ( )2.2 m − ( ) =  (-1.36 kN × 2.2 m) − 3 kN = -6 kN⋅mM2 R1 V1
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 1. Award: 30 out of 30.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.005 - Find the reactions and plot the shear-force and bending-moment diagrams.

For the beam shown, find the reactions at the supports and plot the shear-force and bending-moment diagrams. V1 = 8 kN, V2 = 8 kN, V3
= 300 mm, and V4 = 900 mm.

Provide values at all key points shown in the given shear-force and bending-moment diagrams.

Reaction force R1 (left) = 8  kN and reaction force R2 (right) = 8  kN.

In the shear-force and bending-moment diagrams given,

A = 8  kN
B = 8  kN
C = 0  kN
D = 0  kN
E = -8  kN
F = -8  kN
P = 2400  kN⋅mm
Q = 2400  kN⋅mm
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Section: 03.02 Shear Force
and Bending Moments in
Beams

Problem 03.005 - Find the reactions and plot the shear-force and bending-moment diagrams.

For the beam shown, find the reactions at the supports and plot the shear-force and bending-moment diagrams. V1 = 8 kN, V2 = 8 kN,
V3 = 300 mm, and V4 = 900 mm.



Provide values at all key points shown in the given shear-force and bending-moment diagrams.

Reaction force R1 (left) = 8 ± 0.125  kN and reaction force R2 (right) = 8 ± 0.125  kN.

In the shear-force and bending-moment diagrams given,

A = 8 ± 0.125  kN
B = 8 ± 0.125  kN
C = 0 ± 0.125  kN
D = 0 ± 0.125  kN
E = -8 ± 0.125  kN
F = -8 ± 0.125  kN

P = 2400 ± 0.25  kN⋅mm

Q = 2400 ± 0.25  kN⋅mm

 
Explanation:

Taking the moment about point A,

In the bending-moment diagram shown above, the bending-moment at each point is determined as follows:

∑ = 0 = ( + 2 ) − ( + ) − ( )MA R2 v4 v3 v2 v3 v4 v1 v3

= = = 8 kNR2
( + )+ ( )v2 v3 v4 v1 v3

( +2 )v4 v3

8 kN(300 mm + 900 mm)+8 kN(300)

(900 mm + 2×300 mm)

= + − = (8 + 8 - 8) kN = 8 kNR1 v1 v2 R2

P = = 8 kN × 300 mm = 2400 kN⋅mmR1v3

Q = ( − ) ( + ) + ( ) = (8 kN - 8 kN) (300 + 900) mm + 8 kN (300 mm) = 2400 kN⋅mmR1 v1 v3 v4 v3v1



 



 2. Award: 30 out of 30.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.006 - Find the reactions and plot the shear-force and bending-moment diagrams.

For the beam shown, find the reactions at the supports and plot the shear-force and bending-moment diagrams. V1 = 700 lbf, V2 = 42
lbf/in, V3 = 6 in, and V4 = 7 in.

Provide values at all key points shown in the given shear-force and bending-moment diagrams.

The reaction force R0 = 994  lbf.
The bending moment M0 = -9051  lbf·in.

In the shear-force and bending-moment diagrams given,

A = 994  lbf
B = 994  lbf
C = 294  lbf
D = 294  lbf
P = -9051  lbf⋅in
Q = -3087  lbf⋅in
R = -1029  lbf⋅in
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Problem 03.006 - Find the reactions and plot the shear-force and bending-moment diagrams.

For the beam shown, find the reactions at the supports and plot the shear-force and bending-moment diagrams. V1 = 700 lbf, V2 = 42
lbf/in, V3 = 6 in, and V4 = 7 in.

Provide values at all key points shown in the given shear-force and bending-moment diagrams.

The reaction force R0 = 994 ± 0.125  lbf.

The bending moment M0 = -9051 ± 2%  lbf·in.

In the shear-force and bending-moment diagrams given,

A = 994 ± 0.125  lbf
B = 994 ± 0.125  lbf
C = 294 ± 0.125  lbf
D = 294 ± 0.125  lbf

P = -9051 ± 0.25  lbf⋅in
Q = -3087 ± 0.25  lbf⋅in
R = -1029 ± 0.25  lbf⋅in

 
Explanation:

The bending-moments and the reaction force are

= − − ( + )Mo v1v3 v2v4
3
2 v4 v3

= − (700 lbf × 6 in) − (42 lbf/in × 7 in) ( 7 in + 6 in) = -9051 lbf⋅inMo
3
2

= + * = 700 lbf + 42 lbf/in × 7 mm = 994 lbfRo v1 v2 v4

= + * = -9051 lbf⋅in +  (994 lbf × 6 in) = -3087 lbf⋅inM1 Mo Ro v3

= + ( − )  = -3087 lbf⋅in +  (994 lbf - 700 lbf)7 in = -1029 lbf⋅inM2 M1 Ro v1 v4



 

Problem 03.007 - Find the reactions and plot the shear-force and bending-moment diagrams -
DEPENDENT MULTI-PART PROBLEM - ASSIGN ALL PARTS

For the beam shown, find the reactions at the supports and plot the shear-force and bending-moment diagrams. V1 = 1 kN and V2 = 2 kN.
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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 3. Award: 10 out of 10.00 points  
 You received credit for this question in a previous attempt

Problem 03.007.a - Find the reactions and plot the shear-force and bending-moment diagrams.

Find the reaction forces, R1 and R2, in kN. 

Reaction forces R1 = -0.45  kN and reaction force R2 = 3.45  kN
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Problem 03.007.a - Find the reactions and plot the shear-force and bending-moment diagrams.

Find the reaction forces, R1 and R2, in kN. 

Reaction forces R1 = -0.4545 ± 2%  kN and reaction force R2 = 3.4545 ± 2%  kN

 
Explanation:

Taking the moment about point B,

Sum of forces along the vertical direction

 

Σ = 0MB

− (2.2 m) + 1( ) − 1( ) = 0R1 V1 V2

= = = -0.45 kNR1
−V2 V1

−2.2 m
2 kN - 1 kN

−2.2 m

Σ = 0Fy

+ − − = 0R1 R2 V1 V2

= + − = (1 + 2 -  (-0.45)) kN = 3.45 kNR2 V1 V2 R1



 4. Award: 25 out of 30.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.007.b - Find the reactions and plot the shear-force and bending-moment diagrams.

Determine the values of the moments M1, M2, and M3 in kN⋅m. Provide values at all key points shown in the given shear-force and
bending-moment diagrams.

In the shear-force and bending-moment diagrams given,

A = -0.45  kN
B = -0.54  kN
C = 2  kN
M1 = -0.54 kN⋅m
M2 = -2  kN⋅m
M3 = 0  kN⋅m
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Problem 03.007.b - Find the reactions and plot the shear-force and bending-moment diagrams.

Determine the values of the moments M1, M2, and M3 in kN⋅m. Provide values at all key points shown in the given shear-force and
bending-moment diagrams.



In the shear-force and bending-moment diagrams given,

A = -0.45 ± 2%  kN
B = -1.45 ± 2%  kN
C = 2 ± 2%  kN

M1 = -0.55 ± 2% kN⋅m
M2 = -2 ± 2%  kN⋅m
M3 = 0 ± 2%  kN⋅m

 
Explanation:

The bending-moments are

 

 =  (1.2 m) = -0.45 kN × 1.2 m = -0.55 kN⋅mM1 R1

= − (−( − )2.2 m − 1.2 m( ))M2 R1 V1 V1

= ( )2.2 m − ( ) =  (-0.45 kN × 2.2 m) − 1 kN = -2 kN⋅mM2 R1 V1
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 1. Award: 30 out of 30.00 points  
 

Problem 03.005 - Find the reactions and plot the shear-force and bending-moment diagrams.

For the beam shown, find the reactions at the supports and plot the shear-force and bending-moment diagrams. V1 = 9 kN, V2 = 9 kN, V3
= 100 mm, and V4 = 1300 mm.

Provide values at all key points shown in the given shear-force and bending-moment diagrams.

Reaction force R1 (left) = 9  kN and reaction force R2 (right) = 9  kN.

In the shear-force and bending-moment diagrams given,

A = 9  kN
B = 9  kN
C = 0  kN
D = 0  kN
E = -9  kN
F = -9  kN
P = 900  kN⋅mm
Q = 900  kN⋅mm
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Problem 03.005 - Find the reactions and plot the shear-force and bending-moment diagrams.

For the beam shown, find the reactions at the supports and plot the shear-force and bending-moment diagrams. V1 = 9 kN, V2 = 9 kN,
V3 = 100 mm, and V4 = 1300 mm.



Provide values at all key points shown in the given shear-force and bending-moment diagrams.

Reaction force R1 (left) = 9 ± 0.125  kN and reaction force R2 (right) = 9 ± 0.125  kN.

In the shear-force and bending-moment diagrams given,

A = 9 ± 0.125  kN
B = 9 ± 0.125  kN
C = 0 ± 0.125  kN
D = 0 ± 0.125  kN
E = -9 ± 0.125  kN
F = -9 ± 0.125  kN

P = 900 ± 0.25  kN⋅mm

Q = 900 ± 0.25  kN⋅mm

 
Explanation:

Taking the moment about point A,

In the bending-moment diagram shown above, the bending-moment at each point is determined as follows:

∑ = 0 = ( + 2 ) − ( + ) − ( )MA R2 v4 v3 v2 v3 v4 v1 v3

= = = 9 kNR2
( + )+ ( )v2 v3 v4 v1 v3

( +2 )v4 v3

9 kN(100 mm + 1300 mm)+9 kN(100)

(1300 mm + 2×100 mm)

= + − = (9 + 9 - 9) kN = 9 kNR1 v1 v2 R2

P = = 9 kN × 100 mm = 900 kN⋅mmR1v3

Q = ( − ) ( + ) + ( ) = (9 kN - 9 kN) (100 + 1300) mm + 9 kN (100 mm) = 900 kN⋅mmR1 v1 v3 v4 v3v1



 



 2. Award: 26.66 out of 30.00 points  
 

Problem 03.006 - Find the reactions and plot the shear-force and bending-moment diagrams.

For the beam shown, find the reactions at the supports and plot the shear-force and bending-moment diagrams. V1 = 300 lbf, V2 = 34
lbf/in, V3 = 8 in, and V4 = 6 in.

Provide values at all key points shown in the given shear-force and bending-moment diagrams.

The reaction force R0 = 504  lbf.
The bending moment M0 = 5868  lbf·in.

In the shear-force and bending-moment diagrams given,

A = 504  lbf
B = 504  lbf
C = 204  lbf
D = 204  lbf
P = -5868  lbf⋅in
Q = -1836  lbf⋅in
R = -612  lbf⋅in
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Problem 03.006 - Find the reactions and plot the shear-force and bending-moment diagrams.

For the beam shown, find the reactions at the supports and plot the shear-force and bending-moment diagrams. V1 = 300 lbf, V2 = 34
lbf/in, V3 = 8 in, and V4 = 6 in.

Provide values at all key points shown in the given shear-force and bending-moment diagrams.

The reaction force R0 = 504 ± 0.125  lbf.

The bending moment M0 = -5868 ± 2%  lbf·in.

In the shear-force and bending-moment diagrams given,

A = 504 ± 0.125  lbf
B = 504 ± 0.125  lbf
C = 204 ± 0.125  lbf
D = 204 ± 0.125  lbf

P = -5868 ± 0.25  lbf⋅in
Q = -1836 ± 0.25  lbf⋅in
R = -612 ± 0.25  lbf⋅in

 
Explanation:

The bending-moments and the reaction force are

= − − ( + )Mo v1v3 v2v4
3
2 v4 v3

= − (300 lbf × 8 in) − (34 lbf/in × 6 in) ( 6 in + 8 in) = -5868 lbf⋅inMo
3
2

= + * = 300 lbf + 34 lbf/in × 6 mm = 504 lbfRo v1 v2 v4

= + * = -5868 lbf⋅in +  (504 lbf × 8 in) = -1836 lbf⋅inM1 Mo Ro v3

= + ( − )  = -1836 lbf⋅in +  (504 lbf - 300 lbf)6 in = -612 lbf⋅inM2 M1 Ro v1 v4



 

Problem 03.007 - Find the reactions and plot the shear-force and bending-moment diagrams -
DEPENDENT MULTI-PART PROBLEM - ASSIGN ALL PARTS

For the beam shown, find the reactions at the supports and plot the shear-force and bending-moment diagrams. V1 = 4 kN and V2 = 8 kN.
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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 3. Award: 5 out of 10.00 points  
 

Problem 03.007.a - Find the reactions and plot the shear-force and bending-moment diagrams.

Find the reaction forces, R1 and R2, in kN. 

Reaction forces R1 = -1,8181  kN and reaction force R2 = 13.8181  kN
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Problem 03.007.a - Find the reactions and plot the shear-force and bending-moment diagrams.

Find the reaction forces, R1 and R2, in kN. 

Reaction forces R1 = -1.8182 ± 2%  kN and reaction force R2 = 13.8182 ± 2%  kN

 
Explanation:

Taking the moment about point B,

Sum of forces along the vertical direction

 

Σ = 0MB

− (2.2 m) + 1( ) − 1( ) = 0R1 V1 V2

= = = -1.82 kNR1
−V2 V1

−2.2 m
8 kN - 4 kN

−2.2 m

Σ = 0Fy

+ − − = 0R1 R2 V1 V2

= + − = (4 + 8 -  (-1.82)) kN = 13.82 kNR2 V1 V2 R1



 4. Award: 20 out of 30.00 points  
 

Problem 03.007.b - Find the reactions and plot the shear-force and bending-moment diagrams.

Determine the values of the moments M1, M2, and M3 in kN⋅m. Provide values at all key points shown in the given shear-force and
bending-moment diagrams.

In the shear-force and bending-moment diagrams given,

A = -5.82  kN
B = -8  kN
C = 8  kN
M1 = -2.18 kN⋅m
M2 = -8  kN⋅m
M3 = 0  kN⋅m
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Problem 03.007.b - Find the reactions and plot the shear-force and bending-moment diagrams.

Determine the values of the moments M1, M2, and M3 in kN⋅m. Provide values at all key points shown in the given shear-force and
bending-moment diagrams.



In the shear-force and bending-moment diagrams given,

A = -1.82 ± 2%  kN
B = -5.82 ± 2%  kN
C = 8 ± 2%  kN

M1 = -2.18 ± 2% kN⋅m
M2 = -8 ± 2%  kN⋅m
M3 = 0 ± 2%  kN⋅m

 
Explanation:

The bending-moments are

 

 =  (1.2 m) = -1.82 kN × 1.2 m = -2.18 kN⋅mM1 R1

= − (−( − )2.2 m − 1.2 m( ))M2 R1 V1 V1

= ( )2.2 m − ( ) =  (-1.82 kN × 2.2 m) − 4 kN = -8 kN⋅mM2 R1 V1
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Section 3-10: Normal Stresses for Beams in Bending



Consider the following plane stress state:

σx = 10 kpsi, σy = 24 kpsi, τxy = 6 kpsi ccw

Calculate the following:

1. The coordinates of the center of the Mohr's circle C

The location of the center of the Mohr's circle C is ( 17 ± 0.5  kpsi, 0 ± 0.5  kpsi).

2. Principal normal stresses (σ1, σ2)

The principal normal stresses are σ1 = 26.22 ± 0.5  kpsi and σ2 = 7.78 ± 0.5  kpsi.

3. Maximum shear stress (τ)

The maximum shear stress is 9.22 ± 0.5  kpsi.

4. The angle from the x axis to σ1 (Φp)

The angle from the x axis to σ1 (Φp) is 69.7 ± 1 ° ccw.

5. The angle from the x axis to τ (Φs)

The angle from the x axis to τ (Φs) is 24.7 ± 1 ° ccw.

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 9.22 ± 0.5  kpsi.

C is the center of the Mohr's circle.

C =
σx+σy

2
=

( 10 kpsi ) + ( 24 kpsi )

2
 = 17 kpsi

CD =
σx-σy

2
=

( 10 kpsi ) - ( 24 kpsi )

2
 = -7 kpsi

The principal stresses are

σ1 =
σx+σy

2
+

σx -σy

2

2

+ τxy
2 =

( 10 kpsi ) + ( 24 kpsi )

2
+

( 10 kpsi ) - ( 24 kpsi )

2

2
+ (6 kpsi)2 = 26.2195 kpsi
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σ2 =
σx+σy

2
-

σx -σy

2

2

+ τxy
2 =

( 10 kpsi ) + ( 24 kpsi )

2
-

( 10 kpsi ) - ( 24 kpsi )

2

2
+ (6 kpsi)2 = 7.7805 kpsi

The maximum shear stress is

τmax =
σx -σy

2

2

+ τxy
2 =

( 10 kpsi ) - ( 24 kpsi )

2

2
+ (6 kpsi)2 = 9.2195 kpsi

The angle from the x axis to σ1 (Φp) is

ϕp =
1

2
90 + tan - 1 CD

τxy
=

1

2
90 + tan - 1 7 kpsi

( 6 kpsi )
 = 69.6994° ccw

The angle from the x axis to τ (Φs) is

ϕs = 69.6994° - 45° = 24.6994° ccw

The radius of the Mohr's circle is

R = τmax = 9.2195 kpsi

The location of the center of the Mohr's circle C is (17 kpsi, 0 kpsi).

The principal normal stresses are σ1 = 26.2195 kpsi and σ2 = 7.7805 kpsi.

The maximum shear stress is 9.2195 kpsi.

The angle from the x axis to σ1 (Φp) is 69.6994° ccw.

The angle from the x axis to τ (Φs) is 24.6994° ccw.

The radius of the Mohr's circle is 9.2195 kpsi.
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Consider the following plane stress state:

σx = -12 kpsi, σy = 22 kpsi, τxy = 12 kpsi cw

Calculate the following:

1. The coordinates of the center of the Mohr's circle C

The location of the center of the Mohr's circle C is ( 5 ± 0.5  kpsi, 0 ± 0.5  kpsi).

2. Principal normal stresses (σ1, σ2)

The principal normal stresses are σ1 = 25.81 ± 0.5  kpsi and σ2 = -15.81 ± 0.5  kpsi.

3. Maximum shear stress (τ)

The maximum shear stress is 20.81 ± 0.5  kpsi.

4. The angle from the x axis to σ1 (Φp)

The angle from the x axis to σ1 (Φp) is 72.39 ± 1 ° cw.

5. The angle from the x axis to τ (Φs)

The angle from the x axis to τ (Φs) is 27.39 ± 1 ° cw.

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 20.81 ± 0.5  kpsi.

C is the center of the Mohr's circle.

C =
σx+σy

2
=

( -12 kpsi ) + ( 22 kpsi )

2
 = 5 kpsi

CD =
σx-σy

2
=

( -12 kpsi ) - ( 22 kpsi )

2
 = -17 kpsi

The principal stresses are

σ1 =
σx+σy

2
+

σx -σy

2

2

+ τxy
2 =

( -12 kpsi ) + ( 22 kpsi )

2
+

( -12 kpsi ) - ( 22 kpsi )

2

2
+ (12 kpsi)2 = 25.8087 kpsi
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σ2 =
σx+σy

2
-

σx -σy

2

2

+ τxy
2 =

( -12 kpsi ) + ( 22 kpsi )

2
-

( -12 kpsi ) - ( 22 kpsi )

2

2
+ (12 kpsi)2 = -15.8087 kpsi

The maximum shear stress is

τmax =
σx -σy

2

2

+ τxy
2 =

( -12 kpsi ) - ( 22 kpsi )

2

2
+ (12 kpsi)2 = 20.8087 kpsi

The angle from the x axis to σ1 (Φp) is

ϕp =
1

2
90 + tan - 1 CD

τxy
=

1

2
90 + tan - 1 17 kpsi

( 12 kpsi )
 = 72.3912° cw

The angle from the x axis to τ (Φs) is

ϕs = 72.3912° - 45° = 27.3912° cw

The radius of the Mohr's circle is

R = τmax = 20.8087 kpsi

The location of the center of the Mohr's circle C is (5 kpsi, 0 kpsi).

The principal normal stresses are σ1 = 25.8087 kpsi and σ2 = -15.8087 kpsi.

The maximum shear stress is 20.8087 kpsi.

The angle from the x axis to σ1 (Φp) is 72.3912° cw.

The angle from the x axis to τ (Φs) is 27.3912° cw.

The radius of the Mohr's circle is 20.8087 kpsi.
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Consider the following plane stress state:

σx = 10 kpsi, σy = 24 kpsi, τxy = 6 kpsi ccw

Calculate the following:

1. The coordinates of the center of the Mohr's circle C

The location of the center of the Mohr's circle C is ( 17 ± 0.5  kpsi, 0 ± 0.5  kpsi).

2. Principal normal stresses (σ1, σ2)

The principal normal stresses are σ1 = 26.22 ± 0.5  kpsi and σ2 = 7.78 ± 0.5  kpsi.

3. Maximum shear stress (τ)

The maximum shear stress is 9.22 ± 0.5  kpsi.

4. The angle from the x axis to σ1 (Φp)

The angle from the x axis to σ1 (Φp) is 69.7 ± 1 ° ccw.

5. The angle from the x axis to τ (Φs)

The angle from the x axis to τ (Φs) is 24.7 ± 1 ° ccw.

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 9.22 ± 0.5  kpsi.

C is the center of the Mohr's circle.

C =
σx+σy

2
=

( 10 kpsi ) + ( 24 kpsi )

2
 = 17 kpsi

CD =
σx-σy

2
=

( 10 kpsi ) - ( 24 kpsi )

2
 = -7 kpsi

The principal stresses are

σ1 =
σx+σy

2
+

σx -σy

2

2

+ τxy
2 =

( 10 kpsi ) + ( 24 kpsi )

2
+

( 10 kpsi ) - ( 24 kpsi )

2

2
+ (6 kpsi)2 = 26.2195 kpsi
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σ2 =
σx+σy

2
-

σx -σy

2

2

+ τxy
2 =

( 10 kpsi ) + ( 24 kpsi )

2
-

( 10 kpsi ) - ( 24 kpsi )

2

2
+ (6 kpsi)2 = 7.7805 kpsi

The maximum shear stress is

τmax =
σx -σy

2

2

+ τxy
2 =

( 10 kpsi ) - ( 24 kpsi )

2

2
+ (6 kpsi)2 = 9.2195 kpsi

The angle from the x axis to σ1 (Φp) is

ϕp =
1

2
90 + tan - 1 CD

τxy
=

1

2
90 + tan - 1 7 kpsi

( 6 kpsi )
 = 69.6994° ccw

The angle from the x axis to τ (Φs) is

ϕs = 69.6994° - 45° = 24.6994° ccw

The radius of the Mohr's circle is

R = τmax = 9.2195 kpsi

The location of the center of the Mohr's circle C is (17 kpsi, 0 kpsi).

The principal normal stresses are σ1 = 26.2195 kpsi and σ2 = 7.7805 kpsi.

The maximum shear stress is 9.2195 kpsi.

The angle from the x axis to σ1 (Φp) is 69.6994° ccw.

The angle from the x axis to τ (Φs) is 24.6994° ccw.

The radius of the Mohr's circle is 9.2195 kpsi.
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Consider the following plane stress state:

σx = -8 MPa, σy = 7 MPa, τxy = 6 MPa cw

Calculate the following:

1. The coordinates of the center of the Mohr's circle C

The location of the center of the Mohr's circle C is ( -0.5 ± 0.5  MPa, 0 ± 0.5  MPa).

2. Principal normal stresses (σ1, σ2)

The principal normal stresses are σ1 = 9.1 ± 0.5  MPa and σ2 = -10.1 ± 0.5  MPa.

3. Maximum shear stress (τ)

The maximum shear stress is 9.6 ± 0.5  MPa.

4. The angle from the x axis to σ1 (Φp)

The angle from the x axis to σ1 (Φp) is 19.33 ± 1 ° .

5. The angle from the x axis to τ (Φs)

The angle from the x axis to τ (Φs) is 25.67 ± 1 ° .

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 9.6 ± 0.5  MPa.

C is the center of the Mohr's circle.

C =
σx+σy

2
=

( -8 MPa ) + ( 7 MPa )

2
 = -0.5 MPa

CD =
σx-σy

2
=

( -8 MPa ) - ( 7 MPa )

2
 = -7.5 MPa

The principal stresses are

σ1 =
σx+σy

2
+

σx -σy

2

2

+ τxy
2 =

( -8 MPa ) + ( 7 MPa )

2
+

( -8 MPa ) - ( 7 MPa )

2

2
+ (-6 MPa)2 = 9.1 MPa
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σ2 =
σx+σy

2
-

σx -σy

2

2

+ τxy
2 =

( -8 MPa ) + ( 7 MPa )

2
-

( -8 MPa ) - ( 7 MPa )

2

2
+ (-6 MPa)2 = -10.1 MPa

The maximum shear stress is

τmax =
σx -σy

2

2

+ τxy
2 =

( -8 MPa ) - ( 7 MPa )

2

2
+ (-6 MPa)2 = 9.6 MPa

The angle from the x axis to σ1 (Φp) is

2ϕp = tan - 1
τxy

0.5 σx -σy

→ ϕp =
1

2
tan - 1

τxy

0.5 σx -σy

=
1

2
tan - 1 ( -6 MPa )

0.5 ( ( -8 MPa ) - ( 7 MPa ) )
 = 19.33° = 19.33° ccw

The angle from the x axis to τ (Φs) is

2ϕs = tan - 1 -
σx -σy

2τxy
→ ϕs =

1

2
tan - 1 -

σx-σy

2τxy
=

1

2
tan - 1 -

( ( -8 kpsi ) - ( 7 kpsi ) )

2 ( -6 kpsi )
 = -25.67° = 25.67°cw

The radius of the Mohr's circle is

R = τmax = 9.6 MPa

The location of the center of the Mohr's circle C is (-0.5 MPa, 0 MPa).

The principal normal stresses are σ1 = 9.1 MPa and σ2 = -10.1 MPa.

The maximum shear stress is 9.6 MPa.

The angle from the x axis to σ1 (Φp) is 19.33° ccw.

The angle from the x axis to τ (Φs) is 25.67° cw.

The radius of the Mohr's circle is 9.6 MPa.
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Consider the following plane stress state:

σx = -8 MPa, σy = 7 MPa, τxy = 6 MPa cw

Calculate the following:

1. The coordinates of the center of the Mohr's circle C

The location of the center of the Mohr's circle C is ( -0.5 ± 0.5  MPa, 0 ± 0.5  MPa).

2. Principal normal stresses (σ1, σ2)

The principal normal stresses are σ1 = 9.1 ± 0.5  MPa and σ2 = -10.1 ± 0.5  MPa.

3. Maximum shear stress (τ)

The maximum shear stress is 9.6 ± 0.5  MPa.

4. The angle from the x axis to σ1 (Φp)

The angle from the x axis to σ1 (Φp) is 19.33 ± 1 ° .

5. The angle from the x axis to τ (Φs)

The angle from the x axis to τ (Φs) is 25.67 ± 1 ° .

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 9.6 ± 0.5  MPa.

C is the center of the Mohr's circle.

C =
σx+σy

2
=

( -8 MPa ) + ( 7 MPa )

2
 = -0.5 MPa

CD =
σx-σy

2
=

( -8 MPa ) - ( 7 MPa )

2
 = -7.5 MPa

The principal stresses are

σ1 =
σx+σy

2
+

σx -σy

2

2

+ τxy
2 =

( -8 MPa ) + ( 7 MPa )

2
+

( -8 MPa ) - ( 7 MPa )

2

2
+ (-6 MPa)2 = 9.1 MPa
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σ2 =
σx+σy

2
-

σx -σy

2

2

+ τxy
2 =

( -8 MPa ) + ( 7 MPa )

2
-

( -8 MPa ) - ( 7 MPa )

2

2
+ (-6 MPa)2 = -10.1 MPa

The maximum shear stress is

τmax =
σx -σy

2

2

+ τxy
2 =

( -8 MPa ) - ( 7 MPa )

2

2
+ (-6 MPa)2 = 9.6 MPa

The angle from the x axis to σ1 (Φp) is

2ϕp = tan - 1
τxy

0.5 σx -σy

→ ϕp =
1

2
tan - 1

τxy

0.5 σx -σy

=
1

2
tan - 1 ( -6 MPa )

0.5 ( ( -8 MPa ) - ( 7 MPa ) )
 = 19.33° = 19.33° ccw

The angle from the x axis to τ (Φs) is

2ϕs = tan - 1 -
σx -σy

2τxy
→ ϕs =

1

2
tan - 1 -

σx-σy

2τxy
=

1

2
tan - 1 -

( ( -8 kpsi ) - ( 7 kpsi ) )

2 ( -6 kpsi )
 = -25.67° = 25.67°cw

The radius of the Mohr's circle is

R = τmax = 9.6 MPa

The location of the center of the Mohr's circle C is (-0.5 MPa, 0 MPa).

The principal normal stresses are σ1 = 9.1 MPa and σ2 = -10.1 MPa.

The maximum shear stress is 9.6 MPa.

The angle from the x axis to σ1 (Φp) is 19.33° ccw.

The angle from the x axis to τ (Φs) is 25.67° cw.

The radius of the Mohr's circle is 9.6 MPa.
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 1. Award: 20 out of 20.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.015 - Find the center and radius for Mohr's circle and determine the principal
normal and shear stresses.

Consider the following plane stress state:

σx = -12 kpsi, σy = 22 kpsi, τxy = 12 kpsi cw

Calculate the following:

1. The coordinates of the center of the Mohr's circle C

The location of the center of the Mohr's circle C is (5  kpsi, 0  kpsi).

2. Principal normal stresses (σ1, σ2)

The principal normal stresses are σ1 = 25.8  kpsi and σ2 = -15.81  kpsi.

3. Maximum shear stress (τ)

The maximum shear stress is 20.81  kpsi.

4. The angle from the x axis to σ1 (Φp)

The angle from the x axis to σ1 (Φp) is 72.39 ° cw.

5. The angle from the x axis to τ (Φs)

The angle from the x axis to τ (Φs) is 27.39 ° cw.

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 20.81  kpsi.
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σx = -12 kpsi, σy = 22 kpsi, τxy = 12 kpsi cw

Calculate the following:

1. The coordinates of the center of the Mohr's circle C

The location of the center of the Mohr's circle C is ( 5 ± 0.5  kpsi, 0 ± 0.5  kpsi).

2. Principal normal stresses (σ1, σ2)

The principal normal stresses are σ1 = 25.81 ± 0.5  kpsi and σ2 = -15.81 ± 0.5  kpsi.

3. Maximum shear stress (τ)

The maximum shear stress is 20.81 ± 0.5  kpsi.

4. The angle from the x axis to σ1 (Φp)

The angle from the x axis to σ1 (Φp) is 72.39 ± 1 ° cw.

5. The angle from the x axis to τ (Φs)

The angle from the x axis to τ (Φs) is 27.39 ± 1 ° cw.

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 20.81 ± 0.5  kpsi.

 
Explanation:

C is the center of the Mohr's circle.

The principal stresses are

The maximum shear stress is

The angle from the x axis to σ1 (Φp) is

The angle from the x axis to τ (Φs) is

The radius of the Mohr's circle is

 

C = =  = 5 kpsi
+σx σy

2
(-12 kpsi)+(22 kpsi)

2

CD = =  = -17 kpsi
−σx σy

2
(-12 kpsi)−(22 kpsi)

2

= + = +  = 25.8087 kpsiσ1
+σx σy

2 +( )−σx σy

2

2
( )τxy

2
− −−−−−−−−−−−−−√ (-12 kpsi)+(22 kpsi)

2 +( )(-12 kpsi)−(22 kpsi)
2

2
(12 kpsi)2

− −−−−−−−−−−−−−−−−−−−−−−−−√

= − = −  = -15.8087 kpsiσ2
+σx σy

2 +( )−σx σy

2

2
( )τxy

2
− −−−−−−−−−−−−−√ (-12 kpsi)+(22 kpsi)

2 +( )(-12 kpsi)−(22 kpsi)
2

2
(12 kpsi)2

− −−−−−−−−−−−−−−−−−−−−−−−−√

= =  = 20.8087 kpsiτmax +( )−σx σy

2

2
( )τxy

2
− −−−−−−−−−−−−−√ +( )(-12 kpsi)−(22 kpsi)

2

2
(12 kpsi)2

− −−−−−−−−−−−−−−−−−−−−−−−−√

= (90 + ( )) = (90 + ( )) = 72.3912° cwϕp
1
2 tan−1 CD

τxy

1
2 tan−1 17 kpsi

(12 kpsi)

= 72.3912° − 45° = 27.3912° cwϕs

R =  = 20.8087 kpsiτmax
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 2. Award: 20 out of 20.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.015 - Find the center and radius for Mohr's circle and determine the principal
normal and shear stresses.

Consider the following plane stress state:

σx = 10 kpsi, σy = 24 kpsi, τxy = 6 kpsi ccw

Calculate the following:

1. The coordinates of the center of the Mohr's circle C

The location of the center of the Mohr's circle C is (17  kpsi, 0  kpsi).

2. Principal normal stresses (σ1, σ2)

The principal normal stresses are σ1 = 26.22  kpsi and σ2 = 7.78  kpsi.

3. Maximum shear stress (τ)

The maximum shear stress is 9.22  kpsi.

4. The angle from the x axis to σ1 (Φp)

The angle from the x axis to σ1 (Φp) is 69.7 ° ccw.

5. The angle from the x axis to τ (Φs)

The angle from the x axis to τ (Φs) is 24.7 ° ccw.

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 9.22  kpsi.
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σx = 10 kpsi, σy = 24 kpsi, τxy = 6 kpsi ccw

Calculate the following:

1. The coordinates of the center of the Mohr's circle C

The location of the center of the Mohr's circle C is ( 17 ± 0.5  kpsi, 0 ± 0.5  kpsi).

2. Principal normal stresses (σ1, σ2)

The principal normal stresses are σ1 = 26.22 ± 0.5  kpsi and σ2 = 7.78 ± 0.5  kpsi.

3. Maximum shear stress (τ)

The maximum shear stress is 9.22 ± 0.5  kpsi.

4. The angle from the x axis to σ1 (Φp)

The angle from the x axis to σ1 (Φp) is 69.7 ± 1 ° ccw.

5. The angle from the x axis to τ (Φs)

The angle from the x axis to τ (Φs) is 24.7 ± 1 ° ccw.

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 9.22 ± 0.5  kpsi.

 
Explanation:

C is the center of the Mohr's circle.

The principal stresses are

The maximum shear stress is

The angle from the x axis to σ1 (Φp) is

The angle from the x axis to τ (Φs) is

The radius of the Mohr's circle is

 

C = =  = 17 kpsi
+σx σy

2
(10 kpsi)+(24 kpsi)

2

CD = =  = -7 kpsi
−σx σy

2
(10 kpsi)−(24 kpsi)

2

= + = +  = 26.2195 kpsiσ1
+σx σy

2 +( )−σx σy

2

2
( )τxy

2
− −−−−−−−−−−−−−√ (10 kpsi)+(24 kpsi)

2 +( )(10 kpsi)−(24 kpsi)
2

2
(6 kpsi)2

− −−−−−−−−−−−−−−−−−−−−−−√

= − = −  = 7.7805 kpsiσ2
+σx σy

2 +( )−σx σy

2

2
( )τxy

2
− −−−−−−−−−−−−−√ (10 kpsi)+(24 kpsi)

2 +( )(10 kpsi)−(24 kpsi)
2

2
(6 kpsi)2

− −−−−−−−−−−−−−−−−−−−−−−√

= =  = 9.2195 kpsiτmax +( )−σx σy

2

2
( )τxy

2
− −−−−−−−−−−−−−√ +( )(10 kpsi)−(24 kpsi)

2

2
(6 kpsi)2

− −−−−−−−−−−−−−−−−−−−−−−√

= (90 + ( )) = (90 + ( )) = 69.6994° ccwϕp
1
2 tan−1 CD

τxy

1
2 tan−1 7 kpsi

(6 kpsi)

= 69.6994° − 45° = 24.6994° ccwϕs

R =  = 9.2195 kpsiτmax
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 3. Award: 20 out of 20.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.015 - Find the center and radius for Mohr's circle and determine the principal
normal and shear stresses.

Consider the following plane stress state:

σx = -12 kpsi, σy = 22 kpsi, τxy = 12 kpsi cw

Calculate the following:

1. The coordinates of the center of the Mohr's circle C

The location of the center of the Mohr's circle C is (5  kpsi, 0  kpsi).

2. Principal normal stresses (σ1, σ2)

The principal normal stresses are σ1 = 25.81  kpsi and σ2 = -15.81  kpsi.

3. Maximum shear stress (τ)

The maximum shear stress is 20.81  kpsi.

4. The angle from the x axis to σ1 (Φp)

The angle from the x axis to σ1 (Φp) is 72.39 ° cw.

5. The angle from the x axis to τ (Φs)

The angle from the x axis to τ (Φs) is 27.39 ° cw.

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 20.81  kpsi.

 

References

Worksheet Chapter: 03 Load and
Stress Analysis

Problem 03.015 -
Find the center and
radius for Mohr's
circle and
determine the
principal normal
and shear stresses.

Section: 03.06 Mohr’s
Circle for Plane Stress

 

Problem 03.015 - Find the center and radius for Mohr's circle and determine the principal
normal and shear stresses.

Consider the following plane stress state:

Assignment Print View https://ezto.mheducation.com/hm.tpx?todo=printview

6 of 13 10/12/2021, 3:32 PM



σx = -12 kpsi, σy = 22 kpsi, τxy = 12 kpsi cw

Calculate the following:

1. The coordinates of the center of the Mohr's circle C

The location of the center of the Mohr's circle C is ( 5 ± 0.5  kpsi, 0 ± 0.5  kpsi).

2. Principal normal stresses (σ1, σ2)

The principal normal stresses are σ1 = 25.81 ± 0.5  kpsi and σ2 = -15.81 ± 0.5  kpsi.

3. Maximum shear stress (τ)

The maximum shear stress is 20.81 ± 0.5  kpsi.

4. The angle from the x axis to σ1 (Φp)

The angle from the x axis to σ1 (Φp) is 72.39 ± 1 ° cw.

5. The angle from the x axis to τ (Φs)

The angle from the x axis to τ (Φs) is 27.39 ± 1 ° cw.

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 20.81 ± 0.5  kpsi.

 
Explanation:

C is the center of the Mohr's circle.

The principal stresses are

The maximum shear stress is

The angle from the x axis to σ1 (Φp) is

The angle from the x axis to τ (Φs) is

The radius of the Mohr's circle is

 

C = =  = 5 kpsi
+σx σy

2
(-12 kpsi)+(22 kpsi)

2

CD = =  = -17 kpsi
−σx σy

2
(-12 kpsi)−(22 kpsi)

2

= + = +  = 25.8087 kpsiσ1
+σx σy

2 +( )−σx σy

2

2
( )τxy

2
− −−−−−−−−−−−−−√ (-12 kpsi)+(22 kpsi)

2 +( )(-12 kpsi)−(22 kpsi)
2

2
(12 kpsi)2

− −−−−−−−−−−−−−−−−−−−−−−−−√

= − = −  = -15.8087 kpsiσ2
+σx σy

2 +( )−σx σy

2

2
( )τxy

2
− −−−−−−−−−−−−−√ (-12 kpsi)+(22 kpsi)

2 +( )(-12 kpsi)−(22 kpsi)
2

2
(12 kpsi)2

− −−−−−−−−−−−−−−−−−−−−−−−−√

= =  = 20.8087 kpsiτmax +( )−σx σy

2

2
( )τxy

2
− −−−−−−−−−−−−−√ +( )(-12 kpsi)−(22 kpsi)

2

2
(12 kpsi)2

− −−−−−−−−−−−−−−−−−−−−−−−−√

= (90 + ( )) = (90 + ( )) = 72.3912° cwϕp
1
2 tan−1 CD

τxy

1
2 tan−1 17 kpsi

(12 kpsi)

= 72.3912° − 45° = 27.3912° cwϕs

R =  = 20.8087 kpsiτmax
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 4. Award: 20 out of 20.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.016 - Find the center and radius for Mohr's circle and determine the principal
normal and shear stresses.

Consider the following plane stress state:

σx = -8 MPa, σy = 7 MPa, τxy = 6 MPa cw

Calculate the following:

1. The coordinates of the center of the Mohr's circle C

The location of the center of the Mohr's circle C is (-0.5  MPa, 0  MPa).

2. Principal normal stresses (σ1, σ2)

The principal normal stresses are σ1 = 9.1  MPa and σ2 = -10.1  MPa.

3. Maximum shear stress (τ)

The maximum shear stress is 9.6  MPa.

4. The angle from the x axis to σ1 (Φp)

The angle from the x axis to σ1 (Φp) is 19.33 ° ccw .

5. The angle from the x axis to τ (Φs)

The angle from the x axis to τ (Φs) is 25.67 ° cw .

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 9.6  MPa.
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σx = -8 MPa, σy = 7 MPa, τxy = 6 MPa cw

Calculate the following:

1. The coordinates of the center of the Mohr's circle C

The location of the center of the Mohr's circle C is ( -0.5 ± 0.5  MPa, 0 ± 0.5  MPa).

2. Principal normal stresses (σ1, σ2)

The principal normal stresses are σ1 = 9.1 ± 0.5  MPa and σ2 = -10.1 ± 0.5  MPa.

3. Maximum shear stress (τ)

The maximum shear stress is 9.6 ± 0.5  MPa.

4. The angle from the x axis to σ1 (Φp)

The angle from the x axis to σ1 (Φp) is 19.33 ± 1 ° ccw .

5. The angle from the x axis to τ (Φs)

The angle from the x axis to τ (Φs) is 25.67 ± 1 ° cw .

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 9.6 ± 0.5  MPa.

 
Explanation:

C is the center of the Mohr's circle.

The principal stresses are

The maximum shear stress is

The angle from the x axis to σ1 (Φp) is

The angle from the x axis to τ (Φs) is

The radius of the Mohr's circle is

C = =  = -0.5 MPa
+σx σy

2
(-8 MPa)+(7 MPa)

2

CD = =  = -7.5 MPa
−σx σy

2
(-8 MPa)−(7 MPa)

2

= + = +  = 9.1 MPaσ1
+σx σy

2 +( )−σx σy

2

2
( )τxy

2
− −−−−−−−−−−−−−√ (-8 MPa)+(7 MPa)

2 +( )(-8 MPa)−(7 MPa)
2

2
(-6 MPa)2

− −−−−−−−−−−−−−−−−−−−−−−−−√

= − = −  = -10.1 MPaσ2
+σx σy

2 +( )−σx σy

2

2
( )τxy

2
− −−−−−−−−−−−−−√ (-8 MPa)+(7 MPa)

2 +( )(-8 MPa)−(7 MPa)
2

2
(-6 MPa)2

− −−−−−−−−−−−−−−−−−−−−−−−−√

= =  = 9.6 MPaτmax +( )−σx σy

2

2
( )τxy

2
− −−−−−−−−−−−−−√ +( )(-8 MPa)−(7 MPa)

2

2
(-6 MPa)2

− −−−−−−−−−−−−−−−−−−−−−−−−√

2 = ( ) → = ( ) = ( ) = 19.33° = 19.33° ccwϕp tan−1 τxy

0.5( − )σx σy
ϕp

1
2 tan−1 τxy

0.5( − )σx σy

1
2 tan−1 (-6 MPa)

0.5((-8 MPa)−(7 MPa))

2 = (− ) → = (− ) = (− ) = -25.67° = 25.67°cwϕs tan−1 ( − )σx σy

2τxy
ϕs

1
2 tan−1 ( − )σx σy

2τxy

1
2 tan−1 ((-8 kpsi)−(7 kpsi))

2(-6 kpsi)

R =  = 9.6 MPaτmax
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 5. Award: 20 out of 20.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.016 - Find the center and radius for Mohr's circle and determine the principal
normal and shear stresses.

Consider the following plane stress state:

σx = -8 MPa, σy = 7 MPa, τxy = 6 MPa cw

Calculate the following:

1. The coordinates of the center of the Mohr's circle C

The location of the center of the Mohr's circle C is (-0.5  MPa, 0  MPa).

2. Principal normal stresses (σ1, σ2)

The principal normal stresses are σ1 = 9.1l  MPa and σ2 = -10.1  MPa.

3. Maximum shear stress (τ)

The maximum shear stress is 9.6  MPa.

4. The angle from the x axis to σ1 (Φp)

The angle from the x axis to σ1 (Φp) is 19.33 ° ccw .

5. The angle from the x axis to τ (Φs)

The angle from the x axis to τ (Φs) is 25.67 ° cw .

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 9.6  MPa.
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Problem 03.016 - Find the center and radius for Mohr's circle and determine the principal
normal and shear stresses.

Consider the following plane stress state:
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σx = -8 MPa, σy = 7 MPa, τxy = 6 MPa cw

Calculate the following:

1. The coordinates of the center of the Mohr's circle C

The location of the center of the Mohr's circle C is ( -0.5 ± 0.5  MPa, 0 ± 0.5  MPa).

2. Principal normal stresses (σ1, σ2)

The principal normal stresses are σ1 = 9.1 ± 0.5  MPa and σ2 = -10.1 ± 0.5  MPa.

3. Maximum shear stress (τ)

The maximum shear stress is 9.6 ± 0.5  MPa.

4. The angle from the x axis to σ1 (Φp)

The angle from the x axis to σ1 (Φp) is 19.33 ± 1 ° ccw .

5. The angle from the x axis to τ (Φs)

The angle from the x axis to τ (Φs) is 25.67 ± 1 ° cw .

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 9.6 ± 0.5  MPa.

 
Explanation:

C is the center of the Mohr's circle.

The principal stresses are

The maximum shear stress is

The angle from the x axis to σ1 (Φp) is

The angle from the x axis to τ (Φs) is

The radius of the Mohr's circle is

C = =  = -0.5 MPa
+σx σy

2
(-8 MPa)+(7 MPa)

2

CD = =  = -7.5 MPa
−σx σy

2
(-8 MPa)−(7 MPa)

2

= + = +  = 9.1 MPaσ1
+σx σy

2 +( )−σx σy

2

2
( )τxy

2
− −−−−−−−−−−−−−√ (-8 MPa)+(7 MPa)

2 +( )(-8 MPa)−(7 MPa)
2

2
(-6 MPa)2

− −−−−−−−−−−−−−−−−−−−−−−−−√

= − = −  = -10.1 MPaσ2
+σx σy

2 +( )−σx σy

2

2
( )τxy

2
− −−−−−−−−−−−−−√ (-8 MPa)+(7 MPa)

2 +( )(-8 MPa)−(7 MPa)
2

2
(-6 MPa)2

− −−−−−−−−−−−−−−−−−−−−−−−−√

= =  = 9.6 MPaτmax +( )−σx σy

2

2
( )τxy

2
− −−−−−−−−−−−−−√ +( )(-8 MPa)−(7 MPa)

2

2
(-6 MPa)2

− −−−−−−−−−−−−−−−−−−−−−−−−√

2 = ( ) → = ( ) = ( ) = 19.33° = 19.33° ccwϕp tan−1 τxy

0.5( − )σx σy
ϕp

1
2 tan−1 τxy

0.5( − )σx σy

1
2 tan−1 (-6 MPa)

0.5((-8 MPa)−(7 MPa))

2 = (− ) → = (− ) = (− ) = -25.67° = 25.67°cwϕs tan−1 ( − )σx σy

2τxy
ϕs

1
2 tan−1 ( − )σx σy

2τxy

1
2 tan−1 ((-8 kpsi)−(7 kpsi))

2(-6 kpsi)

R =  = 9.6 MPaτmax
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 1. Award: 20 out of 20.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.015 - Find the center and radius for Mohr's circle and determine the
principal normal and shear stresses.

Consider the following plane stress state:

σx = 10 kpsi, σy = 24 kpsi, τxy = 6 kpsi ccw

Calculate the following:

1. The coordinates of the center of the Mohr's circle C

The location of the center of the Mohr's circle C is (17  kpsi, 0  kpsi).

2. Principal normal stresses (σ1, σ2)

The principal normal stresses are σ1 = 26.22  kpsi and σ2 = 7.78  kpsi.

3. Maximum shear stress (τ)

The maximum shear stress is 9.22  kpsi.

4. The angle from the x axis to σ1 (Φp)

The angle from the x axis to σ1 (Φp) is 69.7 ° ccw.

5. The angle from the x axis to τ (Φs)

The angle from the x axis to τ (Φs) is 24.7 ° ccw.

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 9.22  kpsi.
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Problem 03.015 - Find the center and radius for Mohr's circle and determine the
principal normal and shear stresses.

Consider the following plane stress state:

σx = 10 kpsi, σy = 24 kpsi, τxy = 6 kpsi ccw

Calculate the following:

1. The coordinates of the center of the Mohr's circle C

The location of the center of the Mohr's circle C is ( 17 ± 0.5  kpsi, 0 ± 0.5  kpsi).

2. Principal normal stresses (σ1, σ2)

The principal normal stresses are σ1 = 26.22 ± 0.5  kpsi and σ2 = 7.78 ± 0.5  kpsi.

3. Maximum shear stress (τ)

The maximum shear stress is 9.22 ± 0.5  kpsi.

4. The angle from the x axis to σ1 (Φp)

The angle from the x axis to σ1 (Φp) is 69.7 ± 1 ° ccw.

5. The angle from the x axis to τ (Φs)

The angle from the x axis to τ (Φs) is 24.7 ± 1 ° ccw.

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 9.22 ± 0.5  kpsi.

 
Explanation:

C is the center of the Mohr's circle.

C =
σx+σy

2
=

( 10 kpsi ) + ( 24 kpsi )

2
 = 17 kpsi

CD =
σx -σy

2
=

( 10 kpsi ) - ( 24 kpsi )

2
 = -7 kpsi

The principal stresses are

σ1 =
σx+σy

2
+

σx -σy

2

2

+ τxy
2 =

( 10 kpsi ) + ( 24 kpsi )

2
+

( 10 kpsi ) - ( 24 kpsi )

2

2
+ (6 kpsi)2 = 26.2195 kpsi

σ2 =
σx+σy

2
-

σx -σy

2

2

+ τxy
2 =

( 10 kpsi ) + ( 24 kpsi )

2
-

( 10 kpsi ) - ( 24 kpsi )

2

2
+ (6 kpsi)2 = 7.7805 kpsi

The maximum shear stress is

√( ) ( ) √( )

√ ( ) ( ) √( )
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τmax =
σx -σy

2

2

+ τxy
2 =

( 10 kpsi ) - ( 24 kpsi )

2

2
+ (6 kpsi)2 = 9.2195 kpsi

The angle from the x axis to σ1 (Φp) is

ϕp =
1

2
90 + tan - 1 CD

τxy
=

1

2
90 + tan - 1 7 kpsi

( 6 kpsi )
 = 69.6994° ccw

The angle from the x axis to τ (Φs) is

ϕs = 69.6994° - 45° = 24.6994° ccw

The radius of the Mohr's circle is

R = τmax = 9.2195 kpsi

 

√( ) ( ) √( )

( ( )) ( ( ))
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 2. Award: 20 out of 20.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.015 - Find the center and radius for Mohr's circle and determine the
principal normal and shear stresses.

Consider the following plane stress state:

σx = 10 kpsi, σy = 24 kpsi, τxy = 6 kpsi ccw

Calculate the following:

1. The coordinates of the center of the Mohr's circle C

The location of the center of the Mohr's circle C is (17  kpsi, 0  kpsi).

2. Principal normal stresses (σ1, σ2)

The principal normal stresses are σ1 = 26.22  kpsi and σ2 = 7.78  kpsi.

3. Maximum shear stress (τ)

The maximum shear stress is 9.22  kpsi.

4. The angle from the x axis to σ1 (Φp)

The angle from the x axis to σ1 (Φp) is 69.7 ° ccw.

5. The angle from the x axis to τ (Φs)

The angle from the x axis to τ (Φs) is 24.7 ° ccw.

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 9.22  kpsi.
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Problem 03.015 - Find the center and radius for Mohr's circle and determine the
principal normal and shear stresses.

Consider the following plane stress state:

σx = 10 kpsi, σy = 24 kpsi, τxy = 6 kpsi ccw

Calculate the following:

1. The coordinates of the center of the Mohr's circle C

The location of the center of the Mohr's circle C is ( 17 ± 0.5  kpsi, 0 ± 0.5  kpsi).

2. Principal normal stresses (σ1, σ2)

The principal normal stresses are σ1 = 26.22 ± 0.5  kpsi and σ2 = 7.78 ± 0.5  kpsi.

3. Maximum shear stress (τ)

The maximum shear stress is 9.22 ± 0.5  kpsi.

4. The angle from the x axis to σ1 (Φp)

The angle from the x axis to σ1 (Φp) is 69.7 ± 1 ° ccw.

5. The angle from the x axis to τ (Φs)

The angle from the x axis to τ (Φs) is 24.7 ± 1 ° ccw.

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 9.22 ± 0.5  kpsi.

 
Explanation:

C is the center of the Mohr's circle.

C =
σx+σy

2
=

( 10 kpsi ) + ( 24 kpsi )

2
 = 17 kpsi

CD =
σx -σy

2
=

( 10 kpsi ) - ( 24 kpsi )

2
 = -7 kpsi

The principal stresses are

σ1 =
σx+σy

2
+

σx -σy

2

2

+ τxy
2 =

( 10 kpsi ) + ( 24 kpsi )

2
+

( 10 kpsi ) - ( 24 kpsi )

2

2
+ (6 kpsi)2 = 26.2195 kpsi

σ2 =
σx+σy

2
-

σx -σy

2

2

+ τxy
2 =

( 10 kpsi ) + ( 24 kpsi )

2
-

( 10 kpsi ) - ( 24 kpsi )

2

2
+ (6 kpsi)2 = 7.7805 kpsi

The maximum shear stress is

√( ) ( ) √( )

√ ( ) ( ) √( )
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τmax =
σx -σy

2

2

+ τxy
2 =

( 10 kpsi ) - ( 24 kpsi )

2

2
+ (6 kpsi)2 = 9.2195 kpsi

The angle from the x axis to σ1 (Φp) is

ϕp =
1

2
90 + tan - 1 CD

τxy
=

1

2
90 + tan - 1 7 kpsi

( 6 kpsi )
 = 69.6994° ccw

The angle from the x axis to τ (Φs) is

ϕs = 69.6994° - 45° = 24.6994° ccw

The radius of the Mohr's circle is

R = τmax = 9.2195 kpsi

 

√( ) ( ) √( )

( ( )) ( ( ))
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 3. Award: 20 out of 20.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.015 - Find the center and radius for Mohr's circle and determine the
principal normal and shear stresses.

Consider the following plane stress state:

σx = 10 kpsi, σy = 24 kpsi, τxy = 6 kpsi ccw

Calculate the following:

1. The coordinates of the center of the Mohr's circle C

The location of the center of the Mohr's circle C is (17  kpsi, 0  kpsi).

2. Principal normal stresses (σ1, σ2)

The principal normal stresses are σ1 = 26.22  kpsi and σ2 = 7.78  kpsi.

3. Maximum shear stress (τ)

The maximum shear stress is 9.22  kpsi.

4. The angle from the x axis to σ1 (Φp)

The angle from the x axis to σ1 (Φp) is 69.7 ° ccw.

5. The angle from the x axis to τ (Φs)

The angle from the x axis to τ (Φs) is 24.7 ° ccw.

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 9.22  kpsi.
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Problem 03.015 - Find the center and radius for Mohr's circle and determine the
principal normal and shear stresses.

Consider the following plane stress state:

σx = 10 kpsi, σy = 24 kpsi, τxy = 6 kpsi ccw

Calculate the following:

1. The coordinates of the center of the Mohr's circle C

The location of the center of the Mohr's circle C is ( 17 ± 0.5  kpsi, 0 ± 0.5  kpsi).

2. Principal normal stresses (σ1, σ2)

The principal normal stresses are σ1 = 26.22 ± 0.5  kpsi and σ2 = 7.78 ± 0.5  kpsi.

3. Maximum shear stress (τ)

The maximum shear stress is 9.22 ± 0.5  kpsi.

4. The angle from the x axis to σ1 (Φp)

The angle from the x axis to σ1 (Φp) is 69.7 ± 1 ° ccw.

5. The angle from the x axis to τ (Φs)

The angle from the x axis to τ (Φs) is 24.7 ± 1 ° ccw.

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 9.22 ± 0.5  kpsi.

 
Explanation:

C is the center of the Mohr's circle.

C =
σx+σy

2
=

( 10 kpsi ) + ( 24 kpsi )

2
 = 17 kpsi

CD =
σx -σy

2
=

( 10 kpsi ) - ( 24 kpsi )

2
 = -7 kpsi

The principal stresses are

σ1 =
σx+σy

2
+

σx -σy

2

2

+ τxy
2 =

( 10 kpsi ) + ( 24 kpsi )

2
+

( 10 kpsi ) - ( 24 kpsi )

2

2
+ (6 kpsi)2 = 26.2195 kpsi

σ2 =
σx+σy

2
-

σx -σy

2

2

+ τxy
2 =

( 10 kpsi ) + ( 24 kpsi )

2
-

( 10 kpsi ) - ( 24 kpsi )

2

2
+ (6 kpsi)2 = 7.7805 kpsi

The maximum shear stress is

√( ) ( ) √( )

√ ( ) ( ) √( )
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τmax =
σx -σy

2

2

+ τxy
2 =

( 10 kpsi ) - ( 24 kpsi )

2

2
+ (6 kpsi)2 = 9.2195 kpsi

The angle from the x axis to σ1 (Φp) is

ϕp =
1

2
90 + tan - 1 CD

τxy
=

1

2
90 + tan - 1 7 kpsi

( 6 kpsi )
 = 69.6994° ccw

The angle from the x axis to τ (Φs) is

ϕs = 69.6994° - 45° = 24.6994° ccw

The radius of the Mohr's circle is

R = τmax = 9.2195 kpsi

 

√( ) ( ) √( )

( ( )) ( ( ))
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 4. Award: 20 out of 20.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.016 - Find the center and radius for Mohr's circle and determine the
principal normal and shear stresses.

Consider the following plane stress state:

σx = -8 MPa, σy = 7 MPa, τxy = 6 MPa cw

Calculate the following:

1. The coordinates of the center of the Mohr's circle C

The location of the center of the Mohr's circle C is (-0.5  MPa, 0  MPa).

2. Principal normal stresses (σ1, σ2)

The principal normal stresses are σ1 = 9.1  MPa and σ2 = -10.1  MPa.

3. Maximum shear stress (τ)

The maximum shear stress is 9.6  MPa.

4. The angle from the x axis to σ1 (Φp)

The angle from the x axis to σ1 (Φp) is 19.33 ° ccw .

5. The angle from the x axis to τ (Φs)

The angle from the x axis to τ (Φs) is 25.67 ° cw .

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 9.6  MPa.
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Problem 03.016 - Find the center and radius for Mohr's circle and determine the
principal normal and shear stresses.

Consider the following plane stress state:

σx = -8 MPa, σy = 7 MPa, τxy = 6 MPa cw

Calculate the following:

1. The coordinates of the center of the Mohr's circle C

The location of the center of the Mohr's circle C is ( -0.5 ± 0.5  MPa, 0 ± 0.5  MPa).

2. Principal normal stresses (σ1, σ2)

The principal normal stresses are σ1 = 9.1 ± 0.5  MPa and σ2 = -10.1 ± 0.5  MPa.

3. Maximum shear stress (τ)

The maximum shear stress is 9.6 ± 0.5  MPa.

4. The angle from the x axis to σ1 (Φp)

The angle from the x axis to σ1 (Φp) is 19.33 ± 1 ° ccw .

5. The angle from the x axis to τ (Φs)

The angle from the x axis to τ (Φs) is 25.67 ± 1 ° cw .

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 9.6 ± 0.5  MPa.

 
Explanation:

C is the center of the Mohr's circle.

C =
σx+σy

2
=

( -8 MPa ) + ( 7 MPa )

2
 = -0.5 MPa

CD =
σx -σy

2
=

( -8 MPa ) - ( 7 MPa )

2
 = -7.5 MPa

The principal stresses are

σ1 =
σx+σy

2
+

σx -σy

2

2

+ τxy
2 =

( -8 MPa ) + ( 7 MPa )

2
+

( -8 MPa ) - ( 7 MPa )

2

2
+ (-6 MPa)2 = 9.1 MPa

σ2 =
σx+σy

2
-

σx -σy

2

2

+ τxy
2 =

( -8 MPa ) + ( 7 MPa )

2
-

( -8 MPa ) - ( 7 MPa )

2

2
+ (-6 MPa)2 = -10.1 MPa

The maximum shear stress is

√( ) ( ) √( )

√ ( ) ( ) √( )
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τmax =
σx -σy

2

2

+ τxy
2 =

( -8 MPa ) - ( 7 MPa )

2

2
+ (-6 MPa)2 = 9.6 MPa

The angle from the x axis to σ1 (Φp) is

2ϕp = tan - 1
τxy

0.5 σx -σy

→ ϕp =
1

2
tan - 1

τxy

0.5 σx -σy

=
1

2
tan - 1 ( -6 MPa )

0.5 ( ( -8 MPa ) - ( 7 MPa ) )
 = 19.33° = 19.33° ccw

The angle from the x axis to τ (Φs) is

2ϕs = tan - 1 -
σx -σy

2τxy
→ ϕs =

1

2
tan - 1 -

σx -σy

2τxy
=

1

2
tan - 1 -

( ( -8 kpsi ) - ( 7 kpsi ) )

2 ( -6 kpsi )
 = -25.67° = 25.67°cw

The radius of the Mohr's circle is

R = τmax = 9.6 MPa

 

√( ) ( ) √( )

( ( ) ) ( ( ) ) ( )

( ( ) ) ( ( ) ) ( )

Assignment Print View https://ezto.mheducation.com/hm.tpx?todo=printview

13 of 16 10/12/2021, 3:32 PM



 5. Award: 4 out of 20.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.016 - Find the center and radius for Mohr's circle and determine the
principal normal and shear stresses.

Consider the following plane stress state:

σx = 9 MPa, σy = -6 MPa, τxy = 3 MPa cw

Calculate the following:

1. The coordinates of the center of the Mohr's circle C

The location of the center of the Mohr's circle C is (-0.5  MPa, 0  MPa).

2. Principal normal stresses (σ1, σ2)

The principal normal stresses are σ1 = 9.1  MPa and σ2 = -10.1  MPa.

3. Maximum shear stress (τ)

The maximum shear stress is 9.6  MPa.

4. The angle from the x axis to σ1 (Φp)

The angle from the x axis to σ1 (Φp) is 19.33 ° ccw .

5. The angle from the x axis to τ (Φs)

The angle from the x axis to τ (Φs) is 25.67 ° cw .

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 9.6  MPa.
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Problem 03.016 - Find the center and radius for Mohr's circle and determine the
principal normal and shear stresses.

Consider the following plane stress state:

σx = 9 MPa, σy = -6 MPa, τxy = 3 MPa cw

Calculate the following:

1. The coordinates of the center of the Mohr's circle C

The location of the center of the Mohr's circle C is ( 1.5 ± 0.5  MPa, 0 ± 0.5  MPa).

2. Principal normal stresses (σ1, σ2)

The principal normal stresses are σ1 = 9.58 ± 0.5  MPa and σ2 = -6.58 ± 0.5  MPa.

3. Maximum shear stress (τ)

The maximum shear stress is 8.08 ± 0.5  MPa.

4. The angle from the x axis to σ1 (Φp)

The angle from the x axis to σ1 (Φp) is 10.9 ± 1 ° cw .

5. The angle from the x axis to τ (Φs)

The angle from the x axis to τ (Φs) is 34.1 ± 1 ° ccw .

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 8.08 ± 0.5  MPa.

 
Explanation:

C is the center of the Mohr's circle.

C =
σx+σy

2
=

( 9 MPa ) + ( -6 MPa )

2
 = 1.5 MPa

CD =
σx -σy

2
=

( 9 MPa ) - ( -6 MPa )

2
 = 7.5 MPa

The principal stresses are

σ1 =
σx+σy

2
+

σx -σy

2

2

+ τxy
2 =

( 9 MPa ) + ( -6 MPa )

2
+

( 9 MPa ) - ( -6 MPa )

2

2
+ (-3 MPa)2 = 9.58 MPa

σ2 =
σx+σy

2
-

σx -σy

2

2

+ τxy
2 =

( 9 MPa ) + ( -6 MPa )

2
-

( 9 MPa ) - ( -6 MPa )

2

2
+ (-3 MPa)2 = -6.58 MPa

The maximum shear stress is

√( ) ( ) √( )

√ ( ) ( ) √( )
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τmax =
σx -σy

2

2

+ τxy
2 =

( 9 MPa ) - ( -6 MPa )

2

2
+ (-3 MPa)2 = 8.08 MPa

The angle from the x axis to σ1 (Φp) is

2ϕp = tan - 1
τxy

0.5 σx -σy

→ ϕp =
1

2
tan - 1

τxy

0.5 σx -σy

=
1

2
tan - 1 ( -3 MPa )

0.5 ( ( 9 MPa ) - ( -6 MPa ) )
 = -10.90° = 10.90° cw

The angle from the x axis to τ (Φs) is

2ϕs = tan - 1 -
σx -σy

2τxy
→ ϕs =

1

2
tan - 1 -

σx -σy

2τxy
=

1

2
tan - 1 -

( ( 9 kpsi ) - ( -6 kpsi ) )

2 ( -3 kpsi )
 = 34.10° = 34.10°ccw

The radius of the Mohr's circle is

R = τmax = 8.08 MPa

 

√( ) ( ) √( )

( ( ) ) ( ( ) ) ( )

( ( ) ) ( ( ) ) ( )
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 1. Award: 15 out of 20.00 points  
 

Problem 03.015 - Find the center and radius for Mohr's circle and determine the principal
normal and shear stresses.

Consider the following plane stress state:

σx = -12 kpsi, σy = 22 kpsi, τxy = 12 kpsi cw

Calculate the following:

1. The coordinates of the center of the Mohr's circle C

The location of the center of the Mohr's circle C is (5  kpsi, 0  kpsi).

2. Principal normal stresses (σ1, σ2)

The principal normal stresses are σ1 = 25.81  kpsi and σ2 = -15.81  kpsi.

3. Maximum shear stress (τ)

The maximum shear stress is 20.8  kpsi.

4. The angle from the x axis to σ1 (Φp)

The angle from the x axis to σ1 (Φp) is 17.6 ° cw.

5. The angle from the x axis to τ (Φs)

The angle from the x axis to τ (Φs) is 62.61 ° cw.

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 20.8  kpsi.
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σx = -12 kpsi, σy = 22 kpsi, τxy = 12 kpsi cw

Calculate the following:

1. The coordinates of the center of the Mohr's circle C

The location of the center of the Mohr's circle C is ( 5 ± 0.5  kpsi, 0 ± 0.5  kpsi).

2. Principal normal stresses (σ1, σ2)

The principal normal stresses are σ1 = 25.81 ± 0.5  kpsi and σ2 = -15.81 ± 0.5  kpsi.

3. Maximum shear stress (τ)

The maximum shear stress is 20.81 ± 0.5  kpsi.

4. The angle from the x axis to σ1 (Φp)

The angle from the x axis to σ1 (Φp) is 72.39 ± 1 ° cw.

5. The angle from the x axis to τ (Φs)

The angle from the x axis to τ (Φs) is 27.39 ± 1 ° cw.

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 20.81 ± 0.5  kpsi.

 
Explanation:

C is the center of the Mohr's circle.

The principal stresses are

The maximum shear stress is

The angle from the x axis to σ1 (Φp) is

The angle from the x axis to τ (Φs) is

The radius of the Mohr's circle is

 

C = =  = 5 kpsi
+σx σy

2
(-12 kpsi)+(22 kpsi)

2

CD = =  = -17 kpsi
−σx σy

2
(-12 kpsi)−(22 kpsi)

2

= + = +  = 25.8087 kpsiσ1
+σx σy

2 +( )−σx σy

2

2
( )τxy

2
− −−−−−−−−−−−−−√ (-12 kpsi)+(22 kpsi)

2 +( )(-12 kpsi)−(22 kpsi)
2

2
(12 kpsi)2

− −−−−−−−−−−−−−−−−−−−−−−−−√

= − = −  = -15.8087 kpsiσ2
+σx σy

2 +( )−σx σy

2

2
( )τxy

2
− −−−−−−−−−−−−−√ (-12 kpsi)+(22 kpsi)

2 +( )(-12 kpsi)−(22 kpsi)
2

2
(12 kpsi)2

− −−−−−−−−−−−−−−−−−−−−−−−−√

= =  = 20.8087 kpsiτmax +( )−σx σy

2

2
( )τxy

2
− −−−−−−−−−−−−−√ +( )(-12 kpsi)−(22 kpsi)

2

2
(12 kpsi)2

− −−−−−−−−−−−−−−−−−−−−−−−−√

= (90 + ( )) = (90 + ( )) = 72.3912° cwϕp
1
2 tan−1 CD

τxy

1
2 tan−1 17 kpsi

(12 kpsi)

= 72.3912° − 45° = 27.3912° cwϕs

R =  = 20.8087 kpsiτmax
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 2. Award: 15 out of 20.00 points  
 

Problem 03.015 - Find the center and radius for Mohr's circle and determine the principal
normal and shear stresses.

Consider the following plane stress state:

σx = -12 kpsi, σy = 22 kpsi, τxy = 12 kpsi cw

Calculate the following:

1. The coordinates of the center of the Mohr's circle C

The location of the center of the Mohr's circle C is (5  kpsi, 0  kpsi).

2. Principal normal stresses (σ1, σ2)

The principal normal stresses are σ1 = 25.81  kpsi and σ2 = -15.81  kpsi.

3. Maximum shear stress (τ)

The maximum shear stress is 20.8  kpsi.

4. The angle from the x axis to σ1 (Φp)

The angle from the x axis to σ1 (Φp) is 17.6 ° cw.

5. The angle from the x axis to τ (Φs)

The angle from the x axis to τ (Φs) is 62.61 ° cw.

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 20.8  kpsi.
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σx = -12 kpsi, σy = 22 kpsi, τxy = 12 kpsi cw

Calculate the following:

1. The coordinates of the center of the Mohr's circle C

The location of the center of the Mohr's circle C is ( 5 ± 0.5  kpsi, 0 ± 0.5  kpsi).

2. Principal normal stresses (σ1, σ2)

The principal normal stresses are σ1 = 25.81 ± 0.5  kpsi and σ2 = -15.81 ± 0.5  kpsi.

3. Maximum shear stress (τ)

The maximum shear stress is 20.81 ± 0.5  kpsi.

4. The angle from the x axis to σ1 (Φp)

The angle from the x axis to σ1 (Φp) is 72.39 ± 1 ° cw.

5. The angle from the x axis to τ (Φs)

The angle from the x axis to τ (Φs) is 27.39 ± 1 ° cw.

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 20.81 ± 0.5  kpsi.

 
Explanation:

C is the center of the Mohr's circle.

The principal stresses are

The maximum shear stress is

The angle from the x axis to σ1 (Φp) is

The angle from the x axis to τ (Φs) is

The radius of the Mohr's circle is

 

C = =  = 5 kpsi
+σx σy

2
(-12 kpsi)+(22 kpsi)

2

CD = =  = -17 kpsi
−σx σy

2
(-12 kpsi)−(22 kpsi)

2

= + = +  = 25.8087 kpsiσ1
+σx σy

2 +( )−σx σy

2

2
( )τxy

2
− −−−−−−−−−−−−−√ (-12 kpsi)+(22 kpsi)

2 +( )(-12 kpsi)−(22 kpsi)
2

2
(12 kpsi)2

− −−−−−−−−−−−−−−−−−−−−−−−−√

= − = −  = -15.8087 kpsiσ2
+σx σy

2 +( )−σx σy

2

2
( )τxy

2
− −−−−−−−−−−−−−√ (-12 kpsi)+(22 kpsi)

2 +( )(-12 kpsi)−(22 kpsi)
2

2
(12 kpsi)2

− −−−−−−−−−−−−−−−−−−−−−−−−√

= =  = 20.8087 kpsiτmax +( )−σx σy

2

2
( )τxy

2
− −−−−−−−−−−−−−√ +( )(-12 kpsi)−(22 kpsi)

2

2
(12 kpsi)2

− −−−−−−−−−−−−−−−−−−−−−−−−√

= (90 + ( )) = (90 + ( )) = 72.3912° cwϕp
1
2 tan−1 CD

τxy

1
2 tan−1 17 kpsi

(12 kpsi)

= 72.3912° − 45° = 27.3912° cwϕs

R =  = 20.8087 kpsiτmax
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 3. Award: 15 out of 20.00 points  
 

Problem 03.015 - Find the center and radius for Mohr's circle and determine the principal
normal and shear stresses.

Consider the following plane stress state:

σx = -12 kpsi, σy = 22 kpsi, τxy = 12 kpsi cw

Calculate the following:

1. The coordinates of the center of the Mohr's circle C

The location of the center of the Mohr's circle C is (5  kpsi, 0  kpsi).

2. Principal normal stresses (σ1, σ2)

The principal normal stresses are σ1 = 25.81  kpsi and σ2 = -15.81  kpsi.

3. Maximum shear stress (τ)

The maximum shear stress is 20.8  kpsi.

4. The angle from the x axis to σ1 (Φp)

The angle from the x axis to σ1 (Φp) is 17.6 ° cw.

5. The angle from the x axis to τ (Φs)

The angle from the x axis to τ (Φs) is 62.61 ° cw.

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 20.8  kpsi.
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Consider the following plane stress state:

Assignment Print View https://ezto.mheducation.com/hm.tpx?todo=printview

6 of 13 10/12/2021, 3:33 PM



σx = -12 kpsi, σy = 22 kpsi, τxy = 12 kpsi cw

Calculate the following:

1. The coordinates of the center of the Mohr's circle C

The location of the center of the Mohr's circle C is ( 5 ± 0.5  kpsi, 0 ± 0.5  kpsi).

2. Principal normal stresses (σ1, σ2)

The principal normal stresses are σ1 = 25.81 ± 0.5  kpsi and σ2 = -15.81 ± 0.5  kpsi.

3. Maximum shear stress (τ)

The maximum shear stress is 20.81 ± 0.5  kpsi.

4. The angle from the x axis to σ1 (Φp)

The angle from the x axis to σ1 (Φp) is 72.39 ± 1 ° cw.

5. The angle from the x axis to τ (Φs)

The angle from the x axis to τ (Φs) is 27.39 ± 1 ° cw.

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 20.81 ± 0.5  kpsi.

 
Explanation:

C is the center of the Mohr's circle.

The principal stresses are

The maximum shear stress is

The angle from the x axis to σ1 (Φp) is

The angle from the x axis to τ (Φs) is

The radius of the Mohr's circle is

 

C = =  = 5 kpsi
+σx σy

2
(-12 kpsi)+(22 kpsi)

2

CD = =  = -17 kpsi
−σx σy

2
(-12 kpsi)−(22 kpsi)

2

= + = +  = 25.8087 kpsiσ1
+σx σy

2 +( )−σx σy

2

2
( )τxy

2
− −−−−−−−−−−−−−√ (-12 kpsi)+(22 kpsi)

2 +( )(-12 kpsi)−(22 kpsi)
2

2
(12 kpsi)2

− −−−−−−−−−−−−−−−−−−−−−−−−√

= − = −  = -15.8087 kpsiσ2
+σx σy

2 +( )−σx σy

2

2
( )τxy

2
− −−−−−−−−−−−−−√ (-12 kpsi)+(22 kpsi)

2 +( )(-12 kpsi)−(22 kpsi)
2

2
(12 kpsi)2

− −−−−−−−−−−−−−−−−−−−−−−−−√

= =  = 20.8087 kpsiτmax +( )−σx σy

2

2
( )τxy

2
− −−−−−−−−−−−−−√ +( )(-12 kpsi)−(22 kpsi)

2

2
(12 kpsi)2

− −−−−−−−−−−−−−−−−−−−−−−−−√

= (90 + ( )) = (90 + ( )) = 72.3912° cwϕp
1
2 tan−1 CD

τxy

1
2 tan−1 17 kpsi

(12 kpsi)

= 72.3912° − 45° = 27.3912° cwϕs

R =  = 20.8087 kpsiτmax
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 4. Award: 18 out of 20.00 points  
 

Problem 03.016 - Find the center and radius for Mohr's circle and determine the principal
normal and shear stresses.

Consider the following plane stress state:

σx = 9 MPa, σy = -6 MPa, τxy = 3 MPa cw

Calculate the following:

1. The coordinates of the center of the Mohr's circle C

The location of the center of the Mohr's circle C is (1.5  MPa, 0  MPa).

2. Principal normal stresses (σ1, σ2)

The principal normal stresses are σ1 = 9.58  MPa and σ2 = -6.58  MPa.

3. Maximum shear stress (τ)

The maximum shear stress is 8.07  MPa.

4. The angle from the x axis to σ1 (Φp)

The angle from the x axis to σ1 (Φp) is 10.9 ° cw .

5. The angle from the x axis to τ (Φs)

The angle from the x axis to τ (Φs) is 124.09 ° ccw .

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 8.07  MPa.
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Problem 03.016 - Find the center and radius for Mohr's circle and determine the principal
normal and shear stresses.

Consider the following plane stress state:
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σx = 9 MPa, σy = -6 MPa, τxy = 3 MPa cw

Calculate the following:

1. The coordinates of the center of the Mohr's circle C

The location of the center of the Mohr's circle C is ( 1.5 ± 0.5  MPa, 0 ± 0.5  MPa).

2. Principal normal stresses (σ1, σ2)

The principal normal stresses are σ1 = 9.58 ± 0.5  MPa and σ2 = -6.58 ± 0.5  MPa.

3. Maximum shear stress (τ)

The maximum shear stress is 8.08 ± 0.5  MPa.

4. The angle from the x axis to σ1 (Φp)

The angle from the x axis to σ1 (Φp) is 10.9 ± 1 ° cw .

5. The angle from the x axis to τ (Φs)

The angle from the x axis to τ (Φs) is 34.1 ± 1 ° ccw .

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 8.08 ± 0.5  MPa.

 
Explanation:

C is the center of the Mohr's circle.

The principal stresses are

The maximum shear stress is

The angle from the x axis to σ1 (Φp) is

The angle from the x axis to τ (Φs) is

The radius of the Mohr's circle is

C = =  = 1.5 MPa
+σx σy

2
(9 MPa)+(-6 MPa)

2

CD = =  = 7.5 MPa
−σx σy

2
(9 MPa)−(-6 MPa)

2

= + = +  = 9.58 MPaσ1
+σx σy

2 +( )−σx σy

2

2
( )τxy

2
− −−−−−−−−−−−−−√ (9 MPa)+(-6 MPa)

2 +( )(9 MPa)−(-6 MPa)
2

2
(-3 MPa)2

− −−−−−−−−−−−−−−−−−−−−−−−−√

= − = −  = -6.58 MPaσ2
+σx σy

2 +( )−σx σy

2

2
( )τxy

2
− −−−−−−−−−−−−−√ (9 MPa)+(-6 MPa)

2 +( )(9 MPa)−(-6 MPa)
2

2
(-3 MPa)2

− −−−−−−−−−−−−−−−−−−−−−−−−√

= =  = 8.08 MPaτmax +( )−σx σy

2

2
( )τxy

2
− −−−−−−−−−−−−−√ +( )(9 MPa)−(-6 MPa)

2

2
(-3 MPa)2

− −−−−−−−−−−−−−−−−−−−−−−−−√

2 = ( ) → = ( ) = ( ) = -10.90° = 10.90° cwϕp tan−1 τxy

0.5( − )σx σy
ϕp

1
2 tan−1 τxy

0.5( − )σx σy

1
2 tan−1 (-3 MPa)

0.5((9 MPa)−(-6 MPa))

2 = (− ) → = (− ) = (− ) = 34.10° = 34.10°ccwϕs tan−1 ( − )σx σy

2τxy
ϕs

1
2 tan−1 ( − )σx σy

2τxy

1
2 tan−1 ((9 kpsi)−(-6 kpsi))

2(-3 kpsi)

R =  = 8.08 MPaτmax
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 5. Award: 2 out of 20.00 points  
 

Problem 03.016 - Find the center and radius for Mohr's circle and determine the principal
normal and shear stresses.

Consider the following plane stress state:

σx = 6 MPa, σy = -5 MPa, τxy = 8 MPa ccw

Calculate the following:

1. The coordinates of the center of the Mohr's circle C

The location of the center of the Mohr's circle C is (1.5  MPa, 0  MPa).

2. Principal normal stresses (σ1, σ2)

The principal normal stresses are σ1 = 9.58  MPa and σ2 = -6.58  MPa.

3. Maximum shear stress (τ)

The maximum shear stress is 8.07  MPa.

4. The angle from the x axis to σ1 (Φp)

The angle from the x axis to σ1 (Φp) is 10.9 ° cw .

5. The angle from the x axis to τ (Φs)

The angle from the x axis to τ (Φs) is 124.09 ° ccw .

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 8.07  MPa.

 

References

Multi-Answer Chapter: 03 Load and
Stress Analysis

Problem 03.016 -
Find the center and
radius for Mohr's
circle and
determine the
principal normal
and shear stresses.

Section: 03.06 Mohr’s
Circle for Plane Stress

 

Problem 03.016 - Find the center and radius for Mohr's circle and determine the principal
normal and shear stresses.

Consider the following plane stress state:
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σx = 6 MPa, σy = -5 MPa, τxy = 8 MPa ccw

Calculate the following:

1. The coordinates of the center of the Mohr's circle C

The location of the center of the Mohr's circle C is ( 0.5 ± 0.5  MPa, 0 ± 0.5  MPa).

2. Principal normal stresses (σ1, σ2)

The principal normal stresses are σ1 = 10.21 ± 0.5  MPa and σ2 = -9.21 ± 0.5  MPa.

3. Maximum shear stress (τ)

The maximum shear stress is 9.71 ± 0.5  MPa.

4. The angle from the x axis to σ1 (Φp)

The angle from the x axis to σ1 (Φp) is 27.75 ± 1 ° ccw .

5. The angle from the x axis to τ (Φs)

The angle from the x axis to τ (Φs) is 17.25 ± 1 ° cw .

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 9.71 ± 0.5  MPa.

 
Explanation:

C is the center of the Mohr's circle.

The principal stresses are

The maximum shear stress is

The angle from the x axis to σ1 (Φp) is

The angle from the x axis to τ (Φs) is

The radius of the Mohr's circle is

C = =  = 0.5 MPa
+σx σy

2
(6 MPa)+(-5 MPa)

2

CD = =  = 5.5 MPa
−σx σy

2
(6 MPa)−(-5 MPa)

2

= + = +  = 10.21 MPaσ1
+σx σy

2 +( )−σx σy

2

2
( )τxy

2
− −−−−−−−−−−−−−√ (6 MPa)+(-5 MPa)

2 +( )(6 MPa)−(-5 MPa)
2

2
(8 MPa)2

− −−−−−−−−−−−−−−−−−−−−−−−√

= − = −  = -9.21 MPaσ2
+σx σy

2 +( )−σx σy

2

2
( )τxy

2
− −−−−−−−−−−−−−√ (6 MPa)+(-5 MPa)

2 +( )(6 MPa)−(-5 MPa)
2

2
(8 MPa)2

− −−−−−−−−−−−−−−−−−−−−−−−√

= =  = 9.71 MPaτmax +( )−σx σy

2

2
( )τxy

2
− −−−−−−−−−−−−−√ +( )(6 MPa)−(-5 MPa)

2

2
(8 MPa)2

− −−−−−−−−−−−−−−−−−−−−−−−√

2 = ( ) → = ( ) = ( ) = 27.75° = 27.75° ccwϕp tan−1 τxy

0.5( − )σx σy
ϕp

1
2 tan−1 τxy

0.5( − )σx σy

1
2 tan−1 (8 MPa)

0.5((6 MPa)−(-5 MPa))

2 = (− ) → = (− ) = (− ) = -17.25° = 17.25°cwϕs tan−1 ( − )σx σy

2τxy
ϕs

1
2 tan−1 ( − )σx σy

2τxy

1
2 tan−1 ((6 kpsi)−(-5 kpsi))

2(8 kpsi)

R =  = 9.71 MPaτmax
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From the figure,

The area is determined to be 2150 ± 2%  mm2.

The distance from the neutral axis to the top and bottom surfaces is determined to be 37.5 ± 2%  mm.

The second moment of area is determined to be 1.36 ± 2%  × 106 mm4.

Let a be the the total area of the entire envelope and b be the area of the side notch.

The total area of the I-section is calculated as follows:

The second-area moment is calculated as follows:

The area is determined to be 2150 mm2.

The distance from the neutral axis to the top and bottom surfaces is determined to be 37.5 mm.

The second moment of inertia is determined to be 1.36 × 106 mm4.

Hint #1

ReferencesHints
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From the figure

The area is determined to be 2.0625 ± 2%  in2.

The distances from the neutral axis to the top and bottom surfaces are determined to be 1.017 ± 2%  in and 0.858 ± 2%  in.

The second moment of area is determined to be 0.448 ± 2%  in4.

The total area of the figure is calculated as follows:

The neutral axis from the bottom of the figure is calculated as follows:

The second-area moment of section 'a' is calculated as follows:

The second-area moment of section 'b' is calculated as follows:

The total second-area moment of the figure is calculated as follows:

The area is determined to be 2.0625 in2.

The distances from the neutral axis to the top and bottom surfaces are determined to be 1.017 in and 0.858 in.

The second moment of area is determined to be 0.448 in4.

Hint #1

ReferencesHints
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From the figure, 

The area is determined to be 3750 ± 2%  mm2.

The distances from the neutral axis to the top and bottom surfaces are determined to be 42.71 ± 2%  mm and 57.29 ± 2%  mm.

The second moment of area is determined to be 4.29 ± 2%  × 106 mm4.

The area under section 'a' is calculated as follows:

The area under section 'b' is calculated as follows:

The area under section 'c' is calculated as follows:

The total area of the figure is calculated as follows:

The distances from the bottom to the neutral axis are calculated for the respective sections are as follows:

The second-area moment of section 'a' is calculated as follows:

The second-area moment of section 'b' is calculated as follows:

The second-area moment of section 'c' is calculated as follows:

The total second-area moment of the figure is calculated as follows:

The area is determined to be 3750 mm2.

The distances from the neutral axis to the top and bottom surfaces are determined to be 42.71 mm and 57.29 mm.

The second-area moment is determined to be 4.29 × 106 mm4.

Hint #1

ReferencesHints
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From the figure,

The area is determined to be 5.6875 ± 2%  in2.

The distances from the neutral axis to the top and bottom surfaces are determined to be 1.087 ± 2%  in and 2.288 ± 2%  in.

The second moment of area is determined to be 5.2 ± 2%  in4.

The area under section 'a' is calculated as follows:

The area under section 'b' is calculated as follows:

The total area of the figure is calculated as follows:

The distance from the bottom surface is calculated as follows:

The total second-area moment of the figure is calculated as follows:

The area is determined to be 5.6875 in2.

The distances from the neutral axis to the top and bottom surfaces are determined to be 1.087 in and 2.288 in.

The second-area moment is determined to be 5.20 in4.

Hint #1

ReferencesHints
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Score: 100/100 Points 100 %

Problem 03.035 - Find the cross-sectional properties for a beam

Find the second moment of area, the location of the neutral axis, and the distances from the neutral axis to the top and bottom surfaces. Consider that
the section is transmitting a positive bending moment about the z axis, Mz, where Mz = 10 kip·in if the dimensions of the section are given in ips units, or
Mz = 1.13 kN·m if the dimensions are in SI units. Determine the resulting stresses at the top and bottom surfaces and at every abrupt change in the cross
section.

References

Section Break Chapter: 03 Load and Stress
Analysis

Problem 03.035 - Find
the cross-sectional
properties for a beam

Section: 03.10 Normal Stresses
for Beams in Bending

Assignment Print View https://ezto.mheducation.com/hm.tpx?todo=printviewSingle

1 of 9 10/12/2021, 3:34 PM



1. Award: 25 out of 25.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.035.a - Find the second moment of area and the location of the neutral axis.

From the figure,

The area is determined to be 2150  mm2.

The distance from the neutral axis to the top and bottom surfaces is determined to be 37.5  mm.

The second moment of area is determined to be 1.36  × 106 mm4.

 

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.035.a - Find
the second moment of
area and the location of
the neutral axis.

Section: 03.10 Normal Stresses
for Beams in Bending

 

Problem 03.035.a - Find the second moment of area and the location of the neutral axis.

From the figure,

The area is determined to be 2150 ± 2%  mm2.

The distance from the neutral axis to the top and bottom surfaces is determined to be 37.5 ± 2%  mm.

The second moment of area is determined to be 1.36 ± 2%  × 106 mm4.

 
Explanation:
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Let a be the the total area of the entire envelope and b be the area of the side notch.

The total area of the I-section is calculated as follows:

A = a-2b = 40 mm × (2 × 37.5 mm) - (25 mm × 34 mm) = 2150 mm2

The second-area moment is calculated as follows:

I = Ia - 2Ib = 
1

12
× 40 mm × (75 mm)3 -

1

12
× 34 mm × (25 mm)3 = 1.36 × 106 mm4

 

( ) ( )
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2. Award: 25 out of 25.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.035.b - Find the second moment of area and the location of the neutral axis.

From the figure

The area is determined to be 2.06  in2.

The distances from the neutral axis to the top and bottom surfaces are determined to be 1  in and 0.858  in.

The second moment of area is determined to be 0.448  in4.

 

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.035.b - Find
the second moment of
area and the location of
the neutral axis.

Section: 03.10 Normal Stresses
for Beams in Bending

 

Problem 03.035.b - Find the second moment of area and the location of the neutral axis.

From the figure

The area is determined to be 2.0625 ± 2%  in2.

The distances from the neutral axis to the top and bottom surfaces are determined to be 1.017 ± 2%  in and 0.858 ± 2%  in.

The second moment of area is determined to be 0.448 ± 2%  in4.

 
Explanation:
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The total area of the figure is calculated as follows:

A = Aa + Ab  = (0.375 in × 1.875 in) + (0.375 in × 1.75 in) = 2.0625 in2

The neutral axis from the bottom of the figure is calculated as follows:

ȳ = 
2 × 0.703125 in2 × ( 0.9375 in )  + 0.65625 in2 × ( 0.6875 in )

2.0625 in2  = 0.858 in

The second-area moment of section 'a' is calculated as follows:

Ia = 
0.375 in × ( 1.875 in ) 3

12
 = 0.206 in4

The second-area moment of section 'b' is calculated as follows:

Ib = 
1.75 in × ( 0.375 in ) 3

12
 = 0.00769 in4

The total second-area moment of the figure is calculated as follows:

I = 2 × 0.206 in4 + 0.703125 in2 × (0.0795 in)2  + 0.00769 in4 + 0.065625 in2 × (0.1705 in)2  = 0.448 in4

 

( )

( ) ( )

( ) ( )
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3. Award: 25 out of 25.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.035.c - Find the second moment of area and the location of the neutral axis.

From the figure, 

The area is determined to be 3750  mm2.

The distances from the neutral axis to the top and bottom surfaces are determined to be 42.71  mm and 57.29  mm.

The second moment of area is determined to be 4.29  × 106 mm4.

 

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.035.c - Find
the second moment of
area and the location of
the neutral axis.

Section: 03.10 Normal Stresses
for Beams in Bending

 

Problem 03.035.c - Find the second moment of area and the location of the neutral axis.

From the figure, 

The area is determined to be 3750 ± 2%  mm2.

The distances from the neutral axis to the top and bottom surfaces are determined to be 42.71 ± 2%  mm and 57.29 ± 2%  mm.
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The second moment of area is determined to be 4.29 ± 2%  × 106 mm4.

 
Explanation:

The area under section 'a' is calculated as follows:

Aa = 12.5 mm × 50 mm = 625 mm2

The area under section 'b' is calculated as follows:

Ab = 75 mm × 75 mm = 5625 mm2

The area under section 'c' is calculated as follows:

Ac = 100 mm × 100 mm = 10000 mm2

The total area of the figure is calculated as follows:

A = 10000 mm2 - 5625 mm2 - 625 mm2 = 3750 mm2

The distances from the bottom to the neutral axis are calculated for the respective sections are as follows:

ȳa = 6.25 mm, ȳb = 50 mm, ȳc = 50 mm

ȳ = 
10000 mm2 × 50 mm - 5625 mm2 × 50 mm - 625 mm2 × 6.25 mm

3750 mm2  = 57.29 mm

c1 = 100 mm - 57.29 mm = 42.71 mm

The second-area moment of section 'a' is calculated as follows:

Ia = 
50 mm × ( 12.5 mm ) 3

12
 = 8138 mm4

The second-area moment of section 'b' is calculated as follows:

Ib = 
75 mm × ( 75 mm ) 3

12
 = 2.637 × 106 mm4

The second-area moment of section 'c' is calculated as follows:

Ic = 
100 mm × ( 100 mm ) 3

12
 = 8.333 × 106 mm4

The total second-area moment of the figure is calculated as follows:

I = 8.333 × 106 mm4 + 10000 mm2 × (7.29 mm)2 - 2.637 × 106 mm4 + 5625 mm2 × (7.29 mm)2 - 8138 mm4 + 625 mm2 × (51.04 mm)2

I = 4.29 × 106 mm4

 

( ) ( ) ( )

( ( )) ( ( )) ( ( ))
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4. Award: 25 out of 25.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.035.d - Find the second moment of area and the location of the neutral axis.

From the figure,

The area is determined to be 5.687  in2.

The distances from the neutral axis to the top and bottom surfaces are determined to be 1.087  in and 2.288  in.

The second moment of area is determined to be 5.2  in4.

 

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.035.d - Find
the second moment of
area and the location of
the neutral axis.

Section: 03.10 Normal Stresses
for Beams in Bending

 

Problem 03.035.d - Find the second moment of area and the location of the neutral axis.

From the figure,

The area is determined to be 5.6875 ± 2%  in2.

The distances from the neutral axis to the top and bottom surfaces are determined to be 1.087 ± 2%  in and 2.288 ± 2%  in.

The second moment of area is determined to be 5.2 ± 2%  in4.

 
Explanation:

The area under section 'a' is calculated as follows:
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Aa = 4 in × 0.875 in = 3.5 in2

The area under section 'b' is calculated as follows:

Ab = 2.5 in × 0.875 in = 2.1875 in2

The total area of the figure is calculated as follows:

A = 3.5 in2 + 2.1875 in2 = 5.6875 in2

The distance from the bottom surface is calculated as follows:

ȳ = 
2.9375 in2 × 3.5 in  + 1.25 in2 × 2.1875 in

5.6875 in2  = 2.288 in

c2 = 2.288 in

c1 = 1.087 in

The total second-area moment of the figure is calculated as follows:

I = 
1

12
 × 4 in × (0.875 in)3 + 3.5 in2 × (2.9375 - 2.288 in)2  + 

1

12
 × 0.875 in × (2.5 in)3  + 2.1875 in2 × (2.288 - 1.25 in)2

I = 5.2 in4

 

( ) ( )

( ) ( ) ( ) ( )
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Score: 93.75/100 Points 93.75 %

Problem 03.035 - Find the cross-sectional properties for a beam

Find the second moment of area, the location of the neutral axis, and the distances from the neutral axis to the top and bottom surfaces. Consider that
the section is transmitting a positive bending moment about the z axis, Mz, where Mz = 10 kip·in if the dimensions of the section are given in ips units, or
Mz = 1.13 kN·m if the dimensions are in SI units. Determine the resulting stresses at the top and bottom surfaces and at every abrupt change in the cross
section.

References

Section Break Chapter: 03 Load and Stress
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Problem 03.035 - Find
the cross-sectional
properties for a beam

Section: 03.10 Normal Stresses
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1. Award: 25 out of 25.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.035.a - Find the second moment of area and the location of the neutral axis.

From the figure,

The area is determined to be 2150  mm2.

The distance from the neutral axis to the top and bottom surfaces is determined to be 37.5  mm.

The second moment of area is determined to be 1.36  × 106 mm4.

 

References

Numeric Response Chapter: 03 Load and Stress
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Problem 03.035.a - Find
the second moment of
area and the location of
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Section: 03.10 Normal Stresses
for Beams in Bending

 

Problem 03.035.a - Find the second moment of area and the location of the neutral axis.

From the figure,

The area is determined to be 2150 ± 2%  mm2.

The distance from the neutral axis to the top and bottom surfaces is determined to be 37.5 ± 2%  mm.

The second moment of area is determined to be 1.36 ± 2%  × 106 mm4.

 
Explanation:
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Let a be the the total area of the entire envelope and b be the area of the side notch.

The total area of the I-section is calculated as follows:

A = a-2b = 40 mm × (2 × 37.5 mm) - (25 mm × 34 mm) = 2150 mm2

The second-area moment is calculated as follows:

I = Ia - 2Ib = 
1

12
× 40 mm × (75 mm)3 -

1

12
× 34 mm × (25 mm)3 = 1.36 × 106 mm4

 

( ) ( )
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2. Award: 18.75 out of 25.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.035.b - Find the second moment of area and the location of the neutral axis.

From the figure

The area is determined to be 2.0625  in2.

The distances from the neutral axis to the top and bottom surfaces are determined to be 1.017  in and 1  in.

The second moment of area is determined to be 0.448  in4.

 

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.035.b - Find
the second moment of
area and the location of
the neutral axis.

Section: 03.10 Normal Stresses
for Beams in Bending

 

Problem 03.035.b - Find the second moment of area and the location of the neutral axis.

From the figure

The area is determined to be 2.0625 ± 2%  in2.

The distances from the neutral axis to the top and bottom surfaces are determined to be 1.017 ± 2%  in and 0.858 ± 2%  in.

The second moment of area is determined to be 0.448 ± 2%  in4.

 
Explanation:
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The total area of the figure is calculated as follows:

A = Aa + Ab  = (0.375 in × 1.875 in) + (0.375 in × 1.75 in) = 2.0625 in2

The neutral axis from the bottom of the figure is calculated as follows:

ȳ = 
2 × 0.703125 in2 × ( 0.9375 in )  + 0.65625 in2 × ( 0.6875 in )

2.0625 in2  = 0.858 in

The second-area moment of section 'a' is calculated as follows:

Ia = 
0.375 in × ( 1.875 in ) 3

12
 = 0.206 in4

The second-area moment of section 'b' is calculated as follows:

Ib = 
1.75 in × ( 0.375 in ) 3

12
 = 0.00769 in4

The total second-area moment of the figure is calculated as follows:

I = 2 × 0.206 in4 + 0.703125 in2 × (0.0795 in)2  + 0.00769 in4 + 0.065625 in2 × (0.1705 in)2  = 0.448 in4

 

( )

( ) ( )

( ) ( )
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3. Award: 25 out of 25.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.035.c - Find the second moment of area and the location of the neutral axis.

From the figure, 

The area is determined to be 3750  mm2.

The distances from the neutral axis to the top and bottom surfaces are determined to be 42.71  mm and 57.29  mm.

The second moment of area is determined to be 4.29  × 106 mm4.

 

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.035.c - Find
the second moment of
area and the location of
the neutral axis.

Section: 03.10 Normal Stresses
for Beams in Bending

 

Problem 03.035.c - Find the second moment of area and the location of the neutral axis.

From the figure, 

The area is determined to be 3750 ± 2%  mm2.

The distances from the neutral axis to the top and bottom surfaces are determined to be 42.71 ± 2%  mm and 57.29 ± 2%  mm.
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The second moment of area is determined to be 4.29 ± 2%  × 106 mm4.

 
Explanation:

The area under section 'a' is calculated as follows:

Aa = 12.5 mm × 50 mm = 625 mm2

The area under section 'b' is calculated as follows:

Ab = 75 mm × 75 mm = 5625 mm2

The area under section 'c' is calculated as follows:

Ac = 100 mm × 100 mm = 10000 mm2

The total area of the figure is calculated as follows:

A = 10000 mm2 - 5625 mm2 - 625 mm2 = 3750 mm2

The distances from the bottom to the neutral axis are calculated for the respective sections are as follows:

ȳa = 6.25 mm, ȳb = 50 mm, ȳc = 50 mm

ȳ = 
10000 mm2 × 50 mm - 5625 mm2 × 50 mm - 625 mm2 × 6.25 mm

3750 mm2  = 57.29 mm

c1 = 100 mm - 57.29 mm = 42.71 mm

The second-area moment of section 'a' is calculated as follows:

Ia = 
50 mm × ( 12.5 mm ) 3

12
 = 8138 mm4

The second-area moment of section 'b' is calculated as follows:

Ib = 
75 mm × ( 75 mm ) 3

12
 = 2.637 × 106 mm4

The second-area moment of section 'c' is calculated as follows:

Ic = 
100 mm × ( 100 mm ) 3

12
 = 8.333 × 106 mm4

The total second-area moment of the figure is calculated as follows:

I = 8.333 × 106 mm4 + 10000 mm2 × (7.29 mm)2 - 2.637 × 106 mm4 + 5625 mm2 × (7.29 mm)2 - 8138 mm4 + 625 mm2 × (51.04 mm)2

I = 4.29 × 106 mm4

 

( ) ( ) ( )

( ( )) ( ( )) ( ( ))
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4. Award: 25 out of 25.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.035.d - Find the second moment of area and the location of the neutral axis.

From the figure,

The area is determined to be 5.6875  in2.

The distances from the neutral axis to the top and bottom surfaces are determined to be 1.087  in and 2.288  in.

The second moment of area is determined to be 5.2  in4.

 

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.035.d - Find
the second moment of
area and the location of
the neutral axis.

Section: 03.10 Normal Stresses
for Beams in Bending

 

Problem 03.035.d - Find the second moment of area and the location of the neutral axis.

From the figure,

The area is determined to be 5.6875 ± 2%  in2.

The distances from the neutral axis to the top and bottom surfaces are determined to be 1.087 ± 2%  in and 2.288 ± 2%  in.

The second moment of area is determined to be 5.2 ± 2%  in4.

 
Explanation:

The area under section 'a' is calculated as follows:
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Aa = 4 in × 0.875 in = 3.5 in2

The area under section 'b' is calculated as follows:

Ab = 2.5 in × 0.875 in = 2.1875 in2

The total area of the figure is calculated as follows:

A = 3.5 in2 + 2.1875 in2 = 5.6875 in2

The distance from the bottom surface is calculated as follows:

ȳ = 
2.9375 in2 × 3.5 in  + 1.25 in2 × 2.1875 in

5.6875 in2  = 2.288 in

c2 = 2.288 in

c1 = 1.087 in

The total second-area moment of the figure is calculated as follows:

I = 
1

12
 × 4 in × (0.875 in)3 + 3.5 in2 × (2.9375 - 2.288 in)2  + 

1

12
 × 0.875 in × (2.5 in)3  + 2.1875 in2 × (2.288 - 1.25 in)2

I = 5.2 in4

 

( ) ( )

( ) ( ) ( ) ( )
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Score: 72.92/100 Points 72.92 %

Problem 03.035 - Find the cross-sectional properties for a beam

Find the second moment of area, the location of the neutral axis, and the distances from the neutral axis to the top and bottom surfaces. Consider that
the section is transmitting a positive bending moment about the z axis, Mz, where Mz = 10 kip·in if the dimensions of the section are given in ips units, or
Mz = 1.13 kN·m if the dimensions are in SI units. Determine the resulting stresses at the top and bottom surfaces and at every abrupt change in the cross
section.

References

Section Break Chapter: 03 Load and Stress
Analysis

Problem 03.035 - Find
the cross-sectional
properties for a beam

Section: 03.10 Normal Stresses
for Beams in Bending

Processing math: 100%
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1. Award: 16.67 out of 25.00 points  
 

Problem 03.035.a - Find the second moment of area and the location of the neutral axis.

From the figure,

The area is determined to be 2150  mm2.

The distance from the neutral axis to the top and bottom surfaces is determined to be 37.5  mm.

The second moment of area is determined to be 1.39  × 106 mm4.

 

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.035.a - Find
the second moment of
area and the location of
the neutral axis.

Section: 03.10 Normal Stresses
for Beams in Bending

 

Problem 03.035.a - Find the second moment of area and the location of the neutral axis.

From the figure,

The area is determined to be 2150 ± 2%  mm2.

The distance from the neutral axis to the top and bottom surfaces is determined to be 37.5 ± 2%  mm.

The second moment of area is determined to be 1.36 ± 2%  × 106 mm4.

 
Explanation:

Processing math: 100%
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Let a be the the total area of the entire envelope and b be the area of the side notch.

The total area of the I-section is calculated as follows:

A = a-2b = 40 mm × (2 × 37.5 mm) - (25 mm × 34 mm) = 2150 mm2

The second-area moment is calculated as follows:

I = Ia - 2Ib = 
1

12
× 40 mm × (75 mm)3 -

1

12
× 34 mm × (25 mm)3 = 1.36 × 106 mm4

 

( ) ( )

Processing math: 100%
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2. Award: 25 out of 25.00 points  
 

Problem 03.035.b - Find the second moment of area and the location of the neutral axis.

From the figure

The area is determined to be 2.0625  in2.

The distances from the neutral axis to the top and bottom surfaces are determined to be 1.017  in and 0.858  in.

The second moment of area is determined to be 0.448  in4.

 

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.035.b - Find
the second moment of
area and the location of
the neutral axis.

Section: 03.10 Normal Stresses
for Beams in Bending

 

Problem 03.035.b - Find the second moment of area and the location of the neutral axis.

From the figure

The area is determined to be 2.0625 ± 2%  in2.

The distances from the neutral axis to the top and bottom surfaces are determined to be 1.017 ± 2%  in and 0.858 ± 2%  in.

The second moment of area is determined to be 0.448 ± 2%  in4.

 
Explanation:

Processing math: 100%
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The total area of the figure is calculated as follows:

A = Aa + Ab  = (0.375 in × 1.875 in) + (0.375 in × 1.75 in) = 2.0625 in2

The neutral axis from the bottom of the figure is calculated as follows:

ȳ = 
2 × 0.703125 in2 × ( 0.9375 in )  + 0.65625 in2 × ( 0.6875 in )

2.0625 in2  = 0.858 in

The second-area moment of section 'a' is calculated as follows:

Ia = 
0.375 in × ( 1.875 in ) 3

12
 = 0.206 in4

The second-area moment of section 'b' is calculated as follows:

Ib = 
1.75 in × ( 0.375 in ) 3

12
 = 0.00769 in4

The total second-area moment of the figure is calculated as follows:

I = 2 × 0.206 in4 + 0.703125 in2 × (0.0795 in)2  + 0.00769 in4 + 0.065625 in2 × (0.1705 in)2  = 0.448 in4

 

( )

( ) ( )

( ) ( )

Processing math: 100%
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3. Award: 25 out of 25.00 points  
 

Problem 03.035.c - Find the second moment of area and the location of the neutral axis.

From the figure, 

The area is determined to be 3750  mm2.

The distances from the neutral axis to the top and bottom surfaces are determined to be 42.708  mm and 57.292  mm.

The second moment of area is determined to be 4.293  × 106 mm4.

 

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.035.c - Find
the second moment of
area and the location of
the neutral axis.

Section: 03.10 Normal Stresses
for Beams in Bending

 

Problem 03.035.c - Find the second moment of area and the location of the neutral axis.

From the figure, 

The area is determined to be 3750 ± 2%  mm2.

The distances from the neutral axis to the top and bottom surfaces are determined to be 42.71 ± 2%  mm and 57.29 ± 2%  mm.Processing math: 100%
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The second moment of area is determined to be 4.29 ± 2%  × 106 mm4.

 
Explanation:

The area under section 'a' is calculated as follows:

Aa = 12.5 mm × 50 mm = 625 mm2

The area under section 'b' is calculated as follows:

Ab = 75 mm × 75 mm = 5625 mm2

The area under section 'c' is calculated as follows:

Ac = 100 mm × 100 mm = 10000 mm2

The total area of the figure is calculated as follows:

A = 10000 mm2 - 5625 mm2 - 625 mm2 = 3750 mm2

The distances from the bottom to the neutral axis are calculated for the respective sections are as follows:

ȳa = 6.25 mm, ȳb = 50 mm, ȳc = 50 mm

ȳ = 
10000 mm2 × 50 mm - 5625 mm2 × 50 mm - 625 mm2 × 6.25 mm

3750 mm2  = 57.29 mm

c1 = 100 mm - 57.29 mm = 42.71 mm

The second-area moment of section 'a' is calculated as follows:

Ia = 
50 mm × ( 12.5 mm ) 3

12
 = 8138 mm4

The second-area moment of section 'b' is calculated as follows:

Ib = 
75 mm × ( 75 mm ) 3

12
 = 2.637 × 106 mm4

The second-area moment of section 'c' is calculated as follows:

Ic = 
100 mm × ( 100 mm ) 3

12
 = 8.333 × 106 mm4

The total second-area moment of the figure is calculated as follows:

I = 8.333 × 106 mm4 + 10000 mm2 × (7.29 mm)2 - 2.637 × 106 mm4 + 5625 mm2 × (7.29 mm)2 - 8138 mm4 + 625 mm2 × (51.04 mm)2

I = 4.29 × 106 mm4

 

( ) ( ) ( )

( ( )) ( ( )) ( ( ))

Processing math: 100%
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4. Award: 6.25 out of 25.00 points  
 

Problem 03.035.d - Find the second moment of area and the location of the neutral axis.

From the figure,

The area is determined to be 5.6875  in2.

The distances from the neutral axis to the top and bottom surfaces are determined to be 0.75  in and 2.625  in.

The second moment of area is determined to be 0.23  in4.

 

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.035.d - Find
the second moment of
area and the location of
the neutral axis.

Section: 03.10 Normal Stresses
for Beams in Bending

 

Problem 03.035.d - Find the second moment of area and the location of the neutral axis.

From the figure,

The area is determined to be 5.6875 ± 2%  in2.

The distances from the neutral axis to the top and bottom surfaces are determined to be 1.087 ± 2%  in and 2.288 ± 2%  in.

The second moment of area is determined to be 5.2 ± 2%  in4.

 
Explanation:

The area under section 'a' is calculated as follows:

Processing math: 100%
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Aa = 4 in × 0.875 in = 3.5 in2

The area under section 'b' is calculated as follows:

Ab = 2.5 in × 0.875 in = 2.1875 in2

The total area of the figure is calculated as follows:

A = 3.5 in2 + 2.1875 in2 = 5.6875 in2

The distance from the bottom surface is calculated as follows:

ȳ = 
2.9375 in2 × 3.5 in  + 1.25 in2 × 2.1875 in

5.6875 in2  = 2.288 in

c2 = 2.288 in

c1 = 1.087 in

The total second-area moment of the figure is calculated as follows:

I = 
1

12
 × 4 in × (0.875 in)3 + 3.5 in2 × (2.9375 - 2.288 in)2  + 

1

12
 × 0.875 in × (2.5 in)3  + 2.1875 in2 × (2.288 - 1.25 in)2

I = 5.2 in4

 

( ) ( )

( ) ( ) ( ) ( )

Processing math: 100%
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For the beam illustrated in the figure, find the locations and magnitudes of the maximum tensile bending stress due to M and the maximum shear stress due to V. Parameters are a = 280 mm, b = 160 mm, c = 21
mm, h = 43 mm, and F = 4100 N.

The moment of inertia is 1.391 ± 2%  ×105 mm4.

The maximum tensile bending stress due to M is 64.5 ± 2%  MPa.

The maximum shear stress due to V is 4.3 ± 2%  MPa.

Given: a = 280 mm, b = 160 mm, c = 21 mm, h = 43 mm, and F = 4100 N

The moment of inertia is calculated as follows:

Mmax is at A. At the bottom of the section,

R1 = 1490.9091 N

R2 = 2609.0909 N

Due to V, τmax is between A and B at y = 0.

The moment of inertia is 1.391 ×105 mm4.

The maximum tensile bending stress due to M is 64.5 MPa.

The maximum shear stress due to V is 4.3 MPa.

References

Numeric Response Problem 03.036 - Find the
locations/magnitudes of the maximum tensile
bending stress.

Difficulty: Medium
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For the beam illustrated in the figure, find the locations and magnitudes of the maximum tensile bending stress due to M and the maximum shear stress due to V. The parameters are a = 5 in, b = 14.5 in, c = 0.825 in,
h = 2 in, F1 = 3300 lbf, and F2 = 1100 lbf.

The moment of inertia is 0.55 ± 2%  in4.

The maximum tensile bending stress due to M is 10000 ± 2%  psi.

The maximum shear stress due to V is 1000 ± 2%  psi.

Given: a = 5 in, b = 14.5 in, c = 0.825 in, h = 2 in, F1 = 3300 lbf, and F2 = 1100 lbf.

The moment of inertia is calculated as follows:

We know that

Therefore,

Mmax is at B. At the bottom of the section,

Due to V, τmax is between B and C at y = 0.

The moment of inertia is 0.55 in4.

The maximum tensile bending stress due to M is 10000 psi.

The maximum shear stress due to V is 1000 psi.

References

Numeric Response Problem 03.038 - Find the
locations/magnitudes of the maximum tensile
bending stress.

Difficulty: Medium
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Determine the maximum tensile and compressive bending stresses. Take w = 300 lbf/in, F = 1800 lbf, c1 = 10 in, and c2 = 30 in. 

The maximum tensile bending stress is 5294 ± 2%  psi.

The maximum compressive bending stress is -7456 ± 2%  psi.

Applying parallel-axis theorem,

The maximum tensile and compressive bending stresses are calculated as follows:

Maximum tension = 5294 psi

Maximum compression = –7456 psi 

The maximum tensile bending stress is 5294 psi.

The maximum compressive bending stress is –7456 psi.

References

Numeric Response Problem 03.045.a - Determine the maximum
tensile and compressive bending stresses.

Difficulty: Hard
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Determine the maximum shear stress due to V. 

Tha maximum shear stress due to V is 1875 ± 2%  psi.

The maximum shear stress due to V is at B, at the neutral axis.

Tha maximum shear stress due to V is 1875 psi.

References

Numeric Response Problem 03.045.b - Determine the maximum
shear stress.

Difficulty: Hard
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 1. Award: 30 out of 30.00 points

 You did not receive full credit for this question in a previous attempt

Problem 03.036 - Find the locations/magnitudes of the maximum tensile
bending stress.

For the beam illustrated in the figure, find the locations and magnitudes of the maximum
tensile bending stress due to M and the maximum shear stress due to V. Parameters are a = 290
mm, b = 155 mm, c = 20 mm, h = 39 mm, and F = 4050 N.

The moment of inertia is 0.989  ×105 mm4.

The maximum tensile bending stress due to M is 80.7  MPa.

The maximum shear stress due to V is 5.1  MPa.

References

Numeric
Response

Chapter: 03 Load
and Stress Analysis

Problem 03.036
- Find the
locations/magn
itudes of the
maximum
tensile bending
stress.

Section: 03.10
Normal Stresses for
Beams in Bending

Problem 03.036 - Find the locations/magnitudes of the maximum tensile
bending stress.

For the beam illustrated in the figure, find the locations and magnitudes of the maximum
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tensile bending stress due to M and the maximum shear stress due to V. Parameters are a = 290
mm, b = 155 mm, c = 20 mm, h = 39 mm, and F = 4050 N.

The moment of inertia is 0.989 ± 2%  ×105 mm4.

The maximum tensile bending stress due to M is 80.7 ± 2%  MPa.

The maximum shear stress due to V is 5.1 ± 2%  MPa.

 
Explanation:

Given: a = 290 mm, b = 155 mm, c = 20 mm, h = 39 mm, and F = 4050 N

The moment of inertia is calculated as follows:

Mmax is at A. At the bottom of the section,

R1 = 1410.6742 N

R2 = 2639.3258 N

Due to V, τmax is between A and B at y = 0.

I =  (20 mm)  = 0.989 ( )1
12 (39 mm)3 105  mm4

A =  (20 mm) (39 mm) = 780 mm2

 =   =   = 80.7 MPaσmax
Mc

I

(2639.3258 N × 155 mm)( )39 mm

2

0.989( )105  mm4
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 =   =  ( ) = 5.1 MPaτmax
3
2

V

A

3
2

2639.3258 N
780 mm2
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 2. Award: 30 out of 30.00 points

 You did not receive full credit for this question in a previous attempt

Problem 03.038 - Find the locations/magnitudes of the maximum tensile
bending stress.

For the beam illustrated in the figure, find the locations and magnitudes of the maximum
tensile bending stress due to M and the maximum shear stress due to V. The parameters are a = 5
in, b = 16.5 in, c = 0.725 in, h = 2 in, F1 = 2800 lbf, and F2 = 1100 lbf.

The moment of inertia is 0.4853  in4.

The maximum tensile bending stress due to M is 11379  psi.

The maximum shear stress due to V is 1138  psi.

References

Numeric
Response

Chapter: 03 Load
and Stress Analysis

Problem 03.038
- Find the
locations/magn
itudes of the
maximum
tensile bending
stress.

Section: 03.10
Normal Stresses for
Beams in Bending

Problem 03.038 - Find the locations/magnitudes of the maximum tensile
bending stress.

For the beam illustrated in the figure, find the locations and magnitudes of the maximum
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tensile bending stress due to M and the maximum shear stress due to V. The parameters are a =
5 in, b = 16.5 in, c = 0.725 in, h = 2 in, F1 = 2800 lbf, and F2 = 1100 lbf.

The moment of inertia is 0.4833 ± 2%  in4.

The maximum tensile bending stress due to M is 11379 ± 2%  psi.

The maximum shear stress due to V is 1138 ± 2%  psi.

 
Explanation:

Given: a = 5 in, b = 16.5 in, c = 0.725 in, h = 2 in, F1 = 2800 lbf, and F2 = 1100 lbf.

The moment of inertia is calculated as follows:

We know that

Therefore,

I =  (0.725 in)1
12 (2 in)3 = 0.4833 in4

A =  (0.725 in) (2 in) = 1.45 in2

Σ  = 0MA

16.5  -  (1100 lbf) (21.5 in) = 0RB

 = 1433 lbfRB

 = 2800 lbf - 1433 lbf + 1100 lbf = 2467 lbfRA
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Mmax is at B. At the bottom of the section,

Due to V, τmax is between B and C at y = 0.

 

 =   =   = 11379 psiσmax
Mc

I

(5 in × 1100 lbf)×( )2 in

2

0.4833 in4

 =   =  ( ) = 1138 psiτmax
3
2

V

A

3
2

1100 lbf
1.45 in2
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Problem 03.045 - Determine the maximum tensile, compressive, and shear
stresses in a beam - DEPENDENT MULTI-PART PROBLEM - ASSIGN ALL
PARTS

Consider the beam shown in the given figure.
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this
part.
 

References

Section Break Chapter: 03 Load
and Stress Analysis

Problem 03.045
- Determine the
maximum
tensile,
compressive,
and shear
stresses in a
beam -
DEPENDENT
MULTI-PART
PROBLEM -
ASSIGN ALL
PARTS

Section: 03.10
Normal Stresses for
Beams in Bending
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 3. Award: 20 out of 20.00 points  
 You received credit for this question in a previous attempt

Problem 03.045.a - Determine the maximum tensile and compressive
bending stresses.

Determine the maximum tensile and compressive bending stresses. Take w = 300 lbf/in, F = 1800
lbf, c1 = 10 in, and c2 = 30 in. 

The maximum tensile bending stress is 5294  psi.

The maximum compressive bending stress is -7456  psi.

References

Numeric
Response

Chapter: 03 Load
and Stress Analysis

Problem
03.045.a -
Determine the
maximum
tensile and
compressive
bending
stresses.

Section: 03.10
Normal Stresses for
Beams in Bending

Problem 03.045.a - Determine the maximum tensile and compressive
bending stresses.

Determine the maximum tensile and compressive bending stresses. Take w = 300 lbf/in, F = 1800
lbf, c1 = 10 in, and c2 = 30 in. 

The maximum tensile bending stress is 5294 ± 2%  psi.

The maximum compressive bending stress is -7456 ± 2%  psi.

 
Explanation:

 =   +    ×  1800 lbf = 6900 lbfR1
300 lbf/in × 30 in

2
40 in
30 in
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Applying parallel-axis theorem,

The maximum tensile and compressive bending stresses are calculated as follows:

Maximum tension = 5294 psi

Maximum compression = –7456 psi 

 

 =   -   × 1800 lbf = 3900 lbfR2
300 lbf/in × 30 in

2
10 in
30 in

a =   = 13 in3900 lbf
300 lbf/in

 =  − 1800 lbf  ×   (10 in) =  − 18000 lbf⋅inMB

 =  (3900 lbf) ×  (13 in) = 25350  lbf⋅inMx = 27 in
1
2

 =   = 1.5 iny ¯̄̄ 0.5 in × (3 in) + 2.5 in × (3 in)
6 in

 =  (3 in)  ×  I1
1

12 (1in)3 = 0.25 in4

 =  (1 in)  ×  I2
1

12 (3 in)3 = 2.25 in4

 =  (  + 3 ) +  (  + 3 )Iz 0.25 in2 (1.5 in - 0.5 in)2 2.25 in2 (1.5 in - 0.5 in)2  = 8.5 in4

At x = 10 in,  y = 2.5 in,    =   −  =  − 3176 psiσx
−18000 lbf⋅in × (-1.5 in)

8.5

At x = 10 in,  y = 2.5 in,    =   −  = 5294 psiσx
-18000 lbf⋅in × (2.5 in)

8.5

At x = 27 in,  y = -1.5 in,    = -  = 4474 psiσx
25350 lbf⋅in × (-1.5) in

8.5 in4

At x = 27 in,  y = 2.5 in,    = -  =  − 7456 psiσx
25350 lbf⋅in × (2.5)in

8.5 in4
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 4. Award: 20 out of 20.00 points  

 You did not receive full credit for this question in a previous attempt

Problem 03.045.b - Determine the maximum shear stress.

Determine the maximum shear stress due to V. 

Tha maximum shear stress due to V is 1875  psi.

References

Numeric
Response

Chapter: 03 Load
and Stress Analysis

Problem
03.045.b -
Determine the
maximum
shear stress.

Section: 03.10
Normal Stresses for
Beams in Bending

Problem 03.045.b - Determine the maximum shear stress.

Determine the maximum shear stress due to V. 

Tha maximum shear stress due to V is 1875 ± 2%  psi.

 
Explanation:

The maximum shear stress due to V is at B, at the neutral axis.

 

 = 5100 lbfVmax

Q =  ' × A' = 1.25 in ×  ((2.5) ×  (1) )ȳ  in2  = 3.125 in3

 =   =   = 1875 psi(  )τmax V

V Q

Ib

5100 lbf × ( )3.125 in3

 × (1 in)8.5 in4
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 1. Award: 30 out of 30.00 points

 You did not receive full credit for this question in a previous attempt

Problem 03.036 - Find the locations/magnitudes of the maximum tensile
bending stress.

For the beam illustrated in the figure, find the locations and magnitudes of the maximum
tensile bending stress due to M and the maximum shear stress due to V. Parameters are a = 320
mm, b = 160 mm, c = 20 mm, h = 39 mm, and F = 4100 N.

The moment of inertia is 0.989  ×105 mm4.

The maximum tensile bending stress due to M is 86.3  MPa.

The maximum shear stress due to V is 5.3  MPa.

References

Numeric
Response

Chapter: 03 Load
and Stress Analysis

Problem 03.036
- Find the
locations/magn
itudes of the
maximum
tensile bending
stress.

Section: 03.10
Normal Stresses for
Beams in Bending

Problem 03.036 - Find the locations/magnitudes of the maximum tensile
bending stress.

For the beam illustrated in the figure, find the locations and magnitudes of the maximum

Assignment Print View https://ezto.mheducation.com/hm.tpx?todo=printview

2 of 11 10/12/2021, 3:41 PM



tensile bending stress due to M and the maximum shear stress due to V. Parameters are a = 320
mm, b = 160 mm, c = 20 mm, h = 39 mm, and F = 4100 N.

The moment of inertia is 0.989 ± 2%  ×105 mm4.

The maximum tensile bending stress due to M is 86.3 ± 2%  MPa.

The maximum shear stress due to V is 5.3 ± 2%  MPa.

 
Explanation:

Given: a = 320 mm, b = 160 mm, c = 20 mm, h = 39 mm, and F = 4100 N

The moment of inertia is calculated as follows:

Mmax is at A. At the bottom of the section,

R1 = 1366.6667 N

R2 = 2733.3333 N

Due to V, τmax is between A and B at y = 0.

I =  (20 mm)  = 0.989 ( )1
12 (39 mm)3 105  mm4

A =  (20 mm) (39 mm) = 780 mm2

 =   =   = 86.3 MPaσmax
Mc

I

(2733.3333 N × 160 mm)( )39 mm

2

0.989( )105  mm4
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 =   =  ( ) = 5.3 MPaτmax
3
2

V

A

3
2

2733.3333 N
780 mm2
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 2. Award: 30 out of 30.00 points

 You did not receive full credit for this question in a previous attempt

Problem 03.038 - Find the locations/magnitudes of the maximum tensile
bending stress.

For the beam illustrated in the figure, find the locations and magnitudes of the maximum
tensile bending stress due to M and the maximum shear stress due to V. The parameters are a =
4.5 in, b = 15 in, c = 0.7 in, h = 1.8 in, F1 = 2900 lbf, and F2 = 1000 lbf.

The moment of inertia is 0.3402  in4.

The maximum tensile bending stress due to M is 11905  psi.

The maximum shear stress due to V is 1190  psi.

References

Numeric
Response

Chapter: 03 Load
and Stress Analysis

Problem 03.038
- Find the
locations/magn
itudes of the
maximum
tensile bending
stress.

Section: 03.10
Normal Stresses for
Beams in Bending

Problem 03.038 - Find the locations/magnitudes of the maximum tensile
bending stress.

For the beam illustrated in the figure, find the locations and magnitudes of the maximum
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tensile bending stress due to M and the maximum shear stress due to V. The parameters are a =
4.5 in, b = 15 in, c = 0.7 in, h = 1.8 in, F1 = 2900 lbf, and F2 = 1000 lbf.

The moment of inertia is 0.3402 ± 2%  in4.

The maximum tensile bending stress due to M is 11905 ± 2%  psi.

The maximum shear stress due to V is 1190 ± 2%  psi.

 
Explanation:

Given: a = 4.5 in, b = 15 in, c = 0.7 in, h = 1.8 in, F1 = 2900 lbf, and F2 = 1000 lbf.

The moment of inertia is calculated as follows:

We know that

Therefore,

I =  (0.7 in)1
12 (1.8 in)3  = 0.3402 in4

A =  (0.7 in) (1.8 in) = 1.26 in2

Σ  = 0MA

15  -  (1000 lbf) (19.5 in) = 0RB

 = 1300 lbfRB

 = 2900 lbf - 1300 lbf + 1000 lbf = 2600 lbfRA

Assignment Print View https://ezto.mheducation.com/hm.tpx?todo=printview

6 of 11 10/12/2021, 3:41 PM



Mmax is at B. At the bottom of the section,

Due to V, τmax is between B and C at y = 0.

 

 =   =   = 11905 psiσmax
Mc

I

(4.5 in × 1000 lbf)×( )1.8 in

2

0.3402 in4

 =   =  ( ) = 1190 psiτmax
3
2

V

A

3
2

1000 lbf
1.26 in2

Assignment Print View https://ezto.mheducation.com/hm.tpx?todo=printview

7 of 11 10/12/2021, 3:41 PM



Problem 03.045 - Determine the maximum tensile, compressive, and shear
stresses in a beam - DEPENDENT MULTI-PART PROBLEM - ASSIGN ALL
PARTS

Consider the beam shown in the given figure.
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this
part.
 

References

Section Break Chapter: 03 Load
and Stress Analysis

Problem 03.045
- Determine the
maximum
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compressive,
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stresses in a
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DEPENDENT
MULTI-PART
PROBLEM -
ASSIGN ALL
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Section: 03.10
Normal Stresses for
Beams in Bending
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 3. Award: 10 out of 20.00 points  

 You did not receive full credit for this question in a previous attempt

Problem 03.045.a - Determine the maximum tensile and compressive
bending stresses.

Determine the maximum tensile and compressive bending stresses. Take w = 300 lbf/in, F = 1800
lbf, c1 = 10 in, and c2 = 30 in. 

The maximum tensile bending stress is 5294  psi.

The maximum compressive bending stress is 1  psi.

References

Numeric
Response

Chapter: 03 Load
and Stress Analysis

Problem
03.045.a -
Determine the
maximum
tensile and
compressive
bending
stresses.

Section: 03.10
Normal Stresses for
Beams in Bending

Problem 03.045.a - Determine the maximum tensile and compressive
bending stresses.

Determine the maximum tensile and compressive bending stresses. Take w = 300 lbf/in, F = 1800
lbf, c1 = 10 in, and c2 = 30 in. 

The maximum tensile bending stress is 5294 ± 2%  psi.

The maximum compressive bending stress is -7456 ± 2%  psi.

 
Explanation:
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Applying parallel-axis theorem,

The maximum tensile and compressive bending stresses are calculated as follows:

Maximum tension = 5294 psi

Maximum compression = –7456 psi 

 

 =   +    ×  1800 lbf = 6900 lbfR1
300 lbf/in × 30 in

2
40 in
30 in

 =   -   × 1800 lbf = 3900 lbfR2
300 lbf/in × 30 in

2
10 in
30 in

a =   = 13 in3900 lbf
300 lbf/in

 =  − 1800 lbf  ×   (10 in) =  − 18000 lbf⋅inMB

 =  (3900 lbf) ×  (13 in) = 25350  lbf⋅inMx = 27 in
1
2

 =   = 1.5 iny ¯̄̄ 0.5 in × (3 in) + 2.5 in × (3 in)
6 in

 =  (3 in)  ×  I1
1

12 (1in)3 = 0.25 in4

 =  (1 in)  ×  I2
1

12 (3 in)3 = 2.25 in4

 =  (  + 3 ) +  (  + 3 )Iz 0.25 in2 (1.5 in - 0.5 in)2 2.25 in2 (1.5 in - 0.5 in)2  = 8.5 in4

At x = 10 in,  y = 2.5 in,    =   −  =  − 3176 psiσx
−18000 lbf⋅in × (-1.5 in)

8.5

At x = 10 in,  y = 2.5 in,    =   −  = 5294 psiσx
-18000 lbf⋅in × (2.5 in)

8.5

At x = 27 in,  y = -1.5 in,    = -  = 4474 psiσx
25350 lbf⋅in × (-1.5) in

8.5 in4

At x = 27 in,  y = 2.5 in,    = -  =  − 7456 psiσx
25350 lbf⋅in × (2.5)in

8.5 in4
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 4. Award: 20 out of 20.00 points  

 You did not receive full credit for this question in a previous attempt

Problem 03.045.b - Determine the maximum shear stress.

Determine the maximum shear stress due to V. 

Tha maximum shear stress due to V is 1875  psi.

References

Numeric
Response

Chapter: 03 Load
and Stress Analysis

Problem
03.045.b -
Determine the
maximum
shear stress.

Section: 03.10
Normal Stresses for
Beams in Bending

Problem 03.045.b - Determine the maximum shear stress.

Determine the maximum shear stress due to V. 

Tha maximum shear stress due to V is 1875 ± 2%  psi.

 
Explanation:

The maximum shear stress due to V is at B, at the neutral axis.

 

 = 5100 lbfVmax

Q =  ' × A' = 1.25 in ×  ((2.5) ×  (1) )ȳ  in2  = 3.125 in3

 =   =   = 1875 psi(  )τmax V

V Q

Ib

5100 lbf × ( )3.125 in3

 × (1 in)8.5 in4
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 1. Award: 30 out of 30.00 points
 

Problem 03.036 - Find the locations/magnitudes of the maximum tensile
bending stress.

For the beam illustrated in the figure, find the locations and magnitudes of the maximum
tensile bending stress due to M and the maximum shear stress due to V. Parameters are a = 320
mm, b = 140 mm, c = 19 mm, h = 41 mm, and F = 4800 N.

The moment of inertia is 1.09  ×105 mm4.

The maximum tensile bending stress due to M is 87.8  MPa.

The maximum shear stress due to V is 6.4  MPa.

References

Numeric
Response

Chapter: 03 Load
and Stress Analysis

Problem 03.036
- Find the
locations/magn
itudes of the
maximum
tensile bending
stress.

Section: 03.10
Normal Stresses for
Beams in Bending

Problem 03.036 - Find the locations/magnitudes of the maximum tensile
bending stress.

For the beam illustrated in the figure, find the locations and magnitudes of the maximum
tensile bending stress due to M and the maximum shear stress due to V. Parameters are a = 320
mm, b = 140 mm, c = 19 mm, h = 41 mm, and F = 4800 N.
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The moment of inertia is 1.091 ± 2%  ×105 mm4.

The maximum tensile bending stress due to M is 87.8 ± 2%  MPa.

The maximum shear stress due to V is 6.4 ± 2%  MPa.

 
Explanation:

Given: a = 320 mm, b = 140 mm, c = 19 mm, h = 41 mm, and F = 4800 N

The moment of inertia is calculated as follows:

Mmax is at A. At the bottom of the section,

R1 = 1460.8696 N

R2 = 3339.1304 N

Due to V, τmax is between A and B at y = 0.

I =  (19 mm)  = 1.091 ( )1
12 (41 mm)3 105  mm4

A =  (19 mm) (41 mm) = 779 mm2

 =   =   = 87.8 MPaσmax
Mc

I

(3339.1304 N × 140 mm)( )41 mm

2

1.091( )105  mm4

 =   =  ( ) = 6.4 MPaτmax
3
2

V

A

3
2

3339.1304 N
779 mm2
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 2. Award: 20 out of 30.00 points
 

Problem 03.038 - Find the locations/magnitudes of the maximum tensile
bending stress.

For the beam illustrated in the figure, find the locations and magnitudes of the maximum
tensile bending stress due to M and the maximum shear stress due to V. The parameters are a = 5
in, b = 15 in, c = 0.725 in, h = 2 in, F1 = 2800 lbf, and F2 = 1100 lbf.

The moment of inertia is 0.483  in4.

The maximum tensile bending stress due to M is 7592  psi.

The maximum shear stress due to V is 1138  psi.

References

Numeric
Response

Chapter: 03 Load
and Stress Analysis

Problem 03.038
- Find the
locations/magn
itudes of the
maximum
tensile bending
stress.

Section: 03.10
Normal Stresses for
Beams in Bending

Problem 03.038 - Find the locations/magnitudes of the maximum tensile
bending stress.

For the beam illustrated in the figure, find the locations and magnitudes of the maximum
tensile bending stress due to M and the maximum shear stress due to V. The parameters are a =
5 in, b = 15 in, c = 0.725 in, h = 2 in, F1 = 2800 lbf, and F2 = 1100 lbf.
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The moment of inertia is 0.4833 ± 2%  in4.

The maximum tensile bending stress due to M is 11379 ± 2%  psi.

The maximum shear stress due to V is 1138 ± 2%  psi.

 
Explanation:

Given: a = 5 in, b = 15 in, c = 0.725 in, h = 2 in, F1 = 2800 lbf, and F2 = 1100 lbf.

The moment of inertia is calculated as follows:

We know that

Therefore,

I =  (0.725 in)1
12 (2 in)3 = 0.4833 in4

A =  (0.725 in) (2 in) = 1.45 in2

Σ  = 0MA

15  -  (1100 lbf) (20 in) = 0RB

 = 1467 lbfRB

 = 2800 lbf - 1467 lbf + 1100 lbf = 2433 lbfRA
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Mmax is at B. At the bottom of the section,

Due to V, τmax is between B and C at y = 0.

 

 =   =   = 11379 psiσmax
Mc

I

(5 in × 1100 lbf)×( )2 in

2

0.4833 in4

 =   =  ( ) = 1138 psiτmax
3
2

V

A

3
2

1100 lbf
1.45 in2
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Problem 03.045 - Determine the maximum tensile, compressive, and shear
stresses in a beam - DEPENDENT MULTI-PART PROBLEM - ASSIGN ALL
PARTS

Consider the beam shown in the given figure.
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this
part.
 

References

Section Break Chapter: 03 Load
and Stress Analysis

Problem 03.045
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PROBLEM -
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Section: 03.10
Normal Stresses for
Beams in Bending
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 3. Award: 0 out of 20.00 points  

Problem 03.045.a - Determine the maximum tensile and compressive
bending stresses.

Determine the maximum tensile and compressive bending stresses. Take w = 300 lbf/in, F = 1800
lbf, c1 = 10 in, and c2 = 30 in. 

The maximum tensile bending stress is 4473  psi.

The maximum compressive bending stress is 7455  psi.

References

Numeric
Response

Chapter: 03 Load
and Stress Analysis

Problem
03.045.a -
Determine the
maximum
tensile and
compressive
bending
stresses.

Section: 03.10
Normal Stresses for
Beams in Bending

Problem 03.045.a - Determine the maximum tensile and compressive
bending stresses.

Determine the maximum tensile and compressive bending stresses. Take w = 300 lbf/in, F = 1800
lbf, c1 = 10 in, and c2 = 30 in. 

The maximum tensile bending stress is 5294 ± 2%  psi.

The maximum compressive bending stress is -7456 ± 2%  psi.

 
Explanation:

 =   +    ×  1800 lbf = 6900 lbfR1
300 lbf/in × 30 in

2
40 in
30 in
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Applying parallel-axis theorem,

The maximum tensile and compressive bending stresses are calculated as follows:

Maximum tension = 5294 psi

Maximum compression = –7456 psi 

 

 =   -   × 1800 lbf = 3900 lbfR2
300 lbf/in × 30 in

2
10 in
30 in

a =   = 13 in3900 lbf
300 lbf/in

 =  − 1800 lbf  ×   (10 in) =  − 18000 lbf⋅inMB

 =  (3900 lbf) ×  (13 in) = 25350  lbf⋅inMx = 27 in
1
2

 =   = 1.5 iny ¯̄̄ 0.5 in × (3 in) + 2.5 in × (3 in)
6 in

 =  (3 in)  ×  I1
1

12 (1in)3 = 0.25 in4

 =  (1 in)  ×  I2
1

12 (3 in)3 = 2.25 in4

 =  (  + 3 ) +  (  + 3 )Iz 0.25 in2 (1.5 in - 0.5 in)2 2.25 in2 (1.5 in - 0.5 in)2  = 8.5 in4

At x = 10 in,  y = 2.5 in,    =   −  =  − 3176 psiσx
−18000 lbf⋅in × (-1.5 in)

8.5

At x = 10 in,  y = 2.5 in,    =   −  = 5294 psiσx
-18000 lbf⋅in × (2.5 in)

8.5

At x = 27 in,  y = -1.5 in,    = -  = 4474 psiσx
25350 lbf⋅in × (-1.5) in

8.5 in4

At x = 27 in,  y = 2.5 in,    = -  =  − 7456 psiσx
25350 lbf⋅in × (2.5)in

8.5 in4
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 4. Award: 0 out of 20.00 points  

Problem 03.045.b - Determine the maximum shear stress.

Determine the maximum shear stress due to V. 

Tha maximum shear stress due to V is 3728  psi.

References

Numeric
Response

Chapter: 03 Load
and Stress Analysis

Problem
03.045.b -
Determine the
maximum
shear stress.

Section: 03.10
Normal Stresses for
Beams in Bending

Problem 03.045.b - Determine the maximum shear stress.

Determine the maximum shear stress due to V. 

Tha maximum shear stress due to V is 1875 ± 2%  psi.

 
Explanation:

The maximum shear stress due to V is at B, at the neutral axis.

 

 = 5100 lbfVmax

Q =  ' × A' = 1.25 in ×  ((2.5) ×  (1) )ȳ  in2  = 3.125 in3

 =   =   = 1875 psi(  )τmax V

V Q

Ib

5100 lbf × ( )3.125 in3

 × (1 in)8.5 in4
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Determine the magnitudes and directions for all stresses acting on the critical stress element. (Transverse shear may only be neglected if you can justify this decision.) 

The transverse shear stress is 0 ± 2%  psi.

The bending stress is 5322.14 ± 2%  psi.

The torsional shear stress is 1209.58 ± 2%  psi.

Transverse shear is zero at the critical stress element. We need to calculate the bending stress and torsional shear stress.

The transverse shear stress is 0 psi.

The bending stress is 5322.14 psi.

The torsional shear stress is 1209.58 psi.

References

Numeric Response Problem 03.091.b - Determine the
magnitudes and directions for all stresses
acting on the critical stress element.

Difficulty: Medium

For the critical stress element, determine the principal stresses and the maximum shear stress.

The principal stresses are σ1 = 5584.15 ± 2%  psi and σ2 = -262.01 ± 2%  psi.

The maximum shear stress is 2923.08 ± 2%  psi.

The principal normal stresses are

The maximum shear stress is

The principal stresses are σ1 = 5584.15 psi and σ2 = -262.01 psi.

The maximum shear stress is 2923.08 psi.

References

Numeric Response Problem 03.091.c - For the critical stress
element, determine the principal stresses and
the maximum shear stress.

Difficulty: Medium
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Determine the magnitudes for all stresses acting on the critical stress element. 

The bending stress at A is determined to be 11.2045 ± 2%  kpsi.

The shear stress at A is determined to be 5.6023 ± 2%  kpsi.

The moment at point A is calculated as follows:

The torque at A is calculated as follows:

The bending stress at A is in tension at the bottom of the section:

The shear stress at A due to torsion is calculated as follows:

The bending stress at A is determined to be 11.2045 kpsi.

The shear stress at A is determined to be 5.6023 kpsi.

References

Numeric Response Problem 03.095.b - Determine the
magnitudes and directions for all stresses
acting on the critical stress element.

Difficulty: Medium

For the critical stress element, determine the principal stresses and the maximum shear stress.

The principal stress σ1 is determined to be 13.525 ± 2%  kpsi.

The principal stress σ2 is determined to be -2.3205 ± 2%  kpsi.

The maximum shear stress τmax is determined to be 7.9228 ± 2%  kpsi. 

The principal normal stresses are as follows:

The principal shear stress is as follows:

The principal stress σ1 is determined to be 13.525 kpsi.

The principal stress σ2 is determined to be -2.3205 kpsi.

The maximum shear stress τmax is determined to be 7.9228 kpsi. 
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Problem 03.091 - Find the principal stresses and maximum shear stress on a cantilevered bar.-
DEPENDENT MULTI-PART PROBLEM - ASSIGN ALL PARTS

The cantilevered bar in the figure is made from a ductile material and is statically loaded with Fy = 140 lbf and Fx = Fz = 0. The
diameter D is 2 in and the height h is 2.5 in. Lengths AB and BC are 12 in. and 4 in., respectively.
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 1. Award: 10 out of 10.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.091.a - Identify the location of the critical stress element.

What is the location of the critical stress element? 

Point B at the top or bottom surface of rod AB

Point A in the center of rod AB

Point A at the top or bottom surface of rod AB

Point B in the center of rod AB

Rod AB experiences constant torsion throughout its length and maximum bending moment at the wall. Both torsional shear
stress and bending stress will be maximum on the outer surface. The transverse shear will be very small compared to
bending and torsion due to the reasonably high length to diameter ratio. Thus, it will not dominate the determination of the
critical location. The critical stress element will be at the wall, at either the top (compression) or the bottom (tension) on the y
axis. We will select the bottom element for this analysis.
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 2. Award: 20 out of 20.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.091.b - Determine the magnitudes and directions for all stresses acting on the
critical stress element.

Determine the magnitudes and directions for all stresses acting on the critical stress element. (Transverse shear may only
be neglected if you can justify this decision.) 

The transverse shear stress is 0  psi.

The bending stress is −2495.55  psi.

The torsional shear stress is 356.51  psi.
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Problem 03.091.b - Determine the magnitudes and directions for all stresses acting on the
critical stress element.

Determine the magnitudes and directions for all stresses acting on the critical stress element. (Transverse shear may only
be neglected if you can justify this decision.) 

The transverse shear stress is 0 ± 2%  psi.

The bending stress is − 2495.55 ± 2%  psi.

The torsional shear stress is 356.51 ± 2%  psi.

 
Explanation:

Transverse shear is zero at the critical stress element. We need to calculate the bending stress and torsional shear stress.

 

= − = − = −  = -2495.55 psiσx
Mc

I

32M

πd3

32(140 lbf)(12 + 2) in.

π(2 in.)3

= = =  = 356.51 psiτxz
Tr

J

16T

πd3

16(140 lbf)(4 in.)

π(2 in.)3
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 3. Award: 20 out of 20.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.091.c - For the critical stress element, determine the principal stresses and the
maximum shear stress.

For the critical stress element, determine the principal stresses and the maximum shear stress.

The principal stresses are σ1 = 49.93  psi and σ2 = −2545.48  psi.

The maximum shear stress is 1297.71  psi.

 

References

Numeric Response Chapter: 03 Load and
Stress Analysis

Problem 03.091.c -
For the critical
stress element,
determine the
principal stresses
and the maximum
shear stress.

Section: 03.11 Shear
Stresses for Beams in
Bending

 

Problem 03.091.c - For the critical stress element, determine the principal stresses and the
maximum shear stress.

For the critical stress element, determine the principal stresses and the maximum shear stress.

The principal stresses are σ1 = 49.93 ± 2%  psi and σ2 = − 2545.48 ± 2%  psi.

The maximum shear stress is 1297.71 ± 2%  psi.

 
Explanation:

The principal normal stresses are

The maximum shear stress is

 

= + = +  = 49.93 psiσ1
σx

2 +( )σx

2
2 ( )τxz

2
− −−−−−−−−−−√ -2495.55 psi

2 +( )-2495.55 psi
2

2
(356.51 psi)2

− −−−−−−−−−−−−−−−−−−−−−√

= − = −  = -2545.48 psiσ2
σx

2 +( )σx

2
2 ( )τxz

2
− −−−−−−−−−−√ -2495.55 psi

2 +( )-2495.55 psi
2

2
(356.51 psi)2

− −−−−−−−−−−−−−−−−−−−−−√

= =  = 1297.71 psiτmax +( )σx

2
2 ( )τxz

2
− −−−−−−−−−−√ +( )-2495.55 psi

2

2
(356.51 psi)2

− −−−−−−−−−−−−−−−−−−−−−√
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Problem 03.095 - Find the principal stresses and maximum shear stress on a cantilevered bar
- DEPENDENT MULTI-PART PROBLEM - ASSIGN ALL PARTS

The cantilever bar in the figure is made from a ductile material and is statically loaded with Fy = 200 lbf and Fx = Fz = 0 lbf.
The length of the rod DC denoted by L1 is given to be 12 in. The length of the rod AB denoted by L2 is given to be 10 in.
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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 4. Award: 10 out of 10.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.095.a - Find the critical point at section A.

Where is the critical section at A? 
 

On the top of the section
 

On the side along the − z axis
 

On the side along the + z axis
 

On the bottom of the section
 

The cross section at A will experience bending, torsion, and transverse shear. Both torsional shear stress and bending
stress will be a maximum on the outer surface. The transverse shear will be very small compared to bending and torsion,
due to the reasonably high length to diameter ratio, so it will not dominate the determination of the critical location. The
critical stress element will be at either the top (compression) or the bottom (tension) on the y axis. We’ll select the bottom
element for this analysis.
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 5. Award: 20 out of 20.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.095.b - Determine the magnitudes and directions for all stresses acting on the
critical stress element.

Determine the magnitudes for all stresses acting on the critical stress element. 

The bending stress at A is determined to be 24.4462  kpsi.

The shear stress at A is determined to be 12.2231  kpsi.
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Problem 03.095.b - Determine the magnitudes and directions for all stresses acting on the
critical stress element.

Determine the magnitudes for all stresses acting on the critical stress element. 

The bending stress at A is determined to be 24.4462 ± 2%  kpsi.

The shear stress at A is determined to be 12.2231 ± 2%  kpsi.

 
Explanation:

The moment at point A is calculated as follows:

The torque at A is calculated as follows:

The bending stress at A is in tension at the bottom of the section:

 =   = 200 lbf  ×   (10 in + 2 in) = 2400 lb⋅inMz FyL2

T  =   = 200 lbf  ×  12 in = 2400 lb⋅inFyL1

 =   =   =   = 24.4462 kpsiσx
cMz

I

32Mz

πd3
32 × 2400 lb⋅in

π × (1 in)3
1

1000
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The shear stress at A due to torsion is calculated as follows:

 

 =   =   =   = 12.2231 kpsiτxz
Tr

J

16T

πd3
16 × 2400 lb⋅in

π × (1 in)3
1

1000
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 6. Award: 20 out of 20.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.095.c - For the critical stress element, determine the principal stresses and the
maximum shear stress.

For the critical stress element, determine the principal stresses and the maximum shear stress.

The principal stress σ1 is determined to be 29.5092  kpsi.

The principal stress σ2 is determined to be -5.063  kpsi.

The maximum shear stress τmax is determined to be 17.2861  kpsi. 
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Problem 03.095.c - For the critical stress element, determine the principal stresses and the
maximum shear stress.

For the critical stress element, determine the principal stresses and the maximum shear stress.

The principal stress σ1 is determined to be 29.5092 ± 2%  kpsi.

The principal stress σ2 is determined to be -5.063 ± 2%  kpsi.

The maximum shear stress τmax is determined to be 17.2861 ± 2%  kpsi. 

 
Explanation:

The principal normal stresses are as follows:

The principal shear stress is as follows:

 =   +   =   +   = 29.5092 kpsiσ1
σx

2  + ( )σx

2
2 ( )τxz

2
− −−−−−−−−−−√ 24.4462 kpsi

2  + ( )24.4462 kpsi
2

2
(12.2231 kpsi)2

− −−−−−−−−−−−−−−−−−−−−−−−√

 =   -   =   -   = -5.063 kpsiσ2
σx

2  + ( )σx

2
2 ( )τxz

2
− −−−−−−−−−−√ 24.4462 kpsi

2  + ( )24.4462 kpsi
2

2
(12.2231 kpsi)2

− −−−−−−−−−−−−−−−−−−−−−−−√
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 =   =   = 17.2861 kpsiτmax  + ( )σx

2
2 ( )τxz

2
− −−−−−−−−−−√  + ( )24.4462 kpsi

2

2
(12.2231 kpsi)2

− −−−−−−−−−−−−−−−−−−−−−−−√
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Score: 93.33/100 Points 93.33 %

Problem 03.091 - Find the principal stresses and maximum shear stress on a cantilevered bar.-
DEPENDENT MULTI-PART PROBLEM - ASSIGN ALL PARTS

The cantilevered bar in the figure is made from a ductile material and is statically loaded with Fy = 260 lbf and Fx = Fz = 0. The
diameter D is 3 in and the height h is 3.5 in. Lengths AB and BC are 15 in. and 5 in., respectively.
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 1. Award: 10 out of 10.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.091.a - Identify the location of the critical stress element.

What is the location of the critical stress element? 

Point A at the top or bottom surface of rod AB

Point A in the center of rod AB

Point B at the top or bottom surface of rod AB

Point B in the center of rod AB

Rod AB experiences constant torsion throughout its length and maximum bending moment at the wall. Both torsional shear
stress and bending stress will be maximum on the outer surface. The transverse shear will be very small compared to
bending and torsion due to the reasonably high length to diameter ratio. Thus, it will not dominate the determination of the
critical location. The critical stress element will be at the wall, at either the top (compression) or the bottom (tension) on the y
axis. We will select the bottom element for this analysis.
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 2. Award: 13.33 out of 20.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.091.b - Determine the magnitudes and directions for all stresses acting on the
critical stress element.

Determine the magnitudes and directions for all stresses acting on the critical stress element. (Transverse shear may only
be neglected if you can justify this decision.) 

The transverse shear stress is 0  psi.

The bending stress is −166.74  psi.

The torsional shear stress is 245.22  psi.
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Problem 03.091.b - Determine the magnitudes and directions for all stresses acting on the
critical stress element.

Determine the magnitudes and directions for all stresses acting on the critical stress element. (Transverse shear may only
be neglected if you can justify this decision.) 

The transverse shear stress is 0 ± 2%  psi.

The bending stress is − 1667.47 ± 2%  psi.

The torsional shear stress is 245.22 ± 2%  psi.

 
Explanation:

Transverse shear is zero at the critical stress element. We need to calculate the bending stress and torsional shear stress.

 

= − = − = −  = -1667.47 psiσx
Mc

I

32M

πd3

32(260 lbf)(15 + 2) in.

π(3 in.)3

= = =  = 245.22 psiτxz
Tr

J

16T

πd3

16(260 lbf)(5 in.)

π(3 in.)3
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 3. Award: 20 out of 20.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.091.c - For the critical stress element, determine the principal stresses and the
maximum shear stress.

For the critical stress element, determine the principal stresses and the maximum shear stress.

The principal stresses are σ1 = 35.31  psi and σ2 = −1702.8  psi.

The maximum shear stress is 869.05  psi.
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Problem 03.091.c - For the critical stress element, determine the principal stresses and the
maximum shear stress.

For the critical stress element, determine the principal stresses and the maximum shear stress.

The principal stresses are σ1 = 35.31 ± 2%  psi and σ2 = − 1702.79 ± 2%  psi.

The maximum shear stress is 869.05 ± 2%  psi.

 
Explanation:

The principal normal stresses are

The maximum shear stress is

 

= + = +  = 35.31 psiσ1
σx

2 +( )σx

2
2 ( )τxz

2
− −−−−−−−−−−√ -1667.47 psi

2 +( )-1667.47 psi
2

2
(245.22 psi)2

− −−−−−−−−−−−−−−−−−−−−−√

= − = −  = -1702.79 psiσ2
σx

2 +( )σx

2
2 ( )τxz

2
− −−−−−−−−−−√ -1667.47 psi

2 +( )-1667.47 psi
2

2
(245.22 psi)2

− −−−−−−−−−−−−−−−−−−−−−√

= =  = 869.05 psiτmax +( )σx

2
2 ( )τxz

2
− −−−−−−−−−−√ +( )-1667.47 psi

2

2
(245.22 psi)2

− −−−−−−−−−−−−−−−−−−−−−√

Assignment Print View https://ezto.mheducation.com/hm.tpx?todo=printview

4 of 10 10/12/2021, 3:45 PM



Problem 03.095 - Find the principal stresses and maximum shear stress on a cantilevered bar
- DEPENDENT MULTI-PART PROBLEM - ASSIGN ALL PARTS

The cantilever bar in the figure is made from a ductile material and is statically loaded with Fy = 150 lbf and Fx = Fz = 0 lbf. The
length of the rod DC denoted by L1 is given to be 10 in. The length of the rod AB denoted by L2 is given to be 9 in.
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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 4. Award: 10 out of 10.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.095.a - Find the critical point at section A.

Where is the critical section at A? 
 

On the side along the + z axis
 

On the side along the − z axis
 

On the top of the section
 

On the bottom of the section
 

The cross section at A will experience bending, torsion, and transverse shear. Both torsional shear stress and bending
stress will be a maximum on the outer surface. The transverse shear will be very small compared to bending and torsion,
due to the reasonably high length to diameter ratio, so it will not dominate the determination of the critical location. The
critical stress element will be at either the top (compression) or the bottom (tension) on the y axis. We’ll select the bottom
element for this analysis.
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 5. Award: 20 out of 20.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.095.b - Determine the magnitudes and directions for all stresses acting on the
critical stress element.

Determine the magnitudes for all stresses acting on the critical stress element. 

The bending stress at A is determined to be 16.8  kpsi.

The shear stress at A is determined to be 7.6394  kpsi.
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Problem 03.095.b - Determine the magnitudes and directions for all stresses acting on the
critical stress element.

Determine the magnitudes for all stresses acting on the critical stress element. 

The bending stress at A is determined to be 16.8068 ± 2%  kpsi.

The shear stress at A is determined to be 7.6394 ± 2%  kpsi.

 
Explanation:

The moment at point A is calculated as follows:

The torque at A is calculated as follows:

The bending stress at A is in tension at the bottom of the section:

 =   = 150 lbf  ×   (9 in + 2 in) = 1650 lb⋅inMz FyL2

T  =   = 150 lbf  ×  10 in = 1500 lb⋅inFyL1

 =   =   =   = 16.8068 kpsiσx
cMz

I

32Mz

πd3
32 × 1650 lb⋅in

π × (1 in)3
1

1000
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The shear stress at A due to torsion is calculated as follows:

 

 =   =   =   = 7.6394 kpsiτxz
Tr

J

16T

πd3
16 × 1500 lb⋅in

π × (1 in)3
1
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 6. Award: 20 out of 20.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.095.c - For the critical stress element, determine the principal stresses and the
maximum shear stress.

For the critical stress element, determine the principal stresses and the maximum shear stress.

The principal stress σ1 is determined to be 19.7602  kpsi.

The principal stress σ2 is determined to be -2.9535  kpsi.

The maximum shear stress τmax is determined to be 11.3568  kpsi. 
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Problem 03.095.c - For the critical stress element, determine the principal stresses and the
maximum shear stress.

For the critical stress element, determine the principal stresses and the maximum shear stress.

The principal stress σ1 is determined to be 19.7602 ± 2%  kpsi.

The principal stress σ2 is determined to be -2.9535 ± 2%  kpsi.

The maximum shear stress τmax is determined to be 11.3568 ± 2%  kpsi. 

 
Explanation:

The principal normal stresses are as follows:

The principal shear stress is as follows:

 =   +   =   +   = 19.7602 kpsiσ1
σx

2  + ( )σx

2
2 ( )τxz

2
− −−−−−−−−−−√ 16.8068 kpsi

2  + ( )16.8068 kpsi
2

2
(7.6394 kpsi)2

− −−−−−−−−−−−−−−−−−−−−−−−√

 =   -   =   -   = -2.9535 kpsiσ2
σx

2  + ( )σx

2
2 ( )τxz

2
− −−−−−−−−−−√ 16.8068 kpsi

2  + ( )16.8068 kpsi
2

2
(7.6394 kpsi)2

− −−−−−−−−−−−−−−−−−−−−−−−√
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 =   =   = 11.3568 kpsiτmax  + ( )σx

2
2 ( )τxz

2
− −−−−−−−−−−√  + ( )16.8068 kpsi

2

2
(7.6394 kpsi)2

− −−−−−−−−−−−−−−−−−−−−−−−√
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Score: 80/100 Points 80 %

Problem 03.091 - Find the principal stresses and maximum shear stress on a cantilevered bar.-
DEPENDENT MULTI-PART PROBLEM - ASSIGN ALL PARTS

The cantilevered bar in the figure is made from a ductile material and is statically loaded with Fy = 380 lbf and Fx = Fz = 0. The
diameter D is 2 in and the height h is 2.5 in. Lengths AB and BC are 10 in. and 4 in., respectively.
 

References
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 1. Award: 10 out of 10.00 points  
 You received credit for this question in a previous attempt

Problem 03.091.a - Identify the location of the critical stress element.

What is the location of the critical stress element? 

Point A in the center of rod AB

Point B in the center of rod AB

Point A at the top or bottom surface of rod AB

Point B at the top or bottom surface of rod AB

Rod AB experiences constant torsion throughout its length and maximum bending moment at the wall. Both torsional shear
stress and bending stress will be maximum on the outer surface. The transverse shear will be very small compared to
bending and torsion due to the reasonably high length to diameter ratio. Thus, it will not dominate the determination of the
critical location. The critical stress element will be at the wall, at either the top (compression) or the bottom (tension) on the y
axis. We will select the bottom element for this analysis.
 

References

Multiple Choice Chapter: 03 Load and
Stress Analysis

Problem 03.091.a -
Identify the location
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 2. Award: 20 out of 20.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.091.b - Determine the magnitudes and directions for all stresses acting on the
critical stress element.

Determine the magnitudes and directions for all stresses acting on the critical stress element. (Transverse shear may only
be neglected if you can justify this decision.) 

The transverse shear stress is 0  psi.

The bending stress is −5805.97  psi.

The torsional shear stress is 967.66  psi.

 

References
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Problem 03.091.b - Determine the magnitudes and directions for all stresses acting on the
critical stress element.

Determine the magnitudes and directions for all stresses acting on the critical stress element. (Transverse shear may only
be neglected if you can justify this decision.) 

The transverse shear stress is 0 ± 2%  psi.

The bending stress is − 5805.97 ± 2%  psi.

The torsional shear stress is 967.66 ± 2%  psi.

 
Explanation:

Transverse shear is zero at the critical stress element. We need to calculate the bending stress and torsional shear stress.

 

= − = − = −  = -5805.97 psiσx
Mc

I

32M

πd3

32(380 lbf)(10 + 2) in.

π(2 in.)3

= = =  = 967.66 psiτxz
Tr

J

16T

πd3

16(380 lbf)(4 in.)

π(2 in.)3
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 3. Award: 20 out of 20.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.091.c - For the critical stress element, determine the principal stresses and the
maximum shear stress.

For the critical stress element, determine the principal stresses and the maximum shear stress.

The principal stresses are σ1 = 157.03  psi and σ2 = −5963  psi.

The maximum shear stress is 3060.02  psi.
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Problem 03.091.c - For the critical stress element, determine the principal stresses and the
maximum shear stress.

For the critical stress element, determine the principal stresses and the maximum shear stress.

The principal stresses are σ1 = 157.03 ± 2%  psi and σ2 = − 5963 ± 2%  psi.

The maximum shear stress is 3060.02 ± 2%  psi.

 
Explanation:

The principal normal stresses are

The maximum shear stress is

 

= + = +  = 157.03 psiσ1
σx

2 +( )σx

2
2 ( )τxz

2
− −−−−−−−−−−√ -5805.97 psi

2 +( )-5805.97 psi
2

2
(967.66 psi)2

− −−−−−−−−−−−−−−−−−−−−−√

= − = −  = -5963 psiσ2
σx

2 +( )σx

2
2 ( )τxz

2
− −−−−−−−−−−√ -5805.97 psi

2 +( )-5805.97 psi
2

2
(967.66 psi)2

− −−−−−−−−−−−−−−−−−−−−−√

= =  = 3060.02 psiτmax +( )σx

2
2 ( )τxz

2
− −−−−−−−−−−√ +( )-5805.97 psi

2

2
(967.66 psi)2

− −−−−−−−−−−−−−−−−−−−−−√
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Problem 03.095 - Find the principal stresses and maximum shear stress on a cantilevered bar
- DEPENDENT MULTI-PART PROBLEM - ASSIGN ALL PARTS

The cantilever bar in the figure is made from a ductile material and is statically loaded with Fy = 300 lbf and Fx = Fz = 0 lbf.
The length of the rod DC denoted by L1 is given to be 14 in. The length of the rod AB denoted by L2 is given to be 9 in.
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
 

References
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 4. Award: 10 out of 10.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.095.a - Find the critical point at section A.

Where is the critical section at A? 
 

On the top of the section
 

On the side along the + z axis
 

On the bottom of the section
 

On the side along the − z axis
 

The cross section at A will experience bending, torsion, and transverse shear. Both torsional shear stress and bending
stress will be a maximum on the outer surface. The transverse shear will be very small compared to bending and torsion,
due to the reasonably high length to diameter ratio, so it will not dominate the determination of the critical location. The
critical stress element will be at either the top (compression) or the bottom (tension) on the y axis. We’ll select the bottom
element for this analysis.
 

References
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 5. Award: 20 out of 20.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.095.b - Determine the magnitudes and directions for all stresses acting on the
critical stress element.

Determine the magnitudes for all stresses acting on the critical stress element. 

The bending stress at A is determined to be 33.6135  kpsi.

The shear stress at A is determined to be 21.3904  kpsi.
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Problem 03.095.b - Determine the magnitudes and directions for all stresses acting on the
critical stress element.

Determine the magnitudes for all stresses acting on the critical stress element. 

The bending stress at A is determined to be 33.6135 ± 2%  kpsi.

The shear stress at A is determined to be 21.3904 ± 2%  kpsi.

 
Explanation:

The moment at point A is calculated as follows:

The torque at A is calculated as follows:

The bending stress at A is in tension at the bottom of the section:

 =   = 300 lbf  ×   (9 in + 2 in) = 3300 lb⋅inMz FyL2

T  =   = 300 lbf  ×  14 in = 4200 lb⋅inFyL1

 =   =   =   = 33.6135 kpsiσx
cMz

I

32Mz

πd3
32 × 3300 lb⋅in

π × (1 in)3
1

1000
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The shear stress at A due to torsion is calculated as follows:

 

 =   =   =   = 21.3904 kpsiτxz
Tr

J

16T

πd3
16 × 4200 lb⋅in

π × (1 in)3
1

1000
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 6. Award: 0 out of 20.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 03.095.c - For the critical stress element, determine the principal stresses and the
maximum shear stress.

For the critical stress element, determine the principal stresses and the maximum shear stress.

The principal stress σ1 is determined to be kml  kpsi.

The principal stress σ2 is determined to be klm,  kpsi.

The maximum shear stress τmax is determined to be klm,;  kpsi. 
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Problem 03.095.c - For the critical stress element, determine the principal stresses and the
maximum shear stress.

For the critical stress element, determine the principal stresses and the maximum shear stress.

The principal stress σ1 is determined to be 44.01 ± 2%  kpsi.

The principal stress σ2 is determined to be -10.3965 ± 2%  kpsi.

The maximum shear stress τmax is determined to be 27.2033 ± 2%  kpsi. 

 
Explanation:

The principal normal stresses are as follows:

The principal shear stress is as follows:

 =   +   =   +   = 44.01 kpsiσ1
σx

2  + ( )σx

2
2 ( )τxz

2
− −−−−−−−−−−√ 33.6135 kpsi

2  + ( )33.6135 kpsi
2

2
(21.3904 kpsi)2

− −−−−−−−−−−−−−−−−−−−−−−−√

 =   -   =   -   = -10.3965 kpsiσ2
σx

2  + ( )σx

2
2 ( )τxz

2
− −−−−−−−−−−√ 33.6135 kpsi

2  + ( )33.6135 kpsi
2

2
(21.3904 kpsi)2

− −−−−−−−−−−−−−−−−−−−−−−−√
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 =   =   = 27.2033 kpsiτmax  + ( )σx

2
2 ( )τxz

2
− −−−−−−−−−−√  + ( )33.6135 kpsi

2

2
(21.3904 kpsi)2

− −−−−−−−−−−−−−−−−−−−−−−−√
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The figure shows a cantilever consisting of steel angles size 100 mm × 100 mm × 12 mm mounted back to back. Using superposition, find the deflection at B and the maximum stress in the beam. Take the magnitude
of force (F) to be 2.15 kN, L = 2.97 m, and a = 1.94 m.

The deflection at B is 22.3 ± 2%  mm in the  direction.

The maximum magnitude of stress in the beam is 147 ± 2%  MPa. The nature of the stress is .

From Table A-6: Properties of Structural-Steel Equal Legs Angles, for each angle, I1-1 = 207 cm4. Thus, I = 2(207 cm4) (104) = 4.14×106 mm4.

From Table A-9: Shear, Moment, and Deflection of Beams, use beam 2 with F = 2150 N, a = 2.97 mm, and l = 1.94 mm; and use beam 3 with w = 1 N/mm and l = 3000 mm.

The deflection at point A due to point load F can be denoted by y1.

The deflection at point A due to uniformly distributed load w can be denoted by y2.

By the principle of superposition, the total deflection can be obtained by summing up the deflections due to both the loadings.

y = y1 + y2

The deflection at B is 22.3 mm in the downward direction.
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From Table A-6: Properties of Structural-Steel Equal Legs Angles, the distance from centroid to upper surface is y = 29 mm. The distance from centroid to bottom surface is y = 29.0 mm – 100 mm = –71 mm. The
maximum stress is compressive at the bottom of the beam at the wall. This stress is

The maximum stress in the beam is 147 MPa and the stress is compressive in nature.

The deflection at B is 22.3 mm in the downward direction.
The maximum stress in the beam is 147 MPa. The nature of the stress is compressive.

References

Multi-Answer Problem 04.010 - Deflection and stress of a
cantilevered beam using superposition

Difficulty: Medium

A simply supported beam loaded by two forces is shown in the figure. Select a pair of structural steel channels mounted back to back to support the loads in such a way that the deflection at midspan will not exceed
1/2 in and the maximum stress will not exceed 15 kpsi. Use superposition. In the figure, F1 = 450 lbf and F2 = 300 lbf.
Use Table A-7 to select the smallest Imperial units channel that meets the requirements, where dimension a corresponds to the channel length.

The pair of channels that should be selected is 5 ± 2%  in long and its weight capacity is 6.7 ± 2%  lbf/ft.

M1 = 465 lbf × (6 × 12) in = 33.48 × 103 lbf⋅in

M2 = (33.48 × 103 lbf) + 15 lbf × (4 × 12) in = 34.20 × 103 lbf⋅in

For deflections, use beams 5 and 6 of Table A-9:

Select two 5 in-6.7 lbf/ft channels. From Table A-7, I = 2 × 7.49 in4 = 14.98 in4 and Z =2 × 3.00 in3 = 6.00 in3.

Therefore, this selection suits the required criteria.

The pair of channels that should be selected are 5 in long and its weight capacity is 6.7 lbf/ft.

References

Numeric Response Problem 04.011 - Use superposition to select
a pair of channels to meet design constraints

Difficulty: Medium
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Using superposition, find the deflection of the steel shaft at A in the figure. Find the deflection at midspan. By what percentage do these two values differ? Take the magnitude of force (F) to be 340 lbf, w = 120 lbf/ft,
and a = 14 in.

The magnitude of the deflection of the steel shaft at A is 0.0786 ± 2%  inch in the  direction.

The magnitude of the deflection at midspan is 0.0836 ± 2%  inch in the  direction.

The percentage difference is 6.39 ± 2%  %.

 for the circular cross section of diameter 1.5 in.

From Table A-9: Shear, Moment, and Deflection of Beams, by superposition of beams 6 and 7, at x = a = 14 in, with b = 24 in and  l = 38 in,
The deflection at point A due to point load F can be denoted by y1.

The deflection at point A due to uniformly distributed load w can be denoted by y2.

By the principle of superposition, the total deflection can be obtained by summing up the deflections due to both the loadings.

y = y1 + y2

The deflection of the steel shaft at A is 0.0786 inch in the downward direction.

,

The deflection at mid-span is 0.0836 inch in the downward direction.

The percentage difference is obtained by dividing the difference of deflections with deflection at A.

The percentage difference is 6.39%.

The magnitude of the deflection of the steel shaft at A is 0.0786 inch in the downward direction.
The magnitude of the deflection at midspan is 0.0836 inch in the downward direction.
The percentage difference is 6.39%.

References
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Multi-Answer Problem 04.012 - Determine the deflection of
a shaft using superposition

Difficulty: Medium

An aluminum tube with outside diameter of 2 in and inside diameter of 1.5 in is cantilevered and loaded as shown. Using the formulas in Table A-9 and superposition, find the deflection at B. Take the magnitude of
force (F1) to be 306 lbf and the magnitude of force (F2) to be 209 lbf.

The deflection at B is 2 ± 2% inch in the  direction.

For a tubular cross section with inner diameter di and outer diameter do, the area moment of inertia is given by

From Table A-5: Physical Constants of Materials, E = 10.4 Mpsi.

From Table A-9: Shear, Moment, and Deflection of Beams, beams 1 and 2, by superposition,
The deflection at point A due to point load F2 can be denoted by y1.

The deflection at point A due to point load F1 can be denoted by y2.

By the principle of superposition, the total deflection can be obtained by summing up the deflections due to both the loadings.

y = y1 + y2

The deflection at B is 2 inch in the downward direction.

References

Multi-Answer Problem 04.014 - Use superposition to
determine the tip deflection of a cantilevered
tube

Difficulty: Easy
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Using superposition for the bar shown, determine the minimum diameter of a steel shaft for which the maximum deflection is 2.02 mm, given that FA = 365 N, FB = 460 N, and FC = 365 N.  The dimensions shown are
given in mm.

The minimum diameter of the steel shaft is 31.43 ± 2%  mm.

From Table A-5, E = 207(103) MPa.

From Table A-9, beams 5 and 9, with FC = FA = F, by superposition,

The minimum diameter of the steel shaft is 31.43 mm.

References

Numeric Response Problem 04.016 - Use superposition to
determine the minimum diameter of a steel
shaft

Difficulty: Medium
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The figure shows a cantilever consisting of steel angles size 100 mm × 100 mm × 12 mm mounted back to back. Using superposition,
find the deflection at B and the maximum stress in the beam. Take the magnitude of force (F) to be 2.15 kN, L = 2.97 m, and a = 2 m.

The deflection at B is 22.9  mm in the downward  direction.
The maximum magnitude of stress in the beam is 149  MPa. The nature of the stress is compressive .

References

Multi-Answer Chapter: 04 Deflection and
Stiffness

Problem 04.010 -
Deflection and stress
of a cantilevered
beam using
superposition

Section: 04.05 Beam
Deflections by Superposition

The figure shows a cantilever consisting of steel angles size 100 mm × 100 mm × 12 mm mounted back to back. Using superposition,
find the deflection at B and the maximum stress in the beam. Take the magnitude of force (F) to be 2.15 kN, L = 2.97 m, and a = 2 m.



The deflection at B is 22.9 ± 2%  mm in the downward  direction.
The maximum magnitude of stress in the beam is 149 ± 2%  MPa. The nature of the stress is compressive .

From Table A-6: Properties of Structural-Steel Equal Legs Angles, for each angle, I1-1 = 207 cm4. Thus, I = 2(207 cm4) (104) =

4.14×106 mm4.

From Table A-9: Shear, Moment, and Deflection of Beams, use beam 2 with F = 2150 N, a = 2.97 mm, and l = 2 mm; and use beam 3
with w = 1 N/mm and l = 3000 mm.

The deflection at point A due to point load F can be denoted by y1.

The deflection at point A due to uniformly distributed load w can be denoted by y2.



By the principle of superposition, the total deflection can be obtained by summing up the deflections due to both the loadings.

y = y1 + y2

The deflection at B is 22.9 mm in the downward direction.

From Table A-6: Properties of Structural-Steel Equal Legs Angles, the distance from centroid to upper surface is y = 29 mm. The
distance from centroid to bottom surface is y = 29.0 mm – 100 mm = –71 mm. The maximum stress is compressive at the bottom of the
beam at the wall. This stress is

The maximum stress in the beam is 149 MPa and the stress is compressive in nature.



A simply supported beam loaded by two forces is shown in the figure. Select a pair of structural steel channels mounted back to back to
support the loads in such a way that the deflection at midspan will not exceed 1/2 in and the maximum stress will not exceed 15 kpsi. Use
superposition. In the figure, F1 = 450 lbf and F2 = 300 lbf.
Use Table A-7 to select the smallest Imperial units channel that meets the requirements, where dimension a corresponds to the channel
length.

The pair of channels that should be selected is 5  in long and its weight capacity is 6.7  lbf/ft.

References

Numeric Response Chapter: 04 Deflection and
Stiffness

Problem 04.011 - Use
superposition to
select a pair of
channels to meet
design constraints

Section: 04.05 Beam
Deflections by Superposition

A simply supported beam loaded by two forces is shown in the figure. Select a pair of structural steel channels mounted back to back to
support the loads in such a way that the deflection at midspan will not exceed 1/2 in and the maximum stress will not exceed 15 kpsi.
Use superposition. In the figure, F1 = 450 lbf and F2 = 300 lbf.
Use Table A-7 to select the smallest Imperial units channel that meets the requirements, where dimension a corresponds to the channel
length.

The pair of channels that should be selected is 5 ± 2%  in long and its weight capacity is 6.7 ± 2%  lbf/ft.



M1 = 465 lbf × (6 × 12) in = 33.48 × 103 lbf⋅in

M2 = (33.48 × 103 lbf) + 15 lbf × (4 × 12) in = 34.20 × 103 lbf⋅in

For deflections, use beams 5 and 6 of Table A-9:

Select two 5 in-6.7 lbf/ft channels. From Table A-7, I = 2 × 7.49 in4 = 14.98 in4 and Z =2 × 3.00 in3 = 6.00 in3.

Therefore, this selection suits the required criteria.



Using superposition, find the deflection of the steel shaft at A in the figure. Find the deflection at midspan. By what percentage do these
two values differ? Take the magnitude of force (F) to be 365 lbf, w = 145 lbf/ft, and a = 12 in.

The magnitude of the deflection of the steel shaft at A is 0.0684  inch in the downward  direction.
The magnitude of the deflection at midspan is 0.076  inch in the downward  direction.
The percentage difference is 11.07  %.

References

Multi-Answer Chapter: 04 Deflection and
Stiffness

Problem 04.012 -
Determine the
deflection of a shaft
using superposition

Section: 04.05 Beam
Deflections by Superposition

Using superposition, find the deflection of the steel shaft at A in the figure. Find the deflection at midspan. By what percentage do these
two values differ? Take the magnitude of force (F) to be 365 lbf, w = 145 lbf/ft, and a = 12 in.

The magnitude of the deflection of the steel shaft at A is 0.0684 ± 2%  inch in the downward  direction.
The magnitude of the deflection at midspan is 0.076 ± 2%  inch in the downward  direction.
The percentage difference is 11.07 ± 2%  %.



 for the circular cross section of diameter 1.5 in.

From Table A-9: Shear, Moment, and Deflection of Beams, by superposition of beams 6 and 7, at x = a = 12 in, with b = 24 in and  l = 36
in,
The deflection at point A due to point load F can be denoted by y1.

The deflection at point A due to uniformly distributed load w can be denoted by y2.

By the principle of superposition, the total deflection can be obtained by summing up the deflections due to both the loadings.

y = y1 + y2

The deflection of the steel shaft at A is 0.0684 inch in the downward direction.

,



The deflection at mid-span is 0.076 inch in the downward direction.

The percentage difference is obtained by dividing the difference of deflections with deflection at A.

The percentage difference is 11.07%.



An aluminum tube with outside diameter of 2 in and inside diameter of 1.5 in is cantilevered and loaded as shown. Using the formulas in
Table A-9 and superposition, find the deflection at B. Take the magnitude of force (F1) to be 302 lbf and the magnitude of force (F2) to
be 205 lbf.

The deflection at B is 1.97 inch in the downward  direction.

References

Multi-Answer Chapter: 04 Deflection and
Stiffness

Problem 04.014 - Use
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determine the tip
deflection of a
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Section: 04.05 Beam
Deflections by Superposition

An aluminum tube with outside diameter of 2 in and inside diameter of 1.5 in is cantilevered and loaded as shown. Using the formulas in
Table A-9 and superposition, find the deflection at B. Take the magnitude of force (F1) to be 302 lbf and the magnitude of force (F2) to
be 205 lbf.

The deflection at B is 1.97 ± 2% inch in the downward  direction.

For a tubular cross section with inner diameter di and outer diameter do, the area moment of inertia is given by



From Table A-5: Physical Constants of Materials, E = 10.4 Mpsi.

From Table A-9: Shear, Moment, and Deflection of Beams, beams 1 and 2, by superposition,
The deflection at point A due to point load F2 can be denoted by y1.

The deflection at point A due to point load F1 can be denoted by y2.

By the principle of superposition, the total deflection can be obtained by summing up the deflections due to both the loadings.

y = y1 + y2



Using superposition for the bar shown, determine the minimum diameter of a steel shaft for which the maximum deflection is 1.97 mm,
given that FA = 350 N, FB = 450 N, and FC = 350 N.  The dimensions shown are given in mm.

The minimum diameter of the steel shaft is 31.38  mm.
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Using superposition for the bar shown, determine the minimum diameter of a steel shaft for which the maximum deflection is 1.97 mm,
given that FA = 350 N, FB = 450 N, and FC = 350 N.  The dimensions shown are given in mm.

The minimum diameter of the steel shaft is 31.38 ± 2%  mm.



From Table A-5, E = 207(103) MPa.

From Table A-9, beams 5 and 9, with FC = FA = F, by superposition,
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The figure shows a cantilever consisting of steel angles size 100 mm × 100 mm × 12 mm mounted back to back. Using superposition,
find the deflection at B and the maximum stress in the beam. Take the magnitude of force (F) to be 2.2 kN, L = 2.94 m, and a = 1.93 m.

The deflection at B is 21.9  mm in the downward  direction.
The maximum magnitude of stress in the beam is 15  MPa. The nature of the stress is compressive .
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The figure shows a cantilever consisting of steel angles size 100 mm × 100 mm × 12 mm mounted back to back. Using superposition,
find the deflection at B and the maximum stress in the beam. Take the magnitude of force (F) to be 2.2 kN, L = 2.94 m, and a = 1.93 m.



The deflection at B is 21.9 ± 2%  mm in the downward  direction.
The maximum magnitude of stress in the beam is 147 ± 2%  MPa. The nature of the stress is compressive .

From Table A-6: Properties of Structural-Steel Equal Legs Angles, for each angle, I1-1 = 207 cm4. Thus, I = 2(207 cm4) (104) =

4.14×106 mm4.

From Table A-9: Shear, Moment, and Deflection of Beams, use beam 2 with F = 2200 N, a = 2.94 mm, and l = 1.93 mm; and use beam 3
with w = 1 N/mm and l = 3000 mm.

The deflection at point A due to point load F can be denoted by y1.

ymax = Fa26EI(a − 3l)
y1 = Fa26EI(a − 3l)



The deflection at point A due to uniformly distributed load w can be denoted by y2.

ymax = − wl48EI

y2 = − wl48EI

By the principle of superposition, the total deflection can be obtained by summing up the deflections due to both the loadings.

y = y1 + y2

ymax = Fa26EI(a − 3l) − wl48EI

ymax = (2200 N) (1930 mm)26(207×103 N/mm2) (4.14×106 mm4)[1930 mm−3 (2940 mm)] − (1 N/mm) (2940 mm)48(207×103 N/mm2) (4

ymax =-21.9 mm

The deflection at B is 21.9 mm in the downward direction.

MO = − Fa −(wl22)
Mo = - (2200 N × 1930 mm) -[(1 N/mm) (2940 mm)22]
Mo = -8.5678 × 106 N⋅mm

From Table A-6: Properties of Structural-Steel Equal Legs Angles, the distance from centroid to upper surface is y = 29 mm. The
distance from centroid to bottom surface is y = 29.0 mm – 100 mm = –71 mm. The maximum stress is compressive at the bottom of the
beam at the wall. This stress is

σmax = − MyI = − (-8.5678×106 N⋅mm) (−71 mm)4.14×106 mm4

σmax = -147 MPa

The maximum stress in the beam is 147 MPa and the stress is compressive in nature.



A simply supported beam loaded by two forces is shown in the figure. Select a pair of structural steel channels mounted back to back to
support the loads in such a way that the deflection at midspan will not exceed 1/2 in and the maximum stress will not exceed 15 kpsi. Use
superposition. In the figure, F1 = 450 lbf and F2 = 300 lbf.
Use Table A-7 to select the smallest Imperial units channel that meets the requirements, where dimension a corresponds to the channel
length.

The pair of channels that should be selected is 5  in long and its weight capacity is 6.7  lbf/ft.
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A simply supported beam loaded by two forces is shown in the figure. Select a pair of structural steel channels mounted back to back to
support the loads in such a way that the deflection at midspan will not exceed 1/2 in and the maximum stress will not exceed 15 kpsi.
Use superposition. In the figure, F1 = 450 lbf and F2 = 300 lbf.
Use Table A-7 to select the smallest Imperial units channel that meets the requirements, where dimension a corresponds to the channel
length.

The pair of channels that should be selected is 5 ± 2%  in long and its weight capacity is 6.7 ± 2%  lbf/ft.



RO = 14 ft20 ft(450 mm) + 10 ft20 ft(300 mm) = 465 lbf

RC = 6 ft20 ft(450 mm) + 10 ft20 ft(300 mm) = 285 lbf

M1 = 465 lbf × (6 × 12) in = 33.48 × 103 lbf⋅in

M2 = (33.48 × 103 lbf) + 15 lbf × (4 × 12) in = 34.20 × 103 lbf⋅in

σmax = MmaxZ ⇒ 15 = 34.2 lbfꞏinZ Z = 2. 28 in3

For deflections, use beams 5 and 6 of Table A-9:

y |x=10ft = F1a[l−(l/2)]6EIl[(l2)
2

+ a2 − 2ll2] − F2l348EI

−0.5 in = (450 lbf × 72 in×120 in)6 × 30 × 106 psi × I × (240 in)(1202 + 722 − 2402) in2 − 300 lbf × (240 in3)48 × 30 × 106 psi × I

I = 12.60 in4 ⇒ I /2 = 6.30 in4

Select two 5 in-6.7 lbf/ft channels. From Table A-7, I = 2 × 7.49 in4 = 14.98 in4 and Z =2 × 3.00 in3 = 6.00 in3.

ymidspan = 12.60 in14.98 in( − 12) = −0.421 in

σmax = 34.2 kpsi6.00 kpsi = 5. 70 kpsi

Therefore, this selection suits the required criteria.



Using superposition, find the deflection of the steel shaft at A in the figure. Find the deflection at midspan. By what percentage do these
two values differ? Take the magnitude of force (F) to be 340 lbf, w = 115 lbf/ft, and a = 14 in.

The magnitude of the deflection of the steel shaft at A is 0.07  inch in the downward  direction.
The magnitude of the deflection at midspan is 0.082  inch in the downward  direction.
The percentage difference is 6.34  %.
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Using superposition, find the deflection of the steel shaft at A in the figure. Find the deflection at midspan. By what percentage do these
two values differ? Take the magnitude of force (F) to be 340 lbf, w = 115 lbf/ft, and a = 14 in.

The magnitude of the deflection of the steel shaft at A is 0.0772 ± 2%  inch in the downward  direction.
The magnitude of the deflection at midspan is 0.0821 ± 2%  inch in the downward  direction.
The percentage difference is 6.34 ± 2%  %.



I = π64(1.5 in)4 = 0.2485 in4 for the circular cross section of diameter 1.5 in.

From Table A-9: Shear, Moment, and Deflection of Beams, by superposition of beams 6 and 7, at x = a = 14 in, with b = 24 in and  l = 38
in,
The deflection at point A due to point load F can be denoted by y1.

yAB = Fbx6EIl[x2 + b2 − l2]

y1 = Fba6EIl[a2 + b2 − l2]

The deflection at point A due to uniformly distributed load w can be denoted by y2.

y = wx24EI(2lx2 − x3 − l3)
y2 = wa24EI(2la2 − a3 − l3)
By the principle of superposition, the total deflection can be obtained by summing up the deflections due to both the loadings.

y = y1 + y2

y = Fba6EIl[a2 + b2 − l2] + wa24EI(2la2 − a3 − l3)
yA = (340 lbf)(24 in)(14 in)6(30×106 psi)(0.2485 in4)(38 in)[(14 in)2+(24 in)2−(38 in)2]

+(150 lbf/ft12 in/ft)(14 in)(24 in)(30×106 psi)(0.2485 in4)[2 (38 in)(14 in)2 − (14 in)3 − (38 in)3]

yA = -0.0772 in

The deflection of the steel shaft at A is 0.0772 inch in the downward direction.

At x = l2 = 19 in,



y = Fa[l−(l/2)]6EIl[(l2)
2

+ a2 − 2ll2] + w(l/2)24EI[2l(l2)
2

−(l2)
3

− l3]

y = (340 lbf)(14 in)(19 in)6(30×106 psi) (0.2485 in4)(38 in)[(19 in)2+(14 in)2−(38 in)2]

+(150 lbf/ft12 in/ft)(19 in)24(30×106 psi)(0.2485 in4)[2(38 in)(19 in)2−(19 in)3−(38 in)3]

= -0.0821 in.

The deflection at mid-span is 0.0821 inch in the downward direction.

The percentage difference is obtained by dividing the difference of deflections with deflection at A.

Percentage difference = (-0.0821 in) - (-0.0772 in)-0.0772 in × 100 = 6.34%

The percentage difference is 6.34%.



An aluminum tube with outside diameter of 2 in and inside diameter of 1.5 in is cantilevered and loaded as shown. Using the formulas in
Table A-9 and superposition, find the deflection at B. Take the magnitude of force (F1) to be 309 lbf and the magnitude of force (F2) to
be 202 lbf.

The deflection at B is 1.95 inch in the downward  direction.
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An aluminum tube with outside diameter of 2 in and inside diameter of 1.5 in is cantilevered and loaded as shown. Using the formulas in
Table A-9 and superposition, find the deflection at B. Take the magnitude of force (F1) to be 309 lbf and the magnitude of force (F2) to
be 202 lbf.

The deflection at B is 1.95 ± 2% inch in the downward  direction.

For a tubular cross section with inner diameter di and outer diameter do, the area moment of inertia is given by



I = π64(d
4o

- d
4i)

I = π64[(2 in)4 − (1.5 in)4] = 0.5369 in4

From Table A-5: Physical Constants of Materials, E = 10.4 Mpsi.

From Table A-9: Shear, Moment, and Deflection of Beams, beams 1 and 2, by superposition,
The deflection at point A due to point load F2 can be denoted by y1.

ymax = - Fl33EI

y1 = − FBl33EI

The deflection at point A due to point load F1 can be denoted by y2.

ymax = Fa26EI(a - 3l)

y2 = FAa26EI(a − 3l)
By the principle of superposition, the total deflection can be obtained by summing up the deflections due to both the loadings.

y = y1 + y2

yB = − FBl33EI + FAa26EI(a−3l) = −(202 lbf)[(4 ft)(12 in/ft)]33(10.4×106 psi)(0.5369 in4) + (309 lbf)[(2 ft)(12 in./ft)]26(10.4×106 psi)(0.536

yB = -1.95 in   



Using superposition for the bar shown, determine the minimum diameter of a steel shaft for which the maximum deflection is 2.04 mm,
given that FA = 395 N, FB = 450 N, and FC = 395 N.  The dimensions shown are given in mm.

The minimum diameter of the steel shaft is 31.6  mm.
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Using superposition for the bar shown, determine the minimum diameter of a steel shaft for which the maximum deflection is 2.04 mm,
given that FA = 395 N, FB = 450 N, and FC = 395 N.  The dimensions shown are given in mm.

The minimum diameter of the steel shaft is 31.61 ± 2%  mm.



I = π64d4

From Table A-5, E = 207(103) MPa.

From Table A-9, beams 5 and 9, with FC = FA = F, by superposition,

yB = − FBl348EI + Fa24EI(4a2 − 3l2) ⇒ I = 148EyB[−FBl3 + 2Fa(4a2 − 3l2)]

I = 148(207 × 103 MPa)(−2.04 mm){−450 N(1000 mm)3 + 2(395) N(250 mm)[4(250 mm)2 − 3(1000 mm)2]}

I = 48996.17 mm4

d =

4√64πI =

4√64π(48996.17 mm4) = 31.61 mm       
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The figure shows a cantilever consisting of steel angles size 100 mm × 100 mm × 12 mm mounted back to back. Using superposition,
find the deflection at B and the maximum stress in the beam. Take the magnitude of force (F) to be 2.45 kN, L = 2.92 m, and a = 1.99 m.

The deflection at B is 23.4  mm in the downward  direction.
The maximum magnitude of stress in the beam is 157  MPa. The nature of the stress is compressive .
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The figure shows a cantilever consisting of steel angles size 100 mm × 100 mm × 12 mm mounted back to back. Using superposition,
find the deflection at B and the maximum stress in the beam. Take the magnitude of force (F) to be 2.45 kN, L = 2.92 m, and a = 1.99 m.



The deflection at B is 23.4 ± 2%  mm in the downward  direction.
The maximum magnitude of stress in the beam is 157 ± 2%  MPa. The nature of the stress is compressive .

From Table A-6: Properties of Structural-Steel Equal Legs Angles, for each angle, I1-1 = 207 cm4. Thus, I = 2(207 cm4) (104) =

4.14×106 mm4.

From Table A-9: Shear, Moment, and Deflection of Beams, use beam 2 with F = 2450 N, a = 2.92 mm, and l = 1.99 mm; and use beam 3
with w = 1 N/mm and l = 3000 mm.

The deflection at point A due to point load F can be denoted by y1.

ymax =
Fa2

6EI
a − 3l

y1 =
Fa2

6EI
a − 3l

( )

( )



The deflection at point A due to uniformly distributed load w can be denoted by y2.

ymax = −
wl4

8EI

y2 = −
wl4

8EI

By the principle of superposition, the total deflection can be obtained by summing up the deflections due to both the loadings.

y = y1 + y2

ymax =
Fa2

6EI
a − 3l −

wl4

8EI

ymax = 
( 2450 N )  (1990 mm)2

6(207×103 N/mm2) (4.14×106 mm4)
[1990 mm−3 (2920 mm)] − 

(1 N/mm) (2920 mm)4

8(207×103 N/mm2) (4.14×106 mm4)

ymax =-23.4 mm

The deflection at B is 23.4 mm in the downward direction.

MO = − Fa −
wl2

2

Mo = - (2450 N × 1990 mm) -
(1 N/mm) (2920 mm)2

2

Mo = -9.1387 × 106 N⋅mm

From Table A-6: Properties of Structural-Steel Equal Legs Angles, the distance from centroid to upper surface is y = 29 mm. The
distance from centroid to bottom surface is y = 29.0 mm – 100 mm = –71 mm. The maximum stress is compressive at the bottom of the
beam at the wall. This stress is

σmax = −
My

I
 = −

(-9.1387×106 N⋅mm) (−71 mm)

4.14×106 mm4

σmax = -157 MPa

The maximum stress in the beam is 157 MPa and the stress is compressive in nature.

( )

( )

[ ]



A simply supported beam loaded by two forces is shown in the figure. Select a pair of structural steel channels mounted back to back to
support the loads in such a way that the deflection at midspan will not exceed 1/2 in and the maximum stress will not exceed 15 kpsi. Use
superposition. In the figure, F1 = 450 lbf and F2 = 300 lbf.
Use Table A-7 to select the smallest Imperial units channel that meets the requirements, where dimension a corresponds to the channel
length.

The pair of channels that should be selected is 2  in long and its weight capacity is 285  lbf/ft.
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A simply supported beam loaded by two forces is shown in the figure. Select a pair of structural steel channels mounted back to back to
support the loads in such a way that the deflection at midspan will not exceed 1/2 in and the maximum stress will not exceed 15 kpsi.
Use superposition. In the figure, F1 = 450 lbf and F2 = 300 lbf.
Use Table A-7 to select the smallest Imperial units channel that meets the requirements, where dimension a corresponds to the channel
length.

The pair of channels that should be selected is 5 ± 2%  in long and its weight capacity is 6.7 ± 2%  lbf/ft.



RO = 
14 ft

20 ft
450 mm  + 

10 ft

20 ft
300 mm) = 465 lbf

RC = 
6 ft

20 ft
450 mm  + 

10 ft

20 ft
300 mm  = 285 lbf

M1 = 465 lbf × (6 × 12) in = 33.48 × 103 lbf⋅in

M2 = (33.48 × 103 lbf) + 15 lbf × (4 × 12) in = 34.20 × 103 lbf⋅in

σmax =
Mmax

Z
⇒ 15 =

34.2 lbfꞏin

Z
Z = 2. 28 in3

For deflections, use beams 5 and 6 of Table A-9:

y |x = 10ft =
F1a [ l − l / 2 ]

6EIl
[

l

2

2
+ a2 − 2l

l

2
] −

F2l3

48EI

−0.5 in = 
( 450 lbf × 72 in×120 in )

6 × 30 × 106 psi × I × 240 in

1202 + 722 − 2402  in2 − 
300 lbf × 240 in3

48 × 30 × 106 psi × I

I = 12.60 in4 ⇒ I /2 = 6.30 in4

Select two 5 in-6.7 lbf/ft channels. From Table A-7, I = 2 × 7.49 in4 = 14.98 in4 and Z =2 × 3.00 in3 = 6.00 in3.

ymidspan = 
12.60 in

14.98 in
−

1

2
 = −0.421 in

σmax = 
34.2 kpsi

6.00 kpsi
 = 5. 70 kpsi

Therefore, this selection suits the required criteria.

( ) (

( ) ( )

( ) ( )

( ) ( ) ( )

( )



Using superposition, find the deflection of the steel shaft at A in the figure. Find the deflection at midspan. By what percentage do these
two values differ? Take the magnitude of force (F) to be 335 lbf, w = 125 lbf/ft, and a = 11 in.

The magnitude of the deflection of the steel shaft at A is 0.052  inch in the downward  direction.
The magnitude of the deflection at midspan is 0.059  inch in the downward  direction.
The percentage difference is 14  %.
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Using superposition, find the deflection of the steel shaft at A in the figure. Find the deflection at midspan. By what percentage do these
two values differ? Take the magnitude of force (F) to be 335 lbf, w = 125 lbf/ft, and a = 11 in.

The magnitude of the deflection of the steel shaft at A is 0.0527 ± 2%  inch in the downward  direction.
The magnitude of the deflection at midspan is 0.0602 ± 2%  inch in the downward  direction.
The percentage difference is 14.13 ± 2%  %.



I = 
π

64
(1.5 in)4 = 0.2485 in4 for the circular cross section of diameter 1.5 in.

From Table A-9: Shear, Moment, and Deflection of Beams, by superposition of beams 6 and 7, at x = a = 11 in, with b = 24 in and  l = 35
in,
The deflection at point A due to point load F can be denoted by y1.

yAB = 
Fbx

6EIl
[x2 + b2 − l2]

y1 = 
Fba

6EIl
[a2 + b2 − l2]

The deflection at point A due to uniformly distributed load w can be denoted by y2.

y =
wx

24EI
2lx2 − x3 − l3

y2 =
wa

24EI
2la2 − a3 − l3

By the principle of superposition, the total deflection can be obtained by summing up the deflections due to both the loadings.

y = y1 + y2

y = 
Fba

6EIl
[a2 + b2 − l2] + 

wa

24EI
2la2 − a3 − l3

yA = 
(335 lbf)(24 in)(11 in)

6(30×106 psi)(0.2485 in4)(35 in)
[(11 in)2+(24 in)2−(35 in)2]

+

150 lbf/ft

12 in/ft
(11 in)

(24 in)(30×106 psi)(0.2485 in4)
[2 (35 in)(11 in)2 − (11 in)3 − (35 in)3]

yA = -0.0527 in

The deflection of the steel shaft at A is 0.0527 inch in the downward direction.

At x = 
l

2
 = 18 in,

( )

( )

( )

( )



y =
Fa [ l − ( l / 2 ) ]

6EIl
[

l

2

2
+ a2 − 2l

l

2
] +

w ( l / 2 )

24EI
[2l

l

2

2
−

l

2

3
− l3]

y = 
(335 lbf)(11 in)(18 in)

6(30×106 psi) (0.2485 in4)(35 in)
[(18 in)2+(11 in)2−(35 in)2]

+

150 lbf/ft

12 in/ft
(18 in)

24(30×106 psi)(0.2485 in4)
[2(35 in)(18 in)2−(17.5 in)3−(35 in)3]

= -0.0602 in.

The deflection at mid-span is 0.0602 inch in the downward direction.

The percentage difference is obtained by dividing the difference of deflections with deflection at A.

Percentage difference = 
(-0.0602 in) - (-0.0527 in)

-0.0527 in
 × 100 = 14.13%

The percentage difference is 14.13%.

( ) ( ) ( )

( )



An aluminum tube with outside diameter of 2 in and inside diameter of 1.5 in is cantilevered and loaded as shown. Using the formulas in
Table A-9 and superposition, find the deflection at B. Take the magnitude of force (F1) to be 306 lbf and the magnitude of force (F2) to
be 207 lbf.

The deflection at B is 2.1 inch in the downward  direction.
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An aluminum tube with outside diameter of 2 in and inside diameter of 1.5 in is cantilevered and loaded as shown. Using the formulas in
Table A-9 and superposition, find the deflection at B. Take the magnitude of force (F1) to be 306 lbf and the magnitude of force (F2) to
be 207 lbf.

The deflection at B is 1.99 ± 2% inch in the downward  direction.

For a tubular cross section with inner diameter di and outer diameter do, the area moment of inertia is given by



I =
π

64
d4

o - d4
i

I = 
π

64
[(2 in)4 − (1.5 in)4] = 0.5369 in4

From Table A-5: Physical Constants of Materials, E = 10.4 Mpsi.

From Table A-9: Shear, Moment, and Deflection of Beams, beams 1 and 2, by superposition,
The deflection at point A due to point load F2 can be denoted by y1.

ymax = -
Fl3

3EI

y1 = −
FBl3

3EI

The deflection at point A due to point load F1 can be denoted by y2.

ymax =
Fa2

6EI
a - 3l

y2 =
FAa2

6EI
a − 3l

By the principle of superposition, the total deflection can be obtained by summing up the deflections due to both the loadings.

y = y1 + y2

yB = −
FBl3

3EI
+

FAa2

6EI
(a−3l) = 

− (207 lbf)[(4 ft)(12 in/ft)]3

3(10.4×106 psi)(0.5369 in4)
+

(306 lbf)[(2 ft)(12 in./ft)]2

6(10.4×106  psi)(0.5369 in4)
[(2 ft)(12 in/ft) − 3(4 ft)(12 in/ft)]

yB = -1.99 in   

( )

( )

( )



Using superposition for the bar shown, determine the minimum diameter of a steel shaft for which the maximum deflection is 1.99 mm,
given that FA = 360 N, FB = 490 N, and FC = 360 N.  The dimensions shown are given in mm.

The minimum diameter of the steel shaft is 32.1  mm.
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Using superposition for the bar shown, determine the minimum diameter of a steel shaft for which the maximum deflection is 1.99 mm,
given that FA = 360 N, FB = 490 N, and FC = 360 N.  The dimensions shown are given in mm.

The minimum diameter of the steel shaft is 31.74 ± 2%  mm.



I = 
π

64
d4

From Table A-5, E = 207(103) MPa.

From Table A-9, beams 5 and 9, with FC = FA = F, by superposition,

yB = −
FBl3

48EI
+

Fa

24EI
4a2 − 3l2 ⇒ I =

1

48EyB
[−FBl3 + 2Fa 4a2 − 3l2 ]

I = 
1

48(207 × 103 MPa) ( − 1.99 mm )
−490 N 1000 mm)3 + 2(360) N 250 mm [4 250 mm)2 − 3 1000 mm)2]

I = 49816.31 mm4

d =
4 64

π
I =

4 64

π
49816.31 mm4  = 31.74 mm       

( ) ( )

{ ( ( ) ( ( }

√ √ ( )
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σx = 23 kpsi, and σy = 15.5 kpsi

The factor of safety from the maximum-shear-stress theory is 1.6304 ± 2% , and the factor of safety from the distortion-energy theory is 1.8458 ± 2% .

From Table A-20, Sy = 37.5 kpsi.

According to the MSS theory, σ1 − σ3 = Sy / n, which gives .

According to the DE theory, , which gives 

MSST

σ1 = 23 kpsi, σ2 = 15.5 kpsi, and σ3 = 0

DE

The factor of safety from the maximum-shear-stress theory is 1.6304 and the factor of safety from the distortion-energy theory is 1.8458.

References

Numeric Response Difficulty: Medium

σx = 15.5 kpsi, and σy = -14.5 kpsi

The factor of safety from the maximum-shear-stress theory is 1.25 ± 2% , and the factor of safety from the distortion-energy theory is 1.44 ± 2% .

From Table A-20, Sy = 37.5 kpsi.

According to the MSS theory, σ1 − σ3 = Sy / n, which gives .

According to the DE theory, , which gives 

MSST 

σ1 = 15.5 kpsi, σ2 = 0, and σ3 = -14.5 kpsi

DE

The factor of safety from the maximum-shear-stress theory is 1.25 and the factor of safety from the distortion-energy theory is 1.44.

References
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σx = 21 kpsi, and τxy = -9 kpsi

The factor of safety from the maximum-shear-stress theory is 1.36 ± 2% , and the factor of safety from the distortion-energy theory is 1.43 ± 2% .

From Table A-20, Sy = 37.5 kpsi.

According to the MSS theory, σ1 − σ3 = Sy / n, which gives .

MSST

DE

The factor of safety from the maximum-shear-stress theory is 1.36 and the factor of safety from the distortion-energy theory is 1.43.

References

Numeric Response Difficulty: Medium

σx = -12.4 kpsi, σy = 15.5 kpsi, and τxy = -8.2 kpsi

The factor of safety from the maximum-shear-stress theory is 1.16 ± 2% , and the factor of safety from the distortion-energy theory is 1.34 ± 2% .

From Table A-20, Sy = 37.5 kpsi.

According to MSS theory, σ1 − σ3 = Sy / n which gives .

MSST

DE

The factor of safety from the maximum-shear-stress theory is 1.16 and the factor of safety from the distortion-energy theory is 1.34.

References

Numeric Response Difficulty: Medium
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σx = -23.2 kpsi, σy = -23.2 kpsi, and τxy = -14.5 kpsi

The factor of safety from the maximum-shear-stress theory is 0.99 ± 2% , and the factor of safety from the distortion-energy theory is 1.1 ± 2% .

From Table A-20, Sy = 37.5 kpsi.

According to the MSS theory, σ1 − σ3 = Sy / n, which gives .

MSST

DE

The factor of safety from the maximum-shear-stress theory is 0.99 and the factor of safety from the distortion-energy theory is 1.1.

References

Numeric Response Difficulty: Medium

σA = 28 kpsi, and σB = 28 kpsi

The factor of safety from the maximum-shear-stress theory is 1.68 ± 2% , and the factor of safety from the distortion-energy theory is 1.68 ± 2% . 

From Table A-20, Sy = 47 kpsi.

σA = 28 kpsi, and σB = 28 kpsi

The ordered principle stresses are σ1 = 28 kpsi, σ2 = 28 kpsi, σ3 = 0.

For the maximum-shear-stress theory,

For the distortion-energy theory,

The factor of safety from the maximum-shear-stress theory is 1.68 and the factor of safety from the distortion-energy theory is 1.68.

References
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σA = 28 kpsi, and σB = -33 kpsi

The factor of safety from the maximum-shear-stress theory is 0.77 ± 2% , and the factor of safety from the distortion-energy theory is 0.89 ± 2% . 

From Table A-20, Sy = 47 kpsi.

σA = 28 kpsi, and σB = -33 kpsi

The ordered principle stresses are σ1 = 28 kpsi, σ2 = 0, σ3 = -33 kpsi.

For the maximum-shear-stress theory,

For the distortion-energy theory,

The factor of safety from the maximum-shear-stress theory is 0.77 and the factor of safety from the distortion-energy theory is 0.89.

References

Numeric Response Difficulty: Medium

σA = 28 kpsi, and σB = 13.5 kpsi

The factor of safety from the maximum-shear-stress theory is 1.68 ± 2% , and the factor of safety from distortion-energy theory is 1.94 ± 2% . 

From Table A-20, Sy = 47 kpsi.

σA = 28 kpsi, and σB = 13.5 kpsi

The ordered principle stresses are σ1 = 28 kpsi, σ2 = 13.5 kpsi, σ3 = 0.

For the maximum-shear-stress theory,

For the distortion-energy theory,

The factor of safety from the maximum-shear-stress theory is 1.68 and the factor of safety from the distortion-energy theory is 1.94.

References
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σA = -33 kpsi, and σB = -14 kpsi

The factor of safety from the maximum-shear-stress theory is 1.42 ± 2% , and the factor of safety from the distortion-energy theory is 1.64 ± 2% . 

From Table A-20, Sy = 47 kpsi.

σA = -33 kpsi, and σB = -14 kpsi

The ordered principle stresses are σ1 = 0, σ2 = -14 kpsi, σ3 = -33 kpsi.

For the maximum-shear-stress theory,

For the distortion-energy theory,

The factor of safety from the maximum-shear-stress theory is 1.42 and the factor of safety from the distortion-energy theory is 1.64.

References

Numeric Response Difficulty: Medium

σA = -46 kpsi, and σB = 10 kpsi

The factor of safety from the maximum-shear-stress theory is 0.84 ± 2% , and the factor of safety from the distortion-energy theory is 0.91 ± 2% . 

From Table A-20, Sy = 47 kpsi.

σA = -46 kpsi, and σB = 10 kpsi

The ordered principle stresses are σ1 = 10 kpsi, σ2 = 0, σ3 = -46 kpsi.

For the maximum-shear-stress theory,

For the distortion-energy theory,

The factor of safety from the maximum-shear-stress theory is 0.84 and the factor of safety from the distortion-energy theory is 0.91.

References

Numeric Response Difficulty: Medium
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σx = 25 kpsi, and σy = 15 kpsi

The factor of safety from the maximum-shear-stress theory is 1.5 , and the factor of safety from the distortion-energy theory is 1.72 .

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.003.a -
case where normal
stresses are equal to
principal stresses

Section: 05.04 Maximum-
Shear-Stress Theory for
Ductile Materials

σx = 25 kpsi, and σy = 15 kpsi

The factor of safety from the maximum-shear-stress theory is 1.5 ± 2% , and the factor of safety from the distortion-energy theory is
1.7206 ± 2% .

From Table A-20, Sy = 37.5 kpsi.

According to the MSS theory, σ1 − σ3 = Sy / n, which gives n = 
Sy

σ1 − σ3

.

According to the DE theory, σ '  = σ2
A − σAσB + σ2

B
1 / 2

 = σ2
x − σxσy + σ2

y + 3τ2xy
1 / 2

, which gives n = 
Sy

σ '

MSST

σ1 = 25 kpsi, σ2 = 15 kpsi, and σ3 = 0

n = 
37.5 kpsi

25 kpsi − 0
 = 1.5

DE

n = 
Sy

σ '  = 
Sy

σ2
A − σAσB + σ2

B

 = 
37.5 kpsi

√ ( 25 kpsi ) 2 - ( 25 kpsi )  × ( 15 kpsi )  + ( 15 kpsi ) 2
 = 1.7206

( )

( ) ( )

√



σx = 15 kpsi, and σy = -14 kpsi

The factor of safety from the maximum-shear-stress theory is 1.29 , and the factor of safety from the distortion-energy theory is 1.49 .

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.003.b -
case where normal
stresses are equal to
principal stresses

Section: 05.04 Maximum-
Shear-Stress Theory for
Ductile Materials

σx = 15 kpsi, and σy = -14 kpsi

The factor of safety from the maximum-shear-stress theory is 1.29 ± 2% , and the factor of safety from the distortion-energy theory is
1.49 ± 2% .

From Table A-20, Sy = 37.5 kpsi.

According to the MSS theory, σ1 − σ3 = Sy / n, which gives n = 
Sy

σ1 − σ3

.

According to the DE theory, σ '  = σ2
A − σAσB + σ2

B
1 / 2

 = σ2
x − σxσy + σ2

y + 3τ2xy
1 / 2

, which gives n = 
Sy

σ '

MSST 

σ1 = 15 kpsi, σ2 = 0, and σ3 = -14 kpsi

n = 
37.5 kpsi

15 kpsi − (-14 kpsi)
 = 1.29

DE

n = 
Sy

σ '  = 
Sy

σ2
A − σAσB + σ2

B

 = 
37.5 kpsi

√ ( 15 kpsi ) 2 - ( 15 kpsi )  × (-14 kpsi) + (-14 kpsi)2
 = 1.49

( )

( ) ( )

√



σx = 19 kpsi, and τxy = -9 kpsi

The factor of safety from the maximum-shear-stress theory is 1.43 , and the factor of safety from the distortion-energy theory is 1.53 .

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.003.c -
case of extreme value
shear stress with one
zero value plane stress

Section: 05.04 Maximum-
Shear-Stress Theory for
Ductile Materials

σx = 19 kpsi, and τxy = -9 kpsi

The factor of safety from the maximum-shear-stress theory is 1.43 ± 2% , and the factor of safety from the distortion-energy theory is
1.53 ± 2% .

From Table A-20, Sy = 37.5 kpsi.

σA, σB = 
19 kpsi

2
 ± 

19 kpsi

2

2
 + (-9 kpsi)2 = 22.59 kpsi,  -3.59 kpsi

σ1 = 22.59 kpsi, σ2 = 0, σ3 =  -3.59 kpsi

According to the MSS theory, σ1 − σ3 = Sy / n, which gives n = 
Sy

σ1 − σ3

.

MSST

n = 
37.5 kpsi

22.59 kpsi − (-3.59 kpsi)
 = 1.43

DE

σ '  = √(19 kpsi)2 + 3(-9 kpsi)2 = 24.58 kpsi

n = 
37.5 kpsi

24.58 kpsi
 = 1.53

√( )

( )



σx = -12.6 kpsi, σy = 15 kpsi, and τxy = -8.5 kpsi

The factor of safety from the maximum-shear-stress theory is 1.16 , and the factor of safety from the distortion-energy theory is 1.33 .

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.003.d -
case of extreme value
shear stress with no
zero value plane
stresses

Section: 05.04 Maximum-
Shear-Stress Theory for
Ductile Materials

σx = -12.6 kpsi, σy = 15 kpsi, and τxy = -8.5 kpsi

The factor of safety from the maximum-shear-stress theory is 1.16 ± 2% , and the factor of safety from the distortion-energy theory is
1.33 ± 2% .

From Table A-20, Sy = 37.5 kpsi.

σA, σB = 
( -12.6 kpsi )  + ( 15 kpsi )

2
 ± 

( -12.6 kpsi )  - ( 15 kpsi )

2

2
 + (-8.5 kpsi)2 = 17.41 kpsi,  -15.01 kpsi

σ1 = 17.41 kpsi, σ2 = 0, σ3 =  -15.01 kpsi

According to MSS theory, σ1 − σ3 = Sy / n which gives n = 
Sy

σ1 − σ3

.

MSST

n = 
37.5 kpsi

17.41 kpsi − (-15.01 kpsi)
 = 1.16

DE

σ '  = √(-12.6 kpsi)2 − (-12.6 kpsi) × (15 kpsi) + (15 kpsi)2 + 3(-8.5 kpsi)2 = 28.1 kpsi

n = 
37.5 kpsi

28.1 kpsi
 = 1.33

√( )

( )



σx = -26.2 kpsi, σy = -26.2 kpsi, and τxy = -14 kpsi

The factor of safety from the maximum-shear-stress theory is 0.93 , and the factor of safety from the distortion-energy theory is 1.06 .

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.003.e -
case of extreme value
shear stress with no
zero value plane
stresses

Section: 05.04 Maximum-
Shear-Stress Theory for
Ductile Materials

σx = -26.2 kpsi, σy = -26.2 kpsi, and τxy = -14 kpsi

The factor of safety from the maximum-shear-stress theory is 0.93 ± 2% , and the factor of safety from the distortion-energy theory is
1.05 ± 2% .

From Table A-20, Sy = 37.5 kpsi.

σA, σB = 
(-26.2 kpsi) + (-26.2 kpsi)

2
 ± 

(-26.2 kpsi) - (-26.2 kpsi)

2

2
 + (-14 kpsi)2 = -12.2 kpsi,  -40.2 kpsi

σ1 = 0, σ2 = -12.2 kpsi, σ3 =  -40.2 kpsi

According to the MSS theory, σ1 − σ3 = Sy / n, which gives n = 
Sy

σ1 − σ3

.

MSST

n = 
37.5 kpsi

0 − (-40.2 kpsi)
 = 0.93

DE

σ '  = √(-26.2 kpsi)2 − (-26.2 kpsi) × (-26.2 kpsi) + (-26.2 kpsi)2 + 3(-14 kpsi)2 = 35.7 kpsi

n = 
37.5 kpsi

35.7 kpsi
 = 1.05

√( )

( )





σA = 29 kpsi, and σB = 29 kpsi

The factor of safety from the maximum-shear-stress theory is 1.62 , and the factor of safety from the distortion-energy theory is 1.62 . 

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.004.a -
case where normal
stresses are equal to
principal stresses

Section: 05.04 Maximum-
Shear-Stress Theory for
Ductile Materials

σA = 29 kpsi, and σB = 29 kpsi

The factor of safety from the maximum-shear-stress theory is 1.62 ± 2% , and the factor of safety from the distortion-energy theory is
1.62 ± 2% . 

From Table A-20, Sy = 47 kpsi.

σA = 29 kpsi, and σB = 29 kpsi

The ordered principle stresses are σ1 = 29 kpsi, σ2 = 29 kpsi, σ3 = 0.

For the maximum-shear-stress theory,

n = 
Sy

σ1 − σ3

 = 
47 kpsi

( 29 kpsi - 0 )
 = 1.62

For the distortion-energy theory,

n = 
Sy

σ '  = 
Sy

σ2
A − σAσB + σ2

B

 = 
47 kpsi

√ ( 29 kpsi ) 2 - ( 29 kpsi )  × ( 29 kpsi )  + ( 29 kpsi ) 2
 = 1.62

( )

√



σA = 29 kpsi, and σB = -32 kpsi

The factor of safety from the maximum-shear-stress theory is 0.77 , and the factor of safety from the distortion-energy theory is 0.89 . 

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.004.b -
case where normal
stresses are equal to
principal stresses

Section: 05.04 Maximum-
Shear-Stress Theory for
Ductile Materials

σA = 29 kpsi, and σB = -32 kpsi

The factor of safety from the maximum-shear-stress theory is 0.77 ± 2% , and the factor of safety from the distortion-energy theory is
0.89 ± 2% . 

From Table A-20, Sy = 47 kpsi.

σA = 29 kpsi, and σB = -32 kpsi

The ordered principle stresses are σ1 = 29 kpsi, σ2 = 0, σ3 = -32 kpsi.

For the maximum-shear-stress theory,

n = 
Sy

σ1 − σ3

 = 
47 kpsi

( 29 kpsi - (-32 kpsi) )
 = 0.77

For the distortion-energy theory,

n = 
Sy

σ '  = 
Sy

σ2
A − σAσB + σ2

B

 = 
47 kpsi

√ ( 29 kpsi ) 2 - ( 29 kpsi )  × (-32 kpsi) + (-32 kpsi)2
 = 0.89

( )

√



σA = 29 kpsi, and σB = 16.5 kpsi

The factor of safety from the maximum-shear-stress theory is 1.62 , and the factor of safety from distortion-energy theory is 1.87 . 

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.004.c -
case where normal
stresses are equal to
principal stresses

Section: 05.04 Maximum-
Shear-Stress Theory for
Ductile Materials

σA = 29 kpsi, and σB = 16.5 kpsi

The factor of safety from the maximum-shear-stress theory is 1.62 ± 2% , and the factor of safety from distortion-energy theory is 1.87 ± 2% . 

From Table A-20, Sy = 47 kpsi.

σA = 29 kpsi, and σB = 16.5 kpsi

The ordered principle stresses are σ1 = 29 kpsi, σ2 = 16.5 kpsi, σ3 = 0.

For the maximum-shear-stress theory,

n = 
Sy

σ1 − σ3

 = 
47 kpsi

( 29 kpsi - 0 )
 = 1.62

For the distortion-energy theory,

n = 
Sy

σ '  = 
Sy

σ2
A − σAσB + σ2

B

 = 
47 kpsi

√ ( 29 kpsi ) 2 - ( 29 kpsi )  × ( 16.5 kpsi )  + ( 16.5 kpsi ) 2
 = 1.87

( )

√



σA = -32 kpsi, and σB = -16 kpsi

The factor of safety from the maximum-shear-stress theory is 1.47 , and the factor of safety from the distortion-energy theory is 1.7 . 

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.004.d -
case where normal
stresses are equal to
principal stresses

Section: 05.04 Maximum-
Shear-Stress Theory for
Ductile Materials

σA = -32 kpsi, and σB = -16 kpsi

The factor of safety from the maximum-shear-stress theory is 1.47 ± 2% , and the factor of safety from the distortion-energy theory is
1.7 ± 2% . 

From Table A-20, Sy = 47 kpsi.

σA = -32 kpsi, and σB = -16 kpsi

The ordered principle stresses are σ1 = 0, σ2 = -16 kpsi, σ3 = -32 kpsi.

For the maximum-shear-stress theory,

n = 
Sy

σ1 − σ3

 = 
47 kpsi

( 0 - (-32 kpsi) )
 = 1.47

For the distortion-energy theory,

n = 
Sy

σ '  = 
Sy

σ2
A − σAσB + σ2

B

 = 
47 kpsi

√(-32 kpsi)2 - (-32 kpsi) × (-16 kpsi) + (-16 kpsi)2
 = 1.7

( )

√



σA = -49 kpsi, and σB = 9 kpsi

The factor of safety from the maximum-shear-stress theory is 0.81 , and the factor of safety from the distortion-energy theory is 0.87 . 

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.004.e -
case where normal
stresses are equal to
principal stresses

Section: 05.04 Maximum-
Shear-Stress Theory for
Ductile Materials

σA = -49 kpsi, and σB = 9 kpsi

The factor of safety from the maximum-shear-stress theory is 0.81 ± 2% , and the factor of safety from the distortion-energy theory is
0.87 ± 2% . 

From Table A-20, Sy = 47 kpsi.

σA = -49 kpsi, and σB = 9 kpsi

The ordered principle stresses are σ1 = 9 kpsi, σ2 = 0, σ3 = -49 kpsi.

For the maximum-shear-stress theory,

n = 
Sy

σ1 − σ3

 = 
47 kpsi

( 9 kpsi - (-49 kpsi) )
 = 0.81

For the distortion-energy theory,

n = 
Sy

σ '  = 
Sy

σ2
A − σAσB + σ2

B

 = 
47 kpsi

√(-49 kpsi)2 - (-49 kpsi) × (9 kpsi) + ( 9 kpsi ) 2
 = 0.87

( )

√
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σx = 27.5 kpsi, and σy = 16 kpsi

The factor of safety from the maximum-shear-stress theory is 1.36 , and the factor of safety from the distortion-energy theory is 1.56 .

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.003.a -
case where normal
stresses are equal to
principal stresses

Section: 05.04 Maximum-
Shear-Stress Theory for
Ductile Materials

σx = 27.5 kpsi, and σy = 16 kpsi

The factor of safety from the maximum-shear-stress theory is 1.3636 ± 2% , and the factor of safety from the distortion-energy theory is
1.5676 ± 2% .

From Table A-20, Sy = 37.5 kpsi.

According to the MSS theory, σ1 − σ3 = Sy / n, which gives n = 
Sy

σ1 − σ3

.

According to the DE theory, σ '  = σ2
A − σAσB + σ2

B
1 / 2

 = σ2
x − σxσy + σ2

y + 3τ2xy
1 / 2

, which gives n = 
Sy

σ '

MSST

σ1 = 27.5 kpsi, σ2 = 16 kpsi, and σ3 = 0

n = 
37.5 kpsi

27.5 kpsi − 0
 = 1.3636

DE

n = 
Sy

σ '  = 
Sy

σ2
A − σAσB + σ2

B

 = 
37.5 kpsi

√ ( 27.5 kpsi ) 2 - ( 27.5 kpsi )  × ( 16 kpsi )  + ( 16 kpsi ) 2
 = 1.5676

( )

( ) ( )

√



σx = 16 kpsi, and σy = -14.5 kpsi

The factor of safety from the maximum-shear-stress theory is 1.32 , and the factor of safety from the distortion-energy theory is 1.42 .

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.003.b -
case where normal
stresses are equal to
principal stresses

Section: 05.04 Maximum-
Shear-Stress Theory for
Ductile Materials

σx = 16 kpsi, and σy = -14.5 kpsi

The factor of safety from the maximum-shear-stress theory is 1.23 ± 2% , and the factor of safety from the distortion-energy theory is
1.42 ± 2% .

From Table A-20, Sy = 37.5 kpsi.

According to the MSS theory, σ1 − σ3 = Sy / n, which gives n = 
Sy

σ1 − σ3

.

According to the DE theory, σ '  = σ2
A − σAσB + σ2

B
1 / 2

 = σ2
x − σxσy + σ2

y + 3τ2xy
1 / 2

, which gives n = 
Sy

σ '

MSST 

σ1 = 16 kpsi, σ2 = 0, and σ3 = -14.5 kpsi

n = 
37.5 kpsi

16 kpsi − (-14.5 kpsi)
 = 1.23

DE

n = 
Sy

σ '  = 
Sy

σ2
A − σAσB + σ2

B

 = 
37.5 kpsi

√ ( 16 kpsi ) 2 - ( 16 kpsi )  × (-14.5 kpsi) + (-14.5 kpsi)2
 = 1.42

( )

( ) ( )

√



σx = 21 kpsi, and τxy = -10 kpsi

The factor of safety from the maximum-shear-stress theory is 1.2 , and the factor of safety from the distortion-energy theory is 1.38 .

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.003.c -
case of extreme value
shear stress with one
zero value plane stress

Section: 05.04 Maximum-
Shear-Stress Theory for
Ductile Materials

σx = 21 kpsi, and τxy = -10 kpsi

The factor of safety from the maximum-shear-stress theory is 1.29 ± 2% , and the factor of safety from the distortion-energy theory is
1.38 ± 2% .

From Table A-20, Sy = 37.5 kpsi.

σA, σB = 
21 kpsi

2
 ± 

21 kpsi

2

2
 + (-10 kpsi)2 = 25 kpsi,  -4 kpsi

σ1 = 25 kpsi, σ2 = 0, σ3 =  -4 kpsi

According to the MSS theory, σ1 − σ3 = Sy / n, which gives n = 
Sy

σ1 − σ3

.

MSST

n = 
37.5 kpsi

25 kpsi − (-4 kpsi)
 = 1.29

DE

σ '  = √(21 kpsi)2 + 3(-10 kpsi)2 = 27.22 kpsi

n = 
37.5 kpsi

27.22 kpsi
 = 1.38

√( )

( )



σx = -10.8 kpsi, σy = 16 kpsi, and τxy = -9.7 kpsi

The factor of safety from the maximum-shear-stress theory is 1.13 , and the factor of safety from the distortion-energy theory is 1.3 .

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.003.d -
case of extreme value
shear stress with no
zero value plane
stresses

Section: 05.04 Maximum-
Shear-Stress Theory for
Ductile Materials

σx = -10.8 kpsi, σy = 16 kpsi, and τxy = -9.7 kpsi

The factor of safety from the maximum-shear-stress theory is 1.13 ± 2% , and the factor of safety from the distortion-energy theory is
1.3 ± 2% .

From Table A-20, Sy = 37.5 kpsi.

σA, σB = 
( -10.8 kpsi )  + ( 16 kpsi )

2
 ± 

( -10.8 kpsi )  - ( 16 kpsi )

2

2
 + (-9.7 kpsi)2 = 19.14 kpsi,  -13.94 kpsi

σ1 = 19.14 kpsi, σ2 = 0, σ3 =  -13.94 kpsi

According to MSS theory, σ1 − σ3 = Sy / n which gives n = 
Sy

σ1 − σ3

.

MSST

n = 
37.5 kpsi

19.14 kpsi − (-13.94 kpsi)
 = 1.13

DE

σ '  = √(-10.8 kpsi)2 − (-10.8 kpsi) × (16 kpsi) + (16 kpsi)2 + 3(-9.7 kpsi)2 = 28.8 kpsi

n = 
37.5 kpsi

28.8 kpsi
 = 1.3

√( )

( )



σx = -25.2 kpsi, σy = -25.2 kpsi, and τxy = -14.5 kpsi

The factor of safety from the maximum-shear-stress theory is 0.94 , and the factor of safety from the distortion-energy theory is 1.05 .

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.003.e -
case of extreme value
shear stress with no
zero value plane
stresses

Section: 05.04 Maximum-
Shear-Stress Theory for
Ductile Materials

σx = -25.2 kpsi, σy = -25.2 kpsi, and τxy = -14.5 kpsi

The factor of safety from the maximum-shear-stress theory is 0.94 ± 2% , and the factor of safety from the distortion-energy theory is
1.05 ± 2% .

From Table A-20, Sy = 37.5 kpsi.

σA, σB = 
(-25.2 kpsi) + (-25.2 kpsi)

2
 ± 

(-25.2 kpsi) - (-25.2 kpsi)

2

2
 + (-14.5 kpsi)2 = -10.7 kpsi,  -39.7 kpsi

σ1 = 0, σ2 = -10.7 kpsi, σ3 =  -39.7 kpsi

According to the MSS theory, σ1 − σ3 = Sy / n, which gives n = 
Sy

σ1 − σ3

.

MSST

n = 
37.5 kpsi

0 − (-39.7 kpsi)
 = 0.94

DE

σ '  = √(-25.2 kpsi)2 − (-25.2 kpsi) × (-25.2 kpsi) + (-25.2 kpsi)2 + 3(-14.5 kpsi)2 = 35.58 kpsi

n = 
37.5 kpsi

35.58 kpsi
 = 1.05

√( )

( )





σA = 28 kpsi, and σB = 28 kpsi

The factor of safety from the maximum-shear-stress theory is 1.68 , and the factor of safety from the distortion-energy theory is 1.68 . 

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.004.a -
case where normal
stresses are equal to
principal stresses

Section: 05.04 Maximum-
Shear-Stress Theory for
Ductile Materials

σA = 28 kpsi, and σB = 28 kpsi

The factor of safety from the maximum-shear-stress theory is 1.68 ± 2% , and the factor of safety from the distortion-energy theory is
1.68 ± 2% . 

From Table A-20, Sy = 47 kpsi.

σA = 28 kpsi, and σB = 28 kpsi

The ordered principle stresses are σ1 = 28 kpsi, σ2 = 28 kpsi, σ3 = 0.

For the maximum-shear-stress theory,

n = 
Sy

σ1 − σ3

 = 
47 kpsi

( 28 kpsi - 0 )
 = 1.68

For the distortion-energy theory,

n = 
Sy

σ '  = 
Sy

σ2
A − σAσB + σ2

B

 = 
47 kpsi

√ ( 28 kpsi ) 2 - ( 28 kpsi )  × ( 28 kpsi )  + ( 28 kpsi ) 2
 = 1.68

( )

√



σA = 28 kpsi, and σB = -31 kpsi

The factor of safety from the maximum-shear-stress theory is 0.8 , and the factor of safety from the distortion-energy theory is 0.92 . 
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Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.004.b -
case where normal
stresses are equal to
principal stresses

Section: 05.04 Maximum-
Shear-Stress Theory for
Ductile Materials

σA = 28 kpsi, and σB = -31 kpsi

The factor of safety from the maximum-shear-stress theory is 0.8 ± 2% , and the factor of safety from the distortion-energy theory is
0.92 ± 2% . 

From Table A-20, Sy = 47 kpsi.

σA = 28 kpsi, and σB = -31 kpsi

The ordered principle stresses are σ1 = 28 kpsi, σ2 = 0, σ3 = -31 kpsi.

For the maximum-shear-stress theory,

n = 
Sy

σ1 − σ3

 = 
47 kpsi

( 28 kpsi - (-31 kpsi) )
 = 0.8

For the distortion-energy theory,

n = 
Sy

σ '  = 
Sy

σ2
A − σAσB + σ2

B

 = 
47 kpsi

√ ( 28 kpsi ) 2 - ( 28 kpsi )  × (-31 kpsi) + (-31 kpsi)2
 = 0.92

( )

√



σA = 28 kpsi, and σB = 15.5 kpsi

The factor of safety from the maximum-shear-stress theory is 1.68 , and the factor of safety from distortion-energy theory is 1.93 . 
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Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.004.c -
case where normal
stresses are equal to
principal stresses

Section: 05.04 Maximum-
Shear-Stress Theory for
Ductile Materials

σA = 28 kpsi, and σB = 15.5 kpsi

The factor of safety from the maximum-shear-stress theory is 1.68 ± 2% , and the factor of safety from distortion-energy theory is 1.93 ± 2% . 

From Table A-20, Sy = 47 kpsi.

σA = 28 kpsi, and σB = 15.5 kpsi

The ordered principle stresses are σ1 = 28 kpsi, σ2 = 15.5 kpsi, σ3 = 0.

For the maximum-shear-stress theory,

n = 
Sy

σ1 − σ3

 = 
47 kpsi

( 28 kpsi - 0 )
 = 1.68

For the distortion-energy theory,

n = 
Sy

σ '  = 
Sy

σ2
A − σAσB + σ2

B

 = 
47 kpsi

√ ( 28 kpsi ) 2 - ( 28 kpsi )  × ( 15.5 kpsi )  + ( 15.5 kpsi ) 2
 = 1.93

( )

√



σA = -31 kpsi, and σB = -14.5 kpsi

The factor of safety from the maximum-shear-stress theory is 1.52 , and the factor of safety from the distortion-energy theory is 1.75 . 
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Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.004.d -
case where normal
stresses are equal to
principal stresses

Section: 05.04 Maximum-
Shear-Stress Theory for
Ductile Materials

σA = -31 kpsi, and σB = -14.5 kpsi

The factor of safety from the maximum-shear-stress theory is 1.52 ± 2% , and the factor of safety from the distortion-energy theory is
1.75 ± 2% . 

From Table A-20, Sy = 47 kpsi.

σA = -31 kpsi, and σB = -14.5 kpsi

The ordered principle stresses are σ1 = 0, σ2 = -14.5 kpsi, σ3 = -31 kpsi.

For the maximum-shear-stress theory,

n = 
Sy

σ1 − σ3

 = 
47 kpsi

( 0 - (-31 kpsi) )
 = 1.52

For the distortion-energy theory,

n = 
Sy

σ '  = 
Sy

σ2
A − σAσB + σ2

B

 = 
47 kpsi

√(-31 kpsi)2 - (-31 kpsi) × (-14.5 kpsi) + (-14.5 kpsi)2
 = 1.75

( )

√



σA = -51 kpsi, and σB = 10 kpsi

The factor of safety from the maximum-shear-stress theory is 0.77 , and the factor of safety from the distortion-energy theory is 0.83 . 
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Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.004.e -
case where normal
stresses are equal to
principal stresses

Section: 05.04 Maximum-
Shear-Stress Theory for
Ductile Materials

σA = -51 kpsi, and σB = 10 kpsi

The factor of safety from the maximum-shear-stress theory is 0.77 ± 2% , and the factor of safety from the distortion-energy theory is
0.83 ± 2% . 

From Table A-20, Sy = 47 kpsi.

σA = -51 kpsi, and σB = 10 kpsi

The ordered principle stresses are σ1 = 10 kpsi, σ2 = 0, σ3 = -51 kpsi.

For the maximum-shear-stress theory,

n = 
Sy

σ1 − σ3

 = 
47 kpsi

( 10 kpsi - (-51 kpsi) )
 = 0.77

For the distortion-energy theory,

n = 
Sy

σ '  = 
Sy

σ2
A − σAσB + σ2

B

 = 
47 kpsi

√(-51 kpsi)2 - (-51 kpsi) × (10 kpsi) + ( 10 kpsi ) 2
 = 0.83

( )

√
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σx = 27 kpsi, and σy = 14.5 kpsi

The factor of safety from the maximum-shear-stress theory is 2.36 , and the factor of safety from the distortion-energy theory is 5.65 .

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.003.a -
case where normal
stresses are equal to
principal stresses

Section: 05.04 Maximum-
Shear-Stress Theory for
Ductile Materials

σx = 27 kpsi, and σy = 14.5 kpsi

The factor of safety from the maximum-shear-stress theory is 1.3889 ± 2% , and the factor of safety from the distortion-energy theory is
1.6023 ± 2% .

From Table A-20, Sy = 37.5 kpsi.

According to the MSS theory, σ1 − σ3 = Sy / n, which gives n = 
Sy

σ1 − σ3

.

According to the DE theory, σ '  = σ2
A − σAσB + σ2

B
1 / 2

 = σ2
x − σxσy + σ2

y + 3τ2xy
1 / 2

, which gives n = 
Sy

σ '

MSST

σ1 = 27 kpsi, σ2 = 14.5 kpsi, and σ3 = 0

n = 
37.5 kpsi

27 kpsi − 0
 = 1.3889

DE

n = 
Sy

σ '  = 
Sy

σ2
A − σAσB + σ2

B

 = 
37.5 kpsi

√ ( 27 kpsi ) 2 - ( 27 kpsi )  × ( 14.5 kpsi )  + ( 14.5 kpsi ) 2
 = 1.6023

( )

( ) ( )

√



σx = 14.5 kpsi, and σy = -15 kpsi

The factor of safety from the maximum-shear-stress theory is 4.4 , and the factor of safety from the distortion-energy theory is 2.5 .

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.003.b -
case where normal
stresses are equal to
principal stresses

Section: 05.04 Maximum-
Shear-Stress Theory for
Ductile Materials

σx = 14.5 kpsi, and σy = -15 kpsi

The factor of safety from the maximum-shear-stress theory is 1.27 ± 2% , and the factor of safety from the distortion-energy theory is
1.47 ± 2% .

From Table A-20, Sy = 37.5 kpsi.

According to the MSS theory, σ1 − σ3 = Sy / n, which gives n = 
Sy

σ1 − σ3

.

According to the DE theory, σ '  = σ2
A − σAσB + σ2

B
1 / 2

 = σ2
x − σxσy + σ2

y + 3τ2xy
1 / 2

, which gives n = 
Sy

σ '

MSST 

σ1 = 14.5 kpsi, σ2 = 0, and σ3 = -15 kpsi

n = 
37.5 kpsi

14.5 kpsi − (-15 kpsi)
 = 1.27

DE

n = 
Sy

σ '  = 
Sy

σ2
A − σAσB + σ2

B

 = 
37.5 kpsi

√ ( 14.5 kpsi ) 2 - ( 14.5 kpsi )  × (-15 kpsi) + (-15 kpsi)2
 = 1.47

( )

( ) ( )

√



σx = 21 kpsi, and τxy = -10 kpsi

The factor of safety from the maximum-shear-stress theory is 3.04 , and the factor of safety from the distortion-energy theory is 9.23 .
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Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.003.c -
case of extreme value
shear stress with one
zero value plane stress

Section: 05.04 Maximum-
Shear-Stress Theory for
Ductile Materials

σx = 21 kpsi, and τxy = -10 kpsi

The factor of safety from the maximum-shear-stress theory is 1.29 ± 2% , and the factor of safety from the distortion-energy theory is
1.38 ± 2% .

From Table A-20, Sy = 37.5 kpsi.

σA, σB = 
21 kpsi

2
 ± 

21 kpsi

2

2
 + (-10 kpsi)2 = 25 kpsi,  -4 kpsi

σ1 = 25 kpsi, σ2 = 0, σ3 =  -4 kpsi

According to the MSS theory, σ1 − σ3 = Sy / n, which gives n = 
Sy

σ1 − σ3

.

MSST

n = 
37.5 kpsi

25 kpsi − (-4 kpsi)
 = 1.29

DE

σ '  = √(21 kpsi)2 + 3(-10 kpsi)2 = 27.22 kpsi

n = 
37.5 kpsi

27.22 kpsi
 = 1.38

√( )

( )



σx = -11.6 kpsi, σy = 14.5 kpsi, and τxy = -8.6 kpsi

The factor of safety from the maximum-shear-stress theory is 3.27 , and the factor of safety from the distortion-energy theory is 3.64 .
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Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.003.d -
case of extreme value
shear stress with no
zero value plane
stresses

Section: 05.04 Maximum-
Shear-Stress Theory for
Ductile Materials

σx = -11.6 kpsi, σy = 14.5 kpsi, and τxy = -8.6 kpsi

The factor of safety from the maximum-shear-stress theory is 1.2 ± 2% , and the factor of safety from the distortion-energy theory is
1.38 ± 2% .

From Table A-20, Sy = 37.5 kpsi.

σA, σB = 
( -11.6 kpsi )  + ( 14.5 kpsi )

2
 ± 

( -11.6 kpsi )  - ( 14.5 kpsi )

2

2
 + (-8.6 kpsi)2 = 17.08 kpsi,  -14.18 kpsi

σ1 = 17.08 kpsi, σ2 = 0, σ3 =  -14.18 kpsi

According to MSS theory, σ1 − σ3 = Sy / n which gives n = 
Sy

σ1 − σ3

.

MSST

n = 
37.5 kpsi

17.08 kpsi − (-14.18 kpsi)
 = 1.2

DE

σ '  = √(-11.6 kpsi)2 − (-11.6 kpsi) × (14.5 kpsi) + (14.5 kpsi)2 + 3(-8.6 kpsi)2 = 27.1 kpsi

n = 
37.5 kpsi

27.1 kpsi
 = 1.38

√( )

( )



σx = -24.8 kpsi, σy = -24.8 kpsi, and τxy = -15 kpsi

The factor of safety from the maximum-shear-stress theory is 1.13 , and the factor of safety from the distortion-energy theory is 1.14 .

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.003.e -
case of extreme value
shear stress with no
zero value plane
stresses

Section: 05.04 Maximum-
Shear-Stress Theory for
Ductile Materials

σx = -24.8 kpsi, σy = -24.8 kpsi, and τxy = -15 kpsi

The factor of safety from the maximum-shear-stress theory is 0.94 ± 2% , and the factor of safety from the distortion-energy theory is
1.04 ± 2% .

From Table A-20, Sy = 37.5 kpsi.

σA, σB = 
(-24.8 kpsi) + (-24.8 kpsi)

2
 ± 

(-24.8 kpsi) - (-24.8 kpsi)

2

2
 + (-15 kpsi)2 = -9.8 kpsi,  -39.8 kpsi

σ1 = 0, σ2 = -9.8 kpsi, σ3 =  -39.8 kpsi

According to the MSS theory, σ1 − σ3 = Sy / n, which gives n = 
Sy

σ1 − σ3

.

MSST

n = 
37.5 kpsi

0 − (-39.8 kpsi)
 = 0.94

DE

σ '  = √(-24.8 kpsi)2 − (-24.8 kpsi) × (-24.8 kpsi) + (-24.8 kpsi)2 + 3(-15 kpsi)2 = 35.92 kpsi

n = 
37.5 kpsi

35.92 kpsi
 = 1.04

√( )

( )





σA = 31 kpsi, and σB = 31 kpsi

The factor of safety from the maximum-shear-stress theory is 1.52 , and the factor of safety from the distortion-energy theory is 1.52 . 

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.004.a -
case where normal
stresses are equal to
principal stresses

Section: 05.04 Maximum-
Shear-Stress Theory for
Ductile Materials

σA = 31 kpsi, and σB = 31 kpsi

The factor of safety from the maximum-shear-stress theory is 1.52 ± 2% , and the factor of safety from the distortion-energy theory is
1.52 ± 2% . 

From Table A-20, Sy = 47 kpsi.

σA = 31 kpsi, and σB = 31 kpsi

The ordered principle stresses are σ1 = 31 kpsi, σ2 = 31 kpsi, σ3 = 0.

For the maximum-shear-stress theory,

n = 
Sy

σ1 − σ3

 = 
47 kpsi

( 31 kpsi - 0 )
 = 1.52

For the distortion-energy theory,

n = 
Sy

σ '  = 
Sy

σ2
A − σAσB + σ2

B

 = 
47 kpsi

√ ( 31 kpsi ) 2 - ( 31 kpsi )  × ( 31 kpsi )  + ( 31 kpsi ) 2
 = 1.52

( )

√



σA = 31 kpsi, and σB = -31 kpsi

The factor of safety from the maximum-shear-stress theory is 0.76 , and the factor of safety from the distortion-energy theory is 0.77 . 
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Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.004.b -
case where normal
stresses are equal to
principal stresses

Section: 05.04 Maximum-
Shear-Stress Theory for
Ductile Materials

σA = 31 kpsi, and σB = -31 kpsi

The factor of safety from the maximum-shear-stress theory is 0.76 ± 2% , and the factor of safety from the distortion-energy theory is
0.88 ± 2% . 

From Table A-20, Sy = 47 kpsi.

σA = 31 kpsi, and σB = -31 kpsi

The ordered principle stresses are σ1 = 31 kpsi, σ2 = 0, σ3 = -31 kpsi.

For the maximum-shear-stress theory,

n = 
Sy

σ1 − σ3

 = 
47 kpsi

( 31 kpsi - (-31 kpsi) )
 = 0.76

For the distortion-energy theory,

n = 
Sy

σ '  = 
Sy

σ2
A − σAσB + σ2

B

 = 
47 kpsi

√ ( 31 kpsi ) 2 - ( 31 kpsi )  × (-31 kpsi) + (-31 kpsi)2
 = 0.88

( )

√



σA = 31 kpsi, and σB = 16 kpsi

The factor of safety from the maximum-shear-stress theory is 1.52 , and the factor of safety from distortion-energy theory is 4.44 . 

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.004.c -
case where normal
stresses are equal to
principal stresses

Section: 05.04 Maximum-
Shear-Stress Theory for
Ductile Materials

σA = 31 kpsi, and σB = 16 kpsi

The factor of safety from the maximum-shear-stress theory is 1.52 ± 2% , and the factor of safety from distortion-energy theory is 1.75 ± 2% . 

From Table A-20, Sy = 47 kpsi.

σA = 31 kpsi, and σB = 16 kpsi

The ordered principle stresses are σ1 = 31 kpsi, σ2 = 16 kpsi, σ3 = 0.

For the maximum-shear-stress theory,

n = 
Sy

σ1 − σ3

 = 
47 kpsi

( 31 kpsi - 0 )
 = 1.52

For the distortion-energy theory,

n = 
Sy

σ '  = 
Sy

σ2
A − σAσB + σ2

B

 = 
47 kpsi

√ ( 31 kpsi ) 2 - ( 31 kpsi )  × ( 16 kpsi )  + ( 16 kpsi ) 2
 = 1.75

( )

√



σA = -31 kpsi, and σB = -16 kpsi

The factor of safety from the maximum-shear-stress theory is 1.52 , and the factor of safety from the distortion-energy theory is 1.75 . 

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.004.d -
case where normal
stresses are equal to
principal stresses

Section: 05.04 Maximum-
Shear-Stress Theory for
Ductile Materials

σA = -31 kpsi, and σB = -16 kpsi

The factor of safety from the maximum-shear-stress theory is 1.52 ± 2% , and the factor of safety from the distortion-energy theory is
1.75 ± 2% . 

From Table A-20, Sy = 47 kpsi.

σA = -31 kpsi, and σB = -16 kpsi

The ordered principle stresses are σ1 = 0, σ2 = -16 kpsi, σ3 = -31 kpsi.

For the maximum-shear-stress theory,

n = 
Sy

σ1 − σ3

 = 
47 kpsi

( 0 - (-31 kpsi) )
 = 1.52

For the distortion-energy theory,

n = 
Sy

σ '  = 
Sy

σ2
A − σAσB + σ2

B

 = 
47 kpsi

√(-31 kpsi)2 - (-31 kpsi) × (-16 kpsi) + (-16 kpsi)2
 = 1.75

( )

√



σA = -46 kpsi, and σB = 11 kpsi

The factor of safety from the maximum-shear-stress theory is 0.83 , and the factor of safety from the distortion-energy theory is 6.05 . 
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Problem 05.004.e -
case where normal
stresses are equal to
principal stresses

Section: 05.04 Maximum-
Shear-Stress Theory for
Ductile Materials

σA = -46 kpsi, and σB = 11 kpsi

The factor of safety from the maximum-shear-stress theory is 0.82 ± 2% , and the factor of safety from the distortion-energy theory is
0.9 ± 2% . 

From Table A-20, Sy = 47 kpsi.

σA = -46 kpsi, and σB = 11 kpsi

The ordered principle stresses are σ1 = 11 kpsi, σ2 = 0, σ3 = -46 kpsi.

For the maximum-shear-stress theory,

n = 
Sy

σ1 − σ3

 = 
47 kpsi

( 11 kpsi - (-46 kpsi) )
 = 0.82

For the distortion-energy theory,

n = 
Sy

σ '  = 
Sy

σ2
A − σAσB + σ2

B

 = 
47 kpsi

√(-46 kpsi)2 - (-46 kpsi) × (11 kpsi) + ( 11 kpsi ) 2
 = 0.9

( )

√



MACHINE DESIGN I  
FALL 2021 

HOMEWORK 10 

TOPICS COVERED IN HOMEWORK 10 

 Chapter 5. Failure Theory: Problems 5-36, 5-49, 5-60, 5-64



MACHINE DESIGN I  
FALL 2021 

SAMPLE HOMEWORK QUESTIONS,  
SOLUTION,  AND GRADING SCHEME 



What is the value of the axial stress at point A? 

The value of the axial stress at point A is 22.636 ± 2%  MPa.

There is no bending stress due to F at A because point A lies on the neutral axis of F.

The axial stress at A is

A = 
π

4

15 mm

1000 mm

m

1

2
 = 1. 7671 × 10 -4 m2

σx = 
P

A

σx = 
4 kN × 1000

1 . 7671 × 10 -4 m2

1

106 MPa

σx = 22.636 MPa

The value of the axial stress at point A is 22.636 MPa.
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What is the value of the shear stress at point A? 

The value of the shear stress at point A is 33.576 ± 2%  MPa.

There are two sources of shear stress at point A.

Transverse shear has a value of

τxz1
 = 

4

3

0.55 kN × 1000

A

and shear due to torsion has a value of

τxz2
 = 

Tr

J
 =

25 Nꞏm × 
15 mm

2000 mm
 × 32

π
15 mm

1000 mm

4

The total shear stress at point A is

xz = τxz2
 - τxz1

 =
16T

πd3  - 
4F

3A

τxz = τxz2
 - τxz1

 = 
16 × 25 Nꞏm

π
15 mm

1000 mm

3
 - 

4

3

0.55 kN × 1000

1 . 7671 × 10 -4 m2

1

106
 MPa

τxz = 33.576 MPa

The value of the shear stress at point A is 33.576 MPa .

References

Numeric Response Problem 05.036.b - calculation of shear stress Difficulty: Medium

Determine the value of the von Mises stress at point A. 

The von Mises stress at point A is 62.4049 ± 2%  MPa.

σ' = σ2
x + 3ζ2

xy

σ' = √(22.636 MPa)2 + 3(33.5757 MPa)2

σ' = 62.4049 MPa

The von Mises stress at point A is 62.4049 MPa .

References
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Determine the factor of safety, using DET, at point A. 

The factor of safety, using DET, at point A is 4.487 ± 2% .

σx =
P

A

σx = 
4 kN × 1000

1 . 7671 × 10 -4 m2

1

106 MPa

σx = 22.636 MPa

xz = τxz2
 - τxz1

 = 
16T

πd3  - 
4F

3A

τxz = τxz2
 - τxz1

 = 
16 × 25 Nꞏm

π
15 mm

1000 mm

3
 - 

4

3

0.55 kN × 1000

1 . 7671 × 10 -4 m2

1

106
 MPa

τxz = 33.576 MPa

σ' = σ2
x + 3ζ2

xy

σ' = √(22.636 MPa)2 + 3(33.5757 MPa)2

σ' = 62.4049 MPa

nA = 
Sy

σ '
 = 

280 MPa

62.405 MPa

nA = 4.487

The factor of safety, using DET, at point A is 4.487.
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safety

Difficulty: Medium
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Determine the value of the axial stress at point B. 

The value of the axial stress at point B is 188.629 ± 2%  MPa.

F causes point B to be in tension due to the bending moment it causes and P puts the entire cross section in tension.

The axial stress at B is

σx = 
P

A
 + 

Mc

I

c = 
d

2
 = 

0 . 015 m

2

c = 7. 5 × 10 - 3 m

I = 
π

64
d4

I = 
π

64
(0. 015 m)4

I = 2. 485 × 10 - 9 m

M = Fl = 0.55 kN × 0. 1 m

M = 0.055 kNꞏm

A = 
π

4

15 mm

1000 mm

m

1

2
 = 1. 7671 × 10 -4 m2

σx = 
4 kN × 1000

A
 + 

( 0.55 kN × 1000 × 0 . 1 ) c

I

1

( 10 ) 6  MPa

σx = 
4 kN × 1000

1 . 7671 × 10 -4 m2 + 
(0.55 kN × 1000 × 0 . 1 )  × 7 . 5 × 10 -3 m

2 . 485 × 10 -9 m

1

( 10 ) 6  MPa

σx = 188.629 MPa

The value of the axial stress at point B is 188.629 MPa.
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Determine the value of the shear stress at point B. 

The value of the shear stress at point B is 37.726 ± 2%  MPa.

The only source of shear stress at point B is due to torsion:

τxy = 
Tr

J
 = 

25 Nꞏm × 32 × 
15 mm

2000 mm

π
15 mm

1000 mm

4
 × 

1

106  MPa

τxy = 37.726 MPa

The value of the shear stress at point B is 37.726 MPa .
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Determine the value of the von Mises stress at point B. 

The value of the von Mises stress at point B is 198.159 ± 2%  MPa.

The principal stresses are (where S2 is 0.0)

σ1 = 
σx + σy

2
 + 

σx - σy

2

2

 + τ2xy

σ1 = 
σx

2
 + 

σx

2

2

 + τ2xy MPa

σ1 = 
188.63 MPa

2
 + 

188.63 MPa

2

2
 + (33.58 MPa)2

σ1 = 188.629 MPa

σ3 = 
σx + σy

2
 - 

σx - σy

2

2

 + τ2xy

σ3 = 
σx

2
 - 

σx

2

2

 + τ2xy MPa

σ3 = 
188.63 MPa

2
 - 

188.63 MPa

2

2
 + (37.7256 MPa)2

σ3 = -7.265269 MPa

The von Mises stress at point B is

σ' = σ2
1 + σ2

3 - σ1σ3 MPa

σ' = √(188.629 MPa)2 + (-7.265269 MPa)2 - (188.629 MPa)(-7.265269 MPa)

σ' = 198.159 MPa

The value of the von Mises stress at point B is 198.159 MPa.
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Determine the factor of safety, using DET, at point B.

The factor of safety, using DET, at point B is 1.413 ± 2% .

nB = 
Sy

σ '
 = 

280 MPa

198.159 MPa

nB = 1.413

The factor of safety, using DET, at point B is 1.413.
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Determine the minimum diameter, d, for the rod that will achieve a minimum static factor of safety of 2 using the maximum-shear-stress failure theory.

The minimum diameter is 20.3894 ± 2%  mm.

Given: ny = 2, L = 0.5 m, F = 150 N, and T = 25 Nꞏm.

From Table A-20, Sy = 190 MPa.

Mz = FL = 150 N × 0.5 m = 75 Nꞏm

σ =
32Mz

πd3 =
32 ( 75 Nꞏm )

πd3 =
2400 Nꞏm

πd3

τ =
16T

πd3 =
16 (25 Nꞏm)

πd3

τ =
400 Nꞏm

πd3

τmax =
σ

2

2
+ τ2

τmax =
1200 Nꞏm

πd3

2
+

400 Nꞏm

πd3

2

τmax =
402.63 Nꞏm

d3 =
Sy

2n
=

190 106  Pa

2 (2 )

d =
4 ( 402.63 Nꞏm )

190 106  Pa

1 / 3
= 0.0204   m = 20.3894   mm

The minimum diameter is 20.3894 mm.
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Determine the minimum diameter, d, for the rod that will achieve a minimum static factor of safety of 2 using the distortion-energy theory.

The minimum diameter is 20.3036 ± 2%  mm.

Given: ny = 2, L = 0.5 m, F = 150 N, and T = 25 Nꞏm.

From Table A-20, Sy = 190 MPa.

Mz = FL = 150 N × 0.5 m = 75 Nꞏm

σ =
32Mz

πd3 =
32 ( 75 Nꞏm )

πd3 =
2400 Nꞏm

πd3

τ =
16T

πd3 =
16 (25 Nꞏm)

πd3

τ =
400 Nꞏm

πd3

σ ' = σ2 + 3τ2 1 / 2

σ ' =
2400 Nꞏm

πd3

2
+ 3

400 Nꞏm

πd3

2 1 / 2

=
795.14 Nꞏm

d3 =
Sy

ny
=

190 106  Pa

2

d =
2 ( 795.14 Nꞏm )

190 106  Pa

1

3 = 0.0203 m = 20.3036 mm

The minimum diameter is 20.3036 mm.
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Determine the minimum factor of safety for yielding. Use both the maximum-shear-stress theory and the distortion-energy theory and compare the results. The material is 1018 CD steel. σ1 = 25 ksi, σ2 = -2.0506 ksi,
and τmax = 13.4972 ksi.

The minimum factor of safety for yielding using maximum-shear-stress theory is 2.0004 ± 2% .

The minimum factor of safety for yielding using distortion-energy theory is 2.0701 ± 2% .

Maximum-Shear-Stress Theory

From Table A-20, Sy = 54 ksi or 370 MPa.

The state of stress is plane stress. Thus, the three-dimensional principal stresses are

σ1 = 25 ksi

σ2 = 0

From Figure 3-12 and Eq. (5-1),

τmax =
σ1-σ3

2

σ3 = σ1 - 2τmax

σ3 = (25 ksi) - 2(13.4972 ksi)

σ3 = -1.9943 ksi

The minimum factor of safety for yielding is found from Eq. (5-3):

n =
Sy

σ1-σ3

n =
54 ksi

( 25 ksi ) - ( -1.9943 ksi )

n = 2.0004

Distortion-Energy Theory

The minimum factor of safety for yielding is found from Eq. (5-19) with σ' found using Eq. (5-13):

n =
Sy

σ '

n =
Sy

σ2
1-σ1σ2+σ2

2
1/ 2

n =
54 ksi

( 25 ksi ) 2 - ( 25 ksi ) ( -2.0506 ksi ) + ( -2.0506 ksi ) 2 1 / 2

n = 2.0701

The minimum factor of safety for yielding using maximum-shear-stress theory is 2.0004.

The minimum factor of safety for yielding using distortion-energy theory is 2.0701.
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Determine the minimum factor of safety for yielding. Use both the maximum-shear-stress theory and the distortion-energy theory and compare the results. The material is 1018 CD steel. σ1 = 15 ksi, σ2 = -2.8963 ksi,
and τmax = 8.9481 ksi.

The minimum factor of safety for yielding using maximum-shear-stress theory is 3.0174 ± 2% .

The minimum factor of safety for yielding using distortion-energy theory is 3.2455 ± 2% .

Maximum-Shear-Stress Theory

From Table A-20, Sy = 54 ksi or 370 MPa.

The state of stress is plane stress. Thus, the three-dimensional principal stresses are

σ1 = 15 ksi

σ2 = 0

From Figure 3-12 and Eq. (5-1),

τmax =
σ1-σ3

2

σ3 = σ1 - 2τmax

σ3 = (15 ksi) - 2(8.9481 ksi)

σ3 = -2.8962 ksi

The minimum factor of safety for yielding is found from Eq. (5-3):

n =
Sy

σ1-σ3

n =
54 ksi

( 15 ksi ) - ( -2.8962 ksi )

n = 3.0174

Distortion-Energy Theory

The minimum factor of safety for yielding is found from Eq. (5-19) with σ' found using Eq. (5-13):

n =
Sy

σ '

n =
Sy

σ2
1-σ1σ2+σ2

2
1/ 2

n =
54 ksi

( 15 ksi ) 2 - ( 15 ksi ) ( -2.8963 ksi ) + ( -2.8963 ksi ) 2 1 / 2

n = 3.2455

The minimum factor of safety for yielding using maximum-shear-stress theory is 3.0174.

The minimum factor of safety for yielding using distortion-energy theory is 3.2455.
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What is the value of the axial stress at point A? 

The value of the axial stress at point A is 22.63  MPa.

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.036.a -
calculation of axial
stress

Section: 05.05 Distortion-
Energy Theory for Ductile
Materials

What is the value of the axial stress at point A? 

The value of the axial stress at point A is 22.636 ± 2%  MPa.

There is no bending stress due to F at A because point A lies on the neutral axis of F.

The axial stress at A is

A = 
π

4

15 mm

1000 mm

m

1

2
 = 1. 7671 × 10 - 4 m2

σx = 
P

A

σx = 
4 kN × 1000

1 . 7671 × 10 -4 m2

1

106 MPa

σx = 22.636 MPa

(( ) )

( )



What is the value of the shear stress at point A? 

The value of the shear stress at point A is 33.5  MPa.

References
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calculation of shear
stress

Section: 05.05 Distortion-
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What is the value of the shear stress at point A? 

The value of the shear stress at point A is 33.576 ± 2%  MPa.

There are two sources of shear stress at point A.

Transverse shear has a value of

τxz1
 = 

4

3

0.55 kN × 1000

A

and shear due to torsion has a value of

τxz2
 = 

Tr

J
 = 

25 Nꞏm × 
15 mm

2000 mm
 × 32

π
15 mm

1000 mm

4

The total shear stress at point A is

xz = τxz2
 - τxz1

 = 
16T

πd3  - 
4F

3A

( )

( )
( )

( )



τxz = τxz2
 - τxz1

 = 
16 × 25 Nꞏm

π
15 mm

1000 mm

3
 - 

4

3

0.55 kN × 1000

1 . 7671 × 10 -4 m2

1

106
 MPa

τxz = 33.576 MPa

Determine the value of the von Mises stress at point A. 

The von Mises stress at point A is 62.4  MPa.

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.036.c -
calculation of Von
Mises stress

Section: 05.05 Distortion-
Energy Theory for Ductile
Materials

Determine the value of the von Mises stress at point A. 

The von Mises stress at point A is 62.4049 ± 2%  MPa.

σ' = σ2
x + 3ζ2

xy

σ' = √(22.636 MPa)2 + 3(33.5757 MPa)2

σ' = 62.4049 MPa

( ( ) ( )) ( )

√



Determine the factor of safety, using DET, at point A. 

The factor of safety, using DET, at point A is 4.487 .
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Problem 05.036.d -
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Determine the factor of safety, using DET, at point A. 

The factor of safety, using DET, at point A is 4.487 ± 2% .

σx =
P

A

σx = 
4 kN × 1000

1 . 7671 × 10 -4 m2

1

106 MPa

σx = 22.636 MPa

xz = τxz2
 - τxz1

 = 
16T

πd3  - 
4F

3A

τxz = τxz2
 - τxz1

 = 
16 × 25 Nꞏm

π
15 mm

1000 mm

3
 - 

4

3

0.55 kN × 1000

1 . 7671 × 10 -4 m2

1

106
 MPa

τxz = 33.576 MPa

σ' = σ2
x + 3ζ2

xy

( )

( )

( ( ) ( )) ( )

√



σ' = √(22.636 MPa)2 + 3(33.5757 MPa)2

σ' = 62.4049 MPa

nA = 
Sy

σ '
 = 

280 MPa

62.405 MPa

nA = 4.487



Determine the value of the axial stress at point B. 

The value of the axial stress at point B is 188.629  MPa.
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Determine the value of the axial stress at point B. 

The value of the axial stress at point B is 188.629 ± 2%  MPa.

F causes point B to be in tension due to the bending moment it causes and P puts the entire cross section in tension.

The axial stress at B is

σx = 
P

A
 + 

Mc

I

c = 
d

2
 = 

0 . 015 m

2

c = 7. 5 × 10 - 3 m

I = 
π

64
d4

I = 
π

64
(0. 015 m)4

I = 2. 485 × 10 - 9 m

M = Fl = 0.55 kN × 0. 1 m



M = 0.055 kNꞏm

A = 
π

4

15 mm

1000 mm

m

1

2
 = 1. 7671 × 10 - 4 m2

σx = 
4 kN × 1000

A
 + 

( 0.55 kN × 1000 × 0 . 1 ) c

I

1

( 10 ) 6  MPa

σx = 
4 kN × 1000

1 . 7671 × 10 -4 m2 + 
( 0.55 kN × 1000 × 0 . 1 )  × 7 . 5 × 10 -3 m

2 . 485 × 10 -9 m

1

( 10 ) 6  MPa

σx = 188.629 MPa

(( ) )

( )

( )



Determine the value of the shear stress at point B. 

The value of the shear stress at point B is 37.726  MPa.
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Determine the value of the shear stress at point B. 

The value of the shear stress at point B is 37.726 ± 2%  MPa.

The only source of shear stress at point B is due to torsion:

τxy = 
Tr

J
 = 

25 Nꞏm × 32 × 
15 mm

2000 mm

π
15 mm

1000 mm

4
 × 

1

106 MPa

τxy = 37.726 MPa

( )
( )



Determine the value of the von Mises stress at point B. 

The value of the von Mises stress at point B is 199.626  MPa.
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Determine the value of the von Mises stress at point B. 

The value of the von Mises stress at point B is 199.626 ± 2%  MPa.

The principal stresses are (where S2 is 0.0)

σ1 = 
σx + σy

2
 + 

σx - σy

2

2

 + τ2xy

σ1 = 
σx

2
 + 

σx

2

2

 + τ2
xy MPa

σ1 = 
188.63 MPa

2
 + 

188.63 MPa

2

2
 + (37.73 MPa)2

σ1 = 195.894 MPa

σ3 = 
σx + σy

2
 - 

σx - σy

2

2

 + τ2xy

√( )

√( )

√( )

√( )



σ3 = 
σx

2
 - 

σx

2

2

 + τ2xy MPa

σ3 = 
188.63 MPa

2
 - 

188.63 MPa

2

2
 + (37.7256 MPa)2

σ3 = -7.265269 MPa

The von Mises stress at point B is

σ' = σ2
1 + σ2

3 - σ1σ3 MPa

σ' = √(195.894 MPa)2 + (-7.265269 MPa)2 - (195.894 MPa)(-7.265269 MPa)

σ' = 199.626 MPa

√( )

√( )

√



Determine the factor of safety, using DET, at point B.

The factor of safety, using DET, at point B is 1.403 .
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Determine the factor of safety, using DET, at point B.

The factor of safety, using DET, at point B is 1.403 ± 2% .

nB = 
Sy

σ '
 = 

280 MPa

199.626 MPa

nB = 1.403





Determine the minimum diameter, d, for the rod that will achieve a minimum static factor of safety of 2 using the maximum-shear-stress failure
theory.

The minimum diameter is 19.72  mm.

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.049.a Section: 05.03 Failure
Theories

Determine the minimum diameter, d, for the rod that will achieve a minimum static factor of safety of 2 using the maximum-shear-stress failure
theory.

The minimum diameter is 19.7204 ± 2%  mm.

Given: ny = 2, L = 0.5 m, F = 150 N, and T = 25 Nꞏm.

From Table A-20, Sy = 210 MPa.

Mz = FL = 150 N × 0.5 m = 75 Nꞏm

σ =
32Mz

πd3 =
32 ( 75 Nꞏm )

πd3 =
2400 Nꞏm

πd3

τ =
16T

πd3 =
16 ( 25 Nꞏm )

πd3

τ =
400 Nꞏm

πd3

τmax =
σ

2

2
+ τ2

τmax =
1200 Nꞏm

πd3

2
+

400 Nꞏm

πd3

2

√( )

√( ) ( )



τmax =
402.63 Nꞏm

d3 =
Sy

2n
=

210 106  Pa

2 ( 2 )

d =
4 ( 402.63 Nꞏm )

210 106  Pa

1 / 3
= 0.0197   m = 19.7204   mm

( )

( ( ) )



Determine the minimum diameter, d, for the rod that will achieve a minimum static factor of safety of 2 using the distortion-energy theory.

The minimum diameter is 19.63  mm.

References
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from Static Loading

Problem 05.049.b Section: 05.03 Failure
Theories

Determine the minimum diameter, d, for the rod that will achieve a minimum static factor of safety of 2 using the distortion-energy theory.

The minimum diameter is 19.6374 ± 2%  mm.

Given: ny = 2, L = 0.5 m, F = 150 N, and T = 25 Nꞏm.

From Table A-20, Sy = 210 MPa.

Mz = FL = 150 N × 0.5 m = 75 Nꞏm

σ =
32Mz

πd3 =
32 ( 75 Nꞏm )

πd3 =
2400 Nꞏm

πd3

τ =
16T

πd3 =
16 ( 25 Nꞏm )

πd3

τ =
400 Nꞏm

πd3

σ ' = σ2 + 3τ2 1 / 2

σ ' =
2400 Nꞏm

πd3

2
+ 3

400 Nꞏm

πd3

2 1 / 2

=
795.14 Nꞏm

d3 =
Sy

ny
=

210 106  Pa

2

d =
2 ( 795.14 Nꞏm )

210 106  Pa

1

3 = 0.0196 m = 19.6374 mm

( )

(( ) ( ) ) ( )

( ( ) )



Determine the minimum factor of safety for yielding. Use both the maximum-shear-stress theory and the distortion-energy theory and compare the
results. The material is 1018 CD steel. σ1 = 15 ksi, σ2 = -1.2303 ksi, and τmax = 8.0983 ksi.

The minimum factor of safety for yielding using maximum-shear-stress theory is 3.334 .

The minimum factor of safety for yielding using distortion-energy theory is 3.4502 .
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Problem 05.060-
Determination of factor
of safety using
Maximum Shear Stress
and Distortion Energy
Theory for Ductile
Materials

Section: 05.05 Distortion-
Energy Theory for Ductile
Materials

Determine the minimum factor of safety for yielding. Use both the maximum-shear-stress theory and the distortion-energy theory and compare the
results. The material is 1018 CD steel. σ1 = 15 ksi, σ2 = -1.2303 ksi, and τmax = 8.0983 ksi.

The minimum factor of safety for yielding using maximum-shear-stress theory is 3.334 ± 2% .

The minimum factor of safety for yielding using distortion-energy theory is 3.4502 ± 2% .

Maximum-Shear-Stress Theory

From Table A-20, Sy = 54 ksi or 370 MPa.

The state of stress is plane stress. Thus, the three-dimensional principal stresses are

σ1 = 15 ksi



σ2 = 0

From Figure 3-12 and Eq. (5-1),

τmax =
σ1-σ3

2

σ3 = σ1 - 2τmax

σ3 = (15 ksi) - 2(8.0983 ksi)

σ3 = -1.1966 ksi

The minimum factor of safety for yielding is found from Eq. (5-3):

n =
Sy

σ1-σ3

n =
54 ksi

( 15 ksi ) - ( -1.1966 ksi )

n = 3.334

Distortion-Energy Theory

The minimum factor of safety for yielding is found from Eq. (5-19) with σ' found using Eq. (5-13):

n =
Sy

σ '

n =
Sy

σ2
1 -σ1σ2+σ2

2
1/ 2

n =
54 ksi

( 15 ksi ) 2 - ( 15 ksi ) ( -1.2303 ksi ) + ( -1.2303 ksi ) 2 1/ 2

n = 3.4502

( )

( )



Determine the minimum factor of safety for yielding. Use both the maximum-shear-stress theory and the distortion-energy theory and compare the
results. The material is 1018 CD steel. σ1 = 25 ksi, σ2 = -4.8271 ksi, and τmax = 14.9135 ksi.

The minimum factor of safety for yielding using maximum-shear-stress theory is 1.8104 .

The minimum factor of safety for yielding using distortion-energy theory is 1.9473 .
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Determine the minimum factor of safety for yielding. Use both the maximum-shear-stress theory and the distortion-energy theory and compare the
results. The material is 1018 CD steel. σ1 = 25 ksi, σ2 = -4.8271 ksi, and τmax = 14.9135 ksi.

The minimum factor of safety for yielding using maximum-shear-stress theory is 1.8104 ± 2% .

The minimum factor of safety for yielding using distortion-energy theory is 1.9473 ± 2% .

Maximum-Shear-Stress Theory

From Table A-20, Sy = 54 ksi or 370 MPa.

The state of stress is plane stress. Thus, the three-dimensional principal stresses are

σ1 = 25 ksi



σ2 = 0

From Figure 3-12 and Eq. (5-1),

τmax =
σ1-σ3

2

σ3 = σ1 - 2τmax

σ3 = (25 ksi) - 2(14.9135 ksi)

σ3 = -4.8271 ksi

The minimum factor of safety for yielding is found from Eq. (5-3):

n =
Sy

σ1-σ3

n =
54 ksi

( 25 ksi ) - ( -4.8271 ksi )

n = 1.8104

Distortion-Energy Theory

The minimum factor of safety for yielding is found from Eq. (5-19) with σ' found using Eq. (5-13):

n =
Sy

σ '

n =
Sy

σ2
1 -σ1σ2+σ2

2
1/ 2

n =
54 ksi

( 25 ksi ) 2 - ( 25 ksi ) ( -4.8271 ksi ) + ( -4.8271 ksi ) 2 1/ 2

n = 1.9473

( )

( )
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What is the value of the axial stress at point A? 

The value of the axial stress at point A is 22.63  MPa.

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.036.a -
calculation of axial
stress

Section: 05.05 Distortion-
Energy Theory for Ductile
Materials

What is the value of the axial stress at point A? 

The value of the axial stress at point A is 22.636 ± 2%  MPa.

There is no bending stress due to F at A because point A lies on the neutral axis of F.

The axial stress at A is

A = 
π

4

15 mm

1000 mm

m

1

2
 = 1. 7671 × 10 - 4 m2

σx = 
P

A

σx = 
4 kN × 1000

1 . 7671 × 10 -4 m2

1

106 MPa

σx = 22.636 MPa

(( ) )

( )



What is the value of the shear stress at point A? 

The value of the shear stress at point A is 33.576  MPa.

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.036.b -
calculation of shear
stress

Section: 05.05 Distortion-
Energy Theory for Ductile
Materials

What is the value of the shear stress at point A? 

The value of the shear stress at point A is 33.576 ± 2%  MPa.

There are two sources of shear stress at point A.

Transverse shear has a value of

τxz1
 = 

4

3

0.55 kN × 1000

A

and shear due to torsion has a value of

τxz2
 = 

Tr

J
 = 

25 Nꞏm × 
15 mm

2000 mm
 × 32

π
15 mm

1000 mm

4

The total shear stress at point A is

xz = τxz2
 - τxz1

 = 
16T

πd3  - 
4F

3A

( )

( )
( )

( )



τxz = τxz2
 - τxz1

 = 
16 × 25 Nꞏm

π
15 mm

1000 mm

3
 - 

4

3

0.55 kN × 1000

1 . 7671 × 10 -4 m2

1

106
 MPa

τxz = 33.576 MPa

Determine the value of the von Mises stress at point A. 

The von Mises stress at point A is 62.4049  MPa.
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Numeric Response Chapter: 05 Failures Resulting
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Problem 05.036.c -
calculation of Von
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Section: 05.05 Distortion-
Energy Theory for Ductile
Materials

Determine the value of the von Mises stress at point A. 

The von Mises stress at point A is 62.4049 ± 2%  MPa.

σ' = σ2
x + 3ζ2

xy

σ' = √(22.636 MPa)2 + 3(33.5757 MPa)2

σ' = 62.4049 MPa

( ( ) ( )) ( )

√



Determine the factor of safety, using DET, at point A. 

The factor of safety, using DET, at point A is 4.487 .
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Problem 05.036.d -
calculation of factor of
safety

Section: 05.05 Distortion-
Energy Theory for Ductile
Materials

Determine the factor of safety, using DET, at point A. 

The factor of safety, using DET, at point A is 4.487 ± 2% .

σx =
P

A

σx = 
4 kN × 1000

1 . 7671 × 10 -4 m2

1

106 MPa

σx = 22.636 MPa

xz = τxz2
 - τxz1

 = 
16T

πd3  - 
4F

3A

τxz = τxz2
 - τxz1

 = 
16 × 25 Nꞏm

π
15 mm

1000 mm

3
 - 

4

3

0.55 kN × 1000

1 . 7671 × 10 -4 m2

1

106
 MPa

τxz = 33.576 MPa

σ' = σ2
x + 3ζ2

xy

( )

( )

( ( ) ( )) ( )

√



σ' = √(22.636 MPa)2 + 3(33.5757 MPa)2

σ' = 62.4049 MPa

nA = 
Sy

σ '
 = 

280 MPa

62.405 MPa

nA = 4.487



Determine the value of the axial stress at point B. 

The value of the axial stress at point B is 188.629  MPa.
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calculation of axial
stress

Section: 05.05 Distortion-
Energy Theory for Ductile
Materials

Determine the value of the axial stress at point B. 

The value of the axial stress at point B is 188.629 ± 2%  MPa.

F causes point B to be in tension due to the bending moment it causes and P puts the entire cross section in tension.

The axial stress at B is

σx = 
P

A
 + 

Mc

I

c = 
d

2
 = 

0 . 015 m

2

c = 7. 5 × 10 - 3 m

I = 
π

64
d4

I = 
π

64
(0. 015 m)4

I = 2. 485 × 10 - 9 m

M = Fl = 0.55 kN × 0. 1 m



M = 0.055 kNꞏm

A = 
π

4

15 mm

1000 mm

m

1

2
 = 1. 7671 × 10 - 4 m2

σx = 
4 kN × 1000

A
 + 

( 0.55 kN × 1000 × 0 . 1 ) c

I

1

( 10 ) 6  MPa

σx = 
4 kN × 1000

1 . 7671 × 10 -4 m2 + 
( 0.55 kN × 1000 × 0 . 1 )  × 7 . 5 × 10 -3 m

2 . 485 × 10 -9 m

1

( 10 ) 6  MPa

σx = 188.629 MPa

(( ) )

( )

( )



Determine the value of the shear stress at point B. 

The value of the shear stress at point B is 37.726  MPa.
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calculation of shear
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Section: 05.05 Distortion-
Energy Theory for Ductile
Materials

Determine the value of the shear stress at point B. 

The value of the shear stress at point B is 37.726 ± 2%  MPa.

The only source of shear stress at point B is due to torsion:

τxy = 
Tr

J
 = 

25 Nꞏm × 32 × 
15 mm

2000 mm

π
15 mm

1000 mm

4
 × 

1

106 MPa

τxy = 37.726 MPa

( )
( )



Determine the value of the von Mises stress at point B. 

The value of the von Mises stress at point B is 199.626  MPa.

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.036.g -
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Section: 05.05 Distortion-
Energy Theory for Ductile
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Determine the value of the von Mises stress at point B. 

The value of the von Mises stress at point B is 199.626 ± 2%  MPa.

The principal stresses are (where S2 is 0.0)

σ1 = 
σx + σy

2
 + 

σx - σy

2

2

 + τ2xy

σ1 = 
σx

2
 + 

σx

2

2

 + τ2
xy MPa

σ1 = 
188.63 MPa

2
 + 

188.63 MPa

2

2
 + (37.73 MPa)2

σ1 = 195.894 MPa

σ3 = 
σx + σy

2
 - 

σx - σy

2

2

 + τ2xy

√( )

√( )

√( )

√( )



σ3 = 
σx

2
 - 

σx

2

2

 + τ2xy MPa

σ3 = 
188.63 MPa

2
 - 

188.63 MPa

2

2
 + (37.7256 MPa)2

σ3 = -7.265269 MPa

The von Mises stress at point B is

σ' = σ2
1 + σ2

3 - σ1σ3 MPa

σ' = √(195.894 MPa)2 + (-7.265269 MPa)2 - (195.894 MPa)(-7.265269 MPa)

σ' = 199.626 MPa

√( )

√( )

√



Determine the factor of safety, using DET, at point B.

The factor of safety, using DET, at point B is 1.403 .
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Determine the factor of safety, using DET, at point B.

The factor of safety, using DET, at point B is 1.403 ± 2% .

nB = 
Sy

σ '
 = 

280 MPa

199.626 MPa

nB = 1.403





Determine the minimum diameter, d, for the rod that will achieve a minimum static factor of safety of 2 using the maximum-shear-stress failure
theory.

The minimum diameter is 16.7943  mm.

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.049.a Section: 05.03 Failure
Theories

Determine the minimum diameter, d, for the rod that will achieve a minimum static factor of safety of 2 using the maximum-shear-stress failure
theory.

The minimum diameter is 16.7943 ± 2%  mm.

Given: ny = 2, L = 0.5 m, F = 150 N, and T = 25 Nꞏm.

From Table A-20, Sy = 340 MPa.

Mz = FL = 150 N × 0.5 m = 75 Nꞏm

σ =
32Mz

πd3 =
32 ( 75 Nꞏm )

πd3 =
2400 Nꞏm

πd3

τ =
16T

πd3 =
16 ( 25 Nꞏm )

πd3

τ =
400 Nꞏm

πd3

τmax =
σ

2

2
+ τ2

τmax =
1200 Nꞏm

πd3

2
+

400 Nꞏm

πd3

2

√( )

√( ) ( )



τmax =
402.63 Nꞏm

d3 =
Sy

2n
=

340 106  Pa

2 ( 2 )

d =
4 ( 402.63 Nꞏm )

340 106  Pa

1 / 3
= 0.0168   m = 16.7943   mm

( )

( ( ) )



Determine the minimum diameter, d, for the rod that will achieve a minimum static factor of safety of 2 using the distortion-energy theory.

The minimum diameter is 16.7237  mm.
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Problem 05.049.b Section: 05.03 Failure
Theories

Determine the minimum diameter, d, for the rod that will achieve a minimum static factor of safety of 2 using the distortion-energy theory.

The minimum diameter is 16.7237 ± 2%  mm.

Given: ny = 2, L = 0.5 m, F = 150 N, and T = 25 Nꞏm.

From Table A-20, Sy = 340 MPa.

Mz = FL = 150 N × 0.5 m = 75 Nꞏm

σ =
32Mz

πd3 =
32 ( 75 Nꞏm )

πd3 =
2400 Nꞏm

πd3

τ =
16T

πd3 =
16 ( 25 Nꞏm )

πd3

τ =
400 Nꞏm

πd3

σ ' = σ2 + 3τ2 1 / 2

σ ' =
2400 Nꞏm

πd3

2
+ 3

400 Nꞏm

πd3

2 1 / 2

=
795.14 Nꞏm

d3 =
Sy

ny
=

340 106  Pa

2

d =
2 ( 795.14 Nꞏm )

340 106  Pa

1

3 = 0.0167 m = 16.7237 mm

( )

(( ) ( ) ) ( )

( ( ) )



Determine the minimum factor of safety for yielding. Use both the maximum-shear-stress theory and the distortion-energy theory and compare the
results. The material is 1018 CD steel. σ1 = 15 ksi, σ2 = -1.2303 ksi, and τmax = 8.0983 ksi.

The minimum factor of safety for yielding using maximum-shear-stress theory is 3.334 .

The minimum factor of safety for yielding using distortion-energy theory is 3.4502 .
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Problem 05.060-
Determination of factor
of safety using
Maximum Shear Stress
and Distortion Energy
Theory for Ductile
Materials

Section: 05.05 Distortion-
Energy Theory for Ductile
Materials

Determine the minimum factor of safety for yielding. Use both the maximum-shear-stress theory and the distortion-energy theory and compare the
results. The material is 1018 CD steel. σ1 = 15 ksi, σ2 = -1.2303 ksi, and τmax = 8.0983 ksi.

The minimum factor of safety for yielding using maximum-shear-stress theory is 3.334 ± 2% .

The minimum factor of safety for yielding using distortion-energy theory is 3.4502 ± 2% .

Maximum-Shear-Stress Theory

From Table A-20, Sy = 54 ksi or 370 MPa.

The state of stress is plane stress. Thus, the three-dimensional principal stresses are

σ1 = 15 ksi



σ2 = 0

From Figure 3-12 and Eq. (5-1),

τmax =
σ1-σ3

2

σ3 = σ1 - 2τmax

σ3 = (15 ksi) - 2(8.0983 ksi)

σ3 = -1.1966 ksi

The minimum factor of safety for yielding is found from Eq. (5-3):

n =
Sy

σ1-σ3

n =
54 ksi

( 15 ksi ) - ( -1.1966 ksi )

n = 3.334

Distortion-Energy Theory

The minimum factor of safety for yielding is found from Eq. (5-19) with σ' found using Eq. (5-13):

n =
Sy

σ '

n =
Sy

σ2
1 -σ1σ2+σ2

2
1/ 2

n =
54 ksi

( 15 ksi ) 2 - ( 15 ksi ) ( -1.2303 ksi ) + ( -1.2303 ksi ) 2 1/ 2

n = 3.4502

( )

( )



Determine the minimum factor of safety for yielding. Use both the maximum-shear-stress theory and the distortion-energy theory and compare the
results. The material is 1018 CD steel. σ1 = 25 ksi, σ2 = -4.8271 ksi, and τmax = 14.9135 ksi.

The minimum factor of safety for yielding using maximum-shear-stress theory is 1.8104 .

The minimum factor of safety for yielding using distortion-energy theory is 1.9473 .

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.064-
Determination of factor
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Theory for Ductile
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Section: 05.05 Distortion-
Energy Theory for Ductile
Materials

Determine the minimum factor of safety for yielding. Use both the maximum-shear-stress theory and the distortion-energy theory and compare the
results. The material is 1018 CD steel. σ1 = 25 ksi, σ2 = -4.8271 ksi, and τmax = 14.9135 ksi.

The minimum factor of safety for yielding using maximum-shear-stress theory is 1.8104 ± 2% .

The minimum factor of safety for yielding using distortion-energy theory is 1.9473 ± 2% .

Maximum-Shear-Stress Theory

From Table A-20, Sy = 54 ksi or 370 MPa.

The state of stress is plane stress. Thus, the three-dimensional principal stresses are

σ1 = 25 ksi



σ2 = 0

From Figure 3-12 and Eq. (5-1),

τmax =
σ1-σ3

2

σ3 = σ1 - 2τmax

σ3 = (25 ksi) - 2(14.9135 ksi)

σ3 = -4.8271 ksi

The minimum factor of safety for yielding is found from Eq. (5-3):

n =
Sy

σ1-σ3

n =
54 ksi

( 25 ksi ) - ( -4.8271 ksi )

n = 1.8104

Distortion-Energy Theory

The minimum factor of safety for yielding is found from Eq. (5-19) with σ' found using Eq. (5-13):

n =
Sy

σ '

n =
Sy

σ2
1 -σ1σ2+σ2

2
1/ 2

n =
54 ksi

( 25 ksi ) 2 - ( 25 ksi ) ( -4.8271 ksi ) + ( -4.8271 ksi ) 2 1/ 2

n = 1.9473

( )

( )
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What is the value of the axial stress at point A? 

The value of the axial stress at point A is 22.63  MPa.

References
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Problem 05.036.a -
calculation of axial
stress

Section: 05.05 Distortion-
Energy Theory for Ductile
Materials

What is the value of the axial stress at point A? 

The value of the axial stress at point A is 22.636 ± 2%  MPa.

There is no bending stress due to F at A because point A lies on the neutral axis of F.

The axial stress at A is

A = 
π

4

15 mm

1000 mm

m

1

2
 = 1. 7671 × 10 - 4 m2

σx = 
P

A

σx = 
4 kN × 1000

1 . 7671 × 10 -4 m2

1

106 MPa

σx = 22.636 MPa

(( ) )

( )



What is the value of the shear stress at point A? 

The value of the shear stress at point A is 41.88  MPa.
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Problem 05.036.b -
calculation of shear
stress

Section: 05.05 Distortion-
Energy Theory for Ductile
Materials

What is the value of the shear stress at point A? 

The value of the shear stress at point A is 33.576 ± 2%  MPa.

There are two sources of shear stress at point A.

Transverse shear has a value of

τxz1
 = 

4

3

0.55 kN × 1000

A

and shear due to torsion has a value of

τxz2
 = 

Tr

J
 = 

25 Nꞏm × 
15 mm

2000 mm
 × 32

π
15 mm

1000 mm

4

The total shear stress at point A is

xz = τxz2
 - τxz1

 = 
16T

πd3  - 
4F

3A

( )

( )
( )

( )



τxz = τxz2
 - τxz1

 = 
16 × 25 Nꞏm

π
15 mm

1000 mm

3
 - 

4

3

0.55 kN × 1000

1 . 7671 × 10 -4 m2

1

106
 MPa

τxz = 33.576 MPa

Determine the value of the von Mises stress at point A. 

The von Mises stress at point A is 69.14  MPa.
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Numeric Response Chapter: 05 Failures Resulting
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Problem 05.036.c -
calculation of Von
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Section: 05.05 Distortion-
Energy Theory for Ductile
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Determine the value of the von Mises stress at point A. 

The von Mises stress at point A is 62.4049 ± 2%  MPa.

σ' = σ2
x + 3ζ2

xy

σ' = √(22.636 MPa)2 + 3(33.5757 MPa)2

σ' = 62.4049 MPa

( ( ) ( )) ( )

√



Determine the factor of safety, using DET, at point A. 

The factor of safety, using DET, at point A is 3.68 .
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Problem 05.036.d -
calculation of factor of
safety

Section: 05.05 Distortion-
Energy Theory for Ductile
Materials

Determine the factor of safety, using DET, at point A. 

The factor of safety, using DET, at point A is 4.487 ± 2% .

σx =
P

A

σx = 
4 kN × 1000

1 . 7671 × 10 -4 m2

1

106 MPa

σx = 22.636 MPa

xz = τxz2
 - τxz1

 = 
16T

πd3  - 
4F

3A

τxz = τxz2
 - τxz1

 = 
16 × 25 Nꞏm

π
15 mm

1000 mm

3
 - 

4

3

0.55 kN × 1000

1 . 7671 × 10 -4 m2

1

106
 MPa

τxz = 33.576 MPa

σ' = σ2
x + 3ζ2

xy

( )

( )

( ( ) ( )) ( )

√



σ' = √(22.636 MPa)2 + 3(33.5757 MPa)2

σ' = 62.4049 MPa

nA = 
Sy

σ '
 = 

280 MPa

62.405 MPa

nA = 4.487



Determine the value of the axial stress at point B. 

The value of the axial stress at point B is 188.62  MPa.
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Determine the value of the axial stress at point B. 

The value of the axial stress at point B is 188.629 ± 2%  MPa.

F causes point B to be in tension due to the bending moment it causes and P puts the entire cross section in tension.

The axial stress at B is

σx = 
P

A
 + 

Mc

I

c = 
d

2
 = 

0 . 015 m

2

c = 7. 5 × 10 - 3 m

I = 
π

64
d4

I = 
π

64
(0. 015 m)4

I = 2. 485 × 10 - 9 m

M = Fl = 0.55 kN × 0. 1 m



M = 0.055 kNꞏm

A = 
π

4

15 mm

1000 mm

m

1

2
 = 1. 7671 × 10 - 4 m2

σx = 
4 kN × 1000

A
 + 

( 0.55 kN × 1000 × 0 . 1 ) c

I

1

( 10 ) 6  MPa

σx = 
4 kN × 1000

1 . 7671 × 10 -4 m2 + 
( 0.55 kN × 1000 × 0 . 1 )  × 7 . 5 × 10 -3 m

2 . 485 × 10 -9 m

1

( 10 ) 6  MPa

σx = 188.629 MPa

(( ) )

( )

( )



Determine the value of the shear stress at point B. 

The value of the shear stress at point B is 37..72  MPa.
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Determine the value of the shear stress at point B. 

The value of the shear stress at point B is 37.726 ± 2%  MPa.

The only source of shear stress at point B is due to torsion:

τxy = 
Tr

J
 = 

25 Nꞏm × 32 × 
15 mm

2000 mm

π
15 mm

1000 mm

4
 × 

1

106 MPa

τxy = 37.726 MPa

( )
( )



Determine the value of the von Mises stress at point B. 

The value of the von Mises stress at point B is 200  MPa.
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Determine the value of the von Mises stress at point B. 

The value of the von Mises stress at point B is 199.626 ± 2%  MPa.

The principal stresses are (where S2 is 0.0)

σ1 = 
σx + σy

2
 + 

σx - σy

2

2

 + τ2xy

σ1 = 
σx

2
 + 

σx

2

2

 + τ2
xy MPa

σ1 = 
188.63 MPa

2
 + 

188.63 MPa

2

2
 + (37.73 MPa)2

σ1 = 195.894 MPa

σ3 = 
σx + σy

2
 - 

σx - σy

2

2

 + τ2xy

√( )

√( )

√( )

√( )



σ3 = 
σx

2
 - 

σx

2

2

 + τ2xy MPa

σ3 = 
188.63 MPa

2
 - 

188.63 MPa

2

2
 + (37.7256 MPa)2

σ3 = -7.265269 MPa

The von Mises stress at point B is

σ' = σ2
1 + σ2

3 - σ1σ3 MPa

σ' = √(195.894 MPa)2 + (-7.265269 MPa)2 - (195.894 MPa)(-7.265269 MPa)

σ' = 199.626 MPa

√( )

√( )

√



Determine the factor of safety, using DET, at point B.

The factor of safety, using DET, at point B is 1.403 .

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.036.h -
calculation of factor of
safety

Section: 05.05 Distortion-
Energy Theory for Ductile
Materials

Determine the factor of safety, using DET, at point B.

The factor of safety, using DET, at point B is 1.403 ± 2% .

nB = 
Sy

σ '
 = 

280 MPa

199.626 MPa

nB = 1.403





Determine the minimum diameter, d, for the rod that will achieve a minimum static factor of safety of 2 using the maximum-shear-stress failure
theory.

The minimum diameter is 16.3276  mm.
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Problem 05.049.a Section: 05.03 Failure
Theories

Determine the minimum diameter, d, for the rod that will achieve a minimum static factor of safety of 2 using the maximum-shear-stress failure
theory.

The minimum diameter is 19.417 ± 2%  mm.

Given: ny = 2, L = 0.5 m, F = 150 N, and T = 25 Nꞏm.

From Table A-20, Sy = 220 MPa.

Mz = FL = 150 N × 0.5 m = 75 Nꞏm

σ =
32Mz

πd3 =
32 ( 75 Nꞏm )

πd3 =
2400 Nꞏm

πd3

τ =
16T

πd3 =
16 ( 25 Nꞏm )

πd3

τ =
400 Nꞏm

πd3

τmax =
σ

2

2
+ τ2

τmax =
1200 Nꞏm

πd3

2
+

400 Nꞏm

πd3

2

√( )

√( ) ( )



τmax =
402.63 Nꞏm

d3 =
Sy

2n
=

220 106  Pa

2 ( 2 )

d =
4 ( 402.63 Nꞏm )

220 106  Pa

1 / 3
= 0.0194   m = 19.4170   mm

( )

( ( ) )



Determine the minimum diameter, d, for the rod that will achieve a minimum static factor of safety of 2 using the distortion-energy theory.

The minimum diameter is 17.34  mm.
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Problem 05.049.b Section: 05.03 Failure
Theories

Determine the minimum diameter, d, for the rod that will achieve a minimum static factor of safety of 2 using the distortion-energy theory.

The minimum diameter is 19.3353 ± 2%  mm.

Given: ny = 2, L = 0.5 m, F = 150 N, and T = 25 Nꞏm.

From Table A-20, Sy = 220 MPa.

Mz = FL = 150 N × 0.5 m = 75 Nꞏm

σ =
32Mz

πd3 =
32 ( 75 Nꞏm )

πd3 =
2400 Nꞏm

πd3

τ =
16T

πd3 =
16 ( 25 Nꞏm )

πd3

τ =
400 Nꞏm

πd3

σ ' = σ2 + 3τ2 1 / 2

σ ' =
2400 Nꞏm

πd3

2
+ 3

400 Nꞏm

πd3

2 1 / 2

=
795.14 Nꞏm

d3 =
Sy

ny
=

220 106  Pa

2

d =
2 ( 795.14 Nꞏm )

220 106  Pa

1

3 = 0.0193 m = 19.3353 mm

( )

(( ) ( ) ) ( )

( ( ) )



Determine the minimum factor of safety for yielding. Use both the maximum-shear-stress theory and the distortion-energy theory and compare the
results. The material is 1018 CD steel. σ1 = 20 ksi, σ2 = -1.6404 ksi, and τmax = 10.7977 ksi.

The minimum factor of safety for yielding using maximum-shear-stress theory is 4.9733 .

The minimum factor of safety for yielding using distortion-energy theory is 2.5732 .

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.060-
Determination of factor
of safety using
Maximum Shear Stress
and Distortion Energy
Theory for Ductile
Materials

Section: 05.05 Distortion-
Energy Theory for Ductile
Materials

Determine the minimum factor of safety for yielding. Use both the maximum-shear-stress theory and the distortion-energy theory and compare the
results. The material is 1018 CD steel. σ1 = 20 ksi, σ2 = -1.6404 ksi, and τmax = 10.7977 ksi.

The minimum factor of safety for yielding using maximum-shear-stress theory is 2.5005 ± 2% .

The minimum factor of safety for yielding using distortion-energy theory is 2.5876 ± 2% .

Maximum-Shear-Stress Theory

From Table A-20, Sy = 54 ksi or 370 MPa.

The state of stress is plane stress. Thus, the three-dimensional principal stresses are

σ1 = 20 ksi



σ2 = 0

From Figure 3-12 and Eq. (5-1),

τmax =
σ1-σ3

2

σ3 = σ1 - 2τmax

σ3 = (20 ksi) - 2(10.7977 ksi)

σ3 = -1.5955 ksi

The minimum factor of safety for yielding is found from Eq. (5-3):

n =
Sy

σ1-σ3

n =
54 ksi

( 20 ksi ) - ( -1.5955 ksi )

n = 2.5005

Distortion-Energy Theory

The minimum factor of safety for yielding is found from Eq. (5-19) with σ' found using Eq. (5-13):

n =
Sy

σ '

n =
Sy

σ2
1 -σ1σ2+σ2

2
1/ 2

n =
54 ksi

( 20 ksi ) 2 - ( 20 ksi ) ( -1.6404 ksi ) + ( -1.6404 ksi ) 2 1/ 2

n = 2.5876

( )

( )



Determine the minimum factor of safety for yielding. Use both the maximum-shear-stress theory and the distortion-energy theory and compare the
results. The material is 1018 CD steel. σ1 = 10 ksi, σ2 = -1.9308 ksi, and τmax = 5.9654 ksi.

The minimum factor of safety for yielding using maximum-shear-stress theory is 9 .

The minimum factor of safety for yielding using distortion-energy theory is 2.5732 .

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.064-
Determination of factor
of safety using
Maximum Shear Stress
and Distortion Energy
Theory for Ductile
Materials

Section: 05.05 Distortion-
Energy Theory for Ductile
Materials

Determine the minimum factor of safety for yielding. Use both the maximum-shear-stress theory and the distortion-energy theory and compare the
results. The material is 1018 CD steel. σ1 = 10 ksi, σ2 = -1.9308 ksi, and τmax = 5.9654 ksi.

The minimum factor of safety for yielding using maximum-shear-stress theory is 4.5261 ± 2% .

The minimum factor of safety for yielding using distortion-energy theory is 4.8683 ± 2% .

Maximum-Shear-Stress Theory

From Table A-20, Sy = 54 ksi or 370 MPa.

The state of stress is plane stress. Thus, the three-dimensional principal stresses are

σ1 = 10 ksi



σ2 = 0

From Figure 3-12 and Eq. (5-1),

τmax =
σ1-σ3

2

σ3 = σ1 - 2τmax

σ3 = (10 ksi) - 2(5.9654 ksi)

σ3 = -1.9308 ksi

The minimum factor of safety for yielding is found from Eq. (5-3):

n =
Sy

σ1-σ3

n =
54 ksi

( 10 ksi ) - ( -1.9308 ksi )

n = 4.5261

Distortion-Energy Theory

The minimum factor of safety for yielding is found from Eq. (5-19) with σ' found using Eq. (5-13):

n =
Sy

σ '

n =
Sy

σ2
1 -σ1σ2+σ2

2
1/ 2

n =
54 ksi

( 10 ksi ) 2 - ( 10 ksi ) ( -1.9308 ksi ) + ( -1.9308 ksi ) 2 1/ 2

n = 4.8683

( )

( )
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Determine a suitable length for the bolt, rounded up to the nearest 5 mm. 

The length of the bolt L is 55 ± 2%  mm.

In order to calculate the stiffness constants, you must first determine the length of each member in the frusta. The procedure to be followed is given in Table 8–7,

From Table A–31, the nut height is H = 12.8 mm.

L > 2t + H

L = 2 × 20 mm + 12.8 mm = 52.8 mm

Material thickness (t) Bolt length (L)
10 ≤ t ≤ 11 35
12 ≤ t ≤ 13 40
14 ≤ t ≤ 16 45
17 ≤ t ≤ 18 50
19 ≤ t ≤ 21 55
22 ≤ t ≤ 23 60
24 ≤ t ≤ 25 65

 From Eq. (8–14), 

LT = 2 14 mm  + 6 mm = 34 mm

From Table 8–7,

l = 2t = 2 ×  20 mm = 40 mm

ld = L - LT = 55 mm - 34 mm = 21 mm

lt = l - ld = 40 mm - 21 mm = 19 mm

The length of the bolt L is 55 mm.

References
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Determine the bolt stiffness. 

The bolt stiffness kb is 686.181 ± 2%  MN/m.

Ad = 
π

4
× (14 mm)2 = 153.9 mm2

From Table 8–1,

At = 115 mm2

The bolt stiffness is calculated as follows:

kb = 
AdAtE

Adlt + Atld
 = 

153.9 mm2 ×  115 mm2 ×  207 GPa

153.9 mm2 ×  19 mm  + 115 mm2 ×  21 mm

 = 686.1810 MN/m

The bolt stiffness kb is 686.1810 MN/m.

References

Numeric Response Problem 08.011.b - Determining joint and
member stiffnesses

Difficulty: Medium

Determine the material stiffness.

The material stiffness km is 2842.659 ± 2%  MN/m. 

Now we calculate the member stiffness. Since all members in the stack are steel, Eq. (8–23) can be used.
Note that this equation can only be used when all materials in the joint are the same.

km = EdAe
Bd

l

E = 207 GPa = 207×109 N/m2

d = 14 mm = 0.014 m
A = 0.78715
B = 0.62873

km = 207 ×  109 N/m2 ×  0.014 m ×  0.78715 × e
0.62873 ×  0.014 m

40

1000
 m

 = 2842.6590 MN/m

The material stiffness km is 2842.6590 MN/m. 

References
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Determine a suitable length for the bolt, rounded up to the nearest 5 mm.

The length of the bolt L is 70 ± 2%  mm.

In order to calculate the stiffness constants, you must first determine the length of each member in the frusta. The procedure to be followed is given in Table 8–7,

From Table A–31, the nut height is H = 12.8 mm and the washer is w = 3.5 mm.

L > 2t + H + 2w

L = 2 ×  23 mm + 12.8 mm + 7 mm = 65.8 mm

Material thickness (t) Bolt length (L)
11 ≤ t ≤ 12 45
13 ≤ t ≤ 15 50
16 ≤ t ≤ 17 55
18 ≤ t ≤ 20 60
21 ≤ t ≤ 22 65
23 ≤ t ≤ 25 70

From Eq. (8–14),

LT = 2 14 mm  + 6 mm = 34 mm

From Table 8–7,

l = 2t + 2w = 2 ×  23 mm + 7 mm = 53 mm

ld = L - LT = 70 mm - 34 mm = 36 mm

lt = l - ld = 53 mm - 36 mm = 17 mm

The length of the bolt L is 70 mm.

References

Numeric Response Problem 08.012.a - Determining joint and
member stiffnesses

Difficulty: Medium

The bolt stiffness kb is 542.2479 ± 2%  MN/m.

Ad = 
π

4
× (14 mm)2 = 153.9 mm2

From Table 8–1,

At = 115 mm2

The bolt stiffness is calculated as follows:

kb = 
AdAtE

Adlt + Atld
 = 

153.9 mm2 ×  115 mm2 ×  207 GPa

153.9 mm2 ×  17 mm  + 115 mm2 ×  36 mm

 = 542.2479 MN/m

The bolt stiffness kb is 542.2479 MN/m.

References
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The material stiffness km is 2693.2914 ± 2%  MN/m. 

Now we calculate the member stiffness. Since all members in the stack are steel, Eq. (8–23) can be used.

Note that this equation can only be used when all materials in the joint are the same.

km = EdAe
Bd

l

E = 207 GPa = 207×109 N/m2

d = 14 mm = 0.014 m
A = 0.78715
B = 0.62873

km = 207 ×  109 N/m2 ×  0.014 m ×  0.78715 × e
0.62873 ×  0.014 m

53

1000
 m

 = 2693.2914 MN/m

The material stiffness km is 2693.2914 MN/m. 

References
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Determine a suitable length for the bolt, rounded up to the nearest ¼ in.

The length of the bolt is 2.25 ± 2%  in.

In order to calculate the stiffness constants, you must first determine the length of each member in the frusta. The procedure is followed as given in Table 8–7,

From Table A–31,

l = A + B = 1.25 in + 0.5 in = 1.75 in

where

A = steel plate thickness

B = cast-iron plate thickness

The nut height is H = 0.437 in.

L ≥ l + H

L = 1.75 in + 0.437 in = 2.187 in

Rounding up the value L to the nearest ¼ in.

L = 2.25 in

From Eq. (8–14),

LT = 2(0.5 in) + 0.25 in = 1.25 in

From Table 8–7,

ld = L - LT = 2.25 in - 1.25 in = 1 in

lt = l - ld = 1.75 in - 1 in = 0.75 in

The length of the bolt is 2.25 in.

References

Numeric Response Problem 08.014.a - Determining joint and
member stiffnesses with dissimilar joint
materials

Difficulty: Medium

Determine the bolt stiffness.

The bolt stiffness is 2.8903 ± 2%  Mlb/in.

Ad = 
π

4
× (0.5 in)2 = 0.1963 in2

From Table 8–1,

At = 0.1419 in2

kb = 
AdAtE

Adlt + Atld
 = 

0.1963 in2 ×  0.1419 in2 ×  30 ×  106 psi

0.1963 in2 ×  0.75 in  + 0.1419 in2 ×  1 in

 = 2.8903 Mlb/in

The bolt stiffness is 2.8903 Mlb/in.

References

Numeric Response Problem 08.014.b - Determining joint and
member stiffnesses with dissimilar joint
materials

Difficulty: Medium

( ) ( )

Assignment Print View https://ezto.mheducation.com/hm.tpx

5 of 13 11/16/2020, 10:13 AM



Determine the material stiffness.

The material stiffness is 9.3044 ± 2%  Mlb/in.

Now we calculate the member stiffness. This requires the calculation for each frustum in the stack. As A ≠ B, we must calculate three k's for the frusta. 

For the steel plate, the frustum is in two parts.

Steel plate:

t = 0.875 in, d = 0.5 in, D = 0.75 in, and E = 30,000 kpsi

k1 = 
0.5774π ( E ) d1

ln
1.155(w)  + D1 - d1 D1 + d1

1.155(w)  + D1 + d1 D1 - d1

 = 
0.5774 × π × 30 ×  106 psi ×  0.5 in

ln
( (1.155 ×  0.875 in)  + 0.75 in - 0.5 in) (0.75 in + 0.5 in )

( (1.155 ×  0.875 in)  + 0.75 in + 0.5 in ) (0.75 in - 0.5 in )

= 26.5352 Mlb/in

t2 = A - 
l

2
 in = 1.25 in - 

1.75

2
 in = 0.375 in

D2 = 1.5d + 2(l - h) tan(30°) = 1.5 ×  0.5 in + 2(1.75 in - 1.25 in) ×  tan(30°) = 1.3274 in

k2 = 
0.5774π ( E )d

ln
1.155 t2  + D2 - d D2 + d

1.155 t2  + D2 + d D2 - d

 = 
0.5774 × π × 30 ×  106 psi ×  0.5 in

ln
( (1.155 ×  0.375 in)  + 1.3274 in - 0.5 in ) (1.3274 in + 0.5 in )

( (1.155 ×  0.375 in)  + 1.3274 in + 0.5 in) (1.3274 in - 0.5 in )

= 130.6305 Mlb/in

For the cast-iron plate, the frustum is in one part. This will generate k3.

Cast iron: 

t3 = 0.5 in, d = 0.5 in, D = 0.75 in, and E = 14500 kpsi (from Table 8–8).

k3 = 
0.5774π ( E )d

ln
1.155 t3  + D3 - d D3 + d

1.155 t3  + D3 + d D3 - d

 = 
0.5774 × π × 14.5 ×  106 psi ×  0.5 in

ln
(1.155 ×  0.5 in + 0.75 in - 0.5 in ) (0.75 in + 0.5 in)

(1.155 ×  0.5 in + 0.75 in + 0.5 in ) (0.75 in - 0.5 in)

= 16.0941 Mlb/in

From Eq. (8–18),

km = 
1

k1
 + 

1

k2
 + 

1

k3

- 1
 = 

1

26.5352 Mlb/in
 + 

1

130.6305 Mlb/in
 + 

1

16.0941 Mlb/in

- 1
 = 9.3044 Mlb/in

The material stiffness is 9.3044 Mlb/in.

References
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Determine a suitable length for the bolt, rounded up to the nearest ¼ in.

The length of the bolt is 3 ± 2%  in.

In order to calculate the stiffness constants, you must first determine the length of each member in the frusta. The procedure is followed as given in Table 8–7,

From Table A–31,

l = A + B + 2w = 1.5 in + 0.75 in + 2(0.095 in) = 2.44 in

where

A = steel plate thickness

B = cast-iron plate thickness

The nut height is H = 0.437 in and the washer thickness is w = 0.095 in.

L ≥ l + H

L = 2.44 in + 0.437 in = 2.877 in

Rounding up the value of L to the nearest ¼ in.

L = 3 in

The length of the bolt is 3 in.

References

Numeric Response Problem 08.015.a - Determining joint and
member stiffnesses with dissimilar joint
materials

Difficulty: Medium

Determine the bolt stiffness.

The bolt stiffness is 2.1775 ± 2%  Mlb/in.

From Eq. (8–14),

LT = 2(0.5 in) + 0.25 in = 1.25 in

From Table 8–7,

ld = L - LT = 3 in - 1.25 in = 1.75 in

lt = l - ld = 2.44 in - 1.75 in = 0.69 in

Ad = 
π

4
× (0.5 in)2 = 0.1963 in2

From Table 8–1,

At = 0.1419 in2

kb = 
AdAtE

Adlt + Atld
 = 

0.1963 in2 ×  0.1419 in2 ×  30 ×  106 psi

0.1963 in2 ×  0.69 in  + 0.1419 in2 ×  1.75 in

 = 2.1775 Mlb/in

The bolt stiffness is 2.1775 Mlb/in.

References

Numeric Response Problem 08.015.b - Determining joint and
member stiffnesses with dissimilar joint
materials
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Determine the material stiffness.

The material stiffness is 8.7535 ± 2%  Mlb/in.

Now we calculate the member stiffness. This requires the calculation for each frustum in the stack. As A ≠ B and the washer material is different than the bottom piece being joined, we must calculate five k's for the
frusta. Note that the top washer and the top piece are both steel. However, the ID of the washer is different than that of the plates.

For the washers,

Steel: 

w = 0.095 in, d1 = 0.531 in (Table A-32), D1 = 0.75 in, and E = 30,000 kpsi

k1 = 
0.5774π ( E ) d1

ln
1.155(w)  + D1 - d1 D1 + d1

1.155(w)  + D1 + d1 D1 - d1

 = 
0.5774 × π × 30 ×  106 psi ×  0.531 in

ln
( (1.155 ×  0.095 in)  + 0.75 in - 0.531 in ) (0.75 in + 0.531 in )

( (1.155 ×  0.095 in)  + 0.75 in + 0.531 in) (0.75 in - 0.531 in )

 = 89.1957 Mlb/in

For the steel plate, the frustum is in two parts.

Steel:

t2 = 
A + B

2
 in = 

1.5 + 0.75

2
 in = 1.125 in

d = 0.5 in

D2 = 0.75 in + 2(0.095 in)tan(30°) = 0.860 in

E = 30000 kpsi

k2 = 
0.5774π ( E )d

ln
1.155 t2  + D2 - d D2 + d

1.155 t2  + D2 + d D2 - d

 = 
0.5774 × π × 30 ×  106 psi ×  0.5 in

ln
( (1.155 ×  1.125 in)  + 0.86 in - 0.5 in) (0.86 in + 0.5 in )

( (1.155 ×  1.125 in)  + 0.86 in + 0.5 in ) (0.86 in - 0.5 in )

= 31.7316 Mlb/in

t3 = A - t2 = 1.5 in - 1.125 in = 0.375 in

D3 = 0.860 in + 2 0.75 in tan 30°  = 1.7261 in

E = 30000 kpsi

k3 = 
0.5774π ( E )d

ln
1.155 t3  + D3 - d D3 + d

1.155 t3  + D3 + d D3 - d

 = 
0.5774 × π × 30 ×  106 psi ×  0.5 in

ln
( (1.155 ×  0.375 in)  + 1.7261 in - 0.5 in ) (1.7261 in + 0.5 in )

( (1.155 ×  0.375 in)  + 1.7261 in + 0.5 in) (1.7261 in - 0.5 in )

= 218.1482 Mlb/in

For the cast-iron cylinder, the frustum is in one part. This will generate k4.

Cast iron:

t4 = 0.75 in

d = 0.5 in

D = 0.860 in

E = 14500 kpsi (from Table 8–8)

k4 = 
0.5774π ( E )d

ln
1.155 t4  + D4 - d D4 + d

1.155 t4  + D4 + d D4 - d

 = 
0.5774 × π × 14.5 ×  106 psi ×  0.5 in

ln
( (1.155 ×  0.75 in )  + 0.86 in - 0.5 in) (0.86 in + 0.5 in )

( (1.155 ×  0.75 in )  + 0.86 in + 0.5 in ) (0.86 in - 0.5 in )

= 17.9471 Mlb/in

From Eq. (8–18),

km = 
2

k1
 + 

1

k2
 + 

1

k3
 + 

1

k4

- 1
 = 

2

89.1957 Mlb/in
 + 

1

31.7316 Mlb/in
 + 

1

218.1482 Mlb/in
 + 

1

17.9471 Mlb/in

- 1
 = 8.7535 Mlb/in

The material stiffness is 8.7535 Mlb/in.

References
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The length of the bolt is 4.25 ± 2%  in.

In order to calculate the stiffness constants, you must first determine the length of each member in the frusta. The procedure is followed as given in Table 8–7.

From Table A–31,

l = 2t + 2w = 2(1.75 in) + 2(0.095 in) = 3.69 in

where

t = steel plate thickness

The nut height is H = 0.437 in and the washer thickness is w = 0.095 in.

L ≥ l + H

L = 3.69 in + 0.437 in = 4.127 in

Rounding up to the nearest ¼ in,

L = 4.25 in

The length of the bolt is 4.25 in.

References
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Determine the bolt stiffness.

The bolt stiffness is 1.4892 ± 2%  Mlb/in.

From Eq. (8–14),

LT = 2(0.5 in) + 0.25 in = 1.25 in

From Table 8–7,

ld = L - LT = 4.25 in - 1.25 in = 3 in

lt = l - ld = 3.69 in - 3 in = 0.69 in

Ad = 
π

4
× (0.5 in)2 = 0.1963 in2

From Table 8–1,

At = 0.1419 in2

kb = 
AdAtE

Adlt + Atld
 = 

0.1963 in2 ×  0.1419 in2 ×  30 ×  106 psi

0.1963 in2 ×  0.69 in  + 0.1419 in2 ×  3 in

 = 1.4892 Mlb/in

The bolt stiffness is 1.4892 Mlb/in.

References
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Determine the material stiffness.

The material stiffness is 4.3498 ± 2%  Mlb/in.

Now calculate the member stiffness. As the thickness and material of the plates are the same and the material or the washers are different, we must calculate two k's for the frusta.

For the washers,

Steel:

w = 0.095 in, d1 = 0.531 in (Table A-32), D1 = 0.75 in, and E = 30,000 kpsi

k1 = 
0.5774π ( E ) d1

ln
1.155(w)  + D1 - d1 D1 + d1

1.155(w)  + D1 + d1 D1 - d1

 = 
0.5774 × π × 30 ×  106 psi ×  0.531 in

ln
( (1.155 ×  0.095 in)  + 0.75 in - 0.531 in ) (0.75 in + 0.531 in )

( (1.155 ×  0.095 in)  + 0.75 in + 0.531 in) (0.75 in - 0.531 in )

= 89.1957 Mlb/in

For the aluminum plates,

t2 = 1.75 in, d = 0.5 in, D = 0.860 in, and E = 10.4 Mpsi

k2 = 
0.5774π ( E )d

ln
1.155 t2  + D4 - d D4 + d

1.155 t2  + D4 + d D4 - d

 = 
0.5774 × π × 10.4 ×  106 psi ×  0.5 in

ln
( (1.155 ×  1.75 in )  + 0.86 in - 0.5 in) (0.86 in + 0.5 in )

( (1.155 ×  1.75 in )  + 0.86 in + 0.5 in ) (0.86 in - 0.5 in )

= 9.6397 Mlb/in

From Eq. (8–18),

km = 
2

k1
 + 

2

k2

- 1
 = 

2

89.1957 Mlb/in
 + 

2

9.6397 Mlb/in

- 1
 = 4.3498 Mlb/in

The material stiffness is 4.3498 Mlb/in.

References
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Find a suitable bolt length.

The bolt length is 4.25 ± 2%  in.

In order to calculate the stiffness constants, you must first determine the length of each member in the frusta.  Following the procedure of Table 8–7, we have

l = 2t + 2w = 2 × 1.75 in + 2 × 0.095 in = 3.69 in. The nut height is H = 0.437 in (from Table A–31), and the washer thickness is w = 0.095 in.

L ≥ l + H = 3.69 in + 0.437 in = 4.127 in.

Rounding up the value to the nearest ¼ in gives L = 4.25 in. 

This is the required bolt length.

The bolt length is 4.25 in.

References

Numeric Response Problem 08.018.a - Determining joint and
member stiffnesses with dissimilar joint
materials

Difficulty: Medium

Determine the bolt stiffness.

The bolt stiffness is 1489180.375 ± 2%  lb/in.

From Eq. 8–14,

LT = 2(0.5 in) + 0.25 in = 1.25 in

From Table 8–7, we have

ld = L − LT = 4.25 in – 1.25 in = 3 in

lt  = l − ld = 3.69 in – 3 in = 0.69 in

Ad = 
π 0.5 in )2

4
 = 0.1963 in2

From Table 8–1,  At = 0.1419 in2.

Therefore, from Eq. (8–17), the bolt stiffness is

kb =
AdAtE

Adlt + Atld
=

0.1963 in2 0.1419 in2 30 × 106 psi

0.1963 in2( 0.69 in ) + 0.1419 in2( 3 in )
= 1489180.375 lb/in

The bolt stiffness is 1489180.375 lb/in.
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Determine the material stiffness.

The material stiffness is 4202167.937 ± 2%  lb/in.

The member stiffness requires the calculation for each frustum in the stack. As per the figure below, we will need to calculate three k values, the washers, the upper frustum, and the lower frustum.

For the washers,
Steel – t = 2w = 2(0.095 in) = 0.190 in, d1 = 0.531 in, D1 = 0.75 in, and E = 30,000 ksi.

k1 =
0 .5774π ( E ) d1

ln
[ 1 .155 ( t ) + D1 − d1 ] D1 + d1

[ 1 .155 ( t ) + D1 + d1 ] D1 − d1

=
0 .5774π 30 × 106 psi 0.5 in2

ln
[ 1 .155 (0.190 in) + 0.75 in− 0.5 in ] (0.75 in + 0.5 in )

[ 1 .155 (0.190 in) + 0.75 in+ 0.5 in ] (0.75 in − 0.5 in )

= 53906002.57 lb/in

For the aluminum plates, the frustum is in two parts.

Aluminum – t2 =
l

2
 in– 2w = 1.655 in, d = 0.5 in, D2 = 0.75 in + 2 × 2 0.095 in tan 30°  = 0.969 in, and E = 10,300 ksi.

From Eq. (8-20),

k2 =
0 .5774πEd

ln
[ 1 .155 t2 + D2 − d ] D2 + d

[ 1 .155 t2 + D2 + d ] D2 − d

=
0.5774π 10 .3 × 106 psi 0.5 in

ln
[ 1.155 (1.655 in ) + 0 .969 in− 0.5  in] (0 .969 in+ 0.5  in)

[ 1.155 (1.655 in ) + 0 .969 in+ 0.5  in] (0 .969 in− 0.5  in)

= 11809839.12 lb/in

t3 = l/2 in = 1.845 in, D3 = 0.75 in, d = 0.5 in, and E = 10,300 ksi.

k3 =
0 .5774πEd

ln
[ 1 .155 t3 + D3 − d ] D3 + d

[ 1 .155 t3 + D3 + d ] D3 − d

=
0 .5774π 10 .3 × 106 0.5 in

ln
[ 1.155 (1.845 in ) + 0 .75  in− 0.5 in] (0 .75  in+ 0 .5 in)

[ 1.155 (1.845 in ) + 0 .75  in+ 0.5 in] (0 .75  in− 0 .5 in)

= 7421346.664 lb/in

Therefore, the material stiffness is

km =
1

k1
+

1

k2
+

1

k3

- 1
=

1

53906002.57
+

1

11809839.12
+

1

7421346.664

- 1
 lb/in = 4202167.937 lb/in

The material stiffness is 4202167.937 lb/in.
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Problem 08.011 - Determining joint and member stiffnesses - DEPENDENT MULTI-PART PROBLEM - ASSIGN
ALL PARTS

An M 14 × 2 hex-head bolt with a nut is used to clamp together two 23-mm steel plates. 
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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 1. Award: 2 out of 2.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 08.011.a - Determining joint and member stiffnesses

Determine a suitable length for the bolt, rounded up to the nearest 5 mm. 

The length of the bolt L is 60  mm.
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Problem 08.011.a - Determining joint and member stiffnesses

Determine a suitable length for the bolt, rounded up to the nearest 5 mm. 

The length of the bolt L is 60 ± 2%  mm.

 
Explanation:

In order to calculate the stiffness constants, you must first determine the length of each member in the frusta. The procedure to be
followed is given in Table 8–7,

From Table A–31, the nut height is H = 12.8 mm.

Material thickness (t) Bolt length (L)
10 ≤ t ≤ 11 35
12 ≤ t ≤ 13 40
14 ≤ t ≤ 16 45
17 ≤ t ≤ 18 50
19 ≤ t ≤ 21 55
22 ≤ t ≤ 23 60
24 ≤ t ≤ 25 65

 From Eq. (8–14), 

From Table 8–7,

L > 2t + H

L = 2 × 23 mm + 12.8 mm = 58.8 mm

 = 2(14 mm) + 6 mm = 34 mmLT

l = 2t = 2  ×  23 mm = 46 mm

 = L -   = 60 mm - 34 mm = 26 mmld LT



 2. Award: 7 out of 7.00 points  
 You did not receive full credit for this question in a previous attempt

 

Problem 08.011.b - Determining joint and member stiffnesses

Determine the bolt stiffness. 

The bolt stiffness kb is 603.76  MN/m.
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Problem 08.011.b - Determining joint and member stiffnesses

Determine the bolt stiffness. 

The bolt stiffness kb is 603.7556 ± 2%  MN/m.

 
Explanation:

From Table 8–1,

At = 115 mm2

The bolt stiffness is calculated as follows:

 

 = l -   = 46 mm - 26 mm = 20 mmlt ld

 =    ×  Ad
π

4 (14 mm)2 = 153.9 mm2

 =   =   = 603.7556 MN/mkb
EAdAt

 + Adlt Atld

 ×  × 207 GPa 153.9 mm2  115 mm2

(  × 20 mm) + (  × 26 mm)153.9 mm2 115 mm2



 3. Award: 7 out of 7.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 08.011.c - Determining joint and member stiffnesses

Determine the material stiffness.

The material stiffness km is 2762.2  MN/m. 
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Problem 08.011.c - Determining joint and member stiffnesses

Determine the material stiffness.

The material stiffness km is 2762.2263 ± 2%  MN/m. 

 
Explanation:

Now we calculate the member stiffness. Since all members in the stack are steel, Eq. (8–23) can be used.
Note that this equation can only be used when all materials in the joint are the same.

E = 207 GPa = 207×109 N/m2

d = 14 mm = 0.014 m
A = 0.78715
B = 0.62873

 

 = EdAkm e
Bd

l

 = 207  ×   ×  0.014 m  ×  0.78715  ×    = 2762.2263 MN/mkm  109 N/m2
e

⎛
⎝⎜

0.62873 × 0.014 m

(  m)46

1000

⎞
⎠⎟



Problem 08.012 - Determining joint and member stiffnesses - DEPENDENT MULTI-PART PROBLEM - ASSIGN
ALL PARTS

An M 14 × 2 hex-head bolt with a nut and a 14R washer under each of bolt head and the nut is used to clamp together two 13-mm steel plates.
 
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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 4. Award: 2 out of 2.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 08.012.a - Determining joint and member stiffnesses

Determine a suitable length for the bolt, rounded up to the nearest 5 mm.

The length of the bolt L is 50  mm.
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Problem 08.012.a - Determining joint and member stiffnesses

Determine a suitable length for the bolt, rounded up to the nearest 5 mm.

The length of the bolt L is 50 ± 2%  mm.

 
Explanation:

In order to calculate the stiffness constants, you must first determine the length of each member in the frusta. The procedure to be followed
is given in Table 8–7,

From Table A–31, the nut height is H = 12.8 mm and the washer is w = 3.5 mm.

Material thickness (t) Bolt length (L)
11 ≤ t ≤ 12 45
13 ≤ t ≤ 15 50
16 ≤ t ≤ 17 55
18 ≤ t ≤ 20 60
21 ≤ t ≤ 22 65
23 ≤ t ≤ 25 70

From Eq. (8–14),

From Table 8–7,

L > 2t + H + 2w

L = 2  ×  13 mm + 12.8 mm + 7 mm = 45.8 mm

 = 2(14 mm) + 6 mm = 34 mmLT

l = 2t + 2w = 2  ×  13 mm + 7 mm = 33 mm

 = L -   = 50 mm - 34 mm = 16 mmld LT

 = l -   = 33 mm - 16 mm = 17 mmlt ld



 5. Award: 7 out of 7.00 points  
 You did not receive full credit for this question in a previous attempt

 

Problem 08.012.b - Determining joint and member stiffnesses

Determine the bolt stiffness.

The bolt stiffness kb is 822.1  MN/m.
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Problem 08.012.b - Determining joint and member stiffnesses

Determine the bolt stiffness.

The bolt stiffness kb is 822.1146 ± 2%  MN/m.

 
Explanation:

From Table 8–1,

At = 115 mm2

The bolt stiffness is calculated as follows:

 

 =    ×  Ad
π

4 (14 mm)2 = 153.9 mm2

 =   =   = 822.1146 MN/mkb
EAdAt

 + Adlt Atld

 ×  × 207 GPa 153.9 mm2  115 mm2

(  × 17 mm) + (  × 16 mm)153.9 mm2 115 mm2



 6. Award: 7 out of 7.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 08.012.c - Determining joint and member stiffnesses

Determine the material stiffness.

The material stiffness km is 2978.5  MN/m. 
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Problem 08.012.c - Determining joint and member stiffnesses

Determine the material stiffness.

The material stiffness km is 2978.4955 ± 2%  MN/m. 

 
Explanation:

Now we calculate the member stiffness. Since all members in the stack are steel, Eq. (8–23) can be used.

Note that this equation can only be used when all materials in the joint are the same.

E = 207 GPa = 207×109 N/m2

d = 14 mm = 0.014 m
A = 0.78715
B = 0.62873

 

 = EdAkm e
Bd

l

 = 207  ×   ×  0.014 m  ×  0.78715  ×    = 2978.4955 MN/mkm  109 N/m2
e

⎛
⎝⎜

0.62873 × 0.014 m

(  m)33

1000

⎞
⎠⎟



Problem 08.014 - Determining joint and member stiffnesses with dissimilar joint materials - DEPENDENT
MULTI-PART PROBLEM - ASSIGN ALL PARTS

A 1.25-in. steel plate and a 0.5-in. cast-iron plate are compressed with one bolt and nut. The bolt is ½ in-13 UNC. 
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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 7. Award: 2 out of 2.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 08.014.a - Determining joint and member stiffnesses with dissimilar joint materials

Determine a suitable length for the bolt, rounded up to the nearest ¼ in.

The length of the bolt is 2.25  in.
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Problem 08.014.a - Determining joint and member stiffnesses with dissimilar joint materials

Determine a suitable length for the bolt, rounded up to the nearest ¼ in.

The length of the bolt is 2.25 ± 2%  in.

 
Explanation:

In order to calculate the stiffness constants, you must first determine the length of each member in the frusta. The procedure is followed as
given in Table 8–7,

From Table A–31,

l = A + B = 1.25 in + 0.5 in = 1.75 in

where

A = steel plate thickness

B = cast-iron plate thickness

The nut height is H = 0.437 in.

Rounding up the value L to the nearest ¼ in.

L = 2.25 in

From Eq. (8–14),

From Table 8–7,

L ≥ l + H

L = 1.75 in + 0.437 in = 2.187 in

 = 2 (0.5 in) + 0.25 in = 1.25 inLT

 = L -   = 2.25 in - 1.25 in = 1 inld LT

 = l -   = 1.75 in - 1 in = 0.75 inlt ld



 8. Award: 7 out of 7.00 points  
 You did not receive full credit for this question in a previous attempt

 

Problem 08.014.b - Determining joint and member stiffnesses with dissimilar joint materials

Determine the bolt stiffness.

The bolt stiffness is 2.89  Mlb/in.
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Problem 08.014.b - Determining joint and member stiffnesses with dissimilar joint materials

Determine the bolt stiffness.

The bolt stiffness is 2.8903 ± 2%  Mlb/in.

 
Explanation:

From Table 8–1,

At = 0.1419 in2

 

 =    ×  Ad
π

4 (0.5 in)2  = 0.1963 in2

 =   =   = 2.8903 Mlb/inkb
EAdAt

 + Adlt Atld

 ×  × 30 ×  psi0.1963 in2  0.1419 in2  106

(  × 0.75 in) + (  × 1 in)0.1963 in2 0.1419 in2



 9. Award: 8 out of 8.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 08.014.c - Determining joint and member stiffnesses with dissimilar joint materials

Determine the material stiffness.

The material stiffness is 9.3  Mlb/in.
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Problem 08.014.c - Determining joint and member stiffnesses with dissimilar joint materials

Determine the material stiffness.

The material stiffness is 9.3044 ± 2%  Mlb/in.

 
Explanation:

Now we calculate the member stiffness. This requires the calculation for each frustum in the stack. As A ≠ B, we must calculate three k's for
the frusta. 

For the steel plate, the frustum is in two parts.

Steel plate:

t = 0.875 in, d = 0.5 in, D = 0.75 in, and E = 30,000 kpsi

 =   =   = 26.5352 Mlb/ink1
0.5774π(E)d1

ln( )(1.155(w) +   -  )(  +  )D1 d1 D1 d1

(1.155(w) +   +  )(  -  )D1 d1 D1 d1

0.5774 × π × (30 ×  psi) × 0.5 in 106

ln( )((1.155 × 0.875 in) + 0.75 in - 0.5 in)(0.75 in + 0.5 in)

((1.155 × 0.875 in) + 0.75 in + 0.5 in)(0.75 in - 0.5 in)

 = A -   in = 1.25 in -  ( ) in = 0.375 int2
l
2

1.75
2

 = 1.5d + 2(l - h) tan(30°) = 1.5  ×  0.5 in + 2(1.75 in - 1.25 in)  ×  tan(30°) = 1.3274 inD2



For the cast-iron plate, the frustum is in one part. This will generate k3.

Cast iron: 

t3 = 0.5 in, d = 0.5 in, D = 0.75 in, and E = 14500 kpsi (from Table 8–8).

From Eq. (8–18),

Problem 08.015 - Determining joint and member stiffnesses with dissimilar joint materials - DEPENDENT
MULTI-PART PROBLEM - ASSIGN ALL PARTS

A 1.25-in. steel plate and a 0.5-in. gray cast iron plate are compressed with one bolt and nut. The bolt is ½ in-13 UNC. A ½ N American Standard
plain washer is used under the head of the bolt and under the nut. 
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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 =   =   = 130.6305 Mlb/ink2
0.5774π(E)d

ln( )(1.155( ) +   - d)(  + d)t2 D2 D2

(1.155( ) +   + d)(  - d)t2 D2 D2

0.5774 × π × (30 ×  psi) × 0.5 in 106

ln( )((1.155 × 0.375 in) + 1.3274 in - 0.5 in)(1.3274 in + 0.5 in)

((1.155 × 0.375 in) + 1.3274 in + 0.5 in)(1.3274 in - 0.5 in)

 =   =   = 16.0941 Mlb/ink3
0.5774π(E)d

ln( )(1.155( ) +   - d)(  + d)t3 D3 D3

(1.155( ) +   + d)(  - d)t3 D3 D3

0.5774 × π × (14.5 ×  psi) × 0.5 in 106

ln( )(1.155 × 0.5 in + 0.75 in - 0.5 in)(0.75 in + 0.5 in)

(1.155 × 0.5 in + 0.75 in + 0.5 in)(0.75 in - 0.5 in)

 =   =   = 9.3044 Mlb/inkm (  +   +  )1
k1

1
k2

1
k3

−1 (  +   +  )1
26.5352 Mlb/in

1
130.6305 Mlb/in

1
16.0941 Mlb/in

−1



 10. Award: 2 out of 2.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 08.015.a - Determining joint and member stiffnesses with dissimilar joint materials

Determine a suitable length for the bolt, rounded up to the nearest ¼ in.

The length of the bolt is 2.5  in.
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Problem 08.015.a - Determining joint and member stiffnesses with dissimilar joint materials

Determine a suitable length for the bolt, rounded up to the nearest ¼ in.

The length of the bolt is 2.5 ± 2%  in.

 
Explanation:

In order to calculate the stiffness constants, you must first determine the length of each member in the frusta. The procedure is followed as
given in Table 8–7,

From Table A–31,

l = A + B + 2w = 1.25 in + 0.5 in + 2(0.095 in) = 1.94 in

where

A = steel plate thickness

B = cast-iron plate thickness

The nut height is H = 0.437 in and the washer thickness is w = 0.095 in.

Rounding up the value of L to the nearest ¼ in.

L = 2.5 in

 

L ≥ l + H

L = 1.94 in + 0.437 in = 2.377 in



 11. Award: 7 out of 7.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 08.015.b - Determining joint and member stiffnesses with dissimilar joint materials

Determine the bolt stiffness.

The bolt stiffness is 2.6714  Mlb/in.
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Problem 08.015.b - Determining joint and member stiffnesses with dissimilar joint materials

Determine the bolt stiffness.

The bolt stiffness is 2.6714 ± 2%  Mlb/in.

 
Explanation:

From Eq. (8–14),

From Table 8–7,

From Table 8–1,

At = 0.1419 in2

 

 = 2 (0.5 in) + 0.25 in = 1.25 inLT

 = L -   = 2.5 in - 1.25 in = 1.25 inld LT

 = l -   = 1.94 in - 1.25 in = 0.69 inlt ld

 =    ×  Ad
π

4 (0.5 in)2  = 0.1963 in2

 =   =   = 2.6714 Mlb/inkb
EAdAt

 + Adlt Atld

 ×  × 30 ×  psi0.1963 in2  0.1419 in2  106

(  × 0.69 in) + (  × 1.25 in)0.1963 in2 0.1419 in2



 12. Award: 8 out of 8.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 08.015.c - Determining joint and member stiffnesses with dissimilar joint materials

Determine the material stiffness.

The material stiffness is 9.6576  Mlb/in.
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Problem 08.015.c - Determining joint and member stiffnesses with dissimilar joint materials

Determine the material stiffness.

The material stiffness is 9.6576 ± 2%  Mlb/in.

 
Explanation:

Now we calculate the member stiffness. This requires the calculation for each frustum in the stack. As A ≠ B and the washer material is
different than the bottom piece being joined, we must calculate five k's for the frusta. Note that the top washer and the top piece are both
steel. However, the ID of the washer is different than that of the plates.

For the washers,

Steel: 

w = 0.095 in, d1 = 0.531 in (Table A-32), D1 = 0.75 in, and E = 30,000 kpsi

For the steel plate, the frustum is in two parts.

 =   =   = 89.1957 Mlb/ink1
0.5774π(E)d1

ln( )(1.155(w) +   -  )(  +  )D1 d1 D1 d1

(1.155(w) +   +  )(  -  )D1 d1 D1 d1

0.5774 × π × (30 ×  psi) × 0.531 in 106

ln( )((1.155 × 0.095 in) + 0.75 in - 0.531 in)(0.75 in + 0.531 in)

((1.155 × 0.095 in) + 0.75 in + 0.531 in)(0.75 in - 0.531 in)



Steel:

d = 0.5 in

D2 = 0.75 in + 2(0.095 in)tan(30°) = 0.860 in

E = 30000 kpsi

E = 30000 kpsi

For the cast-iron cylinder, the frustum is in one part. This will generate k4.

Cast iron:

t4 = 0.5 in

d = 0.5 in

D = 0.860 in

E = 14500 kpsi (from Table 8–8)

From Eq. (8–18),

 

 =   in =  ( ) in = 0.875 int2
A + B

2
1.25 + 0.5

2

 =   =   = 34.828 Mlb/ink2
0.5774π(E)d

ln( )(1.155( ) +   - d)(  + d)t2 D2 D2

(1.155( ) +   + d)(  - d)t2 D2 D2

0.5774 × π × (30 ×  psi) × 0.5 in 106

ln( )((1.155 × 0.875 in) + 0.86 in - 0.5 in)(0.86 in + 0.5 in)

((1.155 × 0.875 in) + 0.86 in + 0.5 in)(0.86 in - 0.5 in)

 = A -   = 1.25 in - 0.875 in = 0.375 int3 t2

 = 0.860 in + 2(0.5 in)tan(30°) = 1.4374 inD3

 =   =   = 152.7975 Mlb/ink3
0.5774π(E)d

ln( )(1.155( ) +   - d)(  + d)t3 D3 D3

(1.155( ) +   + d)(  - d)t3 D3 D3

0.5774 × π × (30 ×  psi) × 0.5 in 106

ln( )((1.155 × 0.375 in) + 1.4374 in - 0.5 in)(1.4374 in + 0.5 in)

((1.155 × 0.375 in) + 1.4374 in + 0.5 in)(1.4374 in - 0.5 in)

 =   =   = 21.8024 Mlb/ink4
0.5774π(E)d

ln( )(1.155( ) +   - d)(  + d)t4 D4 D4

(1.155( ) +   + d)(  - d)t4 D4 D4

0.5774 × π × (14.5 ×  psi) × 0.5 in 106

ln( )((1.155 × 0.5 in) + 0.86 in - 0.5 in)(0.86 in + 0.5 in)

((1.155 × 0.5 in) + 0.86 in + 0.5 in)(0.86 in - 0.5 in)

 =   =   = 9.6576 Mlb/inkm (  +   +   +  )2
k1

1
k2

1
k3

1
k4

−1 (  +   +   +  )2
89.1957 Mlb/in

1
34.828 Mlb/in

1
152.7975 Mlb/in

1
21.8024 Mlb/in

−1



Problem 08.017 - Determining joint and member stiffnesses - DEPENDENT MULTI-PART PROBLEM - ASSIGN
ALL PARTS

Two identical aluminum plates are each 1.5 in thick and are compressed with one bolt and nut. Washers are used under the head of the bolt and
under the nut.
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
 
Washer properties:  steel; ID = 0.531 in; OD = 1.062 in; thickness = 0.095 in
Nut properties:  steel; height = 7/16 in
Bolt properties:  ½-13 UNC grade 8
Plate properties:  aluminum; E = 10.4 Mpsi; SU = 47 kpsi; Sy = 25 kpsi
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 13. Award: 2 out of 2.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 08.017.a - Determining joint and member stiffnesses

Determine a suitable length for the bolt, rounded up to the nearest ¼ in.

The length of the bolt is 3.75  in.
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Problem 08.017.a - Determining joint and member stiffnesses

Determine a suitable length for the bolt, rounded up to the nearest ¼ in.

The length of the bolt is 3.75 ± 2%  in.

 
Explanation:

In order to calculate the stiffness constants, you must first determine the length of each member in the frusta. The procedure is followed as
given in Table 8–7.

From Table A–31,

l = 2t + 2w = 2(1.5 in) + 2(0.095 in) = 3.19 in

where

t = steel plate thickness

The nut height is H = 0.437 in and the washer thickness is w = 0.095 in.

Rounding up to the nearest ¼ in,

L = 3.75 in

 

L ≥ l + H

L = 3.19 in + 0.437 in = 3.627 in



 14. Award: 7 out of 7.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 08.017.b - Determining joint and member stiffnesses

Determine the bolt stiffness.

The bolt stiffness is 1.705  Mlb/in.
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Problem 08.017.b - Determining joint and member stiffnesses

Determine the bolt stiffness.

The bolt stiffness is 1.7048 ± 2%  Mlb/in.

 
Explanation:

From Eq. (8–14),

From Table 8–7,

From Table 8–1,

At = 0.1419 in2

 

 = 2 (0.5 in) + 0.25 in = 1.25 inLT

 = L -   = 3.75 in - 1.25 in = 2.5 inld LT

 = l -   = 3.19 in - 2.5 in = 0.69 inlt ld

 =    ×  Ad
π

4 (0.5 in)2  = 0.1963 in2

 =   =   = 1.7048 Mlb/inkb
EAdAt

 + Adlt Atld

 ×  × 30 ×  psi0.1963 in2  0.1419 in2  106

(  × 0.69 in) + (  × 2.5 in)0.1963 in2 0.1419 in2



 15. Award: 8 out of 8.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 08.017.c - Determining joint and member stiffnesses

Determine the material stiffness.

The material stiffness is 4.516  Mlb/in.
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Problem 08.017.c - Determining joint and member stiffnesses

Determine the material stiffness.

The material stiffness is 4.5164 ± 2%  Mlb/in.

 
Explanation:

Now calculate the member stiffness. As the thickness and material of the plates are the same and the material or the washers are different,
we must calculate two k's for the frusta.

For the washers,

Steel:

w = 0.095 in, d1 = 0.531 in (Table A-32), D1 = 0.75 in, and E = 30,000 kpsi

 =   =   = 89.1957 Mlb/ink1
0.5774π(E)d1

ln( )(1.155(w) +   -  )(  +  )D1 d1 D1 d1

(1.155(w) +   +  )(  -  )D1 d1 D1 d1

0.5774 × π × (30 ×  psi) × 0.531 in 106

ln( )((1.155 × 0.095 in) + 0.75 in - 0.531 in)(0.75 in + 0.531 in)

((1.155 × 0.095 in) + 0.75 in + 0.531 in)(0.75 in - 0.531 in)



For the aluminum plates,

t2 = 1.5 in, d = 0.5 in, D = 0.860 in, and E = 10.4 Mpsi

From Eq. (8–18),

 

Problem 08.018 - Determining joint and member stiffnesses with dissimilar joint materials - DEPENDENT
MULTI-PART PROBLEM - ASSIGN ALL PARTS

Two identical aluminum plates are each 1.5 in (t) thick, and are compressed with one bolt and nut.  No washers are used under the head of the
bolt but two washers are used under the nut.
Washer properties: steel ID = 0.531 in, OD = 1.062 in, and thickness = 0.095 in.
Nut properties: steel height = 7/16 in
Bolt properties: ½-13 UNC grade 8
Plate properties: aluminum  E = 10.3 Mpsi, SU = 47 kpsi, and Sy = 25 kpsi.
 
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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 =   =   = 10.0506 Mlb/ink2
0.5774π(E)d

ln( )(1.155( ) +   - d)(  + d)t2 D4 D4

(1.155( ) +   + d)(  - d)t2 D4 D4

0.5774 × π × (10.4 ×  psi) × 0.5 in 106

ln( )((1.155 × 1.5 in) + 0.86 in - 0.5 in)(0.86 in + 0.5 in)

((1.155 × 1.5 in) + 0.86 in + 0.5 in)(0.86 in - 0.5 in)

 =   =   = 4.5164 Mlb/inkm (  +  )2
k1

2
k2

−1 (  +  )2
89.1957 Mlb/in

2
10.0506 Mlb/in

−1



 16. Award: 2 out of 2.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 08.018.a - Determining joint and member stiffnesses with dissimilar joint materials

Find a suitable bolt length.

The bolt length is 3.75  in.
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Problem 08.018.a - Determining joint and member stiffnesses with dissimilar joint materials

Find a suitable bolt length.

The bolt length is 3.75 ± 2%  in.

 
Explanation:

In order to calculate the stiffness constants, you must first determine the length of each member in the frusta.  Following the procedure of
Table 8–7, we have

l = 2t + 2w = 2 × 1.5 in + 2 × 0.095 in = 3.19 in. The nut height is H = 0.437 in (from Table A–31), and the washer thickness is w = 0.095 in.

L ≥ l + H = 3.19 in + 0.437 in = 3.627 in.

Rounding up the value to the nearest ¼ in gives L = 3.75 in. 

This is the required bolt length.

 



 17. Award: 7 out of 7.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 08.018.b - Determining joint and member stiffnesses with dissimilar joint materials

Determine the bolt stiffness.

The bolt stiffness is 1704720.9  lb/in.
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Problem 08.018.b - Determining joint and member stiffnesses with dissimilar joint materials

Determine the bolt stiffness.

The bolt stiffness is 1704720.959 ± 2%  lb/in.

 
Explanation:

From Eq. 8–14,

LT = 2(0.5 in) + 0.25 in = 1.25 in

From Table 8–7, we have

ld = L − LT = 3.75 in – 1.25 in = 2.5 in

lt  = l − ld = 3.19 in – 2.5 in = 0.69 in

From Table 8–1,  At = 0.1419 in2.

Therefore, from Eq. (8–17), the bolt stiffness is

 

 = Ad
π(0.5 in)2

4  = 0.1963 in2

= = = 1704720.959 lb/inkb
EAdAt

+Adlt Atld

( )(30×  psi)0.1963 in2 0.1419 in2 106

(0.69 in)+ (2.5 in)0.1963 in2 0.1419 in2



 18. Award: 8 out of 8.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 08.018.c - Determining joint and member stiffnesses with dissimilar joint materials

Determine the material stiffness.

The material stiffness is 4359093.9  lb/in.
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Problem 08.018.c - Determining joint and member stiffnesses with dissimilar joint materials

Determine the material stiffness.

The material stiffness is 4359093.885 ± 2%  lb/in.

 
Explanation:

The member stiffness requires the calculation for each frustum in the stack. As per the figure below, we will need to calculate three k values,
the washers, the upper frustum, and the lower frustum.

For the washers,
Steel – t = 2w = 2(0.095 in) = 0.190 in, d1 = 0.531 in, D1 = 0.75 in, and E = 30,000 ksi.

= = = 53906002.57 lb/ink1
0.5774π(E)d1

ln
[1.155(t)+ − ]( + )D1 d1 D1 d1

[1.155(t)+ + ]( − )D1 d1 D1 d1

0.5774π(30×  psi)106 0.5 in2

ln
[1.155(0.190 in)+0.75 in−0.5 in](0.75 in + 0.5 in)

[1.155(0.190 in)+0.75 in+0.5 in](0.75 in − 0.5 in)



For the aluminum plates, the frustum is in two parts.

From Eq. (8-20),

t3 = l/2 in = 1.595 in, D3 = 0.75 in, d = 0.5 in, and E = 10,300 ksi.

Therefore, the material stiffness is

 

Aluminum –  =  in– 2w = 1.405 in, d = 0.5 in,  = 0.75 in  + 2 × 2(0.095 in) tan(30°) = 0.969 in, and E = 10,300 ksi.t2
l
2 D2

= = = 12439209.06 lb/ink2
0.5774πEd

ln
[1.155( )+ −d]( +d)t2 D2 D2

[1.155( )+ +d]( −d)t2 D2 D2

0.5774π(10.3×  psi)0.5 in106

ln
[1.155(1.405 in)+0.969 in−0.5 in](0.969 in+0.5 in)

[1.155(1.405 in)+0.969 in+0.5 in](0.969 in−0.5 in)

= = = 7664967.28 lb/ink3
0.5774πEd

ln
[1.155( )+ −d]( +d)t3 D3 D3

[1.155( )+ +d]( −d)t3 D3 D3

0.5774π(10.3× )0.5 in106

ln
[1.155(1.595 in)+0.75 in−0.5 in](0.75 in+0.5 in)

[1.155(1.595 in)+0.75 in+0.5 in](0.75 in−0.5 in)

= =  lb/in = 4359093.885 lb/inkm ( + + )1
k1

1
k2

1
k3

−1
( + + )1

53906002.57
1

12439209.06
1

7664967.28
−1
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Score: 92/100 Points 92 %

Problem 08.011 - Determining joint and member stiffnesses - DEPENDENT MULTI-PART PROBLEM - ASSIGN
ALL PARTS

An M 14 × 2 hex-head bolt with a nut is used to clamp together two 17-mm steel plates. 
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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 1. Award: 2 out of 2.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 08.011.a - Determining joint and member stiffnesses

Determine a suitable length for the bolt, rounded up to the nearest 5 mm. 

The length of the bolt L is 50  mm.
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Problem 08.011.a - Determining joint and member stiffnesses

Determine a suitable length for the bolt, rounded up to the nearest 5 mm. 

The length of the bolt L is 50 ± 2%  mm.

 
Explanation:

In order to calculate the stiffness constants, you must first determine the length of each member in the frusta. The procedure to be
followed is given in Table 8–7,

From Table A–31, the nut height is H = 12.8 mm.

Material thickness (t) Bolt length (L)
10 ≤ t ≤ 11 35
12 ≤ t ≤ 13 40
14 ≤ t ≤ 16 45
17 ≤ t ≤ 18 50
19 ≤ t ≤ 21 55
22 ≤ t ≤ 23 60
24 ≤ t ≤ 25 65

 From Eq. (8–14), 

From Table 8–7,

L > 2t + H

L = 2 × 17 mm + 12.8 mm = 46.8 mm

 = 2(14 mm) + 6 mm = 34 mmLT

l = 2t = 2  ×  17 mm = 34 mm

 = L -   = 50 mm - 34 mm = 16 mmld LT



 2. Award: 7 out of 7.00 points  
 You did not receive full credit for this question in a previous attempt

 

Problem 08.011.b - Determining joint and member stiffnesses

Determine the bolt stiffness. 

The bolt stiffness kb is 794.67  MN/m.
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Problem 08.011.b - Determining joint and member stiffnesses

Determine the bolt stiffness. 

The bolt stiffness kb is 794.6704 ± 2%  MN/m.

 
Explanation:

From Table 8–1,

At = 115 mm2

The bolt stiffness is calculated as follows:

 

 = l -   = 34 mm - 16 mm = 18 mmlt ld

 =    ×  Ad
π

4 (14 mm)2 = 153.9 mm2

 =   =   = 794.6704 MN/mkb
EAdAt

 + Adlt Atld

 ×  × 207 GPa 153.9 mm2  115 mm2

(  × 18 mm) + (  × 16 mm)153.9 mm2 115 mm2



 3. Award: 7 out of 7.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 08.011.c - Determining joint and member stiffnesses

Determine the material stiffness.

The material stiffness km is 2955.22  MN/m. 
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Problem 08.011.c - Determining joint and member stiffnesses

Determine the material stiffness.

The material stiffness km is 2955.2203 ± 2%  MN/m. 

 
Explanation:

Now we calculate the member stiffness. Since all members in the stack are steel, Eq. (8–23) can be used.
Note that this equation can only be used when all materials in the joint are the same.

E = 207 GPa = 207×109 N/m2

d = 14 mm = 0.014 m
A = 0.78715
B = 0.62873

 

 = EdAkm e
Bd

l

 = 207  ×   ×  0.014 m  ×  0.78715  ×    = 2955.2203 MN/mkm  109 N/m2
e

⎛
⎝⎜

0.62873 × 0.014 m

(  m)34

1000

⎞
⎠⎟



Problem 08.012 - Determining joint and member stiffnesses - DEPENDENT MULTI-PART PROBLEM - ASSIGN
ALL PARTS

An M 14 × 2 hex-head bolt with a nut and a 14R washer under each of bolt head and the nut is used to clamp together two 25-mm steel plates.
 
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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 4. Award: 2 out of 2.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 08.012.a - Determining joint and member stiffnesses

Determine a suitable length for the bolt, rounded up to the nearest 5 mm.

The length of the bolt L is 70  mm.
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Problem 08.012.a - Determining joint and member stiffnesses

Determine a suitable length for the bolt, rounded up to the nearest 5 mm.

The length of the bolt L is 70 ± 2%  mm.

 
Explanation:

In order to calculate the stiffness constants, you must first determine the length of each member in the frusta. The procedure to be followed
is given in Table 8–7,

From Table A–31, the nut height is H = 12.8 mm and the washer is w = 3.5 mm.

Material thickness (t) Bolt length (L)
11 ≤ t ≤ 12 45
13 ≤ t ≤ 15 50
16 ≤ t ≤ 17 55
18 ≤ t ≤ 20 60
21 ≤ t ≤ 22 65
23 ≤ t ≤ 25 70

From Eq. (8–14),

From Table 8–7,

L > 2t + H + 2w

L = 2  ×  25 mm + 12.8 mm + 7 mm = 69.8 mm

 = 2(14 mm) + 6 mm = 34 mmLT

l = 2t + 2w = 2  ×  25 mm + 7 mm = 57 mm

 = L -   = 70 mm - 34 mm = 36 mmld LT

 = l -   = 57 mm - 36 mm = 21 mmlt ld



 5. Award: 7 out of 7.00 points  
 You did not receive full credit for this question in a previous attempt

 

Problem 08.012.b - Determining joint and member stiffnesses

Determine the bolt stiffness.

The bolt stiffness kb is 496.9667  MN/m.
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Problem 08.012.b - Determining joint and member stiffnesses

Determine the bolt stiffness.

The bolt stiffness kb is 496.9667 ± 2%  MN/m.

 
Explanation:

From Table 8–1,

At = 115 mm2

The bolt stiffness is calculated as follows:

 

 =    ×  Ad
π

4 (14 mm)2 = 153.9 mm2

 =   =   = 496.9667 MN/mkb
EAdAt

 + Adlt Atld

 ×  × 207 GPa 153.9 mm2  115 mm2

(  × 21 mm) + (  × 36 mm)153.9 mm2 115 mm2



 6. Award: 7 out of 7.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 08.012.c - Determining joint and member stiffnesses

Determine the material stiffness.

The material stiffness km is 2662.084  MN/m. 
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Problem 08.012.c - Determining joint and member stiffnesses

Determine the material stiffness.

The material stiffness km is 2662.084 ± 2%  MN/m. 

 
Explanation:

Now we calculate the member stiffness. Since all members in the stack are steel, Eq. (8–23) can be used.

Note that this equation can only be used when all materials in the joint are the same.

E = 207 GPa = 207×109 N/m2

d = 14 mm = 0.014 m
A = 0.78715
B = 0.62873

 

 = EdAkm e
Bd

l

 = 207  ×   ×  0.014 m  ×  0.78715  ×    = 2662.0840 MN/mkm  109 N/m2
e

⎛
⎝⎜

0.62873 × 0.014 m

(  m)57

1000

⎞
⎠⎟



Problem 08.014 - Determining joint and member stiffnesses with dissimilar joint materials - DEPENDENT
MULTI-PART PROBLEM - ASSIGN ALL PARTS

A 1.5-in. steel plate and a 0.75-in. cast-iron plate are compressed with one bolt and nut. The bolt is ½ in-13 UNC. 
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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 7. Award: 2 out of 2.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 08.014.a - Determining joint and member stiffnesses with dissimilar joint materials

Determine a suitable length for the bolt, rounded up to the nearest ¼ in.

The length of the bolt is 2.75  in.
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Problem 08.014.a - Determining joint and member stiffnesses with dissimilar joint materials

Determine a suitable length for the bolt, rounded up to the nearest ¼ in.

The length of the bolt is 2.75 ± 2%  in.

 
Explanation:

In order to calculate the stiffness constants, you must first determine the length of each member in the frusta. The procedure is followed as
given in Table 8–7,

From Table A–31,

l = A + B = 1.5 in + 0.75 in = 2.25 in

where

A = steel plate thickness

B = cast-iron plate thickness

The nut height is H = 0.437 in.

Rounding up the value L to the nearest ¼ in.

L = 2.75 in

From Eq. (8–14),

From Table 8–7,

L ≥ l + H

L = 2.25 in + 0.437 in = 2.687 in

 = 2 (0.5 in) + 0.25 in = 1.25 inLT

 = L -   = 2.75 in - 1.25 in = 1.5 inld LT

 = l -   = 2.25 in - 1.5 in = 0.75 inlt ld



 8. Award: 7 out of 7.00 points  
 You did not receive full credit for this question in a previous attempt

 

Problem 08.014.b - Determining joint and member stiffnesses with dissimilar joint materials

Determine the bolt stiffness.

The bolt stiffness is 2.3208  Mlb/in.
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Problem 08.014.b - Determining joint and member stiffnesses with dissimilar joint materials

Determine the bolt stiffness.

The bolt stiffness is 2.3208 ± 2%  Mlb/in.

 
Explanation:

From Table 8–1,

At = 0.1419 in2

 

 =    ×  Ad
π

4 (0.5 in)2  = 0.1963 in2

 =   =   = 2.3208 Mlb/inkb
EAdAt

 + Adlt Atld

 ×  × 30 ×  psi0.1963 in2  0.1419 in2  106

(  × 0.75 in) + (  × 1.5 in)0.1963 in2 0.1419 in2



 9. Award: 8 out of 8.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 08.014.c - Determining joint and member stiffnesses with dissimilar joint materials

Determine the material stiffness.

The material stiffness is 8.3476  Mlb/in.
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Problem 08.014.c - Determining joint and member stiffnesses with dissimilar joint materials

Determine the material stiffness.

The material stiffness is 8.3476 ± 2%  Mlb/in.

 
Explanation:

Now we calculate the member stiffness. This requires the calculation for each frustum in the stack. As A ≠ B, we must calculate three k's for
the frusta. 

For the steel plate, the frustum is in two parts.

Steel plate:

t = 1.125 in, d = 0.5 in, D = 0.75 in, and E = 30,000 kpsi

 =   =   = 24.4811 Mlb/ink1
0.5774π(E)d1

ln( )(1.155(w) +   -  )(  +  )D1 d1 D1 d1

(1.155(w) +   +  )(  -  )D1 d1 D1 d1

0.5774 × π × (30 ×  psi) × 0.5 in 106

ln( )((1.155 × 1.125 in) + 0.75 in - 0.5 in)(0.75 in + 0.5 in)

((1.155 × 1.125 in) + 0.75 in + 0.5 in)(0.75 in - 0.5 in)

 = A -   in = 1.5 in -  ( ) in = 0.375 int2
l
2

2.25
2

 = 1.5d + 2(l - h) tan(30°) = 1.5  ×  0.5 in + 2(2.25 in - 1.5 in)  ×  tan(30°) = 1.6161 inD2



For the cast-iron plate, the frustum is in one part. This will generate k3.

Cast iron: 

t3 = 0.75 in, d = 0.5 in, D = 0.75 in, and E = 14500 kpsi (from Table 8–8).

From Eq. (8–18),

Problem 08.015 - Determining joint and member stiffnesses with dissimilar joint materials - DEPENDENT
MULTI-PART PROBLEM - ASSIGN ALL PARTS

A 1.75-in. steel plate and a 1-in. gray cast iron plate are compressed with one bolt and nut. The bolt is ½ in-13 UNC. A ½ N American Standard
plain washer is used under the head of the bolt and under the nut. 
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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 =   =   = 192.0211 Mlb/ink2
0.5774π(E)d

ln( )(1.155( ) +   - d)(  + d)t2 D2 D2

(1.155( ) +   + d)(  - d)t2 D2 D2

0.5774 × π × (30 ×  psi) × 0.5 in 106

ln( )((1.155 × 0.375 in) + 1.6161 in - 0.5 in)(1.6161 in + 0.5 in)

((1.155 × 0.375 in) + 1.6161 in + 0.5 in)(1.6161 in - 0.5 in)

 =   =   = 13.5612 Mlb/ink3
0.5774π(E)d

ln( )(1.155( ) +   - d)(  + d)t3 D3 D3

(1.155( ) +   + d)(  - d)t3 D3 D3

0.5774 × π × (14.5 ×  psi) × 0.5 in 106

ln( )(1.155 × 0.75 in + 0.75 in - 0.5 in)(0.75 in + 0.5 in)

(1.155 × 0.75 in + 0.75 in + 0.5 in)(0.75 in - 0.5 in)

 =   =   = 8.3476 Mlb/inkm (  +   +  )1
k1

1
k2

1
k3

−1 (  +   +  )1
24.4811 Mlb/in

1
192.0211 Mlb/in

1
13.5612 Mlb/in

−1



 10. Award: 2 out of 2.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 08.015.a - Determining joint and member stiffnesses with dissimilar joint materials

Determine a suitable length for the bolt, rounded up to the nearest ¼ in.

The length of the bolt is 3.5  in.
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Problem 08.015.a - Determining joint and member stiffnesses with dissimilar joint materials

Determine a suitable length for the bolt, rounded up to the nearest ¼ in.

The length of the bolt is 3.5 ± 2%  in.

 
Explanation:

In order to calculate the stiffness constants, you must first determine the length of each member in the frusta. The procedure is followed as
given in Table 8–7,

From Table A–31,

l = A + B + 2w = 1.75 in + 1 in + 2(0.095 in) = 2.94 in

where

A = steel plate thickness

B = cast-iron plate thickness

The nut height is H = 0.437 in and the washer thickness is w = 0.095 in.

Rounding up the value of L to the nearest ¼ in.

L = 3.5 in

 

L ≥ l + H

L = 2.94 in + 0.437 in = 3.377 in



 11. Award: 7 out of 7.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 08.015.b - Determining joint and member stiffnesses with dissimilar joint materials

Determine the bolt stiffness.

The bolt stiffness is 1.8378  Mlb/in.
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Problem 08.015.b - Determining joint and member stiffnesses with dissimilar joint materials

Determine the bolt stiffness.

The bolt stiffness is 1.8378 ± 2%  Mlb/in.

 
Explanation:

From Eq. (8–14),

From Table 8–7,

From Table 8–1,

At = 0.1419 in2

 

 = 2 (0.5 in) + 0.25 in = 1.25 inLT

 = L -   = 3.5 in - 1.25 in = 2.25 inld LT

 = l -   = 2.94 in - 2.25 in = 0.69 inlt ld

 =    ×  Ad
π

4 (0.5 in)2  = 0.1963 in2

 =   =   = 1.8378 Mlb/inkb
EAdAt

 + Adlt Atld

 ×  × 30 ×  psi0.1963 in2  0.1419 in2  106

(  × 0.69 in) + (  × 2.25 in)0.1963 in2 0.1419 in2



 12. Award: 8 out of 8.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 08.015.c - Determining joint and member stiffnesses with dissimilar joint materials

Determine the material stiffness.

The material stiffness is 8.1987  Mlb/in.
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Problem 08.015.c - Determining joint and member stiffnesses with dissimilar joint materials

Determine the material stiffness.

The material stiffness is 8.1987 ± 2%  Mlb/in.

 
Explanation:

Now we calculate the member stiffness. This requires the calculation for each frustum in the stack. As A ≠ B and the washer material is
different than the bottom piece being joined, we must calculate five k's for the frusta. Note that the top washer and the top piece are both
steel. However, the ID of the washer is different than that of the plates.

For the washers,

Steel: 

w = 0.095 in, d1 = 0.531 in (Table A-32), D1 = 0.75 in, and E = 30,000 kpsi

For the steel plate, the frustum is in two parts.

 =   =   = 89.1957 Mlb/ink1
0.5774π(E)d1

ln( )(1.155(w) +   -  )(  +  )D1 d1 D1 d1

(1.155(w) +   +  )(  -  )D1 d1 D1 d1

0.5774 × π × (30 ×  psi) × 0.531 in 106

ln( )((1.155 × 0.095 in) + 0.75 in - 0.531 in)(0.75 in + 0.531 in)

((1.155 × 0.095 in) + 0.75 in + 0.531 in)(0.75 in - 0.531 in)



Steel:

d = 0.5 in

D2 = 0.75 in + 2(0.095 in)tan(30°) = 0.860 in

E = 30000 kpsi

E = 30000 kpsi

For the cast-iron cylinder, the frustum is in one part. This will generate k4.

Cast iron:

t4 = 1 in

d = 0.5 in

D = 0.860 in

E = 14500 kpsi (from Table 8–8)

From Eq. (8–18),

 

 =   in =  ( ) in = 1.375 int2
A + B

2
1.75 + 1

2

 =   =   = 29.7424 Mlb/ink2
0.5774π(E)d

ln( )(1.155( ) +   - d)(  + d)t2 D2 D2

(1.155( ) +   + d)(  - d)t2 D2 D2

0.5774 × π × (30 ×  psi) × 0.5 in 106

ln( )((1.155 × 1.375 in) + 0.86 in - 0.5 in)(0.86 in + 0.5 in)

((1.155 × 1.375 in) + 0.86 in + 0.5 in)(0.86 in - 0.5 in)

 = A -   = 1.75 in - 1.375 in = 0.375 int3 t2

 = 0.860 in + 2(1 in)tan(30°) = 2.0148 inD3

 =   =   = 293.923 Mlb/ink3
0.5774π(E)d

ln( )(1.155( ) +   - d)(  + d)t3 D3 D3

(1.155( ) +   + d)(  - d)t3 D3 D3

0.5774 × π × (30 ×  psi) × 0.5 in 106

ln( )((1.155 × 0.375 in) + 2.0148 in - 0.5 in)(2.0148 in + 0.5 in)

((1.155 × 0.375 in) + 2.0148 in + 0.5 in)(2.0148 in - 0.5 in)

 =   =   = 15.9936 Mlb/ink4
0.5774π(E)d

ln( )(1.155( ) +   - d)(  + d)t4 D4 D4

(1.155( ) +   + d)(  - d)t4 D4 D4

0.5774 × π × (14.5 ×  psi) × 0.5 in 106

ln( )((1.155 × 1 in) + 0.86 in - 0.5 in)(0.86 in + 0.5 in)

((1.155 × 1 in) + 0.86 in + 0.5 in)(0.86 in - 0.5 in)

 =   =   = 8.1987 Mlb/inkm (  +   +   +  )2
k1

1
k2

1
k3

1
k4

−1 (  +   +   +  )2
89.1957 Mlb/in

1
29.7424 Mlb/in

1
293.923 Mlb/in

1
15.9936 Mlb/in

−1



Problem 08.017 - Determining joint and member stiffnesses - DEPENDENT MULTI-PART PROBLEM - ASSIGN
ALL PARTS

Two identical aluminum plates are each 1.25 in thick and are compressed with one bolt and nut. Washers are used under the head of the bolt
and under the nut.
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
 
Washer properties:  steel; ID = 0.531 in; OD = 1.062 in; thickness = 0.095 in
Nut properties:  steel; height = 7/16 in
Bolt properties:  ½-13 UNC grade 8
Plate properties:  aluminum; E = 10.4 Mpsi; SU = 47 kpsi; Sy = 25 kpsi
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 13. Award: 2 out of 2.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 08.017.a - Determining joint and member stiffnesses

Determine a suitable length for the bolt, rounded up to the nearest ¼ in.

The length of the bolt is 3.25  in.
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Problem 08.017.a - Determining joint and member stiffnesses

Determine a suitable length for the bolt, rounded up to the nearest ¼ in.

The length of the bolt is 3.25 ± 2%  in.

 
Explanation:

In order to calculate the stiffness constants, you must first determine the length of each member in the frusta. The procedure is followed as
given in Table 8–7.

From Table A–31,

l = 2t + 2w = 2(1.25 in) + 2(0.095 in) = 2.69 in

where

t = steel plate thickness

The nut height is H = 0.437 in and the washer thickness is w = 0.095 in.

Rounding up to the nearest ¼ in,

L = 3.25 in

 

L ≥ l + H

L = 2.69 in + 0.437 in = 3.127 in



 14. Award: 7 out of 7.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 08.017.b - Determining joint and member stiffnesses

Determine the bolt stiffness.

The bolt stiffness is 1.9933  Mlb/in.
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Problem 08.017.b - Determining joint and member stiffnesses

Determine the bolt stiffness.

The bolt stiffness is 1.9933 ± 2%  Mlb/in.

 
Explanation:

From Eq. (8–14),

From Table 8–7,

From Table 8–1,

At = 0.1419 in2

 

 = 2 (0.5 in) + 0.25 in = 1.25 inLT

 = L -   = 3.25 in - 1.25 in = 2 inld LT

 = l -   = 2.69 in - 2 in = 0.69 inlt ld

 =    ×  Ad
π

4 (0.5 in)2  = 0.1963 in2

 =   =   = 1.9933 Mlb/inkb
EAdAt

 + Adlt Atld

 ×  × 30 ×  psi0.1963 in2  0.1419 in2  106

(  × 0.69 in) + (  × 2 in)0.1963 in2 0.1419 in2



 15. Award: 8 out of 8.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 08.017.c - Determining joint and member stiffnesses

Determine the material stiffness.

The material stiffness is 4.7458  Mlb/in.
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Problem 08.017.c - Determining joint and member stiffnesses

Determine the material stiffness.

The material stiffness is 4.7458 ± 2%  Mlb/in.

 
Explanation:

Now calculate the member stiffness. As the thickness and material of the plates are the same and the material or the washers are different,
we must calculate two k's for the frusta.

For the washers,

Steel:

w = 0.095 in, d1 = 0.531 in (Table A-32), D1 = 0.75 in, and E = 30,000 kpsi

 =   =   = 89.1957 Mlb/ink1
0.5774π(E)d1

ln( )(1.155(w) +   -  )(  +  )D1 d1 D1 d1

(1.155(w) +   +  )(  -  )D1 d1 D1 d1

0.5774 × π × (30 ×  psi) × 0.531 in 106

ln( )((1.155 × 0.095 in) + 0.75 in - 0.531 in)(0.75 in + 0.531 in)

((1.155 × 0.095 in) + 0.75 in + 0.531 in)(0.75 in - 0.531 in)



For the aluminum plates,

t2 = 1.25 in, d = 0.5 in, D = 0.860 in, and E = 10.4 Mpsi

From Eq. (8–18),

 

Problem 08.018 - Determining joint and member stiffnesses with dissimilar joint materials - DEPENDENT
MULTI-PART PROBLEM - ASSIGN ALL PARTS

Two identical aluminum plates are each 2 in (t) thick, and are compressed with one bolt and nut.  No washers are used under the head of the
bolt but two washers are used under the nut.
Washer properties: steel ID = 0.531 in, OD = 1.062 in, and thickness = 0.095 in.
Nut properties: steel height = 7/16 in
Bolt properties: ½-13 UNC grade 8
Plate properties: aluminum  E = 10.3 Mpsi, SU = 47 kpsi, and Sy = 25 kpsi.
 
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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 =   =   = 10.6218 Mlb/ink2
0.5774π(E)d

ln( )(1.155( ) +   - d)(  + d)t2 D4 D4

(1.155( ) +   + d)(  - d)t2 D4 D4

0.5774 × π × (10.4 ×  psi) × 0.5 in 106

ln( )((1.155 × 1.25 in) + 0.86 in - 0.5 in)(0.86 in + 0.5 in)

((1.155 × 1.25 in) + 0.86 in + 0.5 in)(0.86 in - 0.5 in)

 =   =   = 4.7458 Mlb/inkm (  +  )2
k1

2
k2

−1 (  +  )2
89.1957 Mlb/in

2
10.6218 Mlb/in

−1



 16. Award: 2 out of 2.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 08.018.a - Determining joint and member stiffnesses with dissimilar joint materials

Find a suitable bolt length.

The bolt length is 4.75  in.
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Problem 08.018.a - Determining joint and member stiffnesses with dissimilar joint materials

Find a suitable bolt length.

The bolt length is 4.75 ± 2%  in.

 
Explanation:

In order to calculate the stiffness constants, you must first determine the length of each member in the frusta.  Following the procedure of
Table 8–7, we have

l = 2t + 2w = 2 × 2 in + 2 × 0.095 in = 4.19 in. The nut height is H = 0.437 in (from Table A–31), and the washer thickness is w = 0.095 in.

L ≥ l + H = 4.19 in + 0.437 in = 4.627 in.

Rounding up the value to the nearest ¼ in gives L = 4.75 in. 

This is the required bolt length.

 



 17. Award: 7 out of 7.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 08.018.b - Determining joint and member stiffnesses with dissimilar joint materials

Determine the bolt stiffness.

The bolt stiffness is 1322026.683  lb/in.
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Problem 08.018.b - Determining joint and member stiffnesses with dissimilar joint materials

Determine the bolt stiffness.

The bolt stiffness is 1322026.683 ± 2%  lb/in.

 
Explanation:

From Eq. 8–14,

LT = 2(0.5 in) + 0.25 in = 1.25 in

From Table 8–7, we have

ld = L − LT = 4.75 in – 1.25 in = 3.5 in

lt  = l − ld = 4.19 in – 3.5 in = 0.69 in

From Table 8–1,  At = 0.1419 in2.

Therefore, from Eq. (8–17), the bolt stiffness is

 

 = Ad
π(0.5 in)2

4  = 0.1963 in2

= = = 1322026.683 lb/inkb
EAdAt

+Adlt Atld

( )(30×  psi)0.1963 in2 0.1419 in2 106

(0.69 in)+ (3.5 in)0.1963 in2 0.1419 in2



 18. Award: 0 out of 8.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 08.018.c - Determining joint and member stiffnesses with dissimilar joint materials

Determine the material stiffness.

The material stiffness is 2368  lb/in.
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Problem 08.018.c - Determining joint and member stiffnesses with dissimilar joint materials

Determine the material stiffness.

The material stiffness is 4082730.289 ± 2%  lb/in.

 
Explanation:

The member stiffness requires the calculation for each frustum in the stack. As per the figure below, we will need to calculate three k values,
the washers, the upper frustum, and the lower frustum.

For the washers,
Steel – t = 2w = 2(0.095 in) = 0.190 in, d1 = 0.531 in, D1 = 0.75 in, and E = 30,000 ksi.

= = = 53906002.57 lb/ink1
0.5774π(E)d1

ln
[1.155(t)+ − ]( + )D1 d1 D1 d1

[1.155(t)+ + ]( − )D1 d1 D1 d1

0.5774π(30×  psi)106 0.5 in2

ln
[1.155(0.190 in)+0.75 in−0.5 in](0.75 in + 0.5 in)

[1.155(0.190 in)+0.75 in+0.5 in](0.75 in − 0.5 in)



For the aluminum plates, the frustum is in two parts.

From Eq. (8-20),

t3 = l/2 in = 2.095 in, D3 = 0.75 in, d = 0.5 in, and E = 10,300 ksi.

Therefore, the material stiffness is

 

Aluminum –  =  in– 2w = 1.905 in, d = 0.5 in,  = 0.75 in  + 2 × 2(0.095 in) tan(30°) = 0.969 in, and E = 10,300 ksi.t2
l
2 D2

= = = 11343455.71 lb/ink2
0.5774πEd

ln
[1.155( )+ −d]( +d)t2 D2 D2

[1.155( )+ +d]( −d)t2 D2 D2

0.5774π(10.3×  psi)0.5 in106

ln
[1.155(1.905 in)+0.969 in−0.5 in](0.969 in+0.5 in)

[1.155(1.905 in)+0.969 in+0.5 in](0.969 in−0.5 in)

= = = 7234488.906 lb/ink3
0.5774πEd

ln
[1.155( )+ −d]( +d)t3 D3 D3

[1.155( )+ +d]( −d)t3 D3 D3

0.5774π(10.3× )0.5 in106

ln
[1.155(2.095 in)+0.75 in−0.5 in](0.75 in+0.5 in)

[1.155(2.095 in)+0.75 in+0.5 in](0.75 in−0.5 in)

= =  lb/in = 4082730.289 lb/inkm ( + + )1
k1

1
k2

1
k3

−1
( + + )1

53906002.57
1

11343455.71
1

7234488.906
−1
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Score: 33/100 Points 33 %

Problem 08.011 - Determining joint and member stiffnesses - DEPENDENT MULTI-PART PROBLEM - ASSIGN ALL
PARTS

An M 14 × 2 hex-head bolt with a nut is used to clamp together two 11-mm steel plates. 
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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 1. Award: 2 out of 2.00 points

Problem 08.011.a - Determining joint and member stiffnesses

Determine a suitable length for the bolt, rounded up to the nearest 5 mm. 

The length of the bolt L is 35  mm.
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Problem 08.011.a - Determining joint and member stiffnesses

Determine a suitable length for the bolt, rounded up to the nearest 5 mm. 

The length of the bolt L is 35 ± 2%  mm.

Explanation:

In order to calculate the stiffness constants, you must first determine the length of each member in the frusta. The procedure to be followed is
given in Table 8–7,

From Table A–31, the nut height is H = 12.8 mm.

L > 2t + H

L = 2 × 11 mm + 12.8 mm = 34.8 mm

Material thickness (t) Bolt length (L)
10 ≤ t ≤ 11 35
12 ≤ t ≤ 13 40
14 ≤ t ≤ 16 45
17 ≤ t ≤ 18 50
19 ≤ t ≤ 21 55
22 ≤ t ≤ 23 60
24 ≤ t ≤ 25 65

 From Eq. (8–14), 

LT = 2 14 mm  + 6 mm = 34 mm

From Table 8–7,

l = 2t = 2 ×  11 mm = 22 mm

ld = L - LT = 35 mm - 34 mm = 1 mm

( )



 2. Award: 7 out of 7.00 points  
 

lt = l - ld = 22 mm - 1 mm = 21 mm

 

Problem 08.011.b - Determining joint and member stiffnesses

Determine the bolt stiffness. 

The bolt stiffness kb is 1094  MN/m.
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Problem 08.011.b - Determining joint and member stiffnesses

Determine the bolt stiffness. 

The bolt stiffness kb is 1094.6217 ± 2%  MN/m.

 
Explanation:

Ad = 
π

4
× (14 mm)2 = 153.9 mm2

From Table 8–1,

At = 115 mm2

The bolt stiffness is calculated as follows:

kb = 
AdAtE

Adlt + Atld
 = 

153.9 mm2 ×  115 mm2 ×  207 GPa

153.9 mm2 ×  21 mm  + 115 mm2 ×  1 mm

 = 1094.6217 MN/m

 

( ) ( )



 3. Award: 0 out of 7.00 points

Problem 08.011.c - Determining joint and member stiffnesses

Determine the material stiffness.

The material stiffness km is 1153  MN/m. 
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Problem 08.011.c - Determining joint and member stiffnesses

Determine the material stiffness.

The material stiffness km is 3403.4352 ± 2%  MN/m. 

 
Explanation:

Now we calculate the member stiffness. Since all members in the stack are steel, Eq. (8–23) can be used.
Note that this equation can only be used when all materials in the joint are the same.

km = EdAe
Bd

l

E = 207 GPa = 207×109 N/m2

d = 14 mm = 0.014 m
A = 0.78715
B = 0.62873

km = 207 ×  109 N/m2 ×  0.014 m ×  0.78715 × e
0.62873 ×  0.014 m

22

1000
 m

 = 3403.4352 MN/m

 

( ( ) )



Problem 08.012 - Determining joint and member stiffnesses - DEPENDENT MULTI-PART PROBLEM - ASSIGN ALL
PARTS

An M 14 × 2 hex-head bolt with a nut and a 14R washer under each of bolt head and the nut is used to clamp together two 13-mm steel plates.
 
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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 4. Award: 0 out of 2.00 points

Problem 08.012.a - Determining joint and member stiffnesses

Determine a suitable length for the bolt, rounded up to the nearest 5 mm.

The length of the bolt L is 40  mm.
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Problem 08.012.a - Determining joint and member stiffnesses

Determine a suitable length for the bolt, rounded up to the nearest 5 mm.

The length of the bolt L is 50 ± 2%  mm.

Explanation:

In order to calculate the stiffness constants, you must first determine the length of each member in the frusta. The procedure to be followed is
given in Table 8–7,

From Table A–31, the nut height is H = 12.8 mm and the washer is w = 3.5 mm.

L > 2t + H + 2w

L = 2 ×  13 mm + 12.8 mm + 7 mm = 45.8 mm

Material thickness (t) Bolt length (L)
11 ≤ t ≤ 12 45
13 ≤ t ≤ 15 50
16 ≤ t ≤ 17 55
18 ≤ t ≤ 20 60
21 ≤ t ≤ 22 65
23 ≤ t ≤ 25 70

From Eq. (8–14),

LT = 2 14 mm  + 6 mm = 34 mm

From Table 8–7,

l = 2t + 2w = 2 ×  13 mm + 7 mm = 33 mm

ld = L - LT = 50 mm - 34 mm = 16 mm

lt = l - ld = 33 mm - 16 mm = 17 mm

( )



 5. Award: 0 out of 7.00 points  
 

 

Problem 08.012.b - Determining joint and member stiffnesses

Determine the bolt stiffness.

The bolt stiffness kb is 972.3  MN/m.
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Problem 08.012.b - Determining joint and member stiffnesses

Determine the bolt stiffness.

The bolt stiffness kb is 822.1146 ± 2%  MN/m.

 
Explanation:

Ad = 
π

4
× (14 mm)2 = 153.9 mm2

From Table 8–1,

At = 115 mm2

The bolt stiffness is calculated as follows:

kb = 
AdAtE

Adlt + Atld
 = 

153.9 mm2 ×  115 mm2 ×  207 GPa

153.9 mm2 ×  17 mm  + 115 mm2 ×  16 mm

 = 822.1146 MN/m

 

( ) ( )



 6. Award: 0 out of 7.00 points

Problem 08.012.c - Determining joint and member stiffnesses

Determine the material stiffness.

The material stiffness km is 3332.3  MN/m. 
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Problem 08.012.c - Determining joint and member stiffnesses

Determine the material stiffness.

The material stiffness km is 2978.4955 ± 2%  MN/m. 

 
Explanation:

Now we calculate the member stiffness. Since all members in the stack are steel, Eq. (8–23) can be used.

Note that this equation can only be used when all materials in the joint are the same.

km = EdAe
Bd

l

E = 207 GPa = 207×109 N/m2

d = 14 mm = 0.014 m
A = 0.78715
B = 0.62873

km = 207 ×  109 N/m2 ×  0.014 m ×  0.78715 × e
0.62873 ×  0.014 m

33

1000
 m

 = 2978.4955 MN/m

 

( ( ) )



Problem 08.014 - Determining joint and member stiffnesses with dissimilar joint materials - DEPENDENT MULTI-
PART PROBLEM - ASSIGN ALL PARTS

A 2-in. steel plate and a 1.25-in. cast-iron plate are compressed with one bolt and nut. The bolt is ½ in-13 UNC. 
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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 7. Award: 0 out of 2.00 points

Problem 08.014.a - Determining joint and member stiffnesses with dissimilar joint materials

Determine a suitable length for the bolt, rounded up to the nearest ¼ in.

The length of the bolt is 4  in.
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Problem 08.014.a - Determining joint and member stiffnesses with dissimilar joint materials

Determine a suitable length for the bolt, rounded up to the nearest ¼ in.

The length of the bolt is 3.75 ± 2%  in.

 
Explanation:

In order to calculate the stiffness constants, you must first determine the length of each member in the frusta. The procedure is followed as given
in Table 8–7,

From Table A–31,

l = A + B = 2 in + 1.25 in = 3.25 in

where

A = steel plate thickness

B = cast-iron plate thickness

The nut height is H = 0.437 in.

L ≥ l + H

L = 3.25 in + 0.437 in = 3.687 in

Rounding up the value L to the nearest ¼ in.

L = 3.75 in

From Eq. (8–14),

LT = 2(0.5 in) + 0.25 in = 1.25 in

From Table 8–7,

ld = L - LT = 3.75 in - 1.25 in = 2.5 in

lt = l - ld = 3.25 in - 2.5 in = 0.75 in

 



 8. Award: 0 out of 7.00 points

Problem 08.014.b - Determining joint and member stiffnesses with dissimilar joint materials

Determine the bolt stiffness.

The bolt stiffness is 1.5  Mlb/in.
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Problem 08.014.b - Determining joint and member stiffnesses with dissimilar joint materials

Determine the bolt stiffness.

The bolt stiffness is 1.6648 ± 2%  Mlb/in.

 
Explanation:

Ad = 
π

4
× (0.5 in)2 = 0.1963 in2

From Table 8–1,

At = 0.1419 in2

kb = 
AdAtE

Adlt + Atld
 = 

0.1963 in2 ×  0.1419 in2 ×  30 ×  106 psi

0.1963 in2 ×  0.75 in  + 0.1419 in2 ×  2.5 in

 = 1.6648 Mlb/in

 

( ) ( )



 9. Award: 0 out of 8.00 points

Problem 08.014.c - Determining joint and member stiffnesses with dissimilar joint materials

Determine the material stiffness.

The material stiffness is 7.21  Mlb/in.
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Problem 08.014.c - Determining joint and member stiffnesses with dissimilar joint materials

Determine the material stiffness.

The material stiffness is 7.4088 ± 2%  Mlb/in.

 
Explanation:

Now we calculate the member stiffness. This requires the calculation for each frustum in the stack. As A ≠ B, we must calculate three k's for the
frusta. 

For the steel plate, the frustum is in two parts.

Steel plate:

t = 1.625 in, d = 0.5 in, D = 0.75 in, and E = 30,000 kpsi

k1 = 
0.5774π (E )d1

ln
1.155(w)  + D1 - d1 D1 + d1

1.155(w)  + D1 + d1 D1 - d1

 = 
0.5774 × π × 30 ×  106 psi ×  0.5 in

ln
( (1.155 ×  1.625 in)  + 0.75 in - 0.5 in ) (0.75 in + 0.5 in )

( (1.155 ×  1.625 in)  + 0.75 in + 0.5 in ) (0.75 in - 0.5 in )

= 22.2288 Mlb/in

t2 = A - 
l

2
 in = 2 in - 

3.25

2
 in = 0.375 in

D2 = 1.5d + 2(l - h) tan(30°) = 1.5 ×  0.5 in + 2(3.25 in - 2 in) ×  tan(30°) = 2.1934 in

( ( ) ( )
( ) ( ) )

( )

( )

( )



k2 = 
0.5774π (E )d

ln
1.155 t2  + D2 - d D2 + d

1.155 t2  + D2 + d D2 - d

 = 
0.5774 × π × 30 ×  106 psi ×  0.5 in

ln
( (1.155 ×  0.375 in)  + 2.1934 in - 0.5 in ) (2.1934 in + 0.5 in )

( (1.155 ×  0.375 in)  + 2.1934 in + 0.5 in ) (2.1934 in - 0.5 in )

= 346.0294 Mlb/in

For the cast-iron plate, the frustum is in one part. This will generate k3.

Cast iron: 

t3 = 1.25 in, d = 0.5 in, D = 0.75 in, and E = 14500 kpsi (from Table 8–8).

k3 = 
0.5774π (E )d

ln
1.155 t3  + D3 - d D3 + d

1.155 t3  + D3 + d D3 - d

 = 
0.5774 × π × 14.5 ×  106 psi ×  0.5 in

ln
(1.155 ×  1.25 in + 0.75 in - 0.5 in ) (0.75 in + 0.5 in )

(1.155 ×  1.25 in + 0.75 in + 0.5 in ) (0.75 in - 0.5 in )

= 11.4813 Mlb/in

From Eq. (8–18),

km = 
1

k1
 + 

1

k2
 + 

1

k3

- 1
 = 

1

22.2288 Mlb/in
 + 

1

346.0294 Mlb/in
 + 

1

11.4813 Mlb/in

- 1
 = 7.4088 Mlb/in

 

Problem 08.015 - Determining joint and member stiffnesses with dissimilar joint materials - DEPENDENT MULTI-
PART PROBLEM - ASSIGN ALL PARTS

A 1.25-in. steel plate and a 0.5-in. gray cast iron plate are compressed with one bolt and nut. The bolt is ½ in-13 UNC. A ½ N American Standard plain
washer is used under the head of the bolt and under the nut. 
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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 10. Award: 2 out of 2.00 points

Problem 08.015.a - Determining joint and member stiffnesses with dissimilar joint materials

Determine a suitable length for the bolt, rounded up to the nearest ¼ in.

The length of the bolt is 2.5  in.
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Problem 08.015.a - Determining joint and member stiffnesses with dissimilar joint materials

Determine a suitable length for the bolt, rounded up to the nearest ¼ in.

The length of the bolt is 2.5 ± 2%  in.

 
Explanation:

In order to calculate the stiffness constants, you must first determine the length of each member in the frusta. The procedure is followed as
given in Table 8–7,

From Table A–31,

l = A + B + 2w = 1.25 in + 0.5 in + 2(0.095 in) = 1.94 in

where

A = steel plate thickness

B = cast-iron plate thickness

The nut height is H = 0.437 in and the washer thickness is w = 0.095 in.

L ≥ l + H

L = 1.94 in + 0.437 in = 2.377 in

Rounding up the value of L to the nearest ¼ in.

L = 2.5 in

 



 11. Award: 7 out of 7.00 points

Problem 08.015.b - Determining joint and member stiffnesses with dissimilar joint materials

Determine the bolt stiffness.

The bolt stiffness is 2.67  Mlb/in.
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Problem 08.015.b - Determining joint and member stiffnesses with dissimilar joint materials

Determine the bolt stiffness.

The bolt stiffness is 2.6714 ± 2%  Mlb/in.

 
Explanation:

From Eq. (8–14),

LT = 2(0.5 in) + 0.25 in = 1.25 in

From Table 8–7,

ld = L - LT = 2.5 in - 1.25 in = 1.25 in

lt = l - ld = 1.94 in - 1.25 in = 0.69 in

Ad = 
π

4
× (0.5 in)2 = 0.1963 in2

From Table 8–1,

At = 0.1419 in2

kb = 
AdAtE

Adlt + Atld
 = 

0.1963 in2 ×  0.1419 in2 ×  30 ×  106 psi

0.1963 in2 ×  0.69 in  + 0.1419 in2 ×  1.25 in

 = 2.6714 Mlb/in

 

( ) ( )



 12. Award: 8 out of 8.00 points

Problem 08.015.c - Determining joint and member stiffnesses with dissimilar joint materials

Determine the material stiffness.

The material stiffness is 9.65  Mlb/in.
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Problem 08.015.c - Determining joint and member stiffnesses with dissimilar joint materials

Determine the material stiffness.

The material stiffness is 9.6576 ± 2%  Mlb/in.

 
Explanation:

Now we calculate the member stiffness. This requires the calculation for each frustum in the stack. As A ≠ B and the washer material is different
than the bottom piece being joined, we must calculate five k's for the frusta. Note that the top washer and the top piece are both steel. However,
the ID of the washer is different than that of the plates.

For the washers,

Steel: 

w = 0.095 in, d1 = 0.531 in (Table A-32), D1 = 0.75 in, and E = 30,000 kpsi

k1 = 
0.5774π (E )d1

ln
1.155(w)  + D1 - d1 D1 + d1

1.155(w)  + D1 + d1 D1 - d1

 = 
0.5774 × π × 30 ×  106 psi ×  0.531 in

ln
( (1.155 ×  0.095 in)  + 0.75 in - 0.531 in ) (0.75 in + 0.531 in )

( (1.155 ×  0.095 in)  + 0.75 in + 0.531 in) (0.75 in - 0.531 in )

 = 89.1957 Mlb/in

For the steel plate, the frustum is in two parts.

Steel:

( ( ) ( )
( ) ( ) )

( )

( )



t2 = 
A + B

2
 in = 

1.25 + 0.5

2
 in = 0.875 in

d = 0.5 in

D2 = 0.75 in + 2(0.095 in)tan(30°) = 0.860 in

E = 30000 kpsi

k2 = 
0.5774π (E )d

ln
1.155 t2  + D2 - d D2 + d

1.155 t2  + D2 + d D2 - d

 = 
0.5774 × π × 30 ×  106 psi ×  0.5 in

ln
( (1.155 ×  0.875 in)  + 0.86 in - 0.5 in ) (0.86 in + 0.5 in )

( (1.155 ×  0.875 in)  + 0.86 in + 0.5 in ) (0.86 in - 0.5 in )

= 34.828 Mlb/in

t3 = A - t2 = 1.25 in - 0.875 in = 0.375 in

D3 = 0.860 in + 2 0.5 in tan 30°  = 1.4374 in

E = 30000 kpsi

k3 = 
0.5774π (E )d

ln
1.155 t3  + D3 - d D3 + d

1.155 t3  + D3 + d D3 - d

 = 
0.5774 × π × 30 ×  106 psi ×  0.5 in

ln
( (1.155 ×  0.375 in)  + 1.4374 in - 0.5 in ) (1.4374 in + 0.5 in )

( (1.155 ×  0.375 in)  + 1.4374 in + 0.5 in ) (1.4374 in - 0.5 in )

= 152.7975 Mlb/in

For the cast-iron cylinder, the frustum is in one part. This will generate k4.

Cast iron:

t4 = 0.5 in

d = 0.5 in

D = 0.860 in

E = 14500 kpsi (from Table 8–8)

k4 = 
0.5774π (E )d

ln
1.155 t4  + D4 - d D4 + d

1.155 t4  + D4 + d D4 - d

 = 
0.5774 × π × 14.5 ×  106 psi ×  0.5 in

ln
( (1.155 ×  0.5 in )  + 0.86 in - 0.5 in ) (0.86 in + 0.5 in )

( (1.155 ×  0.5 in )  + 0.86 in + 0.5 in ) (0.86 in - 0.5 in )

= 21.8024 Mlb/in

From Eq. (8–18),

km = 
2

k1
 + 

1

k2
 + 

1

k3
 + 

1

k4

- 1
 = 

2

89.1957 Mlb/in
 + 

1

34.828 Mlb/in
 + 

1

152.7975 Mlb/in
 + 

1

21.8024 Mlb/in

- 1
 = 9.6576 Mlb/in
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( ( ( ) ) ( )
( ( ) ) ( ) )

( )

( )

( ) ( )

( ( ( ) ) ( )
( ( ) ) ( ) )
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Problem 08.017 - Determining joint and member stiffnesses - DEPENDENT MULTI-PART PROBLEM - ASSIGN ALL
PARTS

Two identical aluminum plates are each 1.25 in thick and are compressed with one bolt and nut. Washers are used under the head of the bolt and
under the nut.
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
 
Washer properties:  steel; ID = 0.531 in; OD = 1.062 in; thickness = 0.095 in
Nut properties:  steel; height = 7/16 in
Bolt properties:  ½-13 UNC grade 8
Plate properties:  aluminum; E = 10.4 Mpsi; SU = 47 kpsi; Sy = 25 kpsi
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 13. Award: 0 out of 2.00 points

Problem 08.017.a - Determining joint and member stiffnesses

Determine a suitable length for the bolt, rounded up to the nearest ¼ in.

The length of the bolt is 4.75  in.
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Problem 08.017.a - Determining joint and member stiffnesses

Determine a suitable length for the bolt, rounded up to the nearest ¼ in.

The length of the bolt is 3.25 ± 2%  in.

 
Explanation:

In order to calculate the stiffness constants, you must first determine the length of each member in the frusta. The procedure is followed as given
in Table 8–7.

From Table A–31,

l = 2t + 2w = 2(1.25 in) + 2(0.095 in) = 2.69 in

where

t = steel plate thickness

The nut height is H = 0.437 in and the washer thickness is w = 0.095 in.

L ≥ l + H

L = 2.69 in + 0.437 in = 3.127 in

Rounding up to the nearest ¼ in,

L = 3.25 in

 



 14. Award: 0 out of 7.00 points

Problem 08.017.b - Determining joint and member stiffnesses

Determine the bolt stiffness.

The bolt stiffness is 1.32  Mlb/in.

 

References

Numeric Response Chapter: 08 Screws,
Fasteners, and the Design of
Nonpermanent Joints

Problem 08.017.b -
Determining joint and
member stiffnesses

Section: 08.05 Joints - Member
Stiffness

 

Problem 08.017.b - Determining joint and member stiffnesses

Determine the bolt stiffness.

The bolt stiffness is 1.9933 ± 2%  Mlb/in.

Explanation:

From Eq. (8–14),

LT = 2(0.5 in) + 0.25 in = 1.25 in

From Table 8–7,

ld = L - LT = 3.25 in - 1.25 in = 2 in

lt = l - ld = 2.69 in - 2 in = 0.69 in

Ad = 
π

4
× (0.5 in)2 = 0.1963 in2

From Table 8–1,

At = 0.1419 in2

kb = 
AdAtE

Adlt + Atld
 = 

0.1963 in2 ×  0.1419 in2 ×  30 ×  106 psi

0.1963 in2 ×  0.69 in  + 0.1419 in2 ×  2 in

 = 1.9933 Mlb/in

 

( ) ( )



 15. Award: 0 out of 8.00 points

Problem 08.017.c - Determining joint and member stiffnesses

Determine the material stiffness.

The material stiffness is 4.19  Mlb/in.
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Problem 08.017.c - Determining joint and member stiffnesses

Determine the material stiffness.

The material stiffness is 4.7458 ± 2%  Mlb/in.

Explanation:

Now calculate the member stiffness. As the thickness and material of the plates are the same and the material or the washers are different, we
must calculate two k's for the frusta.

For the washers,

Steel:

w = 0.095 in, d1 = 0.531 in (Table A-32), D1 = 0.75 in, and E = 30,000 kpsi

k1 = 
0.5774π (E )d1

ln
1.155(w)  + D1 - d1 D1 + d1

1.155(w)  + D1 + d1 D1 - d1

 = 
0.5774 × π × 30 ×  106 psi ×  0.531 in

ln
( (1.155 ×  0.095 in)  + 0.75 in - 0.531 in ) (0.75 in + 0.531 in )

( (1.155 ×  0.095 in)  + 0.75 in + 0.531 in) (0.75 in - 0.531 in )

= 89.1957 Mlb/in

For the aluminum plates,

( ( ) ( )
( ) ( ) )

( )

( )



t2 = 1.25 in, d = 0.5 in, D = 0.860 in, and E = 10.4 Mpsi

k2 = 
0.5774π (E )d

ln
1.155 t2  + D4 - d D4 + d

1.155 t2  + D4 + d D4 - d

 = 
0.5774 × π × 10.4 ×  106 psi ×  0.5 in

ln
( (1.155 ×  1.25 in )  + 0.86 in - 0.5 in ) (0.86 in + 0.5 in )

( (1.155 ×  1.25 in )  + 0.86 in + 0.5 in ) (0.86 in - 0.5 in )

= 10.6218 Mlb/in

From Eq. (8–18),

km = 
2

k1
 + 

2

k2

- 1
 = 

2

89.1957 Mlb/in
 + 

2

10.6218 Mlb/in

- 1
 = 4.7458 Mlb/in

 

Problem 08.018 - Determining joint and member stiffnesses with dissimilar joint materials - DEPENDENT MULTI-
PART PROBLEM - ASSIGN ALL PARTS

Two identical aluminum plates are each 1.5 in (t) thick, and are compressed with one bolt and nut.  No washers are used under the head of the bolt but
two washers are used under the nut.
Washer properties: steel ID = 0.531 in, OD = 1.062 in, and thickness = 0.095 in.
Nut properties: steel height = 7/16 in
Bolt properties: ½-13 UNC grade 8
Plate properties: aluminum  E = 10.3 Mpsi, SU = 47 kpsi, and Sy = 25 kpsi.
 
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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 16. Award: 0 out of 2.00 points

Problem 08.018.a - Determining joint and member stiffnesses with dissimilar joint materials

Find a suitable bolt length.

The bolt length is 3.62  in.
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Problem 08.018.a - Determining joint and member stiffnesses with dissimilar joint materials

Find a suitable bolt length.

The bolt length is 3.75 ± 2%  in.

 
Explanation:

In order to calculate the stiffness constants, you must first determine the length of each member in the frusta.  Following the procedure of Table
8–7, we have

l = 2t + 2w = 2 × 1.5 in + 2 × 0.095 in = 3.19 in. The nut height is H = 0.437 in (from Table A–31), and the washer thickness is w = 0.095 in.

L ≥ l + H = 3.19 in + 0.437 in = 3.627 in.

Rounding up the value to the nearest ¼ in gives L = 3.75 in. 

This is the required bolt length.

 



 17. Award: 7 out of 7.00 points

Problem 08.018.b - Determining joint and member stiffnesses with dissimilar joint materials

Determine the bolt stiffness.

The bolt stiffness is 1704972  lb/in.
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Problem 08.018.b - Determining joint and member stiffnesses with dissimilar joint materials

Determine the bolt stiffness.

The bolt stiffness is 1704720.959 ± 2%  lb/in.

 
Explanation:

From Eq. 8–14,

LT = 2(0.5 in) + 0.25 in = 1.25 in

From Table 8–7, we have

ld = L − LT = 3.75 in – 1.25 in = 2.5 in

lt  = l − ld = 3.19 in – 2.5 in = 0.69 in

Ad = 
π 0.5 in )2

4
 = 0.1963 in2

From Table 8–1,  At = 0.1419 in2.

Therefore, from Eq. (8–17), the bolt stiffness is

kb =
AdAtE

Adlt+Atld
=

0.1963 in2 0.1419 in2 30 × 106 psi

0.1963 in2 ( 0.69 in ) + 0.1419 in2 ( 2.5 in )
= 1704720.959 lb/in

 

(

( ) ( )



 18. Award: 0 out of 8.00 points

Problem 08.018.c - Determining joint and member stiffnesses with dissimilar joint materials

Determine the material stiffness.

The material stiffness is 4207699  lb/in.
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Problem 08.018.c - Determining joint and member stiffnesses with dissimilar joint materials

Determine the material stiffness.

The material stiffness is 4359093.885 ± 2%  lb/in.

 
Explanation:

The member stiffness requires the calculation for each frustum in the stack. As per the figure below, we will need to calculate three k values, the
washers, the upper frustum, and the lower frustum.

For the washers,
Steel – t = 2w = 2(0.095 in) = 0.190 in, d1 = 0.531 in, D1 = 0.75 in, and E = 30,000 ksi.

k1 =
0 .5774π (E )d1

ln
[ 1 .155 ( t ) +D1−d1 ] D1 +d1

[ 1 .155 ( t ) +D1 +d1 ] D1−d1

=
0 .5774π 30 × 106 psi 0.5 in2

ln
[ 1 .155 (0.190 in ) + 0.75 in−0.5 in ] (0.75 in + 0.5 in )

[ 1 .155 (0.190 in ) + 0.75 in+ 0.5 in ] (0.75 in − 0.5 in )

= 53906002.57 lb/in

For the aluminum plates, the frustum is in two parts.

( )

( )

( )



Aluminum – t2 =
l

2
 in– 2w = 1.405 in, d = 0.5 in, D2 = 0.75 in + 2 × 2 0.095 in tan 30°  = 0.969 in, and E = 10,300 ksi.

From Eq. (8-20),

k2 =
0 .5774πEd

ln
[ 1 .155 t2 +D2−d ] D2 +d

[ 1 .155 t2 +D2 +d ] D2−d

=
0.5774π 10 .3 × 106 psi 0.5 in

ln
[ 1 .155 (1.405 in ) + 0.969 in−0.5  in ] (0 .969 in+ 0.5  in )

[ 1 .155 (1.405 in ) + 0.969 in+ 0.5  in ] (0 .969 in−0.5  in )

= 12439209.06 lb/in

t3 = l/2 in = 1.595 in, D3 = 0.75 in, d = 0.5 in, and E = 10,300 ksi.

k3 =
0 .5774πEd

ln
[ 1 .155 t3 +D3−d ] D3 +d

[ 1 .155 t3 +D3 +d ] D3−d

=
0 .5774π 10 .3 × 106 0.5 in

ln
[ 1 .155 (1.595 in ) + 0.75 in−0.5  in ] (0 .75 in+ 0.5  in )

[ 1 .155 (1.595 in ) + 0.75 in+ 0.5  in ] (0 .75 in−0.5  in )

= 7664967.28 lb/in

Therefore, the material stiffness is

km =
1

k1
+

1

k2
+

1

k3

- 1
=

1

53906002.57
+

1

12439209.06
+

1

7664967.28

- 1
 lb/in = 4359093.885 lb/in
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Determine the yielding factor of safety.

The yielding factor of safety is 1.1636 ± 2% .

From Table 8–9, Sp = 120 ksi.

The stiffness constant is

C =
kb

kb + km

=
2.6 Mlbf/in

( 2.6+16 ) Mlbf / in
= 0.1398

For a nonpermanent connection, using Eqs. (8-31) and (8-32), we get

Fi = 0.75AtSp = 0.75(0.1419 in2)(120 ksi) = 12.77 kips

The external load per bolt is

P =
Ptotal

N
=

80 kip

6
=  13.33 kip

Therefore, from Eq. (8-28), the yielding factor of safety is

np =
SpAt

CP + Fi
=

120 ×103 psi 0.1419 in2

0.1398 ( 13330 lbf ) + 12770 lbf
= 1.1636

The yielding factor of safety is 1.1636.
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Determine the load factor of safety.

The load factor of safety is 2.2852 ± 2% .

Therefore, from Eq. (8-29), the load factor of safety is

nL =
SpAt − Fi

CP
=

120 × 103 psi 0.1419 in2 − 12770 lbf

0.1398(13330 lbf)
= 2.2852

The load factor of safety is 2.2852.
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Determine the factor of safety based on the joint separation.

The factor of safety based on the joint separation is 1.1137 ± 2% .

From Eq. (8-30), the joint separation factor of safety is

nO =
Fi

P ( 1 − C )
=

12770 lbf

13330 lbf ( 1 − 0.1398 )
= 1.1137

The factor of safety based on the joint separation is 1.1137.
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Determine the maximum bolt preload that can be applied without exceeding the proof strength of the
bolts once the load is applied.

The maximum bolt preload that can be applied is 15259.7347 ± 2%  lbf.

From Table 8–9, Sp = 120 ksi.

The stiffness constant is

C =
kb

kb + km

=
2.6 Mlbf/in

( 2.6 + 17 )  Mlbf/in
= 0.1327

The external load per bolt is

P =
Ptotal

N
=

80000 lbf

6
= 13330 lbf

The proof factor of safety, from Eq. (8-28), is used to find Fi:

Fia =
SpAt

np
− CP =

120 × 103 psi 0.1419 in2

1
− 0.1327(13330 lbf) = 15259.7347 lbf

The maximum bolt preload that can be applied is 15259.7347 lbf.
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Determine the minimum bolt preload that can be applied while avoiding joint separation.

The minimum bolt preload that can be applied is 11561.7347 ± 2%  lbf.

The equation for the separation factor of safety is determined by Eq. (8-30):

Fib = nOP(1 − C) = 1(13330 lbf)(1 − 0.1327) = 11561.7347 lbf

The minimum bolt preload that can be applied is 11561.7347 lbf.
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Determine the value of torque in units of lbfꞏin that should be specified for preloading the bolts if it is
desired to preload to the midpoint of the values found in parts (a) and (b). Use the average value of the
previously calculated values of Fi.

The torque that should be specified for preloading the bolt is 1341.0735 ± 2%  lbfꞏin.

The torque can be determined by Eq. 8-27:

T = KFid

T = KFid = 0 .2
Fia+ Fib

2
(0 .5 )

T = 0. 2
15259.7347 lbf + 11561.7347 lbf

2
(0.5 in) = 1341.0735 lbfꞏin

The torque that should be specified for preloading the bolt is 1341.0735 lbfꞏin.
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Determine the maximum external load Pmax that can be applied to the entire joint without exceeding the
proof strength of the bolts.

The maximum external load for this case is 83952 ± 2%  N.

From, Table 8–9, Sp = 380 MPa.

The stiffness constant is

C =
kb

kb + km

=
0.8 MN/mm

( 0.8 + 3.6 )  MN/mm
= 0.1818

For a nonpermanent connection, using Eqs. (8-31) and (8-32),

Fi = 0.75AtSp = 0.75(20.1 mm2)(380 MPa) = 5730 N

The proof factor of safety equation is given by Eq. (8-28):

Pmax =
SpAt

np
− Fi

N

C
=

380 × 106 Pa 2 .01 × 10 − 5 m2

1
− 5730 N

8

0.1818
= 83952 N

The maximum external load for this case is 83952 N.

References

Numeric
Response

Problem 08.031.a -
Static bolt factor of
safety related to
preload

Difficulty: Medium

Assignment Print View https://ezto.mheducation.com/hm.tpx

10 of 20 11/19/2020, 3:25 PM



Determine the maximum external load Pmax that can be applied to the entire joint without causing the
members to come out of compression.

The maximum external load for this case is 56026.6667 ± 2%  N.

The equation for the separation factor of safety is given Eq. (8-30):

Pmax =
Fi

no

1

( 1 − C )
N =

5730 N

1

1

( 1 − 0.1818 )
(8) = 56026.6667 N

The maximum external load for this case is 56026.6667 N.
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Determine the minimum number of bolts necessary to avoid yielding of the bolts.

The minimum number of bolts necessary to avoid yielding of the bolts is 5 ± 2% .

From Table 8–9,    

Sp = 1.2(105) psi

The stiffness constant is calculated as

C =
kb

kb + km

C =
4 Mlbf/in

( 4 Mlbf/in + 14 Mlbf/in )

C = 0.2222

For a non-permanent connection, using Eqs. (8–31) and (8–32),

Fi = 0.75AtSp = 0.75 0.1419 in2 120 × 103 psi = 12770 lbf

The proof factor of safety is calculated as

N =
CPmax

SpAt - Fi

N =
0.2222 80 × 103 lbf

0.1419 in2 120 × 103 psi - 12770 lbf

N = 5

Minimum number of bolts necessary to avoid yielding of the bolts is 5.
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Determine the minimum number of bolts necessary to avoid joint separation.

The minimum number of bolts necessary to avoid joint separation is 5 ± 2% .

The separation factor of safety is calculated as

N =
Pmax ( 1 - C )

Fi

N =
80 × 103 lbf ( 1 - 0.2222 )

12770 lbf

N = 5

The minimum number of bolts necessary to avoid joint separation is 5.
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The figure illustrates the nonpermanent connection of a steel cylinder head to a grade 30 cast-iron
pressure vessel using N bolts. A confined gasket seal has an effective sealing diameter D. The cylinder
stores gas at a maximum pressure pg. For the specifications given in the table for the specific problem
assigned, select a suitable bolt length, assuming bolts are available in increments of 5 mm. Then
determine the yielding factor of safety np, the load factor nL, and the joint separation factor n0. Take the
value of E for steel as 207 GPa and for cast iron as 100 GPa.

Head thickness (A) 20 mm
Cylinder thickness (B) 20 mm

Cylinder ID (C) 60 mm
Gasket sealing diameter (D) 100 mm

Bolt circle diameter (E) 200 mm
Head outer diameter (F) 300 mm

Number of bolts (N) 10
Cylinder pressure (pg) 7.35 MPa

Bolt grade (G) ISO 9.8
Bolt spec. M12 × 1.75

The suitable bolt length is 55 ± 2%  mm.
The yielding factor of safety is 1.2887 ± 2% .
The load factor is 9.0863 ± 2% .
The joint separation factor is 9.6604 ± 2% .

l = 20 mm + 20 mm = 40 mm

From Table A-31, the nut height is H = 10.8 mm.
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L ≥ l + H = 40 mm + 10.8 mm = 50.8 mm ≅ 55 mm

From  Eq. (8-14), we have

LT = 2d + 6 mm = 2(12 mm) + 6 mm = 30 mm

From Table 8-7,

ld = L - LT = 55 mm - 30 mm = 25 mm

lt = l - ld = 40 mm - 25 mm = 15 mm

Ad =
π ( 12 mm ) 2

4
= 113.1 mm2

From Table 8-1, we have At = 84.3 mm2.

From Eq. (8-17), we have

kb =
AdAtE

Adlt + Atld
=

113.1 mm2 84.3 mm2 207 × 103 N/mm2

113.1 mm2 ( 15 mm ) + 84.3 mm2 ( 25 mm )

= 518.8  × 103 N/mm = 518.8 MN/m

Now calculate the member stiffness.

For steel cylinder head, t = 20 mm, d = 12 mm, and D = 18 mm.

k1 = 
0.5774π ( E ) d

ln
1.155 t1  + D - d (D + d )

1.155 t1  + D + d (D - d )

 = 
0.5774π 207 × 103 N/mm2 12 mm

ln
(1.155(20 mm) + 18 mm− 12 mm) (18 mm+ 12 mm)

(1.155(20 mm) + 18 mm+ 12 mm) (18 mm− 12 mm)

= 4470 × 103 N/mm = 4470 MN/m

For cast iron, from Table 8-8, we have t = 20 mm, d = 12 mm, and D = 18 mm.

From Eq. (8-20),

k2 = 
0.5774π ( E ) d

ln
1.155 t2  + D2 - d D2 + d

1.155 t2  + D2 + d D2 - d

 = 
0.5774π 100 × 103 N/mm2 12 mm

ln
(1.155(20 mm) + 18 mm− 12 mm) (18 mm+ 12 mm)

(1.155(20 mm) + 18 mm+ 12 mm) (18 mm− 12 mm)

= 2159 × 103 N/mm = 2159 MN/m

From Eq. (8-18),

km =
1

k1
+

1

k2

- 1
=

1

4470 MN/m
+

1

2159 MN/m

- 1
= 1456 MN/m

C =
kb

kb + km

=
518.8 MN/m

518.8 MN/m + 1456 MN/m
= 0.263

From Table 8-11, we have Sp = 650 MPa.

For a nonpermanent connection, using Eqs. (8-31) and (8-32),

( ( ) )

( ( ) )

( ( ) ) ( )

( ( ) ) ( )
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Fi = 0.75AtSp = 0.75 84.3 mm2 (650 MPa) × 10 - 3 = 41.1 kN

The total external load is Ptotal = pgAg, where Ag is the effective area of the cylinder, based on the
effective sealing diameter of 100 mm. The external load per bolt is P = Ptotal/N. Thus,

P =
pgAg

N
=

7.35 N/mm2 π ( 100 mm ) 2

4 × 10
= 5772.6765 N/bolt = 5.7727 kN/bolt

The yielding factor of safety, from Eq. (8-28), is

np =
SpAt

CP + Fi
=

650 N/mm2 84.3 mm2

( 0.263 ) ( 5772.6765 N ) + 41.10 × 103 N

= 1.2887

The overall factor of safety, from Eq. (8-29), is

nL =
SpAt - Fi

CP
=

650 N/mm2 84.3 mm2 - 41.10 × 103 N

( 0.263 ) ( 5772.6765 N )
= 9.0863

The separation factor of safety, from Eq. (8-30), is

n0 =
Fi

P ( 1 - C )
=

41.10 kN

5.7727 kN(1-0.263)
= 9.6604

The suitable bolt length is 55 mm.
The yielding factor of safety is 1.2887.
The load factor is 9.0863.
The joint separation factor is 9.6604.
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The figure illustrates the nonpermanent connection of a steel cylinder head to a grade 30 cast-iron
pressure vessel using N bolts. A confined gasket seal has an effective sealing diameter D. The cylinder
stores gas at a maximum pressure pg. For the specifications given in the table for the specific problem
assigned, select a suitable bolt length, assuming bolts are available in increments of 0.25 in. Then
determine the yielding factor of safety np, the load factor nL, and the joint separation factor n0. Take the
value of E for steel as 30 Mpsi and for cast iron as 14.5 Mpsi.

Head thickness (A) 0.5 in
Cylinder thickness (B) 0.625 in

Cylinder ID (C) 2.75 in
Gasket sealing diameter (D) 3.5 in

Bolt circle diameter (E) 6 in
Head outer diameter (F) 8 in

Number of bolts (N) 10
Cylinder pressure (pg) 1430 psi

Bolt grade (G) SAE 5
Bolt spec. 0.5 in-13

The suitable bolt length is 1.75 ± 2%  in.
The yielding factor of safety is 1.2748 ± 2% .
The load factor is 7.3207 ± 2% .
The joint separation factor is 9.3836 ± 2% .

From Table A-31, the nut height is H = 0.4375 in.

l = 0.5 in + 0.625 in = 1.125 in
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L ≥ l + H = 1.125 in + 0.4375 in = 1.563 in ≅ 1.75 in

From  Eq. (8-13), we have

LT = 2d + 0.25 in = 2(0.5 in) + 0.25 in = 1.25 in

From Table 8-7,

ld = L - LT = 1.75 in - 1.25 in = 0.5 in

lt = l - ld = 1.125 in - 0.5 in = 0.625 in

Ad =
π ( 0.5 in ) 2

4
= 0.1963 in2

From Table 8-2, we have At = 0.1419 in2.

From Eq. (8-17), we have

kb =
AdAtE

Adlt + Atld
=

0.1963 in2 0.1419 in2 30 × 106 lbf/in2

0.1963 in2 ( 0.625 in ) + 0.1419 in2 ( 0.5 in )

= 4.316 × 106 lbf/in = 4.316 Mlbf/in

Now calculate the member stiffness.

For steel cylinder head, t = 0.5 in, d = 0.5 in, and D = 0.75 in.

k1 =
0 .5774π ( E ) d1

ln
[ 1.155 ( t ) + D1 − d1 ] D1 + d1

[ 1 .155 ( t ) + D1 + d1 ] D1 − d1

=
0.5774π 30 × 106 lbf/in2 ( 0.5 in )

ln
(1.155(0.5 in) + 0.75 in− 0.5 in) (0.75 in+ 0.5 in )

(1.155(0.5 in) + 0.75 in+ 0.5 in) (0.75 in− 0.5 in )

= 33.30 × 106 lbf/in = 33.30 Mlbf/in

Cast iron has two frusta. The midpoint of complete joint is at 
1.125 in

2
= 0.5625 in.

For upper frustum, 

d = 0.5 in

t = 0.5625 in - 0.5 in = 0.0625 in

D = 0.75 in + 2(0.5 in)tan 30° = 1.327 in

From Eq. (8-20),

k2 =
0 .5774πEd

ln
[ 1 .155 t2 + D2 − d ] D2 + d

[ 1 .155 t2 + D2 + d ] D2 − d

=
0.5774π 14 . 5 × 106 lbf/in2 ( 0.5 in )

ln
(1.155(0.0625 in) + 1.327 in− 0.5 in) (1.327 in+ 0.5 in)

(1.155(0.0625 in) + 1.327 in+ 0.5 in) (1.327 in− 0.5 in)

= 292.7 × 106 lbf/in = 292.7 Mlbf/in

For lower frustum, t = 0.5625 in, d = 0.5 in, and D = 0.75 in.

k3 =
0 .5774πEd

ln
[ 1 .155 t3 + D3 − d ] D3 + d

[ 1 .155 t3 + D3 + d ] D3 − d

=
0.5774π 14 . 5 × 106 lbf/in2 ( 0.5 in )

ln
(1.155(0.5625 in) + 0.75 in− 0.5 in) (0.75 in+ 0.5 in )

(1.155(0.5625 in) + 0.75 in+ 0.5 in) (0.75 in− 0.5 in )

= 15.26 × 106 lbf/in = 15.26 Mlbf/in

( )

( )

( ) ( )

( ) ( )

( ) ( )

( ) ( )
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From Eq. (8-18),

km =
1

k1
+

1

k2
+

1

k3

- 1
=

1

33.30 Mlbf/in
+

1

292.7 Mlbf/in
+

1

15.26 Mlbf/in

- 1
= 10.10 Mlbf/in

C =
kb

kb + km

=
4.316 Mlbf/in

4.316 Mlbf/in + 10.10 Mlbf/in
= 0.299

From Table 8-9, we have Sp = 85 kpsi.

For a nonpermanent connection, using Eqs. (8-31) and (8-32),

Fi = 0.75AtSp = 0.75 0.1419 in2 (85 kpsi) = 9.05 kips

The total external load is Ptotal = pgAg, where Ag is the effective area of the cylinder, based on the
effective sealing diameter of 3.5 in. The external load per bolt is P = Ptotal/N. Thus,

P =
pgAg

N
=

1430 lbf/in2 π ( 3.5 in ) 2

4 × 10
= 1375.8212 lbf/bolt = 1.3758 kips/bolt

The yielding factor of safety, from Eq. (8-28), is

np =
SpAt

CP + Fi
=

85 × 103 lbf/in2 0.1419 in2

( 0.299 ) ( 1375.8212 lbf ) + 9.05 × 103 lbf

= 1.2748

The overload factor of safety, from Eq. (8-29), is

nL =
SpAt - Fi

CP
=

85 × 103 lbf/in2 0.1419 in2 - 9.05 × 103 lbf

( 0.299 ) ( 1375.8212 lbf )
= 7.3207

The separation factor of safety, from Eq. (8-30), is

n0 =
Fi

P ( 1 - C )
=

9.05 kips

1.3758 kips(1-0.299)
= 9.3836

The suitable bolt length is 1.75 in.
The yielding factor of safety is 1.2748.
The load factor is 7.3207.
The joint separation factor is 9.3836.
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 1. Award: 5 out of 5.00 points  
 You received credit for this question in a previous attempt

Score: 100/100 Points 100 %

Problem 08.029 - Static bolt factor of safety - DEPENDENT MULTI-PART PROBLEM - ASSIGN ALL PARTS

For a bolted assembly with six bolts, the stiffness of each bolt is kb = 2.4 Mlbf/in and the stiffness of the members is km = 16 Mlbf/in per bolt. An external load of 80 kips is applied to the entire joint. Assume
the load is equally distributed to all the bolts. It has been determined to use 1/2 in-13 UNC grade 8 bolts with rolled threads. Assume the bolts are preloaded to 75 percent of the proof load.
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Problem 08.029 - Static bolt
factor of safety - DEPENDENT
MULTI-PART PROBLEM - ASSIGN
ALL PARTS

Section: 08.09 Statically Loaded Tension
Joint with Preload

Problem 08.029.a - Static bolt factor of safety

Determine the yielding factor of safety.

The yielding factor of safety is 1.17 .
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Problem 08.029.a - Static bolt factor of safety

Determine the yielding factor of safety.

The yielding factor of safety is 1.1736 ± 2% .

 
Explanation:

From Table 8–9, Sp = 120 ksi.

The stiffness constant is

C =
kb

kb +km

=
2.4 Mlbf/in

( 2.4+16 ) Mlbf / in
= 0.1304

For a nonpermanent connection, using Eqs. (8-31) and (8-32), we get

Fi = 0.75AtSp = 0.75(0.1419 in2)(120 ksi) = 12.77 kips

The external load per bolt is

P =
Ptotal

N
=

80 kip

6
=  13.33 kip

Therefore, from Eq. (8-28), the yielding factor of safety is

np =
SpAt

CP+Fi
=

120 ×103 psi 0.1419 in2

0.1304 ( 13330 lbf ) + 12770 lbf
= 1.1736
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Problem 08.029.b - Static bolt factor of safety

Determine the load factor of safety.

The load factor of safety is 2.44 .
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Problem 08.029.b - Static bolt factor of safety

Determine the load factor of safety.

The load factor of safety is 2.449 ± 2% .

 
Explanation:

Therefore, from Eq. (8-29), the load factor of safety is

nL =
SpAt−Fi

CP
=

120 × 103 psi 0.1419 in2 −12770 lbf

0.1304(13330 lbf)
= 2.449

 

Problem 08.029.c - Static bolt factor of safety

Determine the factor of safety based on the joint separation.

The factor of safety based on the joint separation is 1.1 .
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Problem 08.029.c - Static bolt factor of safety

Determine the factor of safety based on the joint separation.

The factor of safety based on the joint separation is 1.1017 ± 2% .

 
Explanation:

From Eq. (8-30), the joint separation factor of safety is

nO =
Fi

P ( 1−C )
=

12770 lbf

13330 lbf ( 1−0.1304 )
= 1.1017
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 4. Award: 5 out of 5.00 points  
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Problem 08.030 - Static bolt factor of safety related to preload - DEPENDENT MULTI-PART QUESTION - ASSIGN ALL PARTS

For a bolted assembly with six bolts, the stiffness of each bolt is kb = 2 Mlbf/in and the stiffness of the members is km = 16 Mlbf/in per bolt. An external load of 80 kips is applied to the entire joint. Assume the
load is equally distributed to all the bolts. It has been determined to use 1/2 in-13 UNC grade 8 bolts with rolled threads. It is desired to find the range of torque that a mechanic could apply to initially preload
the bolts without expecting failure once the joint is loaded. Assume a torque coefficient of K = 0.2.
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Section: 08.09 Statically Loaded Tension
Joint with Preload

Problem 08.030.a - Static bolt factor of safety related to preload

Determine the maximum bolt preload that can be applied without exceeding the proof strength of the bolts once the load is applied.

The maximum bolt preload that can be applied is 15546.88  lbf.
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Problem 08.030.a - Static bolt factor of safety related to preload

Determine the maximum bolt preload that can be applied without exceeding the proof strength of the bolts once the load is applied.

The maximum bolt preload that can be applied is 15546.8889 ± 2%  lbf.

 
Explanation:

From Table 8–9, Sp = 120 ksi.

The stiffness constant is

C =
kb

kb +km

=
2 Mlbf/in

( 2 + 16 )  Mlbf/in
= 0.1111

The external load per bolt is

P =
Ptotal

N
=

80000 lbf

6
= 13330 lbf

The proof factor of safety, from Eq. (8-28), is used to find Fi:

Fia =
SpAt

np
− CP =

120 × 103 psi 0.1419 in2

1
− 0.1111(13330 lbf) = 15546.8889 lbf
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 5. Award: 5 out of 5.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 08.030.b - Static bolt factor of safety related to preload

Determine the minimum bolt preload that can be applied while avoiding joint separation.

The minimum bolt preload that can be applied is 11848.88  lbf.
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Problem 08.030.b - Static bolt factor of safety related to preload

Determine the minimum bolt preload that can be applied while avoiding joint separation.

The minimum bolt preload that can be applied is 11848.8889 ± 2%  lbf.

 
Explanation:

The equation for the separation factor of safety is determined by Eq. (8-30):

Fib = nOP(1 − C) = 1(13330 lbf)(1 − 0.1111) = 11848.8889 lbf
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Problem 08.030.c - Static bolt factor of safety related to preload

Determine the value of torque in units of lbf·in that should be specified for preloading the bolts if it is desired to preload to the midpoint of the values found in parts (a) and (b). Use the average value of
the previously calculated values of Fi.

The torque that should be specified for preloading the bolt is 1369.788  lbf·in.
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Problem 08.030.c - Static bolt factor of safety related to preload

Determine the value of torque in units of lbf·in that should be specified for preloading the bolts if it is desired to preload to the midpoint of the values found in parts (a) and (b). Use the average value of
the previously calculated values of Fi.

The torque that should be specified for preloading the bolt is 1369.7889 ± 2%  lbf·in.

 
Explanation:

The torque can be determined by Eq. 8-27:

T = KFid

T = KFid = 0 .2
Fia+Fib

2
(0 .5 )

T = 0. 2
15546.8889 lbf + 11848.8889 lbf

2
(0.5 in) = 1369.7889 lbf·in

 

Problem 08.031 - Static bolt factor of safety related to preload - DEPENDENT MULTI PART PROBLEM - ASSIGN ALL PARTS

For a bolted assembly with eight bolts, the stiffness of each bolt is kb = 0.9 MN/mm and the stiffness of the members is km = 3 MN/mm per bolt. The joint is subject to occasional disassembly for maintenance
and should be preloaded accordingly. Assume the external load is equally distributed to all the bolts. It has been determined to use M6 × 1 class 5.8 bolts with rolled threads. 
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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Problem 08.031.a - Static bolt factor of safety related to preload

Determine the maximum external load Pmax that can be applied to the entire joint without exceeding the proof strength of the bolts.

The maximum external load for this case is 66144  N.
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Problem 08.031.a - Static bolt factor of safety related to preload

Determine the maximum external load Pmax that can be applied to the entire joint without exceeding the proof strength of the bolts.

The maximum external load for this case is 66144 ± 2%  N.

 
Explanation:

From, Table 8–9, Sp = 380 MPa.

The stiffness constant is

C =
kb

kb +km

=
0.9 MN/mm

( 0.9 + 3 )  MN/mm
= 0.2308

For a nonpermanent connection, using Eqs. (8-31) and (8-32),

Fi = 0.75AtSp = 0.75(20.1 mm2)(380 MPa) = 5730 N

The proof factor of safety equation is given by Eq. (8-28):

Pmax =
SpAt

np
− Fi

N

C
=

380 × 106 Pa 2 .01 × 10 −5 m2

1
− 5730 N

8

0.2308
= 66144 N
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Problem 08.031.b - Static bolt factor of safety related to preload

Determine the maximum external load Pmax that can be applied to the entire joint without causing the members to come out of compression.

The maximum external load for this case is 59571.03  N.
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Problem 08.031.b - Static bolt factor of safety related to preload

Determine the maximum external load Pmax that can be applied to the entire joint without causing the members to come out of compression.

The maximum external load for this case is 59592 ± 2%  N.

 
Explanation:

The equation for the separation factor of safety is given Eq. (8-30):

Pmax =
Fi

no

1

( 1−C )
N =

5730 N

1

1

( 1−0.2308 )
(8) = 59592 N

 

Problem 08.032 - Dynamic bolt factor of safety related to preload - DEPENDENT MULTI-PART PROBLEM ASSIGN ALL PARTS

For a bolted assembly, the stiffness of each bolt is kb = 4 Mlbf/in and the stiffness of the members is km = 14 Mlbf/in per bolt. The joint is subject to occasional disassembly for maintenance and should be
preloaded accordingly. A fluctuating external load is applied to the entire joint with Pmax = 80 kips and Pmin = 20 kips. Assume the load is equally distributed to all the bolts. It has been determined to use 1/2
in-13 UNC grade 8 bolts with rolled threads.
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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Problem 08.032.a - Dynamic bolt factor of safety related to preload

Determine the minimum number of bolts necessary to avoid yielding of the bolts.

The minimum number of bolts necessary to avoid yielding of the bolts is 5 .

References

Numeric Response Chapter: 08 Screws, Fasteners, and the
Design of Nonpermanent Joints

Problem 08.032.a - Dynamic bolt
factor of safety related to
preload

Section: 08.11 Fatigue Loading of Tension
Joints

 

Problem 08.032.a - Dynamic bolt factor of safety related to preload

Determine the minimum number of bolts necessary to avoid yielding of the bolts.

The minimum number of bolts necessary to avoid yielding of the bolts is 5 ± 2% .

 
Explanation:

From Table 8–9,    

Sp = 1.2(105) psi

The stiffness constant is calculated as

C =
kb

kb +km

C =
4 Mlbf/in

( 4 Mlbf/in + 14 Mlbf/in )

C = 0.2222

For a non-permanent connection, using Eqs. (8–31) and (8–32),

Fi = 0.75AtSp = 0.75 0.1419 in2 120 × 103 psi = 12770 lbf

The proof factor of safety is calculated as

N =
CPmax

SpAt -Fi

N =
0.2222 80 × 103 lbf

0.1419 in2 120 × 103 psi - 12770 lbf

N = 5
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Problem 08.032.b - Dynamic bolt factor of safety related to preload

Determine the minimum number of bolts necessary to avoid joint separation.

The minimum number of bolts necessary to avoid joint separation is 5 .
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Problem 08.032.b - Dynamic bolt factor of safety related to preload

Determine the minimum number of bolts necessary to avoid joint separation.

The minimum number of bolts necessary to avoid joint separation is 5 ± 2% .

 
Explanation:

The separation factor of safety is calculated as

N =
Pmax ( 1 -C )

Fi

N =
80 × 103 lbf ( 1 - 0.2222 )

12770 lbf

N = 5
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Problem 08.033 - Selection of a suitable bolt length

The figure illustrates the nonpermanent connection of a steel cylinder head to a grade 30 cast-iron pressure vessel using N bolts. A confined gasket seal has an effective sealing diameter D. The cylinder
stores gas at a maximum pressure pg. For the specifications given in the table for the specific problem assigned, select a suitable bolt length, assuming bolts are available in increments of 5 mm. Then
determine the yielding factor of safety np, the load factor nL, and the joint separation factor n0. Take the value of E for steel as 207 GPa and for cast iron as 100 GPa.

Head thickness (A) 20 mm
Cylinder thickness (B) 20 mm

Cylinder ID (C) 60 mm
Gasket sealing diameter (D) 100 mm

Bolt circle diameter (E) 200 mm
Head outer diameter (F) 300 mm

Number of bolts (N) 10
Cylinder pressure (pg) 6 MPa

Bolt grade (G) ISO 9.8
Bolt spec. M12 × 1.75

The suitable bolt length is 55  mm.
The yielding factor of safety is 1.29 .
The load factor is 11.1 .
The joint separation factor is 11.8 .
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Problem 08.033 - Selection of a suitable bolt length

The figure illustrates the nonpermanent connection of a steel cylinder head to a grade 30 cast-iron pressure vessel using N bolts. A confined gasket seal has an effective sealing diameter D. The
cylinder stores gas at a maximum pressure pg. For the specifications given in the table for the specific problem assigned, select a suitable bolt length, assuming bolts are available in increments of 5
mm. Then determine the yielding factor of safety np, the load factor nL, and the joint separation factor n0. Take the value of E for steel as 207 GPa and for cast iron as 100 GPa.

Head thickness (A) 20 mm
Cylinder thickness (B) 20 mm

Cylinder ID (C) 60 mm
Gasket sealing diameter (D) 100 mm

Bolt circle diameter (E) 200 mm
Head outer diameter (F) 300 mm

Number of bolts (N) 10
Cylinder pressure (pg) 6 MPa

Bolt grade (G) ISO 9.8
Bolt spec. M12 × 1.75

The suitable bolt length is 55 ± 2%  mm.



The yielding factor of safety is 1.2972 ± 2% .
The load factor is 11.1308 ± 2% .
The joint separation factor is 11.834 ± 2% .

Explanation:

l = 20 mm + 20 mm = 40 mm

From Table A-31, the nut height is H = 10.8 mm.

L ≥ l + H = 40 mm + 10.8 mm = 50.8 mm ≅ 55 mm

From  Eq. (8-14), we have

LT = 2d + 6 mm = 2(12 mm) + 6 mm = 30 mm

From Table 8-7,

ld = L - LT = 55 mm - 30 mm = 25 mm

lt = l - ld = 40 mm - 25 mm = 15 mm

Ad =
π ( 12 mm ) 2

4
= 113.1 mm2

From Table 8-1, we have At = 84.3 mm2.

From Eq. (8-17), we have

kb =
AdAtE

Adlt+Atld
=

113.1 mm2 84.3 mm2 207 × 103 N/mm2

113.1 mm2 ( 15 mm ) + 84.3 mm2 ( 25 mm )

= 518.8  × 103 N/mm = 518.8 MN/m

Now calculate the member stiffness.

For steel cylinder head, t = 20 mm, d = 12 mm, and D = 18 mm.

k1 = 
0.5774π (E )d

ln
1.155 t1  + D - d (D + d )

1.155 t1  + D + d (D - d )

 = 
0.5774π 207 × 103 N/mm2 12 mm

ln
(1.155(20 mm) + 18 mm−12 mm) (18 mm+ 12 mm)

(1.155(20 mm) + 18 mm+ 12 mm) (18 mm−12 mm)

= 4470 × 103 N/mm = 4470 MN/m

For cast iron, from Table 8-8, we have t = 20 mm, d = 12 mm, and D = 18 mm.

From Eq. (8-20),

k2 = 
0.5774π (E )d

ln
1.155 t2  + D2 - d D2 + d

1.155 t2  + D2 + d D2 - d

 = 
0.5774π 100 × 103 N/mm2 12 mm

ln
(1.155(20 mm) + 18 mm−12 mm) (18 mm+ 12 mm)

(1.155(20 mm) + 18 mm+ 12 mm) (18 mm−12 mm)

= 2159 × 103 N/mm = 2159 MN/m

From Eq. (8-18),

km =
1

k1
+

1

k2

- 1
=

1

4470 MN/m
+

1

2159 MN/m

- 1
= 1456 MN/m

C =
kb

kb +km

=
518.8 MN/m

518.8 MN/m + 1456 MN/m
= 0.263

From Table 8-11, we have Sp = 650 MPa.

For a nonpermanent connection, using Eqs. (8-31) and (8-32),

Fi = 0.75AtSp = 0.75 84.3 mm2 (650 MPa) × 10 - 3 = 41.1 kN

The total external load is Ptotal = pgAg, where Ag is the effective area of the cylinder, based on the effective sealing diameter of 100 mm. The external load per bolt is P = Ptotal/N. Thus,

P =
pgAg

N
=

6 N/mm2 π ( 100 mm ) 2

4 × 10
= 4712.3890 N/bolt = 4.7124 kN/bolt

The yielding factor of safety, from Eq. (8-28), is

np =
SpAt

CP+Fi
=

650 N/mm2 84.3 mm2

( 0.263 ) ( 4712.3890 N ) + 41.10 × 103 N

= 1.2972

The overall factor of safety, from Eq. (8-29), is

nL =
SpAt -Fi

CP
=

650 N/mm2 84.3 mm2 - 41.10 × 103 N

( 0.263 ) ( 4712.3890 N )
= 11.1308

The separation factor of safety, from Eq. (8-30), is

n0 =
Fi

P ( 1 -C )
=

41.10 kN

4.7124 kN(1-0.263)
= 11.8340
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 12. Award: 20 out of 20.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 08.034 - Selection of a suitable bolt length

The figure illustrates the nonpermanent connection of a steel cylinder head to a grade 30 cast-iron pressure vessel using N bolts. A confined gasket seal has an effective sealing diameter D. The cylinder
stores gas at a maximum pressure pg. For the specifications given in the table for the specific problem assigned, select a suitable bolt length, assuming bolts are available in increments of 0.25 in. Then
determine the yielding factor of safety np, the load factor nL, and the joint separation factor n0. Take the value of E for steel as 30 Mpsi and for cast iron as 14.5 Mpsi.

Head thickness (A) 0.5 in
Cylinder thickness (B) 0.625 in

Cylinder ID (C) 2.75 in
Gasket sealing diameter (D) 3.5 in

Bolt circle diameter (E) 6 in
Head outer diameter (F) 8 in

Number of bolts (N) 10
Cylinder pressure (pg) 1400 psi

Bolt grade (G) SAE 5
Bolt spec. 0.5 in-13

The suitable bolt length is 1.75  in.
The yielding factor of safety is 1.27 .
The load factor is 7.477 .
The joint separation factor is 9.5847 .
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Problem 08.034 - Selection of a suitable bolt length

The figure illustrates the nonpermanent connection of a steel cylinder head to a grade 30 cast-iron pressure vessel using N bolts. A confined gasket seal has an effective sealing diameter D. The
cylinder stores gas at a maximum pressure pg. For the specifications given in the table for the specific problem assigned, select a suitable bolt length, assuming bolts are available in increments of 0.25
in. Then determine the yielding factor of safety np, the load factor nL, and the joint separation factor n0. Take the value of E for steel as 30 Mpsi and for cast iron as 14.5 Mpsi.

Head thickness (A) 0.5 in
Cylinder thickness (B) 0.625 in

Cylinder ID (C) 2.75 in
Gasket sealing diameter (D) 3.5 in

Bolt circle diameter (E) 6 in
Head outer diameter (F) 8 in

Number of bolts (N) 10
Cylinder pressure (pg) 1400 psi

Bolt grade (G) SAE 5
Bolt spec. 0.5 in-13

The suitable bolt length is 1.75 ± 2%  in.



The yielding factor of safety is 1.276 ± 2% .
The load factor is 7.4775 ± 2% .
The joint separation factor is 9.5847 ± 2% .

Explanation:

From Table A-31, the nut height is H = 0.4375 in.

l = 0.5 in + 0.625 in = 1.125 in

L ≥ l + H = 1.125 in + 0.4375 in = 1.563 in ≅ 1.75 in

From  Eq. (8-13), we have

LT = 2d + 0.25 in = 2(0.5 in) + 0.25 in = 1.25 in

From Table 8-7,

ld = L - LT = 1.75 in - 1.25 in = 0.5 in

lt = l - ld = 1.125 in - 0.5 in = 0.625 in

Ad =
π ( 0.5 in ) 2

4
= 0.1963 in2

From Table 8-2, we have At = 0.1419 in2.

From Eq. (8-17), we have

kb =
AdAtE

Adlt+Atld
=

0.1963 in2 0.1419 in2 30 × 106 lbf/in2

0.1963 in2 ( 0.625 in ) + 0.1419 in2 ( 0.5 in )

= 4.316 × 106 lbf/in = 4.316 Mlbf/in

Now calculate the member stiffness.

For steel cylinder head, t = 0.5 in, d = 0.5 in, and D = 0.75 in.

k1 =
0 .5774π (E )d1

ln
[ 1 .155 ( t ) +D1−d1 ] D1+d1

[ 1 .155 ( t ) +D1+d1 ] D1−d1

=
0.5774π 30 × 106 lbf/in2 ( 0.5 in )

ln
(1.155(0.5 in ) + 0.75 in−0.5 in ) (0.75 in+ 0.5 in )

(1.155(0.5 in ) + 0.75 in+ 0.5 in ) (0.75 in−0.5 in )

= 33.30 × 106 lbf/in = 33.30 Mlbf/in

Cast iron has two frusta. The midpoint of complete joint is at 
1.125 in

2
= 0.5625 in.

For upper frustum, 

d = 0.5 in

t = 0.5625 in - 0.5 in = 0.0625 in

D = 0.75 in + 2(0.5 in)tan 30° = 1.327 in

From Eq. (8-20),

k2 =
0 .5774πEd

ln
[ 1 .155 t2 +D2−d ] D2+d

[ 1 .155 t2 +D2+d ] D2−d

=
0.5774π 14 . 5 × 106 lbf/in2 ( 0.5 in )

ln
(1.155(0.0625 in ) + 1.327 in−0.5 in ) (1.327 in+ 0.5 in )

(1.155(0.0625 in ) + 1.327 in+ 0.5 in ) (1.327 in−0.5 in )

= 292.7 × 106 lbf/in = 292.7 Mlbf/in

For lower frustum, t = 0.5625 in, d = 0.5 in, and D = 0.75 in.

k3 =
0 .5774πEd

ln
[ 1 .155 t3 +D3−d ] D3+d

[ 1 .155 t3 +D3+d ] D3−d

=
0.5774π 14 . 5 × 106 lbf/in2 ( 0.5 in )

ln
(1.155(0.5625 in ) + 0.75 in−0.5 in ) (0.75 in+ 0.5 in )

(1.155(0.5625 in ) + 0.75 in+ 0.5 in ) (0.75 in−0.5 in )

= 15.26 × 106 lbf/in = 15.26 Mlbf/in

From Eq. (8-18),

km =
1

k1
+

1

k2
+

1

k3

- 1
=

1

33.30 Mlbf/in
+

1

292.7 Mlbf/in
+

1

15.26 Mlbf/in

- 1
= 10.10 Mlbf/in

C =
kb

kb +km

=
4.316 Mlbf/in

4.316 Mlbf/in + 10.10 Mlbf/in
= 0.299

From Table 8-9, we have Sp = 85 kpsi.

For a nonpermanent connection, using Eqs. (8-31) and (8-32),

Fi = 0.75AtSp = 0.75 0.1419 in2 (85 kpsi) = 9.05 kips

The total external load is Ptotal = pgAg, where Ag is the effective area of the cylinder, based on the effective sealing diameter of 3.5 in. The external load per bolt is P = Ptotal/N. Thus,

P =
pgAg

N
=

1400 lbf/in2 π ( 3.5 in ) 2

4 × 10
= 1346.9579 lbf/bolt = 1.3470 kips/bolt

The yielding factor of safety, from Eq. (8-28), is

np =
SpAt

CP+Fi
=

85 × 103 lbf/in2 0.1419 in2

( 0.299 ) ( 1346.9579 lbf ) + 9.05 × 103 lbf

= 1.2760

The overload factor of safety, from Eq. (8-29), is
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nL =
SpAt -Fi

CP
=

85 × 103 lbf/in2 0.1419 in2 - 9.05 × 103 lbf

( 0.299 ) ( 1346.9579 lbf )
= 7.4775

The separation factor of safety, from Eq. (8-30), is

n0 =
Fi

P ( 1 -C )
=

9.05 kips

1.3470 kips(1-0.299)
= 9.5847
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 1. Award: 5 out of 5.00 points  
 You received credit for this question in a previous attempt

Score: 95/100 Points 95 %

Problem 08.029 - Static bolt factor of safety - DEPENDENT MULTI-PART PROBLEM - ASSIGN ALL PARTS

For a bolted assembly with six bolts, the stiffness of each bolt is kb = 2.4 Mlbf/in and the stiffness of the members is km = 17 Mlbf/in per bolt. An external load of 80 kips is applied to the entire joint. Assume
the load is equally distributed to all the bolts. It has been determined to use 1/2 in-13 UNC grade 8 bolts with rolled threads. Assume the bolts are preloaded to 75 percent of the proof load.
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MULTI-PART PROBLEM - ASSIGN
ALL PARTS

Section: 08.09 Statically Loaded Tension
Joint with Preload

Problem 08.029.a - Static bolt factor of safety

Determine the yielding factor of safety.

The yielding factor of safety is 1.2 .
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Problem 08.029.a - Static bolt factor of safety

Determine the yielding factor of safety.

The yielding factor of safety is 1.1809 ± 2% .

 
Explanation:

From Table 8–9, Sp = 120 ksi.

The stiffness constant is

C =
kb

kb +km

=
2.4 Mlbf/in

( 2.4+17 ) Mlbf / in
= 0.1237

For a nonpermanent connection, using Eqs. (8-31) and (8-32), we get

Fi = 0.75AtSp = 0.75(0.1419 in2)(120 ksi) = 12.77 kips

The external load per bolt is

P =
Ptotal

N
=

80 kip

6
=  13.33 kip

Therefore, from Eq. (8-28), the yielding factor of safety is

np =
SpAt

CP+Fi
=

120 ×103 psi 0.1419 in2

0.1237 ( 13330 lbf ) + 12770 lbf
= 1.1809
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 2. Award: 5 out of 5.00 points  
 You did not receive full credit for this question in a previous attempt
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Problem 08.029.b - Static bolt factor of safety

Determine the load factor of safety.

The load factor of safety is 2.58 .
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Problem 08.029.b - Static bolt factor of safety

Determine the load factor of safety.

The load factor of safety is 2.5821 ± 2% .

 
Explanation:

Therefore, from Eq. (8-29), the load factor of safety is

nL =
SpAt−Fi

CP
=

120 × 103 psi 0.1419 in2 −12770 lbf

0.1237(13330 lbf)
= 2.5821

 

Problem 08.029.c - Static bolt factor of safety

Determine the factor of safety based on the joint separation.

The factor of safety based on the joint separation is 1.09 .
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Problem 08.029.c - Static bolt factor of safety

Determine the factor of safety based on the joint separation.

The factor of safety based on the joint separation is 1.0932 ± 2% .

 
Explanation:

From Eq. (8-30), the joint separation factor of safety is

nO =
Fi

P ( 1−C )
=

12770 lbf

13330 lbf ( 1−0.1237 )
= 1.0932
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Problem 08.030 - Static bolt factor of safety related to preload - DEPENDENT MULTI-PART QUESTION - ASSIGN ALL PARTS

For a bolted assembly with six bolts, the stiffness of each bolt is kb = 2.6 Mlbf/in and the stiffness of the members is km = 16 Mlbf/in per bolt. An external load of 80 kips is applied to the entire joint. Assume
the load is equally distributed to all the bolts. It has been determined to use 1/2 in-13 UNC grade 8 bolts with rolled threads. It is desired to find the range of torque that a mechanic could apply to initially
preload the bolts without expecting failure once the joint is loaded. Assume a torque coefficient of K = 0.2.
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Joint with Preload

Problem 08.030.a - Static bolt factor of safety related to preload

Determine the maximum bolt preload that can be applied without exceeding the proof strength of the bolts once the load is applied.

The maximum bolt preload that can be applied is 15164.66  lbf.
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Problem 08.030.a - Static bolt factor of safety related to preload

Determine the maximum bolt preload that can be applied without exceeding the proof strength of the bolts once the load is applied.

The maximum bolt preload that can be applied is 15164.6667 ± 2%  lbf.

 
Explanation:

From Table 8–9, Sp = 120 ksi.

The stiffness constant is

C =
kb

kb +km

=
2.6 Mlbf/in

( 2.6 + 16 )  Mlbf/in
= 0.1398

The external load per bolt is

P =
Ptotal

N
=

80000 lbf

6
= 13330 lbf

The proof factor of safety, from Eq. (8-28), is used to find Fi:

Fia =
SpAt

np
− CP =

120 × 103 psi 0.1419 in2

1
− 0.1398(13330 lbf) = 15164.6667 lbf
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Problem 08.030.b - Static bolt factor of safety related to preload

Determine the minimum bolt preload that can be applied while avoiding joint separation.

The minimum bolt preload that can be applied is 11466.66  lbf.
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Problem 08.030.b - Static bolt factor of safety related to preload

Determine the minimum bolt preload that can be applied while avoiding joint separation.

The minimum bolt preload that can be applied is 11466.6667 ± 2%  lbf.

 
Explanation:

The equation for the separation factor of safety is determined by Eq. (8-30):

Fib = nOP(1 − C) = 1(13330 lbf)(1 − 0.1398) = 11466.6667 lbf
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Problem 08.030.c - Static bolt factor of safety related to preload

Determine the value of torque in units of lbf·in that should be specified for preloading the bolts if it is desired to preload to the midpoint of the values found in parts (a) and (b). Use the average value of
the previously calculated values of Fi.

The torque that should be specified for preloading the bolt is 1331.56  lbf·in.
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Problem 08.030.c - Static bolt factor of safety related to preload

Determine the value of torque in units of lbf·in that should be specified for preloading the bolts if it is desired to preload to the midpoint of the values found in parts (a) and (b). Use the average value of
the previously calculated values of Fi.

The torque that should be specified for preloading the bolt is 1331.5667 ± 2%  lbf·in.

 
Explanation:

The torque can be determined by Eq. 8-27:

T = KFid

T = KFid = 0 .2
Fia+Fib

2
(0 .5 )

T = 0. 2
15164.6667 lbf + 11466.6667 lbf

2
(0.5 in) = 1331.5667 lbf·in

 

Problem 08.031 - Static bolt factor of safety related to preload - DEPENDENT MULTI PART PROBLEM - ASSIGN ALL PARTS

For a bolted assembly with eight bolts, the stiffness of each bolt is kb = 0.8 MN/mm and the stiffness of the members is km = 3.6 MN/mm per bolt. The joint is subject to occasional disassembly for
maintenance and should be preloaded accordingly. Assume the external load is equally distributed to all the bolts. It has been determined to use M6 × 1 class 5.8 bolts with rolled threads. 
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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Problem 08.031.a - Static bolt factor of safety related to preload

Determine the maximum external load Pmax that can be applied to the entire joint without exceeding the proof strength of the bolts.

The maximum external load for this case is 83952  N.
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Problem 08.031.a - Static bolt factor of safety related to preload

Determine the maximum external load Pmax that can be applied to the entire joint without exceeding the proof strength of the bolts.

The maximum external load for this case is 83952 ± 2%  N.

 
Explanation:

From, Table 8–9, Sp = 380 MPa.

The stiffness constant is

C =
kb

kb +km

=
0.8 MN/mm

( 0.8 + 3.6 )  MN/mm
= 0.1818

For a nonpermanent connection, using Eqs. (8-31) and (8-32),

Fi = 0.75AtSp = 0.75(20.1 mm2)(380 MPa) = 5730 N

The proof factor of safety equation is given by Eq. (8-28):

Pmax =
SpAt

np
− Fi

N

C
=

380 × 106 Pa 2 .01 × 10 −5 m2

1
− 5730 N

8

0.1818
= 83952 N
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Problem 08.031.b - Static bolt factor of safety related to preload

Determine the maximum external load Pmax that can be applied to the entire joint without causing the members to come out of compression.

The maximum external load for this case is 54952  N.
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Problem 08.031.b - Static bolt factor of safety related to preload

Determine the maximum external load Pmax that can be applied to the entire joint without causing the members to come out of compression.

The maximum external load for this case is 56026.6667 ± 2%  N.

 
Explanation:

The equation for the separation factor of safety is given Eq. (8-30):

Pmax =
Fi

no

1

( 1−C )
N =

5730 N

1

1

( 1−0.1818 )
(8) = 56026.6667 N

 

Problem 08.032 - Dynamic bolt factor of safety related to preload - DEPENDENT MULTI-PART PROBLEM ASSIGN ALL PARTS

For a bolted assembly, the stiffness of each bolt is kb = 4 Mlbf/in and the stiffness of the members is km = 14 Mlbf/in per bolt. The joint is subject to occasional disassembly for maintenance and should be
preloaded accordingly. A fluctuating external load is applied to the entire joint with Pmax = 80 kips and Pmin = 20 kips. Assume the load is equally distributed to all the bolts. It has been determined to use 1/2
in-13 UNC grade 8 bolts with rolled threads.
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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Problem 08.032.a - Dynamic bolt factor of safety related to preload

Determine the minimum number of bolts necessary to avoid yielding of the bolts.

The minimum number of bolts necessary to avoid yielding of the bolts is 5 .
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Problem 08.032.a - Dynamic bolt factor of safety related to preload

Determine the minimum number of bolts necessary to avoid yielding of the bolts.

The minimum number of bolts necessary to avoid yielding of the bolts is 5 ± 2% .

 
Explanation:

From Table 8–9,    

Sp = 1.2(105) psi

The stiffness constant is calculated as

C =
kb

kb +km

C =
4 Mlbf/in

( 4 Mlbf/in + 14 Mlbf/in )

C = 0.2222

For a non-permanent connection, using Eqs. (8–31) and (8–32),

Fi = 0.75AtSp = 0.75 0.1419 in2 120 × 103 psi = 12770 lbf

The proof factor of safety is calculated as

N =
CPmax

SpAt -Fi

N =
0.2222 80 × 103 lbf

0.1419 in2 120 × 103 psi - 12770 lbf

N = 5
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Problem 08.032.b - Dynamic bolt factor of safety related to preload

Determine the minimum number of bolts necessary to avoid joint separation.

The minimum number of bolts necessary to avoid joint separation is 5 .
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Problem 08.032.b - Dynamic bolt factor of safety related to preload

Determine the minimum number of bolts necessary to avoid joint separation.

The minimum number of bolts necessary to avoid joint separation is 5 ± 2% .

 
Explanation:

The separation factor of safety is calculated as

N =
Pmax ( 1 -C )

Fi

N =
80 × 103 lbf ( 1 - 0.2222 )

12770 lbf

N = 5
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Problem 08.033 - Selection of a suitable bolt length

The figure illustrates the nonpermanent connection of a steel cylinder head to a grade 30 cast-iron pressure vessel using N bolts. A confined gasket seal has an effective sealing diameter D. The cylinder
stores gas at a maximum pressure pg. For the specifications given in the table for the specific problem assigned, select a suitable bolt length, assuming bolts are available in increments of 5 mm. Then
determine the yielding factor of safety np, the load factor nL, and the joint separation factor n0. Take the value of E for steel as 207 GPa and for cast iron as 100 GPa.

Head thickness (A) 20 mm
Cylinder thickness (B) 20 mm

Cylinder ID (C) 60 mm
Gasket sealing diameter (D) 100 mm

Bolt circle diameter (E) 200 mm
Head outer diameter (F) 300 mm

Number of bolts (N) 10
Cylinder pressure (pg) 6.75 MPa

Bolt grade (G) ISO 9.8
Bolt spec. M12 × 1.75

The suitable bolt length is 55  mm.
The yielding factor of safety is 1.29 .
The load factor is 9.8 .
The joint separation factor is 10.5 .
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Problem 08.033 - Selection of a suitable bolt length

The figure illustrates the nonpermanent connection of a steel cylinder head to a grade 30 cast-iron pressure vessel using N bolts. A confined gasket seal has an effective sealing diameter D. The
cylinder stores gas at a maximum pressure pg. For the specifications given in the table for the specific problem assigned, select a suitable bolt length, assuming bolts are available in increments of 5
mm. Then determine the yielding factor of safety np, the load factor nL, and the joint separation factor n0. Take the value of E for steel as 207 GPa and for cast iron as 100 GPa.

Head thickness (A) 20 mm
Cylinder thickness (B) 20 mm

Cylinder ID (C) 60 mm
Gasket sealing diameter (D) 100 mm

Bolt circle diameter (E) 200 mm
Head outer diameter (F) 300 mm

Number of bolts (N) 10
Cylinder pressure (pg) 6.75 MPa

Bolt grade (G) ISO 9.8
Bolt spec. M12 × 1.75

The suitable bolt length is 55 ± 2%  mm.
Processing math: 100%



The yielding factor of safety is 1.2925 ± 2% .
The load factor is 9.894 ± 2% .
The joint separation factor is 10.5192 ± 2% .

Explanation:

l = 20 mm + 20 mm = 40 mm

From Table A-31, the nut height is H = 10.8 mm.

L ≥ l + H = 40 mm + 10.8 mm = 50.8 mm ≅ 55 mm

From  Eq. (8-14), we have

LT = 2d + 6 mm = 2(12 mm) + 6 mm = 30 mm

From Table 8-7,

ld = L - LT = 55 mm - 30 mm = 25 mm

lt = l - ld = 40 mm - 25 mm = 15 mm

Ad =
π ( 12 mm ) 2

4
= 113.1 mm2

From Table 8-1, we have At = 84.3 mm2.

From Eq. (8-17), we have

kb =
AdAtE

Adlt+Atld
=

113.1 mm2 84.3 mm2 207 × 103 N/mm2

113.1 mm2 ( 15 mm ) + 84.3 mm2 ( 25 mm )

= 518.8  × 103 N/mm = 518.8 MN/m

Now calculate the member stiffness.

For steel cylinder head, t = 20 mm, d = 12 mm, and D = 18 mm.

k1 = 
0.5774π (E )d

ln
1.155 t1  + D - d (D + d )

1.155 t1  + D + d (D - d )

 = 
0.5774π 207 × 103 N/mm2 12 mm

ln
(1.155(20 mm) + 18 mm−12 mm) (18 mm+ 12 mm)

(1.155(20 mm) + 18 mm+ 12 mm) (18 mm−12 mm)

= 4470 × 103 N/mm = 4470 MN/m

For cast iron, from Table 8-8, we have t = 20 mm, d = 12 mm, and D = 18 mm.

From Eq. (8-20),

k2 = 
0.5774π (E )d

ln
1.155 t2  + D2 - d D2 + d

1.155 t2  + D2 + d D2 - d

 = 
0.5774π 100 × 103 N/mm2 12 mm

ln
(1.155(20 mm) + 18 mm−12 mm) (18 mm+ 12 mm)

(1.155(20 mm) + 18 mm+ 12 mm) (18 mm−12 mm)

= 2159 × 103 N/mm = 2159 MN/m

From Eq. (8-18),

km =
1

k1
+

1

k2

- 1
=

1

4470 MN/m
+

1

2159 MN/m

- 1
= 1456 MN/m

C =
kb

kb +km

=
518.8 MN/m

518.8 MN/m + 1456 MN/m
= 0.263

From Table 8-11, we have Sp = 650 MPa.

For a nonpermanent connection, using Eqs. (8-31) and (8-32),

Fi = 0.75AtSp = 0.75 84.3 mm2 (650 MPa) × 10 - 3 = 41.1 kN

The total external load is Ptotal = pgAg, where Ag is the effective area of the cylinder, based on the effective sealing diameter of 100 mm. The external load per bolt is P = Ptotal/N. Thus,

P =
pgAg

N
=

6.75 N/mm2 π ( 100 mm ) 2

4 × 10
= 5301.4376 N/bolt = 5.3014 kN/bolt

The yielding factor of safety, from Eq. (8-28), is

np =
SpAt

CP+Fi
=

650 N/mm2 84.3 mm2

( 0.263 ) ( 5301.4376 N ) + 41.10 × 103 N

= 1.2925

The overall factor of safety, from Eq. (8-29), is

nL =
SpAt -Fi

CP
=

650 N/mm2 84.3 mm2 - 41.10 × 103 N

( 0.263 ) ( 5301.4376 N )
= 9.8940

The separation factor of safety, from Eq. (8-30), is

n0 =
Fi

P ( 1 -C )
=

41.10 kN

5.3014 kN(1-0.263)
= 10.5192
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 12. Award: 15 out of 20.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 08.034 - Selection of a suitable bolt length

The figure illustrates the nonpermanent connection of a steel cylinder head to a grade 30 cast-iron pressure vessel using N bolts. A confined gasket seal has an effective sealing diameter D. The cylinder
stores gas at a maximum pressure pg. For the specifications given in the table for the specific problem assigned, select a suitable bolt length, assuming bolts are available in increments of 0.25 in. Then
determine the yielding factor of safety np, the load factor nL, and the joint separation factor n0. Take the value of E for steel as 30 Mpsi and for cast iron as 14.5 Mpsi.

Head thickness (A) 0.5 in
Cylinder thickness (B) 0.625 in

Cylinder ID (C) 2.75 in
Gasket sealing diameter (D) 3.5 in

Bolt circle diameter (E) 6 in
Head outer diameter (F) 8 in

Number of bolts (N) 10
Cylinder pressure (pg) 1710 psi

Bolt grade (G) SAE 5
Bolt spec. 0.5 in-13

The suitable bolt length is 1.75  in.
The yielding factor of safety is 1.3 .
The load factor is 6.12 .
The joint separation factor is 7.8 .
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Problem 08.034 - Selection of a suitable bolt length

The figure illustrates the nonpermanent connection of a steel cylinder head to a grade 30 cast-iron pressure vessel using N bolts. A confined gasket seal has an effective sealing diameter D. The
cylinder stores gas at a maximum pressure pg. For the specifications given in the table for the specific problem assigned, select a suitable bolt length, assuming bolts are available in increments of 0.25
in. Then determine the yielding factor of safety np, the load factor nL, and the joint separation factor n0. Take the value of E for steel as 30 Mpsi and for cast iron as 14.5 Mpsi.

Head thickness (A) 0.5 in
Cylinder thickness (B) 0.625 in

Cylinder ID (C) 2.75 in
Gasket sealing diameter (D) 3.5 in

Bolt circle diameter (E) 6 in
Head outer diameter (F) 8 in

Number of bolts (N) 10
Cylinder pressure (pg) 1710 psi

Bolt grade (G) SAE 5
Bolt spec. 0.5 in-13

The suitable bolt length is 1.75 ± 2%  in.
Processing math: 100%



The yielding factor of safety is 1.2641 ± 2% .
The load factor is 6.1219 ± 2% .
The joint separation factor is 7.8471 ± 2% .

Explanation:

From Table A-31, the nut height is H = 0.4375 in.

l = 0.5 in + 0.625 in = 1.125 in

L ≥ l + H = 1.125 in + 0.4375 in = 1.563 in ≅ 1.75 in

From  Eq. (8-13), we have

LT = 2d + 0.25 in = 2(0.5 in) + 0.25 in = 1.25 in

From Table 8-7,

ld = L - LT = 1.75 in - 1.25 in = 0.5 in

lt = l - ld = 1.125 in - 0.5 in = 0.625 in

Ad =
π ( 0.5 in ) 2

4
= 0.1963 in2

From Table 8-2, we have At = 0.1419 in2.

From Eq. (8-17), we have

kb =
AdAtE

Adlt+Atld
=

0.1963 in2 0.1419 in2 30 × 106 lbf/in2

0.1963 in2 ( 0.625 in ) + 0.1419 in2 ( 0.5 in )

= 4.316 × 106 lbf/in = 4.316 Mlbf/in

Now calculate the member stiffness.

For steel cylinder head, t = 0.5 in, d = 0.5 in, and D = 0.75 in.

k1 =
0 .5774π (E )d1

ln
[ 1 .155 ( t ) +D1−d1 ] D1+d1

[ 1 .155 ( t ) +D1+d1 ] D1−d1

=
0.5774π 30 × 106 lbf/in2 ( 0.5 in )

ln
(1.155(0.5 in ) + 0.75 in−0.5 in ) (0.75 in+ 0.5 in )

(1.155(0.5 in ) + 0.75 in+ 0.5 in ) (0.75 in−0.5 in )

= 33.30 × 106 lbf/in = 33.30 Mlbf/in

Cast iron has two frusta. The midpoint of complete joint is at 
1.125 in

2
= 0.5625 in.

For upper frustum, 

d = 0.5 in

t = 0.5625 in - 0.5 in = 0.0625 in

D = 0.75 in + 2(0.5 in)tan 30° = 1.327 in

From Eq. (8-20),

k2 =
0 .5774πEd

ln
[ 1 .155 t2 +D2−d ] D2+d

[ 1 .155 t2 +D2+d ] D2−d

=
0.5774π 14 . 5 × 106 lbf/in2 ( 0.5 in )

ln
(1.155(0.0625 in ) + 1.327 in−0.5 in ) (1.327 in+ 0.5 in )

(1.155(0.0625 in ) + 1.327 in+ 0.5 in ) (1.327 in−0.5 in )

= 292.7 × 106 lbf/in = 292.7 Mlbf/in

For lower frustum, t = 0.5625 in, d = 0.5 in, and D = 0.75 in.

k3 =
0 .5774πEd

ln
[ 1 .155 t3 +D3−d ] D3+d

[ 1 .155 t3 +D3+d ] D3−d

=
0.5774π 14 . 5 × 106 lbf/in2 ( 0.5 in )

ln
(1.155(0.5625 in ) + 0.75 in−0.5 in ) (0.75 in+ 0.5 in )

(1.155(0.5625 in ) + 0.75 in+ 0.5 in ) (0.75 in−0.5 in )

= 15.26 × 106 lbf/in = 15.26 Mlbf/in

From Eq. (8-18),

km =
1

k1
+

1

k2
+

1

k3

- 1
=

1

33.30 Mlbf/in
+

1

292.7 Mlbf/in
+

1

15.26 Mlbf/in

- 1
= 10.10 Mlbf/in

C =
kb

kb +km

=
4.316 Mlbf/in

4.316 Mlbf/in + 10.10 Mlbf/in
= 0.299

From Table 8-9, we have Sp = 85 kpsi.

For a nonpermanent connection, using Eqs. (8-31) and (8-32),

Fi = 0.75AtSp = 0.75 0.1419 in2 (85 kpsi) = 9.05 kips

The total external load is Ptotal = pgAg, where Ag is the effective area of the cylinder, based on the effective sealing diameter of 3.5 in. The external load per bolt is P = Ptotal/N. Thus,

P =
pgAg

N
=

1710 lbf/in2 π ( 3.5 in ) 2

4 × 10
= 1645.2128 lbf/bolt = 1.6452 kips/bolt

The yielding factor of safety, from Eq. (8-28), is

np =
SpAt

CP+Fi
=

85 × 103 lbf/in2 0.1419 in2

( 0.299 ) ( 1645.2128 lbf ) + 9.05 × 103 lbf

= 1.2641

The overload factor of safety, from Eq. (8-29), is
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Processing math: 100%



nL =
SpAt -Fi

CP
=

85 × 103 lbf/in2 0.1419 in2 - 9.05 × 103 lbf

( 0.299 ) ( 1645.2128 lbf )
= 6.1219

The separation factor of safety, from Eq. (8-30), is

n0 =
Fi

P ( 1 -C )
=

9.05 kips

1.6452 kips(1-0.299)
= 7.8471

 

( ) ( ) ( )

Processing math: 100%
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 1. Award: 0 out of 5.00 points  
 

Score: 30/100 Points 30 %

Problem 08.029 - Static bolt factor of safety - DEPENDENT MULTI-PART PROBLEM - ASSIGN ALL PARTS

For a bolted assembly with six bolts, the stiffness of each bolt is kb = 2.6 Mlbf/in and the stiffness of the members is km = 16 Mlbf/in per bolt. An external load of 80 kips is applied to the entire joint. Assume
the load is equally distributed to all the bolts. It has been determined to use 1/2 in-13 UNC grade 8 bolts with rolled threads. Assume the bolts are preloaded to 75 percent of the proof load.

References

Section Break Chapter: 08 Screws, Fasteners, and the
Design of Nonpermanent Joints

Problem 08.029 - Static bolt
factor of safety - DEPENDENT
MULTI-PART PROBLEM - ASSIGN
ALL PARTS

Section: 08.09 Statically Loaded Tension
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Problem 08.029.a - Static bolt factor of safety

Determine the yielding factor of safety.

The yielding factor of safety is 1.2 .
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Problem 08.029.a - Static bolt factor of safety

Determine the yielding factor of safety.

The yielding factor of safety is 1.1636 ± 2% .

 
Explanation:

From Table 8–9, Sp = 120 ksi.

The stiffness constant is

For a nonpermanent connection, using Eqs. (8-31) and (8-32), we get

Fi = 0.75AtSp = 0.75(0.1419 in2)(120 ksi) = 12.77 kips

The external load per bolt is

Therefore, from Eq. (8-28), the yielding factor of safety is

 

C = = = 0.1398kb

( + )kb km

2.6 Mlbf/in

(2.6+16)  Mlbf / in

P = = =  13.33 kip Ptotal

N

80 kip
6

= = = 1.1636np
SpAt

CP+Fi

(  psi)( )120 ×103 0.1419 in2

0.1398(13330 lbf)+12770 lbf
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 2. Award: 5 out of 5.00 points  

 3. Award: 5 out of 5.00 points  
 

Problem 08.029.b - Static bolt factor of safety

Determine the load factor of safety.

The load factor of safety is 2.28 .
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Problem 08.029.b - Static bolt factor of safety

Determine the load factor of safety.

The load factor of safety is 2.2852 ± 2% .

 
Explanation:

Therefore, from Eq. (8-29), the load factor of safety is

 

Problem 08.029.c - Static bolt factor of safety

Determine the factor of safety based on the joint separation.

The factor of safety based on the joint separation is 1.11 .
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Problem 08.029.c - Static bolt factor of safety

Determine the factor of safety based on the joint separation.

The factor of safety based on the joint separation is 1.1137 ± 2% .

 
Explanation:

From Eq. (8-30), the joint separation factor of safety is

 

= = = 2.2852nL
−SpAt Fi

CP

(120×  psi)( )−12770 lbf103 0.1419 in2

0.1398(13330 lbf)

= = = 1.1137nO
Fi

P(1−C)
12770 lbf

13330 lbf(1−0.1398)



 4. Award: 0 out of 5.00 points  
 

Problem 08.030 - Static bolt factor of safety related to preload - DEPENDENT MULTI-PART QUESTION - ASSIGN ALL PARTS

For a bolted assembly with six bolts, the stiffness of each bolt is kb = 2.8 Mlbf/in and the stiffness of the members is km = 14 Mlbf/in per bolt. An external load of 80 kips is applied to the entire joint. Assume
the load is equally distributed to all the bolts. It has been determined to use 1/2 in-13 UNC grade 8 bolts with rolled threads. It is desired to find the range of torque that a mechanic could apply to initially
preload the bolts without expecting failure once the joint is loaded. Assume a torque coefficient of K = 0.2.
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Problem 08.030.a - Static bolt factor of safety related to preload

Determine the maximum bolt preload that can be applied without exceeding the proof strength of the bolts once the load is applied.

The maximum bolt preload that can be applied is 17.028  lbf.

 

References

Numeric Response Chapter: 08 Screws, Fasteners, and the
Design of Nonpermanent Joints

Problem 08.030.a - Static bolt
factor of safety related to
preload

Section: 08.09 Statically Loaded Tension
Joint with Preload

 

Problem 08.030.a - Static bolt factor of safety related to preload

Determine the maximum bolt preload that can be applied without exceeding the proof strength of the bolts once the load is applied.

The maximum bolt preload that can be applied is 14806.3333 ± 2%  lbf.

 
Explanation:

From Table 8–9, Sp = 120 ksi.

The stiffness constant is

The external load per bolt is

The proof factor of safety, from Eq. (8-28), is used to find Fi:

 

C = = = 0.1667kb

( + )kb km

2.8 Mlbf/in

(2.8 + 14) Mlbf/in 

P = = = 13330 lbfPtotal

N

80000 lbf
6

= − CP = − 0.1667 (13330 lbf)  = 14806.3333 lbfFia
SpAt

np

120×  psi( )103 0.1419 in2

1



 5. Award: 0 out of 5.00 points  

Problem 08.030.b - Static bolt factor of safety related to preload

Determine the minimum bolt preload that can be applied while avoiding joint separation.

The minimum bolt preload that can be applied is 11.464  lbf.
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Problem 08.030.b - Static bolt factor of safety related to preload

Determine the minimum bolt preload that can be applied while avoiding joint separation.

The minimum bolt preload that can be applied is 11108.3333 ± 2%  lbf.

 
Explanation:

The equation for the separation factor of safety is determined by Eq. (8-30):

 

= P (1 − C) = 1 (13330 lbf) (1 − 0.1667) = 11108.3333 lbfFib nO



 6. Award: 0 out of 5.00 points  

Problem 08.030.c - Static bolt factor of safety related to preload

Determine the value of torque in units of lbf·in that should be specified for preloading the bolts if it is desired to preload to the midpoint of the values found in parts (a) and (b). Use the average value of
the previously calculated values of Fi.

The torque that should be specified for preloading the bolt is 118.72  lbf·in.
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Problem 08.030.c - Static bolt factor of safety related to preload

Determine the value of torque in units of lbf·in that should be specified for preloading the bolts if it is desired to preload to the midpoint of the values found in parts (a) and (b). Use the average value of
the previously calculated values of Fi.

The torque that should be specified for preloading the bolt is 1295.7333 ± 2%  lbf·in.

 
Explanation:

The torque can be determined by Eq. 8-27:

T = KFid

 

Problem 08.031 - Static bolt factor of safety related to preload - DEPENDENT MULTI PART PROBLEM - ASSIGN ALL PARTS

For a bolted assembly with eight bolts, the stiffness of each bolt is kb = 0.8 MN/mm and the stiffness of the members is km = 3.6 MN/mm per bolt. The joint is subject to occasional disassembly for
maintenance and should be preloaded accordingly. Assume the external load is equally distributed to all the bolts. It has been determined to use M6 × 1 class 5.8 bolts with rolled threads. 
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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 7. Award: 0 out of 7.00 points  

Problem 08.031.a - Static bolt factor of safety related to preload

Determine the maximum external load Pmax that can be applied to the entire joint without exceeding the proof strength of the bolts.

The maximum external load for this case is 83.93  N.
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Problem 08.031.a - Static bolt factor of safety related to preload

Determine the maximum external load Pmax that can be applied to the entire joint without exceeding the proof strength of the bolts.

The maximum external load for this case is 83952 ± 2%  N.

 
Explanation:

From, Table 8–9, Sp = 380 MPa.

The stiffness constant is

For a nonpermanent connection, using Eqs. (8-31) and (8-32),

Fi = 0.75AtSp = 0.75(20.1 mm2)(380 MPa) = 5730 N

The proof factor of safety equation is given by Eq. (8-28):

 

C = = = 0.1818kb

( + )kb km

0.8 MN/mm

(0.8 + 3.6) MN/mm

= ( − ) = ( − 5730 N) = 83952 NPmax
SpAt

np
Fi

N

C

380×  Pa(2.01× )106 10−5 m2

1
8

0.1818



 8. Award: 0 out of 7.00 points  

Problem 08.031.b - Static bolt factor of safety related to preload

Determine the maximum external load Pmax that can be applied to the entire joint without causing the members to come out of compression.

The maximum external load for this case is 56.02  N.
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Problem 08.031.b - Static bolt factor of safety related to preload

Determine the maximum external load Pmax that can be applied to the entire joint without causing the members to come out of compression.

The maximum external load for this case is 56026.6667 ± 2%  N.

 
Explanation:

The equation for the separation factor of safety is given Eq. (8-30):

 

Problem 08.032 - Dynamic bolt factor of safety related to preload - DEPENDENT MULTI-PART PROBLEM ASSIGN ALL PARTS

For a bolted assembly, the stiffness of each bolt is kb = 2 Mlbf/in and the stiffness of the members is km = 14 Mlbf/in per bolt. The joint is subject to occasional disassembly for maintenance and should be
preloaded accordingly. A fluctuating external load is applied to the entire joint with Pmax = 80 kips and Pmin = 20 kips. Assume the load is equally distributed to all the bolts. It has been determined to use 1/2
in-13 UNC grade 8 bolts with rolled threads.
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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 9. Award: 0 out of 8.00 points  

Problem 08.032.a - Dynamic bolt factor of safety related to preload

Determine the minimum number of bolts necessary to avoid yielding of the bolts.

The minimum number of bolts necessary to avoid yielding of the bolts is 5 .
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Problem 08.032.a - Dynamic bolt factor of safety related to preload

Determine the minimum number of bolts necessary to avoid yielding of the bolts.

The minimum number of bolts necessary to avoid yielding of the bolts is 3 ± 2% .

 
Explanation:

From Table 8–9,    

Sp = 1.2(105) psi

The stiffness constant is calculated as

For a non-permanent connection, using Eqs. (8–31) and (8–32),

The proof factor of safety is calculated as

 

C = kb

( + )kb km

C =
2 Mlbf/in

(2 Mlbf/in+14 Mlbf/in)

C = 0.125

= 0.75 = 0.75 ( ) (120 ×  psi) = 12770 lbfFi AtSp 0.1419 in2 103

N = CPmax

( − )SpAt Fi

N =
0.125(80×  lbf)103

(( )(120×  psi))−12770 lbf0.1419 in2 103

N = 3



 10. Award: 0 out of 8.00 points  

Problem 08.032.b - Dynamic bolt factor of safety related to preload

Determine the minimum number of bolts necessary to avoid joint separation.

The minimum number of bolts necessary to avoid joint separation is 5 .
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Problem 08.032.b - Dynamic bolt factor of safety related to preload

Determine the minimum number of bolts necessary to avoid joint separation.

The minimum number of bolts necessary to avoid joint separation is 6 ± 2% .

 
Explanation:

The separation factor of safety is calculated as

 

N =
(1−C)Pmax

Fi

N =
(80×  lbf)(1−0.125)103

12770 lbf

N = 6



 11. Award: 10 out of 20.00 points  
 

Problem 08.033 - Selection of a suitable bolt length

The figure illustrates the nonpermanent connection of a steel cylinder head to a grade 30 cast-iron pressure vessel using N bolts. A confined gasket seal has an effective sealing diameter D. The cylinder
stores gas at a maximum pressure pg. For the specifications given in the table for the specific problem assigned, select a suitable bolt length, assuming bolts are available in increments of 5 mm. Then
determine the yielding factor of safety np, the load factor nL, and the joint separation factor n0. Take the value of E for steel as 207 GPa and for cast iron as 100 GPa.

Head thickness (A) 20 mm
Cylinder thickness (B) 20 mm

Cylinder ID (C) 60 mm
Gasket sealing diameter (D) 100 mm

Bolt circle diameter (E) 200 mm
Head outer diameter (F) 300 mm

Number of bolts (N) 10
Cylinder pressure (pg) 6.15 MPa

Bolt grade (G) ISO 9.8
Bolt spec. M12 × 1.75

The suitable bolt length is 55  mm.
The yielding factor of safety is 1.29 .
The load factor is 11.1 .
The joint separation factor is 11.8 .
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Problem 08.033 - Selection of a suitable bolt length

The figure illustrates the nonpermanent connection of a steel cylinder head to a grade 30 cast-iron pressure vessel using N bolts. A confined gasket seal has an effective sealing diameter D. The
cylinder stores gas at a maximum pressure pg. For the specifications given in the table for the specific problem assigned, select a suitable bolt length, assuming bolts are available in increments of 5
mm. Then determine the yielding factor of safety np, the load factor nL, and the joint separation factor n0. Take the value of E for steel as 207 GPa and for cast iron as 100 GPa.

Head thickness (A) 20 mm
Cylinder thickness (B) 20 mm

Cylinder ID (C) 60 mm
Gasket sealing diameter (D) 100 mm

Bolt circle diameter (E) 200 mm
Head outer diameter (F) 300 mm

Number of bolts (N) 10
Cylinder pressure (pg) 6.15 MPa

Bolt grade (G) ISO 9.8
Bolt spec. M12 × 1.75

The suitable bolt length is 55 ± 2%  mm.



The yielding factor of safety is 1.2963 ± 2% .
The load factor is 10.8593 ± 2% .
The joint separation factor is 11.5454 ± 2% .

Explanation:

From Table A-31, the nut height is H = 10.8 mm.

From  Eq. (8-14), we have

From Table 8-7,

From Table 8-1, we have At = 84.3 mm2.

From Eq. (8-17), we have

Now calculate the member stiffness.

For steel cylinder head, t = 20 mm, d = 12 mm, and D = 18 mm.

For cast iron, from Table 8-8, we have t = 20 mm, d = 12 mm, and D = 18 mm.

From Eq. (8-20),

From Eq. (8-18),

From Table 8-11, we have Sp = 650 MPa.

For a nonpermanent connection, using Eqs. (8-31) and (8-32),

The total external load is Ptotal = pgAg, where Ag is the effective area of the cylinder, based on the effective sealing diameter of 100 mm. The external load per bolt is P = Ptotal/N. Thus,

The yielding factor of safety, from Eq. (8-28), is

The overall factor of safety, from Eq. (8-29), is

The separation factor of safety, from Eq. (8-30), is

 

l = 20 mm + 20 mm = 40 mm

L ≥ l + H = 40 mm + 10.8 mm = 50.8 mm ≅55 mm

= 2d + 6 mm = 2(12 mm) + 6 mm = 30 mmLT

= L − = 55 mm − 30 mm = 25 mmld LT

= l − = 40 mm − 25 mm = 15 mmlt ld

= =Ad
π(12 mm)2

4 113.1 mm2

= = = 518.8  ×  N/mm = 518.8 MN/mkb
EAdAt

+Adlt Atld

( )( )207×113.1 mm2 84.3 mm2 103 N/mm2

( )(15 mm)+( )(25 mm)113.1 mm2 84.3 mm2 103

 =   =  = 4470 ×  N/mm = 4470 MN/mk1
0.5774π(E)d

ln( )(1.155( ) + D - d)(D + d)t1

(1.155( ) + D + d)(D - d)t1

0.5774π(207× )12 mm103 N/mm2

ln
(1.155(20 mm)+18 mm−12 mm)(18 mm+12 mm)

(1.155(20 mm)+18 mm+12 mm)(18 mm−12 mm)

103

 =   =  = 2159 ×  N/mm = 2159 MN/mk2
0.5774π(E)d

ln( )(1.155( ) +   - d)(  + d)t2 D2 D2

(1.155( ) +   + d)(  - d)t2 D2 D2

0.5774π(100× )12 mm103 N/mm2

ln
(1.155(20 mm)+18 mm−12 mm)(18 mm+12 mm)

(1.155(20 mm)+18 mm+12 mm)(18 mm−12 mm)

103

= = = 1456 MN/mkm ( + )1
k1

1
k2

−1 ( + )1
4470 MN/m

1
2159 MN/m

−1

C = = = 0.263kb

( + )kb km

518.8 MN/m

518.8 MN/m+1456 MN/m

= 0.75 = 0.75 ( ) (650 MPa) × = 41.1 kNFi AtSp 84.3 mm2 10−3

P = = = 4830.1987 N/bolt = 4.8302 kN/bolt
pgAg

N

( )π6.15 N/mm2 (100  mm)2

4×10

= = = 1.2963np
SpAt

CP+Fi

( )( )650 N/mm2 84.3 mm2

(0.263)(4830.1987 N)+(41.10×  N)103

= = = 10.8593nL
−SpAt Fi

CP

( )( )−(41.10×  N)650 N/mm2 84.3 mm2 103

(0.263)(4830.1987 N)

= = = 11.5454n0
Fi

P(1−C)
41.10 kN

4.8302 kN(1-0.263)



 12. Award: 10 out of 20.00 points  
 

Problem 08.034 - Selection of a suitable bolt length

The figure illustrates the nonpermanent connection of a steel cylinder head to a grade 30 cast-iron pressure vessel using N bolts. A confined gasket seal has an effective sealing diameter D. The cylinder
stores gas at a maximum pressure pg. For the specifications given in the table for the specific problem assigned, select a suitable bolt length, assuming bolts are available in increments of 0.25 in. Then
determine the yielding factor of safety np, the load factor nL, and the joint separation factor n0. Take the value of E for steel as 30 Mpsi and for cast iron as 14.5 Mpsi.

Head thickness (A) 0.5 in
Cylinder thickness (B) 0.625 in

Cylinder ID (C) 2.75 in
Gasket sealing diameter (D) 3.5 in

Bolt circle diameter (E) 6 in
Head outer diameter (F) 8 in

Number of bolts (N) 10
Cylinder pressure (pg) 1640 psi

Bolt grade (G) SAE 5
Bolt spec. 0.5 in-13

The suitable bolt length is 1.75  in.
The yielding factor of safety is 1.28 .
The load factor is 8.39 .
The joint separation factor is 15.78 .
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Problem 08.034 - Selection of a suitable bolt length

The figure illustrates the nonpermanent connection of a steel cylinder head to a grade 30 cast-iron pressure vessel using N bolts. A confined gasket seal has an effective sealing diameter D. The
cylinder stores gas at a maximum pressure pg. For the specifications given in the table for the specific problem assigned, select a suitable bolt length, assuming bolts are available in increments of 0.25
in. Then determine the yielding factor of safety np, the load factor nL, and the joint separation factor n0. Take the value of E for steel as 30 Mpsi and for cast iron as 14.5 Mpsi.

Head thickness (A) 0.5 in
Cylinder thickness (B) 0.625 in

Cylinder ID (C) 2.75 in
Gasket sealing diameter (D) 3.5 in

Bolt circle diameter (E) 6 in
Head outer diameter (F) 8 in

Number of bolts (N) 10
Cylinder pressure (pg) 1640 psi

Bolt grade (G) SAE 5
Bolt spec. 0.5 in-13

The suitable bolt length is 1.75 ± 2%  in.



The yielding factor of safety is 1.2667 ± 2% .
The load factor is 6.3833 ± 2% .
The joint separation factor is 8.182 ± 2% .

Explanation:

From Table A-31, the nut height is H = 0.4375 in.

From  Eq. (8-13), we have

From Table 8-7,

From Table 8-2, we have At = 0.1419 in2.

From Eq. (8-17), we have

Now calculate the member stiffness.

For steel cylinder head, t = 0.5 in, d = 0.5 in, and D = 0.75 in.

Cast iron has two frusta. The midpoint of complete joint is at .

For upper frustum, 

d = 0.5 in

From Eq. (8-20),

For lower frustum, t = 0.5625 in, d = 0.5 in, and D = 0.75 in.

From Eq. (8-18),

From Table 8-9, we have Sp = 85 kpsi.

For a nonpermanent connection, using Eqs. (8-31) and (8-32),

The total external load is Ptotal = pgAg, where Ag is the effective area of the cylinder, based on the effective sealing diameter of 3.5 in. The external load per bolt is P = Ptotal/N. Thus,

The yielding factor of safety, from Eq. (8-28), is

The overload factor of safety, from Eq. (8-29), is

The separation factor of safety, from Eq. (8-30), is

 

l = 0.5 in + 0.625 in = 1.125 in

L ≥ l + H = 1.125 in + 0.4375 in = 1.563 in ≅1.75 in

= 2d + 0.25 in = 2(0.5 in) + 0.25 in = 1.25 inLT

= L − = 1.75 in − 1.25 in = 0.5 inld LT

= l − = 1.125 in − 0.5 in = 0.625 inlt ld

= =Ad
π(0.5 in)2

4 0.1963 in2

= = = 4.316 ×  lbf/in = 4.316 Mlbf/inkb
EAdAt

+Adlt Atld

( )( )(30× )0.1963 in2 0.1419 in2 106 lbf/in2

( )(0.625 in)+( )(0.5 in)0.1963 in2 0.1419 in2 106

= = = 33.30 ×  lbf/in = 33.30 Mlbf/ink1
0.5774π(E)d1

ln
[1.155(t)+ − ]( + )D1 d1 D1 d1

[1.155(t)+ + ]( − )D1 d1 D1 d1

0.5774π(30× )(0.5 in)106 lbf/in2

ln
(1.155(0.5 in)+0.75 in−0.5 in)(0.75 in+0.5 in)

(1.155(0.5 in)+0.75 in+0.5 in)(0.75 in−0.5 in)

106

= 0.5625 in1.125 in
2

t = 0.5625 in − 0.5 in = 0.0625 in

D = 0.75 in + 2(0.5 in)tan 30° = 1.327 in

= = = 292.7 ×  lbf/in = 292.7 Mlbf/ink2
0.5774πEd

ln
[1.155( )+ −d]( +d)t2 D2 D2

[1.155( )+ +d]( −d)t2 D2 D2

0.5774π(14.5× )(0.5 in)106 lbf/in2

ln
(1.155(0.0625 in)+1.327 in−0.5 in)(1.327 in+0.5 in)

(1.155(0.0625 in)+1.327 in+0.5 in)(1.327 in−0.5 in)

106

= = = 15.26 ×  lbf/in = 15.26 Mlbf/ink3
0.5774πEd

ln
[1.155( )+ −d]( +d)t3 D3 D3

[1.155( )+ +d]( −d)t3 D3 D3

0.5774π(14.5× )(0.5 in)106 lbf/in2

ln
(1.155(0.5625 in)+0.75 in−0.5 in)(0.75 in+0.5 in)

(1.155(0.5625 in)+0.75 in+0.5 in)(0.75 in−0.5 in)

106

= = = 10.10 Mlbf/inkm ( + + )1
k1

1
k2

1
k3

−1 ( + + )1
33.30 Mlbf/in

1
292.7 Mlbf/in

1
15.26 Mlbf/in

−1

C = = = 0.299kb

( + )kb km

4.316 Mlbf/in

4.316 Mlbf/in+10.10 Mlbf/in

= 0.75 = 0.75 ( ) (85 kpsi) = 9.05 kipsFi AtSp 0.1419 in2

P = = = 1577.8649 lbf/bolt = 1.5779 kips/bolt
pgAg

N

( )π1640 lbf/in2 (3.5 in)2

4×10

= = = 1.2667np
SpAt

CP+Fi

(85× )( )103 lbf/in2 0.1419 in2

(0.299)(1577.8649 lbf)+(9.05×  lbf)103

= = = 6.3833nL
−SpAt Fi

CP

(85× )( )−(9.05×  lbf)103 lbf/in2 0.1419 in2 103

(0.299)(1577.8649 lbf)

= = = 8.1820n0
Fi

P(1−C)
9.05 kips

1.5779 kips(1-0.299)
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Two ball bearings from different manufacturers are being considered for a certain application. Bearing A has a catalog rating of 2.18 kN based on a catalog rating system of 3000 hours at 500 rev/min. Bearing B has
a catalog rating of 6.6 kN based on a catalog that rates at 106 cycles. For a given application, determine which bearing can carry the larger load.

Bearing  can carry the larger load.

Both bearings need to be rated in terms of the same catalog rating system to compare them. Using a rating life of one million revolutions, both bearings can be rated in terms of a Basic Load Rating.

From equation 11–3, the catalog load rating as a function of the desired load, desired life, and catalog rating life is given as follows:

(a = 3 for ball bearings)

CA = 9.77 kN

The catalog load rating of Bearing A based on one million revolutions is 9.77 kN.

Bearing B is already rated at one million revolutions, so CB = 6.6 kN.  

Since CA > CB, bearing A can carry the larger load. 
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on ratings from different manufacturers

Difficulty: Easy
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For the bearing application specifications given in Table A, determine the Basic Load Rating for a ball bearing with which to enter a bearing catalog of manufacturer 2 in Table 11–6. Assume an application factor of
one.

Table A (bearing specifications):
Radial Load Design Life Desired Reliability

2.17 kN 109  rev 93%

The Basic Load Rating for the ball bearing is 23.6 ± 2%  kN.

Given, FD = 2.17 kN, DD = 109 rev,  and R = 0.93, a = 3.

a = 3 for ball bearings.

From table 11–6, x0 = 0.02, LR = 106 revolutions, b = 1.483, and θ = 4.459.

The Basic Load Rating for the ball bearing is 23.6 kN.
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For the bearing application specifications given in Table A, determine the Basic Load Rating for a ball bearing with which to enter a bearing catalog of manufacturer 2 in Table 11–6. Assume an application factor of
one.

Table A (bearing specifications)
Radial Load Design Life Desired Reliability

820 lbf 12300 h, 315 rev/min 92%

The Basic Load Rating for the ball bearing is 5319.98 ± 2%  lbf.

Given, FD = 820 lbf, LD = 12300 hours, nD = 315 rev/min, and R = 0.92.

a = 3 for ball bearings.

From table 11–6, x0 = 0.02, LR = 106 revolutions, b = 1.483, and θ = 4.459.

Therefore, we have

 C10 = 5319.98 lbf.

The Basic Load Rating for the ball bearing is 5319.98 lbf.
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For the bearing application specifications given in Table A, determine the Basic Load Rating for a ball bearing with which to enter a bearing catalog of manufacturer 2 in Table 11–6. Assume an application factor of
one.

Table A (bearing specifications)
Radial Load Design Life Desired Reliability

4.05 kN 8.4 kh, 500 rev/min 98%

The Basic Load Rating for the ball bearing is 36.67 ± 2%  kN.

Given, FD = 4.05 kN, LD = 8400 hours, nD=500 rev/min, and R = 0.98.

From equation 11–3 the catalog load rating is given as follows:

a = 3 for ball bearings.

From table 11–6, x0 = 0.02, LR = 106 revolutions, b = 1.483, and θ = 4.459.

C10  = 36.67 kN

The Basic Load Rating for the ball bearing is 36.67 kN.
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What is the equivalent radial load, Fe?

The equivalent radial load is 9.29 ± 2%  kN.

The following equation is used to determine the equivalent radial load:

To determine if the axial load is sufficiently large enough to impact the required capacity of the bearing, a two-step process is used to determine the values of Xi and Yi taken from Table 11–1.

Taking the value of Co for a 65-mm bore, from Table 11–2 gives:

The value of Xi = 0.56; however, it is necessary to interpolate for Yi to obtain an equivalent radial load of

The equivalent radial load is 9.29 kN.
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Determine the equivalent radial load, Fe. 

The equivalent radial load, Fe, is 5.34 ± 2%  kN.

The following equation is used to determine the equivalent radial load:

To determine if the axial load is sufficiently large enough to impact the required capacity of the bearing, a two-step process is used to determine the values of Xi and Yi, taken from Table 11–1.

Taking the value of Co, for a 30-mm bore, from Table 11–2 gives:

C0 = 10

The value of Xi = 0.56; however, it is necessary to interpolate for Yi to obtain an equivalent radial load of

The equivalent radial load, Fe, is 5.34 kN.
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 1. Award: 15 out of 15.00 points  
 You did not receive full credit for this question in a previous attempt

Score: 100/100 Points 100 %

Problem 11.009 - Selection of bearing based on ratings from different manufacturers

Two ball bearings from different manufacturers are being considered for a certain application. Bearing A has a catalog rating of 2.08 kN based on a catalog rating system of 3000 hours at 500 rev/min.
Bearing B has a catalog rating of 7 kN based on a catalog that rates at 106 cycles. For a given application, determine which bearing can carry the larger load.

Bearing A  can carry the larger load.
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Problem 11.009 - Selection of bearing based on ratings from different manufacturers

Two ball bearings from different manufacturers are being considered for a certain application. Bearing A has a catalog rating of 2.08 kN based on a catalog rating system of 3000 hours at 500 rev/min.
Bearing B has a catalog rating of 7 kN based on a catalog that rates at 106 cycles. For a given application, determine which bearing can carry the larger load.

Bearing A  can carry the larger load.

 
Explanation:

Both bearings need to be rated in terms of the same catalog rating system to compare them. Using a rating life of one million revolutions, both bearings can be rated in terms of a Basic Load Rating.

From equation 11–3, the catalog load rating as a function of the desired load, desired life, and catalog rating life is given as follows:

(a = 3 for ball bearings)

CA = 9.32 kN

The catalog load rating of Bearing A based on one million revolutions is 9.32 kN.

Bearing B is already rated at one million revolutions, so CB = 7 kN.  
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 2. Award: 15 out of 15.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 11.010 - Determination of Basic Load Rating for a ball bearing

For the bearing application specifications given in Table A, determine the Basic Load Rating for a ball bearing with which to enter a bearing catalog of manufacturer 2 in Table 11–6. Assume an
application factor of one.

Table A (bearing specifications):
Radial Load Design Life Desired Reliability

2.02 kN 109  rev 91%

The Basic Load Rating for the ball bearing is 20.74  kN.
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Problem 11.010 - Determination of Basic Load Rating for a ball bearing

For the bearing application specifications given in Table A, determine the Basic Load Rating for a ball bearing with which to enter a bearing catalog of manufacturer 2 in Table 11–6. Assume an
application factor of one.

Table A (bearing specifications):
Radial Load Design Life Desired Reliability

2.02 kN 109  rev 91%

The Basic Load Rating for the ball bearing is 20.74 ± 2%  kN.

 
Explanation:

Given, FD = 2.02 kN, DD = 109 rev,  and R = 0.91, a = 3.

a = 3 for ball bearings.

From table 11–6, x0 = 0.02, LR = 106 revolutions, b = 1.483, and θ = 4.459.

 

=xD
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=xD 103
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⎝
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 3. Award: 15 out of 15.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 11.011 - Determination of Basic Load Rating for a ball bearing

For the bearing application specifications given in Table A, determine the Basic Load Rating for a ball bearing with which to enter a bearing catalog of manufacturer 2 in Table 11–6. Assume an
application factor of one.

Table A (bearing specifications)
Radial Load Design Life Desired Reliability

800 lbf 13000 h, 330 rev/min 91%

The Basic Load Rating for the ball bearing is 5226.15  lbf.
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Problem 11.011 - Determination of Basic Load Rating for a ball bearing

For the bearing application specifications given in Table A, determine the Basic Load Rating for a ball bearing with which to enter a bearing catalog of manufacturer 2 in Table 11–6. Assume an
application factor of one.

Table A (bearing specifications)
Radial Load Design Life Desired Reliability

800 lbf 13000 h, 330 rev/min 91%

The Basic Load Rating for the ball bearing is 5226.15 ± 2%  lbf.

 
Explanation:

Given, FD = 800 lbf, LD = 13000 hours, nD = 330 rev/min, and R = 0.91.

a = 3 for ball bearings.

From table 11–6, x0 = 0.02, LR = 106 revolutions, b = 1.483, and θ = 4.459.

Therefore, we have

 C10 = 5226.15 lbf.
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 4. Award: 15 out of 15.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 11.012 - Determination of Basic Load Rating for a ball bearing

For the bearing application specifications given in Table A, determine the Basic Load Rating for a ball bearing with which to enter a bearing catalog of manufacturer 2 in Table 11–6. Assume an
application factor of one.

Table A (bearing specifications)
Radial Load Design Life Desired Reliability

4.15 kN 8 kh, 550 rev/min 91%

The Basic Load Rating for the ball bearing is 27.34  kN.
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Problem 11.012 - Determination of Basic Load Rating for a ball bearing

For the bearing application specifications given in Table A, determine the Basic Load Rating for a ball bearing with which to enter a bearing catalog of manufacturer 2 in Table 11–6. Assume an
application factor of one.

Table A (bearing specifications)
Radial Load Design Life Desired Reliability

4.15 kN 8 kh, 550 rev/min 91%

The Basic Load Rating for the ball bearing is 27.34 ± 2%  kN.

 
Explanation:

Given, FD = 4.15 kN, LD = 8000 hours, nD=550 rev/min, and R = 0.91.

From equation 11–3 the catalog load rating is given as follows:

a = 3 for ball bearings.

From table 11–6, x0 = 0.02, LR = 106 revolutions, b = 1.483, and θ = 4.459.

C10  = 27.34 kN
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Problem 11.022 - Calculation of Effective Radial Load - DEPENDENT MULTI-PART PROBLEM - ASSIGN ALL PARTS

A 02-series single-row deep-groove ball bearing with a 65-mm bore (see Tables 11–1 and 11–2 for specifications) is loaded with a 3-kN axial load and a 7-kN radial load. The outer ring rotates at 700 rev/min.
 
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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 5. Award: 20 out of 20.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 11.022.a - Calculation of Effective Radial Load

What is the equivalent radial load, Fe?

The equivalent radial load is 9.29  kN.
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Problem 11.022.a - Calculation of Effective Radial Load

What is the equivalent radial load, Fe?

The equivalent radial load is 9.29 ± 2%  kN.

 
Explanation:

The following equation is used to determine the equivalent radial load:

To determine if the axial load is sufficiently large enough to impact the required capacity of the bearing, a two-step process is used to determine the values of Xi and Yi taken from Table 11–1.

Taking the value of Co for a 65-mm bore, from Table 11–2 gives:

The value of Xi = 0.56; however, it is necessary to interpolate for Yi to obtain an equivalent radial load of

 

 =  V  + Fe Xi Fr YiFa

First, the ratio of the axial load to the static load rating of the bearing   is determined.Fa

Co

e =  3.0 kN
34.0 kN

e = 0. 088

Secondly, the ratio of   is calculated.Fa

V Fr

 = 0. 3573.0 kN
1.2 × (7.0 kN)

Since e <  ,   is not 0.0 in Table 11–1.Fa

V Fr
Xi is not 1.0 and Yi

 =  (0. 56) (1. 2) (7. 0 kN) +  (1. 53) (3. 0 kN)Fe

 = 9. 29 kNFe



 6. Award: 20 out of 20.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 11.023 - Calculation of Effective Radial Load - DEPENDENT MULTI-PART PROBLEM - ASSIGN ALL PARTS

A 02-series single-row deep-groove ball bearing with a 30-mm bore (see Tables 11–1 and 11–2 for specifications) is loaded with a 2-kN axial load and a 5-kN radial load. The inner ring rotates at 450 rev/min.
 
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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Problem 11.023.a - Calculation of Effective Radial Load

Determine the equivalent radial load, Fe. 

The equivalent radial load, Fe, is 5.34  kN.
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Problem 11.023.a - Calculation of Effective Radial Load

Determine the equivalent radial load, Fe. 

The equivalent radial load, Fe, is 5.34 ± 2%  kN.

 
Explanation:

The following equation is used to determine the equivalent radial load:

To determine if the axial load is sufficiently large enough to impact the required capacity of the bearing, a two-step process is used to determine the values of Xi and Yi, taken from Table 11–1.

Taking the value of Co, for a 30-mm bore, from Table 11–2 gives:

C0 = 10

The value of Xi = 0.56; however, it is necessary to interpolate for Yi to obtain an equivalent radial load of

 

 =  V  + Fe Xi Fr YiFa

First, the ratio of the axial load to the static load rating of the bearing   is determined.Fa

Co

Interpolate the   value between 0.17 and 0.28 to get the value of e at  =0.2.Fa

Co

Fa

Co

e =  +0.34
(0.2−0.17)(0.38−0.34)

(0.28−0.17)

e = 0. 35

Secondly, the ratio of   is calculated.Fa

V Fr

 = 0. 42.0 kN
1.0 × (5.0 kN)

Since e <  ,   is not 0.0 in Table 11–1.Fa

V Fr
Xi is not 1.0 and Yi

 =  (0. 56) ×  (1) ×  (5. 0 kN) +  (1. 27) ×  (2. 0 kN)Fe

 = 5. 34 kNFe
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 1. Award: 15 out of 15.00 points  
 You received credit for this question in a previous attempt

Score: 85/100 Points 85 %

Problem 11.009 - Selection of bearing based on ratings from different manufacturers

Two ball bearings from different manufacturers are being considered for a certain application. Bearing A has a catalog rating of 2.08 kN based on a catalog rating system of 3000 hours at 500 rev/min.
Bearing B has a catalog rating of 7.1 kN based on a catalog that rates at 106 cycles. For a given application, determine which bearing can carry the larger load.

Bearing A  can carry the larger load.
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Problem 11.009 - Selection of bearing based on ratings from different manufacturers

Two ball bearings from different manufacturers are being considered for a certain application. Bearing A has a catalog rating of 2.08 kN based on a catalog rating system of 3000 hours at 500 rev/min.
Bearing B has a catalog rating of 7.1 kN based on a catalog that rates at 106 cycles. For a given application, determine which bearing can carry the larger load.

Bearing A  can carry the larger load.

 
Explanation:

Both bearings need to be rated in terms of the same catalog rating system to compare them. Using a rating life of one million revolutions, both bearings can be rated in terms of a Basic Load Rating.

From equation 11–3, the catalog load rating as a function of the desired load, desired life, and catalog rating life is given as follows:

(a = 3 for ball bearings)

CA = 9.32 kN

The catalog load rating of Bearing A based on one million revolutions is 9.32 kN.

Bearing B is already rated at one million revolutions, so CB = 7.1 kN.  
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 2. Award: 15 out of 15.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 11.010 - Determination of Basic Load Rating for a ball bearing

For the bearing application specifications given in Table A, determine the Basic Load Rating for a ball bearing with which to enter a bearing catalog of manufacturer 2 in Table 11–6. Assume an
application factor of one.

Table A (bearing specifications):
Radial Load Design Life Desired Reliability

2.16 kN 109  rev 96%

The Basic Load Rating for the ball bearing is 26.63  kN.
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Problem 11.010 - Determination of Basic Load Rating for a ball bearing

For the bearing application specifications given in Table A, determine the Basic Load Rating for a ball bearing with which to enter a bearing catalog of manufacturer 2 in Table 11–6. Assume an
application factor of one.

Table A (bearing specifications):
Radial Load Design Life Desired Reliability

2.16 kN 109  rev 96%

The Basic Load Rating for the ball bearing is 26.63 ± 2%  kN.

 
Explanation:

Given, FD = 2.16 kN, DD = 109 rev,  and R = 0.96, a = 3.

a = 3 for ball bearings.

From table 11–6, x0 = 0.02, LR = 106 revolutions, b = 1.483, and θ = 4.459.
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 3. Award: 15 out of 15.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 11.011 - Determination of Basic Load Rating for a ball bearing

For the bearing application specifications given in Table A, determine the Basic Load Rating for a ball bearing with which to enter a bearing catalog of manufacturer 2 in Table 11–6. Assume an
application factor of one.

Table A (bearing specifications)
Radial Load Design Life Desired Reliability

800 lbf 12800 h, 330 rev/min 95%

The Basic Load Rating for the ball bearing is 5940.25  lbf.
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Problem 11.011 - Determination of Basic Load Rating for a ball bearing

For the bearing application specifications given in Table A, determine the Basic Load Rating for a ball bearing with which to enter a bearing catalog of manufacturer 2 in Table 11–6. Assume an
application factor of one.

Table A (bearing specifications)
Radial Load Design Life Desired Reliability

800 lbf 12800 h, 330 rev/min 95%

The Basic Load Rating for the ball bearing is 5940.25 ± 2%  lbf.

 
Explanation:

Given, FD = 800 lbf, LD = 12800 hours, nD = 330 rev/min, and R = 0.95.

a = 3 for ball bearings.

From table 11–6, x0 = 0.02, LR = 106 revolutions, b = 1.483, and θ = 4.459.

Therefore, we have

 C10 = 5940.25 lbf.

 

=xD
  60LD nD 

LR

=xD
12800 h×330 rev/min× 60

 rev106

= 253.44xD

=C10 af FD

⎛
⎝
⎜⎜ xD

+(θ− )x0 x0 (ln( ))1

RD

1

b

⎞
⎠
⎟⎟

1
a

= 1 × 800 lbfC10

⎛
⎝⎜ 253.44

0.02+(4.459−0.02)(ln( ))1

0.95

1

1.483

⎞
⎠⎟

1
3



 4. Award: 0 out of 15.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 11.012 - Determination of Basic Load Rating for a ball bearing

For the bearing application specifications given in Table A, determine the Basic Load Rating for a ball bearing with which to enter a bearing catalog of manufacturer 2 in Table 11–6. Assume an
application factor of one.

Table A (bearing specifications)
Radial Load Design Life Desired Reliability

4.1 kN 8.3 kh, 490 rev/min 90%

The Basic Load Rating for the ball bearing is 25.08  kN.
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Problem 11.012 - Determination of Basic Load Rating for a ball bearing

For the bearing application specifications given in Table A, determine the Basic Load Rating for a ball bearing with which to enter a bearing catalog of manufacturer 2 in Table 11–6. Assume an
application factor of one.

Table A (bearing specifications)
Radial Load Design Life Desired Reliability

4.1 kN 8.3 kh, 490 rev/min 90%

The Basic Load Rating for the ball bearing is 25.68 ± 2%  kN.

 
Explanation:

Given, FD = 4.1 kN, LD = 8300 hours, nD=490 rev/min, and R = 0.9.

From equation 11–3 the catalog load rating is given as follows:

a = 3 for ball bearings.

From table 11–6, x0 = 0.02, LR = 106 revolutions, b = 1.483, and θ = 4.459.

C10  = 25.68 kN

 

=xD
  60LD nD 

LR

=xD
(8.3 × 1000) h(490 rev/min) (60)

 rev106

= 244.02xD

=C10 af FD

⎛
⎝
⎜⎜ xD

+(θ− )x0 x0 (ln( ))1

RD

1

b

⎞
⎠
⎟⎟

1
a

= 1 × 4.1 kNC10

⎛
⎝⎜ 244.02

0.02+(4.459−0.02)(ln( ))1

0.9

1

1.483

⎞
⎠⎟

1
3



Problem 11.022 - Calculation of Effective Radial Load - DEPENDENT MULTI-PART PROBLEM - ASSIGN ALL PARTS

A 02-series single-row deep-groove ball bearing with a 65-mm bore (see Tables 11–1 and 11–2 for specifications) is loaded with a 3-kN axial load and a 7-kN radial load. The outer ring rotates at 500 rev/min.
 
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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 5. Award: 20 out of 20.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 11.022.a - Calculation of Effective Radial Load

What is the equivalent radial load, Fe?

The equivalent radial load is 9.29  kN.
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Problem 11.022.a - Calculation of Effective Radial Load

What is the equivalent radial load, Fe?

The equivalent radial load is 9.29 ± 2%  kN.

 
Explanation:

The following equation is used to determine the equivalent radial load:

To determine if the axial load is sufficiently large enough to impact the required capacity of the bearing, a two-step process is used to determine the values of Xi and Yi taken from Table 11–1.

Taking the value of Co for a 65-mm bore, from Table 11–2 gives:

The value of Xi = 0.56; however, it is necessary to interpolate for Yi to obtain an equivalent radial load of

 

 =  V  + Fe Xi Fr YiFa

First, the ratio of the axial load to the static load rating of the bearing   is determined.Fa

Co

e =  3.0 kN
34.0 kN

e = 0. 088

Secondly, the ratio of   is calculated.Fa

V Fr

 = 0. 3573.0 kN
1.2 × (7.0 kN)

Since e <  ,   is not 0.0 in Table 11–1.Fa

V Fr
Xi is not 1.0 and Yi

 =  (0. 56) (1. 2) (7. 0 kN) +  (1. 53) (3. 0 kN)Fe

 = 9. 29 kNFe



 6. Award: 20 out of 20.00 points  
 You did not receive full credit for this question in a previous attempt

Problem 11.023 - Calculation of Effective Radial Load - DEPENDENT MULTI-PART PROBLEM - ASSIGN ALL PARTS

A 02-series single-row deep-groove ball bearing with a 30-mm bore (see Tables 11–1 and 11–2 for specifications) is loaded with a 2-kN axial load and a 5-kN radial load. The inner ring rotates at 500 rev/min.
 
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.
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Problem 11.023.a - Calculation of Effective Radial Load

Determine the equivalent radial load, Fe. 

The equivalent radial load, Fe, is 5.34  kN.
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Problem 11.023.a - Calculation of Effective Radial Load

Determine the equivalent radial load, Fe. 

The equivalent radial load, Fe, is 5.34 ± 2%  kN.

 
Explanation:

The following equation is used to determine the equivalent radial load:

To determine if the axial load is sufficiently large enough to impact the required capacity of the bearing, a two-step process is used to determine the values of Xi and Yi, taken from Table 11–1.

Taking the value of Co, for a 30-mm bore, from Table 11–2 gives:

C0 = 10

The value of Xi = 0.56; however, it is necessary to interpolate for Yi to obtain an equivalent radial load of

 

 =  V  + Fe Xi Fr YiFa

First, the ratio of the axial load to the static load rating of the bearing   is determined.Fa

Co

Interpolate the   value between 0.17 and 0.28 to get the value of e at  =0.2.Fa

Co

Fa

Co

e =  +0.34
(0.2−0.17)(0.38−0.34)

(0.28−0.17)

e = 0. 35

Secondly, the ratio of   is calculated.Fa

V Fr

 = 0. 42.0 kN
1.0 × (5.0 kN)

Since e <  ,   is not 0.0 in Table 11–1.Fa

V Fr
Xi is not 1.0 and Yi

 =  (0. 56) ×  (1) ×  (5. 0 kN) +  (1. 27) ×  (2. 0 kN)Fe

 = 5. 34 kNFe
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 1. Award: 0 out of 15.00 points  
 

Score: 20/100 Points 20 %

Problem 11.009 - Selection of bearing based on ratings from different manufacturers

Two ball bearings from different manufacturers are being considered for a certain application. Bearing A has a catalog rating of 2.08 kN based on a catalog rating system of 3000 hours at 500 rev/min.
Bearing B has a catalog rating of 6.7 kN based on a catalog that rates at 106 cycles. For a given application, determine which bearing can carry the larger load.

Bearing B  can carry the larger load.
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Problem 11.009 - Selection of bearing based on ratings from different manufacturers

Two ball bearings from different manufacturers are being considered for a certain application. Bearing A has a catalog rating of 2.08 kN based on a catalog rating system of 3000 hours at 500 rev/min.
Bearing B has a catalog rating of 6.7 kN based on a catalog that rates at 106 cycles. For a given application, determine which bearing can carry the larger load.

Bearing A  can carry the larger load.

 
Explanation:

Both bearings need to be rated in terms of the same catalog rating system to compare them. Using a rating life of one million revolutions, both bearings can be rated in terms of a Basic Load Rating.

From equation 11–3, the catalog load rating as a function of the desired load, desired life, and catalog rating life is given as follows:

(a = 3 for ball bearings)

CA = 9.32 kN

The catalog load rating of Bearing A based on one million revolutions is 9.32 kN.

Bearing B is already rated at one million revolutions, so CB = 6.7 kN.  
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 2. Award: 0 out of 15.00 points  
 

Problem 11.010 - Determination of Basic Load Rating for a ball bearing

For the bearing application specifications given in Table A, determine the Basic Load Rating for a ball bearing with which to enter a bearing catalog of manufacturer 2 in Table 11–6. Assume an
application factor of one.

Table A (bearing specifications):
Radial Load Design Life Desired Reliability

2.09 kN 109  rev 94%

The Basic Load Rating for the ball bearing is 4491.8  kN.
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Problem 11.010 - Determination of Basic Load Rating for a ball bearing

For the bearing application specifications given in Table A, determine the Basic Load Rating for a ball bearing with which to enter a bearing catalog of manufacturer 2 in Table 11–6. Assume an
application factor of one.

Table A (bearing specifications):
Radial Load Design Life Desired Reliability

2.09 kN 109  rev 94%

The Basic Load Rating for the ball bearing is 23.54 ± 2%  kN.

 
Explanation:

Given, FD = 2.09 kN, DD = 109 rev,  and R = 0.94, a = 3.

a = 3 for ball bearings.

From table 11–6, x0 = 0.02, LR = 106 revolutions, b = 1.483, and θ = 4.459.
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 3. Award: 0 out of 15.00 points  
 

Problem 11.011 - Determination of Basic Load Rating for a ball bearing

For the bearing application specifications given in Table A, determine the Basic Load Rating for a ball bearing with which to enter a bearing catalog of manufacturer 2 in Table 11–6. Assume an
application factor of one.

Table A (bearing specifications)
Radial Load Design Life Desired Reliability

840 lbf 12300 h, 330 rev/min 92%

The Basic Load Rating for the ball bearing is 6481.3  lbf.
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Problem 11.011 - Determination of Basic Load Rating for a ball bearing

For the bearing application specifications given in Table A, determine the Basic Load Rating for a ball bearing with which to enter a bearing catalog of manufacturer 2 in Table 11–6. Assume an
application factor of one.

Table A (bearing specifications)
Radial Load Design Life Desired Reliability

840 lbf 12300 h, 330 rev/min 92%

The Basic Load Rating for the ball bearing is 5534.9 ± 2%  lbf.

 
Explanation:

Given, FD = 840 lbf, LD = 12300 hours, nD = 330 rev/min, and R = 0.92.

a = 3 for ball bearings.

From table 11–6, x0 = 0.02, LR = 106 revolutions, b = 1.483, and θ = 4.459.

Therefore, we have

 C10 = 5534.9 lbf.
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 4. Award: 0 out of 15.00 points  
 

Problem 11.012 - Determination of Basic Load Rating for a ball bearing

For the bearing application specifications given in Table A, determine the Basic Load Rating for a ball bearing with which to enter a bearing catalog of manufacturer 2 in Table 11–6. Assume an
application factor of one.

Table A (bearing specifications)
Radial Load Design Life Desired Reliability

4.15 kN 7.9 kh, 470 rev/min 91%

The Basic Load Rating for the ball bearing is 40.23  kN.
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Problem 11.012 - Determination of Basic Load Rating for a ball bearing

For the bearing application specifications given in Table A, determine the Basic Load Rating for a ball bearing with which to enter a bearing catalog of manufacturer 2 in Table 11–6. Assume an
application factor of one.

Table A (bearing specifications)
Radial Load Design Life Desired Reliability

4.15 kN 7.9 kh, 470 rev/min 91%

The Basic Load Rating for the ball bearing is 25.84 ± 2%  kN.

 
Explanation:

Given, FD = 4.15 kN, LD = 7900 hours, nD=470 rev/min, and R = 0.91.

From equation 11–3 the catalog load rating is given as follows:

a = 3 for ball bearings.

From table 11–6, x0 = 0.02, LR = 106 revolutions, b = 1.483, and θ = 4.459.

C10  = 25.84 kN

 

=xD
  60LD nD 

LR

=xD
(7.9 × 1000) h(470 rev/min) (60)

 rev106

= 222.78xD

=C10 af FD

⎛
⎝
⎜⎜ xD

+(θ− )x0 x0 (ln( ))1

RD

1

b

⎞
⎠
⎟⎟

1
a

= 1 × 4.15 kNC10

⎛
⎝⎜ 222.78

0.02+(4.459−0.02)(ln( ))1

0.91

1

1.483

⎞
⎠⎟

1
3



Problem 11.022 - Calculation of Effective Radial Load - DEPENDENT MULTI-PART PROBLEM - ASSIGN ALL PARTS

A 02-series single-row deep-groove ball bearing with a 65-mm bore (see Tables 11–1 and 11–2 for specifications) is loaded with a 3-kN axial load and a 7-kN radial load. The outer ring rotates at 400 rev/min.
 
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.

References

Section Break Chapter: 11 Rolling-Contact Bearings

Problem 11.022 - Calculation of
Effective Radial Load -
DEPENDENT MULTI-PART
PROBLEM - ASSIGN ALL PARTS

Section: 11.05 Relating Load, Life, and
Reliability



 5. Award: 0 out of 20.00 points  

Problem 11.022.a - Calculation of Effective Radial Load

What is the equivalent radial load, Fe?

The equivalent radial load is 8.57  kN.

 

References

Numeric Response Chapter: 11 Rolling-Contact Bearings

Problem 11.022.a - Calculation
of Effective Radial Load

Section: 11.05 Relating Load, Life, and
Reliability

 

Problem 11.022.a - Calculation of Effective Radial Load

What is the equivalent radial load, Fe?

The equivalent radial load is 9.29 ± 2%  kN.

 
Explanation:

The following equation is used to determine the equivalent radial load:

To determine if the axial load is sufficiently large enough to impact the required capacity of the bearing, a two-step process is used to determine the values of Xi and Yi taken from Table 11–1.

Taking the value of Co for a 65-mm bore, from Table 11–2 gives:

The value of Xi = 0.56; however, it is necessary to interpolate for Yi to obtain an equivalent radial load of

 

 =  V  + Fe Xi Fr YiFa

First, the ratio of the axial load to the static load rating of the bearing   is determined.Fa

Co

e =  3.0 kN
34.0 kN

e = 0. 088

Secondly, the ratio of   is calculated.Fa

V Fr

 = 0. 3573.0 kN
1.2 × (7.0 kN)

Since e <  ,   is not 0.0 in Table 11–1.Fa

V Fr
Xi is not 1.0 and Yi

 =  (0. 56) (1. 2) (7. 0 kN) +  (1. 53) (3. 0 kN)Fe

 = 9. 29 kNFe



 6. Award: 20 out of 20.00 points  
 

Problem 11.023 - Calculation of Effective Radial Load - DEPENDENT MULTI-PART PROBLEM - ASSIGN ALL PARTS

A 02-series single-row deep-groove ball bearing with a 30-mm bore (see Tables 11–1 and 11–2 for specifications) is loaded with a 2-kN axial load and a 5-kN radial load. The inner ring rotates at 350 rev/min.
 
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.

References

Section Break Chapter: 11 Rolling-Contact Bearings

Problem 11.023 - Calculation of
Effective Radial Load -
DEPENDENT MULTI-PART
PROBLEM - ASSIGN ALL PARTS

Section: 11.05 Relating Load, Life, and
Reliability

Problem 11.023.a - Calculation of Effective Radial Load

Determine the equivalent radial load, Fe. 

The equivalent radial load, Fe, is 5.34  kN.

 

References

Numeric Response Chapter: 11 Rolling-Contact Bearings

Problem 11.023.a - Calculation
of Effective Radial Load

Section: 11.05 Relating Load, Life, and
Reliability

 

Problem 11.023.a - Calculation of Effective Radial Load

Determine the equivalent radial load, Fe. 

The equivalent radial load, Fe, is 5.34 ± 2%  kN.

 
Explanation:

The following equation is used to determine the equivalent radial load:

To determine if the axial load is sufficiently large enough to impact the required capacity of the bearing, a two-step process is used to determine the values of Xi and Yi, taken from Table 11–1.

Taking the value of Co, for a 30-mm bore, from Table 11–2 gives:

C0 = 10

The value of Xi = 0.56; however, it is necessary to interpolate for Yi to obtain an equivalent radial load of

 

 =  V  + Fe Xi Fr YiFa

First, the ratio of the axial load to the static load rating of the bearing   is determined.Fa

Co

Interpolate the   value between 0.17 and 0.28 to get the value of e at  =0.2.Fa

Co

Fa

Co

e =  +0.34
(0.2−0.17)(0.38−0.34)

(0.28−0.17)

e = 0. 35

Secondly, the ratio of   is calculated.Fa

V Fr

 = 0. 42.0 kN
1.0 × (5.0 kN)

Since e <  ,   is not 0.0 in Table 11–1.Fa

V Fr
Xi is not 1.0 and Yi

 =  (0. 56) ×  (1) ×  (5. 0 kN) +  (1. 27) ×  (2. 0 kN)Fe

 = 5. 34 kNFe
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Fall 2021 
 

Project: Safety Factor of Bolt in Real-life Engineering Application 
 

Assigned on 11/15/2021; Due on 12/1/2021 
Total points: 100 

 
1. Introduction 
 
This is an open-ended design project related to the application of bolt. You need to choose one 
real-life engineering application of bolts and determine the number of bolts required with 
consideration of safety. The design tasks are defined in Section 2. 
 
2. Design Tasks 
In this project, you need to complete the following design tasks. 
(1) Choose one real-life engineering application of bolts with extension loads. The steel cylinder 

head is shown in Figure 1 as an example. You CAN NOT use steel cylinder head or pressure 
vessel in Example 8-4 as your design application.  
 
You need to describe (a) what the application is; (b) how the bolts are used in the application; 
(c) how the extension loads are generated; (d) show a schematic diagram (picture or hand 
sketch) of the application similar to Figure 1. 

 
Figure 1. Skematic diagram of steel cylinder head 

 
(2) Define the given parameters. Table 1 is shown as example for steel cylinber head application. 

Be aware that your given parameters may be different from Table 1 because your application 
will be different. 
 

Table 1. Given parameters of steel cylinder head 

Parameters A B C D gp  Bolt grade Bolt spec. 

      Value 1
2  in 5

8  in 2.75 in 3.5 in 1500 psi SAE 5 1
2  in-13 



You need to define: (a) the bolts specifications, suitable length of the bolt, and bolt grade for 
the bolt used in the application;  (b) the thickness of members and materials of members; (c) 
the parameters needed to calculate the extension load. All the parameters you defined need to 
be realistic and need to be justified. 
 

(3) Calculate kb, km, and C. You need to type detail calculation of the bolt stiffness kb, stiffness 
of members km, and stiffness constant C. The calculation must be typed in MS Word using 
“Equation Editor”. 

 
(4) Find the number of bolts required for a load factor of 2 where the bolts may be reused when 

the joint is taken apart. You need to type the detail calculation in MS Word using 
“Equation Editor”. 

 
(5) With the number of bolts obtained in part (4), determine the realized load factor for overload, 

the yielding factor of safety, and the load factor for joint separation.  
 
3. Project Submission 
 
You need to submit soft copy (word file) of your report on Tasktream 
(http://ecourses.pvamu.edu). Submit your report to “Assignment (Outcome 2)”.  
 

4. Report Format 

The report should at least include the following sections: 
a. Cover page; 
b. Abstract; 
c. Problem Description; 
d. Detail Description of Design Tasks; (All calculation should be typed in MS Word using 

“Equation Editor”) 
e. Summary of Results; 
 

5. Grading Scheme 
 

Item Description 
Maximum 

Points 
Your 
Score 

1 
Choose one real-life engineering application of bolts with extension 
loads and describe details of the applications. 

15 
 

 

2 Define the given parameters and justify your selection. 20  
3 Calculate kb, km, and C. 25  
4 Find the number of bolts required. 10  

5 
Determine the realized load factor for overload, the yielding factor of 
safety, and the load factor for joint separation 

10 
 

6 Overall quality of the report. 20  
 Total 100  

 

Reference: 
1. Example 8-4 and Problem 8-34 in the textbook. 
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ABSTRACT 
Application of choice: In engineering, there is heavy exponential growth in influence in regards 

to technological advancements that assist with our daily task. In most workplaces, it is common 

to see that they are densely populated with computer desktops. Desktops have become 

significantly faster over decades which have enabled many experts to evaluate many 

theoretical situations that incorporate intense mathematical applications. Specifically speaking, 

the innovative advancements of computer components, such as motherboards and central 

processing units, has led to the increase of allotted storage of inherent engineering information 

to perform major task. 

Bolts in the Application:  When discussing the assembly process of technologies concerning 

desktops, we must address the main components such as the RAM (Random Access Memory), 

CPU (Central Processing Unit), GPU (Graphics Processing Unit), Power supply, as well as the 

motherboard. In this project I am using the application of bolts and nuts that are used to fasten 

the copper material from the motherboard to the back of the steel motherboard plates found 

on the desktop case that support the loads from the installation of the CPU and the GPU. 

How the extension loads are Generated: Once again, when the bolts are fastened, it supports 

its purpose by supporting the loads of the GPU by keeping the motherboard in place within the 

desktop casing. This is essential as the Graphics card or GPU, is typically the largest and most 

dense component in the assembly process. If the bolt cannot suffice the tension received from 

the GPU, the motherboard would fall out of place and would be unable to function which could 

also negatively affect other components within the system. 

   



PROBLEM DESCRIPTION 
Given the parameters of the members and the bolts used within this application, we must find 

the suitable length of the bolt, evaluate the thickness of the members, the bolt stiffness, the 

material stiffness, the yielding factor of safety, load factor of safety, and the safety based on 

the joint separation. 

(Copper Motherboard installed inside the Desktop Casing) 

 

 

 

 

(Steel Back Plate Motherboard Attachment) 



 

 

DETAILED DESCRIPTION OF DESIGN TASK 

 



Parameters A (Steel 
member) 

B(copper 
Member) 

Pg BOLT GRADE BOLT SPEC 

Values 2 in ½ in 36 kip SAE 8 ½ IN-13 

 

1.) Length of the bolt 

𝑙 = 𝑙1 + 𝑙2 

𝑙 = 2 +
1

2
= 2.5𝑖𝑛 

Height of the nut 

Table A-31 

ℎ =
7

16
= 0.4375𝑖𝑛 

𝐿 = 𝑙 + ℎ 
𝐿 = 2.5 + 0.4375 = 2.9375𝑖𝑛 

Round to the nearest quarter inch= 3𝑖𝑛 

2.) Find Kb, bolt stiffness 

Table 8-7 

𝐿𝑡 = 2𝑑 +
1

4
𝑖𝑛 

𝐿𝑡 = 2(0.5) +
1

4
= 1.25𝑖𝑛 

𝑙𝑑 = 𝐿 − 𝐿𝑡 
𝑙𝑑 = 3 − 1.25 = 1.75𝑖𝑛 

𝑙𝑡 = 𝑙 − 𝑙𝑑 

𝑙𝑡 = 2.5 − 1.75 = 0.75𝑖𝑛 

 

Table 8-2 

𝐴𝑡 = 0.1419 

𝐴𝑑 =
𝜋𝑑2

4
 

𝐴𝑑 =
𝜋(.5)2

4
= .1963𝑖𝑛 

𝑘𝑏 =
𝐴𝑡𝐴𝑑𝐸

𝐴𝑑𝑙𝑡 + 𝐴𝑡𝑙𝑑
 

𝑘𝑏 =
0.1419 ∗ 0.1963 ∗ 30

(0.1963 ∗ 0.75) + (0.1419 ∗ 1.75)
=
2.11𝑀𝑙𝑏𝑓

𝑖𝑛
 

3.) Find km, member stiffness 

𝐷 = 1.5𝑑 

𝐷 = 1.5(0.5) = .75 

𝐷1 = .75 
𝐷2 = .75 + 2(2.5 − 2 ∗ 𝑡𝑎𝑛30) = 3.4405 

𝐷3 = .75 

𝑡1 =
𝑙

2
= 1.25 

𝑡2 = 𝐴 − 𝑡1 = .75 
𝑡3 = .5 

xipeng
Pencil

xipeng
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K=
.5774𝜋(𝐸)𝑑1

ln⁡(
1.155(𝜔)+𝐷1−𝑑1)(𝐷1+𝑑1)

1.155(𝜔)+𝐷1+𝑑1)(𝐷1+𝑑1)

 

𝑘1=
.5774𝜋(30)∗.5

ln⁡(
1.155(1.25)+.75−.5)(.75+.5)

1.155(1.25)+.75+.5)(.75−.5)

=23.75⁡𝑀𝑙𝑏/𝑖𝑛 

𝑘2=
.5774𝜋(30)∗.5

ln⁡(
1.155(.75)+3.4405−.5)(3.4405+.5)

1.155(.75)+3.4405+.5)(3.4405−.5)

=457.33⁡𝑀𝑙𝑏/𝑖𝑛 

𝑘3=
.5774𝜋(30)∗.5

ln⁡(
1.155(.5)+.75−.5)(.75+.5)

1.155(.5)+.75+.5)(.75−.5)

=19.201⁡𝑀𝑙𝑏/𝑖𝑛 

 

𝑘𝑚 = (
1

𝑘1
+

1

𝑘2
+

1

𝑘3
)−1= (

1

23.751
+

1

457.433
+

1

19.201
)−1 = 10.376

𝑀𝑙𝑏

𝑖𝑛
 

4.) Calculate Stiffness constant 

𝐶 =
𝑘𝑏

𝑘𝑏 + 𝑘𝑚
 

𝐶 =
2.11

2.11 + 10.376
=
0.1689𝑀𝑙𝑏

𝑖𝑛
 

5.) Find number of bolts required for a load factor of 2 

Load Factor=𝑛𝐿 = 2 

𝑛𝐿 =
𝑆𝑝𝐴𝑡−𝐹𝑖

𝐶(
𝑃𝑡𝑜𝑡𝑎𝑙
𝑁 )

 

𝑁 =
(36) ∗ (2) ∗ 0.1689

120 ∗ (0.1419) − 12.771
= 2.8566 = 3⁡𝑏𝑜𝑙𝑡𝑠⁡𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑 

6.) Find the realized load factor for overload 

 

𝑛𝐿 =
𝑆𝑝𝐴𝑡−𝐹𝑖

𝐶(
𝑃𝑡𝑜𝑡𝑎𝑙
𝑁 )

 

𝑛𝐿 =
120 ∗ (0.1419) − 12.771

0.1689 ∗ (
36
3 )

= 2.10 

7.) Find the yielding factor of safety 

𝑛𝑝 =
𝑆𝑝𝐴𝑡

𝐶 (
𝑃𝑡𝑜𝑡𝑎𝑙
𝑁 ) + 𝐹𝑖

 

𝑛𝑝 =
120∗(0.1419)

0.1689∗(
36

3
)+12.771

= 1.15 

8.) Find the load factor for joint separation 

𝑛0 =
𝐹𝑖

(
𝑃𝑡𝑜𝑡𝑎𝑙
𝑁

) + (1 − 𝐶)
 

𝑛0 =
12.771

(
36

3
)+(1−0.1689)

= 1.28 

 



 

 

 

SUMMARY OF RESULTS 
The analyzation of the bolts and the member specifications given by performing statistical 

analysis of various stiffnesses and load factors portray how the assembly needs at least 3 bolts 

to sufficiently support the weight of load caused by the installation of the other components. 

This is an inherent finding, as anything less than three bolts of the same graded material would 

cause a mounting failure within the desktop casing. This could lead to further damage within 

the system as the detachment of the motherboard due to the insufficient mounting failure 

could damage other components in the system. On the other hand, if the assembly process 

uses 4 bolts, then the assembly process will be safe as it will support the load applied on the 

extension of the bolts when fastened and assembled. Overall, this project allowed me to 

receive a further understanding of how extension loads on bolts interact in regards to clamping 

to materials members together in a real-life application. 
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ABSTRACT 

This project focus on real-life engineering application of bolts with consideration of safety. In 

this project we going to complete several task which consider of: What Application is, how the 

bolts are used in the application, and how the extension loads are generated. It would include a 

problem description with all the calculation.  

 

  



Problem Description  

This is an open-ended design project related to the application of bolt. You need to choose one 

real-life engineering application of bolts and determine the number of bolts required with 

consideration of safety.                                                            

In this project, you need to complete the following design tasks. (1) Choose one real-life 

engineering application of bolts with extension loads. The steel cylinder head is shown in Figure 

1 as an example. You CAN NOT use steel cylinder head or pressure vessel in Example 8-4 as your 

design application. You need to describe (a) what the application is; (b) how the bolts are used 

in the application; (c) how the extension loads are generated; (d) show a schematic diagram 

(picture or hand sketch). You need to define: (a) the bolts specifications, suitable length of the 

bolt, and bolt grade for the bolt used in the application; (b) the thickness of members and 

materials of members; (c) the parameters needed to calculate the extension load. All the 

parameters you defined need to be realistic and need to be justified.                   

(1) Calculate kb, km, and C. You need to type detail calculation of the bolt stiffness kb, stiffness 

of members km, and stiffness constant C. The calculation must be typed in MS Word using 

“Equation Editor”.                     

(2) Find the number of bolts required for a load factor of 2 where the bolts may be reused when 

the joint is taken apart. You need to type the detail calculation in MS Word using “Equation 

Editor”.                          

(3) With the number of bolts obtained in part (2), determine the realized load factor for 

overload, the yielding factor of safety, and the load factor for joint separation. 

 

  



 

A B C D Pg Bolt Grade Bolt Spec. 

7/16 5/8 2.25 3 1400psi SAE 5 3/8in-13 UNC 

  

Grip, 𝑙= 
7

16
 +

5

8
 = 1.06,  From A-31 H=0.328 

L= 1.06+.328= 1.388in 

Eq(8-13) 𝐿𝑡=2d+.25=== 2(.375)+.25= 1 

𝑙𝑑= 𝑙 − 𝐿𝑡===1.388-1= .388 

𝑙𝑡=𝑙 − 𝑙𝑑==== 1.06-.388= .672 

𝐴𝑡= From Table 8-2 ==== .0775 

𝐴𝑑= 
𝜋𝑑2

4
=== 

𝜋(.375)2

4
= . 1104𝑖𝑛2 

𝐸 = 30𝑀𝑝𝑠𝑖 

Calculation of the Bolt Stiffness 𝐾𝑏 

 

 (Eq 8-17) 𝐾𝑏 =
𝐴𝑑𝐴𝑡𝐸

𝐴𝑑𝑙𝑡+𝐴𝑡𝑙𝑑
 ==== 

.1104∗0.775∗30×106

.1104∗.672+.0775∗.388
 = 2.567

𝑀𝑙𝑏𝑓

𝑖𝑛
       

 

Aluminum Plate. 

Frustrum 1 

𝑡 = 1.5  𝑑 = .375 𝐷 = 1.5 × .375 = .5625 𝐸 = 10.3 × 106 

 

𝐾1 =
. 5774𝜋𝐸𝑑

ln
(1.155𝑡 + 𝐷 − 𝑑)(𝐷 + 𝑑)
(1.155𝑡 + 𝐷 + 𝑑)(𝐷 − 𝑑)

 

 

Pipe Shields to support the pipes to hold it steady 

against pressure.  

xipeng
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Frustrum 2 

𝑡 = .5 𝑑 = .375 𝐷 = 𝐷3 + 2 × 𝑡3 × 𝑡𝑎𝑛30°  𝐷 = .5625 + 2 × 1 × 𝑡𝑎𝑛30° = .6485 𝐸 =

10.3 × 10^6 

 

𝐾2 =
. 5774𝜋𝐸𝑑

ln
(1.155𝑡 + 𝐷 − 𝑑)(𝐷 + 𝑑)
(1.155𝑡 + 𝐷 + 𝑑)(𝐷 − 𝑑)

 

 
 

 

Cast Iron  

Frustrum  

𝑡3 = 1 𝑑 = .375 𝐷3 = .5625 𝐸 = 14.5𝑀𝑝𝑠𝑖 

 



𝐾3 =
.5774𝜋𝐸𝑑

ln
(1.155𝑡+𝐷−𝑑)(𝐷+𝑑)

(1.155𝑡+𝐷+𝑑)(𝐷−𝑑)

 

 
 

(Eq 8-18)  𝐾𝑚 = (
1

𝐾1
+

1

𝐾2
+

1

𝐾3
)

−1

 

𝐾𝑚 = (
1

21.26
+

1

10.22
+

1

8.46
)

−1

=
3.80𝑀𝑙𝑏𝑓

𝑖𝑛
 

  

 

   

𝐶 =
𝑘𝑏

𝑘𝑏+𝐾𝑚
  

2.567

2.567+3.80
=  .4032 

From Table 8.9   Sp(120 Kpsi)  Grade 5 

 

𝐹𝑖 = 0.75𝐴𝑡𝑆𝑝 ==>  .75 × .0775 × 120 = 6.975𝑘𝑖𝑝𝑠 

𝜎𝑖 =
𝑓𝑖

𝐴𝑡
=

6.975

. 0775
= 90 < 120(𝑆𝑝) 𝑆𝑎𝑓𝑒 

 

𝑃𝑡𝑜𝑡𝑎𝑙 = 𝑃𝑔 − 𝐴𝑐  

𝑃𝑡𝑜𝑡𝑎𝑙 = [
1400𝜋(32)

4
] (

10−3

8
) =

1.24𝑘𝑖𝑝𝑠

𝑏𝑜𝑙𝑡
 

 

Yielding Factor of Safety (8-28) 

𝑛𝑝 =
𝑆𝑝𝐴𝑡

𝐶𝑝+𝑓𝑖
=

120×.0775

.4032(1.24)+6.975
= 1.24 > Safe 

 

Overload Factor of Safety (8-29) 

𝑛𝑙 =
𝑆𝑝𝐴𝑡−𝑓𝑖

𝐶𝑝
=

120×0.0775−6.975

.4032(1.24)
= 4.65 > Safe 

 

Separation Factor of Safety (8-30) 

𝑛𝑜 =
𝑓𝑖

𝑃(1−𝐶)
=

6.975

1.24(1−.4032)
= 9.425 > Safe 

xipeng
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SUMMARY RESULTS 

 

By doing all the calculations with the correct given equations we can conclude that the Safety 
Factor (1.24), Over Load Factor (4.65), and Separation Factor of Safety (9.425) it’s all safe and 
we can know that there is no leaking or separation in the bolts with the  
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Abstract 
This project focuses on the application and analysis of a bolt, the design tasks are defined in Section 2. 2. 

Design Tasks In this project, you need to complete the following design tasks.  Choose one real-life 

engineering application of bolts with extension loads. We cannot use steel cylinder head or pressure vessel 

in Example 8-4 as our design application. We need to describe: what the application is, how the bolts are 

used in the application, how the extension loads are generated and show a schematic diagram (picture or 

hand sketch) of the application. 

 

  



Problem Description  

In this project, you need to complete the following design tasks. Choose one real-life engineering 

application of bolts with extension loads. The steel cylinder head is shown in Figure as an 

example. You CAN NOT use steel cylinder head or pressure vessel in Example 8-4 as your 

design application. You need to describe (a) what the application is; (b) how the bolts are used in 

the application; (c) how the extension loads are generated; (d) show a schematic diagram (picture 

or hand sketch) of the application similar to the figure shown in class. 

Define the given parameters. Table 1 is shown as example for steel cylinder head application. Be 

aware that your given parameters may be different from Table 1 because your application will be 

different. 

You need to define: (a) the bolts specifications, suitable length of the bolt, and bolt grade for the 

bolt used in the application; (b) the thickness of members and materials of members; (c) the 

parameters needed to calculate the extension load. All the parameters you defined need to be 

realistic and need to be justified. 

Calculate kb, km, and C. You need to type detail calculation of the bolt stiffness kb, stiffness of 

members km, and stiffness constant C. The calculation must be typed in MS Word using 

“Equation Editor”. Find the number of bolts required for a load factor of 2 where the bolts may 

be reused when the joint is taken apart. You need to type the detail calculation in MS Word using 

“Equation Editor”. With the number of bolts obtained in part, determine the realized load factor 

for overload, the yielding factor of safety, and the load factor for joint separation. 



We have a confined a gasket seal, that will hold together natural gas at 1200 kPa pressure. We 

need to determine the yielding factor of safety, the load factor and the joint separation factor.   

Design Tasks 

 

Parameters  

A B C D E F N Pg Grade  Spec. 
0.375 0.5 2.75 3.25 5.5 7 8 1200 SAE 8 7/16 

in-14 
 

Grip, l = 3/8 + 1/2 = 0.875 in. From Table A-31, the nut height is H = 3/8 in. 

L ≥ l + H = 0.875 + 3/8 = 1.25 in. 

Let L = 1.25 in  

Eq. (8-13): LT = 2d + 0.25 = 2(7/16) + 0.25 = 1.125 in 

Table 8-7: ld = L - LT = 1.25 - 1.125 = 0.125 in 

 lt = l - ld = 0.875 - 0.125 = 0.75 in 

  

xipeng
Typewritten Text
Can not use the examples as applicatoin.



Ad = π (7/16) /4 = 0.150 3 in2 

  Table 8-2: At = 0.106 3 in2  

Eq. (8-17) 

 

Steel Cylinder head: 

 t = 0.375 in, d = 0.4375 in, D = 0.65625 in, E = 30 Mpsi  

 

Cast iron has 2 frustrum. 

Midpoint of the complete joint is (3/8 + ½)/2 = 0.4375 in  

Upper frustrum,  

t = 0.4375 - 0.375 = 0.0625 in, d = 0.4375 in, D = 0.65625 + 2(0.375) tan(30o) = 1.089 in  

E = 14.5 Mpsi  

 

Lower frustrum 



t = 0.4375 in, d = 0.4375 in, D = 0.65625 in, E = 14.5 Mpsi  

 

 

km = (1/31.40 + 1/195.5 + 1/14.08)-1 = 9.261 Mlbf/in 

 C = kb / (kb + km) = 3.804/ (3.804 + 9.261) = 0.291 

Sp = 120 kpsi  

Fi = 0.75 At Sp = 0.75(0.1063) (120) = 9.57 kips  

Ptotal = pg Ac                              P = Ptotal /N  

P = [ 1200π (3.252)/4] (10-3) /8 = 1.244 kips/bolt 

Yielding factor of safety   

 

Overload Factor of safety 

 

Separation factor of safety  

 

Summary Results  

After all the calculations we know that the yielding factor of safety is safe since is over 1, load 
factor is 8.8 kips, and joint separation 10.9 and we know that it will not have leaks and is safe 
due of the value being higher than the minimum.  
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