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Program Outcomes Assessed in Course
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End of Semester Course Outcomes Assessment Reports

III. TESTS
Summary of Topics covered by Test
Original Test Questions & Master Solution/grading scheme used
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Above Average (Graded original work)
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Below Average (Graded original work)

IV. QUIZZES
Summary of Topics covered by Quiz
Original Quiz Questions & Master Solution/grading scheme used

Above Average (Graded original work )
Average (Graded original work )
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Summary of Topics covered by Homework
Original Homework Questions & Master Solution/grading scheme used
Above Average (Graded original work)
Average (Graded original work )
Below Average (Graded original work )

VI. Project
Summary of Topics Covered by Project
Project Problem Statement and Grading Scheme
Above Average (Graded original work )
Average (Graded original work )
Below Average (Graded original work )
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Course Syllabus
(ABET Self-Study 2020-2021 Template)

Course number and name:
Credits and contact hours:

Instructor’s or course
coordinator’s name:

Text book: Title:
Author:
Publisher, Year & Edition:

a. Other Supplemental material

Specific course information
a. Brief description of the content of the
course (catalog description)

b. Prerequisites or
Co-requisites

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

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:

1. Skills for mechanical element design;

MCEG 3304 Machine Design I

3 credit hours; 4 contact hours

Dr. Xiaobo Peng

Shigley’s Mechanical Engineering Design
Budynas, R. G. and Nisbett, J. K.,
McGraw-Hill Book Company, New York,
2016, 10™ Edition

None.

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.

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

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:

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



IT 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

The overall performance
Comments on Data | 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

e Total number of students in class

e 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

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

3. Perceived Problems

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

4. New Plans for Addressing Problems

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

5. Overall Trend over last three assessment periods

e 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

Outcome (2)
Number Ability to apply engineering design to produce solutions
Semester Analysis of Expected Expected Percent of Class Average % Students Meeting
Type Students Average students at or above Expected Average
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%

. The following activities have been implemented to improve
Imglementatlon ::> the student learning on outcome 2:
ummary (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.

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

Problems ::> working on the homework.

It is suggested to do the following:

(1) More in-class training sessions are needed to give
Plans for

Addressing students more training on ANSYS software.
Problems ::> (2) More out-of-class tutoring sessions are needed.
(3) A tutor is needed to provide help to students.

Overall Trend The overall performance is better than the expected average.
over Periods > >




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 1
FALL 2021

SAMPLE EXAM QUESTIONS, SOLUTION,
AND GRADING SCHEME



Exam One
MCEG3304: Machine Design |

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.

8 kN 4 kKN/m

x’ll
4—] Um-l—l []Im*L"Dm—a-

4.0m

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.

| 8in
| _ |
1mn
6in
— — 1in 1in— —
Problem 2.



3. (20 pts) For the stress states &, = 25 kpsi, §,, = —15 kpsi, T, = 15 kpsi ccw.

(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 &, = 20 kpsi, §, = —15 kpsi, 1o, = 12 kpsi ccw.

(4.1) (12 pts) Calculate all three principal normal and shear stresses 6,6 ,,05,71,27 23713

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

010 03T 107537 13"

5. (24 pts) A cantilevered bar shown below is loaded by the force F= 800 Ibf. 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.

B

“, Cross section at the wall

Problem 5.
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MACHINE DESIGN I
FALL 2021

Title of Assignment: Exam Two
TOPICS COVERED IN EXAM TWO

Chapter 4. Deflection
Chapter 5. Failure Theory



MACHINE DESIGN I
FALL 2021

SAMPLE EXAM QUESTIONS, SOLUTION,
AND GRADING SCHEME



Exam Two
MCEG3304: Machine Design |

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 Ibf 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 Ibf-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?

-

15 in — 24in ———»

340 Ibf

YYyvYy nrqn:rnr\r

A C

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.



450 1bf 350 Ibf

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

ox = =15 Kpsi, ay = 20 kpsi, 74y = —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 oy = 70 kpsi, o; = -80 kpsi, 7, = 30 kpsi.

6. (24 pts) A crank has yield strength Sy=50 kpsi. It is loaded by the forces F = 800 Ibf 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.
y

1.5-1n dia.

5in



Table A-9
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MACHINE DESIGN I
FALL 2021

Title of Assignment: Final Exam

TOPICS COVERED

Chapter 8. Design of Bolts
Chapter 11. Design of Bearings



MACHINE DESIGN I
FALL 2021

SAMPLE QUESTIONS, SOLUTION,
AND GRADING SCHEME



Final Exam
MCEG33043 Machine Design |
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 x 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.

(1.2) (7 pts) Determine a suitable length for the bolt, rounded up to the nearest 5 mm.

(1.2) (9 pts) Determine the bolt stiffness kp, 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
UNE. 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 ky = 3
MiIbf/in and the stiffness of the member is km = 7 MIbf/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 Fy and

resultant load on members applied by one bolt Fnm.
1



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 10° 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?



Table 8-1

Coarse-Pitch Series Fine-Pitch Series
Diameters and Areas of Tensile- Minor- Tensile- Minor-
CusaryePhoh and. Fifi: Pitch Stress Diameter Pitch Stress Diameter
Pitch Metric Threads.* play A:::,ZA' Amf' oLiin A:::,f’ A:;f'
1.6 0.35 1.27 1.07
2 0.40 2.07 1.79
2.5 0.45 3.39 2.98
3 0.5 5.03 4.47
3.5 0.6 6.78 6.00
4 0.7 8.78 7.75
5 0.8 14.2 12:7
6 1 20.1 17.9
8 1.25 36.6 328 1 39.2 36.0
10 L5 58.0 523 1.25 61.2 56.3
12 L35 84.3 76.3 1:25 92.1 86.0
14 2 115 104 1.5 125 116
16 2 157 144 1.5 167 157
20 25 245 225 1.5 272 259

Table 8-2
Diameters and Area of Unified Screw Threads UNC and UNF*

Coarse Series—UNC Fine Series—UNF
Nominal Tensile- Minor- Tensile- Minor-
Maior Threads Stress Diameter  Threads Stress Diameter
Size Diameter per Inch Area A; Area A, per Inch Area A; Area A,
Designation in N in? in? N in? in?
0 0.0600 80 0.001 80 0.001 51
1 0.0730 64 0.002 63 0.002 18 72 0.002 78 0.002 37
2 0.0860 56 0.003 70 0.003 10 64 0.003 94 0.003 39
3 0.0990 48 0.004 87 0.004 06 56 0.005 23 0.004 51
4 0.1120 40 0.006 04 0.004 96 48 0.006 61 0.005 66
5 0.1250 40 0.007 96 0.006 72 44 0.008 80 0.007 16
6 0.1380 32 0.009 09 0.007 45 40 0.010 15 0.008 74
8 0.1640 32 0.0140 0.01196 36 0.014 74 0.012 85
10 0.1900 24 0.0175 0.014 50 32 0.0200 0.0175
12 0.2160 24 0.024 2 0.020 6 28 0.025 8 0.022 6
11'1 0.2500 20 0.0318 0.026 9 28 0.036 4 0.0326
& 0.3125 18 0.052 4 0.045 4 24 0.058 0 0.052 4
% 0.3750 16 0.0775 0.067 8 24 0.087 8 0.080 9
% 0.4375 14 0.106 3 0.093 3 20 0.1187 0.109 0
% 0.5000 13 0.1419 0.1257 20 0.1599 0.148 6
% 0.5625 12 0.182 0.162 18 0.203 0.189
% 0.6250 11 0.226 0.202 18 0.256 0.240
% 0.7500 10 0.334 0.302 16 0.373 0.351
% 0.8750 9 0.462 0.419 14 0.509 0.480
1 1.0000 8 0.606 0.551 12 0.663 0.625
1} 1.2500 7 0.969 0.890 12 1.073 1.024
13 1.5000 6 1.405 1.294 12 1.581 1.521




Table A-31 Height H

Dimensions of Nominal  Width Regular Thick or
Size, in w Hexagonal Slotted JAM

Hexagonal Nuts

MI10 16 8.4 9.3 5.0
MI12 18 10.8 12.0 6.0
M14 21 12.83 14.1 7.0
Ml6 24 14.8 16.4 8.0
M20 30 18.0 20.3 10.0
M24 36 21.5 239 12.0
M30 46 25.6 28.6 15.0
M36 55 31.0 34.7 18.0



Table 11-2

Dimensions and Load Ratings for Single-Row 02-Series Deep-Groove and Angular-Contact Ball Bearings

Fillet Shoulder Load Ratings, kN
oD, Width, Radius, Diameter, mm Deep Groove Angular Contact
dS dlH C'IO CD
10 30 9 0.6 12.5 27 5.07 2.24 4.94 2.12
12 32 10 0.6 14.5 28 6.89 3.10 7.02 3.05
15 35 11 0.6 17.5 31 7.80 3.55 8.06 3.65
17 40 12 0.6 19.5 34 9.56 4.50 9.95 4.75
20 47 14 1.0 25 41 12.7 6.20 133 6.55
25 52 15 1.0 30 47 14.0 6.95 14.8 7.65
30 62 16 1.0 35 23 19.5 10.0 20.3 11.0
35 72 17 1.0 41 65 25.5 13.7 27.0 15.0
40 80 18 1.0 46 72 30.7 16.6 31.9 18.6
45 85 19 1.0 52 77 332 18.6 358 21.2
50 90 20 1.0 56 82 39:1 19.6 377 228
55 100 21 12 63 90 436 25.0 46.2 28.5
60 110 22 1.5 70 99 47.5 28.0 559 355
65 120 23 1.5 74 109 559 34.0 63.7 41.5
70 125 24 1.5 79 114 61.8 37.5 68.9 45.5
Table 11-3

Dimensions and Basic Load Ratings for Cylindrical Roller Bearings

02-Series 03-Series
Width, Load Rating, kN Width, Load Rating, kN
Cio Co
25 52 15 16.8 8.8 62 17 28.6 15.0
30 62 16 224 12.0 72 19 36.9 20.0
35 72 17 319 17.6 80 21 44.6 217.1
40 80 18 41.8 24.0 90 23 56.1 325
45 85 19 44.0 2990 100 25 72.1 454
50 90 20 45.7 275 110 27 88.0 52.0
55 100 21 56.1 34.0 120 29 102 67.2
60 110 22 64.4 43.1 130 31 123 76.5
65 120 23 76.5 51.2 140 33 138 85.0
70 125 24 792 51.2 150 35 151 102
75 130 25 93.1 63.2 160 37 183 125
80 140 26 106 69.4 170 39 190 125
85 150 28 119 78.3 180 41 212 149
90 160 30 142 100 190 43 242 160
95 170 32 165 112 200 45 264 189
100 180 34 183 125 215 47 303 220
110 200 38 229 167 240 50 391 304
120 215 40 260 183 260 55 457 340
130 230 40 270 193 280 58 539 408
140 250 42 319 240 300 62 682 454
150 270 45 446 260 320 65 781 502
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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 1
FALL 2021

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



MCEG3304: Machine Design |
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.

600 N 800 N
Im 2m
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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: Machine Design I

g
Fall 2021 > \
Quiz #1 / -
Total points: 30 \ O )
Date: 9/6/2021 Name: 1) ,L' 1 ¢ J N \» //q
[ )70

. 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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Fall 2021 - )
Quiz #1 40 i
Total points: 30 L/r/ .
Date: 9/6/2021 Name:(:\x\rm,\'\’ U Denr mn B e

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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Fall 2021 |
Quiz #1 ( )
Total points: 30 -. _ f,-’f :
Date: 9/6/2021 Name: S [y pnlres dy\E_"/2 o

1. Sketch the free-body diagram of element AD and BC in the figure. Comphte the
magnitude and direction of each 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
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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

4 kNfm

5 KN

the reactions at A
(2) Draw the shear-force diagram

A

(3) Draw the bending moment diagram

6m



MCEG3043: Machine Design I

Fall 2021
v Quiz #2
Total points: 30
Date: 9/13/2021 Name:
1. For the cantilever beam shown e 5KN
(1) Draw free-body diagram of AB and find ERE
the reactions at A A T B
(2) Draw the shear-force diagram |
r 6m 6m

(3) Draw the bending moment diagram
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MCEG3304: Machine Design 1

Fall 2021
Quiz #2

Total points: 30
Name: G-)‘-/Ubt\) N E r:)('\\ \'r \'\ i

Date: 9/13/2021

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
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MCEG3304: Machine Design I

Fall 2021 '
Quiz #2 j
Total points: 30 ' /
Date: 9/13/2021 Name: | N!l A KL/ /; O-
1. For the cantilever beam shown - S5KN |
(1) Draw free-body diagram of AB and find EREER i
A _ONEET 0B
the reactions at A 4

(2) Draw the shear-force diagram | l |
e 6m T ém |

(3) Draw the bending moment diagram
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MCEG3304: Machine Design 1

Fall 2021
Quiz #2 )
Total points: 30 / (N O
P
Date: 9/13/2021 Name: Myle s Woedfork 9
4 kNI
1. For the cantilever beam shown i 5 KN
(1) Draw free-body diagram of AB and find
) - G _'ﬂ_ . B
the reactions at A A
(2) Draw the shear-force diagram I
. * | 6 m 6 m
(3) Draw the bending moment diagram
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MACHINE DESIGN 1
FALL 2021

Title of Assignment: Quiz 3

TOPICS COVERED IN QUIZ 3

Mohr’s Circle




MACHINE DESIGN 1
FALL 2021

SAMPLE QUIZ QUESTIONS, SOLUTION,
AND GRADING SCHEME



MCEG3304: Machine Design |
Fall 2021

Quiz #3
Total points: 30
Date: 9/22/2021
Name:

For the plane stress states o, =—10kpsi, o, = 20kpsi, z,, =15kpsi cw., 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 0,,0,,03,7;5,75/3: T3



MCEG3043: Machine Design I
Fall 2021

Quiz #3
Total points: 30
Date: 9/22/2021
Name:

For the plane stress states 0, = —10kpsi,o, = 20kpsi, 7, =15kpsi cw., 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.
8 ) (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 0,,0,,0;,7,,,,7,,3,753-
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MCEG3304: Machine Design I gl

Fall 2021

(26
Quiz #3 \\u /%«o

Total points: 30

Date: 9/22/2021 _
Name: | ), JC LL] 0 e (),m Th

For the plane stress states 0 = —10kpsi, o, = 20kpsi, T = 1Skpsi cw. , 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

~ oLt

value of 0,0,,05, 75,7, 5,755 f -
'l\ A (10, 15)

B (30,45) ¥,
(510)
r=.J1|
= (36.1,0)
Ez(-1e,6)
Fe (5 2

G= U -d 1) /) 0= Mol |, 0, = -6 Jl\/

<o




Lt
\5, = R0y [y el < g

o~

0, = E—T'Oﬁb - 11(“'0”'0)14- l%’j = =3l

= +@>T+ls‘l = L
()2 "m: -1

T 24, fi f_)o‘ =5

2(15)
)
N0CMa) SYss Shear Shress
i mend
r\ "Cf\’\f/"‘ i 'y
A9 S, 7 cfﬁ
D 2.5
£ 2 25"
7 LMN : >V>
Voo E 5 TZM,S-
5
. 7



AVERAGE



VIO

142 ﬁmu(\ AY~0Q) )
oK
c
{ﬂ'
-

\
\\atd

MCEG3304: Machine Design |
Fall 2021

Quiz #3 ZD
Total points: 30 L /é e

Name: Ty  Dulre
For the plane stress states 0, = — I OkPSf‘ g, = 20kPSf, oy = lSkpSf cw. | find

Date: 9/22/2021

(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.

MOn a separate coordinate, draw a complete Mohr’s three-circle diagram and label the

value of 0,,0,,05,T,,,,75 5,7, 5. - )
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MCEG3304: Machine Design |
Fall 2021

Quiz #3 C( /D

Total points: 30

Date: 9/22/2021 /g 2
Name:

For the plane stress states 0, = —10kpsi, o, = 20kpsi, 7, =1 Skpsi cw., 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

N
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MACHINE DESIGN 1
FALL 2021

Title of Assignment: Quiz 4

TOPICS COVERED IN QUIZ 4

Mohr’s three-circle diagram



MACHINE DESIGN 1
FALL 2021

SAMPLE QUIZ QUESTIONS, SOLUTION,
AND GRADING SCHEME



MCEG3304: Machine Design |
Fall 2021

Quiz #4
Total points: 30
Date: 09/27/2021
Name:

1. For the stress states o, = 20kpsi, o, = —15kpsi, z,, = 15kpsi cw., 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

01:0,5,03,T1/5,T5/3:Tqy3-
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MCEG3304: Machine Design |
Fall 2021

Quiz #4
Total points: 30
Date: 09/27/2021
Name:

1. For the stress states o = 20kpsi,o. = —15kpsi,t = 15kpsi cw., 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
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MCEG3304: Machine Design I

Fall 2021
- 7 O
Quiz #4 “ 7 o
Total points: 30 ' 7

Date: 09/27/2021

Name: gl%"ox i Er.\meé&.L Eg&

1. For the stress states o, = 20kpsi,o, =—15kpsi.t_ =15kpsi cw., 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
01503:,03:T1/25T2/35T1/3-
= = (5 ' )
. - 15 Kpse, 6134 LS Kpse <
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MCEG3304: Machine Design I

Fall 2021
Quiz #4
Total points: 30 v
Date: 09/27/2021

Name: C‘/\V 5 ?W

1. For the stress states o, = 20kpsi,o. = —15kpsi,t,, =15kpsi cw., 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

01,0,,05,T/2:T3/35T)/3-

) 6920 bz=C Ty= S

(=0 byr=0 LUy
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MCEG3304: Machine Design I

Fall 2021 =
Quiz #4 ﬂ
uiz f )
Total points: 30 \_,_/.//27 v

Date: 09/27/2021 ' ,
Name: Chri$ /W/aner

1. For the stress states o, = 20kpsi,o, = —15kpsi,t_, =15kpsi cw., 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 Qﬁhinteresl
(s oo e

| 01,0,,03,T/75T5/3,T)3- / S’ \) Tareiv=1
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MACHINE DESIGN 1
FALL 2021

Title of Assignment: Quiz 5

TOPICS COVERED IN QUIZ 5

Bending normal stress
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AND GRADING SCHEME



MCEG3304: Machine Design |
Fall 2021

Quiz #5
Total points: 30
Date: 10/04/2021

Name: D —4in pa
1 Tin
For the section shown, the bending moment is shown in the C K]

the figure and Mz= 100 kip in.
(1) Find the distance from the mass center to the bottom

surface. = 8in
(2) Calculate the second moment of area | of the section. | =1in
(3) Determine the bending normal stresses at top D and

bottom A. ¥

1in

A 2in LT




MCEG3304: Machine Design I

Fall 2021
Quiz #5
Total points: 30
Date: 10/04/2021 _
Name: H_DL._4IFI oy B 3
t 1P 1in
For the section shown, the bending moment is shown in the b' c E)
the figure and Mz= 100 kip in.
(1) Find the distance from the mass center to the bottom
surface. “=8in =
(2) Calculate the second moment of area I of the section. o be=1in
(3) Determine the bending normal stresses at top D and
bottom A. = 1
YA €)) .1 in
‘ 2in |_T
Iﬂ—.-

(i) /'\i:zh(l.:qb 0= 2.6
Ai:'-éx{:é C)_,:- 4‘0;1
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) e 2122 )
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B L=
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MCEG3304: Machine Design I
Fall 2021

Quiz #5 é
Total points: 30 L
-

Date: 10/04/2021

name: Hovold Rodmgwe _ lain oy
* 1in
For the section shown, the bending moment is shown in the c T
the figure and Mz= 100 kip in.
(1) Find the distance from the mass center to the bottom ]
surface. ¢=8mn s M2
(2) Calculate the second moment of area I of the section. s l=1in
(3) Determine the bending normal stresses at top D and %
bottom A. —'I1 i
@ AZin | T
F‘g—we A ((f. 'f'pt"’?-.. + /Jts‘;(\, @ '
\/ 7 S" a2 2 é
by= Yars 4> \7;, 43 .0 Y axU L AxIx(3l-0.5)" 1,2
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MCEG3304: Machine Design I
Fall 2021

Quiz #5 / ? /3‘ ©
Total points: 30

Name: Qﬂ\m’\ﬁ W GMYA\I —

For the section shown, the bending moment is shown in the
the figure and Mz= 100 Kkip in.

(1) Find the distance from the mass center to the bottom
- I +8i
surface.

Date: 10/04/2021

(2) Calculate the second moment of area I of the section. e— 1 in 7
(3) Determine the bending normal stresses at top D and § ! (07——1
bottom A. Tin
I ( \ Al 2in ‘T
B2 T —
V) M of Conber Aam botfodm 3 Lottom

17L
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MCEG3304: Machine Design I

Fall 2021
Quiz #5 / 2
Total points: 30 ) ? O
Date: 10/04/2021 ¥
Name: ‘&%Lo&ou_%wﬂ?“%‘b&__ D l—4in oy
) A 1in ®
For the section shown, the bending moment is shown in the c k2
the figure and Mz= 100 kip in. @
(1) Find the distance from the mass center to the bottom ; . M
surface. =8in ) = e
(2) Calculate the second moment of area I of the section. » l=1in
(3) Determine the bending normal stresses at top D and "
bottom A. o :
| 1in
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FALL 2021

Title of Assignment: Quiz 6

TOPICS COVERED IN QUIZ 6

Deflection
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FALL 2021
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AND GRADING SCHEME



Name:
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?

100 in

800 Ibf
70in |

6 Ibf/in

| Ri=V=F M, = Fa

- L " My = F(x — a) Mpe =0
d . AR = L‘: - 3a)
@ IA Yz C . Yag (1E](X
M, rFa
TRu Ypc = E(a = 3x)

Fa’
Ymax = E(a = 31

3 Cantilever—uniform load

: Ro=wl M=
i § =5 ' 2

| "

! w 7
@ HEtiiiveivvbives Vewil-x) M=-—(-
MI

t’?u Ty ol

¥ 24k *

vl wit

R Ymax = — RE]



Name:

MCEG3043: Machine Design 1
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) Ifthe 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?

Y

- 100 in

800 Ibf

——— 70 in

6 Ibf/in

2 Cantilever—intermediate load

R=V=F M =Fa

v

| ! My = F(x — a) My =0
fe—a b
‘ L o=
C@ 1& B_______-‘(:W; Yan = (% = 3a
M, t i _ Fﬂ:( 3
R, Yoc = ooila 3x)

2

Fa

v
Ymax = 6?(" = )
+

3 Cantilever—uniform load

m f
wx’ , )
R, Y= = (4lx — £ - 61%)

N
. _wl®
< max EEI
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Name: I’_’\mdmu d e Arao
MCEG3043: Machine Design |
Fall 2021

Quiz #6 2.7
Total points: 30 4P % -

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?

- 100 in >
1
800 Ibf

-— — — J0In — -

6 Ibf/in

X ot
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B r '
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Name: 'Sm Geele

MCEG3043: Machine Design |
Fall 2021

Quiz #6 / L//fé =
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?

- 100 in »-
800 Ibf

l«————— 70—

6 Ibf/in

2 Cantilever—intermediate load

iy P " My = Fix — a) My =0

i Fa o
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Name: f/auo{d f?:ocii- ue & )

CEG3043: Machine Design I
Fall 2021

Quiz #6 / é /’g )
Total points: 30

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?

Date: 10/20/2021

(2) If the deflection at midspan will not exceed 0.5 in, what does the minimum diameter of the shaft need to
be?
.‘I
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MACHINE DESIGN 1
FALL 2021

Title of Assignment: Quiz 7

TOPICS COVERED IN QUIZ 7

Failure Theory from Static Loading



MACHINE DESIGN 1
FALL 2021

SAMPLE QUIZ QUESTIONS, SOLUTION,
AND GRADING SCHEME



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

states: 0, =100MPa,o, =-50MPa,z, . =40MPa.

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

stress



MCEG3043: 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: 0, = IOOWG, O'y = —SOWG,T},_, =40MPa.

(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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Fall 2021
®, ;
Quiz #7 g /g o
Total points: 30
Date: 10/27/2021

Name:?m”ﬂ/\jo OJO
A steel bar has yield strength of 120MPa. The stress
states: 0, = 100MPa, ag,= -50MPa, T,= 40MPa.

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

MCEG3304: Machine Design |
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MCEG3304: Machine Design 1 > X %&
Fall 2021
Quiz #7
Total points: 30 Z —5
Date: 10/27/2021 /‘; O
Name:
A steel bar has yield strength of 120MPa. stress

states: 0, =100MPa,o = -50MPa,z . = 40MPa.

(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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MCEG3304: Machine Design I

Fall 2021 7
uiz (
Totg poinf::: 30 /g ©
Name: Gawh.&‘ﬂ 6ﬂYﬂ.’y

A steel bar has yield strength of 120MPa. The stress
states: 0, = IOOMPG,O'}, =—-50MPa, 7, =40MPa. J =0 3 Z%?‘- =) 3 Z k"f =0

Date: 10/27/2021

=

(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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TOPICS COVERED IN QUIZ 8

Chapter 8. Bolt Design
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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 ¥4 in.

(2) Determine the bolt stiffness.

(3) Determine the stiffness of the members.



MCEG3043: Machine Design I

Fall 2021

Quiz #8
Total points: 30
Date: 11/17/2021

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 % in.

(2) Determine the bolt stiffness.
(3) Determine the stiffness of the members.
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Quiz #8, 2 / / 20
Total points: 30
Assigned date: 11/17/2021 Due date: 11/22/2021, 8AM Name: :D%C'ix\ﬁu ?mmpaﬁgp\

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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MCEG3304: Machine Design | ;
Fall 2021 2 é

Quiz #8
Total points: 30 _— ey 3
Assigned date: 11/17/2021 Due date: 11/22/2021, 8AM Name: !/ ot &’ﬂj v U

J
v

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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7 MCEG3304: Machine Design |
Fall 2021

Qu/za

Name:
Shuamrei ¢ 1o
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. 1€y,

Quiz #8
Total points: 30

Assigned date: 11/17/2021 Due date: 11/22/2021, 8AM
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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 ky=3.4 MIbf/in and the
stiffness of the members is kn=8.6 MIbf/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.



MCEG3043: Machine Design I
Fall 2021
Quiz #9
Total points: 30
Date: '11/22/2021 Name:

A total of 6 bolts are to be used to resist an external load. The stiffness of each bolt is ky=3.4 MIbf/in and the
stiffness of the members is kn=8.6 MIbf/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.
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MCEG3304: Machine Design I
Fall 2021 K
Quiz #9 Z g -
Total points: 30 ,,ﬁ
Assigned Date: 11/22/2021 Due date: 11/24/2021 Name: Sofod ou Qmmeﬁtam

i

A total of 6 bolts are to be used to resist an external load. The stiffness of each bolt is kv=3.4 Mlbf/in and the
stiffness of the members is kn=8.6 MIbf/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 jé(int without causing the members to

come out of compression. , |
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MCEG3304: Machine Design I

Fall 2021
Quiz #9 %[ /

Total points: 30 2 o
Assigned Date: 11/22/2021 Due date: 11/24/2021 Name: fV\p\\\ (o 19

A total of 6 bolts are to be used to resist an external load. The stiffness of each bolt is kv=3.4 MIbf/in and the
stiffness of the members is kn=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.
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MCEG3304: Machine Design I

Fall 2021
: Quiz #9 /g o
Total points: 30
Assigned Date: 11/22/2021 Due date: 11/24/2021 Name: )0@,\\‘9,\,3,3

A total of 6 bolts are to be used to resist an external load. The stiffness of each bolt is ky=3.4 Mibff/in and the
stiffness of the members is kn=8.6 Mlbf/in per bolt. The bolts are 3/8 in-24 UNF SAE grade 4. The bolts"(af'r_
preloaded to 75 percent of the proof load. Assume the external load is equally distributed to all the bolts. ki
(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.
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Assignment Print View

1 0of 20

https://ezto.mheducation.com/hm.tpx

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 Ibf, a=10in, b=

8in,and c=1in.

NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to

this part.

*Eﬁ;_-}—-—n-.{—-—-—-
a0

References

Section Break

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

Difficulty: Medium

9/14/2020, 12:31 PM



Assignment Print View

2 of 20

1.

https://ezto.mheducation.com/hm.tpx

Award: 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 Ibf?

The force at point Ois| 88.89 +1.01 Ibf.
The force at point Bis| 111.11 +1.01 Ibf.

Explanation:

Taking the moment about point O,

> M, =Rp(18 in) —Fa

> M, =Rp(18 in) —(200 1bf x 10 in’
Therefore, the reaction force at point B is

The sum of equilibrium of forces is
YF=Rp—F+Ry
Therefore, the reaction force at point O is

R, =—Rp +F =-111.11 1bf + 200 Ibf = 88.891b

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

References
Numeric Problem 03.001.a - Difficulty: Medium
Response Determine the

specified reaction

force(s)

9/14/2020, 12:31 PM



Assignment Print View
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2.

Award: 9.00 points

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

https://ezto.mheducation.com/hm.tpx

What will be the direction of force Rg if the direction of force Rpis as shown in the figure? In the

image provided below v3 =200 Ibf, =10 in,and v2 =8 in.

i ¥

vi wg 10

C The direction of the force Rpg will be negative.

= C The direction of the force R will be positive.

Taking the moment about point O,
> M, =Rp(18 in)—(200 Ibf x 10 in
Therefore, the reaction force at point B is

Rp =1o =200BLx10I 777 17 Ibf

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

The direction of the force R g will be positive.

References
Multiple Problem 03.001.b - Difficulty: Medium
Choice Determine the

specified reaction

force(s)

9/14/2020, 12:31 PM



Assignment Print View

3 . Award: 9.00 points

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

https://ezto.mheducation.com/hm.tpx

What is the direction of force R? In the image provided below v3 =200 Ibf, i =10in,and v2=8

n.

¥
R
X i

v3 Ibf
R, ,
- i
O A
{ 1{ - ) B
T w3 jin ]

- C The direction of force R is positive.

C The direction of force R is negative.

w3 bl

vi w2 I

The sum of equilibrium of forces in the vertical direction is
ZRC —Ry =0 — R. =Ry

Therefore, the direction of force R is positive.

The direction of force R is positive.

References

4 of 20

9/14/2020, 12:31 PM



Assignment Print View

50f20

https://ezto.mheducation.com/hm.tpx

Multiple Problem 03.001.c - Difficulty: Medium
Choice Determine the

specified reaction

force(s)

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=9in and F=100 Ibf.
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to

this part.

+— |0 in—==—10in ,
References
Section Break Problem 03.002 - Difficulty: Medium

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

9/14/2020, 12:31 PM



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

4 . Award: 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 Ibf?

Rax =| 333.3333 £ 1% Ibf
Rpx =| 333.3333 £ 1% Ibf
Ray=| 300+1% Ibf
Rey =| 300+1% Ibf

Explanation:

Consider body AB.

JF, =0, R4y, =Rp,

JF, =0, R4 =Rp,

XMp =0, R (10in)—R4, (9in)=0
Therefore,

(10 in)R 4,
a

Ry =
Now, consider body OAC.

Taking the moment about point O yields
R4, (10in)—F(30 in)=XMp =0
R4, =3F =3 x100 Ibf =300 lbf
Rp, =R 4, =300 Ibf

6 of 20 9/14/2020, 12:31 PM
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(10in)Rs, (10 in)(300 Ibf)

Ry = = . =333.33333 1bf

a 9in

Ry, =Rp, =333.33331bf

Rax = 333.3333 Ibf
Rpy = 333.3333 Ibf

Ray = 300 Ibf
Rgy = 300 Ibf
References
Numeric Problem 03.002.a -
Response Determine the
specified reaction
force(s)

Difficulty: Medium

https://ezto.mheducation.com/hm.tpx
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5.

Award: 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 |bf?

Rox = | -333.3333+ 1% Ibf
Roy=| -200+ 1% Ibf

Explanation:

Sum of forces in the x direction

JF, =0 — Ro, =—R4 =

a

R,, —0mEWO) 333 9333 1pp

9in
Sum of forces in the y direction
JF, =0

Roy +Ry —F =0

(10 in)Ry4,

Roy =—Ry4, +F =-3001bf + 100 Ibf = -200 Ib:

Rox = —333.3333 Ibf

Roy = -200 Ibf
References
Numeric Problem 03.002.b -
Response Determine the
specified reaction
force(s)

Difficulty: Medium

https://ezto.mheducation.com/hm.tpx
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6 . Award: 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 =
0.6 kN and V> = 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

Explanation:

9/14/2020, 12:31 PM
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Vi
N,
LY \
\\
A\
\\
\ J
‘\‘\}.\ '
A\
AN
\

1%
R, tan30°
R,

0.6 kN __
DO —1.0392kN

W
A= sin30°

Ry =20 =1.2kN

Ro =1.0392 kN
RA =1.2 kN

References

Numeric
Response

Problem 03.003 -
Determine the
specified reaction
force(s)

Difficulty: Medium

https://ezto.mheducation.com/hm.tpx
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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, V4 =800 N, V,=2m,and V3=6 m.
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to
this part.

I

s
awy

—
vz .

|
[

= V3

References

Section Break Problem 03.004 - Difficulty: Hard
Determine the
specified reaction
force(s) -
DEPENDENT
MULTI-PART
PROBLEM -
ASSIGN ALL
PARTS
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7. Award: 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 =| -692.8+1% N
(Ray)2 =| -400%1% N
(Rex)2 =| 750.9+1% N
(Rey)2=| 0+1% N
(Rex)2 =| -58.1+1% N
(Rey)2 =| 400£1% N

Explanation:

(-|-'1— 4.5 m —b'l

) i

The reaction forces at point A are determined as follows:
Y F, =0 (R4z )y +Fcos30° =0

(R4z )s =—Fcos30” =—V;cos30°
(Raz)y =—800 N x 0.866 = -692.8 D
Y F, =0 (Ray), +V1 —V1sin30° =0
(Ray), =Visin30° -V,
(Ray), =(800N x 0.5 —800 N = -400 N

The reaction forces at point B are determined as follows:

1 5 1
T tar80° 057735

h =5.2m

YMg=0  AEF —(h—V3)(Rp:), =0

12 of 20 9/14/2020, 12:31 PM
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1 (800N x 6m)

(RBB)2 :216m—

2
0.57735 —2m

=750.9N

(Rpy), =0

The reaction forces at point C are determined as follows:

1

. L4EF
Y F, =0 (Rcy)s —Fcos30 +(2h_—V2) =0
vivy
(Rez ), =Vicos30" — 2"
2"
g0 V2
L1 (800N x 6
(Rex); = (800N x cos30) — 2y ™ 581N
tzrﬁoltl —2m
Y F, =0 (Rey), =—(V1sin30%) +V; =—(800 N x 0.5 +800 N
(Rax)2 = -692.8 N
(RAy)2 =-400 N
(Rgx)2 = 750.9 N
(Rey)2=0N
(Rey)z = -58.1 N
(RCy)Z =400 N

References

https://ezto.mheducation.com/hm.tpx

= 400N
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Numeric Problem 03.004.a - Difficulty: Hard
Response Determine the

specified reaction

force(s)
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3.

Award: 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.

(Rex)3=| -750.9+1% N
(Ry)3=| 0+1% N
(Rpx)3=| 750.9+1% N
(Rpy)3=| 0+1% N
Explanation:

https://ezto.mheducation.com/hm.tpx

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

equal in magnitude to

(Rp: ) = 750.9N

Therefore,

(Rp )3 =—(Rp )y =-750.9 N
Rp); =0

(
(Rpy)s =(Rpy ), =750.9N
(

Rpy,); =0
(Rex)3 =-750.9 N
(RBy)3 =0N
(Rpx)3 =750.9 N
(Rpy)3=0N
References
Numeric Problem 03.004.b -
Response Determine the
specified reaction
force(s)

Difficulty: Hard
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9. Award: 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.

=| 750.9+1% N

(Rex)a

(Rey)a =| -799.98+1% N
(Rpx)a=| -750.9+1% N
(Roy)a=| 0£1% N

(

(

Rexa=| 0£1% N
)Ja=| 799.98+1% N

(Rey)s
The reaction force at point D has the same magnitude as that of element 3, but with the opposite
sign.
(Rp:), =(Rps )3 =—750.9N
(Rpy )4 =0
Because point E is on a horizontal roller,
(RE )4 =0

To find the vertical reaction at point E,

T ta80°  tam0° m

16 of 20 9/14/2020, 12:31 PM
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S My =0 AE (Rp,), —h(Fcos30°) — 1 AE (Fsin30°) =0

B h(Fcos30 )4—; AE (Fsin30°)
(REy )4 - A5

5.2m(800N x cos30°)++6m(800N x sirB0°)
(Rmy), = b =799.98 N

The reaction forces at point C are determined as follows:

> Fr =0 (Roz)4 +(Rpe )y =0
(Rez)y =—Rpz) 4 =750.9 N
> Fr =0 (RCy)4 +(REy)4 =0

(Rey), =—(Rmy), =—-799.98 N

(Ra)z (Rev)a

(Rey)2

(Rox)z

(Rex)2

3
2
" (Ray)z2 (Rev)a
(Rex)4 = 7509 N
(RCy)4 =-799.98 N
(Rpx)4 =-750.9 N
(Rpy)a=0N
(Rex)a=0N
(Rey)s = 799.98 N
References
Numeric Problem 03.004.c - Difficulty: Hard
Response Determine the
specified reaction
force(s)

17 of 20 9/14/2020, 12:31 PM
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10 Award: 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.

(
D
55— D
E
0
e D
E

18 of 20 9/14/2020, 12:31 PM
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C
D
- D
I3
C
D
G D
k
The correct free-body diagram is

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



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

The correct free-body diagram is

(
D
[C D

L
(
D
G D
L

References
Multiple Problem 03.004.d -  Difficulty: Hard
Choice Determine the

specified reaction

force(s).
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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 Ibf, a=1in, b=17in, and c=11in.
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.

y ]1 - c
I
o B

-~ q —= b
References
Section Break Chapter: 03 Load and Stress

Analysis

3.Problem 03.001 - Section: 03.02 Shear Force
Determine the and Bending Moments in
specified reaction Beams

force(s) - DEPENDENT
MULTI-PART PROBLEM
- ASSIGN ALL PARTS


xipeng
Typewritten Text
Dupre, Ty


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 Ibf?

The force at point O is 283.33 @ Ibf.
The force at point Bis 16.66 @ Ibf.

References

Numeric Response

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

Chapter: 03 Load and Stress
Analysis

Section: 03.02 Shear Force
and Bending Moments in
Beams

V]

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 Ibf?

The force at point Ois| 283.33+ 1.071 Ibf.
The force at point Bis| 16.67 + 1.01 Ibf.

Explanation:

Taking the moment about point O,

M, = Rg(181n) - Fa

M, = RB(18 in) - (300 Ibf x 1 in)

Therefore, the reaction force at point B is

Rg = Fa18 = 300 Ibf x 1in181n = 1667 Ibf

The sum of equilibrium of forces is

zeRB_F+R0

Therefore, the reaction force at point O is

Ry = —~Rpg +F = -16.67 Ibf + 300 Ibf = 283.33 Ibf




Award: 9 out of 9.00 points

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

o

You received credit for this question in a previous attempt

What will be the direction of force Rgif the direction of force Rpis as shown in the figure? In the image provided below v3 =300 Ibf, Vi =1

in, and v2 =17 in.

1y

vi vz 0

O The direction of the force Rgwill be negative.

v @ The direction of the force Rg will be positive.

Taking the moment about p

¥ My = Rg(18 in) - (300 Ibf

Therefore, the reaction forc

oint O,

x1in)

e at pointB is

Rg = Fa18 = 300 Ibf x 1in18 in = 16.67 |bf

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

References

Multiple Choice

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

Chapter: 03 Load and Stress
Analysis

Section: 03.02 Shear Force
and Bending Moments in
Beams




Award: 9 out of 9.00 points

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

V]

You received credit for this question in a previous attempt

What is the direction of force R? In the image provided below v3 =300 Ibf, i =1in, and v2 =17 in.

Yy
R
x C

v3 Ibf
R,
R
l 1 l B
o A
()< >H
vi v2 in

O The direction of force Rcis negative.

v @ The direction of force Rcis positive.
’ R
x (&

v3 Ibf

vi vz in

The sum of equilibrium of forces in the vertical direction is

YR.-Ry,=0 — R =Ry

Therefore, the direction of force R¢is positive.

References

Multiple Choice Chapter: 03 Load and Stress
Analysis

Problem 03.001.c - Section: 03.02 Shear Force

Determine the and Bending Moments in

specified reaction Beams

force(s)




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 Ibf.
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.

B
\ F

71

0

s
Y

¢ AU )

AL_IC'E" ﬁl‘—ll)in—>4—llﬁlin ‘J

References

Section Break Chapter: 03 Load and Stress
Analysis

Problem 03.002 - Section: 03.02 Shear Force

Determine the and Bending Moments in

specified reaction Beams

force(s) - DEPENDENT
MULTI-PART PROBLEM
- ASSIGN ALL PARTS



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 Ibf?

Rax =125 @ Ibf
Rpyx =125 @ Ibf
Ray =150 @ Ibf
Rpy =150 @ Ibf

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.002.a - Section: 03.02 Shear Force

Determine the and Bending Moments in

specified reaction Beams

force(s)

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

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

Rax=| 125+ 1% Ibf
Rgx=| 125+ 1% Ibf
Ray=| 150+ 1% Ibf
Rey=| 150% 1% Ibf

Explanation:

Consider body AB.

ZF, =0, Rpay = Rpy

ZFy =0, RAy = RBy

IMpg =0, RAy(10 in) - Rp,(121in) = 0

Therefore,




Rax = (10 in)RAya

Now, consider body OAC.

Taking the moment about point O yields
RAy(1O in) - F(30in) =xMn =0

RAy = 3F = 3 x 50 Ibf = 150 Ibf

Y
Rax = (10 in)RAya = (10in)(150 Ibf)12 in = 125 |pf

Rax = Rpy = 125 Ibf




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 Ibf?

Rox = =125 @ Ibf
Roy = =100 @ Ibf

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.002.b - Section: 03.02 Shear Force

Determine the and Bending Moments in

specified reaction Beams

force(s)

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

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

Rox=| -125+1% Ibf
Roy=| -100+ 1% Ibf

Explanation:

Sum of forces in the x direction
SF,=0 —» Rgy= ~Rpy = - (10 m)RAya

Roy = - (10IM)(15016)12in = - 125 Ipf

Sum of forces in the y direction

ZF, =0
Roy+RAy—F=0

ROy = - RAy+ F = -150Ibf + 50 Ibf = -100 Ibf




Award: 20 out of 20.00 point
war outo points o 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, V4 = 0.8 kN and V5 = 0.8 m. What are the
resultant values of the forces at points O and A in kN?

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.003 - Section: 03.02 Shear Force

Determine the and Bending Moments in

specified reaction Beams

force(s)

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 V5 = 0.8 m. What are the
resultant values of the forces at points O and A in kN?




V1

\
v2 || d
2\
60~
o L
|

Ro=| 1.3856+ 1% kN
Ra=| 1.6%1% kN

Explanation:

R” RJ

Ry = V4tan30°
RO = 0.8 kN0.5773 = 1.3856 kN
RA = V1Sin30°

Rp = 0.8kNO.5 = 1 g 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, V4=600 N, V, =09 m, and V3=17m.
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.

e Y2

é/} ! ¥
L AW o

V3
References
Section Break Chapter: 03 Load and Stress
Analysis

Problem 03.004 - Section: 03.02 Shear Force
Determine the and Bending Moments in
specified reaction Beams

force(s) - DEPENDENT
MULTI-PART PROBLEM
- ASSIGN ALL PARTS



Award: 8 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 =-519.62 @ N
(Ray)2==300 @ N
(Rgy)z = 368.97 @ N
(Ry)2=0 @ N

(Roy)z = 150.65 @ N
(Rcy)2 =300 @ N

References

Numeric Response

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

Chapter: 03 Load and Stress
Analysis

Section: 03.02 Shear Force
and Bending Moments in
Beams

V]

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=| -519.6+1% N
(Ray)2=| -300%1% N
(Rex)2=| 368.97+1% N
(Rpy)2=| 0£1% N
(Rex)2=| 150.63+1% N
(Rey)2=| 300+ 1% N

Explanation:

‘-Idf{.‘»m—bi

30

4

The reaction forces at point A are determined as follows:
= + ° =
5Fe=0  (Ray), * Foos30

(Rax), = ~Feos30° = - Vcos30°




(Rax), = -600 N x 0.866 = -519.6N
5Fy=0  (Ray),*Vq-Vysingo° =
(Ray), = Vqsin30° - v4

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

The reaction forces at point B are determined as follows:

h = 127AEtan30° = 1217 m0.57735 = 14.72 m
SMg=0 12°AEF - (h —V2)(RBX)2 =0

(RBX)2 = 127AEF(h-V,) - 12v,v,'2Vtan30°-y,

(RBX)2 - 12(600 N x 17 m)'217 m0.57735-0.9m - 368 97 N

(Rey), =0

(Rey)s

The reaction forces at point C are determined as follows:
- _ o, 127 - _
SF,=0 (RCX)2 Fcos30° + AEF(h Vz) =0

12y V312V3tan30°_\/2

(Rex), = Vqeos30° - 12V

12 .
(Rox)., = (600 N x cos30°) = T2(600 N x 17 m) F=17 mian30"-0.9m = 150,63\

5Fy=0  (Rgy), = -(V4sin30°) +Vy = - (600 N x 0.5) + 600 N = 300N




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.

(Rgx)3 = -368.97 @ N

(Rey)3=Q @N

(Rpx)3 =368.97 @ N

(Rpy)s=0 @N
References
Numeric Response Chapter: 03 Load and Stress

Analysis

Problem 03.004.b - Section: 03.02 Shear Force
Determine the and Bending Moments in
specified reaction Beams
force(s)

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

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

(Rex)3=| -368.97+1% N
(RBy)3=| 0+1% N
(Rpx)3=| 368.97+1% N
(Rpy)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

(Rex), = 368.97N

Therefore,

(RBX)3 -
(RBy)s -

- (Rex), = -36897N

0

(Rox), = (Rex),, = 36897N

(Roy), =0




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)a = =599.99 @ N
(Rpy)4= -368.97 @ N
(Rpy)a=0 @ N
(REx)a=0 @ N

(Rey)s = 599.99 @ N

References

Numeric Response

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

Chapter: 03 Load and Stress
Analysis

Section: 03.02 Shear Force
and Bending Moments in
Beams

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

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

Rey)a=| 368.97+1% N

Ry
<

K

I

Rpy)a=| 0+1% N
Rex)a=| 0+1% N
Rey)a =] 599.99+1% N

( R Ey)4

=| -599.99+1% N

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

(Rox), = ~(Rox), = -368.97N




(RDV)4 =0

Because point E is on a horizontal roller,

(REX)4 =0

To find the vertical reaction at point E,

h = 127AEtan30° = 1217 mtan30° = 14.72 m
SMp=0 ‘AE(REy) , ~ N(Feos30°) - 12 AE(Fsin30%) = 0
= h(Fcos30°)+127AE(Fsin30°) AE
(Rey), =" ) ( )
(REy)4 = 14.72m(600 N x cos30°)+1217 m(600 N x sin30°)17 m = 599.99 N

The reaction forces at point C are determined as follows:
SFyx=0 (Rex), * (Rox), =0

(Fods{For) - ssorn
TFy=0 (Rey), * (Rey), =0

(RCy)4 = —(REy)4 = -599.99 N

(Ray)2 (Rey)a

(Rey)2

(RDX)3 (RCX)Z

(Rey)a




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

D
<5;\
C
D
S— D
k

References
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Analysis

Problem 03.004.d - Section: 03.02 Shear Force

Determine the and Bending Moments in

specified reaction Beams
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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 Ibf, a=11in, b=7in,and c=11in.
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.

y ]1 - c
I
o B

-~ q —= b
References
Section Break Chapter: 03 Load and Stress

Analysis
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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 Ibf?

The force at point O is 77.8 @ Ibf.
The force at point Bis 122.2 @ Ibf.

References

Numeric Response

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

Chapter: 03 Load and Stress
Analysis

Section: 03.02 Shear Force
and Bending Moments in
Beams

V]

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 Ibf?

The force at point Ois| 77.78+ 1.01 Ibf.
The force at point Bis| 122.22+1.01 Ibf.

Explanation:

Taking the moment about point O,

M, = Rg(18in) - Fa

M, = RB(18 in)— (200 Ibf x 11 in)

Therefore, the reaction force at point B is

Fa 200 Ibf x 11 in

= —— o =122.22 Ibf

Rg=1g = 18in

The sum of equilibrium of forces is

YF=Rg-F+R,

Therefore, the reaction force at point O is

R, = - Rg+ F=-12222Ibf + 200 Ibf = 77.78 Ibf




Award: 9 out of 9.00 points

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

o

You received credit for this question in a previous attempt

What will be the direction of force Rgif the direction of force Rpis as shown in the figure? In the image provided below v3 =200 Ibf, =11

in,and v2 =7 in.

1y

vi vz 0

O The direction of the force Rgwill be negative.

v @ The direction of the force Rg will be positive.

Taking the moment about p

oint O,

¥ M, = Rg{18 in) - (200 Ibf x 11 in)

Therefore, the reaction forc

Fa  200Ibfx1lin
Rg=1g 18in

e at point B is

= 0 =122.22 Ibf

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

References

Multiple Choice

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

Chapter: 03 Load and Stress
Analysis

Section: 03.02 Shear Force
and Bending Moments in
Beams




Award: 9 out of 9.00 points

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

V]

You received credit for this question in a previous attempt

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

Yy
R
x C

v3 Ibf
R,
R
l 1 l B
o A
()< >H
vi v2 in

v @ The direction of force R¢is positive.

O The direction of force Rcis negative.
14

R
- :

v3 Ibf

vi vz in

The sum of equilibrium of forces in the vertical direction is
JR.~R,=0 — R.=R,

Therefore, the direction of force R¢is positive.

References
Multiple Choice Chapter: 03 Load and Stress
Analysis

Problem 03.001.c - Section: 03.02 Shear Force
Determine the and Bending Moments in
specified reaction Beams

force(s)




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=11in and F=100 Ibf.
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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References
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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 Ibf?

Rax = 272.7 @ Ibf

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.002.a - Section: 03.02 Shear Force

Determine the and Bending Moments in

specified reaction Beams

force(s)

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

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

Rax=| 2727273+ 1% Ibf
Rpyx=| 272.7273+ 1% Ibf
Ray=| 300+ 1% Ibf
Rey=| 300%1% Ibf

Explanation:

R —4 E v1

f R

R

Consider body AB.

2F, =0, Ry = Rpy

ZFy =0, RAy = RBy

Mg =0, RAy(10 in) = Ry, (11in) =0

Therefore,




(10in)R,,
RAX = a

Now, consider body OAC.

Taking the moment about point O yields
Ra/(101in) = F(30in) = ZMg = 0

Ry, = 3F =3 x100 Ibf = 300 Ibf

Rpy = R4y, = 300 Ibf

(10iMR4,  (10in) (300 Ibf)
Ax ~ a - 11in

=272.72727 Ibf

Ry = Ry = 272.7273 Ibf




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 Ibf?

Rox = =272.7273 @ Ibf
Roy = =200 @ Ibf

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.002.b - Section: 03.02 Shear Force

Determine the and Bending Moments in

specified reaction Beams

force(s)

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

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

Rox =| -272.7273+ 1% Ibf
Roy=| -200% 1% Ibf

Explanation:

Sum of forces in the x direction

(10in)Ry,
SFy=0 — Roy= ~Rpy = T a
(10 in)(300 Ibf)
ROX = - T = -272.7273 Ibf

Sum of forces in the y direction

Roy+Ray~F=0

Roy = = Ray+ F = -3001Ibf + 100 Ibf = -200 Ibf




Award: 20 out of 20.00 point
war outo points o 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, V4 = 0.5 kN and V5 = 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
References
Numeric Response Chapter: 03 Load and Stress

Analysis

Problem 03.003 - Section: 03.02 Shear Force
Determine the and Bending Moments in
specified reaction Beams
force(s)

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 V5 = 0.8 m. What are the
resultant values of the forces at points O and A in kN?




2

-2 \
607

L o ¢ W\ A

= - X

Ro=| 0.866+1% kN
Ra=| 1£1% kN

Explanation:

Ro

Ro R,
vy
RO = tan30°
_ 0.5kN _
Ry = 05773 = 0.866 kN
Vi
Ra= ginso-
_ 0.5kN _
Ry = 05 - 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, V=300 N, V5, =15 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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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
(Rgx)2 =197.66 @ N
(Ry)2=0 @ N

(Rcx)2 =62.14 @ N
(Rcy)2 =150 @ N

References

Numeric Response

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

Chapter: 03 Load and Stress
Analysis

Section: 03.02 Shear Force
and Bending Moments in
Beams

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 =| -150%1% N
(Rx)2=| 197.66+1% N
(Rey)2=| 0£1% N
(Rex)2=| 62.14+1% N
(Rey)2=| 150+ 1% N

Explanation:

‘-Idf{.‘»m—bi

30

4

The reaction forces at point A are determined as follows:
SF=0  (Ra),*Foos30" =0

(RAX)2 = - Fcos30° = - V,cos30°




(Rax), = -300N x 0.866 = -259.8N

Ray), + V4 = Visin30® =

pr—

>F,=0
(RAy)2 = V,sin30° - V,
(RAy)2 = (300 N x 0.5)- 300 N =-150 N
The reaction forces at point B are determined as follows:

1 1
EAE 514m

h= ansos = 057735 = 12:12m

SM=0 JAEF- (h-v2)(Rex), =0

1 1
EAEF §V1 Vy

(RBX)2 = (h—vz) = %‘,37

targo” ~ V2

2(300N % 14m)
(RBX)2 =, C1eTesN
1.5m

0.57735

The reaction forces at point C are determined as follows:

%AEF
SF=0  (Rey),~ Foos30 + =0
(h—Vz)
1
(R ) V,cos30 2%
=V,c0s30° - ——
Cx 2 1 %Vg
tan30° -Vy

%(300NX14m)
(Rex), = (300 N x cos30°) - LA
tan30"_1'5m

SF,=0 (Rcy)2 = (V1sin30°) +V, = - (300N x 0.5)+ 300 N = 150 N




Award: O 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.

(Rpx)3 =86.6 @ N
(Rpy)3 =150 @ N
(Rpx)3=673.2 @ N
(Rpy)3 ==300 @ N

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.004.b - Section: 03.02 Shear Force

Determine the and Bending Moments in

specified reaction Beams

force(s)

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

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

Rex)s=| -197.66+1% N
Rey)3=| 0+1% N
Rpx)3=| 197.66+ 1% N

Rpy)z=| 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
(Rex), = 197.68N

Therefore,

(Rex); = - (Rex), = -197.66 N




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.

(Rex)a=0 @ N

(Rcy)s = 299.99 @ N
(Rpx)4=-197.66 @ N
(Rpy)a=0 @ N
(REx)4=Q @ N

(Rey)a =300 @ N

References

Numeric Response

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

Chapter: 03 Load and Stress
Analysis

Section: 03.02 Shear Force
and Bending Moments in
Beams

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

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

Ry
<

K

I

Rpy)a=| 0+1% N
Rex)a=| 0+1% N

( R Ey)4

Rex)a=| 197.66+ 1%
=[ -299.99% 1%

Reya=| 299.99%1% N

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

(Rox), = = (Rox), = - 197.66N




(Roy), =0

Because point E is on a horizontal roller,
(REX)4 =0
To find the vertical reaction at point E,

1 1
b EAE ~ 214m - 1212
= tan30°  tan3oc 4 1eM

1
SM,=0 AE(REy) , - h(Feos30°) - AE(Fsin30°) = 0

.-
h(Fcos30° ) + 3AE(Fsin30° )

Fed=

;
12.12m (300N x cos30° ) +,14m(300N x sin30° )

(Rey), = . = 299.99 N

The reaction forces at point C are determined as follows:
SFe=0 (Rex), * (Rox), =0

(Rex), = - (Rox) = 197.66N
5h=0  (Re)),* (Rey), =0

(Rey), = - (Rey), = -299.99N

(Ra)2 | & (Rey)e

(Rey)2

(Rox)3

(Rex)2 ¢ (Rex)e

Pin C

(Rex)2 B 3 D
-~ O

(Rev)a




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.

@)
p
D
S D
E
v®
(_
D
S D
E
@)
D
e D
13



The correct free-body diagram is

References
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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 Ibf, a=11in, b=7in, and c=10in.
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.

y ]1 - c
I
o B

-~ q —= b
References
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Analysis

3.Problem 03.001 - Section: 03.02 Shear Force
Determine the and Bending Moments in
specified reaction Beams

force(s) - DEPENDENT
MULTI-PART PROBLEM
- ASSIGN ALL PARTS
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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 Ibf?

The force at point O is Z7.78 @ Ibf.
The force at point Bis 122.22 @ Ibf.

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.001.a - Section: 03.02 Shear Force

Determine the and Bending Moments in

specified reaction Beams

force(s)

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

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

The force at point Ois| 77.78+1.01 Ibf.
The force at point Bis| 122.22+1.01 Ibf.

Explanation:

Taking the moment about point O,
SM, = RB(18 in) -Fa

M, = RB(18 in) - (200 Ibf x 11 in)

Therefore, the reaction force at point B is

Rg = Fa18 = 200 Ibf x 11in18 in = 122.22 |bf

The sum of equilibrium of forces is
Z F= RB -F+ RO

Therefore, the reaction force at point O is

Ry = —Rg +F = -122.22 |bf + 200 Ibf = 77.78 Ibf




Award: 9 out of 9.00 points

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

What will be the direction of force Rgif the direction of force Rpis as shown in the figure? In the image provided below v3 =200 Ibf, =11
in,and v2 =7in.

1y

vi vz 0

O The direction of the force Rgwill be negative.

v @ The direction of the force Rg will be positive.

Taking the moment about point O,

¥ M, = Rg(18 in) - (200 Ibf x 11 in)

Therefore, the reaction force at point B is

Rg = Fa18 = 200 Ibf x 11in18 in = 122 22 |bf

The force Rg 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 - Section: 03.02 Shear Force

Determine the and Bending Moments in

specified reaction Beams

force(s)



3 . Award: 9 out of 9.00 points
Problem 03.001.c - Determine the specified reaction force(s)

What is the direction of force R¢? In the image provided below v3 =200 Ibf, =11in,and v2 =7 in.

14
R
x .

v3 Ibf
R,
R
l 1 l B
o A
()< >“
vi vz In

v @ The direction of force R¢is positive.

O The direction of force Rcis negative.
14
R
x &

v3 Ibf

(® od

vi vz In
The sum of equilibrium of forces in the vertical direction is
>Rc~Rp=0 — R. =Ry

Therefore, the direction of force R¢is positive.

References

Multiple Choice Chapter: 03 Load and Stress
Analysis

Problem 03.001.c - Section: 03.02 Shear Force

Determine the and Bending Moments in

specified reaction Beams

force(s)



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 Ibf.
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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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 Ibf?

Rax =300 @ Ibf

Rpy =300 @ Ibf

Ray =450 @ Ibf

Rpy =450 @ Ibf
References
Numeric Response Chapter: 03 Load and Stress

Analysis

Problem 03.002.a - Section: 03.02 Shear Force
Determine the and Bending Moments in
specified reaction Beams
force(s)

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

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

Rax=| 642.8571+ 1% Ibf
Rpy=| 642.8571+ 1% Ibf
Ray=| 450+ 1% Ibf
Rey=| 450% 1% Ibf

Explanation:

J V1

l[(_
£ |

'

R

o

o 10 m —oe— [0 —te— 010 —=

Consider body AB.

2F, =0, Rpay = Rpy

ZFy =0, RAy = RBy

Mg =0, RAy(10 in) —Rp,(7in)=0

Therefore,




Rax = (10 in)RAya

Now, consider body OAC.

Taking the moment about point O yields
RAy(1O in) - F(30in) =xMn =0

RAy = 3F = 3 x 150 Ibf = 450 Ibf

Y
Rax = (10 in)RAya = (10in)(450 Ibf)7 in = §42.85714 Ibf

Rax = Rpy = 642.8571 Ibf




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 Ibf?

Rox = =300 @ Ibf
Roy = =300 @ Ibf

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.002.b - Section: 03.02 Shear Force

Determine the and Bending Moments in

specified reaction Beams

force(s)

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

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

Rox =| -642.8571+ 1% Ibf
Roy=| -300+1% Ibf

Explanation:

Sum of forces in the x direction
5F, =0 > Rgy= ~Rpy= - (10 m)RAya

Roy = - (10in)(4501b)7 in = - 642 8571 Ibf

Sum of forces in the y direction

ZFy=0
Roy+RAy_F=0

ROy = - RAy+ F = - 450 Ibf + 150 Ibf = -300 Ibf




Award: O 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, V¢ = 0.8 kN and V5 = 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

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.003 - Section: 03.02 Shear Force

Determine the and Bending Moments in

specified reaction Beams

force(s)

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, V4 = 0.8 kN and V, = 0.7 m. What are the
resultant values of the forces at points O and A in kN?




V1

\
v2 || d
2\
60~
o L
|

Ro=| 1.3856+ 1% kN
Ra=| 1.6%1% kN

Explanation:

R” RJ

Ry = V4tan30°
RO = 0.8 kN0.5773 = 1.3856 kN
RA = V1Sin30°

Rp = 0.8kNO.5 = 1 g 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, V=500 N, V5, =18 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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Award: O 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
(Rex)2=0 @ N
(RBy)2=n/r @ N
(Rex)2=n/r @ N
(Rey)2=n/r @ N

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.004.a - Section: 03.02 Shear Force

Determine the and Bending Moments in

specified reaction Beams

force(s)

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 =| -2501% N
(Rey)2=| 349.15+ 1% N
(Rey)2=| 0£1% N
(Rex)o=| 8385+ 1% N
(Rey)2=| 250+ 1% N

The reaction forces at point A are determined as follows:
SFe=0  (Ray),* Feos30° =

(Rax), = ~Feos30° = - Vc0s30°




(Rax), = -500 N x 0.866 = -433N
5Fy=0  (Ray),*Vq-Vysingo° =
(Ray), = Vqsin30° - v4

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

The reaction forces at point B are determined as follows:

h= 12-AEtan30° — 1212 m0.57735 =10.39m
SMg=0 127AEF - (h ‘Vz)(RBX)Z -0

(RBX)2 = 127AEF(h-V,) - 12v,v,'2Vtan30°-y,

(RBX)2 - 12(500 N x 12m)'212m0.57735-1.8m — 349 15N

(Rey), =0

(Rey)s

The reaction forces at point C are determined as follows:
- _ o, 127 - _
SF,=0 (RCX)2 Fcos30° + AEF(h Vz) =0

12y V312V3tan30°_\/2

(Rex), = Vqeos30° - 12V

12 .
(Rox)., = (600 N x cos30) = T4(500 N x 12m) =12 miand0’-1.8m - g3.85 N

5Fy=0  (Rgy), = -(V4sin30°) +Vy = - (500 N x 0.5) + 500 N = 250N




Award: O 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
(Rey)3=n/r @ N
(Rpx)3=n/r @ N
(Rpy)3=n/r @ N

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.004.b - Section: 03.02 Shear Force

Determine the and Bending Moments in

specified reaction Beams

force(s)

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

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

(Rex)3=| -349.15+1% N
(Ry)3=| 0+1% N
(Rox)z=| 34915+ 1% N
(Roy)z=| 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

(Rex), = 349.15N

Therefore,

(Rex); = ~(Rex), = -342.15N
(Rey); =0
(Rox), = (Rex),, = 34915 N

(Roy), =0




Award: O 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.

(Rex)a=n/r @ N
(Rey)a=n/r @ N
(Rpx)a=0 @ N

(Rpy)a=n/r @ N
(REx)4=n/r @ N
(REy)4 =n/r@N

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.004.c - Section: 03.02 Shear Force

Determine the and Bending Moments in

specified reaction Beams

force(s)

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

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

Rexa=| 34915+ 1% N
Rey)a=| -499.99+1% N
Rpx)a=| -349.15+1% N
Rpy)a=| 0+£1% N
Rex)a=| 0+1% N
Re))a=| 499.99+1% N

Explanation:

(Rey)s

(Rey)4

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

(Rox), = ~(Rox)4 = -349.15N




(RDV)4 =0

Because point E is on a horizontal roller,

(REX)4 =0

To find the vertical reaction at point E,

h = 127AEtan30° = 1212 mtan30° = 10.39 m
SMp=0 ‘AE(REy) , ~ N(Feos30°) - 12 AE(Fsin30%) = 0
(REy)4 - h(Fcos30°)+12-AE(Fsin30°)”AE
(REy)4 = 10.39 m(500 N x c0s30°)+1212 m(500 N x sin30°)12m = 499 99 N

The reaction forces at point C are determined as follows:
SFy=0 (Rex)s * (Rox), =0

(Fods{For) 5551
5F=0  (Rgy),*(Rey), =0

(RCy)4 = —(REy)4 = -499.99 N

(Ray)2 (Rey)a

(Rey)2

(RDX)3 (RCX)Z

(Rey)a
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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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Award: 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 =7kN, V2 =7kN, V3 =300 mm, and V4 = 900 mm.

Wi w2

|
v — v VIt
() 0
Provide values at all key points shown in the given shear-force and bending-moment diagrams.
A B
D 0.00
C
F
E
4
(mm)
P
Qa
0.00
x 0.00
(mm)

Reaction force R4 (left) =| 7 +0.125 kN and reaction force Ro (right) =| 7 +£0.125 kN.
In the shear-force and bending-moment diagrams given,

A=| 7x0.125 kN

B=| 7+0.125 kN

C=| 0x0.125 kN

D=| 0+0.125 kN

E= -7+0.125 kN

F= -7+0.125 kN

P=] 2100+0.25 kKN-mm
Q=| 2100+0.25 kN-mm

Explanation:

Taking the moment about point A,
XMA =0 :Rz ('04 —|—2'03) —1)2(1)3 +’U4) —V1 (’03)

_ va(vztvg)dor(vs)  7TkN(300 mm + 900 mm)+7 kN(300)

Ry = (va+2v3) B (900 mm + 2x300 my =7kN

9/14/2020, 12:32 PM
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Ry =v1 +vs — Ry :(7+7—’7)kN:7kN

R1 R1

Ril-vi

RI1I-v1

R1-v1-v2

Shear Diagram

R1*v3

0.00

0.00

0.00

(R1-v1)*({v3+vd)+v3*vl

https://ezto.mheducation.com/hm.tpx

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

P =Ryvs =7 kN x 300 mm = 2100 kN-mr

Q =(Ry —v1) (v3 +v4) +(v3v1) =(7 kN - 7 kN) (300 + 900 mm + 7 kN300 mm) = 2100 kN-mm

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

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

A=T7kN
B=7kN
C=0kN
D =0kN
E=-7kN
F=-7kN

P =2100 kN-mm
Q =2100 kN-mm

References
Numeric Problem 03.005 - Find Difficulty: Medium
Response the reactions and plot

the shear-force and
bending-moment
diagrams.
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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 Ibf, V2 = 48 Ibf/in, V3 =10 in, and V4 = 5 in.

]

v3 v v

0
Provide values at all key points shown in the given shear-force and bending-moment diagrams.

A B
D
C \
0.00
Shear Diagram
0.00 |
.
R
Qa

P

X
in.)

The reaction force Rg =| 940 £ 0.125 Ibf.
The bending moment Mg =| -11200 + 2% Ibf-in.

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

A=| 940+0.125 Ibf
B=| 940+0.125 Ibf
C=| 240+0.125 Ibf
D=| 240+0.125 Ibf

P=| -11200 £ 0.25 Ibf-in
Q=| -1800+0.25 Ibf-in
R=| -600+0.25 Ibf-in
Explanation:

4 of 9 9/14/2020, 12:32 PM
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The bending-moments and the reaction force are

M, =-v1v3 —v2v4 (%m +vs)

M, =—(700 Ibf x 10 i) —(48 Ibf/in x 51) (25 in + 10 ir) =-11200 Ibf-in
R, =v; +vy * vy =700 Ibf + 48 1bf/in x 5 mm = 940 1

M; =M, +R, * vs =-11200 Ibf-in + (940 1bf x 10 i) = -1800 Ibf-in

My =M; +(R, —v1 Jvs = -1800 Ibf-in +(940 1bf - 700 Ibf)5 in = -600 Ibf-in

vi+vZ*vd =R1 vi+v2*vd
v2*vd
v2*wd \
0.00
Shear Diagram
0.00 |
e ————

M2=M1+v2*vd™vd
Mo+R1"v3I=M1

fvI*v3+v2*vd*(v3+3/2%vd)]=Mo

X
in.)

Reaction force Ry = 940 Ibf
The bending moment Mg = -11200 Ibf-in.

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

A = 940 Ibf
B = 940 Ibf

C = 240 Ibf

D = 240 Ibf

P = -11200 Ibf-in
Q = -1800 Ibf-in
R = -600 Ibf-in

References
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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. V;
=1kNand V,=2kN.
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.

v

V=

References

Section Break Problem 03.007 - Find Difficulty: Medium
the reactions and plot
the shear-force and
bending-moment
diagrams -
DEPENDENT MULTI-
PART PROBLEM -
ASSIGN ALL PARTS
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Award: 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 Ro, in kN.

Reaction forces Rq =| -0.4545 + 2% kN and reaction force Rp =| 3.4545 +2% kN

Explanation:

Taking the moment about point B,
2Mp =0

~(2:2m)R, +1(V) ~1(V) =0

_ V%Vi _ 2KN-1kN _
Ri=S5m = 23m —045kN

Sum of forces along the vertical direction

JF, =0

Ry +Ry —V1 —V2 =0

Ry =Vi +Vo —R; =(1+ 2-(-0.45)) kN = 3.45kN

The reaction forces R1 =-0.45 kN and Ry = 3.45 kN.

References
Numeric Problem 03.007.a - Difficulty: Medium
Response Find the reactions and

plot the shear-force and
bending-moment
diagrams.
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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, My, and M3 in kN-m. Provide values at all key points shown in the given

shear-force and bending-moment diagrams.

m

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

A=| -045%2% kN

B=| -1.45+2% kN

C=| 2+2% kN

M1=| -055+2% KN-m
Mp=| -2+2% kN-m

Ms=| 0+2% kN-m

Explanation:

The bending-moments are

M; =R;(1.2m) = -0.45kN x 1.2 m = -0.55 kN-

My =—(HR; —V1)2.2m —1.2m(W,))

My =(R;)2.2m —(V4) = (-0.45kN x 2.2 ) —1 kN = -2 kN-mm

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

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

M1 = -0.55 kN-m
My = -2 kN-m

9/14/2020, 12:32 PM
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M3 =0 KkN-m
References
Numeric Problem 03.007.b - Difficulty: Medium
Response Find the reactions and

plot the shear-force and
bending-moment
diagrams.
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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.

1 1
|
i/_/%“vl—‘ ve VIS
(m:w) 0
Provide values at all key points shown in the given shear-force and bending-moment diagrams.
A B I P
Q
D 0.00
‘ e
F 0.00
E x 0.00

ol (mm)

Reaction force R4 (left) = 5 @ kN and reaction force R (right) = 5 @ kN.

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




vi v2

! !

A ]
S PP vé —vi s

(n:n) 0
Provide values at all key points shown in the given shear-force and bending-moment diagrams.

S o ,

Q
D 0.00
G
F 0.00
E x 0.00
(o) o) L

Reaction force Rq (left) = | 5+0.125 kN and reaction force Ry (right)=| 5+0.725 kN.
In the shear-force and bending-moment diagrams given,

A=[ 5+0125 kN
B=|[ 5:07125 kN
C=[ 0+07125 kN
D=| 0+£0.125 kN
E=| -5:0125 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,

ZMA =0= Rz(’U4 + 21)3) — 1)2(’03 -‘1-114) —’U1(’U3)

Ry — v2(v3+va)+ui(vs)  5kN(200 mm + 1100 mm)+5 kN(200) 5 kN
2T T 2wy (1100 mm + 2x200 mm) -
Ri=vi+vy— Ry = (5+5-5)kN:5kN
R1 R1
R1-v1 0.00
R1-v1
R1-v1-v2 ==
Shear Diagram
R1*v3 E
(R1-v1)*(v3+v4)+v3*vl
0.00

0.00

In the bending-moment diagram shown above, the bending-moment at each point is determined as follows:
P = Ryjvs = 5 kN x 200 mm = 1000 kN-mm
Q = (R1 —v1) (v3 + v4) + (v3v1) = (5 kN - 5 kN) (200 + 1100) mm + 5 kN (200 mm) = 1000 kN-mm
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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 Ibf, V2 = 34
Ibffin, V3 =12in, and V4 =4 in.
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v4 vd

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

A

B

Shear Diagram

x
in.)

The reaction force Ry = 486 @ Ibf.
The bending moment My = 6648 @ Ibf-in.

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

A =486 O Ibf

86 @ Ibf

[
W
()]
Q
g
=h

wononon
|-h

3
o
=3
=

-6648 @ Ibf-in
=816 @ Ibf-in
=272 @ Ibf-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 Ibf, V2 = 34
Ibf/in, V3 =12in, and V4 = 4 in.

vl

| [T

v3 v4 vd

0
Provide values at all key points shown in the given shear-force and bending-moment diagrams.

A B

c D\

0.00

Shear Diagram

0.00 ‘

X

in.)

The reaction force Rp=| 486 +0.125 Ibf.
The bending moment My =| -6648 + 2% Ibf-in.

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

A=[ 4860125 Ibf
B= 486 + 0.125 Ibf
C=[ 136+0.125 Ibf
D= 136+0.125 Ibf
P=[ -6648%0.25 Ibf-in

Q= -816 £ 0.25 Ibf-in
R=[ -272£0.25 Ibfin
Explanation:

The bending-moments and the reaction force are

M, = —v1v3 — vauy (%m + 113)

M, = —(3501bf x 12 in) — (34 Ibf/in x 4 in) (%4 in 412 in) = -6648 Ibf-in
R, = v1 + v9 * vy = 350 1bf + 34 Ibf/in x 4 mm = 486 1bf

My = M, + R, * v3 = -6648 lbf-in + (486 Ibf x 12 in) = -816 lbf-in

My = M; + (R, — v1)vs = -816 Ibf-in + (486 1bf - 350 1bf)4 in = -272 Ibf-in




vi+v2*v4 =R1 vi+v2*v4

v2*v4

v2*v4 \

Shear Diagram

M2=M1+v2*v4*v4
Mo+R1*v3=M1

~[vi*v3+v2*v4*(v3+3/2*v4)]=Mo

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. V4 =3 kN and V5 =6 kN.
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.

¥ Vi V2

1.2 m 1 | m 1 m l
9 A L B c
R, R,
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Problem 03.007.a - Find the reactions and plot the shear-force and bending-moment diagrams.

Find the reaction forces, R and Ry, in kN.

Reaction forces R4 = =1.363 @ kN and reaction force R, = 10.36 @ kN

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

Find the reaction forces, R4 and Ry, in kN.

Reaction forces R = | -1.3636 + 2% kN and reaction force Rp =| 10.3636 + 2% kN

Explanation:

Taking the moment about point B,

XMp =0

— (22m)R; +1(Vi) - 1(Va) = 0

Va—VW; -
R1: 2—Vi _ 6kN-3kN

—22m —22m

=-1.36 kN

Sum of forces along the vertical direction

$F, =0

Ri+R-Vi—=V2=0

Ry=Vi+ Vo — Ry = (3+6- (-1.36)) kN = 10.36 kN
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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 M4, Mo, 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
M, = =6 @ kN-m

M3=0 @ kN-m
References
Numeric Response Chapter: 03 Load and Stress
Analysis
Problem 03.007.b - Section: 03.02 Shear Force
Find the reactions and Bending Moments in
and plot the shear- Beams

force and bending-
moment diagrams.

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

Determine the values of the moments M4, Mo, 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= -136%2% kN
B=| -4.36%2% kN
Cc=| 6+2% kN

Mi=| -1.64+2% KN-m
My=[ -6+2% kN-m
Ms=[ 0%2% kN-m

Explanation:

The bending-moments are

M; =Ry(1.2m) =-1.36kN x 1.2 m = -1.64 kN-m
My = — (—(Ry — V4)2.2m — 1.2 m(V}))
M, = (R;)2.2m — (V) = (-1.36kN x 2.2m) — 3kN = -6 kN-m
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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 = 8 kN, V2 = 8 kN, V3
=300 mm, and V4 = 900 mm.

1 1
|
i/_/%“vl—‘ ve VIS
(m:w) 0
Provide values at all key points shown in the given shear-force and bending-moment diagrams.
A B P
Q
D 0.00
‘ e
F 0.00
E x 0.00

ol (mm)

Reaction force R4 (left) = 8 @ kN and reaction force R (right) = 8 @ kN.

In the shear-force and bending-moment diagrams given,
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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 = 8 kN, V2 = 8 kN,
V3 =300 mm, and V4 = 900 mm.
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(n:n) 0
Provide values at all key points shown in the given shear-force and bending-moment diagrams.

S o ,

Q
D 0.00
G
F 0.00
E x 0.00
(o) o) L

Reaction force Rq (left) = | 8+ 0.125 kN and reaction force Ry (right)=| 8+ 0.725 kN.
In the shear-force and bending-moment diagrams given,

A=[ 8+0.125 kN
B=|[ 8:07125 kN
C=[ 0+07125 kN
D=| 0+£0.125 kN
E=| -8:0125 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,

ZMA =0= Rz(’U4 + 21)3) — 1)2(’03 -‘1-114) —’U1(’U3)

_ v(vztva)tui(vs)  8kN(300 mm + 900 mm)+8 kN(300)
Ry = (vat2vs) (900 mm + 2x300 mm) =8 kN
Ri=vi+vy— Ry = (8+8-8)kN:8kN
R1 R1
R1-v1 0.00
R1-v1
R1-v1-v2 ==
Shear Diagram
R1*v3 E
(R1-v1)*(v3+v4)+v3*vl
0.00

0.00

In the bending-moment diagram shown above, the bending-moment at each point is determined as follows:
P = Ryv3 = 8 kN x 300 mm = 2400 kN-mm
Q = (R1 —v1) (vs + v4) + (v3v1) = (8 kN - 8 kIN) (300 + 900) mm + 8 kN (300 mm) = 2400 kN-mm
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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 Ibf, V2 = 42
Ibffin, V3 =6 in, and V4 = 7 in.
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0

v4 vd

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

A

B

Shear Diagram

x
in.)

The reaction force Ry = 994 @ Ibf.
The bending moment My =-9051 @ Ibf-in.

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

A =994 @ Ibf
B =994 @ Ibf
294 O Ibf
294 @ Ibf
-9051 @ Ibf-in
-3087 @ Ibf-in
-1029 @ Ibf-in

(o}
D
P
Q
R
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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 Ibf, V2 = 42
Ibffin, V3 =6in,and V4 =7 in.

vl
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v3 v4 vd

0
Provide values at all key points shown in the given shear-force and bending-moment diagrams.

A B

c D\

0.00

Shear Diagram

0.00 ‘

X
in.)

The reaction force Rp=| 994 +0.125 Ibf.
The bending moment My =| -9057 + 2% Ibf-in.

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

A=[ 9940125 Ibf
B=| 994+0.125 Ibf
C=| 2940125 Ibf
D=[ 2940125 Iof
P=[ -9051%0.25 Ibfin
Q=[ -3087+0.25 Ibfin
R=[ -10290.25 Ibf-in

Explanation:

The bending-moments and the reaction force are
M, = —v1v3 — vauy (%1)4 + 113)

M,

— (700 Ibf x 6 in) — (42 Ibf/in x 7in) (27 in + 6 in) = -9051 Ibf-in
R, = v +vg ¥ vy = 700 1bf + 42 Ibf/in x 7 mm = 994 1bf
M, = M, + R, * v3 = -9051 Ibf-in + (994 Ibf x 6 in) = -3087 Ibf-in

My = My + (R, — v1)vs = -3087 Ibf-in + (994 1bf - 700 1bf)7 in = -1029 Ibf-in




vi+v2*v4 =R1 vi+v2*v4

v2*v4

v2*v4 \

Shear Diagram

M2=M1+v2*v4*v4
Mo+R1*v3=M1

~[vi*v3+v2*v4*(v3+3/2*v4)]=Mo

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. V4 =1kN and V5 =2 kN.
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.

¥ Vi V2

1.2 m 1 | m 1 m l
9 A L B c
R, R,

References

X

Section Break Chapter: 03 Load and Stress
Analysis

Problem 03.007 - Find Section: 03.02 Shear Force
the reactions and plot and Bending Moments in
the shear-force and Beams

bending-moment

diagrams -

DEPENDENT MULTI-

PART PROBLEM -

ASSIGN ALL PARTS




Award: 10 out of 10.00 points

V]

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, R and Ry, in kN.

Reaction forces R4 = =0.45 @ kN and reaction force Ry = 3.45 @ kN

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

Find the reaction forces, R4 and Ry, in kN.

Reaction forces R = | -0.4545 + 2% kN and reaction force Rp =| 3.4545+ 2% kN

Explanation:

Taking the moment about point B,
YMp =0
~(22m)Ry +1(Vi) — 1(Va) = 0

_ V%V _ 2kN-1kN _
Ry = =50 = “Tgm —045kN

Sum of forces along the vertical direction
YF, =0

Ri+R-Vi—=V2=0

Ry=Vi+Va— Ry = (1+2- (-0.45)) kN = 3.45kN




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 M4, Mo, and M3 in kN-m. Provide values at all key points shown in the given shear-force and

bending-moment diagrams.

References

Numeric Response

Problem 03.007.b -
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Chapter: 03 Load and Stress
Analysis
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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 M4, Mo, 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
Cc=| 2+2% kN

Mi=| -0.55+2% KN-m
My=[ -2£2% kN-m
Ms=[ 0%2% kN-m

Explanation:

The bending-moments are

M; = Ry(1.2m) =-0.45kN x 1.2 m = -0.55 kN-m
My = — (—(Ry — V4)2.2m — 1.2 m(V}))
M, = (R;)2.2m — (V) = (-0.45kN x 2.2m) — 1 kN = -2 kN-m
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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.

1 1
|
:./__/97__”_. ve V38
(vr:vs) 0
Provide values at all key points shown in the given shear-force and bending-moment diagrams.
A B P
Q
D 0.00
G
F 0.00
E 0.00

(o) L

Reaction force R4 (left) = 9 @ kN and reaction force R (right) = 9 @ kN.

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




vi v2
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(n:n) 0
Provide values at all key points shown in the given shear-force and bending-moment diagrams.

S o ,

Q
D 0.00
G
F 0.00
E x 0.00
(o) o) L

Reaction force Rq (left) = | 9+0.725 kN and reaction force Ry (right)=| 9+0.725 kN.
In the shear-force and bending-moment diagrams given,

A=[ 9+0125 kN
B=[ 9:07125 kN
C=[ 0+07125 kN
D=| 0+£0.125 kN
E=[ -9:0125 kN
F=[ -9£0.125 kN
P=[ 900+025 kN-mm
Q= 900%025 kN-mm

Explanation:

Taking the moment about point A,

ZMA =0= Rz(’U4 + 21)3) — 1)2(’03 -‘1-114) —’U1(’U3)

Ry — v2(v3+va)+oi(vs)  9kN(100 mm + 1300 mm)+9 kN(100) 9 kN
2T T 2wy (1300 mm + 2x 100 mm) -
Ri=vi+vy— Ry = (9+9-9)kN:9kN
R1 R1
R1-v1 0.00
R1-v1
R1-v1-v2 ==
Shear Diagram
R1*v3 E
(R1-v1)*(v3+v4)+v3*vl
0.00

0.00

In the bending-moment diagram shown above, the bending-moment at each point is determined as follows:
P = Ryjvs = 9kN x 100 mm = 900 kN-mm
Q= (R1 —v1) (vs + v4) + (v3v1) = (9 kN - 9kN) (100 + 1300) mm + 9 kN (100 mm) = 900 kN-mm







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 Ibf, V2 = 34
Ibf/in, V3=8in,and V4 =6 in.

/ ' .
¢

v3 v4 vd

0
Provide values at all key points shown in the given shear-force and bending-moment diagrams.

A B

Shear Diagram

x
in.)

The reaction force Rp = 504 @ Ibf.
The bending moment My = 5868 @ Ibf-in.

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

Q=-1836 @ Ibf-in
R=-612 @ Ibf-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 Ibf, V2 = 34
Ibf/in, V3 =8 in, and V4 =6 in.

vl

| [T

v3 v4 vd

0
Provide values at all key points shown in the given shear-force and bending-moment diagrams.

A B

c D\

0.00

Shear Diagram

0.00 ‘

X
in.)

The reaction force Rp=| 504 +0.125 Ibf.
The bending moment My =| -5868 + 2% Ibf-in.

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

A=[ 5040125 Ibf
B=| 504+0.125 Ibf
C=| 2040125 Ibf
D=[ 2040125 Iof
P=[ -5868%0.25 Ibf-in
Q=[ -1836+0.25 Ibfin
R=[ -612%0.25 Ibfin

Explanation:

The bending-moments and the reaction force are
M, = —v1v3 — vauy (%1)4 + 113)

M,

— (300 Ibf x 8 in) — (34 Ibf/in x 6 in) (26 in + 8 in) = -5868 Ibf-in
R, = v1 + v9 * vy = 300 1bf + 34 Ibf/in x 6 mm = 504 1bf
M, = M, + R, * v3 = -5868 Ibf-in + (504 Ibf x 8 in) = -1836 Ibf-in

My = My + (R, — v1 )vg = -1836 Ibf-in + (504 1bf - 300 1bf)6 in = -612 Ibf-in




vi+v2*v4 =R1 vi+v2*v4

v2*v4

v2*v4 \

Shear Diagram

M2=M1+v2*v4*v4
Mo+R1*v3=M1

~[vi*v3+v2*v4*(v3+3/2*v4)]=Mo

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. V4 =4 kN and V5 =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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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, R4 and Ry, in kN.

Reaction forces R = -1,8181 & kN and reaction force R, = 13.8181 @ kN

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.007.a - Section: 03.02 Shear Force

Find the reactions and Bending Moments in

and plot the shear- Beams

force and bending-
moment diagrams.

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

Find the reaction forces, R4 and Ry, in kN.

Reaction forces R = | -1.8182 + 2% kN and reaction force Rp =| 13.8182+ 2% kN

Explanation:

Taking the moment about point B,
YMp =0
—(22m)R; +1(V1) —1(Vr) =0

_ V-Vi _ SKN-4kN _
Ry = —_;_2;‘ =5, =-1.82kN

Sum of forces along the vertical direction

YF, =0

Ri+Ry—Vi —V2=0

Ry=Vi+Vo—R; =(4+8- (-1.82)) kN = 13.82kN




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 M4, Mo, and M3 in kN-m. Provide values at all key points shown in the given shear-force and
bending-moment diagrams.

Z
(o]

A=-5.82 @ kN

B=-8 @ kN

C=8 @ kN

M1=-2.,18 @ kN'-m

My ==8 @ kN-m

M3=0 @ kN-m
References
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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 M4, Mo, 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= -182%2% kN
B=| -582%2% kN
Cc=| 8+2% kN

Mi=| -2.18+2% KN-m
My=[ -8+2% kN-m
Ms=[ 0%2% kN-m

Explanation:

The bending-moments are

M; =Ry(1.2m) =-1.82kN x 1.2 m = -2.18 kN-m
My = — (—(Ry — V4)2.2m — 1.2 m(V}))
M, = (R;)2.2m — (V) = (-1.82kN x 2.2m) — 4kN = -8 kN-m
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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:

oy = 10 kpsi, 0, = 24 kpsi, Ty, = 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 Cis (| 17+ 0.5 kpsi,
2. Principal normal stresses (01, 02)
The principal normal stresses are 04 =| 26.22+ 0.5 Kkpsi and 0o =
3. Maximum shear stress (1)
The maximum shear stress is 9.22+ 0.5 kpsi.
4. The angle from the x axis to g1 (®p)
The angle from the x axis to 01 (Pp)is| 69.7+ 1 ° ccw.
5. The angle from the x axis to 7 (®g)

24.7 £ 1 ° ccw.

The angle from the x axis to 7 (®s) is

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= OX;Uy _ (10 kpsi);(24 kpsi) = 17 kpsi

oD = Ux:y _ (10 kpsi);(24 kpsi) _ 7 kpsi

The principal stresses are

0+0.5 kpsi).

7.78 £ 0.5 kpsi.

(10 kpsi) - (24 kpsi)

+V(

ot0, \j 0,-0, |2 5 _ (10kpsi) + (24 kpsi)
+ +(r =
2 2 ( Xy) 2
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2 . . . )
y O0x-0y (10 kpsi) + (24 kpsi) (10 kpsi) - (24 kpsi) \2 ) )
0y = — \/( _ ) +(rxy)2= . \/( . ) + (6 kpsi)2 = 7.7805 kpsi

The maximum shear stress is

0,-0, |2 10 kpsi) - (24 kpsi) |2
Tmax=\/( 2 y) * (Txy)2=\/((ps.)2(ps.)) + (6 kpsi)? = 9.2195 kpsi

The angle from the x axis to o1 (Pp) is

1 afep |y _q[ 7kesi _ .
¢p— 3 90 + tan — 1=z 90 + tan (6 kpsi) =69.6994° ccw

Xy

The angle from the x axis to 7 (®g) is
¢, = 69.6994° - 45° = 24.6994° ccw

The radius of the Mohr's circle is

R = Tax = 9.2195 kpsi

The location of the center of the Mohr's circle C is (17 kpsi, 0 kpsi).
The principal normal stresses are 04 = 26.2195 kpsi and o2 = 7.7805 kpsi.
The maximum shear stress is 9.2195 kpsi.

The angle from the x axis to o1 (®p) is 69.6994° ccw.
The angle from the x axis to 7 (®s) is 24.6994° ccw.

The radius of the Mohr's circle is 9.2195 kpsi.

References
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Award: 20.00 points
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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:

Oy =-12 kpsi, 0, = 22 kpsi, Ty, = 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 Cis ( 5+ 0.5 kpsi,
2. Principal normal stresses (01, 02)

The principal normal stresses are 04 =| 25.87+0.5 Kkpsi and 0o =
3. Maximum shear stress (1)

The maximum shear stressis| 20.87 £ 0.5 kpsi.

4. The angle from the x axis to g1 (®p)

The angle from the x axis to 1 (Pp)is| 72.39+ 1 °cw.

5. The angle from the x axis to 7 (®g)

The angle from the x axis to 71 (®s) is| 27.39+ 1 ° cw.

6. The radius of the Mohr's circle

The radius of the Mohr's circle is| 20.87 + 0.5 kpsi.

Explanation:

C is the center of the Mohr's circle.

Ox*0y,  (-12kpsi) + (22 kpsi)

C= 2 = 2 =5 kpsi

0,0,  (-12kpsi) - (22 kpsi)

CD = 2 = 2 = -17 kpsi

0+0.5 kpsi).

-15.81+ 0.5 kpsi.

Loading [MathJax]/jax/output/HTML-CSS/jax.js
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_ y \/ 0,0, |2 5 (-12Kpsi) + (22 kpsi) \/ (-12 kpsi) - (22 kpsi)
02= 75 - 2 +(Txy) = 2 - 2

The maximum shear stress is

0,-0, |2 12 kpsi) - (22 kpsi) |2
Tmax:\/( ; y) + (Txy)2=\/(( ps')z( ps')) + (12 kpsi)? = 20.8087 kpsi

The angle from the x axis to g1 (Pp) is

1 afep |y _q[ 17 kpsi _ .
¢p— 3 90 + tan — 1=z 90 + tan (12 kpsi) =72.3912° cw

Xy

The angle from the x axis to 7 (®g) is
¢ = 72.3912° - 45° = 27.3912° cw
The radius of the Mohr's circle is

R = Ta = 20.8087 kpsi

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

The principal normal stresses are 04 = 25.8087 kpsi and o2 = -15.8087 kpsi.

The maximum shear stress is 20.8087 kpsi.

The angle from the x axis to g1 (®p) is 72.3912° cw.
The angle from the x axis to 7 (®s) is 27.3912° cw.

The radius of the Mohr's circle is 20.8087 kpsi.

References
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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:

oy = 10 kpsi, 0, = 24 kpsi, Ty, = 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 Cis (| 17+ 0.5 kpsi,
2. Principal normal stresses (01, 02)
The principal normal stresses are 04 =| 26.22+ 0.5 Kkpsi and 0o =
3. Maximum shear stress (1)
The maximum shear stress is 9.22+ 0.5 kpsi.
4. The angle from the x axis to g1 (®p)
The angle from the x axis to 01 (Pp)is| 69.7+ 1 ° ccw.
5. The angle from the x axis to 7 (®g)

24.7 £ 1 ° ccw.

The angle from the x axis to 7 (®s) is

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= OX;Uy _ (10 kpsi);(24 kpsi) = 17 kpsi

oD = Ux:y _ (10 kpsi);(24 kpsi) _ 7 kpsi

The principal stresses are

0+0.5 kpsi).

7.78 £ 0.5 kpsi.

(10 kpsi) - (24 kpsi)

+V(

ot0, \j 0,-0, |2 5 _ (10kpsi) + (24 kpsi)
+ +(r =
2 2 ( Xy) 2
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2 . . . )
y O0x-0y (10 kpsi) + (24 kpsi) (10 kpsi) - (24 kpsi) \2 ) )
0y = — \/( _ ) +(rxy)2= . \/( . ) + (6 kpsi)2 = 7.7805 kpsi

The maximum shear stress is

0,-0, |2 10 kpsi) - (24 kpsi) |2
Tmax=\/( 2 y) * (Txy)2=\/((ps.)2(ps.)) + (6 kpsi)? = 9.2195 kpsi

The angle from the x axis to o1 (Pp) is

1 afep |y _q[ 7kesi _ .
¢p— 3 90 + tan — 1=z 90 + tan (6 kpsi) =69.6994° ccw

Xy

The angle from the x axis to 7 (®g) is
¢, = 69.6994° - 45° = 24.6994° ccw

The radius of the Mohr's circle is

R = Tax = 9.2195 kpsi

The location of the center of the Mohr's circle C is (17 kpsi, 0 kpsi).
The principal normal stresses are 04 = 26.2195 kpsi and o2 = 7.7805 kpsi.
The maximum shear stress is 9.2195 kpsi.

The angle from the x axis to o1 (®p) is 69.6994° ccw.
The angle from the x axis to 7 (®s) is 24.6994° ccw.

The radius of the Mohr's circle is 9.2195 kpsi.

References
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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:

oy = -8 MPa, oy=7 MPa, Txy = 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 (

2. Principal normal stresses (01, 02)
The principal normal stresses are 04 =
3. Maximum shear stress (1)
The maximum shear stress is 9.6 £ 0.5 MPa.
4. The angle from the x axis to g1 (®p)

The angle from the x axis to g1 (Pp) is

5. The angle from the x axis to 7 (®g)

The angle from the x axis to 7 (®g) 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.

Ox+to -8 MPa) + (7 MPa
c= 2y=( )2( ) - .05MPa

Y -8 MPa) - (7 MP

co=-"5" = ( a)z( ?) - 75MPa

-0.5+0.5 MPa,

9.1+ 0.5 MPaand 0o =

19.33+ 1 ° cecw

0+0.5 MPa).

-10.1 £ 0.5 MPa.

(-8 MPa) - (7 MPa)

ot0, \j 0,-0, |2 5 _ (-8MPa)+ (7 MPa)
+ +(r =
2 2 (xy) 2
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o0xtoy, 0x~0y 2 5 _ (-8MPa) + (7 MPa) (-8 MPa) - (7 MPa) \2 9
0y = \/( . ) +(Txy) = , - . + (-6 MPa)2 = -10.1 MPa

The maximum shear stress is

0,-0y |2 8 MPa)- (7 MPa) \2
Tmax=\/( zy) +(rxy)2=\/(( 2 a)) + (-6 MPa)2 = 9.6 MPa

The angle from the x axis to o1 (Pp) is

Ty Xy

Ty ¢ ‘1tan'1 v —1tan'1( (-6 MPa) )'1933°‘1933°ccw
05(0,-0,) P2 05(a,-0,) | 05((-8 MPa)- (7 MPa)) : :

2¢p=tan'1(

The angle from the x axis to 7 (®g) is

(Ux“’y) 1 ("x"’y) 1 ( (-8 kpsi) - (7 kpsi) )
—tan-T LU LU _ o — o
2¢ = tan ( or, ) — ¢s = Stan (- b tan (- 26 kosi) =-25.67° = 25.67°cw

The radius of the Mohr's circle is

R = Tpay = 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 g1 = 9.1 MPa and g2 = -10.1 MPa.
The maximum shear stress is 9.6 MPa.

The angle from the x axis to a1 (Pp) is 19.33° ccw.

The angle from the x axis to 7 (®g) is 25.67° cw.

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:

oy = -8 MPa, oy=7 MPa, Txy = 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 (

2. Principal normal stresses (01, 02)
The principal normal stresses are 04 =
3. Maximum shear stress (1)
The maximum shear stress is 9.6 £ 0.5 MPa.
4. The angle from the x axis to g1 (®p)

The angle from the x axis to g1 (Pp) is

5. The angle from the x axis to 7 (®g)

The angle from the x axis to 7 (®g) 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.

Ox+to -8 MPa) + (7 MPa
c= 2y=( )2( ) - .05MPa

Y -8 MPa) - (7 MP

co=-"5" = ( a)z( ?) - 75MPa

-0.5+0.5 MPa,

9.1+ 0.5 MPaand 0o =

19.33+ 1 ° cecw

0+0.5 MPa).

-10.1 £ 0.5 MPa.

(-8 MPa) - (7 MPa)

ot0, \j 0,-0, |2 5 _ (-8MPa)+ (7 MPa)
+ +(r =
2 2 (xy) 2
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o0xtoy, 0x~0y 2 5 _ (-8MPa) + (7 MPa) (-8 MPa) - (7 MPa) \2 9
0y = \/( . ) +(Txy) = , - . + (-6 MPa)2 = -10.1 MPa

The maximum shear stress is

0,-0y |2 8 MPa)- (7 MPa) \2
Tmax=\/( zy) +(rxy)2=\/(( 2 a)) + (-6 MPa)2 = 9.6 MPa

The angle from the x axis to o1 (Pp) is

Ty Xy

Ty ¢ ‘1tan'1 v —1tan'1( (-6 MPa) )'1933°‘1933°ccw
05(0,-0,) P2 05(a,-0,) | 05((-8 MPa)- (7 MPa)) : :

2¢p=tan'1(

The angle from the x axis to 7 (®g) is

(Ux“’y) 1 ("x"’y) 1 ( (-8 kpsi) - (7 kpsi) )
—tan-T LU LU _ o — o
2¢ = tan ( or, ) — ¢s = Stan (- b tan (- 26 kosi) =-25.67° = 25.67°cw

The radius of the Mohr's circle is

R = Tpay = 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 g1 = 9.1 MPa and g2 = -10.1 MPa.
The maximum shear stress is 9.6 MPa.

The angle from the x axis to a1 (Pp) is 19.33° ccw.

The angle from the x axis to 7 (®g) is 25.67° cw.

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

References
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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:

Ox = -12 kpsi, 0y, = 22 kpsi, Ty, = 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 Cis (5 @ kpsi, 0 @ kpsi).

2. Principal normal stresses (01, 02)

The principal normal stresses are o1 = 25.8 @ kpsi and 0o = -15.81 @ kpsi.

3. Maximum shear stress (7)
The maximum shear stress is 20.81 @ kpsi.

4. The angle from the x axis to a1 (®p)

The angle from the x axis to o1 (®p) is 72.39 @° cw.
5. The angle from the x axis to 7 (®s)

The angle from the x axis to 7 (®s) 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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0Ox = -12 kpsi, 0, = 22 kpsi, Ty, = 12 kpsi cw
Calculate the following:

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

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

The location of the center of the Mohr's circle Cis (| 5+ 0.5 kpsi, |

2. Principal normal stresses (01, 02)

The principal normal stresses are 01 = | 25.81+ 0.5 kpsiand gy = | -15.81+ 0.5 kpsi.

3. Maximum shear stress (1)

The maximum shear stress isl 20.81 £ 0.5 kpsi.

4. The angle from the x axis to a1 (®p)

The angle from the x axis to a1 (®p) isl 72.39+1°cw.

5. The angle from the x axis to 7 (®g)

The angle from the x axis to 7 (®y) isl 27.39+1°cw.

6. The radius of the Mohr's circle

The radius of the Mohr's circle isl 20.81 £ 0.5 Kkpsi.

Explanation:

C is the center of the Mohr's circle.

oz +oy (-12 kpsi)+(22 kpsi)

0+0.5 kpsi).

2
) + (12 kpsi)® = 25.8087 kpsi

C=—5+= 5 = 5 kpsi
ooy (-12 kpsi)—(22 kpsi) .
CD=""= 5 =-17 kpsi
The principal stresses are
Oato o=y \ 2 12 kpsi)+(22 kpsi -12 kpsi)— (22 kpsi
o\ — 2y+\/( 2y) 1 (ryy)? = L2 ps)+\/(( pi) (221
oz+0, 0,0, 2 2 (-12 kpsi)+(22 kpsi) (-12 kpsi)—(22 kpsi)
or =t () g =

The maximum shear stress is

2
) + (12 kpsi)? = -15.8087 kpsi

0p—0y

2

Timax = \/( )2 + (1y)” = \/(w

The angle from the x axis to o1 (®p) is

¢ =13 (90 + tan~" (f—i’)) =1 (90 + tan! (

The angle from the x axis to 7 (®s) is

17 kpsi
(12 kpsi)

¢s = 72.3912° — 45° = 27.3912° cw
The radius of the Mohr's circle is

R = Tiax = 20.8087 kpsi

2
) + (12 kpsi)® = 20.8087 kpsi

)=

72.3912° cw
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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:

0x = 10 kpsi, 0y, = 24 kpsi, Ty, = 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 (01, 02)

The principal normal stresses are 01 = 26.22 @ kpsi and 02 = 7.78 @ kpsi.
3. Maximum shear stress (7)

The maximum shear stress is 9.22 @ kpsi.

4. The angle from the x axis to a1 (®p)

The angle from the x axis to g1 (®)) is 69.7 @° ccw.

5. The angle from the x axis to 7 (®s)

The angle from the x axis to 7 (®s) 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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0x = 10 kpsi, 0, = 24 kpsi, Ty, = 6 kpsi ccw
Calculate the following:

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

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

The location of the center of the Mohr's circle Cis (| 17+ 0.5 kpsi, |

2. Principal normal stresses (01, 02)

The principal normal stresses are 01 = | 26.22 £ 0.5 kpsiand gy = | 7.78 £ 0.5 kpsi.

3. Maximum shear stress (1)

The maximum shear stress is Iw kpsi.

4. The angle from the x axis to a1 (®p)

The angle from the x axis to g1 (®p) is IW° cCcw.

5. The angle from the x axis to 7 (®g)

The angle from the x axis to 7 (®y) isl 24.7 + 1 ° cow.

6. The radius of the Mohr's circle

The radius of the Mohr's circle isl 9.22+ 0.5 kpsi.

Explanation:

C is the center of the Mohr's circle.

C = oz +oy _ (10 kpsi)+(24 kpsi)

: : = 17 kpsi

_ oy—oy (10 kpsi)—(24 kpsi)
CD=—""= 5

= -7 kpsi

The principal stresses are

0+0.5 kpsi).

(10 kpsi)—(24 kpsi)

Opto oa—0y \ 2 10 kpsi)+(24 kpsi
01—;"+\/( 22V 4 ()P = DMk

2
5 ) + (6 kpsi)® = 26.2195 kpsi

(10 kpsi)—(24 kpsi)

2 . .
ozt+oy Op—0y 2 (10 kpsi)+(24 kpsi)
02 =5 — \/( 2 ) +(1ay)” = 2 -

The maximum shear stress is

or—0y\2 kpsi)—(24 kpsi) \ 2 . .
Tax = \/( . ) 4 (Tay)? = \/((“"’)2(2")) + (6 kpsi)? = 9.2195 kpsi

The angle from the x axis to o1 (®p) is

_ 1 -1 (¢CD _ 1 —1 [ _7kpsi
bp =5 (90+tan (E)) =3 (90+tan ((kasi

The angle from the x axis to 7 (®s) is
¢s = 69.6994° — 45° = 24.6994° ccw

The radius of the Mohr's circle is

R = 1nax = 9.2195 kpsi

)) — 69.6994° ccw

2
. ) + (6 kpsi)? = 7.7805 kpsi

50f13
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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:

Ox = -12 kpsi, 0y, = 22 kpsi, Ty, = 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 Cis (5 @ kpsi, 0 @ kpsi).

2. Principal normal stresses (01, 02)

The principal normal stresses are o1 = 25.81 @ kpsi and 0, =-15.81 @ kpsi.

3. Maximum shear stress (7)

The maximum shear stress is 20.81 @ kpsi.

4. The angle from the x axis to a1 (®p)

The angle from the x axis to g1 (®p) is 72.39 @° cw.

5. The angle from the x axis to 7 (®s)

The angle from the x axis to 7 (®g) is 27.39 @° cw.

6. The radius of the Mohr's circle

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

References
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0Ox = -12 kpsi, 0, = 22 kpsi, Ty, = 12 kpsi cw
Calculate the following:

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

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

The location of the center of the Mohr's circle Cis (| 5+ 0.5 kpsi, |

2. Principal normal stresses (01, 02)

The principal normal stresses are 01 = | 25.81+ 0.5 kpsiand gy = | -15.81+ 0.5 kpsi.

3. Maximum shear stress (1)

The maximum shear stress isl 20.81 £ 0.5 kpsi.

4. The angle from the x axis to a1 (®p)

The angle from the x axis to a1 (®p) isl 72.39+1°cw.

5. The angle from the x axis to 7 (®g)

The angle from the x axis to 7 (®y) isl 27.39+1°cw.

6. The radius of the Mohr's circle

The radius of the Mohr's circle isl 20.81 £ 0.5 Kkpsi.

Explanation:

C is the center of the Mohr's circle.

oz +oy (-12 kpsi)+(22 kpsi)

0+0.5 kpsi).

2
) + (12 kpsi)® = 25.8087 kpsi

C=—5+= 5 = 5 kpsi
ooy (-12 kpsi)—(22 kpsi) .
CD=""= 5 =-17 kpsi
The principal stresses are
Oato o=y \ 2 12 kpsi)+(22 kpsi -12 kpsi)— (22 kpsi
o\ — 2y+\/( 2y) 1 (ryy)? = L2 ps)+\/(( pi) (221
oz+0, 0,0, 2 2 (-12 kpsi)+(22 kpsi) (-12 kpsi)—(22 kpsi)
or =t () g =

The maximum shear stress is

2
) + (12 kpsi)? = -15.8087 kpsi

0p—0y

2

Timax = \/( )2 + (1y)” = \/(w

The angle from the x axis to o1 (®p) is

¢ =13 (90 + tan~" (f—i’)) =1 (90 + tan! (

The angle from the x axis to 7 (®s) is

17 kpsi
(12 kpsi)

¢s = 72.3912° — 45° = 27.3912° cw
The radius of the Mohr's circle is

R = Tiax = 20.8087 kpsi

2
) + (12 kpsi)® = 20.8087 kpsi

)=

72.3912° cw
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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:
ox =-8 MPa, 0, =7 MPa, 1, = 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 (01, 02)

The principal normal stresses are o4 = 9.1 @ MPa and 02 = -10.1 & MPa.

3. Maximum shear stress (7)
The maximum shear stress is 9.6 @ MPa.

4. The angle from the x axis to a1 (®p)

The angle from the x axis to 01 (®p) is 19.33 @° ccw .
5. The angle from the x axis to 7 (®s)

The angle from the x axis to 7 (®s) 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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0x = -8 MPa, 0y, = 7 MPa, 1y, = 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 Cis (| -0.5+0.5 MPa,| 0+0.5 MPa).
2. Principal normal stresses (01, 02)

The principal normal stresses are g4 = w MPa and oy = m MPa.
3. Maximum shear stress (1)

The maximum shear stress is 9.6+ 0.5 MPa.

4. The angle from the x axis to a1 (®p)

The angle from the x axis to g1 (®,) is IW° ccw @.

5. The angle from the x axis to 7 (®s)

The angle from the x axis to 7 (®g) is IW° 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 = aaﬂ;—ay _ (-8 MPa);»(’? MPa) — _0.5 MPa

CD — G'I;O'y _ (—8MPa);(7MPa) — 7.5 MPa

The principal stresses are

2 2

oz+0 oo—0y ) 2 - a a - a)— a) ) 2
o I+y+\/(z y> T ()’ (8MP)2+(7MP)+\/((8MP)2(7MP)) } (-6 MPa)? — 9.1 MPa

o, o, Op—0, 2 - a a - a)— a 2
Uz_m_\/(z y) +(7_xy)2_(8MP)+(7MP)_\/((8MP) (7MP)) —|—(—6MPa)2:—10.1MPa

2 2 2 2

The maximum shear stress is

Tmax = \/(%;Uyy + (7'953,)2 = \/(WY + (-6 MPa)® = 9.6 MPa

The angle from the x axis to o1 (®p) is

_ -1 Tay 1 1 Tay 1 _1 (-6 MPa) B - .
2¢p = tan (m) — ¢p = §tan (m) = Etan (0.5((—8 MPa)—(7MPa))) =19.33" =19.33" ccw

The angle from the x axis to 7 (®g) is

2¢; = tan™" (f (Ura”)) — ¢s = Stan™? (f (Ur%)) = Stan! (7M

27y 2Ty 2(-6 kpsi)

The radius of the Mohr's circle is

R = Tax = 9.6 MPa

) — _25.67° = 25.67°cw
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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:

ox =-8 MPa, 0, =7 MPa, 1, = 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 (01, 02)

The principal normal stresses are o1 = 9.11 @ MPa and 0, =-10.1 @ MPa.

3. Maximum shear stress (7)
The maximum shear stress is 9.6 @ MPa.

4. The angle from the x axis to a1 (®p)

The angle from the x axis to 01 (®p) is 19.33 @° ccw .
5. The angle from the x axis to 7 (®s)

The angle from the x axis to 7 (®s) 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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0x = -8 MPa, 0y, = 7 MPa, 1y, = 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 Cis (| -0.5+0.5 MPa,| 0+0.5 MPa).
2. Principal normal stresses (01, 02)

The principal normal stresses are g4 = w MPa and oy = m MPa.
3. Maximum shear stress (1)

The maximum shear stress is 9.6+ 0.5 MPa.

4. The angle from the x axis to a1 (®p)

The angle from the x axis to g1 (®,) is IW° ccw @.

5. The angle from the x axis to 7 (®s)

The angle from the x axis to 7 (®g) is IW° 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 = aaﬂ;—ay _ (-8 MPa);»(’? MPa) — _0.5 MPa

CD — G'I;O'y _ (—8MPa);(7MPa) — 7.5 MPa

The principal stresses are

2 2

oz+0 oo—0y ) 2 - a a - a)— a) ) 2
o I+y+\/(z y> T ()’ (8MP)2+(7MP)+\/((8MP)2(7MP)) } (-6 MPa)? — 9.1 MPa

o, o, Op—0, 2 - a a - a)— a 2
Uz_m_\/(z y) +(7_xy)2_(8MP)+(7MP)_\/((8MP) (7MP)) —|—(—6MPa)2:—10.1MPa

2 2 2 2

The maximum shear stress is

Tmax = \/(%;Uyy + (7'953,)2 = \/(WY + (-6 MPa)® = 9.6 MPa

The angle from the x axis to o1 (®p) is

_ -1 Tay 1 1 Tay 1 _1 (-6 MPa) B - .
2¢p = tan (m) — ¢p = §tan (m) = Etan (0.5((—8 MPa)—(7MPa))) =19.33" =19.33" ccw

The angle from the x axis to 7 (®g) is

2¢; = tan™" (f (Ura”)) — ¢s = Stan™? (f (Ur%)) = Stan! (7M

27y 2Ty 2(-6 kpsi)

The radius of the Mohr's circle is

R = Tax = 9.6 MPa

) — _25.67° = 25.67°cw
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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:

0x = 10 kpsi, 0, = 24 kpsi, 7y, = 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 Cis (17 @ kpsi, 0 @ kpsi).

2. Principal normal stresses (04, 02)

The principal normal stresses are 01 = 26.22 @ kpsi and 0o = 72.78 @ kpsi.

3. Maximum shear stress (1)

The maximum shear stress is 9.22 @ kpsi.

4. The angle from the x axis to o4 (®p)

The angle from the x axis to 01 (®p) is 69.7 @° ccw.

5. The angle from the x axis to 7 (®g)

The angle from the x axis to 7 (®g) 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:
0x = 10 kpsi, 0, = 24 kpsi, Ty, = 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 (01, 02)

The principal normal stresses are g4 = | 26.22 + 0.5 kpsi and oy =| 7.78 £ 0.5 Kpsi.

3. Maximum shear stress (1)

The maximum shear stress isl 9.22+ 0.5 kpsi.

4. The angle from the x axis to o1 (®p)

The angle from the x axis to o1 (®p) is W° CCw.
5. The angle from the x axis to 7 (®s)

The angle from the x axis to 7(®s) is IW° ccw.
6. The radius of the Mohr's circle

The radius of the Mohr's circle isl 9.22+ 0.5 kpsi.

Explanation:

C is the center of the Mohr's circle.

Ox*t0y, (10 kpsi) + (24 kpsi)

C= T 2 =17 kpsi

0x-0 10 kpsi) - (24 kpsi
op= 2% o Ok 2ties) _ o

The principal stresses are

2
1

ooy [ | (10 kpsi) + (24 kpsi) 4| [ (10 kpsi) - (24 kpsi) |2 _ |
2 y+\/( 2 y) * (Txy)2= 2 + ( 5 ) + (6 kpsi)? = 26.2195 kpsi

o,to, 0,-0, |2 (10 kpsi) + (24 kpsi) (10 kpsi) - (24 kpsi) \2 ) )
oy = \/( > ) +(Txy)2= ) \/( . )+(6kp3|)2=7.7805kp8|

The maximum shear stress is
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04-0, 2
Tmax =
2

The angle from the x axis to o1 (®p) is

it

! -1
¢p=§ 90 + tan T

7 kpsi
(6 kpsi)

Xy

The angle from the x axis to 7(®s) is

¢ = 69.6994° - 45° = 24.6994° ccw

The radius of the Mohr's circle is

R = Thax = 9.2195 kpsi

(10 kpsi) - (24 kpsi) \2 ) )
) + (rxy)2 = \/(2) + (6 kpsi)? = 9.2195 kpsi

)) =69.6994° ccw
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Award: 20 out of 20.00 points

D)

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:

0x = 10 kpsi, 0, = 24 kpsi, 7y, = 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 Cis (17 @ kpsi, 0 @ kpsi).

2. Principal normal stresses (04, 02)

The principal normal stresses are 01 = 26.22 @ kpsi and 0o = 72.78 @ kpsi.

3. Maximum shear stress (1)

The maximum shear stress is 9.22 @ kpsi.

4. The angle from the x axis to o4 (®p)

The angle from the x axis to 01 (®p) is 69.7 @° ccw.

5. The angle from the x axis to 7 (®g)

The angle from the x axis to 7 (®g) 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:
0x = 10 kpsi, 0, = 24 kpsi, Ty, = 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 (01, 02)

The principal normal stresses are g4 = | 26.22 + 0.5 kpsi and oy =| 7.78 £ 0.5 Kpsi.

3. Maximum shear stress (1)

The maximum shear stress isl 9.22+ 0.5 kpsi.

4. The angle from the x axis to o1 (®p)

The angle from the x axis to o1 (®p) is W° CCw.
5. The angle from the x axis to 7 (®s)

The angle from the x axis to 7(®s) is IW° ccw.
6. The radius of the Mohr's circle

The radius of the Mohr's circle isl 9.22+ 0.5 kpsi.

Explanation:

C is the center of the Mohr's circle.

Ox*t0y, (10 kpsi) + (24 kpsi)

C= T 2 =17 kpsi

0x-0 10 kpsi) - (24 kpsi
op= 2% o Ok 2ties) _ o

The principal stresses are

2
1

ooy [ | (10 kpsi) + (24 kpsi) 4| [ (10 kpsi) - (24 kpsi) |2 _ |
2 y+\/( 2 y) * (Txy)2= 2 + ( 5 ) + (6 kpsi)? = 26.2195 kpsi

o,to, 0,-0, |2 (10 kpsi) + (24 kpsi) (10 kpsi) - (24 kpsi) \2 ) )
oy = \/( > ) +(Txy)2= ) \/( . )+(6kp3|)2=7.7805kp8|

The maximum shear stress is
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The angle from the x axis to 7(®s) is

¢ = 69.6994° - 45° = 24.6994° ccw

The radius of the Mohr's circle is

R = Thax = 9.2195 kpsi

(10 kpsi) - (24 kpsi) \2 ) )
) + (rxy)2 = \/(2) + (6 kpsi)? = 9.2195 kpsi
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Award: 20 out of 20.00 points

D)

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:

0x = 10 kpsi, 0, = 24 kpsi, 7y, = 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 Cis (17 @ kpsi, 0 @ kpsi).

2. Principal normal stresses (04, 02)

The principal normal stresses are 01 = 26.22 @ kpsi and 0o = 72.78 @ kpsi.

3. Maximum shear stress (1)

The maximum shear stress is 9.22 @ kpsi.

4. The angle from the x axis to o4 (®p)

The angle from the x axis to 01 (®p) is 69.7 @° ccw.

5. The angle from the x axis to 7 (®g)

The angle from the x axis to 7 (®g) 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:
0x = 10 kpsi, 0, = 24 kpsi, Ty, = 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 (01, 02)

The principal normal stresses are g4 = | 26.22 + 0.5 kpsi and oy =| 7.78 £ 0.5 Kpsi.

3. Maximum shear stress (1)

The maximum shear stress isl 9.22+ 0.5 kpsi.

4. The angle from the x axis to o1 (®p)

The angle from the x axis to o1 (®p) is W° CCw.
5. The angle from the x axis to 7 (®s)

The angle from the x axis to 7(®s) is IW° ccw.
6. The radius of the Mohr's circle

The radius of the Mohr's circle isl 9.22+ 0.5 kpsi.

Explanation:

C is the center of the Mohr's circle.

Ox*t0y, (10 kpsi) + (24 kpsi)

C= T 2 =17 kpsi

0x-0 10 kpsi) - (24 kpsi
op= 2% o Ok 2ties) _ o

The principal stresses are

2
1

ooy [ | (10 kpsi) + (24 kpsi) 4| [ (10 kpsi) - (24 kpsi) |2 _ |
2 y+\/( 2 y) * (Txy)2= 2 + ( 5 ) + (6 kpsi)? = 26.2195 kpsi

o,to, 0,-0, |2 (10 kpsi) + (24 kpsi) (10 kpsi) - (24 kpsi) \2 ) )
oy = \/( > ) +(Txy)2= ) \/( . )+(6kp3|)2=7.7805kp8|

The maximum shear stress is
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¢ = 69.6994° - 45° = 24.6994° ccw
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Award: 20 out of 20.00 points

D)

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:
oy = -8 MPa, oy=7 MPa, Tyy = 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 (g4, 02)

The principal normal stresses are o4 = 9.1 @ MPa and 0, =-10.1 @ MPa.

3. Maximum shear stress (1)

The maximum shear stress is 9.6 @ MPa.

4. The angle from the x axis to o4 (®p)

The angle from the x axis to o1 (®p) is 19.33 @° ccw @.

5. The angle from the x axis to 7 (®g)

The angle from the x axis to 7 (®s) is 25.67 @° cw @.

6. The radius of the Mohr's circle

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

References
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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:
0x = -8 MPa, 0, =7 MPa, 1y, = 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 Cis (| -0.5+0.5 MPa,| 0+0.5 MPa).
2. Principal normal stresses (01, 02)

The principal normal stresses are g1 = W MPa and oy = -10.1 £ 0.5 MPa.
3. Maximum shear stress (1)

The maximum shear stress is 9.6 £ 0.5 MPa.

4. The angle from the x axis to o1 (®p)

The angle from the x axis to o1 (®p) is W° ccw @.

5. The angle from the x axis to 7 (®g)

The angle from the x axis to 7(®s) is IW° cw 9.

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.

0,*0, (-8 MPa)+ (7 MPa)

C=——= 2 =-0.5 MPa

0,-0,  (-8MPa)- (7 MP
CD = 2y=( 3)2( ?) _ 75MPa

The principal stresses are

2
1

The maximum shear stress is

9,70, | (-8 MPa) + (7 MPa) (-8 MPa) - (7 MPa) \2
2 y+\/( 2 Y) + (Txy)2= 2 + ( 2 ) +(-6MPa)2=9.1 MPa

o.to, 0,-0, |2 , _ (-8MPa)+ (7 MPa) (-8 MPa)- (7 MPa) \2 5
oy = \/( > ) +(Txy) = , - . + (-6 MPa)2 = -10.1 MPa
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0,0, \? 8 MPa)- (7 MPa) \2
Tmax=\/( ) y) +(rxy)2=\/(( = a)) + (-6 MPa)2 = 9.6 MPa

The angle from the x axis to o1 (®p) is

T

20, = tan[—"— | > ¢, = ytan"[—— =1tan'1( )=1933°=1933°ccm
P 0.5 ox-oy) P2 0.5 O'X_o'y) 2 0.5((-8 MPa) - (7 MPa))

The angle from the x axis to 7(®s) is

Xy Xy

2 = tan‘1(— (o;;oy) )—> s = %tan'1(- (G;;Uy) ) = %tan'1(—

The radius of the Mohr's circle is

R =Tax = 9.6 MPa

(-6 MPa)

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

2(-6 kpsi) ) =-25.67° = 25.67°cw
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Award: 4 out of 20.00 points

D)

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:
ox =9 MPa, oy = -6 MPa, Txy = 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 (g4, 02)

The principal normal stresses are o4 = 9.1 @ MPa and 0, =-10.1 & MPa.

3. Maximum shear stress (1)

The maximum shear stress is 9.6 & MPa.

4. The angle from the x axis to o4 (®p)

The angle from the x axis to o1 (®p) is 19.33 @° ccw @.

5. The angle from the x axis to 7 (®g)

The angle from the x axis to 7 (®g) 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:
0x =9 MPa, 0y, = -6 MPa, 1y, = 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 (|

2. Principal normal stresses (01, 02)

The principal normal stresses are g4 = | 9.58+ 0.5 MPa and oy =

3. Maximum shear stress (1)
The maximum shear stress is 8.08+ 0.5 MPa.

4. The angle from the x axis to o1 (®p)

The angle from the x axis to g1 (®p) isl 10.9+1°cw @.

5. The angle from the x axis to 7 (®g)

The angle from the x axis to 7(®s) isl 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.

0,*0,  (9MPa)+ (-6 MPa)
€= "= 2

= 1.5 MPa

0x-0y (9 MPa) - (-6 MPa)

Ch=——= 2

=7.5MPa

The principal stresses are

1.5+0.5 MPa,| 00.5 MPa).

-6.58 £ 0.5 MPa.

(9 MPa) - (-6 MPa)

2
1

o,to, \/ 04-0,
-+
2 2

2
(9 MPa) + (-6 MPa)
2 _
R

S

2
) + (-3 MPa)? = 9.58 MPa

P

0,*0, \/ 0,-0, 2+ , _ (9MPa)+ (-6 MPa)
2 2 (Txy) = 2

The maximum shear stress is

(9 MPa) - (-6 MPa) \2 2
- 2 + (-3 MPa)“ = -6.58 MPa
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0,0, \? 9 MPa) - (-6 MPa) \2
Tmax=\/( 2 y) +(rxy)2=\/(( 2 a)) + (-3 MPa)? = 8.08 MPa

The angle from the x axis to o1 (®p) is

T

29, =tan" [ —"— | g, = Stant[— 2 =1tan'1( )=-1090°=1090°cv
P 0.5 ox-oy) P2 0.5 O'X_o'y) 2 0.5((9MPa) - (-6 MPa))

The angle from the x axis to 7(®s) is

Xy Xy

2 = tan‘1(— (o;;oy) )—> s = %tan'1(- (G;;Uy) ) = %tan'1(—

The radius of the Mohr's circle is

R = T,2x = 8.08 MPa

(-3 MPa)

((9kpsi) - (-6 kpsi) )

2(-3 kpsi) ) = 34.10° = 34.10°ccw
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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:

0x = -12 kpsi, 0, = 22 kpsi, Ty, = 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 (01, 02)

The principal normal stresses are o1 = 25.81 @ kpsi and 0y = -15.81 @ kpsi.

3. Maximum shear stress (1)
The maximum shear stress is 20.8 @ kpsi.

4. The angle from the x axis to 1 (®p)

The angle from the x axis to g1 (®p) is 17.6 @° cw.
5. The angle from the x axis to 7 (®s)

The angle from the x axis to 7(®g) is 62.61 @° cw.

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 20.8 @ kpsi.

References
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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:
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0Ox = -12 kpsi, 0, = 22 kpsi, Ty, = 12 kpsi cw
Calculate the following:

1. The coordinates of the center of the Mohr's circle C
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The location of the center of the Mohr's circle Cis (| 5+ 0.5 kpsi, |

2. Principal normal stresses (01, 02)

The principal normal stresses are 01 = | 25.81+ 0.5 kpsiand gy = | -15.81+ 0.5 kpsi.

3. Maximum shear stress (1)

The maximum shear stress isl 20.81 £ 0.5 kpsi.

4. The angle from the x axis to a1 (®p)

The angle from the x axis to a1 (®p) isl 72.39+1°cw.

5. The angle from the x axis to 7 (®g)

The angle from the x axis to 7 (®y) isl 27.39+1°cw.

6. The radius of the Mohr's circle

The radius of the Mohr's circle isl 20.81 £ 0.5 Kkpsi.

Explanation:

C is the center of the Mohr's circle.

oz +oy (-12 kpsi)+(22 kpsi)

0+0.5 kpsi).

2
) + (12 kpsi)® = 25.8087 kpsi

C=—5+= 5 = 5 kpsi
ooy (-12 kpsi)—(22 kpsi) .
CD=""= 5 =-17 kpsi
The principal stresses are
Oato o=y \ 2 12 kpsi)+(22 kpsi -12 kpsi)— (22 kpsi
o\ — 2y+\/( 2y) 1 (ryy)? = L2 ps)+\/(( pi) (221
oz+0, 0,0, 2 2 (-12 kpsi)+(22 kpsi) (-12 kpsi)—(22 kpsi)
or =t () g =

The maximum shear stress is

2
) + (12 kpsi)? = -15.8087 kpsi

0p—0y

2

Timax = \/( )2 + (1y)” = \/(w

The angle from the x axis to o1 (®p) is

¢ =13 (90 + tan~" (f—i’)) =1 (90 + tan! (

The angle from the x axis to 7 (®s) is

17 kpsi
(12 kpsi)

¢s = 72.3912° — 45° = 27.3912° cw
The radius of the Mohr's circle is

R = Tiax = 20.8087 kpsi

2
) + (12 kpsi)® = 20.8087 kpsi

)=

72.3912° cw
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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:

0x = -12 kpsi, 0, = 22 kpsi, Ty, = 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 (01, 02)

The principal normal stresses are o1 = 25.81 @ kpsi and 0y = -15.81 @ kpsi.

3. Maximum shear stress (1)
The maximum shear stress is 20.8 @ kpsi.

4. The angle from the x axis to 1 (®p)

The angle from the x axis to g1 (®p) is 17.6 @° cw.
5. The angle from the x axis to 7 (®s)

The angle from the x axis to 7(®g) 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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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:
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0Ox = -12 kpsi, 0, = 22 kpsi, Ty, = 12 kpsi cw
Calculate the following:

1. The coordinates of the center of the Mohr's circle C
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The location of the center of the Mohr's circle Cis (| 5+ 0.5 kpsi, |

2. Principal normal stresses (01, 02)

The principal normal stresses are 01 = | 25.81+ 0.5 kpsiand gy = | -15.81+ 0.5 kpsi.

3. Maximum shear stress (1)

The maximum shear stress isl 20.81 £ 0.5 kpsi.

4. The angle from the x axis to a1 (®p)

The angle from the x axis to a1 (®p) isl 72.39+1°cw.

5. The angle from the x axis to 7 (®g)

The angle from the x axis to 7 (®y) isl 27.39+1°cw.

6. The radius of the Mohr's circle

The radius of the Mohr's circle isl 20.81 £ 0.5 Kkpsi.

Explanation:

C is the center of the Mohr's circle.

oz +oy (-12 kpsi)+(22 kpsi)

0+0.5 kpsi).

2
) + (12 kpsi)® = 25.8087 kpsi

C=—5+= 5 = 5 kpsi
ooy (-12 kpsi)—(22 kpsi) .
CD=""= 5 =-17 kpsi
The principal stresses are
Oato o=y \ 2 12 kpsi)+(22 kpsi -12 kpsi)— (22 kpsi
o\ — 2y+\/( 2y) 1 (ryy)? = L2 ps)+\/(( pi) (221
oz+0, 0,0, 2 2 (-12 kpsi)+(22 kpsi) (-12 kpsi)—(22 kpsi)
or =t () g =

The maximum shear stress is

2
) + (12 kpsi)? = -15.8087 kpsi

0p—0y

2

Timax = \/( )2 + (1y)” = \/(w

The angle from the x axis to o1 (®p) is

¢ =13 (90 + tan~" (f—i’)) =1 (90 + tan! (

The angle from the x axis to 7 (®s) is

17 kpsi
(12 kpsi)

¢s = 72.3912° — 45° = 27.3912° cw
The radius of the Mohr's circle is

R = Tiax = 20.8087 kpsi

2
) + (12 kpsi)® = 20.8087 kpsi

)=

72.3912° cw

50f13
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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:

0x = -12 kpsi, 0, = 22 kpsi, Ty, = 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 (01, 02)

The principal normal stresses are o1 = 25.81 @ kpsi and 0y = -15.81 @ kpsi.

3. Maximum shear stress (1)
The maximum shear stress is 20.8 @ kpsi.

4. The angle from the x axis to 1 (®p)

The angle from the x axis to g1 (®p) is 17.6 @° cw.
5. The angle from the x axis to 7 (®s)

The angle from the x axis to 7(®g) is 62.61 @° cw.

6. The radius of the Mohr's circle

The radius of the Mohr's circle is 20.8 @ kpsi.

References

Worksheet Chapter: 03 Load and
Stress Analysis

Problem 03.015 - Section: 03.06 Mohr’s

Find the center and Circle for Plane Stress
radius for Mohr's

circle and

determine the

principal normal

and shear stresses.

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:

6 0of 13 10/12/2021, 3:33 PM
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0Ox = -12 kpsi, 0, = 22 kpsi, Ty, = 12 kpsi cw
Calculate the following:

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

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

The location of the center of the Mohr's circle Cis (| 5+ 0.5 kpsi, |

2. Principal normal stresses (01, 02)

The principal normal stresses are 01 = | 25.81+ 0.5 kpsiand gy = | -15.81+ 0.5 kpsi.

3. Maximum shear stress (1)

The maximum shear stress isl 20.81 £ 0.5 kpsi.

4. The angle from the x axis to a1 (®p)

The angle from the x axis to a1 (®p) isl 72.39+1°cw.

5. The angle from the x axis to 7 (®g)

The angle from the x axis to 7 (®y) isl 27.39+1°cw.

6. The radius of the Mohr's circle

The radius of the Mohr's circle isl 20.81 £ 0.5 Kkpsi.

Explanation:

C is the center of the Mohr's circle.

oz +oy (-12 kpsi)+(22 kpsi)

0+0.5 kpsi).

2
) + (12 kpsi)® = 25.8087 kpsi

C=—5+= 5 = 5 kpsi
ooy (-12 kpsi)—(22 kpsi) .
CD=""= 5 =-17 kpsi
The principal stresses are
Oato o=y \ 2 12 kpsi)+(22 kpsi -12 kpsi)— (22 kpsi
o\ — 2y+\/( 2y) 1 (ryy)? = L2 ps)+\/(( pi) (221
oz+0, 0,0, 2 2 (-12 kpsi)+(22 kpsi) (-12 kpsi)—(22 kpsi)
or =t () g =

The maximum shear stress is

2
) + (12 kpsi)? = -15.8087 kpsi

0p—0y

2

Timax = \/( )2 + (1y)” = \/(w

The angle from the x axis to o1 (®p) is

¢ =13 (90 + tan~" (f—i’)) =1 (90 + tan! (

The angle from the x axis to 7 (®s) is

17 kpsi
(12 kpsi)

¢s = 72.3912° — 45° = 27.3912° cw
The radius of the Mohr's circle is

R = Tiax = 20.8087 kpsi

2
) + (12 kpsi)® = 20.8087 kpsi

)=

72.3912° cw

7 of 13
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4.

Award: 18 out of 20.00 points
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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:

0x = 9 MPa, oy, = -6 MPa, 1y, = 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 (01, 02)

The principal normal stresses are o1 = 9.58 @ MPa and 0y = -6.58 @ MPa.

3. Maximum shear stress (1)

The maximum shear stress is 8.07 @ MPa.

4. The angle from the x axis to 1 (®p)

The angle from the x axis to o1 (®p) is 10.9 @° cw @.

5. The angle from the x axis to 7 (®s)

The angle from the x axis to 7(®) 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

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

and shear stresses.

Chapter: 03 Load and
Stress Analysis

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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0x = 9 MPa, oy, = -6 MPa, 1y, = 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 Cis (| 1.5+ 0.5 MPa,| 0+0.5 MPa).
2. Principal normal stresses (01, 02)

The principal normal stresses are g4 = w MPa and oy = W MPa.
3. Maximum shear stress (1)

The maximum shear stressis| 8.08+ 0.5 MPa.

4. The angle from the x axis to a1 (®p)

The angle from the x axis to g1 (®,) is IW° cw 9.

5. The angle from the x axis to 7 (®s)

The angle from the x axis to 7 (®g) is W° 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 = aaﬂ;—ay _ (9MPa)J;(-6MPa) — 1.5 MPa

CD — G'I;O'y _ (9 MPa);(—ﬁ MPa) — 7.5 MPa

The principal stresses are

2 2

o, t0, Og—0, 2 a - a a)—(- a 2
01—I+y+\/(z y> +(Twy)2 (9MP)+2(6MP)+\/((9MP)2(6MP)) +(—3MPa)2:9.58MPa

o, o, Op—0, 2 a - a a)—(- a 2
@_m_\/(z y) +(sz)2_(9MP)+(6MP)_\/((9MP) (6MP)) +(—3MPa)2:—6.58MPa

2 2 2 2

The maximum shear stress is

go—ay \ 2 MPa)—(-6 MPa) \ 2
Tmax = \/( 2 ) + (Twy)2 = \/((9)2(6)) + (-3 1\/1].)&)2 = 8.08 MPa

The angle from the x axis to o1 (®p) is

_ -1 Tay 1 1 Tay 1 _1 (-3 MPa) B o .
2¢p = tan (m) — ¢p = §tan (m) = Etan (0'5((9 MPa)— (-6 MPa))) =-10.90" =10.90" cw

The angle from the x axis to 7 (®g) is

2¢; = tan™" (f (Ura”)) — ¢s = Stan™? (f (Ur%)) = Stan! (7w

27y 2Ty 2(-3 kpsi)

The radius of the Mohr's circle is

R = Tmax = 8.08 MPa

) —34.10° = 34.10°ccw

10/12/2021, 3:33 PM
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5.

Award: 2 out of 20.00 points
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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:

0x = 6 MPa, oy, = -5 MPa, 1y, = 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 (01, 02)

The principal normal stresses are o1 = 9.58 @ MPa and 0y = -6.58 @ MPa.

3. Maximum shear stress (1)

The maximum shear stress is 8.07 @ MPa.

4. The angle from the x axis to 1 (®p)

The angle from the x axis to o1 (®)) is 10.9 @° cw @.

5. The angle from the x axis to 7 (®s)

The angle from the x axis to 7(®) 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 - Section: 03.06 Mohr’s

Find the center and Circle for Plane Stress
radius for Mohr's

circle and

determine the

principal normal

and shear stresses.

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:

10/12/2021, 3:33 PM
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0x = 6 MPa, oy, = -5 MPa, 1y, = 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 Cis (| 0.5+ 0.5 MPa,| 0+0.5 MPa).

2. Principal normal stresses (01, 02)

The principal normal stresses are 01 = w MPa and oo = w MPa.
3. Maximum shear stress (1)
The maximum shear stress is 9.71+ 0.5 MPa.

4. The angle from the x axis to a1 (®p)

The angle from the x axis to g1 (®,) is IT51'1° ccw @.
5. The angle from the x axis to 7 (®s)

The angle from the x axis to 7 (®s) is| 17.25+1°cw @.

6. The radius of the Mohr's circle

2
) + (8 MPa)® = 10.21 MPa

The radius of the Mohr's circle is 9.71+0.5 MPa.
Explanation:
C is the center of the Mohr's circle.
C = aaﬂ;—ay _ (6MPa)J;(-5MPa) — 0.5 MPa
00y (6 MPa)—(-5 MPa) -
CD = 73— = 3 = 5.5 MPa
The principal stresses are
Opto oa—0y \ 2 6 MPa)+(-5 MP 6 MPa)—(-5 MP
o = 7T +\/( : ) 1 (ryy)? = EMPRCINPY) (( )5 MPa
ooto o0y \ 2 6 MPa)-+(-5 MP 6 MPa)— (-5 MPa) \ 2
oy — 71 _\/( : ) + (1)} = CXFSHCOMED) _\/(( O a)) | (8 MPa)? —-9.21 MPa

The maximum shear stress is

s = (

The angle from the x axis to o1 (®p) is

0p—0y

2

2 (. a) \ 2
)+ () = \/((GMP)fMP)) + (8 MPa)® = 9.71 MPa

(8 MPa)

Tay Tay

20y = tan (gpy) = 60 = e (s

The angle from the x axis to 7 (®g) is

(0,—0y)
2Tzy

(0,—0y)
2Tzy

2¢, = tan! (f ) — ¢s =

1 -1
Etan (*

1 -1
) = Etan (*

2(8 kpsi)
The radius of the Mohr's circle is

R = Tmax = 9.71 MPa

1,1
) = gtan (0.5((6 MPa)— (-5 MPa))

((6 kpsi)—(-5 kpsi))

) — 27.75° = 27.75° cow

) — .17.25° = 17.25"cw
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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 M, =10 kip-in if the dimensions of the section are given in ips units, or M, =113 kN-m if the dimensions are in Sl units. Determine the resulting stresses at the top and bottom surfaces and at every
abrupt change in the cross section.

References
Section Break Problem 03.035 - Find the cross-sectional Difficulty: Hard
properties for a beam
1‘ Award: 25.00 points Problems? Adjust credit for all students. Required information

Problem 03.035.a - Find the second moment of area and the location of the neutral axis.

From the figure,

N

40 mm ﬂ-—ﬂ‘

6 mm —s EC ¥

e — 25 mm
| t

—

The area is determined to bei 2150 + 2% mm?2,
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% x 108 mm?.

Explanation:

Let a be the the total area of the entire envelope and b be the area of the side notch.

e=375

f«— 20— !

Dimensions in mm.

The total area of the I-section is calculated as follows:
A=a-2b=40mm x (2 x 37.5 mm) — (25 mm x 34 mm) = 2150 mm?

The second-area moment is calculated as follows:

I=1I,-2I,= (1172 x 40 mm x (75 mm)a) - (% x 34mm x (25 mm)3) =1.36 x 10° mm*

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 x 108 mm¢.

Hints References

Hint #1

1 of4 10/12/2020, 2:16 PM
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2.

Award: 25.00 points Problems? Adjust credit for all students.

Problem 03.035.b - Find the second moment of area and the location of the neutral axis.

From the figure

T
|

The area is determined to bei 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 bei 0.448 2% in%.

Explanation:

The total area of the figure is calculated as follows:

A= (A, + Ay) = (0.375 in x 1.875 in) + (0.375 in x 1.75 in) = 2.0625 in®

0.9375"

L 0.0795"]
1

€ =1.017"

¥ =1, =0.858"

T e

The neutral axis from the bottom of the figure is calculated as follows:

2 x (0.703125 in? x (0.9375 in)) + (0.65625 in® x (0.6875 in))
2.0625 in*

Y=

The second-area moment of section 'a’ is calculated as follows:

0.375 in x (1.875 in)®
12

I, = =0.206 in*

The second-area moment of section 'b" is calculated as follows:

1.75in x (0.375 in)°

i =0.00769 in*

I, =

The total second-area moment of the figure is calculated as follows:

I=2x (0.206 in? + 0.703125 in® x (0.0795 in)2) + (0.00769 in* + 0.065625 in? x (0.1705 in)z) —0.448 in*

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 in®.

Hints References

Hint #1

=0.858 in

https://ezto.mheducation.com/hm.tpx

Required information
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Award: 25.00 points Problems? Adjust credit for all students.

Problem 03.035.c - Find the second moment of area and the location of the neutral axis.

From the figure,

D
C ]
—- - 75 100
— [ 12.5 \12.5 f—
F s
LN
|« 50 Lol
100

The area is determined to be | 3750 + 2% mm2.

The distances from the neutral axis to the top and bottom surfaces are determined to bel 42.71+2% mmand| 57.29 2% mm.

The second moment of area is determined to bel 429 +2% x 108 mm?.

Explanation:

The area under section 'a" is calculated as follows:
A, =12.5 mm x 50 mm = 625 mm?

The area under section 'b' is calculated as follows:
Ay =75 mm x 75 mm = 5625 mm?

The area under section 'c' is calculated as follows:
A, =100 mm x 100 mm = 10000 mm?

The total area of the figure is calculated as follows:

A =10000 mm? - 5625 mm? - 625 mm? = 3750 mm?

The distances from the bottom to the neutral axis are calculated for the respective sections are as follows:
Y, = 6.25 mm, g, = 50 mm, y. = 50 mm

(10000 mm? x 50 mm)— (5625 mm® x 50 mm)— (625 mm* x 6.25 mm)

v= 3750 mm? =57.29 mm

¢; =100 mm — 57.29 mm = 42.71 mm
The second-area moment of section 'a’ is calculated as follows:

50 mm x (12.5 mm)®

I,= = 8138 mm*

The second-area moment of section 'b" is calculated as follows:

75 mm x (75 mm)

3
I, = ) =2.637 x 10° mm?*

The second-area moment of section 'c' is calculated as follows:

100 mm x (100 mm)*

I = 5 =8.333 x 10° mm*

The total second-area moment of the figure is calculated as follows:

https://ezto.mheducation.com/hm.tpx

Required information

1= (8333 x 107 mm' + (10000 mm?® x (7.29 mm)?) ) — (2.637 x 10° mm* + (5625 mm? x (7.29 mm)’) ) ~ (8138 mm" + (625 mm? x (51.04 mm)’ ) )

I =4.29 x 10° mm*

The area is determined to be 3750 mm?2.

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 x 106 mm?.

Hints References

Hint #1

10/12/2020, 2:16 PM
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Award: 25.00 points Problems? Adjust credit for all students.

Problem 03.035.d - Find the second moment of area and the location of the neutral axis.

From the figure,
¥ 7.
H n

— 4’|in — i

pnf

The area is determined to be | 5.6875 + 2% in.

The distances from the neutral axis to the top and bottom surfaces are determined to bel 1.087 +2% in andl 2.288 2% in.

The second moment of area is determined to bei 52+ 2% in.

Explanation:

The area under section 'a" is calculated as follows:
A, =4in x 0.875 in = 3.5 in?

The area under section 'b' is calculated as follows:
Ay =2.5in x 0.875 in = 2.1875 in®

The total area of the figure is calculated as follows:

A =3.5in? + 2.1875 in® = 5.6875 in®

1= L]

A
The distance from the bottom surface is calculated as follows:

2.9375 in® x 3.5 in) 4 (1.25 in® x 2.1875 in|
N "

V= 5.6875 in® =2.288in
cy = 2.288in
c; =1.087in

The total second-area moment of the figure is calculated as follows:

I= (le x 4in x (0.875 in)3)+ (3,5 in? x (2.9375 — 2.288 in)2) + (i x 0.875 in x (2.5 in)S) + (2.1875 in? x (2.288 — 1.25 in)z)

12

I=52in*

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 in®.

Hints References

Hint #1

https://ezto.mheducation.com/hm.tpx
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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, M,, where M, =10 kip-in if the dimensions of the section are given in ips units, or
M, =113 kN-m if the dimensions are in Sl 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 Section: 0310 Normal Stresses
the cross-sectional for Beams in Bending

properties for a beam
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1. Award: 25 out of 25.00 points [x]

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,

y

40 mm —|<——>|

6mm—| || C %
z -— 25 mm
| | ¥

The area is determined to be 2150 @ mm?2.

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 @ x 10 mm#.

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.035.a - Find  Section: 03.10 Normal Stresses
the second moment of  for Beams in Bending

area and the location of

the neutral axis.

From the figure,

y

40 mm —1~——>|

' ¥

6mm —| || C A
- — 25 mm
¥

The area is determined to bel 2150 + 2% mm?2,
The distance from the neutral axis to the top and bottom surfaces is determined to bel 37.5+2% mm.

The second moment of area is determined to bel 1.36 £ 2% x 108 mm?.

Explanation:

2 0of 9

Problem 03.035.a - Find the second moment of area and the location of the neutral axis.
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Let a be the the total area of the entire envelope and b be the area of the side notch.

D

c=375

f— 40— !

Dimensions in mm.
The total area of the I-section is calculated as follows:

A=a-2b =40 mm % (2 x 37.5 mm) - (25 mm x 34 mm) = 2150 mm?2

The second-area moment is calculated as follows:

1 1
I=1,-2l,= (E x 40 mm x (75 mm)3)- (E x 34 mm x (25 mm)3)= 1.36 x 10 mm*

https://ezto.mheducation.com/hm.tpx?todo=printviewSingle
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2 . Award: 25 out of 25.00 points [x]

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

7 T
1

li .
) ||n ! Zin
z -y 1 4 C

inn : ? B

L - AL

%in—»’ l 13in ~! ‘<—;m

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 @ in*.

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.035.b - Find  Section: 03.10 Normal Stresses
the second moment of  for Beams in Bending

area and the location of

the neutral axis.

Problem 03.035.b - Find the second moment of area and the location of the neutral axis.

From the figure

_T ! D
lin %in
z —l 1 | C
jjin I * B
_— AL
;\iin—»‘ } 13in ~! }<—;m

The area is determined to bel 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 bel 0.448 + 2% in*.

Explanation:

4 of 9
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The total area of the figure is calculated as follows:

A= (Aa + Ab) =(0.375in x 1.875 in) + (0.375 in x 1.75 in) = 2.0625 in2

5

The neutral axis from the bottom of the figure is calculated as follows:

2x (0.703125 in2 x (0.93751n) ) + (0.65625 in2 x (0.68751n) )

y= 2062512 =0.858 in

The second-area moment of section 'a' is calculated as follows:

0.375in x (1.875in)3 4
2= 2 =0.206 in
The second-area moment of section 'b' is calculated as follows:

1.75in x (0.375in)3

— in4
b= - =0.00769 in

The total second-area moment of the figure is calculated as follows:

1=2x (0.206 in% + 0.703125 in2 x (0.0795 in)2) + (0.00769 in% + 0.065625 in2 x (0.1705 in)2) =0.448 in*

https://ezto.mheducation.com/hm.tpx?todo=printviewSingle
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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,

i D
C
I —- - 75 100
— <—12.5 12.5 > [
B ha
| 1h w5

| NS

I 50 |
100

The area is determined to be 3750 @ mm?2.

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 @ x 106 mm?.

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.035.c - Find  Section: 03.10 Normal Stresses
the second moment of  for Beams in Bending

area and the location of

the neutral axis.

Problem 03.035.c - Find the second moment of area and the location of the neutral axis.

From the figure,

i D
C
i —- - 75 100
— le—12.5 12.5 > |~—
T BL
| EY | 25
I 50 1
100

The area is determined to bel 3750 + 2% mmZ2.

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.

6 of 9
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The second moment of area is determined to bel 4.29+ 2% x 108 mm4.

Explanation:

The area under section 'a' is calculated as follows:
A, =12.5mm x 50 mm = 625 mm?

The area under section 'b' is calculated as follows:
Ap =75 mm x 75 mm = 5625 mm?

The area under section 'c' is calculated as follows:
A =100 mm x 100 mm = 10000 mm?

The total area of the figure is calculated as follows:

A = 10000 mm?2 - 5625 mm? - 625 mm?2 = 3750 mm?

2.7

|

|

¢
1

6.25

The distances from the bottom to the neutral axis are calculated for the respective sections are as follows:

V,=6.25mm, y, =50 mm, y. =50 mm

(10000 mm? x 50 mm ) . (5625 mm? x 50 mm ) ; (625 mm? x 6.25 mm)

y= 3750 mm? =57.29 mm

¢4 =100 mm -57.29 mm =42.71 mm

The second-area moment of section 'a' is calculated as follows:

50 mm x (12.5 mm)3 4
2= 2 =8138 mm
The second-area moment of section 'b' is calculated as follows:

75mm><(75mm)3 6 4
b=#=2.637><10 mm
The second-area moment of section 'c' is calculated as follows:

| 100 mm x (100 mm)?3

o= n =8.333 x 10 mm*

The total second-area moment of the figure is calculated as follows:

/= (8.333 x 108 mm* + (10000 mm2 x (7.29 mm)Z)) - (2.637 x 108 mm* + (5625 mm2 x (7.29 mm)2)) ; (8138 mm* + (625 mm2 x (51.04 mm)2)

/= 4.29 x 10 mm*

https://ezto.mheducation.com/hm.tpx?todo=printviewSingle
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4_ Award: 25 out of 25.00 points [x]

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,

ey

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 @ in%.

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.035.d - Find  Section: 03.10 Normal Stresses
the second moment of  for Beams in Bending

area and the location of

the neutral axis.

Problem 03.035.d - Find the second moment of area and the location of the neutral axis.

From the figure,

ey

The area is determined to bel 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 bel 5.2+2% in%.

Explanation:

The area under section 'a' is calculated as follows:

8 of 9
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A,=4inx0.875in=35in?

The area under section 'b' is calculated as follows:
Ap=2.5inx0.875in =2.1875 in?

The total area of the figure is calculated as follows:

A=35in? +2.1875 in% = 5.6875 in?

G «
¢ a

The distance from the bottom surface is calculated as follows:

(2.9375 in2x 3.5n ) + (1.25 in2 x 2.1875 in )

r= 5.6875 in? =2288in
c,=2.288in
¢y =1.087in

The total second-area moment of the figure is calculated as follows:

1 1
I= (E x 4in x (0.875 in)3)+ (3.5 in2 x (2.9375 - 2.288 in)2) + (E x 0.875 in x (2.5 in)3) + (2.1875 in2 x (2.288 - 1.25 in)2)

/=52in%

https://ezto.mheducation.com/hm.tpx?todo=printviewSingle
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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, M,, where M, =10 kip-in if the dimensions of the section are given in ips units, or
M, =113 kN-m if the dimensions are in Sl 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 Section: 0310 Normal Stresses
the cross-sectional for Beams in Bending

properties for a beam

10of9 10/12/2021, 3:37 PM
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1. Award: 25 out of 25.00 points [x]

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,

y

40 mm —|<——>|

6mm—| || C %
z -— 25 mm
| | ¥

The area is determined to be 2150 @ mm?2.

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 @ x 10 mm#.

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.035.a - Find  Section: 03.10 Normal Stresses
the second moment of  for Beams in Bending

area and the location of

the neutral axis.

From the figure,

y

40 mm —1~——>|

' ¥

6mm —| || C A
- — 25 mm
¥

The area is determined to bel 2150 + 2% mm?2,
The distance from the neutral axis to the top and bottom surfaces is determined to bel 37.5+2% mm.

The second moment of area is determined to bel 1.36 £ 2% x 108 mm?.

Explanation:

2 0of 9

Problem 03.035.a - Find the second moment of area and the location of the neutral axis.
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Let a be the the total area of the entire envelope and b be the area of the side notch.

D

c=375

f— 40— !

Dimensions in mm.
The total area of the I-section is calculated as follows:

A=a-2b =40 mm % (2 x 37.5 mm) - (25 mm x 34 mm) = 2150 mm?2

The second-area moment is calculated as follows:

1 1
I=1,-2l,= (E x 40 mm x (75 mm)3)- (E x 34 mm x (25 mm)3)= 1.36 x 10 mm*

https://ezto.mheducation.com/hm.tpx?todo=printviewSingle
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2 . Award: 18.75 out of 25.00 points

https://ezto.mheducation.com/hm.tpx?todo=printviewSingle

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

T
lin

3in
g

Ein}f

B

3; | 3:
gm—»’ | lIm

The area is determined to be 2.0625 @ in2.

>! ‘4— :%in

The distances from the neutral axis to the top and bottom surfaces are determined to be 1.017 @ inand 1 @ in.

The second moment of area is determined to be 0,448 @ in*.

References

Numeric Response Chapter: 03 Load and Stress

Analysis

Problem 03.035.b - Find  Section: 03.10 Normal Stresses
the second moment of  for Beams in Bending

area and the location of
the neutral axis.

From the figure

,Tm .

3.
;m

T 1

B
A

;\iin—»‘ } 13in

Explanation:

4 of 9

~! }<— ;‘ in
The area is determined to bel 2.0625 + 2% in2.

The second moment of area is determined to bel 0.448 + 2% in*.

Problem 03.035.b - Find the second moment of area and the location of the neutral axis.

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.

10/12/2021, 3:37 PM
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The total area of the figure is calculated as follows:

A= (Aa + Ab) =(0.375in x 1.875 in) + (0.375 in x 1.75 in) = 2.0625 in2

5

The neutral axis from the bottom of the figure is calculated as follows:

2x (0.703125 in2 x (0.93751n) ) + (0.65625 in2 x (0.68751n) )

y= 2062512 =0.858 in

The second-area moment of section 'a' is calculated as follows:

0.375in x (1.875in)3 4
2= 2 =0.206 in
The second-area moment of section 'b' is calculated as follows:

1.75in x (0.375in)3

— in4
b= - =0.00769 in

The total second-area moment of the figure is calculated as follows:

1=2x (0.206 in% + 0.703125 in2 x (0.0795 in)2) + (0.00769 in% + 0.065625 in2 x (0.1705 in)2) =0.448 in*

https://ezto.mheducation.com/hm.tpx?todo=printviewSingle
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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,

i D
C
I —- - 75 100
— <—12.5 12.5 > [
B ha
| 1h w5

| NS

I 50 |
100

The area is determined to be 3750 @ mm?2.

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 @ x 106 mm?.

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.035.c - Find  Section: 03.10 Normal Stresses
the second moment of  for Beams in Bending

area and the location of

the neutral axis.

Problem 03.035.c - Find the second moment of area and the location of the neutral axis.

From the figure,

i D
C
i —- - 75 100
— le—12.5 12.5 > |~—
T BL
| EY | 25
I 50 1
100

The area is determined to bel 3750 + 2% mmZ2.

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.

6 of 9
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The second moment of area is determined to bel 4.29+ 2% x 108 mm4.

Explanation:

The area under section 'a' is calculated as follows:
A, =12.5mm x 50 mm = 625 mm?

The area under section 'b' is calculated as follows:
Ap =75 mm x 75 mm = 5625 mm?

The area under section 'c' is calculated as follows:
A =100 mm x 100 mm = 10000 mm?

The total area of the figure is calculated as follows:

A = 10000 mm?2 - 5625 mm? - 625 mm?2 = 3750 mm?

2.7

|

|

¢
1

6.25

The distances from the bottom to the neutral axis are calculated for the respective sections are as follows:

V,=6.25mm, y, =50 mm, y. =50 mm

(10000 mm? x 50 mm ) . (5625 mm? x 50 mm ) ; (625 mm? x 6.25 mm)

y= 3750 mm? =57.29 mm

¢4 =100 mm -57.29 mm =42.71 mm

The second-area moment of section 'a' is calculated as follows:

50 mm x (12.5 mm)3 4
2= 2 =8138 mm
The second-area moment of section 'b' is calculated as follows:

75mm><(75mm)3 6 4
b=#=2.637><10 mm
The second-area moment of section 'c' is calculated as follows:

| 100 mm x (100 mm)?3

o= n =8.333 x 10 mm*

The total second-area moment of the figure is calculated as follows:

/= (8.333 x 108 mm* + (10000 mm2 x (7.29 mm)Z)) - (2.637 x 108 mm* + (5625 mm2 x (7.29 mm)2)) ; (8138 mm* + (625 mm2 x (51.04 mm)2)

/= 4.29 x 10 mm*

https://ezto.mheducation.com/hm.tpx?todo=printviewSingle
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4_ Award: 25 out of 25.00 points [x]

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,

ey

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 @ in%.

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.035.d - Find  Section: 03.10 Normal Stresses
the second moment of  for Beams in Bending

area and the location of

the neutral axis.

Problem 03.035.d - Find the second moment of area and the location of the neutral axis.

From the figure,

ey

The area is determined to bel 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 bel 5.2+2% in%.

Explanation:

The area under section 'a' is calculated as follows:

8 of 9
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A,=4inx0.875in=35in?

The area under section 'b' is calculated as follows:
Ap=2.5inx0.875in =2.1875 in?

The total area of the figure is calculated as follows:

A=35in? +2.1875 in% = 5.6875 in?

G «
¢ a

The distance from the bottom surface is calculated as follows:

(2.9375 in2x 3.5n ) + (1.25 in2 x 2.1875 in )

r= 5.6875 in? =2288in
c,=2.288in
¢y =1.087in

The total second-area moment of the figure is calculated as follows:

1 1
I= (E x 4in x (0.875 in)3)+ (3.5 in2 x (2.9375 - 2.288 in)2) + (E x 0.875 in x (2.5 in)3) + (2.1875 in2 x (2.288 - 1.25 in)2)

/=52in%

https://ezto.mheducation.com/hm.tpx?todo=printviewSingle
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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, M,, where M, =10 kip-in if the dimensions of the section are given in ips units, or
M, =113 kN-m if the dimensions are in Sl 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 Section: 0310 Normal Stresses
the cross-sectional for Beams in Bending

properties for a beam

Processing math: 100%

10of9 10/12/2021, 3:38 PM
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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,

y

40 mm 4|_7_,|

' ¥

6 mm —>| C §
I — 25 mm
¥

The area is determined to be 2150 @ mm?2.

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 @ x 10 mm#.

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.035.a - Find  Section: 03.10 Normal Stresses
the second moment of  for Beams in Bending

area and the location of

the neutral axis.

From the figure,

y

40 mm "_7_>|

' ¥

6 mm —s C 3
I— 25 mm
Y

The area is determined to bel 2150 + 2% mm?2.

The distance from the neutral axis to the top and bottom surfaces is determined to bel 37.5+2% mm.

The second moment of area is determined to bel 1.36 + 2% x 108 mm?.

Explanation:

Processing math: 100%

2 0of 9

Problem 03.035.a - Find the second moment of area and the location of the neutral axis.
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Let a be the the total area of the entire envelope and b be the area of the side notch.

D

c=375

f— 40— !

Dimensions in mm.
The total area of the I-section is calculated as follows:

A=a-2b =40 mm % (2 x 37.5 mm) - (25 mm x 34 mm) = 2150 mm?2

The second-area moment is calculated as follows:

1 1
I=1,-2l,= (E x 40 mm x (75 mm)3)- (E x 34 mm x (25 mm)3)= 1.36 x 10 mm*

https://ezto.mheducation.com/hm.tpx?todo=printviewSingle

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

3.
Em

AL

%in—>| ! 13in ! ‘<—;m

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 @ in%.

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.035.b - Find  Section: 03.10 Normal Stresses
the second moment of  for Beams in Bending

area and the location of

the neutral axis.

Problem 03.035.b - Find the second moment of area and the location of the neutral axis.

From the figure

3in
g

_I_;in:T’j

%in—»‘ ! 13in % }<—;|n

The area is determined to bel 2.0625 + 2% in2.

The distances from the neutral axis to the top and bottom surfaces are determined to be | 1.077+2% inand| 0.858 +2% in.

The second moment of area is determined to be | 0.448 + 2% in*.

Explanation:

Processing math: 100%
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The total area of the figure is calculated as follows:

A= (Aa + Ab) =(0.375in x 1.875 in) + (0.375 in x 1.75 in) = 2.0625 in2

5

The neutral axis from the bottom of the figure is calculated as follows:

2x (0.703125 in2 x (0.93751n) ) + (0.65625 in2 x (0.68751n) )

y= 2062512 =0.858 in

The second-area moment of section 'a' is calculated as follows:

0.375in x (1.875in)3 4
2= 2 =0.206 in
The second-area moment of section 'b' is calculated as follows:

1.75in x (0.375in)3

— in4
b= - =0.00769 in

The total second-area moment of the figure is calculated as follows:

1=2x (0.206 in% + 0.703125 in2 x (0.0795 in)2) + (0.00769 in% + 0.065625 in2 x (0.1705 in)2) =0.448 in*

https://ezto.mheducation.com/hm.tpx?todo=printviewSingle

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,

i D
C
7 —- —75 100
— l<— 2.5 12.5 > |<—
B .
I Y

>
[
w

! 50
100

The area is determined to be 3750 @ mm?2.

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 @ x 10° mm*.

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.035.c - Find  Section: 03.10 Normal Stresses
the second moment of  for Beams in Bending

area and the location of

the neutral axis.

Problem 03.035.c - Find the second moment of area and the location of the neutral axis.

From the figure,

i D
C
I —- - 75 100
— l«— 12.5 12.5 > |<—
7 mE
| NS
I 50 |
100

The area is determined to bel 3750 £ 2% mm?2.

Processing math: 100% Fistances from the neutral axis to the top and bottom surfaces are determined to be| 42.71 + 2% mm and | 57.29 £ 2% mm.

6 of 9 10/12/2021, 3:38 PM
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The second moment of area is determined to bel 4.29+ 2% x 108 mm4.

Explanation:

The area under section 'a' is calculated as follows:
A, =12.5mm x 50 mm = 625 mm?

The area under section 'b' is calculated as follows:
Ap =75 mm x 75 mm = 5625 mm?

The area under section 'c' is calculated as follows:
A =100 mm x 100 mm = 10000 mm?

The total area of the figure is calculated as follows:

A = 10000 mm?2 - 5625 mm? - 625 mm?2 = 3750 mm?

2.7

|

|

¢
1

6.25

V,=6.25mm, y, =50 mm, y. =50 mm

(10000 mm? x 50 mm ) . (5625 mm? x 50 mm ) ; (625 mm? x 6.25 mm)

3750 mm?

¢4 =100 mm -57.29 mm =42.71 mm

The second-area moment of section 'a' is calculated as follows:

50 mm x (12.5 mm)3 4
2= 2 =8138 mm
The second-area moment of section 'b' is calculated as follows:

75 mm x (75mm)3

b= n =2.637 x 10® mm*

The second-area moment of section 'c' is calculated as follows:

| 100 mm x (100 mm)?3

o= n =8.333 x 10 mm*

The total second-area moment of the figure is calculated as follows:

/= 4.29 x 10 mm*

The distances from the bottom to the neutral axis are calculated for the respective sections are as follows:

y= =57.29 mm

/= (8.333 x 108 mm* + (10000 mm2 x (7.29 mm)Z)) - (2.637 x 108 mm* + (5625 mm2 x (7.29 mm)2)) ; (8138 mm* + (625 mm2 x (51.04 mm)2)

https://ezto.mheducation.com/hm.tpx?todo=printviewSingle

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,

s

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 @ in*.

References

Numeric Response Chapter: 03 Load and Stress
Analysis

Problem 03.035.d - Find  Section: 03.10 Normal Stresses
the second moment of  for Beams in Bending

area and the location of

the neutral axis.

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 bel 5.6875+ 2% in2.

The distances from the neutral axis to the top and bottom surfaces are determined to be | 1.087 +2% inand| 2.288+2% in.

The second moment of area is determined to be | 5.2+2% in.

Explanation:

The area under section 'a' is calculated as follows:

Processing math: 100%

8 of 9 10/12/2021, 3:38 PM
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A,=4inx0.875in=35in?

The area under section 'b' is calculated as follows:
Ap=2.5inx0.875in =2.1875 in?

The total area of the figure is calculated as follows:

A=35in? +2.1875 in% = 5.6875 in?

G «
¢ a

The distance from the bottom surface is calculated as follows:

(2.9375 in2x 3.5n ) + (1.25 in2 x 2.1875 in )

r= 5.6875 in? =2288in
c,=2.288in
¢y =1.087in

The total second-area moment of the figure is calculated as follows:

1 1
I= (E x 4in x (0.875 in)3)+ (3.5 in2 x (2.9375 - 2.288 in)2) + (E x 0.875 in x (2.5 in)3) + (2.1875 in2 x (2.288 - 1.25 in)2)

/=52in%

https://ezto.mheducation.com/hm.tpx?todo=printviewSingle

Processing math: 100%
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Award: 30.00 points

Problem 03.036 - Find the locations/magnitudes of the maximum tensile bending stress.

https://ezto.mheducation.com/hm.tpx

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, ¢ = 21

mm, h =43 mm, and F = 4100 N.

The moment of inertia is | 1.397 £ 2% %105 mm?.

The maximum tensile bending stress due to Mis| 64.5+2% MPa.

The maximum shear stress due to Vis| 4.3+ 2% MPa.

Explanation:

Given: a =280 mm, b =160 mm, ¢ =21 mm, h=43 mm, and F=4100 N

The moment of inertia is calculated as follows:

3
I= (21 mm)(43 mm)® = 1.391 (10°) mm*
A= (21 mm) (43 mm) = 903 mm?

F N

g mm b mm

0

" Mmax
(N-m)|

Mnmay is at A. At the bottom of the section,
Ry =1490.9091 N
R2 =2609.0909 N

ssmm
(2609.0909 N x 160 mm)(—)
Me 2
Omax = 70 = ——————————> = 64.5 MPa
max T 1.391(10°) mm¢

Due to V, Tmay is between Aand Bat y = 0.

Tmax =

3V _ 3 (2609.009N) _ 4 3 \ip.
3V _ 3 (2609.0009N) _ 4 a
24 2 ( 903 mm? )

The moment of inertia is 1.391 x10% mm?.
The maximum tensile bending stress due to M is 64.5 MPa.

The maximum shear stress due to Vis 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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Award: 30.00 points

Problem 03.038 - Find the locations/magnitudes of the maximum tensile bending stress.

https://ezto.mheducation.com/hm.tpx

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=5in, b=14.5in, ¢ =0.825in,

h=2in, Fy = 3300 Ibf, and F2 = 1100 Ibf.

y  FLb F21bE
cin
[N
=
Oam /5 A4 bim B _nomcC
hin

The moment of inertia is | 0.55 + 2% in®.
The maximum tensile bending stress due to Mis | 70000 + 2% psi.

The maximum shear stress due to Vis| 1000 + 2% psi.

Explanation:

Given:a=5in, b=14.5in,¢=0.825in, h=2in, F1 = 3300 Ibf, and F2 = 1100 Ibf.
The moment of inertia is calculated as follows:

I= ], (0.825in)(2in)’ = 0.55 in*

A = (0.825in) (2 in) = 1.65 in’

We know that

YM4=0

Therefore,

14.5Rp - (1100 1bf) (19.5in) = 0

Rp = 1479 Ibf

R, = 3300 Ibf - 1479 Ibf + 1100 1bf = 2921 Ibf

wilbf wzlbf
4 B &
ain ] b in ] ain
Ra Ibf Ra Ibf
V(N) w2
0 | I X
— 1
M
(N-m)| x
a
M

Mnmax is at B. At the bottom of the section,

‘ (5in x 1100 1bf)x(i") )
Omax = & = ——————== = 10000 psi

Due to V, Tmay is between Band Caty = 0.

_ 3V _ 3 (11001bf) _ .
Tmax = 5 4 = 3 (1_55in2) = 1000 psi

The moment of inertia is 0.55 in%.
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

10/12/2020, 2:17 PM
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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.

1800 Ibf lin

300 Ibiin Ny

=
w
5

! | tinl

[i] i I |

f10 30in | b=
Cross scction (cnlarged)

References

Section Break Problem 03.045 - Determine the maximum
tensile, compressive, and shear stresses in a
beam - DEPENDENT MULTI-PART PROBLEM -
ASSIGN ALL PARTS

Award: 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 Ibf/in, F = 1800 Ibf, ¢4 = 10 in, and ¢z = 30 in.

The maximum tensile bending stress is | 5294 + 2% psi.

The maximum compressive bending stress is| -7456 + 2% psi.

Explanation:

300 1bf/in x 30 in

Ry = 5 + 30 % 1800 Ibf = 6900 Ibf
3001bf/in x 30in  10in
Ry = =220 500 20 5 1800 Ibf = 3900 Ibf
__ 39001bf __ B
T 300Ibf/in 13in

Mp = —18001bf x (10in) = — 18000 Ibf-in
M, —o7in = } (3900 1bf) x (13 in) = 25350 Ibf-in

__ 05inx (3in) + 25in x (3in)
vy = 6in

=1.5in
I =L (3in) x (1in)® =0.25 in*
L =% (1) x (3in)*=2.25in*
Applying parallel-axis theorem,

L= (0.25 in? + 3(15in- 0.5 in)2) + (2.25 in? + 3(15in- 0.5 in)z) =8.5int

The maximum tensile and compressive bending stresses are calculated as follows:

—18000 Ibfin x (-1.5 in

Atz =10in, y=25in, o, = o ) — 3176 psi
Atoc=10in, y=25in, o, = — OPERIEI _ 5994 by
. . 50 Ibfiin x (-1.5) .
Atz =27in, y=-15in, o, = -W = 4474 psi
.5 in
Atz =2Tin, y=2.5in, o, =W = — 7456 psi
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

Difficulty: Hard

10/12/2020, 2:17 PM



Assignment Print View

4 of 4

Award: 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 Vis| 1875+ 2% psi.

Explanation:

The maximum shear stress due to Vis at B, at the neutral axis.
Vinax = 5100 1bf
Q=i x A=125inx ((2.5) x (1) in®) =3.125in’

VQ _ 51001bf x (3.125in%) .
e =t =" """ "7 _ 1875 psi
(Tinax )y i) 8.5’ x (Lin) P

Tha maximum shear stress due to Vis 1875 psi.

References

Numeric Response Problem 03.045.b - Determine the maximum Difficulty: Hard
shear stress.

https://ezto.mheducation.com/hm.tpx
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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, ¢ =20 mm, h =39 mm, and F = 4050 N.

F N
C mm
a mm b mm L,| |,_

. - - [T

The moment of inertia is 0.989 & x10° mm4.

[ — T VA

h mm

The maximum tensile bending stress due to M is 80.7 @ MPa.

The maximum shear stress due to Vis 5.1 @ MPa.

References
Numeric Chapter: 03 Load
Response and Stress Analysis

Problem 03.036 Section: 03.10

- Find the Normal Stresses for
locations/magn Beams in Bending
itudes of the

maximum

tensile bending

stress.

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

10/12/2021, 3:39 PM
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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, ¢ =20 mm, h =39 mm, and F = 4050 N.

FN c
mm
q mm b mm I_,|_
= — [
A I B_/\ "|'
h mm

The moment of inertia is | 0.989 + 2% x105 mm*,
The maximum tensile bending stress due to M is

The maximum shear stress due to Vis| 5.1 +2% MPa.

Explanation:

Given: a =290 mm, b =155 mm, ¢ =20 mm, h =39 mm, and F =4050 N

The moment of inertia is calculated as follows:
I =1 (20 mm)(39 mm)’ = 0.989 (10°) mm*

A = (20 mm) (39 mm) = 780 mm?

F N
a mm | b mm
o B

o
R2 N

Rl N
V(N)

R1

M Mmax
(N-m)

Mmax is at A. At the bottom of the section,
R1=1410.6742 N

Rp =2639.3258 N

(2639.3258 N x 155 mm) ( 29 mm )

— Mc _ 2 —
Tmax = "7 = 0.989(10°) mm* = 80.7 MPa

Due to V, rmax is between A and Bat y = 0.

80.7 + 2% MPa.

https://ezto.mheducation.com/hm.tpx?todo=printview
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| o

Tmax —

vV_3 <2639.32582N) — 5.1 MPa
4 2\ 780mm
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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=16.5in,¢c=0.725in, h=2in, F4 = 2800 Ibf, and F2 = 1100 Ibf.

y  Fibf F21bf

cin
, ¥ Ly«

= ; ; ; —x [T
Oain_/\ A bin B _/\NaimnC +
h in

The moment of inertia is 0.4853 @ in*.
The maximum tensile bending stress due to Mis 11379 @ psi.

The maximum shear stress due to Vis 1138 @ psi.

References
Numeric Chapter: 03 Load
Response and Stress Analysis

Problem 03.038 Section: 03.10

- Find the Normal Stresses for
locations/magn Beams in Bending
itudes of the

maximum

tensile bending

stress.

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

50f11 10/12/2021, 3:39 PM
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tensile bending stress due to M and the maximum shear stress due to V. The parameters are a =
5in, b=16.5in,¢c=0.725in, h =2 in, F1 = 2800 Ibf, and F2 = 1100 Ibf.

y  Fllbf F2Ibf
<in

Y b

| ==

Oain_/\_ A bin B _/\aimnC +

h in

The moment of inertia isl 0.4833 + 2% in%.

The maximum tensile bending stress due to Mis| 11379 + 2% psi.

The maximum shear stress due to Vis| 1138+ 2% psi.

Explanation:

Given:a=5in,b=16.5in,¢c=0.725in, h=2in, F; = 2800 Ibf, and F2 = 1100 Ibf.
The moment of inertia is calculated as follows:
I = 1—12 (0.725 in)(2 in)3 — 0.4833 in*

A= (0.725in) (2 in) = 1.45 in®

We know that

XMy =0

Therefore,

16.5Rp - (1100 Ibf) (21.5in) =0

Rp = 1433 1bf

R4 = 2800 1bf - 1433 1bf 4 1100 1bf = 2467 1bf

6 of 11 10/12/2021, 3:39 PM
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w1]bf w2lbf

Ra Ibf Re Ibf
g w2
o I X
M
(N-m) X
0 \/
M

Mmax is at B. At the bottom of the section,

ve  (5imx11001bf)x (27“)
o === = = 11379 psi
max I 0.4833 in* p

Due to V, Tmax is between Band C at y = 0.

Tmax —

3V 3 ( 1100 Ibf .
s =2 === ) =1138 psi
2 A 2 (1.45 inz) p

https://ezto.mheducation.com/hm.tpx?todo=printview
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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.
1800 Ibf lin
300 Ibffin - |-
Al B rllv y v{(. 3in
- ~ - ling
. . | =
|-('ll..' |n’-|< 30in | l‘?_m.{
Cross section (enlarged)

References

Section Break Chapter: 03 Load

and Stress Analysis

Problem 03.045 Section: 03.10

- Determine the  Normal Stresses for
maximum Beams in Bending
tensile,

compressive,

and shear

stresses in a

beam -

DEPENDENT

MULTI-PART

PROBLEM -

ASSIGN ALL

PARTS
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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 Ibf/in, F = 1800
Ibf, ¢4 =10in, and ¢ = 30 in.

The maximum tensile bending stress is 5294 @ psi.

The maximum compressive bending stress is ~-7456 @ psi.

References

Numeric Chapter: 03 Load
Response and Stress Analysis
Problem Section: 03.10
03.045.a - Normal Stresses for
Determine the Beams in Bending
maximum

tensile and

compressive

bending

stresses.

Problem 03.045.a - Determine the maximum tensile and compressive
bending stresses.

Determine the maximum tensile and compressive bending stresses. Take w = 300 Ibf/in, F = 1800
Ibf, c1 =10in, and ¢ = 30 in.

The maximum tensile bending stress is| 5294 + 2% psi.

The maximum compressive bending stress is| -7456 + 2% psi.

Explanation:

300 Ibf/in x 30in 40 in

y + 80m 1800 Ibf = 6900 Ibf

R, =

9of11 10/12/2021, 3:39 PM
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300 Ibf/in x 30 in

Ry = 5 - 30 X 1800 Ibf = 3900 Ibf

_ 39001bf _ qq:
© 3001bf/in 13 in

Mp = —18001bf x (10in) = — 18000 Ibf-in
M, — o7in = 5 (3900 1bf) x (13 in) = 25350 Ibf-in

Yy = 0.5in x (3in) +2.5in x (3in) _ 1.51in

6 in

I; = 5 (3in) x (1lin)’ = 0.25 in*

I,=-1 (1in) x (3in)’ =2.25in*

Applying parallel-axis theorem,

I = (0.25 in? + 3(1.5in- 0.5 in)2> + (2.25 in? + 3(1.5in - 0.5 in)2) — 8.5 in*

The maximum tensile and compressive bending stresses are calculated as follows:

Atx=10in, y=2.5in, o, = —

—18000 Ibf-in x (-1.5 in)

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

8.5

Atx=10in, y=2.5in, o, = —

-18000 Ibf-in x (2.5 in)

8.5

25350 Ibf-in x (-1.5) in

Atz =27in, y=-1.51in, o, =- -
0 1n

25350 Ibfin x (2.5)in

At x=27in, y=25in, o, =- -

8.5 in?
Maximum tension = 5294 psi

Maximum compression = —7456 psi

= 4474 psi

— 7456 psi

— — 3176 psi

= 5294 psi

10 of 11
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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 Vis 1875 @ psi.

References

Numeric Chapter: 03 Load
Response and Stress Analysis
Problem Section: 03.10
03.045.b - Normal Stresses for
Determine the Beams in Bending
maximum

shear stress.

Problem 03.045.b - Determine the maximum shear stress.

Determine the maximum shear stress due to V.

Tha maximum shear stress due to Vis| 1875+ 2% psi.

Explanation:

The maximum shear stress due to Vis at B, at the neutral axis.

Vinax = 5100 Ibf
Q=9 x A =125inx ((2.5) x (1) in*) = 3.125 in®

VQ 5100 Ibf x (3.125 in®)
(Tmax ) = — =
4 Ib 8.5 in* x (1 in)

— 1875 psi

10/12/2021, 3:39 PM



AVERAGE



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

score: 90/100 Points 90 «

lof11 10/12/2021, 3:41 PM



Assignment Print View

2 of 11

1.

Award: 30 out of 30.00 points

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

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, ¢ =20 mm, h =39 mm, and F =4100 N.

F N
C mm
a mm b mm L,| |,_

. - - [T

The moment of inertia is 0.989 & x10° mm4.

[ — T VA

h mm

The maximum tensile bending stress due to M is 86.3 @ MPa.

The maximum shear stress due to Vis 5.3 @ MPa.

References
Numeric Chapter: 03 Load
Response and Stress Analysis

Problem 03.036 Section: 03.10

- Find the Normal Stresses for
locations/magn Beams in Bending
itudes of the

maximum

tensile bending

stress.

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

10/12/2021, 3:41 PM
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tensile bending stress due to M and the maximum shear stress due to V. Parameters are a = 320

mm, b =160 mm, ¢ =20 mm, h =39 mm, and F =4100 N.

FN c
mm
q mm b mm I_,|_
= — [
A I B_/\ "|'
h mm

The moment of inertia is | 0.989 + 2% x105 mm*,
The maximum tensile bending stress due to M is

The maximum shear stress due to Vis| 5.3+ 2% MPa.

Explanation:

Given: a=320 mm, b =160 mm, ¢ =20 mm, h =39 mm, and F=4100 N

The moment of inertia is calculated as follows:
I =1 (20 mm)(39 mm)’ = 0.989 (10°) mm*

A = (20 mm) (39 mm) = 780 mm?

F N
a mm | b mm
o B

o
R2 N

Rl N
V(N)

R1

M Mmax
(N-m)

Mmax is at A. At the bottom of the section,
R1=1366.6667 N

Rp=2733.3333 N

(2733.3333 N x 160 mm) ( 39 )

— Mc _ 2 —
Tmax = "7~ = 0.989(10°) mm* = 86.3 MPa

Due to V, rmax is between A and Bat y = 0.

86.3+ 2% MPa.

https://ezto.mheducation.com/hm.tpx?todo=printview
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| o

Tmax —

vV_3 <2733.33332N) — 5.3 MPa
A 2\ 780mm
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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 =

45in,b=15in,¢=0.7in, h=1.8in, F1 = 2900 Ibf, and F2 = 1000 Ibf.

y

F1lbf F21bf

cin
, ¥ Ly«

= ; ; ; —x [T
Oain_/\ A bin B _/\NaimnC +
h in

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 Vis 1190 @ psi.

References
Numeric Chapter: 03 Load
Response and Stress Analysis

Problem 03.038 Section: 03.10

- Find the Normal Stresses for
locations/magn Beams in Bending
itudes of the

maximum

tensile bending

stress.

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

10/12/2021, 3:41 PM
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tensile bending stress due to M and the maximum shear stress due to V. The parameters are a =
45in,b=15in,¢=0.7in, h=1.8 in, F1 = 2900 Ibf, and F2 = 1000 Ibf.

y  Fllbf F2Ibf
<in

Y b

| ==

Oain_/\_ A bin B _/\aimnC +

h in

The moment of inertia isl 0.3402 + 2% in%.

The maximum tensile bending stress due to Mis| 171905 + 2% psi.

The maximum shear stress due to Vis| 1790 + 2% psi.

Explanation:

Given:a=4.5in,b=15in,¢=0.7 in, h=1.8in, F4 = 2900 Ibf, and F2 = 1000 Ibf.
The moment of inertia is calculated as follows:

I= 1 (0.7in)(1.8in)* = 0.3402 in*

A= (0.7in) (1.8 in) = 1.26 in?

We know that

XMy =0

Therefore,

15Rp - (1000 Ibf) (19.5in) =0

Rp = 1300 1bf

R4 = 2900 1bf - 1300 1bf 4 1000 1bf = 2600 1bf

6 of 11 10/12/2021, 3:41 PM
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w1]bf w2lbf

Ra Ibf Re Ibf
g w2
o I X
M
(N-m) X
0 \/
M

Mmax is at B. At the bottom of the section,

(4.5 in x 1000 Ibf) x ( 1'8;")

e % s s i
Omax = 03102 i 11905 psi

Due to V, Tmax is between Band C at y = 0.

Tmax —

3V 3 ( 1000 Ibf .
s === ) =11 s1
2 A 2 (1.26in2> W0p
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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.
1800 Ibf lin
300 Ibffin - |-
Al B rllv y v{(. 3in
- ~ - ling
. . | =
|-('ll..' |n’-|< 30in | l‘?_m.{
Cross section (enlarged)

References

Section Break Chapter: 03 Load

and Stress Analysis

Problem 03.045 Section: 03.10

- Determine the  Normal Stresses for
maximum Beams in Bending
tensile,

compressive,

and shear

stresses in a

beam -

DEPENDENT

MULTI-PART

PROBLEM -

ASSIGN ALL

PARTS
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Problem 03.045.a - Determine the maximum tensile and compressive

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

D

You did not receive full credit for this question in a previous attempt

bending stresses.

Determine the maximum tensile and compressive bending stresses. Take w = 300 Ibf/in, F = 1800
Ibf, ¢4 =10in, and ¢ = 30 in.

The maximum tensile bending stress is 5294 @ psi.

The maximum compressive bending stress is 1 @ psi.

References

Numeric
Response

Problem
03.045.a -
Determine the
maximum
tensile and
compressive
bending
stresses.

Chapter: 03 Load
and Stress Analysis

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 Ibf/in, F = 1800

Ibf, ¢4 =10in, and ¢z = 30 in.

The maximum tensile bending stress is| 5294 + 2% psi.

The maximum compressive bending stress is

Explanation:

-7456 £ 2% psi.
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300 Ibf/in x 30 in 40 in

Ry = XOLVR XM | o 1500 Ibf — 6900 Ibf
Ry = X0V X0 10in 1800 Ibf = 3900 Ibf
__ 39001bf __ :
© 3001bf/in 13 in

Mp = —18001bf x (10in) = — 18000 lbf-in
M, — 27in = 3 (3900 1bf) x (13 in) = 25350 Ibf-in

Yy = 0.5in x (3in) +2.5in x (3in) _ 1.5in

6 in

Iy = 5 (3in) x (1lin)’ = 0.25 in*

I,=-1(1in) x (3in)’ =2.25in"

Applying parallel-axis theorem,
I = (0.25 in? + 3(1.5in- 0.5 in)2> + (2.25 in? + 3(1.5in- 0.5 in)2) — 8.5 in*

The maximum tensile and compressive bending stresses are calculated as follows:

Atz =10in, y=25in, 0, = — —CLHXEIN _ 3176 pgj

Atz =10in, y=25in, 0, = — L PERXCIW) _ 5904 pei

25350 Ibf-in x (-1.5) in

At x=27in, y=-1.51in, 0, =- —
.0 1n

= 4474 psi

Atz =27in, y=25in, o, =- " BIR 7456 pi

Maximum tension = 5294 psi

Maximum compression = —7456 psi
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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 Vis 1875 @ psi.

References

Numeric Chapter: 03 Load
Response and Stress Analysis
Problem Section: 03.10
03.045.b - Normal Stresses for
Determine the Beams in Bending
maximum

shear stress.

Problem 03.045.b - Determine the maximum shear stress.

Determine the maximum shear stress due to V.

Tha maximum shear stress due to Vis| 1875+ 2% psi.

Explanation:

The maximum shear stress due to Vis at B, at the neutral axis.

Vinax = 5100 Ibf
Q=9 x A =125inx ((2.5) x (1) in*) = 3.125 in®

VQ 5100 Ibf x (3.125 in®)
(Tmax ) = — =
4 Ib 8.5 in* x (1 in)

— 1875 psi

10/12/2021, 3:41 PM
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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, ¢ =19 mm, h =41 mm, and F = 4800 N.

F N
C mm
a mm b mm L| (oS

- - —x [T

The moment of inertia is 1.09 @ x10° mm?.

Ty - 0 B |

h mm

The maximum tensile bending stress due to M is 87.8 @ MPa.

The maximum shear stress due to Vis 6.4 @ MPa.

References
Numeric Chapter: 03 Load
Response and Stress Analysis

Problem 03.036 Section: 03.10

- Find the Normal Stresses for
locations/magn Beams in Bending
itudes of the

maximum

tensile bending

stress.

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, ¢ =19 mm, h =41 mm, and F = 4800 N.

10/12/2021, 3:42 PM
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F N c
mm
a mm b mm I_,”.__
U0
A I B_/\ "|'
h mm

The moment of inertiais | 7.097 + 2% x105 mm*,
The maximum tensile bending stress due to Mis| 87.8+2% MPa.

The maximum shear stress due to Vis| 6.4+ 2% MPa.

Explanation:

Given: a=320 mm, b =140 mm, ¢ =19 mm, h =41 mm, and F =4800 N

The moment of inertia is calculated as follows:

3
I=2L (19mm)(41 mm)® = 1.091 (10°) mm*
A = (19 mm) (41 mm) = 779 mm?

F N
I b mm

\

a mm

o 8

R1 N R2 N
V(N)

R1

M Mmax
(N-m)

Mmax is at A. At the bottom of the section,
R1=1460.8696 N

Rp=3339.1304 N

(3339.1304 N x 140 mm) ( A )

_ Mc _ 2 _
Tmax = " = 1.091(10°) mm?* = 87.8 MPa

Due to V, 1nax is between A and Bat y = 0.

_ 3V _ 3 (3339.1304N) _
Toax = 3% = 3 (HRE0UN) _ 6.4 MPa

10/12/2021, 3:42 PM
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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=151in,¢c=0.725in, h=2in, F; = 2800 Ibf, and F2 = 1100 Ibf.

y  Fabf F21bf

[

The moment of inertia is 0.483 @ in*.

l ¥ L=

Oain_/\ A bin B _/\NamnC +
h in

The maximum tensile bending stress due to M is 7592 & psi.

The maximum shear stress due to Vis 1138 @ psi.

References
Numeric Chapter: 03 Load
Response and Stress Analysis

Problem 03.038 Section: 03.10

- Find the Normal Stresses for
locations/magn Beams in Bending

itudes of the
maximum
tensile bending
stress.

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 =
5in, b=15in,¢c=0.725in, h =2 in, F1 = 2800 Ibf, and F2 = 1100 Ibf.

10/12/2021, 3:42 PM
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y  Fabf F21bf

<in
¥ b
| >«

Oain_/\_ A bin B _/\NainC +

hin

The moment of inertia isl 0.4833 + 2% in*.

The maximum tensile bending stress due to M is | 11379 £ 2% psi.

The maximum shear stress due to Vis| 1138+ 2% psi.

Explanation:

Given: a=5in,b=15in,¢=0.725in, h=2in, F1 = 2800 Ibf, and F2 = 1100 Ibf.
The moment of inertia is calculated as follows:
I=-%(0.725 in)(2 in)® = 0.4833 in*

A = (0.725in) (2 in) = 1.45 in®

We know that

XYMy =0

Therefore,

15Rp - (1100 Ibf) (20 in) = 0

Rp = 1467 Ibf

R4 = 2800 1bf - 1467 1bf 4+ 1100 Ibf = 2433 1bf

6 of 11 10/12/2021, 3:42 PM
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w1]bf w2lbf

Ra Ibf Re Ibf
g w2
o I X
M
(N-m) X
0 \/
M

Mmax is at B. At the bottom of the section,

ve  (5imx11001bf)x (27“)
o === = = 11379 psi
max I 0.4833 in* p

Due to V, Tmax is between Band C at y = 0.

Tmax —

3V 3 ( 1100 Ibf .
s =2 === ) =1138 psi
2 A 2 (1.45 inz) p

https://ezto.mheducation.com/hm.tpx?todo=printview
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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.
1800 Ibf lin
300 Ibffin - |-
Al B rllv y v{(. 3in
- ~ - ling
. . | =
|-('ll..' |n’-|< 30in | l‘?_m.{
Cross section (enlarged)

References

Section Break Chapter: 03 Load

and Stress Analysis

Problem 03.045 Section: 03.10

- Determine the  Normal Stresses for
maximum Beams in Bending
tensile,

compressive,

and shear

stresses in a

beam -

DEPENDENT

MULTI-PART

PROBLEM -

ASSIGN ALL

PARTS
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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 Ibf/in, F = 1800
Ibf, c1 =10in, and ¢ = 30 in.

The maximum tensile bending stress is 4473 @ psi.

The maximum compressive bending stress is 7455 @ psi.

References

Numeric Chapter: 03 Load
Response and Stress Analysis
Problem Section: 03.10
03.045.a - Normal Stresses for
Determine the Beams in Bending
maximum

tensile and

compressive

bending

stresses.

Problem 03.045.a - Determine the maximum tensile and compressive
bending stresses.

Determine the maximum tensile and compressive bending stresses. Take w = 300 Ibf/in, F = 1800
Ibf, ¢1 =10in, and ¢ = 30 in.

The maximum tensile bending stress is| 5294 + 2% psi.

The maximum compressive bending stress is| -7456 + 2% psi.

Explanation:

300 Ibf/in x 30 in

R = . + 02 1800 Ibf = 6900 Ibf

9of11 10/12/2021, 3:42 PM
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300 Ibf/in x 30 in

Ry = 5 - 30 X 1800 Ibf = 3900 Ibf

_ 39001bf _ qq:
© 3001bf/in 13 in

Mp = —18001bf x (10in) = — 18000 Ibf-in
M, — o7in = 5 (3900 1bf) x (13 in) = 25350 Ibf-in

Yy = 0.5in x (3in) +2.5in x (3in) _ 1.51in

6 in

I; = 5 (3in) x (1lin)’ = 0.25 in*

I,=-1 (1in) x (3in)’ =2.25in*

Applying parallel-axis theorem,

I = (0.25 in? + 3(1.5in- 0.5 in)2> + (2.25 in? + 3(1.5in - 0.5 in)2) — 8.5 in*

The maximum tensile and compressive bending stresses are calculated as follows:

Atx=10in, y=2.5in, o, = —

—18000 Ibf-in x (-1.5 in)

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

8.5

Atx=10in, y=2.5in, o, = —

-18000 Ibf-in x (2.5 in)

8.5

25350 Ibf-in x (-1.5) in

Atz =27in, y=-1.51in, o, =- -
0 1n

25350 Ibfin x (2.5)in

At x=27in, y=25in, o, =- -

8.5 in?
Maximum tension = 5294 psi

Maximum compression = —7456 psi

= 4474 psi

— 7456 psi

— — 3176 psi

= 5294 psi

10 of 11
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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 Vis 3728 @ psi.

References

Numeric Chapter: 03 Load
Response and Stress Analysis
Problem Section: 03.10
03.045.b - Normal Stresses for
Determine the Beams in Bending
maximum

shear stress.

Problem 03.045.b - Determine the maximum shear stress.

Determine the maximum shear stress due to V.

Tha maximum shear stress due to Vis| 1875+ 2% psi.

Explanation:

The maximum shear stress due to V is at B, at the neutral axis.

Vimax = 5100 1bf
Q=7 x A’=125inx ((2.5) x (1) in?) = 3.125 in®

_ VQ _ 51001bf x (3.125in%)
(Tiax Jy = 7 = 8.5in x (1 in)

= 1875 psi

10/12/2021, 3:42 PM
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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 £, = 380 Ibf and Fy = F; = 0. The diameter Dis 2 in and the height his 2.5 in. Lengths ABand BCare 9 in. and 5 in.,
respectively.

References
Section Break Problem 03.091 - Find the principal stresses Difficulty: Medium
and maximum shear stress on a cantilevered
bar.- DEPENDENT MULTI-PART PROBLEM -
ASSIGN ALL PARTS
1, Award: 10.00 points

Problem 03.091.a - Identify the location of the critical stress element.

What is the location of the critical stress element?

O Point A in the center of rod AB

O Point Bin the center of rod AB

O Point B at the top or bottom surface of rod AB
> O Point A 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.

The critical stress element is located at point A at the top or bottom surface of rod AB.

References

Multiple Choice Problem 03.091.a - Identify the location of the Difficulty: Medium
critical stress element.
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2. Award: 20.00 points

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 stressis| 0+ 2% psi.

The bending stress is | 5322.14 + 2% psi.

The torsional shear stress is | 71209.58 + 2% psi.

Explanation:

Transverse shear is zero at the critical stress element. We need to calculate the bending stress and torsional shear stress.

o0 32(3801bf)(9 + 2) in.

gp = Me — B2M _ SEOWOOL I _ 999 14

I ad?® w(2in.)*

Tpy = I = =
e J nd® w(2in.)®

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

3. Award: 20.00 points

Problem 03.091.c - For the critical stress element, determine the principal stresses and the maximum shear stress.

Te _ 167 _ 16GS0BOGR) _jonq ne

Problem 03.091.b - Determine the Difficulty: Medium
magnitudes and directions for all stresses
acting on the critical stress element.

For the critical stress element, determine the principal stresses and the maximum shear stress.

The principal stresses are 01 =| 5584.15+ 2% psiand 02 =| -262.01+ 2% psi.

The maximum shear stress is | 2923.08 + 2% psi.

Explanation:

The principal normal stresses are

2 2

. 2\ 2
o= (a,)2 F(ma) = 53221 psi | \/(5322.214;»51) + (1209.58 psi)? = 5584.15 psi

2 51 si 2 . .
o= (%) (ree)? = 2 \/(5322'2“‘“) + (1209.58 psi)? = -262.01 psi

2 2

The maximum shear stress is

06 <\ 2
Toax = 4/ (2)° + (722) = \/(W) + (1209.58 psi)? = 2023.08 psi

The principal stresses are 01 = 5584.15 psi and 03 = -262.01 psi.

The maximum shear stress is 2923.08 psi.

References

Numeric Response

2 of 4

Problem 03.091.c - For the critical stress Difficulty: Medium
element, determine the principal stresses and
the maximum shear stress.

https://ezto.mheducation.com/hm.tpx
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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 £y, =100 Ibf and F = F, = O Ibf. The length of the rod DC denoted by L; is given to be 11in. The length of the rod AB denoted by
Ly 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.

tinR

E/

i
Iz-india

o
7-in dia.
L1in

References
Section Break Problem 03.095 - Find the principal stresses Difficulty: Medium
and maximum shear stress on a cantilevered
bar - DEPENDENT MULTI-PART PROBLEM -
ASSIGN ALL PARTS
4_ Award: 10.00 points

Problem 03.095.a - Find the critical point at section A.

Where is the critical section at A?

O On the side along the - z axis
- (O Onthe bottom of the section
On the side along the + z axis

O On the top 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.

The critical section at A is on the bottom of the section.

References

Multiple Choice Problem 03.095.a - Find the critical point at Difficulty: Medium
section A.

30of4 10/12/2020, 2:17 PM



Assignment Print View

4 of 4

5.

Award: 20.00 points

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 | 77.2045 + 2% kpsi.

The shear stress at A is determined to be | 5.6023 + 2% kpsi.

Explanation:

The moment at point A is calculated as follows:

M, = F,L, =100 Ibf x (9in + 2in) = 1100 lb-in

The torque at A is calculated as follows:

T = F,L; =100 1bf x 11in = 1100 Ib-in

The bending stress at A is in tension at the bottom of the section:

= Me _ 32 310bin 1 _ 1] 9045 kpsi

Tz I 7 7d®  ax (1) 1000
I a, kpsi
— <psi

The shear stress at A due to torsion is calculated as follows:

_ Tr _ 16T _ 16 x11001bin 1 __ .
Tex = 0T ol T axm? 1000 = 5.6023 kpsi

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 Difficulty: Medium
magnitudes and directions for all stresses
acting on the critical stress element.

Award: 20.00 points

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 o4 is determined to be | 13.525 + 2% kpsi.
The principal stress o3 is determined to be | -2.3205 + 2% kpsi.

The maximum shear stress Tyay is determined to be | 7.9228 + 2% kpsi.

Explanation:

The principal normal stresses are as follows:

2 2 11.2045 kpsi 11.2045 kpsi 2 . .
o1 =2 (%) ()t = L2 \/(f") + (5.6023 kpsi)® = 13.525 kpsi

- N2
oy =% (%) (ra)? = HETEE \/ (B2 4 (5.6023 kpsi)? = -2.3205 kpsi

The principal shear stress is as follows:

3 G\ 2
Toax = 4/ (Z) + (1) = \/ (%) + (5.6023 kpsi)? = 7.9228 kpsi

The principal stress o1 is determined to be 13.525 kpsi.

The principal stress 07 is determined to be -2.3205 kpsi.

The maximum shear stress Tmax is determined to be 7.9228 kpsi.

References

Numeric Response Problem 03.095.c - For the critical stress Difficulty: Medium
element, determine the principal stresses and
the maximum shear stress.
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Lee, Malaika

Score: 100/100 Points 100 «

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 £,=140 Ibf and = F,= 0. The

diameter Dis 2 in and the height his 2.5 in. Lengths AB and BC are 12 in. and 4 in., respectively.

References

Section Break

Problem 03.091 -
Find the principal
stresses and
maximum shear
stress on a
cantilevered bar.-
DEPENDENT MULTI-
PART PROBLEM -
ASSIGN ALL PARTS

Chapter: 03 Load and
Stress Analysis

Section: 03.11 Shear
Stresses for Beams in
Bending
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Award: 10 out of 10.00 point
1' war outo points o 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?

O Point B at the top or bottom surface of rod AB
O Point Ain the center of rod AB
v @ Point A at the top or bottom surface of rod AB

O Point Bin 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.

References

Multiple Choice Chapter: 03 Load and
Stress Analysis

Problem 03.091.a - Section: 03.11 Shear
Identify the location  Stresses for Beams in
of the critical stress Bending

element.
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Award: 20 out of 20.00 point
war outo points o 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.

References

Numeric Response

Problem 03.091.b -
Determine the
magnitudes and

Chapter: 03 Load and
Stress Analysis

Section: 03.11 Shear
Stresses for Beams in
Bending

directions for all
stresses acting on
the critical stress
element.

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 stressis| 0+ 2% psi.
The bending stress is —| 2495.55 + 2% psi.

The torsional shear stress is| 356.57 + 2% psi.

Explanation:

Transverse shear is zero at the critical stress element. We need to calculate the bending stress and torsional shear stress.

_ Mc _ _32M _ _ 32(1401bf)(12+2)in. .
Oy = I wd3 - 7r(2in.)3 = 249555 ps1
_ Tr _ 167 _ 16040bH(4in) ;
Tez = 7 = 5 T r@im) = 356.51 psi

10/12/2021, 3:43 PM



Assignment Print View

4 of 10

3.

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

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 01 = 49.93 @ psi and 0y = -2545.48 @ psi.

The maximum shear stress is 1297.71 @ psi.

References

Numeric Response Chapter: 03 Load and
Stress Analysis

Problem 03.091.c - Section: 03.11 Shear
For the critical Stresses for Beams in
stress element, Bending

determine the

principal stresses

and the maximum

shear stress.

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 g1 =| 49.93+ 2% psiand 0y = —-| 2545.48 + 2% psi.

The maximum shear stress is| 1297.71 + 2% psi.

Explanation:

The principal normal stresses are

. S\ 2
oL =% 4 (&)2 N (Tmz)2 _ —2495.255 psi \/(—2495.255ps1> i (356.51 psi)2 — 49.93 psi

2 -2495.55 psi
o9 = LE (7) + (Tzz)2 = 2 =

S\ 2
_ \/ ('2495'255 PS‘) +(356.51 psi)” = -2545.48 psi

The maximum shear stress is

S\ 2
Tax = A/ (%)% 4 (12:)? = \/ (2495%) + (356.51 psi)? = 1297.71 psi

10/12/2021, 3:43 PM



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

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 £,,= 200 Ibf and £y = Fz= 0 Ibf.
The length of the rod DC denoted by Ly is given to be 12 in. The length of the rod AB denoted by L5 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.

l%-ln dia

3.
7-in dia.

L1in
F* D s
References
Section Break Chapter: 03 Load and
Stress Analysis
Problem 03.095 - Section: 03.11 Shear
Find the principal Stresses for Beams in
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maximum shear
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cantilevered bar -
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PART PROBLEM -
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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?

O On the top of the section
O On the side along the - z axis
O On the side along the + z axis

v @ 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.

References

Multiple Choice Chapter: 03 Load and
Stress Analysis

Problem 03.095.a - Section: 0311 Shear
Find the critical Stresses for Beams in
point at section A. Bending
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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.

References

Numeric Response
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Section: 03.11 Shear
Stresses for Beams in
Bending

directions for all
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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 | 72.2231 + 2% Kkpsi.

Explanation:
The moment at point A is calculated as follows:
M, = F,Ly = 200 Ibf x (10 in + 2 in) = 2400 lb-in

The torque at A is calculated as follows:

T =F,L; =2001bf x 12in = 2400 Ib-in

The bending stress at A is in tension at the bottom of the section:

_ Mg 32M, _ 32x24001b-in 1 :
Op="p =5 = (L) 1000 = 24.4462 kpsi
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The shear stress at A due to torsion is calculated as follows:

_ Tr __ 16T __ 16 x2400lbsin 1 __ :
Tee = T = 05 = X BNER o = 12.2231 kpsi
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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 g1 is determined to be 29.5092 @ kpsi.

The principal stress oy is determined to be -5.063 @ kpsi.

The maximum shear stress Tax is determined to be 17.2861 @ kpsi.

References

Numeric Response

Problem 03.095.c -
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stress element,
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principal stresses
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Chapter: 03 Load and
Stress Analysis

Section: 03.11 Shear
Stresses for Beams in
Bending

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 04 is determined to be | 29.5092 + 2% kpsi.

The principal stress o9 is determined to be | -5.063 + 2% kpsi.

The maximum shear stress 1y« is determined to be | 17.2867 £ 2% kpsi.

Explanation:

The principal normal stresses are as follows:

Oz

2

24.4462 kpsi

2

. 2
o1 = % 4 [ (%) 4 (1)? = BMO S \/ ( > ) + (12.2231 kpsi)® = 29.5092 kpsi

) A\ 2
oy = - (%)2 1 (7'“)2 _ 244462kpsi _ \/(24.4462kp51) + (12.2231 kpsi)2 — -5.063 kpsi

2 2

The principal shear stress is as follows:
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S\ 2
Tax = 1/ (%) + (722)? = \/(2444‘;2“1’) + (12.2231 kpsi)? = 17.2861 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 F,= 260 Ibf and Fy= F;=0. The
diameter Dis 3 in and the height his 3.5 in. Lengths AB and BC are 15 in. and 5 in., respectively.

References
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Award: 10 out of 10.00 point
1' war outo points o 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?

v @ Point A at the top or bottom surface of rod AB
O Point A in the center of rod AB
O Point B at the top or bottom surface of rod AB

O Point Bin 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.

References

Multiple Choice Chapter: 03 Load and
Stress Analysis

Problem 03.091.a - Section: 03.11 Shear
Identify the location  Stresses for Beams in
of the critical stress Bending

element.
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Award: 13.33 out of 20.00 points o 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.

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 stressis| 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.

_ _ Mc __ _32M __ 32(260 1bf)(15 + 2) in. _ .
Oy = I wd3 - 7r(3in.)3 - 166747 ps1
_ Tr _ 167 _ 16Q2601H(6in) ;
Tz = J nd? - 7r(3in.)3 = 245.22 ps1
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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 g4 = 35.31 @ psiand 0o =-1702.8 @ psi.

The maximum shear stress is 869.05 @ psi.

References
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Problem 03.091.c -
For the critical
stress element,
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principal stresses
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Chapter: 03 Load and
Stress Analysis

Section: 03.11 Shear
Stresses for Beams in
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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 g1 =

The maximum shear stress is

Explanation:

The principal normal stresses are

g1

02

- %= _ (&)2 N (Tm)z _ -1667.47 psi

869.05+ 2% psi.

35.31+ 2% psiand 0y = - 1702.79 £ 2% psi.

2

) N\ 2
— % (&)2 N (Tmz)2 _ -1667.47 psi i \/(—1667.247ps1> + (245.22 psi)2 — 35.31 psi

2

The maximum shear stress is

Tmax =

2

SN\ 2
B \/(-1667.47p51> + (245.22 psi)? = -1702.79 psi

S\ 2
(%) + (ra) = \/ () + (245.22 psi)” = 869.05 psi
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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 £, =150 Ibf and Fyx= F; =0 Ibf. The
length of the rod DC denoted by L; is given to be 10 in. The length of the rod AB denoted by L5 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.

l%-ln dia

3.
7-in dia.

L1in
F* D s
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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?

O On the side along the + z axis
O On the side along the - z axis
O On the top of the section

v @ 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.

References

Multiple Choice Chapter: 03 Load and
Stress Analysis

Problem 03.095.a - Section: 0311 Shear
Find the critical Stresses for Beams in
point at section A. Bending
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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.

References
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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 | 76.8068 + 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:

M, = F,Ly = 150 Ibf x (9 in + 2 in) = 1650 lb-in
The torque at A is calculated as follows:

T =F,L; =1501bf x 10in = 1500 Ib-in

The bending stress at A is in tension at the bottom of the section:

_ M. _ 32M. _ 32x1650lbin 1 __ :
oo == = P o — 16.8068 kpsi
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The shear stress at A due to torsion is calculated as follows:

_ Tr _ 16T _ 16x1500lbin 1 _ :
Tee= 5T 5T ()} 1000 7.6394 kpsi
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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 g is determined to be 19.7602 @ kpsi.

The principal stress o2 is determined to be -2.9535 @ kpsi.

The maximum shear stress Tax is determined to be 11.3568 @ kpsi.

References

Numeric Response
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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 o4 is determined to be | 79.7602 + 2% kpsi.

The principal stress o9 is determined to be | -2.9535 + 2% Kpsi.

The maximum shear stress 1y« is determined to be | 77.3568 + 2% kpsi.

Explanation:

The principal normal stresses are as follows:

Oz

2

2 2

. i\ 2
o1 =T A () + (1) = 20508 kesE \/ ( 108058 kp&) + (7.6394 kpsi)® = 19.7602 kpsi

. 2
oy = T (%)2 4 (1) = 16.8068 kpsi \/(16.8068 kp51) + (7.6394 kpsi)? = -2.9535 kpsi

2 2

The principal shear stress is as follows:
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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 £, =380 Ibf and Fy= F,=0. The
diameter Dis 2 in and the height his 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 o 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?

O Point A in the center of rod AB
O Point Bin the center of rod AB
v @ Point A at the top or bottom surface of rod AB

O 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
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Problem 03.091.a - Section: 03.11 Shear
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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 @ 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 stressis| 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.

_ Me _ 32M _ 32(380bH(10+2)in. _ )
Oz =—"7 =~ 5 = "@in)? = -5805.97 psi
_ Tr _ 167 _ 16G80DA(Ain) ;
Ter = 5 T T 2in)’ = 967.66 psi
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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 01 = 157.03 @ psi and 0y = -5963 @ psi.

The maximum shear stress is 3060.02 @ psi.

References
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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 g1 =

The maximum shear stress is| 3060.02 + 2% psi.

Explanation:

The principal normal stresses are

g1

02

- %= _ (2)2 N (Tm)z __ -5805.97 psi

157.03 £ 2% psiand op = - 5963 + 2% psi.

2

. S\ 2
— % (&)2 N (Tmz)2 __ -5805.97 psi + \/(—5805.297ps1> i (96766 psi)2 — 157.03 psi

2

The maximum shear stress is

Tmax =

2

o\ 2
B \/( -5805.97 p51> + (967.66 psi)2 = -5963 psi

S\ 2
(%) + (ra) = \/ (m) + (967.66 psi)® = 3060.02 psi
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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 £, =300 Ibf and £y = F;= 0 Ibf.
The length of the rod DC denoted by Ly is given to be 14 in. The length of the rod AB denoted by L 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?

O On the top of the section
O On the side along the + z axis
v @ On the bottom of the section

O 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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Problem 03.095.a - Section: 0311 Shear
Find the critical Stresses for Beams in
point at section A. Bending
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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.

References

Numeric Response
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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 | 33.67135+ 2% kpsi.

The shear stress at A is determined to be | 271.3904 + 2% Kkpsi.

Explanation:

The moment at point A is calculated as follows:

M, = F,Ly = 300 Ibf x (9 in + 2 in) = 3300 lb-in
The torque at A is calculated as follows:

T =F,L; =3001bf x 14 in = 4200 Ib-in

The bending stress at A is in tension at the bottom of the section:

_ Mc _ 32M, _ 32x3300lbin 1 _ .
Op =" =" 5= (L) 1000 = 33.6135 kpsi

10/12/2021, 3:47 PM



Assignment Print View

-

~— T psi

The shear stress at A due to torsion is calculated as follows:

_ Tr _ 16T _ 16x4200lbin 1 _ :
Tz =7 = 5= o (Lin) 1000 = 21.3904 kpsi

https://ezto.mheducation.com/hm.tpx?todo=printview
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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 g4 is determined to be kml & kpsi.

The principal stress oy is determined to be klm, & kpsi.

The maximum shear stress Ty« is determined to be klm,; & kpsi.

References

Numeric Response Chapter: 03 Load and
Stress Analysis

Problem 03.095.c - Section: 03.11 Shear
For the critical Stresses for Beams in
stress element, Bending

determine the

principal stresses

and the maximum

shear stress.

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 o4 is determined to be | 44.01 £ 2% kpsi.
The principal stress oy is determined to be | -710.3965 + 2% kpsi.

The maximum shear stress 1y« is determined to be | 27.2033 £ 2% kpsi.

Explanation:

The principal normal stresses are as follows:

. S\ 2
o1 =% 4+ /(%) + (1,.)7 = BEBd \/ (S05)7 4 (21,3904 kpsi)® = 44.01 kpsi

. -\ 2
o= % -\ (F) + (1) = 2O \/ (33'61?;5 kps‘) + (21.3904 kpsi)® = -10.3965 kpsi

The principal shear stress is as follows:

10/12/2021, 3:47 PM
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S\ 2
Tmax = ) (2)7 + (722)? = \/(3361?;5“1’) + (21.3904 kpsi)® = 27.2033 kpsi
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1. Award: 20.00 points
Problem 04.010 - Deflection and stress of a cantilevered beam using superposition

The figure shows a cantilever consisting of steel angles size 100 mm x 100 mm x 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.

¥

F

e g ————————

1 kN/m

22e 101NN NRANIN] R ;
Ay S

The deflection at B is | 22.3+2% mmin the downward ~ direction.
The maximum magnitude of stress in the beam isl 147 £ 2% MPa. The nature of the stress is compressive -« .

Explanation:

From Table A-6: Properties of Structural-Steel Equal Legs Angles, for each angle, I1. = 207 cm?. Thus, | = 2(207 cm#) (104) = 4.14x10% mm?*.

Tﬂ\

o
2

g
B
-

-
‘

-
L/
g

~d
Y
—
—|

[— 100 mm —h—‘

From Table A-9: Shear, Moment, and Deflection of Beams, use beam 2 with F = 2150 N, a = 2.97 mm, and | = 1.94 mm; and use beam 3 with w = 1 N/mm and | = 3000 mm.

The deflection at point A due to point load F can be denoted by y1.

2 Cantilever—intermediate load

c

Ymax = o (a - 31)

Fa?
Y1 = sBr (a - 31)
The deflection at point A due to uniformly distributed load w can be denoted by y2.

3 Cantilever—uniform load

—

) -
M, 'R
1

o wt
Ymax = ~gp7

wl

Y2 = "%pr
By the principle of superposition, the total deflection can be obtained by summing up the deflections due to both the loadings.

y=y1+y2

_ Fa? wl
Ymax = g7 (a 31) SET

(2150 N) (1940 mm)?

_ (1 N/mm) (2070 mm)*
6(207x10° N/mm?) (4.14x10° mm?)

[1940 mm—3 (2970 mm)] — ———— =
8(207x10° N/mm?) (4.14x10° mm?)

Ymax
Ymax =-22.3 mm

The deflection at B is 22.3 mm in the downward direction.
Mo =~ Fa— (%)

(1 N/mm) (2070 mm)*

M, = —(2150 N x 1940 mm) — [ ;

M, = -8.5815 x 10° N-mm

20f6 11/2/2020, 10:08 PM
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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 walll. This stress is

p My (-8.5815x10° N-mm) (~71 mm)
mar r 4.14x10° mm*

Omax = -147 MPa
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 Difficulty: Medium
cantilevered beam using superposition

Award: 20.00 points

Problem 04.011 - Use superposition to select a pair of channels to meet design constraints

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 Ibf and F2 = 300 Ibf.
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% Ibft.

Explanation:

» 450 Ibf 300 1bf

G fi A1 1014 -

A B

_ l4ft 10 ft —
Ro = 4% (450 mm) + 122 (300 mim) — 465 Ibt

Re= St (450 mm) + 100 (300 mm) — 285 Ibf

My = 465 Ibf x (6 x 12) in = 33.48 x 103 Ibf-in

Mj = (33.48 x 103 Ibf) + 15 Ibf x (4 x 12) in = 34.20 x 103 Ibf-in
Miax _ 3421bfin _ i3

=55 = 5= Z7=2.28in

Omax =

For deflections, use beams 5 and 6 of Table A-9:

_ Fall-(1/2) [(é)z La? Zlé] _ B

Yoo —  oB1 BT
. 450 Ibf x 72 inx120in . 3001 x (240 in’
~05in= WO (1o 4 g2 g2 g S0DEx (00
6 % 30 x 10° psi x I x (240 in) 48 x 30 x 10° psi x I

I=1260in* = I/2=6.30in*

Select two 5 in-6.7 Ibf/ft channels. From Table A-7, | = 2 x 7.49 in* = 14.98 in* and Z =2 x 3.00 in3 = 6.00 in3.

_1260in (1Y _ .
Ymidspan = 749810 (*5) = —0.421 in

_ 34.2kpsi
Tmax = 00 kpsi

= 5.70 kpsi
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 Ibf/ft.

References

Numeric Response Problem 04.011 - Use superposition to select Difficulty: Medium
a pair of channels to meet design constraints

11/2/2020, 10:08 PM
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3. Award: 20.00 points
Problem 04.012 - Determine the deflection of a shaft using 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 340 Ibf, w = 120 Ibf/ft,
and a=14in.

F
W
A
1.5 in-dia. shaft

The magnitude of the deflection of the steel shaft at A isl 0.0786 + 2% inch in the dewnward ~ direction.
The magnitude of the deflection at midspan is | 0.0836 + 2% inch in the downward « direction.
The percentage difference is| 6.39 + 2% %.

Explanation:

I=g(15 in)* = 0.2485 in* 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, withb =24 in and 1 =38 in,
The deflection at point A due to point load F can be denoted by y;.
6 Simple supports—intermediate load

¥

YAB = (f,ﬁf, [2* +b* — 1]

y1 = %[d2 +0? -1

The deflection at point A due to uniformly distributed load w can be denoted by y2.

7 Simple supports—uniform load

y= g 2 2 - 1)
W= g (2 — )

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=iela? + b~ )+ ge (2a? — a® - )

GOLICLULR) (14 in)? 1 (24 in)? (38 in)?]

Ya = 6(30x10° psi) (0.2485 in") (38 in)
m\m) )
(a4 2 3 3
(24in)(30x10° psi)(0.2485 in*) (2 (38 in)(141n)” — (14in)” — (38 in)"]
y4 =-0.0786 in

The deflection of the steel shaft at A is 0.0786 inch in the downward direction.
At z=)=19in,
_ Fall-(1/2)] {12 2 i w(l/2) 1\2 N3 3
y="gmr (z) +a® =23+ 5 2(5) — (5)" — ¥
(340 Ibf)(14 in)(19 in)
6(30x10° psi) (0.2485 in*)(38 in)

y= [(19 in)®+(14 in)*— (38 in)?]

( 150 Ibf/

24(30;0‘:':533(:.:;: o [2(38 in)(19 in)®—(19 in)*—(38 in)?]
=-0.0836 in.
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.

(-0.0836 in) - (-0.0786 in)

Percentage difference = 00786 in x 100 = 6.39%

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 Difficulty: Medium
a shaft using superposition

4. Award: 20.00 points
Problem 04.014 - Use superposition to determine the tip deflection of a cantilevered tube

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 Ibf and the magnitude of force (F2) to be 209 Ibf.

F1 F2
| 2ft l 24t
x
‘ 7 ———j—__‘__}
B
The deflection at B is | 2+ 2% inch in the downward ~ direction.

Explanation:

For a tubular cross section with inner diameter d; and outer diameter d,, the area moment of inertia is given by
_ w4 4
I=7(dd—d})
s \d PRV il
I'=g[(2in)" — (1.5in)"] = 0.5369 in
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.

1 Cantilever—end load

M,
R’

Fi?

Ymax = ~3p7
_ Fpl®
Y= " 3mr

The deflection at point A due to point load F4 can be denoted by yo.

2 Cantilever—intermediate load

M,
RI

_ Fa
Ymax = gpp (a - 31)
Yo = ?‘Ta; (a - 31)

By the principle of superposition, the total deflection can be obtained by summing up the deflections due to both the loadings.

Y=y1+y2

_ Rl | Fad® o1y _ —(2091bD[(4ft)(12 in/ft)]* (306 1bf)[(2 £t)(12 in./ft)] . _ .
Y8 =~ g5 * eer (@730 = 3(10.4x10° psi) (0.5369 in*)  6(10.4x10° psi)(0.5369 in') [(2 f)(12 in/f6) — 3(4 £t)(12 in/ft)]
yp=-2in

The deflection at B is 2 inch in the downward direction.

References

Multi-Answer Problem 04.014 - Use superposition to Difficulty: Easy
determine the tip deflection of a cantilevered
tube
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5. Award: 20.00 points
Problem 04.016 - Use superposition to determine the minimum diameter of a steel shaft

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 Fp = 365 N, Fg =460 N, and Fc = 365 N. The dimensions shown are
given in mm.

4
250 o+ 250 | 250+ 250

Fa  |Fs  |Fe

D
Y —
A P [

The minimum diameter of the steel shaftis | 31.43 +2% mm.

Explanation:
_ T g4
I=gd
From Table A-5, E = 207(10%) MPa.
From Table A-9, beams 5 and 9, with F¢ = Fa = F, by superposition,

sy, | P8l + 2Fa(4a” — 31%)]

_ FgP Fa 2 2 _
yB——A;’T+ﬁ(4a 731) = I=

3
1 2 2
20T 10 NPy 2.0 mm) {7460 N (1000 mm) +2(365) N (250 mm) [4(250 mm)“ — 3(1000 mm) ]}

I = 47924.29 mm*

d= /%1 = /% (47924.29 mm") = 31.43 mm

The minimum diameter of the steel shaft is 31.43 mm.

References

Numeric Response Problem 04.016 - Use superposition to Difficulty: Medium
determine the minimum diameter of a steel
shaft
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Award: 20 out of 20.00 points

o You did not receive full credit for this question in a previous attempt

Problem 04.010 - Deflection and stress of a cantilevered beam using superposition

The figure shows a cantilever consisting of steel angles size 100 mm x 100 mm x 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,anda=2m.

v

A

-l‘—a-

1 kN/m

S .

i

X

| [ 17
$‘HFY1;

teayl,
-1

A

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

Problem 04.010 -
Deflection and stress
of a cantilevered
beam using
superposition

Chapter: 04 Deflection and
Stiffness

Section: 04.05 Beam
Deflections by Superposition

Problem 04.010 - Deflection and stress of a cantilevered beam using superposition

The figure shows a cantilever consisting of steel angles size 100 mm x 100 mm x 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,anda=2m.




A
t~
Y

-q—a-

1 kKN/m

-1 A
The deflection at B isl 22.9 + 2% mm in the downward @ direction.
The maximum magnitude of stress in the beam isl 149 + 2% MPa. The nature of the stress is compressive @.

Explanation:

From Table A-6: Properties of Structural-Steel Equal Legs Angles, for each angle, 11.1 = 207 cm?. Thus, | = 2(207 cm?) (10%) =
4.14x108 mm?.

(.

_"\.\

-2

——
o

~_ .
R

[— 100 mm —h‘

mn

—|i5!

From Table A-9: Shear, Moment, and Deflection of Beams, use beam 2 with F = 2150 N, a = 2.97 mm, and | = 2 mm; and use beam 3
with w =1 N/mm and | = 3000 mm.

The deflection at point A due to point load F can be denoted by y4.

2 Cantilever—intermediate load

i
—-— b
F
|4 F i C
G/l e
M,
R'.

Ymax = % (CL - 3l)
Yy = é%j(a—Sl)

The deflection at point A due to uniformly distributed load w can be denoted by y».




3 Cantilever—uniform load
.".

!

LS
P EEEEEIETEIEIXNER’
_-_-_-_'_‘—‘—-—-

= x
M,
t;e,
— _wlt
Ymax = ~ g7
_ wl
Y2 = 7 3Er

By the principle of superposition, the total deflection can be obtained by summing up the deflections due to both the loadings.

y=y1+y2
2 4
Yomax = gy (0= 31) — o7

(2150 N) (2000 mm)®
6(207x10° N/mm?) (4.14x10° mm?*)

(1 N/mm) (2970 mm)*
8(207x10® N/mm?) (4.14x10° mm4*)

[2000 mm—3 (2970 mm)] —

Ymax =
Ymax =-22.9 mm

The deflection at B is 22.9 mm in the downward direction.

Mo = —Fa—(lez)

(1 N/mm) (2970 mm)?
2

M, = —(2150 N x 2000 mm) — [

M, =-8.7104 x 10® 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

My (-8.7104x10° N-mm) (—71 mm)

g. = - — =
maz I 4.14x10% mm4*

Omax = -149 MPa

The maximum stress in the beam is 149 MPa and the stress is compressive in nature.




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

Problem 04.011 - Use superposition to select a pair of channels to meet design constraints

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, F{ = 450 Ibf and Fo = 300 Ibf.

Use Table A-7 to select the smallest Imperial units channel that meets the requirements, where dimension a corresponds to the channel
length.

¥

F1 F2
G ft 41t 10 £t C
O/——Y ¥ ————n °
A B

The pair of channels that should be selected is 5 @ in long and its weight capacity is 6.7 @ Ibf/ft.

References

Numeric Response Chapter: 04 Deflection and
Stiffness

Problem 04.011 - Use  Section: 04.05 Beam
superposition to Deflections by Superposition
select a pair of

channels to meet

design constraints

Problem 04.011 - Use superposition to select a pair of channels to meet design constraints

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, Fq = 450 Ibf and Fo = 300 Ibf.

Use Table A-7 to select the smallest Imperial units channel that meets the requirements, where dimension a corresponds to the channel
length.

¥

Fi FZ
& ft 4 fi 100 ft [N
Of—¥ ¥ ———7*
A B

The pair of channels that should be selected is| 5+ 2% inlong and its weight capacity is| 6.7 + 2% Ibf/ft.




Explanation:

v 450 Ibf 300 bt

‘ 6 ft lml 10f o
r_)T

-
4 B T

_ 14 10 f _
Ro = 1 (450 mm) + lon (300 mm) = 465 Ibf

_ 6ft 10 ft _
Ro= % (450 mm) + lof (300 mm) — 9285 Ibf

My = 465 Ibf x (6 x 12) in = 33.48 x 103 Ibf-in

Mo = (33.48 x 103 Ibf) + 15 Ibf x (4 x 12) in = 34.20 x 103 Ibf-in

Mnax . i .
Omax =~ 3= = 15= 32D 7— 9 28in®

For deflections, use beams 5 and 6 of Table A-9:

_ Fiall—(1/2)] ;1\ 2 ) : .
e = e L(5) T 2] = gy

300 1bf x (240 in®)
48 x 30 x 10° psi x I

(450 Ibf x 72 inx120 in)
6 x 30 x 10° psi x I x (240 in)

—0.5in = (1202 +72% - 2402) in? —

I=12.60in* = I/2=6.30in"

Select two 5 in-6.7 Ibf/ft channels. From Table A-7, 1 =2 x 7.49in% = 14.98 in* and Z =2 x 3.00 in3 = 6.00 in3.

12.60 in 1 .
Ymidspan = T1081n (—5) = —0.4211in
 342kpsi i
Omax = §00%psi — 5.70 kpsi

Therefore, this selection suits the required criteria.




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

Problem 04.012 - Determine the deflection of a shaft using 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 Ibf, w = 145 Ibf/ft, and a = 12 in.

- O ‘I’ 24in
F ‘
W
A

1.5 in-dia. shaft

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 - Section: 04.05 Beam

Determine the Deflections by Superposition

deflection of a shaft
using superposition

Problem 04.012 - Determine the deflection of a shaft using 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 Ibf, w = 145 Ibf/ft, and a = 12 in.

- O =—|-= 24in >
F ‘
W
|8
A

1.5 in-dia. shaft

The magnitude of the deflection of the steel shaft at Ais| 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% %.




Explanation:

I= %(1.5 in)4 = 0.2485 in* 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 inand | = 36
in,
The deflection at point A due to point load F can be denoted by y4.

6 Simple supports—intermediate load

yan = L la + ¥ P

Yy = g?l [a® + b — 2]

The deflection at point A due to uniformly distributed load w can be denoted by y2.

7 Simple supports—uniform load

Vv

I

r¥¥¥¥+++f+++++++

| -

Y= 2457 (2l:132 —a’ — l3)

Y2 = 5457 (2la2 —a® 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= g’; [a® + % — I?] + S4BT (2la2 —ad — 13)

A= S pioaiss ooy (12 10)° (240" —(36 )"
( 160 If/ ) (12 in)
(24 in)(3olil1n(/)f'": psi) (0.2485 in®) 2 (36 i) (12 in)” — (12 in)” — (36 in)”
y4 —-0.0684 in

The deflection of the steel shaft at A is 0.0684 inch in the downward direction.

At z=1=18in,

all— 2 w 2 3
= P4 a2k + W (L) — (L) - )

(365 1bf) (12 in)(18 in)
6(30x 10° psi) (0.2485 in*)(36 in)

y= [(18 in)®+(12 in)*— (36 in)?]




150 Ibf/ft .
(T ) (sin)

24(30x10° psi)(0.2485 in*)

[2(36 in)(18 in)*— (18 in)® —(36 in)’]

=-0.076 in.
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.

(-0.076 in) - (-0.0684 in)
-0.0684 in

Percentage difference = x 100 = 11.07%

The percentage difference is 11.07%.




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

Problem 04.014 - Use superposition to determine the tip deflection of a cantilevered tube

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 Ibf and the magnitude of force (F2) to
be 205 Ibf.

¥
2ft ], Ift

The deflection at B is 1.97 @inch in the downward & direction.

References

Multi-Answer Chapter: 04 Deflection and
Stiffness

Problem 04.014 - Use Section: 04.05 Beam
superposition to Deflections by Superposition
determine the tip

deflection of a

cantilevered tube

Problem 04.014 - Use superposition to determine the tip deflection of a cantilevered tube

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 Ibf and the magnitude of force (F2) to
be 205 Ibf.

¥
21t l 1ft

The deflection at Bis| 1.97 + 2% inch in the downward @ direction.

Explanation:

For a tubular cross section with inner diameter d; and outer diameter d,, the area moment of inertia is given by




I & (- a)
o .. \4 o \41 .4
I'=g[(2in)" — (1.5in)"] = 0.5369 in

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 F» can be denoted by y4.

1 Cantilever—end load

-

_ _

Ymax = T 3p7
B Fpl?
V1= 7 3Er

The deflection at point A due to point load Fq can be denoted by y».

2 Cantilever—intermediate load

!
|<—(.l ]
3
C [4 -
(O] | e — <
M,
f.
_ Fa? l
Ymax = gr \ @ — 3
Fya?
Yo = GAW (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
s = — 52’,3 " Igg (a—31) — —(205 Ibf)[(4 ft)(12 in/ft)] (302 1bf)[(2 £t) (12 in. /ft)] [(2 £6)(12 in/8t) — 3(4 ££)(12 in/ft)]

3(10.4x10° psi)(0.5369 in*) ~ 6(10.4x10° psi)(0.5369 in)

yp =-1.97in




Award: 20 out of 20.00 points
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Problem 04.016 - Use superposition to determine the minimum diameter of a steel shaft

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 Fp = 350 N, Fg = 450 N, and Fc = 350 N. The dimensions shown are given in mm.

b.
250 —)-\-+ 250 +}« 250 $ 250

Fa Fe Fc

A B C

The minimum diameter of the steel shaftis 31.38 @ mm.
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Problem 04.016 - Use superposition to determine the minimum diameter of a steel shaft

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 Fp = 350 N, Fg = 450 N, and F¢c = 350 N. The dimensions shown are given in mm.

b.
250 —»-I-— 250 +|-«— 250 —-|-<— 250

Fa Fe Fc

o

The minimum diameter of the steel shaftis| 31.38 + 2% mm.

Explanation:




_ 7 g4
I=72d
From Table A-5, E = 207(103) MPa.

From Table A-9, beams 5 and 9, with Fc = Fa = F, by superposition,

Fpl® Fa 1
yp = —qgr + e (162 = 38) = I = b [-Fl’ + 2Fa(4a’ - 32)]

3
_ 1 _ 2 2
[ = T { 450 N(1000 mm) +2(350) N(250 mm) [4(250 mm)? — 3(1000 mm) ]}

I =47576.06 mm*

d= /21 = /% (47576.06 mm") = 31.38 mm
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1. Award: 15 out of 20.00 points

o You did not receive full credit for this question in a previous attempt

Problem 04.010 - Deflection and stress of a cantilevered beam using superposition

The figure shows a cantilever consisting of steel angles size 100 mm x 100 mm x 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,anda=1.93 m.

v

A

-l‘—a-

1 kN/m

S .

i

X

| [ 17
$‘HFY1;

teayl,
-1

A

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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Processing math: 100%

Problem 04.010 - Deflection and stress of a cantilevered beam using superposition

The figure shows a cantilever consisting of steel angles size 100 mm x 100 mm x 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.




A
t~
Y

-q—a-

1 kKN/m

-1 A
The deflection at B isl 21.9 + 2% mm in the downward @ direction.
The maximum magnitude of stress in the beam isl 147 + 2% MPa. The nature of the stress is compressive @.

Explanation:

From Table A-6: Properties of Structural-Steel Equal Legs Angles, for each angle, 11.1 = 207 cm?. Thus, | = 2(207 cm?) (10%) =
4.14x108 mm?.

(.

_"\.\

-2

——
o

~_ .
R

[— 100 mm —h‘

mn

—|i5!

From Table A-9: Shear, Moment, and Deflection of Beams, use beam 2 with F = 2200 N, a = 2.94 mm, and | = 1.93 mm; and use beam 3
with w =1 N/mm and | = 3000 mm.

The deflection at point A due to point load F can be denoted by y4.

2 Cantilever—intermediate load

"

i
- b
F
|4 F i C
Gr—t
M

A,

2
ymax = Fa 6<a - 3)

2
y1 = Fa 6{3 - 3)
Processing math: 100%




The deflection at point A due to uniformly distributed load w can be denoted by y».

3 Cantilever—uniform load

v

!

LS
e IEEXEEEEXIEEEIER’
_-_-_-_'_‘—‘—-—-

M,
t;e,

- _wi%sEl

Ymax

4
y, = - wi"8El

By the principle of superposition, the total deflection can be obtained by summing up the deflections due to both the loadings.

y=y1+y2

2 4
ymax = Fa 6<a - 3) —wl "8ElI

Ve = (2200 N) (1930 mm)26(207x10% Nimm?) (4.14x108 mm*)1930 mm-3 (2940 mm)] - (1 N/mm) (2940 mm)*8(207x10% N/mm?

Ymax =-21.9 mm

The deflection at B is 21.9 mm in the downward direction.

2
MO= —Fa(Wl 2)

My = - (2200 N x 1930 mm) [(1 N/mm) (2940 mm)za

M, = -8.5678 x 10 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

Oy = =WV = - (-8.5678x108 N-mm) (-71 mm)4.14x108 mm*

Omax = -147 MPa

The maximum stress in the beam is 147 MPa and the stress is compressive in nature.

Processing math: 100%
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Problem 04.011 - Use superposition to select a pair of channels to meet design constraints

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, F{ = 450 Ibf and Fo = 300 Ibf.

Use Table A-7 to select the smallest Imperial units channel that meets the requirements, where dimension a corresponds to the channel

length.
y
F1 F2
6 ft 4 fi 10 fi C
O/——Y ¥ ————n °
A B

The pair of channels that should be selected is 5 @ in long and its weight capacity is 6.7 @ Ibf/ft.
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Problem 04.011 - Use superposition to select a pair of channels to meet design constraints

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, Fq = 450 Ibf and Fo = 300 Ibf.

Use Table A-7 to select the smallest Imperial units channel that meets the requirements, where dimension a corresponds to the channel

length.
v
Fi F2
& fi 4 fi 10 fi C
Of—¥ ¥ ———7*
A B

The pair of channels that should be selected is| 5+ 2% inlong and its weight capacity is| 6.7 + 2% Ibf/ft.

Processing math: 100%




Explanation:

v 450 bt 300 Ibt

_ ‘ 6 f l A1t l 0f -
o

_—
1 --1 B T
R, R

I’

Rg = 14 ft20 f(450 mm) + 10 ft20 f(3oo mm) = 465 Ibf

Rg =6ft20 f(450 mm) + 10 ft20 f(300 mm) = 285 Ibf

My = 465 Ibf x (6 x 12) in = 33.48 x 103 Ibf-in
My = (33.48 x 103 Ibf) + 15 Ibf x (4 x 12) in = 34.20 x 103 Ibf-in
Mo Z = 15=342IbfinZ 7=2 2g8ind

o max

max ~

For deflections, use beams 5 and 6 of Table A-9:

2
Ylye1oft = F1a[l—(I/2)]6EII(I2) + a2 212 - Fp1348El
~0.5in = (450 Ibf x 72inx120 in)6 x 30 x 108 psi x | x (240 in(1202 +722_ 2402) in2 _ 300 Ibf x(240 in3)43 %30 x 105 osi x |

I=12.60 in = 1/2=6.30 in*

Select two 5 in-6.7 Ibf/ft channels. From Table A-7, 1 =2 x 7.49in% = 14.98 in* and Z =2 x 3.00 in3 = 6.00 in3.

Ymidspan = 12.60in14.98 Ir( - 12) =-0.421in

Omax = 34.2 kpsi6.00 kpsi = 5. 70 kpsi

Therefore, this selection suits the required criteria.

Processing math: 100%
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Problem 04.012 - Determine the deflection of a shaft using 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 340 Ibf, w = 115 Ibf/ft, and a = 14 in.

- O ‘I’ 24in
F ‘
W
A

1.5 in-dia. shaft

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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Problem 04.012 - Determine the deflection of a shaft using 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 340 Ibf, w = 115 Ibf/ft, and a = 14 in.

- O =—|-= 24in >
F ‘
W
|8
A

1.5 in-dia. shaft

The magnitude of the deflection of the steel shaft at Ais| 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 nercentage difference is| 6.34+2% %.
Processing math: 100%




Explanation:

4

| = 1"64(1 .5in)" =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 inand | =38
in,
The deflection at point A due to point load F can be denoted by y4.

6 Simple supports—intermediate load

yag = FOXBEIZ + b2 - 12]

yq = FbabEll[z2 + p2 - |2

The deflection at point A due to uniformly distributed load w can be denoted by y2.

7 Simple supports—uniform load
¥

I

SRRTRRZTRETRREE!

B Ry

y= WX24E(2|X2 —y3- |3)

y2 = W324E(2|32 - a3 - |3)

By the principle of superposition, the total deflection can be obtained by summing up the deflections due to both the loadings.

y=y1ty2
y = FbabElla2 + p2 — |27 4 wa24E(2|a2 —ad- |3)

y 5 = (340 Ibf)(24 in)(14 in)6(30x108 psi)(0.2485 in#)(38 iN)[(14 in)2+(24 in)2-(38 in)?]

»(150 Ibf/ft12 iln/‘°t)(14 in)(24 in)(30x10° psi)(0.2485 in")2 (38 in)(14 in)2 - (14 in)3 - (38 in)3]

yp =-0.0772in
The deflection of the steel shaft at A is 0.0772 inch in the downward direction.

Atx=12=19in,

Processing math: 100%




2 2 3,
y=Fa[I—(I/2)]6EII(I2) +a _2|I2]+W(I/2)24EI[2(I2) _(|2) -1

y = (340 Ibf)(14 in)(19 in)6(30><106 psi) (0.2485 in*)(38 iN)[(19 in)2+(14 in)2-(38 in)2]

»(150 Ibf/ft12 in’ﬂ)(19 in)24(30x10° psi)(0.2485 in*)[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 = (-0.0821in) - (-0.0772in)-0.0772 in x 100 = 6.34%

The percentage difference is 6.34%.

Processing math: 100%
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Problem 04.014 - Use superposition to determine the tip deflection of a cantilevered tube

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 Ibf and the magnitude of force (F2) to
be 202 Ibf.

¥
2ft ], Ift

The deflection at B is 1.95 @inch in the downward @ direction.
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Problem 04.014 - Use superposition to determine the tip deflection of a cantilevered tube

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 Ibf and the magnitude of force (F2) to
be 202 Ibf.

¥
21t l 1ft

The deflection at Bis| 1.95 + 2% inch in the downward @ direction.

Explanation:

- Eara tubular cross section with inner diameter d; and outer diameter d,, the area moment of inertia is given by
Processing math: 100%




= 16 -
(o)

| = 6472 iny* - (1.5in)*] = 0.5369 in*
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 F» can be denoted by y4.

1 Cantilever—end load

3
Ymax = - FI¥3EI

3
yq= - FgI 3El

The deflection at point A due to point load F4 can be denoted by y».

2 Cantilever—intermediate load

o —= b

2
y2=FAa 6(3—:)

By the principle of superposition, the total deflection can be obtained by summing up the deflections due to both the loadings.

Yy=y1+ty2

3 2 _ 3 6 . 4 . 2 6 ..
YR = _FBI 3EI+FAa 6El(a_3|)= (202 Ibf)[(4 ft)(12 in/ft)]~3(10.4x10~ psi)(0.5369 in ") 4+ (309 Ibf)[(2 ft)(12 in./ft)]“6(10.4%x10™ psi)(0.5
yg =-1.95in

Processing math: 100%
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Problem 04.016 - Use superposition to determine the minimum diameter of a steel shaft

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 Fp = 395 N, Fg =450 N, and Fc = 395 N. The dimensions shown are given in mm.

b.
250 —)-\-+ 250 +}« 250 $ 250

Fa Fe Fc

A B C

The minimum diameter of the steel shaft is 31.6 @ mm.
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Problem 04.016 - Use superposition to determine the minimum diameter of a steel shaft

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 Fpo = 395 N, Fg =450 N, and F¢c = 395 N. The dimensions shown are given in mm.

b.
250 —»-I-— 250 +|-«— 250 —-|-<— 250

Fa Fe Fc

o

The minimum diameter of the steel shaftis| 31.61 + 2% mm.

Explanation:

Processing math: 100%




| = T64g4

From Table A-5, E = 207(103) MPa.

From Table A-9, beams 5 and 9, with Fc = Fa = F, by superposition,
3
yg = - Fpl48El + Fa2elll 42239 = 1= 148Eypl-Fpd+ 2Fa(4a2 - 3|2)]

3
| = 148(207 x 10° MPa)(-2.04 mm{—450 N(1000 mm) + 2(395) N(250 mm)[4(250 mm)? - 3(1000 mm)2}

| = 48996.17 mm?

d =\7/641T| =\7/64"(48996.17 mm4) =31.61 mm

Processing math: 100%
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Problem 04.010 - Deflection and stress of a cantilevered beam using superposition

The figure shows a cantilever consisting of steel angles size 100 mm x 100 mm x 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.

y

A
t~
Y

—-‘70'

1 kN/m

iw WAL
2l 4

The deflection at Bis 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 @.

|||||. X
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Problem 04.010 - Deflection and stress of a cantilevered beam using superposition

The figure shows a cantilever consisting of steel angles size 100 mm x 100 mm x 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.




A
t~
Y

-q—a-

1 kKN/m

11 A
The deflection at B isl 23.4 + 2% mm in the downward @ direction.
The maximum magnitude of stress in the beam isl 157 + 2% MPa. The nature of the stress is compressive @.

Explanation:

From Table A-6: Properties of Structural-Steel Equal Legs Angles, for each angle, /1.1 = 207 cm?. Thus, / = 2(207 cm?) (10%) =
4.14x108 mm?.

(.

_"\.\

-2

——
o

~_ .
R

[— 100 mm —h‘

mn

—|i5!

From Table A-9: Shear, Moment, and Deflection of Beams, use beam 2 with F = 2450 N, a = 2.92 mm, and / = 1.99 mm; and use beam 3
with w =1 N/mm and /= 3000 mm.

The deflection at point A due to point load F can be denoted by y4.

2 Cantilever—intermediate load




The deflection at point A due to uniformly distributed load w can be denoted by y».

3 Cantilever—uniform load

v

!

LS
P EEEEEIETEIEIXNER’
_-_-_-_'_‘—‘—-—-

= x
M,
t;e,
wi*
Ymax = ~ gg
wr*
Y2= 7 s

By the principle of superposition, the total deflection can be obtained by summing up the deflections due to both the loadings.

y=y1ty2
Fa? w*
Ymax = g |2~ 3| - 3EI

_ (2450 N) (1990 mm)2 1990 3 (2920 (1 N/mm) (2920 mm)*
Ymax = 6(207x10% N/mm?) (4.14x108 mm4)[ mm=3 ( mm)] 8(207x10% N/mm?) (4.14x108 mm*)

=-23.4 mm

ymax

The deflection at B is 23.4 mm in the downward direction.

wi?
MO=_Fa_ 2

M, = - (2450 N x 1990 mm) [

(1 N/mm) (2920 mm)2]
2

M, =-9.1387 x 10° 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

My (-9.1387x10° N-mm) (71 mm)
Omax= =7 = 4.14x108 mm*

Omax = -157 MPa

The maximum stress in the beam is 157 MPa and the stress is compressive in nature.
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Problem 04.011 - Use superposition to select a pair of channels to meet design constraints

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 Ibf and F» = 300 Ibf.

Use Table A-7 to select the smallest Imperial units channel that meets the requirements, where dimension a corresponds to the channel
length.

¥

F1 FZ
G ft 4 fi 10 ft [N
O/ —y v —— °*
A B

The pair of channels that should be selected is 2 @ in long and its weight capacity is 285 @ Ibf/ft.
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Problem 04.011 - Use superposition to select a pair of channels to meet design constraints

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, Fq = 450 Ibf and Fo = 300 Ibf.

Use Table A-7 to select the smallest Imperial units channel that meets the requirements, where dimension a corresponds to the channel
length.

N

Fi F2
6t 4 fi 10 £t [N
A B

The pair of channels that should be selected is| 5+ 2% inlong and its weight capacity is| 6.7 + 2% Ibf/ft.




Explanation:

v 450 Ibf 300 bt

‘ 6 ft lml 10f o
r_)T

-
4 B T

_ 14 ft 10 ft _

Ro= 0% 450 mm | + 0% 300 mm) = 465 Ibf
_st ot _

Re = 20f 450 mm | + 20f 300 mm | = 285 Ibf

My = 465 Ibf x (6 x 12) in = 33.48 x 103 Ibf-in
Mo = (33.48 x 103 Ibf) + 15 Ibf x (4 x 12) in = 34.20 x 103 Ibf-in

Minax 34.2 Ibf-in 3
o = = 156= Z=2.281in

max z Va

For deflections, use beams 5 and 6 of Table A-9:

Fol®
48E]

Fiall- (//2)] (,
— gl

2 9 /
Yly=101t = 6Ell 3| *a —2/5]—

3
(450 Ibf x 72 inx120 in ) 3001bf x (24010

-0.5in= 1202 + 722 - 2402 | in? -
6 x 30 x 106 psi x | x (240in)

48 x 30 x 108 psi x /

/1=12.60in* = 1/2=6.30in*

Select two 5 in-6.7 Ibf/ft channels. From Table A-7, /=2 x 7.49 in% = 14.98 in* and Z =2 x 3.00 in3 = 6.00 in3.

1260 1) _
Ymidspan = 14081 | ~ 2 | T T0-4211in

_ 34.2 kpsi

Omax = .00 kpsi

=5.70 kpsi

Therefore, this selection suits the required criteria.




Award: 20 out of 20.00 points

Problem 04.012 - Determine the deflection of a shaft using 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 335 Ibf, w = 125 Ibf/ft, and a = 11 in.

- O | 24in
F ‘
L
A

1.5 in-dia. shaft

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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Problem 04.012 - Determine the deflection of a shaft using 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 335 Ibf, w = 125 Ibf/ft, and a = 11 in.

- a I 24 in |
F ‘
W
B
A

1.5 in-dia. shaft

The magnitude of the deflection of the steel shaftat Ais| 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% %.




Explanation:

/= %(1 5in)* = 0.2485 in* 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 inand /=35
in,
The deflection at point A due to point load F can be denoted by y.

6 Simple supports—intermediate load

Yag= 6EII[X +b2- 17

V= 6Ell[a +b% =]

The deflection at point A due to uniformly distributed load w can be denoted by y2.

7 Simple supports—uniform load

v

222113 TIETTTRIT!

B Ry

wx 2 3
Y= g |27 -0

wa 3
Y2 = SaE 2la%-ad -
By the principle of superposition, the total deflection can be obtained by summing up the deflections due to both the loadings.

Yy=y1ty2

Y= sEn

[a +b2—/2]+ﬁ(2/a -a —/3)

(335 Ibf)(24 in)(11 in)

- £ 12 F V2 (35 1012
Va 6(30><106psi)(0.2485in4)(35in)[(11m) *(24in)7=(351n)°]
150 Ibf/ft X
2w (111N
: f N2 _ i3 _ i013
+(24 30108 paiN0.2485 in4)[2 (35in)(11 in)“ = (11 in)° = (35 in)”]
¥4 =-0.0527 in

The deflection of the steel shaft at A is 0.0527 inch in the downward direction.

I .
Atx=5=18|n,




Fall- (112)1 [ 1\2 owarzy  [1\2 [1)\3
V=T[(§) +a’ - 2L+ [2’(5) ‘(5) o

_ (335 Ibf)(11 in)(18 in)
y= 6(30x108 psi) (0.2485 in*)(35 in)

150 Ibfff )
2w | (181n)

24(30%108 psi)(0.2485 in*

[(18 in)2+(11 in)2=(35 in)?]

)[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.

(-0.0602 in) - (-0.0527 in)

Percentage difference = 20,0527 in x 100 = 14.13%

The percentage difference is 14.13%.




Award: 10 out of 20.00 points

Problem 04.014 - Use superposition to determine the tip deflection of a cantilevered tube

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 Ibf and the magnitude of force (F2) to
be 207 Ibf.

¥

y
!

The deflection at Bis 2.1 @inch in the downward & direction.

References

Multi-Answer Chapter: 04 Deflection and
Stiffness

Problem 04.014 - Use Section: 04.05 Beam
superposition to Deflections by Superposition
determine the tip

deflection of a

cantilevered tube

Problem 04.014 - Use superposition to determine the tip deflection of a cantilevered tube

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 Ibf and the magnitude of force (F2) to
be 207 Ibf.

¥

The deflection at Bis| 17.99 + 2% inch in the downward @ direction.

Explanation:

For a tubular cross section with inner diameter d; and outer diameter d,, the area moment of inertia is given by




= a(dﬁ-d? )
/= %[(2 in)* - (1.5in)*] = 0.5369 in*

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 F» can be denoted by y4.

| Cantilever—end load

_FP
Ymax = " 3g
Fgl®

Y17 7 3

The deflection at point A due to point load F4 can be denoted by y».

2 Cantilever—intermediate load

|<— a ]
F

A '8 C

-
")

(O]

M

|

|

f
Fa?

Ymax = &g/ 128" 3/

Y2= & a-3l

By the principle of superposition, the total deflection can be obtained by summing up the deflections due to both the loadings.

yEy1ty2
Fol*  Fpa® - (207 IbHI(4 (12 in/f]S (306 IR f)(12 in /]2 _ .
Ye= " 35 * 661 @73 = 510 4x10 psij05369 i) T 6(10.4%10° psix0.5369 in) L2 V(12 IN/FY) = 3(4 (12 in/ft)]

yg=-1.99in




5. Award: 20 out of 20.00 points
Problem 04.016 - Use superposition to determine the minimum diameter of a steel shaft

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 F4 = 360 N, Fg =490 N, and F¢ = 360 N. The dimensions shown are given in mm.

b.
250 —>-|-— 250 —r|-<— 250 —-|-<— 250

Fa Fe Fc

0

The minimum diameter of the steel shaftis 32.1 & mm.

References

Numeric Response Chapter: 04 Deflection and
Stiffness

Problem 04.016 - Use  Section: 04.05 Beam
superposition to Deflections by Superposition
determine the
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Problem 04.016 - Use superposition to determine the minimum diameter of a steel shaft

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 F4 =360 N, Fg =490 N, and F¢c = 360 N. The dimensions shown are given in mm.

b.
250 *Jf* 250 +}« 250 *Jf“ 250

Fa Fe Fec

Y

The minimum diameter of the steel shaftis| 37.74 + 2% mm.

Explanation:




™
— 4
/—64d

From Table A-5, E = 207(103) MPa.
From Table A-9, beams 5 and 9, with F¢ = Fa = F, by superposition,
FB’3 Fa 1

_ 2_ap2 _
= - + - =
e asel ¥ oag |48 3 = 1= 45,

[-Fgld + 2Fa(432 - 3/2)]

1
| =
48(207 x 10% MPa)(-1.99 mm)

-490 N (1000 mm)3 + 2(360) N(250 mm |[4(250 mm)? - 3(1000 mm)?]
{reson( (o50 mm )i (1000 mmy?)

| = 49816.31 mm*

464 2ea 4
d= 1= N7 49816.31 mm~™ | = 31.74 mm
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For a bar of AISI 1030 hot-rolled steel, determine the factor of safety using the distortion-energy and maximum-shear-stress theories for the following plane stress states.

References

Section Break Difficulty: Medium

Award: 10.00 points

0y =23 kpsi, and oy, = 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% .

Explanation:

From Table A-20, Sy = 37.5 kpsi.

According to the MSS theory, 01 - 03 = S, /n, which gives n = ————.
(01— 03)

2 S,
According to the DE theory, 0’ = (a‘f4 —040B + 0%)1/2 = (UZ — 0.0y + 05 + ST}.’y)l/Z, which gives n = 7{
MSST
o1 = 23 kpsi, o2 = 15.5 kpsi, and 03 = 0

37.5 kpsi

= i 0 = 1.6304
DE
n— i _ Sy _ 37.5 kpsi — 1.8458

v/aj — o40p + 0% \/(23 kpsi)? - (23 kpsi) x (15.5 kpsi) + (15.5 kpsi)®

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

Award: 10.00 points

oy = 15.5 kpsi, and o), = -14.5 kpsi

The factor of safety from the maximum-shear-stress theory isl 1.25+ 2% , and the factor of safety from the distortion-energy theory is | 1.44+2% .

Explanation:

From Table A-20, Sy = 37.5 kpsi.

Sv
(o1 —03)

According to the MSS theory, 01 - 03 = Sy, / n, which gives n. =

1/2 1/2 S,
According to the DE theory, o’ = (a'f1 — 040B + 01?3) 2 (ag — 0,0y + 05 + 37,@) / , which gives n = Uf

MSST

o1 =15.5 kpsi, 02 =0, and 03 = -14.5 kpsi

_ 37.5 kpsi _
"= 155 kpsi — (-14.5 kpsi) 125
DE
S, S, 37.5 kpsi
n="= v = L =144

N/af‘ —oa0p +0} (155 kpsi)” - (15.5 kpsi) x (-14.5 kpsi) + (-14.5 kpsi)*
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

Numeric Response Difficulty: Medium

https://ezto.mheducation.com/hm.tpx

11/2/2020, 10:38 PM
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Award: 10.00 points

0y =21 kpsi, and 7y, = -9 kpsi

The factor of safety from the maximum-shear-stress theory isi 1.36 + 2% , and the factor of safety from the distortion-energy theory is | 1.43+2% .

Explanation:

From Table A-20, Sy = 37.5 kpsi.

. S\ 2
o4, op =20 4 (M) + (-9 kpsi)® = 24.33 kpsi, -3.33 kpsi

o1 = 24.33 kpsi, 0y =0, 03 = -3.33 kpsi

5,
According to the MSS theory, 01 - 03 = S,/ n, which gives n = .
(01— 03)

MSST

_ 37.5 kpsi _
= 533 kpsi — (-3.33 kpsi) 1.36
DE
o' = /(21 kpsi)® + 3(-9 kpsi)® = 26.15 kpsi

_ 3T5kpsi
™= 2615kpsi 1.43

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

Award: 10.00 points

0y = -12.4 kpsi, 0y, = 15.5 kpsi, and 7y, = -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 [134x2%.

Explanation:

From Table A-20, Sy, = 37.5 kpsi.

i 5 kpsi -12.4 kpsi) - (15.5 kpsi) \ 2 R . .
op, OB = (124 kpa);(lsﬁ o) 4 \/(( 124kp )2 (15,5 kp )) + (-8.2 kpsi)® = 17.73 kpsi, -14.63 kpsi

o1 = 17.73 kpsi, 02 =0, o3 = -14.63 kpsi

S,
According to MSS theory, 01 = 03 = S,/ n which gives n = .

(01— a3)
MSST

37.5 kpsi

T 1773 kpsi — (-14.63 kpsi) 116

DE

o = \/ (-12.4 kpsi)® — (-12.4 kpsi) x (15.5 kpsi) + (15.5 kpsi)® + 3(-8.2 kpsi)® = 28.1kpsi

37.5 kpsi

281kpsi 1.34

n=

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

https://ezto.mheducation.com/hm.tpx

11/2/2020, 10:38 PM
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Award: 10.00 points

0y = -23.2 kpsi, 0y = -23.2 kpsi, and 1y, = -14.5 kpsi

The factor of safety from the maximum-shear-stress theory isi 0.99 + 2% , and the factor of safety from the distortion-energy theory is | 1.1%2%.

Explanation:

From Table A-20, Sy = 37.5 kpsi.

! ) - —
o4, op = (B2H) ; (2320ps) \/( (232 kpﬁl);(—Z&Z kpsl)) + (145 kpsi)? — -8.7 kpsi, -37.7 kpsi

o1 =0, o0y =-8.7 kpsi, o3 = -37.7 kpsi

5,
According to the MSS theory, 01 - 03 = S,/ n, which gives n = .
(01— 03)
MSST
_ 3T5kpsi
n=0- (-37.Tkpsi) 0.9
DE

o' = \/ (-23.2 kpsi)® — (-23.2 kpsi) x (-23.2 kpsi) + (-23.2 kpsi)® + 3(-14.5 kpsi)® = 34.19 kpsi

37.5 kpsi
34.19 kpsi

n= =11

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

For a bar of AISI 1015 cold-drawn steel, determine the factor of safety using the distortion-energy and maximum-shear-stress theories for the following principal stresses.

References

Section Break Difficulty: Medium

Award: 10.00 points

op = 28 kpsi, and og = 28 kpsi

The factor of safety from the maximum-shear-stress theory isi 1.68 + 2% , and the factor of safety from the distortion-energy theory is | 1.68+2% .

Explanation:

From Table A-20, Sy = 47 kpsi.
op = 28 kpsi, and og = 28 kpsi
The ordered principle stresses are 01 = 28 kpsi, 0 = 28 kpsi, 03 = 0.

For the maximum-shear-stress theory,

S, 47 kpsi

(01 —03)  (28kpsi-0) 1.68

n=

For the distortion-energy theory,

5, s, 47 kpsi
n="= = . L =1.68
7 v/oj — 040p + 0} /(28 kpsi)” - (28 kpsi) < (28 kpsi) + (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 Difficulty: Medium

https://ezto.mheducation.com/hm.tpx

11/2/2020, 10:38 PM
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Award: 10.00 points

op = 28 kpsi, and og = -33 kpsi

The factor of safety from the maximum-shear-stress theory isi 0.77 £ 2% , and the factor of safety from the distortion-energy theory is | 0.89+2% .

Explanation:

From Table A-20, Sy = 47 kpsi.
op = 28 kpsi, and og = -33 kpsi
The ordered principle stresses are 01 = 28 kpsi, 02 = 0, 03 = -33 kpsi.

For the maximum-shear-stress theory,

S, 47 kpsi

= oy T @ ) 07
For the distortion-energy theory,
" S, _ S, _ 47 kpsi —0.89

[ \/oj — 0A0p + 0} B /(28 kpsi)” - (28 kpsi) < (-33 kpsi) + (-33 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 Difficulty: Medium

Award: 10.00 points

oa = 28 kpsi, and og = 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 isl 1.94+2% .

Explanation:

From Table A-20, Sy = 47 kpsi.
oa = 28 kpsi, and og = 13.5 kpsi
The ordered principle stresses are 01 = 28 kpsi, o2 = 13.5 kpsi, 03 = 0.

For the maximum-shear-stress theory,

S atkpsi
T (o1 —o3)  (28kpsi-0) 1.68

For the distortion-energy theory,

S, S, 47 kpsi
n=_= . = L =194
7 o —oarn+ah /(28 kpsi)? - (28 kpsi) x (135 kpsi) + (13.5 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 1.94.

References

Numeric Response Difficulty: Medium

https://ezto.mheducation.com/hm.tpx

11/2/2020, 10:38 PM
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Award: 10.00 points

op = -33 kpsi, and og = -14 kpsi

The factor of safety from the maximum-shear-stress theory isi 1.42 + 2% , and the factor of safety from the distortion-energy theory is | 1.64+2% .

Explanation:

From Table A-20, Sy = 47 kpsi.
op = -33 kpsi, and og = -14 kpsi
The ordered principle stresses are 01 = 0, 02 = -14 kpsi, 03 = -33 kpsi.

For the maximum-shear-stress theory,

8 4Tkpsi
[l ey e (e oy R

For the distortion-energy theory,
_ S S, 47 kpsi

ne S _ = =164
i V/7h —aon t o /(-3 Kpsi)? - (:33 kpsi) x (-14kpsi) + (14 kpsi)®

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

Award: 10.00 points

Op = -46 kpsi, and og = 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% .

Explanation:

From Table A-20, Sy = 47 kpsi.
Op = -46 kpsi, and og = 10 kpsi
The ordered principle stresses are o1 = 10 kpsi, 02 = 0, 03 = -46 kpsi.

For the maximum-shear-stress theory,

S, 47 kpsi

T (o1-0s)  (10kpsi- (-46kpsi)) 0.84
For the distortion-energy theory,
Sy Sy 47 kpsi

n="4= = 0.91

Voh —ouon +op \/(-45 kpsi)® - (~46 kpsi) x (10 kpsi) + (10 kpsi)*

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

https://ezto.mheducation.com/hm.tpx

11/2/2020, 10:38 PM
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Guerrero, Edward
score: 100/100 points 100 %
Problem 05.003 - Determination of factor of safety for principal stress states

For a bar of AISI 1030 hot-rolled steel, determine the factor of safety using the distortion-energy and maximum-shear-stress theories for the following
plane stress states.

References
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1' Award: 10 out of 10.00 points o You did not receive full credit for this question in a previous attempt

Problem 05.003.a - case where normal stresses are equal to principal stresses

0Oy = 25 kpsi, and g, = 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 - Section: 05.04 Maximum-

case where normal Shear-Stress Theory for

stresses are equal to Ductile Materials

principal stresses

Problem 05.003.a - case where normal stresses are equal to principal stresses

Ox = 25 kpsi, and g, = 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

I 1.7206 + 2% .

Explanation:

From Table A-20, Sy, = 37.5 kpsi.

s
According to the MSS theory, o1 — 03 = S,/ n, which gives n = L
a4 —03)

According to the DE th = (02 - 0405+ 02)"? = (02 - 0,0, + 02 + 372 )2, which gives n =

ccording to the eory, 0 = (0, — 0,0+ 0g = (0~ ox0,+ 0, + 31, ), whichgives n= —
MSST
01 = 25 kpsi, 0o = 15 kpsi, and 03 =0

_ 37.5 kpsi _
= 5 kpsi-0
DE

S S 37.5 kpsi

ne Y= 4 i = 1.7206

o \/af‘—aAoB+azB \/(25kpsi)2-(25kpsi)x(15kpsi)+(15kpsi)2

Processing math: 100%




2 * Award: 10 out of 10.00 points o You received credit for this question in a previous attempt

Problem 05.003.b - case where normal stresses are equal to principal stresses

0x = 15 kpsi, and g, = -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 - Section: 05.04 Maximum-

case where normal Shear-Stress Theory for

stresses are equal to Ductile Materials

principal stresses

Problem 05.003.b - case where normal stresses are equal to principal stresses

0x =15 kpsi, and 0, = -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

I 1.49+2% .

Explanation:

From Table A-20, Sy, = 37.5 kpsi.

s
According to the MSS theory, o1 — 03 = S,/ n, which gives n = L
0= 03 )

. ' 2 2\1/2 2 2 2 \1/2 . . Sy

According to the DE theory, 0 = (O'A - 0,05+ O'B) = ( x T O0x0y T O, 3er) , which gives n = —
o
MSST
o1 =15 kpsi, 02 = 0, and 03 = -14 kpsi
_ 37.5 kpsi _
M= 15 kpsi— (14 kpsi) ~ 129
DE
S S 37.5 kpsi

n=—= 4 = = 1.49

o \/gi-aAaBafaZB /(15 kpsi)2- (15 kpsi) x (-14 kpsi) + (-14 kpsi)2

Processing math: 100%




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

Problem 05.003.c - case of extreme value shear stress with one zero value plane stress

0x = 19 kpsi, and 1y, = -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 - Section: 05.04 Maximum-

case of extreme value Shear-Stress Theory for
shear stress with one Ductile Materials
zero value plane stress

Problem 05.003.c - case of extreme value shear stress with one zero value plane stress

0x =19 kpsi, and 1y, = -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

I 1.53+2% .

Explanation:

From Table A-20, Sy, = 37.5 kpsi.

19 kpsi 19 kpsi \2 2 . .
Op Og=—, % 2 + (-9 kpsi)* = 22.59 kpsi, -3.59 kpsi

04 =22.59 kpsi, g, =0, 03 = -3.59 kpsi

s
According to the MSS theory, o4 — 03 = S,/ n, which gives n = .
g,- 03 )
MSST
37.5 kpsi
n 1.43

= 22,50 kpsi - (-3.59 kpsi) _

DE

o' = 4/(19 kpsi)? + 3(-9 kpsi)? = 24.58 kpsi

_ 37.5 kpsi - 153
M= oas8kpsi

Processing math: 100%




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

Problem 05.003.d - case of extreme value shear stress with no zero value plane stresses

oy =-12.6 kpsi, g, = 15 kpsi, and 1y, = -8.5 kpsi
y y

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 - Section: 05.04 Maximum-

case of extreme value Shear-Stress Theory for

shear stress with no Ductile Materials

zero value plane

stresses

Problem 05.003.d - case of extreme value shear stress with no zero value plane stresses

0x =-12.6 kpsi, 0, = 15 kpsi, and 7y, = -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

I 1.33+2% .

Explanation:

From Table A-20, Sy, = 37.5 kpsi.

-12.6 kpsi 15 kpsi -12.6 kpsi) - (15 kpsi) \2
_( psi) + (15 kpsi) i\](( psi) - (15 kpsi) + (-8.5 kpsi)2 = 17.41 kpsi, -15.01 kpsi

Op Og= 2 2

04 =17.41kpsi, g, =0, 03 = -15.01 kpsi

s
According to MSS theory, 1 = 03 = S,/ n which gives n = 4
g,- 03 )
MSST
37.5 kpsi
n - =1.16

= 97.41 kpsi - (-15.01 kpsi)

DE

o = \/(-12.6 kpsi)? - (-12.6 kpsi) x (15 kpsi) + (15 kpsi)? + 3(-8.5 kpsi)? = 28.1 kpsi

37.5 kpsi
n= "
28.1 kpsi

=1.33

Processing math: 100% ‘




Award: 10 out of 10.00 points o You received credit for this question in a previous attempt

Problem 05.003.e - case of extreme value shear stress with no zero value plane stresses

Ox = -26.2 kpsi, 0, = -26.2 kpsi, and Ty, = -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 - Section: 05.04 Maximum-

case of extreme value Shear-Stress Theory for

shear stress with no Ductile Materials

zero value plane

stresses

Problem 05.003.e - case of extreme value shear stress with no zero value plane stresses

Ox =-26.2 kpsi, 0, = -26.2 kpsi, and Ty, = -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

I 1.05+2% .

Explanation:

From Table A-20, Sy, = 37.5 kpsi.

-26.2 kpsi) + (-26.2 kpsi -26.2 kpsi) - (-26.2 kpsi) |2
Op O = ( pS|)2( psi) 4 \j(( psn)z( psi) + (-14 kpsi)2 = -12.2 kpsi, -40.2 kpsi

0,=0, 0,=-12.2 kpsi, 05 = -40.2 kpsi

s
According to the MSS theory, o4 — 03 = S,/ n, which gives n = 4
g,- 03 )
MSST
_ 37.5 kpsi _
N= 0= a02kps) - 093
DE

o = \/(-26.2 kpsi)? - (-26.2 kpsi) x (-26.2 kpsi) + (-26.2 kpsi)? + 3(-14 kpsi)? = 35.7 kpsi

_ 37.5 kpsi
M= 357 kpsi

=1.05

Processing math: 100% ‘




Problem 05.004 - Determination of factor of safety for principal stress states

For a bar of AISI 1015 cold-drawn steel, determine the factor of safety using the distortion-energy and maximum-shear-stress theories for the
following principal stresses.

References
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Problem 05.004 - Section: 05.04 Maximum-Shear-
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of safety for principal Materials

stress states

Processing math: 100%



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

Problem 05.004.a - case where normal stresses are equal to principal stresses

oa = 29 kpsi, and og = 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 - Section: 05.04 Maximum-

case where normal Shear-Stress Theory for

stresses are equal to Ductile Materials

principal stresses

Problem 05.004.a - case where normal stresses are equal to principal stresses

oa = 29 kpsi, and og = 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

I 1.62+2% .

Explanation:

From Table A-20, Sy, = 47 kpsi.

oa = 29 kpsi, and og = 29 kpsi

The ordered principle stresses are o1 = 29 kpsi, 0o = 29 kpsi, 03 = 0.
For the maximum-shear-stress theory,

Sy 4Tkpsi
~ (29kpsi-0)
(00-)

n= =1.62

For the distortion-energy theory,

Sy S, 47 kpsi
n= 7' - - -
o \/ai—aAaB+ozB \/(29 kpsi)2 - (29 kpsi) x (29 kpsi) + (29 kpsi)?

1.62

Processing math: 100%




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

Problem 05.004.b - case where normal stresses are equal to principal stresses

oa = 29 kpsi, and og = -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 - Section: 05.04 Maximum-

case where normal Shear-Stress Theory for

stresses are equal to Ductile Materials

principal stresses

Problem 05.004.b - case where normal stresses are equal to principal stresses

oa = 29 kpsi, and og = -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

I 0.89 2% .

Explanation:

From Table A-20, Sy, = 47 kpsi.
oa = 29 kpsi, and og = -32 kpsi
The ordered principle stresses are g1 = 29 kpsi, oo = 0, 03 = -32 kpsi.

For the maximum-shear-stress theory,

S 47 kpsi o7
n= (01 _ 03) = (29 kpsi- (-32kpsi))
For the distortion-energy theory,
Sy Sy 47 kpsi

n="= =0.89

o \/ai - 0405+ 03 \/(29 kpsi)2 - (29 kpsi) x (-32 kpsi) + (-32 kpsi)?

Processing math: 100%




8’ Award: 10 out of 10.00 points o You received credit for this question in a previous attempt

Problem 05.004.c - case where normal stresses are equal to principal stresses

oa = 29 kpsi, and og = 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 - Section: 05.04 Maximum-

case where normal Shear-Stress Theory for

stresses are equal to Ductile Materials

principal stresses

Problem 05.004.c - case where normal stresses are equal to principal stresses

oa = 29 kpsi, and og = 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 isl 1.87+2% .

Explanation:

From Table A-20, Sy = 47 kpsi.

oa = 29 kpsi, and og = 16.5 kpsi

The ordered principle stresses are g1 = 29 kpsi, 2 = 16.5 kpsi, o3 = 0.
For the maximum-shear-stress theory,

S, _ 4Tkpsi
~ (29kpsi-0)
(01-0s)

n= =1.62

For the distortion-energy theory,

Sy Sy 47 kpsi
n=—= = =1.87
o \/of‘—oAGB+025 \/(29 kpsi)2- (29 kpsi) x (16.5 kpsi) + (16.5 kpsi)?2

Processing math: 100%




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

Problem 05.004.d - case where normal stresses are equal to principal stresses

opa = -32 kpsi, and og = -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 - Section: 05.04 Maximum-

case where normal Shear-Stress Theory for

stresses are equal to Ductile Materials

principal stresses

Problem 05.004.d - case where normal stresses are equal to principal stresses

op = -32 kpsi, and og = -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

I 1.7+2% .

Explanation:

From Table A-20, Sy = 47 kpsi.

opa = -32 kpsi, and og = -16 kpsi

The ordered principle stresses are o1 = 0, 02 = -16 kpsi, 03 = -32 kpsi.
For the maximum-shear-stress theory,

Sy  4Tkpsi
) ~ (0-(-32 kpsi))

n= =147

(01 =03
For the distortion-energy theory,

Sy S, 47 kpsi 17
n - 7' - - - .
o \/ai - 0405+ 03 \/(-32 kpsi)? - (-32 kpsi) x (-16 kpsi) + (-16 kpsi)?

Processing math: 100%




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

Problem 05.004.e - case where normal stresses are equal to principal stresses

op = -49 kpsi, and og = 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.¢ - Section: 05.04 Maximum-

case where normal Shear-Stress Theory for

stresses are equal to Ductile Materials

principal stresses

Problem 05.004.e - case where normal stresses are equal to principal stresses

op = -49 kpsi, and og = 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

I 0.87 £2% .

Explanation:

From Table A-20, Sy, = 47 kpsi.
op = -49 kpsi, and og = 9 kpsi
The ordered principle stresses are o1 = 9 kpsi, 02 = 0, 03 = -49 kpsi.

For the maximum-shear-stress theory,

S 47 kpsi 081
" (01-05) T (9kpsi- (49kpsi)
For the distortion-energy theory,
i S 47 kpsi

0.87

n=— = =

o \/a'i - 0,405+ 0% \/(-49 kpsi)? - (-49 kpsi) x (9 kpsi) + (9 kpsi)?

Processing math: 100%
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Garay, Gabriela

Score: 90/100 Points 90 %

Problem 05.003 - Determination of factor of safety for principal stress states

For a bar of AISI 1030 hot-rolled steel, determine the factor of safety using the distortion-energy and maximum-shear-stress theories for the following
plane stress states.

References

Section Break Chapter: 05 Failures Resulting
from Static Loading

Problem 05.003 - Section: 05.04 Maximum-Shear-

Determination of factor Stress Theory for Ductile

of safety for principal Materials

stress states

Processing math: 100%
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1' Award: 10 out of 10.00 points o You did not receive full credit for this question in a previous attempt

Problem 05.003.a - case where normal stresses are equal to principal stresses

0Ox = 27.5 kpsi, and oy, = 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 - Section: 05.04 Maximum-

case where normal Shear-Stress Theory for

stresses are equal to Ductile Materials

principal stresses

Problem 05.003.a - case where normal stresses are equal to principal stresses

Ox = 27.5 kpsi, and oy, = 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

I 1.5676 £ 2% .

Explanation:

From Table A-20, Sy, = 37.5 kpsi.

s
According to the MSS theory, o1 — 03 = S,/ n, which gives n = L
04-03 )
. ' 2 2\1/2 2 2 2 \1/2 . . Sy
According to the DE theory, 0 = (O'A - 0,05+ O'B) = ( X T OxOyt o, 3rxy) , which gives n = o

MSST

01 = 27.5 kpsi, 0o = 16 kpsi, and 03 =0

_ 37.5 kpsi _
N= S skpsi-0 ~ 1-3636
DE
S S 37.5 kpsi
n= Y= 4 i = 1.5676

o \/ai—aAaBafazB \/(27.5 kpsi)2- (27.5kpsi) x (16 kpsi) + (16 kpsi)?

Processing math: 100%




2 * Award: 5 out 0 10.00 points o You did not receive full credit for this question in a previous attempt

Problem 05.003.b - case where normal stresses are equal to principal stresses

0y = 16 kpsi, and o), = -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 - Section: 05.04 Maximum-

case where normal Shear-Stress Theory for

stresses are equal to Ductile Materials

principal stresses

Problem 05.003.b - case where normal stresses are equal to principal stresses

0x = 16 kpsi, and ), = -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

I 1.42+2% .

Explanation:

From Table A-20, Sy, = 37.5 kpsi.

s
According to the MSS theory, o1 — 03 = S,/ n, which gives n = L
0= 03 )

According to the DE th = (02 - 0405+ 02)"? = (02 - 0,0, + 02 + 372 )2, which gives n =

ccording to the eory, 0 = (0, — 0,0+ 0g = (0~ ox0,+ 0, + 31, ), whichgives n= —
MSST
o1 = 16 kpsi, 02 = 0, and 03 = -14.5 kpsi

_ 37.5 kpsi _
M= 16 kpsi— (145 kpsi) ~ 1-23
DE

S S 37.5 kpsi

n=—= 4 = 1.42

o \/af‘ - 0405+ 03 \/(16 kpsi)2 - (16 kpsi) x (-14.5 kpsi) + (-14.5 kpsi)?

Processing math: 100%




3‘ Award: 5 out 0 10.00 points o You did not receive full credit for this question in a previous attempt

Problem 05.003.c - case of extreme value shear stress with one zero value plane stress

0x = 21 kpsi, and 1y, = -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 - Section: 05.04 Maximum-

case of extreme value Shear-Stress Theory for
shear stress with one Ductile Materials
zero value plane stress

Problem 05.003.c - case of extreme value shear stress with one zero value plane stress

0x = 21 kpsi, and 1y, = -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

I 1.38+2% .

Explanation:

From Table A-20, Sy, = 37.5 kpsi.

21 kpsi 21 kpsi |2 2 . .
Op Og=— % 2 + (-10 kpsi)© = 25 kpsi, -4 kpsi

01 =25kpsi, 0,=0, 053= -4 kpsi

Sy

According to the MSS theory, o1 — 03 = S,/ n, which gives n = )
g,- 03

MSST

37.5 kpsi

M= s kpsi- (4 kpsi) ~ 129

DE

o = \/(21 kpsi)? + 3(-10 kpsi)? = 27.22 kpsi

_ 37.5 kpsi - 138
M= o7 2okpsi

Processing math: 100%




4. Award: 10 out of 10.00 points

o You did not receive full credit for this question in a previous attempt

Problem 05.003.d - case of extreme value shear stress with no zero value plane stresses

0y =-10.8 kpsi, 0, = 16 kpsi, and 1y, = -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

Problem 05.003.d -
case of extreme value
shear stress with no
zero value plane
stresses

Chapter: 05 Failures Resulting
from Static Loading

Section: 05.04 Maximum-
Shear-Stress Theory for
Ductile Materials

I 1.3+2% .

Explanation:

_ (-10.8kpsi) + (16 kpsi)

0x =-10.8 kpsi, 0, = 16 kpsi, and 71y, = -9.7 kpsi

From Table A-20, Sy, = 37.5 kpsi.

Oy Og= 5

MSST

37.5 kpsi
~ 19.14 kpsi — (-13.94 kpsi)

n

DE

According to MSS theory, 1 = 03 = S,/ n which gives n =

Problem 05.003.d - case of extreme value shear stress with no zero value plane stresses

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

-10.8 kpsi) - (16 kpsi 2
i\](( pei) - (10KeSD) }* 9.7 kpsi)2 = 19.14 kpsi, -13.94 kpsi

2

01=19.14 kpsi, g, =0, 03 = -13.94 kpsi

=1.13

01—03)

_ 37.5 kpsi _
M= 88 kpsi

Processing math: 100% ‘

o = \/(-10.8 kpsi)? - (-10.8 kpsi) x (16 kpsi) + (16 kpsi)? + 3(-9.7 kpsi)? = 28.8 kpsi




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

Problem 05.003.e - case of extreme value shear stress with no zero value plane stresses

Ox = -25.2 kpsi, 0, = -25.2 kpsi, and 1y, = -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 - Section: 05.04 Maximum-

case of extreme value Shear-Stress Theory for

shear stress with no Ductile Materials

zero value plane

stresses

Problem 05.003.e - case of extreme value shear stress with no zero value plane stresses

Ox =-25.2 kpsi, 0, = -25.2 kpsi, and Ty, = -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

I 1.05+2% .

Explanation:

From Table A-20, Sy, = 37.5 kpsi.

-25.2 kpsi) + (-25.2 kpsi -25.2 kpsi) - (-25.2 kpsi) \2
0y Og= o2 2( Pl \](( ps')z( P \* 4 (-14.5 kpsi)2 = -10.7 kpsi, -39.7 kpsi

0,=0, 0, =-10.7 kpsi, 03 = -39.7 kpsi

s
According to the MSS theory, o4 — 03 = S,/ n, which gives n = 4
g,- 03 )
MSST
_ 37.5 kpsi _
n= 0= B97kps) - 094
DE

o = \/(-25.2 kpsi)? - (-25.2 kpsi) x (-25.2 kpsi) + (-25.2 kpsi)? + 3(-14.5 kpsi)? = 35.58 kpsi

_ 37.5 kpsi - 105
M= 3558 kpsi -

Processing math: 100% ‘




Problem 05.004 - Determination of factor of safety for principal stress states

For a bar of AISI 1015 cold-drawn steel, determine the factor of safety using the distortion-energy and maximum-shear-stress theories for the
following principal stresses.

References

Section Break Chapter: 05 Failures Resulting
from Static Loading

Problem 05.004 - Section: 05.04 Maximum-Shear-

Determination of factor Stress Theory for Ductile

of safety for principal Materials

stress states

Processing math: 100%



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

Problem 05.004.a - case where normal stresses are equal to principal stresses

oa = 28 kpsi, and og = 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 - Section: 05.04 Maximum-

case where normal Shear-Stress Theory for

stresses are equal to Ductile Materials

principal stresses

Problem 05.004.a - case where normal stresses are equal to principal stresses

op = 28 kpsi, and og = 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

I 1.68+2% .

Explanation:

From Table A-20, Sy, = 47 kpsi.

op = 28 kpsi, and og = 28 kpsi

The ordered principle stresses are o1 = 28 kpsi, 0o = 28 kpsi, 03 = 0.
For the maximum-shear-stress theory,

Sy 4Tkpsi
~ (28kpsi-0)
(00-)

n= =1.68

For the distortion-energy theory,

Sy S, 47 kpsi
n= 7' - - -
o \/ai—aAaB+ozB \/(28 kpsi)2 - (28 kpsi) x (28 kpsi) + (28 kpsi)?

1.68

Processing math: 100%




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

Problem 05.004.b - case where normal stresses are equal to principal stresses

oa = 28 kpsi, and og = -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 @.

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.004.b - Section: 05.04 Maximum-

case where normal Shear-Stress Theory for

stresses are equal to Ductile Materials

principal stresses

Problem 05.004.b - case where normal stresses are equal to principal stresses

op = 28 kpsi, and og = -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

I 0.92+2% .

Explanation:

From Table A-20, Sy, = 47 kpsi.
oa = 28 kpsi, and og = -31 kpsi
The ordered principle stresses are g1 = 28 kpsi, oo = 0, 03 = -31 kpsi.

For the maximum-shear-stress theory,

S 47 kpsi o8
n= (01 _ 03) = (28 kpsi- (31 kpsi))
For the distortion-energy theory,
Sy Sy 47 kpsi

n=—= =0.92

o \/ai - 0405+ 03 \/(28 kpsi)2 - (28 kpsi) x (-31 kpsi) + (-31 kpsi)?

Processing math: 100%




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

Problem 05.004.c - case where normal stresses are equal to principal stresses

opa = 28 kpsi, and og = 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 @.

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.004.c - Section: 05.04 Maximum-

case where normal Shear-Stress Theory for

stresses are equal to Ductile Materials

principal stresses

Problem 05.004.c - case where normal stresses are equal to principal stresses

op = 28 kpsi, and og = 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 isl 1.93+2% .

Explanation:

From Table A-20, Sy = 47 kpsi.

op = 28 kpsi, and og = 15.5 kpsi

The ordered principle stresses are g1 = 28 kpsi, g2 = 15.5 kpsi, 03 = 0.
For the maximum-shear-stress theory,

S, _ 4Tkpsi
~ (28kpsi-0)
(01-0s)

n= =1.68

For the distortion-energy theory,

Sy Sy 47 kpsi
n=—= = =1.93
o \/of‘—oAGB+025 \/(28 kpsi)2- (28 kpsi) x (15.5 kpsi) + (15.5 kpsi)?2

Processing math: 100%




9. Award: 10 out of 10.00 points

o You did not receive full credit for this question in a previous attempt

Problem 05.004.d - case where normal stresses are equal

oa = -31 kpsi, and og = -14.5 kpsi

to principal stresses

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 - Section: 05.04 Maximum-

case where normal Shear-Stress Theory for

stresses are equal to Ductile Materials

principal stresses

Problem 05.004.d - case where normal stresses are equal

op = -31 kpsi, and og = -14.5 kpsi

I 1.75+2% .

Explanation:

From Table A-20, Sy = 47 kpsi.

opa = -31 kpsi, and og = -14.5 kpsi

The ordered principle stresses are o1 = 0, 0 = -14.5 kpsi, 03 = -31 kpsi.
For the maximum-shear-stress theory,

Sy  4Tkpsi
) ~ (0-(-31kpsi))

n= =1.52

(01 =03
For the distortion-energy theory,

Sy S, 47 kpsi

n=— = =

g \/ai - 0,05+ oZB \/(-31 kpsi)2 - (-31 kpsi) x (-14.5 kpsi) + (-14.5 kpsi)2

1.75

to principal stresses

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

Processing math: 100%




10 Award: 10 out of 10.00 points

o You did not receive full credit for this question in a previous attempt

Problem 05.004.e - case where normal stresses are equal to principal stresses

oa = -51 kpsi, and og = 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 @.

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.004.¢ - Section: 05.04 Maximum-

case where normal Shear-Stress Theory for

stresses are equal to Ductile Materials

principal stresses

op = -51 kpsi, and og = 10 kpsi

I 0.83+2% .

Explanation:

From Table A-20, Sy, = 47 kpsi.
oa = -51 kpsi, and og = 10 kpsi
The ordered principle stresses are g1 = 10 kpsi, oo = 0, 03 = -51 kpsi.

For the maximum-shear-stress theory,

S, 47 Kpsi 0.77
10 kpsi - (-51 kpsi
(01 _03) (10 kpsi - ( psi))
For the distortion-energy theory,
S S 47 kpsi
n=—~= 4 = > =0.83

o \/ai - 0405+ 03 \/(-51 kpsi)? - (-51 kpsi) x (10 kpsi) + (10 kpsi)?

Problem 05.004.e - case where normal stresses are equal to principal stresses

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

Processing math: 100%
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Jackson-Rubio, Darius
score: 35/100 Ppoints 35 %
Problem 05.003 - Determination of factor of safety for principal stress states

For a bar of AISI 1030 hot-rolled steel, determine the factor of safety using the distortion-energy and maximum-shear-stress theories for the following
plane stress states.
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Determination of factor Stress Theory for Ductile

of safety for principal Materials

stress states

Processing math: 100%
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1_ Award: O out of 10.00 points

Problem 05.003.a - case where normal stresses are equal to principal stresses

Ox = 27 kpsi, and g, = 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 - Section: 05.04 Maximum-

case where normal Shear-Stress Theory for

stresses are equal to Ductile Materials

principal stresses

Problem 05.003.a - case where normal stresses are equal to principal stresses

Ox = 27 kpsi, and 0, = 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

I 1.6023 £ 2% .

Explanation:

From Table A-20, Sy, = 37.5 kpsi.

Sy

(o1-0s)

According to the DE theory, o' = (02 - 0,05+ o> )1 2. (0)2( -0,0,+ of/ + 3r)2(y)1/2, which gives n = =
(o)

According to the MSS theory, o1 — 03 = S,/ n, which gives n =

A B y

MSST

01 = 27 kpsi, 02 = 14.5 kpsi, and 03 =0

_ 37.5 kpsi _
n= m =1.3889
DE
S S 37.5 kpsi
n=—= 4 > =1.6023

g \/ai—aAaB+ozB \/(27 kpsi)z- (27 kpsi) x (14.5kpsi) + (14.5 kpsi)2

Processing math: 100%




2 . Award: O out of 10.00 points

Problem 05.003.b - case where normal stresses are equal to principal stresses

0y = 14.5 kpsi, and oy, = -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 - Section: 05.04 Maximum-

case where normal Shear-Stress Theory for

stresses are equal to Ductile Materials

principal stresses

Problem 05.003.b - case where normal stresses are equal to principal stresses

0x = 14.5 kpsi, and oy, = -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

I 1.47 2% .

Explanation:

From Table A-20, Sy, = 37.5 kpsi.

Sy

(o1-0s)

According to the DE theory, o' = (02 - 0,05+ o> )1 2. (0)2( -0,0,+ of/ + 3r)2(y)1/2, which gives n = =
(o)

According to the MSS theory, o1 — 03 = S,/ n, which gives n =

A B y
MSST
o1 = 14.5kpsi, 0o = 0, and 03 = -15 kpsi

37.5 kpsi

M= 14 5kpsi— (15 kpsi) ~ 127
DE
S S 37.5 kpsi
n=—= ! e =147

g \/ai - 0,0+ oZB \/(14.5 kpsi)2 - (14.5 kpsi) x (-15 kpsi) + (-15 kpsi)2

Processing math: 100%




3. Award: O out of 10.00 points

Problem 05.003.c - case of extreme value shear stress with one zero value plane stress

0x = 21 kpsi, and 1y, = -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 @.

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.003.c - Section: 05.04 Maximum-

case of extreme value Shear-Stress Theory for
shear stress with one Ductile Materials
zero value plane stress

Problem 05.003.c - case of extreme value shear stress with one zero value plane stress

0x = 21 kpsi, and 1y, = -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

I 1.38+2% .

Explanation:

From Table A-20, Sy, = 37.5 kpsi.

21 kpsi 21 kpsi |2 2 . .
Op Og=—, % 2 + (-10 kpsi)“© = 25 kpsi, -4 kpsi

01 =25kpsi, 0,=0, 053= -4 kpsi

s
According to the MSS theory, o1 — 03 = S,/ n, which gives n = 4
0= 03 )
MSST
37.5 kpsi
n 1.29

= 25 kpsi - (4 kpsi)

DE

o = \/(21 kpsi)2 + 3(-10 kpsi)2 = 27.22 kpsi

_ 37.5 kpsi
M= 57 22 kpsi

=1.38

Processing math: 100%




4. Award: O out of 10.00 points

Problem 05.003.d - case of extreme value shear stress with no zero value plane stresses

0y =-11.6 kpsi, g, = 14.5 kpsi, and 1y, = -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 @.

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.003.d - Section: 05.04 Maximum-

case of extreme value Shear-Stress Theory for

shear stress with no Ductile Materials

zero value plane

stresses

Problem 05.003.d - case of extreme value shear stress with no zero value plane stresses

0x =-11.6 kpsi, 0, = 14.5 kpsi, and 14, = -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

I 1.38+2% .

Explanation:

From Table A-20, Sy, = 37.5 kpsi.

(-11.6 kpsi) + (14.5 kpsi)
*

Oy Og= 5

-11.6 kpsi) - (14.5 kpsi 2
\/(( ps')z( P \* 4 (:8.6 kpsi)2 = 17.08 kpsi, ~14.18 kpsi

0, =17.08 kpsi, g, =0, 03 = -14.18 kpsi

S
According to MSS theory, g1 — 03 = S,/ n which gives n = .
0= 03 )
MSST
37.5 kpsi
n - =1.2

= 17.08 kpsi - (-14.18 kpsi)

DE

o = \/(-11.6 kpsi)2 — (-11.6 kpsi) x (14.5 kpsi) + (14.5 kpsi)? + 3(-8.6 kpsi)2 = 27.1 kpsi

_ 37.5 kpsi
~ 27.1kpsi

n =1.38

Processing math: 100% ‘




5. Award: O out of 10.00 points

Problem 05.003.e - case of extreme value shear stress with no zero value plane stresses

Oy = -24.8 kpsi, 0, = -24.8 kpsi, and Ty, = -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 - Section: 05.04 Maximum-

case of extreme value Shear-Stress Theory for

shear stress with no Ductile Materials

zero value plane

stresses

Problem 05.003.e - case of extreme value shear stress with no zero value plane stresses

Ox = -24.8 kpsi, 0, = -24.8 kpsi, and Ty, = -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

I 1.04+2% .

Explanation:

From Table A-20, Sy, = 37.5 kpsi.

-24.8 kpsi) + (-24.8 kpsi -24.8 kpsi) - (-24.8 kpsi) \2
Oy Og= o es) 2( Pl \/(( ps')z( P )" 4 (15 kpsi)? = -9.8 kpsi, -39.8 kpsi

0,=0, 0,=-9.8kpsi, 03 = -39.8 kpsi

S
According to the MSS theory, o1 — 03 = S,/ n, which gives n = L
0= 03 )
MSST
_ 37.5 kpsi _
n= 5= 9skps) - 094
DE

o = \/(-24.8 kpsi)2 — (-24.8 kpsi) x (-24.8 kpsi) + (-24.8 kpsi)? + 3(-15 kpsi)? = 35.92 kpsi

_ 37.5 kpsi =104
M= 3500kpsi

Processing math: 100% ‘




Problem 05.004 - Determination of factor of safety for principal stress states

For a bar of AISI 1015 cold-drawn steel, determine the factor of safety using the distortion-energy and maximum-shear-stress theories for the
following principal stresses.

References

Section Break Chapter: 05 Failures Resulting
from Static Loading

Problem 05.004 - Section: 05.04 Maximum-Shear-

Determination of factor Stress Theory for Ductile

of safety for principal Materials

stress states

Processing math: 100%



6. Award: 10 out of 10.00 points

Problem 05.004.a - case where normal stresses are equal to principal stresses

op = 31 kpsi, and og = 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 - Section: 05.04 Maximum-

case where normal Shear-Stress Theory for

stresses are equal to Ductile Materials

principal stresses

Problem 05.004.a - case where normal stresses are equal to principal stresses

oa = 31 kpsi, and og = 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

I 1.52+2% .

Explanation:

From Table A-20, Sy, = 47 kpsi.

op = 31 kpsi, and og = 31 kpsi

The ordered principle stresses are o1 = 31 kpsi, 0o = 31 kpsi, 03 = 0.
For the maximum-shear-stress theory,

S 47 Kpsi
y p:
n= = - =1.52
(01_03) (31 kpsi-0)

For the distortion-energy theory,

S S 47 kpsi

y y psi
- = = =1.52
ag

n:
\/of‘—oAGB+025 \/(31 kpsi)2- (31kpsi) x (31 kpsi) + (31 kpsi)?

Processing math: 100%




7. Award: 5 out of 10.00 points

Problem 05.004.b - case where normal stresses are equal to principal stresses

oa = 31 kpsi, and og = -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 @.

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.004.b - Section: 05.04 Maximum-

case where normal Shear-Stress Theory for

stresses are equal to Ductile Materials

principal stresses

Problem 05.004.b - case where normal stresses are equal to principal stresses

op = 31 kpsi, and og = -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

I 0.88+2% .

Explanation:

From Table A-20, Sy, = 47 kpsi.
oa = 31 kpsi, and og = -31 kpsi
The ordered principle stresses are o1 = 31 kpsi, oo =0, 03 = -31 kpsi.

For the maximum-shear-stress theory,

S, 47 Kpsi 0.76
n - - " " - .
(01 B 03) (31 kpsi - (-31 kpsi))
For the distortion-energy theory,
S S 47 kpsi
n= = 4 = - =0.88
o \/of‘ - 0405+ 0% ~/(31kpsi)2- (31kpsi) x (-31 kpsi) + (-31 kpsi)?

Processing math: 100%




8. Award: 5 out of 10.00 points

Problem 05.004.c - case where normal stresses are equal to principal stresses

oa = 31 kpsi, and og = 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 - Section: 05.04 Maximum-

case where normal Shear-Stress Theory for

stresses are equal to Ductile Materials

principal stresses

Problem 05.004.c - case where normal stresses are equal to principal stresses

oa = 31 kpsi, and og = 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 isl 1.75+2% .

Explanation:

From Table A-20, Sy = 47 kpsi.
oa = 31 kpsi, and og = 16 kpsi
The ordered principle stresses are o1 = 31 kpsi, 02 = 16 kpsi, 03 = 0.

For the maximum-shear-stress theory,

Sy _ 4Tkpsi
~ (31kpsi-0)
(o1-03)

n= =1.52

For the distortion-energy theory,

S, S, 47 kpsi
n=—= = =175
o \/oi—aAong \/(31 kpsi)2- (31 kpsi) x (16 kpsi) + (16 kpsi)?

Processing math: 100%




9. Award: 10 out of 10.00 points

Problem 05.004.d - case where normal stresses are equal to principal stresses

op = -31 kpsi, and og = -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 - Section: 05.04 Maximum-

case where normal Shear-Stress Theory for

stresses are equal to Ductile Materials

principal stresses

Problem 05.004.d - case where normal stresses are equal to principal stresses

op = -31 kpsi, and og = -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

I 1.756+2% .

Explanation:

From Table A-20, Sy = 47 kpsi.

oa = -31 kpsi, and og = -16 kpsi

The ordered principle stresses are o1 = 0, 02 = -16 kpsi, 03 = -31 kpsi.
For the maximum-shear-stress theory,

S, 47 kpsi 152
n - - " - .
(01 - o ) (0 - (-31 kpsi))

For the distortion-energy theory,

S S 47 kpsi

y y psi
- = = =1.75
ag

n =
\/of‘ - 0,05+ 0% \/(-31 kpsi)? - (-31 kpsi) x (-16 kpsi) + (-16 kpsi)2

Processing math: 100%




10 Award: 5 out of 10.00 points

Problem 05.004.e - case where normal stresses are equal to principal stresses

op = -46 kpsi, and og = 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 .

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.004.¢ - Section: 05.04 Maximum-

case where normal Shear-Stress Theory for

stresses are equal to Ductile Materials

principal stresses

Problem 05.004.e - case where normal stresses are equal to principal stresses

op = -46 kpsi, and og = 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

I 0.9+2% .

Explanation:

From Table A-20, Sy = 47 kpsi.
op = -46 kpsi, and og = 11 kpsi
The ordered principle stresses are o1 = 11 kpsi, o2 = 0, 03 = -46 kpsi.

For the maximum-shear-stress theory,

n= Sy _ TS e
((,1 - 03) (11 kpsi - (-46 kpsi))

For the distortion-energy theory,

n= i’ = Sy - 47 kpsi 09
0 \oh-o0405+ 0y (46 kpsi)® - (46 kpsi) x (11 kpsi) + (11 kpsi)®

Processing math: 100%
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Problem 05.036 - Determination of normal and shear stresses, and resulting factor of safety using Distortion Energy Theory for Ductile Materials - DEPENDENT

MULTI-PART PROBLEM — ASSIGN ALL PARTS

This problem illustrates that the factor of safety for a machine element depends on the particular point selected for analysis. Here you are to compute factors of safety, based upon the distortion-energy theory, for stress
elements at A and B of the member shown in the figure. This bar is made of AISI 1006 cold-drawn steel and is loaded by the forces F= 0.55 kN, P=4 kN, and T= 25 N-m. Given: S,= 280 MPa

NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.

15-mm D.

References

Section Break Problem 05.036 - Determination of normal and

shear stresses, and resulting factor of safety
using Distortion Energy Theory for Ductile
Materials - DEPENDENT MULTI-PART
PROBLEM — ASSIGN ALL PARTS

Award: 5.00 points

Problem 05.036.a - calculation of axial stress

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.

Explanation:

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

_m 15mm \m\2 4. 2
A= 000mm |7 ] =1.7671x107"m

MPa

108

_ 4KNx1000 1
X7 17671 %104 m?

0, =22.636 MPa

The value of the axial stress at point A is 22.636 MPa.

References

Numeric Response Problem 05.036.a - calculation of axial stress

Difficulty: Hard

Difficulty: Medium

11/2/2020, 10:39 PM
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2.

Award: 5.00 points
Problem 05.036.b - calculation of shear stress

What is the value of the shear stress at point A?

The value of the shear stress at point Ais| 33.576 + 2% MPa.

Explanation:

There are two sources of shear stress at point A.

Transverse shear has a value of

4 [0.55 kN x 1000
Txz; = 3 A

and shear due to torsion has a value of

2000 mm

1Bmm \4
| 1000 mm

25 Nem x ( 15 mm )xsz

The total shear stress at point A is

xz= Ty,

16T 4F
2" Txz, =\ g " 34

MPa

16x25N'm 4 ( 0.55 kN x 1000 ) 1

T, =T, -T -
xz = Txz, ™ Txz a2

2 1 smm |3 3| 1.7671x10°4m (105)
| 1000 mm

Ty, = 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

Award: 5.00 points
Problem 05.036.c - calculation of Von Mises stress

Determine the value of the von Mises stress at point A.
The von Mises stress at point Ais | 62.4049 + 2% MPa.

Explanation:

o=qJ0l+3,

o= \/(22.636 MPa)? + 3(33.5757 MPa)?

o' = 62.4049 MPa

The von Mises stress at point A is 62.4049 MPa .

References

Problem 05.036.c - calculation of Von Mises
stress

Numeric Response

Difficulty: Medium

Difficulty: Medium

https://ezto.mheducation.com/hm.tpx

11/2/2020, 10:39 PM
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4,

Award: 5.00 points

Problem 05.036.d - calculation of factor of safety

Determine the factor of safety, using DET, at point A.

The factor of safety, using DET, at point Ais | 4.487 +2% .

Explanation:
_P
0=,

MPa

4 kN x 1000 1
o =——|—
X 1.7671x 10" m? | 10%

0, =22.636 MPa

=Ty, - T =

16 x 25 N'm 4| 0.55kN x 1000 1
Txz = Txz, ™ Tz, -3

MP:
-4 02
[ smm |8 1.7671 x 10 m’ (106)
1000 mm

Ty, = 33.576 MPa

o =qJo?+3,

o' = +/(22.636 MPa)? + 3(33.5757 MPa)?

o' = 62.4049 MPa

S,  280MPa

Ma= 5" = 62405 MPa

n,=4.487

The factor of safety, using DET, at point A is 4.487.

References

Problem 05.036.d - calculation of factor of
safety

Numeric Response

Difficulty: Medium

https://ezto.mheducation.com/hm.tpx

11/2/2020, 10:39 PM
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5.

Award: 5.00 points

Problem 05.036.e - calculation of axial stress

Determine the value of the axial stress at point B.

The value of the axial stress at point Bis| 788.629 + 2% MPa.

Explanation:

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

- 4
1= 5;(0.015 m)

1=2.485%10"%m
M=FI=055kN x0.1m

M =0.055kN-m

_m 15mm \m\2 4 2
A—4 1000 mm |1 =1.7671x10"" m

2 + 1 (10)6 MPa

_ (awmooo (0.55 kN x 1000 x 0 1)c) 1
=

oy MPa

4 KN x 1000 (0.55kN x 1000 x0.1) x7.5x103m | 1
= +
1.7671 x 1074 m? 2.485x10%m (10)8

o, = 188.629 MPa

The value of the axial stress at point B is 188.629 MPa.

References

Numeric Response Problem 05.036.e - calculation of axial stress

Difficulty: Medium

https://ezto.mheducation.com/hm.tpx

11/2/2020, 10:39 PM
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6.

Award: 5.00 points

Problem 05.036.f - calculation of shear stress

Determine the value of the shear stress at point B.

The value of the shear stress at point Bis | 37.726 + 2% MPa.

Explanation:

The only source of shear stress at point B is due to torsion:

15 mm
25 N'm x 32 x (ZBDOmm ) 4
1= = —————" x— MPa
X, 6
v 1smm |4 10

7\ 1000 mm

1,4 = 37.726 MPa

The value of the shear stress at point B is 37.726 MPa .

References

Numeric Response Problem 05.036.f - calculation of shear stress

Difficulty: Medium

https://ezto.mheducation.com/hm.tpx

11/2/2020, 10:39 PM
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Award: 5.00 points

Problem 05.036.g - calculation of Von Mises stress

Determine the value of the von Mises stress at point B.

The value of the von Mises stress at point Bis| 798.7159 + 2% MPa.

Explanation:

The principal stresses are (where Sy is 0.0)

_ 18863 MPa 188.63 MPa
o=, 2

2
) +(33.58 MPa)?

0, =188.629 MPa

o.to, \/ a,-0,\2 5
= - +
937 2 Ty

188.63 MPa 188.63 MPa |2 5
og=——> -\|[—=—| * (37.7256 MPa)

03 =-7.265269 MPa
The von Mises stress at point B is

o+ 2
o‘—\/a1 +03-0403 MPa

0'=/(188.629 MPa)? + (-7.265269 MPa)? - (188.629 MPa)(-7.265269 MPa)

o' =198.159 MPa

The value of the von Mises stress at point B is 198.159 MPa.

References

Numeric Response Problem 05.036.9 - calculation of Von Mises
stress

Difficulty: Medium

https://ezto.mheducation.com/hm.tpx

11/2/2020, 10:39 PM
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8_ Award: 5.00 points
Problem 05.036.h - calculation of factor of safety

Determine the factor of safety, using DET, at point B.
The factor of safety, using DET, at point B isi 1413+ 2% .

Explanation:

Sy 280 MPa

o' = 198159 MPa

I'IE—
ng=1413

The factor of safety, using DET, at point B is 1.413.

References

Numeric Response Problem 05.036.h - calculation of factor of Difficulty: Medium
safety

Problem 05.049

Cantilevered rod OAis 0.5 m long and made from AISI 1015 hot-rolled steel. Constant force and torque are applied as shown.

References

Section Break Problem 05.049 Difficulty: Medium

7 of 11

https://ezto.mheducation.com/hm.tpx

11/2/2020, 10:39 PM
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9.

Award: 10.00 points

Problem 05.049.a

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.

Explanation:

Given: ny= 2,L=05m,F=150N, and T=25N-m.
From Table A-20, Sy = 190 MPa.
M,=FL=150N>x05m=75Nm

32M; _ 32(75N'm) _ 2400 N'm

o=
md® md® md®
16T _ 16(25N-m)
r=— = —
md® ma®
400 N-m
TE
md®

_‘\/ 1200 N-m |2 400 N-m |2
Tmax = nd® e

_ 402.63 N'm _
Tmax= g T 2@
4(402.63N-m) |1/3
=l— =0.0204 m =20.3894 mm
190(105) Pa

The minimum diameter is 20.3894 mm.

References

Numeric Response Problem 05.049.a

Difficulty: Medium

https://ezto.mheducation.com/hm.tpx

11/2/2020, 10:39 PM
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10 Award: 10.00 points
Problem 05.049.b

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.

Explanation:

Given: ny= 2,L=05m,F=150N, and T=25N-m.
From Table A-20, Sy = 190 MPa.
M,=FL=150N>x05m=75Nm

32M; _ 32(75N'm) _ 2400 N'm

o=
md® md® md®
16T _ 16(25N-m)
r=— = —
md® ma®
400 N-m
TE
md®

(02+312)1/2
, 2400 N-m |2 s00N-m \2\12 795.44N-m S, 190(106) Pa
o =[] +3 JouNm 2y 1
md® md® o3 n, 2
2(795.14 N-m) |1
= |———]%=0.0203 m = 20.3036 mm
190(105) Pa

The minimum diameter is 20.3036 mm.

References

Numeric Response Problem 05.049.b Difficulty: Medium

9o0f11 11/2/2020, 10:39 PM
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1. Award: 2000 points
Problem 05.060- Determination of factor of safety using Maximum Shear Stress and 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. o1 = 25 ksi, 02 = -2.0506 ksi,
and Tmay = 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| 2.07071 + 2% .

Explanation:

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
oy = 25 ksi

0,=0

From Figure 3-12 and Eq. (5-1),

01-03

Tmax = 3

03 = 04 = 2Tmay

04 = (25 ksi) - 2(13.4972 ksi)
03 = -1.9943 ksi

The minimum factor of safety for yielding is found from Eq. (5-3):

oY

T 04-04

_ 54 ksi
M= (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 o' found using Eq. (5-13):

Sy
n=

[

sY

ne——r

(oF-0i0pra2)"?

54 ksi

n= 12

( (25 ksi)2- (25 ksi) (-2.0506 ksi) + (-2.0506 ksi )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.

References

Numeric Response Problem 05.060- Determination of factor of Difficulty: Medium
safety using Maximum Shear Stress and
Distortion Energy Theory for Ductile Materials

10 of 11 11/2/2020, 10:39 PM
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12.  Award: 2000 points
Problem 05.064- Determination of factor of safety using Maximum Shear Stress and 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. g1 = 15 ksi, 02 = -2.8963 ksi,
and Tmay = 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% .

Explanation:

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
oy = 15 ksi

0,=0

From Figure 3-12 and Eq. (5-1),

01-03

Tmax = "2

03=0q- 21max

03 = (15 ksi) - 2(8.9481 ksi)
03 = -2.8962 ksi

The minimum factor of safety for yielding is found from Eq. (5-3):

oY

T 04-04

_ 54 ksi
M= (15 ksi) - (-2.8962 ksi)
n=23.0174

Distortion-Energy Theory

The minimum factor of safety for yielding is found from Eq. (5-19) with o' found using Eq. (5-13):

Sy
n=
[
sY
ne——r
(oF-0i0pra2)"?
54 ksi
n= 12
( (15 ksi)2- (15 ksi) (-2.8963 ksi) + (-2.8963 ksi)z)
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.

References
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Score: 100/100 Points 100 %

Problem 05.036 - Determination of normal and shear stresses, and resulting factor of safety using Distortion
Energy Theory for Ductile Materials - DEPENDENT MULTI-PART PROBLEM — ASSIGN ALL PARTS

This problem illustrates that the factor of safety for a machine element depends on the particular point selected for analysis. Here you are to compute
factors of safety, based upon the distortion-energy theory, for stress elements at A and B of the member shown in the figure. This bar is made of AlSI
1006 cold-drawn steel and is loaded by the forces F£=0.55 kN, P=4 kN, and T= 25 N-m. Given: S,,= 280 MPa.

NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.

15-mm D,

.
™~
References
Section Break Chapter: 05 Failures Resulting
from Static Loading
Problem 05.036 - Section: 05.05 Distortion-

Determination of normal Energy Theory for Ductile
and shear stresses, and  Materials

resulting factor of safety

using Distortion Energy

Theory for Ductile

Materials - DEPENDENT

MULTI-PART PROBLEM

— ASSIGN ALL PARTS
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Award: 5 out of 5.00 points o You did not receive full credit for this question in a previous attempt

Problem 05.036.a - calculation of axial stress

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 - Section: 05.05 Distortion-

calculation of axial Energy Theory for Ductile

stress Materials

Problem 05.036.a - calculation of axial stress

What is the value of the axial stress at point A?
The value of the axial stress at point Ais| 22.636 + 2% MPa.

Explanation:

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

o 15mm \m\2 4 2
A_Z T000mm |7 =1.7671%x10""m

4 kN x 1000

0' =
X 1.7671x10"% m?\ 108

1
)MPa

o, =22.636 MPa
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2 * Award: 5 out of 5.00 points o You did not receive full credit for this question in a previous attempt

Problem 05.036.b - calculation of shear stress

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

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.036.b - Section: 05.05 Distortion-

calculation of shear Energy Theory for Ductile

stress Materials

Problem 05.036.b - calculation of shear stress
What is the value of the shear stress at point A?

The value of the shear stress at point Ais| 33.576 + 2% MPa.
Explanation:

There are two sources of shear stress at point A.

Transverse shear has a value of

Txz, = A

_ 4 [0.55kN = 1000
xzy~ 3

and shear due to torsion has a value of

2000 mm

T -
XZ
2 J 15mm |4
m 1000 mm

25 N-m x ( 15 mm )x32

The total shear stress at point A is

16T 4F
xz2= Tz, = Txz, = md3  3A

Loading [MathJax]/jax/output/HTML-CSS/jax.js ‘




MPa

16x25N'm 4 0.55kN x 1000 1
T,,=T,, -T,, = -3
Xz Xz Xz -4 2

2 1 smm \3 S| 1.7671x10%m (105)
m 1000 mm

7,2 = 33.576 MPa

Award: 5 out of 5.00 points

Problem 05.036.c - calculation of Von Mises stress

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

Section: 05.05 Distortion-
Energy Theory for Ductile
Materials

Problem 05.036.c -
calculation of Von
Mises stress

o You did not receive full credit for this question in a previous attempt

Problem 05.036.c - calculation of Von Mises stress

Determine the value of the von Mises stress at point A.

The von Mises stress at point Ais| 62.4049 + 2% MPa.

Explanation:

- 2 2
o' =40t +32,

o= \/(22.636 MPa)? + 3(33.5757 MPa)?

o' = 62.4049 MPa
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4' Award: 5 out of 5.00 points o You did not receive full credit for this question in a previous attempt

Problem 05.036.d - calculation of factor of safety

Determine the factor of safety, using DET, at point A.

The factor of safety, using DET, at point Ais 4.487 @.

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.036.d - Section: 05.05 Distortion-

calculation of factor of  Energy Theory for Ductile

safety Materials

Problem 05.036.d - calculation of factor of safety

Determine the factor of safety, using DET, at point A.
The factor of safety, using DET, at point A is| 4.487 + 2% .

Explanation:

4 kN x 1000
0' =
X 1.7671x 107 m?

1
E)MPa

o, =22.636 MPa

16T 4F
x2= Txzy " Txz, = | 105 " 34

16x25N'-m 4 [ 0.55kN x 1000 1
-7 = - = MPa
s 3 (

4,2
15 mm 1.7671x10™" m 106)
m 1000 mm

7,2 = 33.576 MPa

0= 0% +3C,

Loading [MathJax]/jax/output/HTML-CSS/jax.js




o= \/(22.636 MPa)?2 + 3(33.5757 MPa)?

o' = 62.4049 MPa

S, 280 MPa
NA= 5 = 62405 MPa

Ny = 4.487
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Award: 5 out of 5.00 points o You did not receive full credit for this question in a previous attempt

Problem 05.036.e - calculation of axial stress

Determine the value of the axial stress at point B.

The value of the axial stress at point B is 188.629 @ MPa.

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.036.¢ - Section: 05.05 Distortion-

calculation of axial Energy Theory for Ductile

stress Materials

Problem 05.036.e - calculation of axial stress

Determine the value of the axial stress at point B.

The value of the axial stress at point Bis| 788.629 + 2% MPa.

Explanation:

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

P Mc
=— 4+ —
O%= a2t
d 0.015m
€=37"7

/= —-(0.015 m)®
= 54(0.015m)

1=2.485x109m

M=Fl=055kN x0.1m

Loading [MathJax]/jax/output/HTML-CSS/jax.js ‘




M =0.055 kN-m

1

_m 15mm \m\2 4 2
A_Z T000mm |7 =1.7671x10""m

X A

4 kN x 1000

(4kN><1000 (0.55 kN x 1000 x 0.1)c | 1
o.= +

; (10)8 MPa

(0.55kN x1000%x0.1) x7.5x10"3m

1

O' =
X 1.7671 x 1074 m?

o, = 188.629 MPa

2.485x10"%m

(10)©

MPa
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6' Award: 5 out of 5.00 points o You did not receive full credit for this question in a previous attempt

Problem 05.036.f - calculation of shear stress

Determine the value of the shear stress at point B.

The value of the shear stress at point B is 37.726 @ MPa.

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.036.f - Section: 05.05 Distortion-

calculation of shear Energy Theory for Ductile

stress Materials

Problem 05.036.f - calculation of shear stress

Determine the value of the shear stress at point B.

The value of the shear stress at point Bis| 37.726 + 2% MPa.

Explanation:

The only source of shear stress at point B is due to torsion:

15 mm
25N'-m x 32 x
Tr (2000mm) 1 VP
T =— = X — a
X 6
v ( 15 mm )4 10
m

1000 mm

Tyy = 37.726 MPa
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7. Award: 5 out of 5.00 points

Problem 05.036.g

- calculation of Von Mises stress

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

Problem 05.036.9g -
calculation of Von
Mises stress

Chapter: 05 Failures Resulting
from Static Loading

Section: 05.05 Distortion-
Energy Theory for Ductile
Materials

o You did not receive full credit for this question in a previous attempt

Explanation:

The value of the von Mises stress at point B is

Problem 05.036.g - calculation of Von Mises stress

Determine the value of the von Mises stress at point B.

199.626 + 2% MPa.

The principal stresses are (where S» is 0.0)

o4 = 2

0, = 195.894 MPa

188.63 MPa \/( 188.63 MPa \2

Loading [MathJax]/jax/output/HTML-CSS/jax.js ‘
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-3 \/ox "2 e
03=75 - 3 ry MPa

188.63 MPa 188.63 MPa |2
O3 = 2 - 2

03 = -7.265269 MPa
The von Mises stress at point B is

= . [52
o= 01+o§-0103MPa

) + (37.7256 MPa)?

o' =199.626 MPa

o' = 1/(195.894 MPa)? + (-7.265269 MPa)? - (195.894 MPa)(-7.265269 MPa)
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8. Award: 5 out of 5.00 points

Problem 05.036.h - calculation of factor of safety

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 - Section: 05.05 Distortion-

calculation of factor of  Energy Theory for Ductile

safety Materials

o You did not receive full credit for this question in a previous attempt

Problem 05.036.h - calculation of factor of safety

Determine the factor of safety, using DET, at point B.
The factor of safety, using DET, at point B is| 1.403 + 2% .

Explanation:

S, 280 MPa

M= 5 = 199.626 MPa

ng=1.403
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Problem 05.049

Cantilevered rod OAis 0.5 m long and made from AISI 1020 hot-rolled steel. Constant force and torque are applied as shown.

References

Section Break Chapter: 05 Failures Resulting
from Static Loading

Problem 05.049 Section: 05.03 Failure Theories
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9. Award: 10 out of 10.00 points

Problem 05.049.a

o You did not receive full credit for this question in a previous attempt

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

Problem 05.049.a

Chapter: 05 Failures Resulting
from Static Loading

Section: 05.03 Failure
Theories

Problem 05.049.a

theory.

Explanation:

M,=FL=150Nx>x0.5m

The minimum diameter isl 19.7204 + 2% mm.

Given: ny = 2,L=0.5m, F=150 N, and T=25 N-m.

From Table A-20, Sy =210 MPa.

=75N'm

32M,  32(75N'm) 2400 N'm

md® ma®

16T 16(25N-m)

T = — =
md® md®
400 N'-m
T -
md®

md®

\/ 1200 N'm |2
Tmax = +
max Tl'd3

Loading [MathJax]/jax/output/HTML-CSS/jax.js ‘

400 N°m |2
md®

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




6
_ 40263Nm S, 210(1°)Pa

Tmax= " 3 T 20T 2(2)

4(402.63N'-m) |1/3
d=|———7 =0.0197 m =19.7204 mm

210(106) Pa
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10 Award: 10 out of 10.00 points

Problem 05.049.b

o You did not receive full credit for this question in a previous attempt

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

Numeric Response

Problem 05.049.b

Chapter: 05 Failures Resulting
from Static Loading

Section: 05.03 Failure
Theories

Problem 05.049.b

Explanation:

The minimum diameter isl 19.6374 + 2% mm.

Given: ny = 2,L=0.5m, F=150 N, and T=25 N-m.
From Table A-20, Sy =210 MPa.
M,=FL=150Nx0.5m=75N'm

32M,  32(75N'm) 2400 N'm

16T 16(25N-m)
T= =

md® md®

(2(795.14 N-m)

210(106) Pa

Loading [MathJax]/jax/output/HTML-CSS/jax.js ‘

md® ma® md®

y

;
)3 =0.0196 m = 19.6374 mm

6
. 2400 N'm |2 400N-m \2\12  79514Nm S, 210(10 )Pa
o = +3 = =
md® ma® o3 n 2

Determine the minimum diameter, d, for the rod that will achieve a minimum static factor of safety of 2 using the distortion-energy theory.
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Award: 20 out of 20.00 points o You did not receive full credit for this question in a previous attempt

Problem 05.060- Determination of factor of safety using Maximum Shear Stress and 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. o1 = 15 ksi, 0o = -1.2303 ksi, and Tmax = 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 &.

References

Numeric Response Chapter: 05 Failures Resulting

from Static Loading

Problem 05.060-
Determination of factor
of safety using

Section: 05.05 Distortion-
Energy Theory for Ductile
Materials

Maximum Shear Stress
and Distortion Energy
Theory for Ductile
Materials

Problem 05.060- Determination of factor of safety using Maximum Shear Stress and 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. o4 = 15 ksi, 0o = -1.2303 ksi, and Tmax = 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% .

Explanation:

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

g4 = 15 ksi
Loading [MathJax]/jax/output/HTML-CSS/jax.js




02 =0
From Figure 3-12 and Eq. (5-1),

04-03

max 2
03 = 01 - 2Tnax
03 = (15 ksi) - 2(8.0983 ksi)
0, = -1.1966 ksi

The minimum factor of safety for yielding is found from Eq. (5-3):

S

y
" 04-04
_ 54 ksi
M= (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 ¢' found using Eq. (5-13):

Sy
n=—

g

Sy
n -
2\1/2
(01-0102+02)
54 ksi

n -

((15 ksi)2- (15 ksi) (-1.2303 ksi) + (-1.2303 ks,i)z)”2
n = 3.4502
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Award: 20 out of 20.00 points o You did not receive full credit for this question in a previous attempt

Problem 05.064- Determination of factor of safety using Maximum Shear Stress and 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. 01 = 25 ksi, 02 = -4.8271 ksi, and Tmax = 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
of safety using
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Materials

Problem 05.064- Determination of factor of safety using Maximum Shear Stress and 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. 01 = 25 ksi, 0o = -4.8271 ksi, and Tmax = 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% .

Explanation:

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

g4 = 25 ksi
Loading [MathJax]/jax/output/HTML-CSS/jax.js




02 =0
From Figure 3-12 and Eq. (5-1),

04-03

max 2
03 = 01 - 2Tnax
03 = (25 ksi) - 2(14.9135 ksi)
03 = -4.8271 ksi

The minimum factor of safety for yielding is found from Eq. (5-3):

S

y
" 04-04
_ 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 ¢' found using Eq. (5-13):

Sy
n=—

g

Sy
n -
2\1/2
(01-0102+02)
54 ksi

n -

((25 ksi)2- (25 ksi) (-4.8271 ksi) + (-4.8271 ks,i)z)”2
n=1.9473
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Score: 90/100 Points 90 %

Problem 05.036 - Determination of normal and shear stresses, and resulting factor of safety using Distortion
Energy Theory for Ductile Materials - DEPENDENT MULTI-PART PROBLEM — ASSIGN ALL PARTS

This problem illustrates that the factor of safety for a machine element depends on the particular point selected for analysis. Here you are to compute
factors of safety, based upon the distortion-energy theory, for stress elements at A and B of the member shown in the figure. This bar is made of AlSI
1006 cold-drawn steel and is loaded by the forces F£=0.55 kN, P=4 kN, and T= 25 N-m. Given: S,,= 280 MPa.

NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.

15-mm D,
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Award: 4.50 out of 5.00 points o You did not receive full credit for this question in a previous attempt

Problem 05.036.a - calculation of axial stress

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 - Section: 05.05 Distortion-

calculation of axial Energy Theory for Ductile

stress Materials

Problem 05.036.a - calculation of axial stress

What is the value of the axial stress at point A?
The value of the axial stress at point Ais| 22.636 + 2% MPa.

Explanation:

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

o 15mm \m\2 4 2
A_Z T000mm |7 =1.7671%x10""m

4 kN x 1000

0' =
X 1.7671x10"% m?\ 108

1
)MPa

o, =22.636 MPa




Award: 4.50 out of 5.00 points

Problem 05.036.b - calculation of shear stress

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
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Numeric Response

Problem 05.036.b - Section: 05.05 Distortion-
calculation of shear Energy Theory for Ductile
stress Materials

o You did not receive full credit for this question in a previous attempt

Problem 05.036.b - calculation of shear stress

What is the value of the shear stress at point A?

The value of the shear stress at point Ais| 33.576 + 2% MPa.

Explanation:

There are two sources of shear stress at point A.

Transverse shear has a value of

Txz, = A

_ 4 [0.55kN = 1000
xzy~ 3

and shear due to torsion has a value of

2000 mm

T -
XZ
2 J 15mm |4
m 1000 mm

25 N-m x ( 15 mm )x32

The total shear stress at point A is

16T 4F
xz2= Tz, = Txz, = md3  3A




MPa

16x25N'm 4 0.55kN x 1000 1
T,,=T,, -T,, = -3
Xz Xz Xz -4 2

2 1 smm \3 S| 1.7671x10%m (105)
m 1000 mm

7,2 = 33.576 MPa

Award: 4.50 out of 5.00 points

Problem 05.036.c - calculation of Von Mises stress

Determine the value of the von Mises stress at point A.

The von Mises stress at point A is 62.4049 @ MPa.

References
Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Section: 05.05 Distortion-
Energy Theory for Ductile
Materials

Problem 05.036.c -
calculation of Von
Mises stress

o You did not receive full credit for this question in a previous attempt

Problem 05.036.c - calculation of Von Mises stress

Determine the value of the von Mises stress at point A.

The von Mises stress at point Ais| 62.4049 + 2% MPa.

Explanation:

- 2 2
o' =40t +32,

o= \/(22.636 MPa)? + 3(33.5757 MPa)?

o' = 62.4049 MPa




Award: 4.50 out of 5.00 points

Problem 05.036.d - calculation of factor of safety

Determine the factor of safety, using DET, at point A.

The factor of safety, using DET, at point Ais 4.487 @.

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.036.d - Section: 05.05 Distortion-

calculation of factor of  Energy Theory for Ductile

safety Materials

o You did not receive full credit for this question in a previous attempt

Problem 05.036.d - calculation of factor of safety

Determine the factor of safety, using DET, at point A.
The factor of safety, using DET, at point A is| 4.487 + 2% .

Explanation:

4 kN x 1000 1 MP
o, =—F— | — a
X 1.7671x107* m? | 108

o, =22.636 MPa

16T 4F
x2= Txzy " Txz, = | 105 " 34

16x25N'-m 4 [ 0.55kN x 1000 1
-7 = - = MPa
s 3 (

4,2
15 mm 1.7671x10™" m 106)
m 1000 mm

7,2 = 33.576 MPa

0= 0% +3C,




o= \/(22.636 MPa)?2 + 3(33.5757 MPa)?

o' = 62.4049 MPa

S, 280 MPa
NA= 5 = 62405 MPa

Ny = 4.487




Award: 4.50 out of 5.00 points o You did not receive full credit for this question in a previous attempt

Problem 05.036.e - calculation of axial stress

Determine the value of the axial stress at point B.

The value of the axial stress at point B is 188.629 @ MPa.

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.036.¢ - Section: 05.05 Distortion-

calculation of axial Energy Theory for Ductile

stress Materials

Problem 05.036.e - calculation of axial stress

Determine the value of the axial stress at point B.

The value of the axial stress at point Bis| 788.629 + 2% MPa.

Explanation:

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

P Mc
=— 4+ —
O%= a2t
d 0.015m
€=37"7

/= —-(0.015 m)®
= 54(0.015m)

1=2.485x109m

M=Fl=055kN x0.1m




M =0.055 kN-m

1

_m 15mm \m\2 4 2
A_Z T000mm |7 =1.7671x10""m

X A

4 kN x 1000

4KN %1000  (0.55KNx1000%0.1)c) 1
0= + 5
! (10)

MPa

(0.55kN x1000%x0.1) x7.5x10"3m

1

O' =
X (1.7671 x 1074 m?

o, = 188.629 MPa

2.485x10"%m

|

(10)©

MPa




Award: 4.50 out of 5.00 points

Problem 05.036.f - calculation of shear stress

Determine the value of the shear stress at point B.

The value of the shear stress at point B is 37.726 @ MPa.

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.036.f - Section: 05.05 Distortion-

calculation of shear Energy Theory for Ductile

stress Materials

o You did not receive full credit for this question in a previous attempt

Problem 05.036.f - calculation of shear stress

Determine the value of the shear stress at point B.

The value of the shear stress at point Bis| 37.726 + 2% MPa.

Explanation:

The only source of shear stress at point B is due to torsion:

15 mm
25N'-m x 32 x
Tr (2000mm) 1 VP
T =— = X — a
X 6
v ( 15 mm )4 10
m

1000 mm

Tyy = 37.726 MPa




Award: 4.50 out of 5.00 points

Problem 05.036.g - calculation of Von Mises stress

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 05.036.9g - Section: 05.05 Distortion-

calculation of Von Energy Theory for Ductile

Mises stress Materials

o You did not receive full credit for this question in a previous attempt

Problem 05.036.g - calculation of Von Mises stress

Determine the value of the von Mises stress at point B.

The value of the von Mises stress at point Bis| 799.626 + 2% MPa.

Explanation:

The principal stresses are (where S» is 0.0)

O, =
1

5 5 ) +(37.73 MPa)?

0, = 195.894 MPa




-3 \/ox "2 e
03=75 - 3 ry MPa

188.63 MPa 188.63 MPa \2 2
Og= — 5 - . +(37.7256 MPa)

03 =-7.265269 MPa

The von Mises stress at point B is

= . [52
o= 01+o§-0103MPa

o' = 1/(195.894 MPa)? + (-7.265269 MPa)? - (195.894 MPa)(-7.265269 MPa)

o' =199.626 MPa




Award: 4.50 out of 5.00 points

Problem 05.036.h - calculation of factor of safety

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 - Section: 05.05 Distortion-

calculation of factor of  Energy Theory for Ductile

safety Materials

o You did not receive full credit for this question in a previous attempt

Problem 05.036.h - calculation of factor of safety

Determine the factor of safety, using DET, at point B.
The factor of safety, using DET, at point B is| 1.403 + 2% .

Explanation:

S, 280 MPa

M= 5 = 199.626 MPa

ng=1.403




Problem 05.049

Cantilevered rod OAis 0.5 m long and made from AISI 1050 hot-rolled steel. Constant force and torque are applied as shown.

References

Section Break Chapter: 05 Failures Resulting
from Static Loading

Problem 05.049 Section: 05.03 Failure Theories



Award: 9 out 0 10.00 points o You did not receive full credit for this question in a previous attempt

Problem 05.049.a

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

Problem 05.049.a

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 isl 16.7943 + 2% mm.

Explanation:

Given: ny = 2,L=0.5m, F=150 N, and T=25 N-m.
From Table A-20, Sy = 340 MPa.
M,=FL=150Nx0.5m=75N'm

32M,  32(75N'm) 2400 N'm

md® ma® md®

16T 16(25N-m)

T = — =
md® md®
400 N'-m
T -
md®

\/ 1200N'm |2 [ 400 N'm |2
Tmax = +
max Tl’d3 Tl'd3




6
_ 40263N'm S, 340(10)Pa

Tmax =" 3 T 20T 2(2)

4(402.63N'-m) |1/3
=|l— =0.0168 m = 16.7943 mm

340(106) Pa




10.

Award: 9 out of 10.00 points

Problem 05.049.b

o You did not receive full credit for this question in a previous attempt

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.

References

Numeric Response Chapter: 05 Failures Resulting

from Static Loading

Section: 05.03 Failure
Theories

Problem 05.049.b

Problem 05.049.b

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 isl 16.7237 £ 2% mm.

Explanation:

Given: ny = 2,L=0.5m, F=150 N, and T=25 N-m.
From Table A-20, Sy = 340 MPa.
M,=FL=150Nx0.5m=75N'm

32M,  32(75N'm) 2400 N'm

md® ma® md®

16T 16(25N-m)
T= =

md® md®

6
. 2400 N'm |2 400N-m \2\12  79514Nm S, 340(10 )Pa
o = +3 = =
md® ma® o3 n 2

Wl =

2(795.14 N-m)
d=|—-" 0.0167 m = 16.7237 mm
340 (106) Pa




.

Award: 18 out of 20.00 points o You did not receive full credit for this question in a previous attempt

Problem 05.060- Determination of factor of safety using Maximum Shear Stress and 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. o1 = 15 ksi, 0o = -1.2303 ksi, and Tmax = 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 &.

References

Numeric Response Chapter: 05 Failures Resulting

from Static Loading

Problem 05.060-
Determination of factor
of safety using

Section: 05.05 Distortion-
Energy Theory for Ductile
Materials

Maximum Shear Stress
and Distortion Energy
Theory for Ductile
Materials

Problem 05.060- Determination of factor of safety using Maximum Shear Stress and 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. o4 = 15 ksi, 0o = -1.2303 ksi, and Tmax = 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% .

Explanation:
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

04 =15ksi




02 =0
From Figure 3-12 and Eq. (5-1),

04-03

max 2
03 = 01 - 2Tnax
03 = (15 ksi) - 2(8.0983 ksi)
0, = -1.1966 ksi

The minimum factor of safety for yielding is found from Eq. (5-3):

Sy
" 04-04
_ 54 ksi
M= (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 ¢' found using Eq. (5-13):

Sy
n=—

o

Sy
n -
2\1/2
(01-0102+02)
54 ksi

n -

( (15 ksi)2- (15 ksi) (-1.2303 ksi) + (-1.2303 ksi)2) V2

n = 3.4502




12.

Award: 18 out of 20.00 points o You did not receive full credit for this question in a previous attempt

Problem 05.064- Determination of factor of safety using Maximum Shear Stress and 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. 01 = 25 ksi, 02 = -4.8271 ksi, and Tmax = 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
of safety using
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Energy Theory for Ductile
Materials
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and Distortion Energy
Theory for Ductile
Materials

Problem 05.064- Determination of factor of safety using Maximum Shear Stress and 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. 01 = 25 ksi, 0o = -4.8271 ksi, and Tmax = 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% .

Explanation:
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

04 = 25ksi




02 =0
From Figure 3-12 and Eq. (5-1),

04-03

max 2
03 = 01 - 2Tnax
03 = (25 ksi) - 2(14.9135 ksi)
03 = -4.8271 ksi

The minimum factor of safety for yielding is found from Eq. (5-3):

Sy
" 04-04
_ 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 ¢' found using Eq. (5-13):

Sy
n=—

o

Sy
n -
2\1/2
(01-0102+02)
54 ksi

n -

((25 ksi)2- (25 ksi) (-4.8271 ksi) + (-4.8271 ks,i)z)”2

n=1.9473
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Wright, Winsont

Score: 30/100 Points 30 %

Problem 05.036 - Determination of normal and shear stresses, and resulting factor of safety using Distortion
Energy Theory for Ductile Materials - DEPENDENT MULTI-PART PROBLEM — ASSIGN ALL PARTS

This problem illustrates that the factor of safety for a machine element depends on the particular point selected for analysis. Here you are to compute
factors of safety, based upon the distortion-energy theory, for stress elements at A and B of the member shown in the figure. This bar is made of AlSI
1006 cold-drawn steel and is loaded by the forces F£=0.55 kN, P=4 kN, and T= 25 N-m. Given: S,,= 280 MPa.

NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.

15-mm D,

.
™~
References
Section Break Chapter: 05 Failures Resulting
from Static Loading
Problem 05.036 - Section: 05.05 Distortion-

Determination of normal Energy Theory for Ductile
and shear stresses, and  Materials

resulting factor of safety

using Distortion Energy

Theory for Ductile

Materials - DEPENDENT

MULTI-PART PROBLEM

— ASSIGN ALL PARTS

Processing math: 100%
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1. Award: 5 out of 5.00 points

Problem 05.036.a - calculation of axial stress

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 - Section: 05.05 Distortion-

calculation of axial Energy Theory for Ductile

stress Materials

Problem 05.036.a - calculation of axial stress

What is the value of the axial stress at point A?

The value of the axial stress at point Ais| 22.636 + 2% MPa.

Explanation:

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

_mf{A5mm \m)2 _ 4,2
A—4 1000mm 171 =1.7671%x10""m

4 kN x 1000

o’ -
X 1.7671x10"* m?\ 108

1
)MPa

0, =22.636 MPa

Processing math: 100%




2 . Award: O out of 5.00 points

Problem 05.036.b - calculation of shear stress

What is the value of the shear stress at point A?

The value of the shear stress at point A is 41.88 @ MPa.

References

Numeric Response

Problem 05.036.b -
calculation of shear
stress

Chapter: 05 Failures Resulting
from Static Loading

Section: 05.05 Distortion-
Energy Theory for Ductile
Materials

Problem 05.036.b - calculation of shear stress

What is the value of the shear stress at point A?

The value of the shear stress at point Ais| 33.576 + 2% MPa.

Explanation:

There are two sources of shear stress at point A.

Transverse shear has a value of

4 [0.55 kN x 1000
Txz, = 3 A

and shear due to torsion has a value of

2000 mm

T — —
XZ.
2 J 15mm |4
m 1000 mm

25 N-m x ( 15 mm )x32

The total shear stress at point A is

16T 4F
x2= Txzy " Txz, = | 105 " 34

Processing math: 100%




MPa

16x25N'm 4 0.55kN x 1000 1
T,,=T,, -T,, = -3
Xz Xz Xz -4 2

2 1 smm \3 S| 1.7671x10%m (105)
m 1000 mm

7,2 = 33.576 MPa

Award: 0 out of 5.00 points

Problem 05.036.c - calculation of Von Mises stress

Determine the value of the von Mises stress at point A.

The von Mises stress at point A is 69.14 @ MPa.

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.036.c - Section: 05.05 Distortion-

calculation of Von Energy Theory for Ductile

Mises stress Materials

Problem 05.036.c - calculation of Von Mises stress

Determine the value of the von Mises stress at point A.

The von Mises stress at point Ais| 62.4049 + 2% MPa.

Explanation:

0 =0t 3,

o= \/(22.636 MPa)? + 3(33.5757 MPa)?

o' = 62.4049 MPa

Processing math: 100%




Award: 0 out of 5.00 points

Problem 05.036.d - calculation of factor of safety

Determine the factor of safety, using DET, at point A.

The factor of safety, using DET, at point Ais 3.68 @.

References

Numeric Response

Problem 05.036.d -
calculation of factor of

Chapter: 05 Failures Resulting
from Static Loading

Section: 05.05 Distortion-
Energy Theory for Ductile

safety Materials

Problem 05.036.d - calculation of factor of safety

Determine the factor of safety, using DET, at point A.

The factor of safety, using DET, at point A isl 4.487 + 2% .

Explanation:
P
OX = ;

4 kN x 1000 1 MP
o, = | = a
X 1.7671x10"* m2\ 108

0, =22.636 MPa

_ _ 16T 4F
X2 = Tyz, = Txz, = md®  3A

0.55 kN x 1000

1
1.7671 x 10'4m2) (106)

MPa

16x25N'm 4
Txz = Txz, ™ Txz, 5 3

15 mm
m 1000 mm

7., = 33.576 MPa

' o 2 2
g = \/ox+3(xy

Processing math: 100%




o= \/(22.636 MPa)?2 + 3(33.5757 MPa)?

o' = 62.4049 MPa

S, 280 MPa
NA= 5 = 62405 MPa

Ny = 4.487

Processing math: 100%




5. Award: 5 out of 5.00 points

Problem 05.036.e - calculation of axial stress

Determine the value of the axial stress at point B.

The value of the axial stress at point B is 188.62 @ MPa.

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.036.¢ - Section: 05.05 Distortion-

calculation of axial Energy Theory for Ductile

stress Materials

Problem 05.036.e - calculation of axial stress

Determine the value of the axial stress at point B.

The value of the axial stress at point Bis| 7188.629 + 2% MPa.

Explanation:

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

P Mc
=— 4+ —
O%= At

d 0.015m
€=37"7

/= —(0.015 m)®
= 54(0.015m)

1=2.485%x109m

M=FI=055kN x0.1m

Processing math: 100%




M =0.055 kN-m

1

_m 15mm \m\2 4 2
A_Z T000mm |7 =1.7671x10""m

X A

4 kN x 1000

(4kN><1000 (0.55 kN x 1000 x 0.1)c | 1
o.= +

; (10)8 MPa

(0.55kN x1000%x0.1) x7.5x10"3m

1

O' =
X 1.7671 x 1074 m?

o, = 188.629 MPa

2.485x10"%m

(10)©

MPa

Processing math: 100%




6. Award: O out of 5.00 points

Problem 05.036.f - calculation of shear stress

Determine the value of the shear stress at point B.

The value of the shear stress at point B is 37..72 @ MPa.

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.036.f - Section: 05.05 Distortion-

calculation of shear Energy Theory for Ductile

stress Materials

Problem 05.036.f - calculation of shear stress

Determine the value of the shear stress at point B.

The value of the shear stress at pointBis| 37.726 + 2% MPa.

Explanation:

The only source of shear stress at point B is due to torsion:

15 mm
25N'-m x 32 x
Tr (2000 mm ) 1 MP
T, = — = X — a
X 6
v 15mm |4 10
m 1000 mm

Ty = 37.726 MPa

Processing math: 100%




7. Award: 5 out of 5.00 points

Problem 05.036.9g - calculation of Von Mises stress

Determine the value of the von Mises stress at point B.

The value of the von Mises stress at point B is 200 & MPa.

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.036.9g - Section: 05.05 Distortion-

calculation of Von Energy Theory for Ductile

Mises stress Materials

Problem 05.036.9g - calculation of Von Mises stress

Determine the value of the von Mises stress at point B.
The value of the von Mises stress at point Bis| 799.626 + 2% MPa.

Explanation:

The principal stresses are (where S» is 0.0)

o+, \] 0,-0, |2 5
= + +
01 2 2 Txy

188.63 MPa 188.63 MPa \2 2
o+ . +(37.73 MPa)

04 =195.894 MPa

Processing math: 100%




-3 \/ox "2 e
03=75 - 3 ry MPa

188.63 MPa 188.63 MPa \2 2
Og= — 5 - . +(37.7256 MPa)

03 =-7.265269 MPa

The von Mises stress at point B is

= . [52
o= 01+a§-0103MPa

o' = 1/(195.894 MPa)? + (-7.265269 MPa)? - (195.894 MPa)(-7.265269 MPa)

o' =199.626 MPa

Processing math: 100%




8. Award: 5 out of 5.00 points

Problem 05.036.h - calculation of factor of safety

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 - Section: 05.05 Distortion-

calculation of factor of  Energy Theory for Ductile

safety Materials

Problem 05.036.h - calculation of factor of safety

Determine the factor of safety, using DET, at point B.
The factor of safety, using DET, at point B isl 1.403 £ 2% .

Explanation:

S, 280 MPa

M= 5 = 199.626 MPa

ng= 1403

Processing math: 100%




Problem 05.049

Cantilevered rod OAis 0.5 m long and made from AISI 1018 hot-rolled steel. Constant force and torque are applied as shown.

References

Section Break Chapter: 05 Failures Resulting
from Static Loading

Problem 05.049 Section: 05.03 Failure Theories

Processing math: 100%




9. Award: O out of 10.00 points

Problem 05.049.a

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.

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.049.a Section: 05.03 Failure

Theories

Problem 05.049.a

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 isl 19.417 £ 2% mm.

Explanation:

Given: ny = 2,L=0.5m, F=150 N, and T=25 N-m.
From Table A-20, Sy =220 MPa.
M,=FL=150Nx0.5m=75N'm

32M,  32(75N'm) 2400 N'm

md® md® md®

16T _ 16(25N'm)
mdd md®

400 N'-m
T -
md®

\/ 1200N'm |2 [400N-m |2
Trax = +
max TTd3 rrd3

Processing math: 100%




g

Tmax = e o T 2(2)

6
40263N'm S, 220(1°)Pa

4(402.63N'-m) |1/3
—_— =0.0194 m=19.4170 mm

220(106) Pa

Processing math: 100%




10 Award: O out of 10.00 points

Problem 05.049.b

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.

References

Numeric Response Chapter: 05 Failures Resulting
from Static Loading

Problem 05.049.b Section: 05.03 Failure

Theories

Problem 05.049.b

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 isl 19.3353 + 2% mm.

Explanation:

Given: ny = 2,L=0.5m, F=150 N, and T=25 N-m.
From Table A-20, Sy =220 MPa.
M,=FL=150Nx0.5m=75N'm

32M,  32(75N'm) 2400 N'm

md® md® md®

_ 16T _ 16(25N-m)

md® md®

400 N'm

md®

T

' 1/2
o = (02+ 3r2)

md® md® d® n 2

6
((2400N-m)2 3(400N-m)2)1/2 795.14N-m _ S, 220(10)Pa
+ -

0.0193 m = 19.3353 mm

;
4 [20eranm |
220(106)Pa

Processing math: 100%




1. Award: 10 out of 20.00 points

Problem 05.060- Determination of factor of safety using Maximum Shear Stress and 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. 01 = 20 ksi, 0o = -1.6404 ksi, and Tmax = 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- Section: 05.05 Distortion-

Determination of factor Energy Theory for Ductile

of safety using Materials
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and Distortion Energy
Theory for Ductile
Materials

Problem 05.060- Determination of factor of safety using Maximum Shear Stress and 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. o1 = 20 ksi, 0o = -1.6404 ksi, and Tmax = 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% .

Explanation:

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

04 =20 ksi
Processing math: 100%




02 =0
From Figure 3-12 and Eq. (5-1),

04-03

max 2
03 = 01 - 2Tnax
03 = (20 ksi) - 2(10.7977 ksi)
03 = -1.5955 ksi

The minimum factor of safety for yielding is found from Eq. (5-3):

S

y
- 01-03
_ 54 ksi
M= 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 ¢' found using Eq. (5-13):

Sy
n=—

g

Sy
n -
2\1/2
(01-0102+02)
54 ksi

n -

((20 ksi)2- (20 ksi) (-1.6404 ksi) + (-1.6404 ks,i)z)”2
n = 2.5876

Processing math: 100%




1 2 . Award: 0 out of 20.00 points

Problem 05.064- Determination of factor of safety using Maximum Shear Stress and 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. o4 = 10 ksi, 0o = -1.9308 ksi, and Tmax = 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
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of safety using Materials
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Problem 05.064- Determination of factor of safety using Maximum Shear Stress and 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. o1 = 10 ksi, 0o = -1.9308 ksi, and Tmax = 5.9654 ksi.

The minimum factor of safety for yielding using maximum-shear-stress theory is| 4.5267 + 2% .

The minimum factor of safety for yielding using distortion-energy theory is| 4.8683 + 2% .

Explanation:

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

04 =10ksi
Processing math: 100%




02 =0
From Figure 3-12 and Eq. (5-1),

04-03

max 2
03 = 01 - 2Tnax
03 = (10 ksi) - 2(5.9654 ksi)
03 = -1.9308 ksi

The minimum factor of safety for yielding is found from Eq. (5-3):

S

y
" 04-04
_ 54 ksi
M= 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 ¢' found using Eq. (5-13):

Sy
n=—

g

Sy
n -
2\1/2
(01-0102+02)
54 ksi

n -

((10 ksi)2- (10 ksi) (~1.9308 ksi) + (-1.9308 ks,i)z)”2
n = 4.8683

Processing math: 100%
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Problem 08.011 - Determining joint and member stiffnesses - DEPENDENT MULTI-PART PROBLEM - ASSIGN ALL PARTS

An M 14 x 2 hex-head bolt with a nut is used to clamp together two 20-mm steel plates.
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.

References
Section Break Problem 08.011 - Determining joint and Difficulty: Medium
member stiffnesses - DEPENDENT MULTI-
PART PROBLEM - ASSIGN ALL PARTS
1, Award: 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| 55 + 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=2x20mm +12.8 mm = 52.8 mm

Material thickness (t) Bolt length (L)
10=<ts11 35

2<ts< 0
4<t< 5
7sts< 0
5
0
5

4
4

9<ts<
2<t<23
4 <t<25

From Eq. (8-14),
Lr=2(14mm)+6mm=34 mm
From Table 8-7,
/=2t=2 x 20 mm =40 mm
lg=L-Ly=55mm-34 mm=21mm
Iy=1-14=40 mm - 21 mm =19 mm
The length of the bolt L is 55 mm.
References

Numeric Response Problem 08.011.a - Determining joint and Difficulty: Medium
member stiffnesses

Processing math: 100%

1of13 11/16/2020, 10:13 AM
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2.

Award: 7.00 points
Problem 08.011.b - Determining joint and member stiffnesses

Determine the bolt stiffness.

The bolt stiffness kpis| 686.187 + 2% MN/m.
Explanation:

Ag=4 x (14 mm)? = 153.9 mm?

From Table 8-1,

A¢= 115 mm?

The bolt stiffness is calculated as follows:

_ AAE 153.9 mm? x 115 mm?2 x 207 GPa
Ade+ Adg (

kp =686.1810 MN/m

1539 mm? x 19 mm ) + (15 mm? x 21 mm )

The bolt stiffness kp is 686.1810 MN/m.

References

Numeric Response Problem 08.011.b - Determining joint and Difficulty: Medium
member stiffnesses

Award: 7.00 points
Problem 08.011.c - Determining joint and member stiffnesses

Determine the material stiffness.

The material stiffness kp, is | 2842.659 + 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.

Bd
Ky, = EdAe
E =207 GPa = 207x109 N/m?
d=14mm=0.014m

A=0.78715
B =0.62873

062873 x 0.014 m

(o)

Ky =207 x 109N/m? x 0.014m x 0.78715 x e =2842.6590 MN/m

The material stiffness kp, is 2842.6590 MN/m.

References

Numeric Response Problem 08.011.c - Determining joint and Difficulty: Medium
member stiffnesses

Problem 08.012 - Determining joint and member stiffnesses - DEPENDENT MULTI-PART PROBLEM - ASSIGN ALL PARTS

An M 14 x 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 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.

References

Section Break Problem 08.012 - Determining joint and Difficulty: Medium
member stiffnesses - DEPENDENT MULTI-
PART PROBLEM - ASSIGN ALL PARTS

Processing math: 100%

https://ezto.mheducation.com/hm.tpx
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4,

Award: 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 Lis| 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.

L>2t+H+2w

L=2 x 23 mm +12.8 mm + 7 mm = 65.8 mm

Material thickness (t) Bolt length (L)
M<ts12 45

13<t<15

<t<17

sts

0
5
0
5
0

0
t<22
t<25

n|in
|

From Eq. (8-14),
Ly=2(14mm) +6 mm = 34 mm

From Table 8-7,

[=2t+2w=2 x 23 mm +7 mm = 53 mm
lg=L-Ly=70 mm-34 mm =36 mm
Ig=1-14=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

Award: 7.00 points
Problem 08.012.b - Determining joint and member stiffnesses

Determine the bolt stiffness.

The bolt stiffness kp is | 542.2479 + 2% MN/m.
Explanation:

Ag=" x (14 mm)? = 153.9 mm?

From Table 8-1,

A¢ = 115 mm?

The bolt stiffness is calculated as follows:

AAE 153.9 mm? x 115 mm? x 207 GPa

= = =542.2479 MN/
Aal( * Al/d ( m

Kk,
b 1539 mm? x 17 mm ) + (115 mm? x 36 mm )

The bolt stiffness kp, is 542.2479 MN/m.

References

Numeric Response Problem 08.012.b - Determining joint and
member stiffnesses

Processing math: 100%

Difficulty: Medium

Difficulty: Medium

https://ezto.mheducation.com/hm.tpx
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6.

Award: 7.00 points
Problem 08.012.c - Determining joint and member stiffnesses

Determine the material stiffness.

The material stiffness kp, is | 2693.2914 + 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.
Bd

Ky, = EdAe

E = 207 GPa = 207x109 N/m?

d=14mm=0.014m

A=0.78715
B =0.62873

0.62873 x 0.014 m

Ky, =207 x 109N/m? x 0.014m x 0.78715 x e (53 ) =2693.2914 MN/m
™

The material stiffness kp, is 2693.2914 MN/m.

References

Numeric Response Problem 08.012.c - Determining joint and Difficulty: Medium
member stiffnesses

https://ezto.mheducation.com/hm.tpx

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 72 in-13 UNC.
NOTE: This is a multi-part question. Once an answer is submitted, you will be unable to return to this part.

References

Section Break Problem 08.014 - Determining joint and Difficulty: Medium
member stiffnesses with dissimilar joint
materials - DEPENDENT MULTI-PART
PROBLEM - ASSIGN ALL PARTS

Processing math: 100%

11/16/2020, 10:13 AM
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Award: 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 % in.

The length of the boltis | 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,
I=A+B=125in+05in=175in
where

A = steel plate thickness

B = cast-iron plate thickness

The nut height is H = 0.437 in.
Lz/+H

L=175in+0.437 in = 2.187 in
Rounding up the value L to the nearest Y4 in.
L=225in

From Eq. (8-14),
Ly=2(0.5in)+0.25in =1.251in
From Table 8-7,
ly=L-Ly=225in-1.25in=1in

Iy=1-14=1.75in-1in=0.75in

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

Award: 7.00 points

Problem 08.014.b - Determining joint and member stiffnesses with dissimilar joint materials

Determine the bolt stiffness.

The bolt stiffness is | 2.8903 + 2% MIb/in.
Explanation:

Ag=1 x (05in)2=0.1963n?

From Table 8-1,

Ap=0.1419 in?
AAE 0.1963 in2 x 0.1419 in? x 30 x 108 psi X
kp = YYRYY, = = 2.8903 Mib/in
t1 A (0.1963 in? x 075in) . (0.1419|n2 x 1in)

The bolt stiffness is 2.8903 Mib/in.

References
Numeric Response Problem 08.014.b - Determining joint and
member stiffnesses with dissimilar joint
materials

Processing math: 100%

Difficulty: Medium

Difficulty: Medium

https://ezto.mheducation.com/hm.tpx
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9_ Award: 8.00 points
Problem 08.014.c - Determining joint and member stiffnesses with dissimilar joint materials

Determine the material stiffness.

The material stiffness is| 9.3044 + 2% MIb/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=0.875in,d=0.5in, D=0.75in, and E = 30,000 kpsi

05774m(E)d; 05774 x mx (30 x wspsi) x 05in
kq= = = 26.5352 Mib/in

(1155(w) + 0y -0y ) (Dy + ) n [ (1185 x 0875 n) + 075 -05in) (075 n + 0.5 in)
n|——m——— (1155 x 0.875in) + 0.751n + 0.5 n) (0.75in- 0.51n)
(1155(w) + 0y +ay) (0; -9y )

_ [ . 175\ X
IZ—A-Eln—1.25|n— 2 in=0.375in

D, =1.5d+2(/- h)tan(30°) = 1.5 x 0.5in +2(1.75in-1.25in) x tan(30°) = 1.3274 in

P 05774 x 1 x (30 x 106p5i) x 05in _
ky = = =130.6305 Mib/in

(1155(,) +0,-d) (D, + @) o[ (01155 x 03751 ¢ 132781005 m) (132781 05im)
"\ () eore) (ore) | VIO SO 05
1455(t, ) + Dy + d) (Dy-d

For the cast-iron plate, the frustum is in one part. This will generate k3.
Cast iron:
t3=0.5in,d=0.5in, D=10.75in, and E = 14500 kpsi (from Table 8-8).

5
P — 05774 x 1 x (14.5 10 psl) x 05in _
kq = = =16.0941 Mib/in

(11555 ) +5-d) (D5 + @) o[ (1155 % 0510+ 075in-05in) (075 n + 0.5n)
In W (1.155 x 0.5in+ 0.75in + 0.5in) (0.75in - 0.5 in)
1155 (t;) + D+ a) (D, -d

From Eq. (8-18),

1 1 111 1 1 1
km = (k1 Yt k3) = (26.5352 Mibin ¥ 130.6305 Mibsin * 16.0941 Mlb/in) = 9.3044 Mibfin

The material stiffness is 9.3044 Mib/in.

References

Numeric Response Problem 08.014.c - Determining joint and Difficulty: Medium
member stiffnesses with dissimilar joint
materials

Problem 08.015 - 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. gray cast iron plate are compressed with one bolt and nut. The bolt is 2 in-13 UNC. A 2 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.

References
Section Break Problem 08.015 - Determining joint and Difficulty: Medium
member stiffnesses with dissimilar joint

materials - DEPENDENT MULTI-PART
PROBLEM - ASSIGN ALL PARTS

Processing math: 100%

6 of 13 11/16/2020, 10:13 AM
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10 Award: 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 % in.

The length of the boltis | 3+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,

I=A+B+2w=15in+0.75in + 2(0.095in) = 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.
Lz/+H

L=244in+0.437in=2.877in

Rounding up the value of L to the nearest Y4 in.

L=3in

The length of the bolt is 3 in.

References
Numeric Response Problem 08.015.a - Determining joint and Difficulty: Medium
member stiffnesses with dissimilar joint
materials
11 . Award: 7.00 points

Problem 08.015.b - Determining joint and member stiffnesses with dissimilar joint materials

Determine the bolt stiffness.

The bolt stiffness is | 2.71775 £ 2% Mib/in.

Explanation:

From Eq. (8-14),
Ly=2(0.5in)+0.25in=1.25in
From Table 8-7,
lg=L-Ly=3in-125in=175in
ly=1-14=2.44in-175in=0.69in
Ag=1 x (0.5in)2=0.1963 in?

From Table 8-1,

Ap=0.1419 in?
AAE 0.1963 in? x 0.1419in? x 30 x 10°psi X
kp = YYRYY, = =2.1775 Mib/in
t1 A (0.1963 in? x 069in) . (0.1419|n2 x 1.75|n)

The bolt stiffness is 2.1775 Mib/in.

References

Numeric Response Problem 08.015.b - Determining joint and Difficulty: Medium
member stiffnesses with dissimilar joint
materials

Processing math: 100%

7 of 13 11/16/2020, 10:13 AM
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12.

Award: 8.00 points

Problem 08.015.c - Determining joint and member stiffnesses with dissimilar joint materials

Determine the material stiffness.

The material stiffness is| 8.7535 + 2% MIb/in.

Explanation:

https://ezto.mheducation.com/hm.tpx

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=0.095in, d1 = 0.531 in (Table A-32), D4 = 0.75 in, and E = 30,000 kpsi

057741 (E)d,
kq = =

(1 155(w) + Dy - d; ) (D"d‘) n [ (1185 x 0.085n) + 0.75n -0.831 n) (0.75 in + 0531 in)
nf-—— ((1.155 x 0.095n) +0.75in + 0.531in) (0.75 in - 0.531 in)

(1185w + 0y 40, ) (; -0, )
For the steel plate, the frustum is in two parts.

Steel:

A+B 15+075\ .
t,= 5 in= 2 in=1.125in

d=05in
Dy = 0.75 in + 2(0.095 in)tan(30°) = 0.860 in

E = 30000 kpsi

05774m(E)d

05774 x 7 x (30 x wﬁpsi) x 0531 in

05774 x 1 x (30 x 108 psi) x 0.50n

(1155(12)‘1:2»{:)(92”1) 1 [ {0155 x 1.12510) +086in-05n) (0.86 in + 0.5 )
In| ————— ((1.185 x 1.1251n) + 0.86n + 0.5n) (0.86in - 0.5n)

(1155(t,) +,+a) (0-0)

ty=A-t,=15in-1.125in=0.375in

D;=0.860in +2(0.75n Jtan(30°) = 1.7261in
£ = 30000 kpsi

05774m(E)d

0.5774 x 1 x (30 x mGpsi) x 0.5in

)

=89.1957 Mib/in

=31.7316 Mlib/in

=218.1482 Mlb/in

((1.155 x 0.375in) +1.7261in + 0.5in) (1.7261in - 0.5 in)

‘ ( (1.185(ts ) + D -a) (03 +a) ) | (((1 155 x 0.375in) + 1.7261in - 0.5 in) (1.7261in + 0.5in) )

(1155(t5) + 05+ a) (03-)

For the cast-iron cylinder, the frustum is in one part. This will generate k4.

Cast iron:
t4=0.75in
d=0.5in
D=0.860in

E = 14500 kpsi (from Table 8-8)

05774m(E)d

05774 x 1 x (14.5 x mepsi) x 05in

Ky = =

\n( (11554 ) +04-d) (D4 + @) ) ‘n( ((1.155 x 0.75in) + 0.86in - 0.5 in) (0.86in + 0.5n)

(1.185(t ) + D4+ d) (04-a)

From Eq. (8-18),

2

((1.155 x 0.75in) +0.86in + 0.5in) (0.86in - 0.5n)

)

=17.9471 Mib/in

1

2 1 1 1 -1
k= +—+—+— = — + — + — + -
m= \ky " ky kg Ky 89.1957 Mib/in ~ 31.7316 Mibfin ~ 218.1482 Mib/in ~ 17.9471 Mibfin

The material stiffness is 8.7535 Mib/in.

References

Numeric Response Problem 08.015.c - Determining joint and

member stiffnesses with dissimilar joint

materials

Processing math: 100%

-1
) =8.7535 Mib/in

Difficulty: Medium
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13.

Problem 08.017 - Determining joint and member stiffnesses - DEPENDENT MULTI-PART PROBLEM - ASSIGN ALL PARTS

Two identical aluminum plates are each 1.75 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 = 0.531in; OD =1.062 in; thickness = 0.095 in
Nut properties: steel; height = 7/16 in

Bolt properties: 2-13 UNC grade 8
Plate properties: aluminum; E=10.4 Mpsi; Sy = 47 kpsi; Sy = 25 kpsi

References
Section Break Problem 08.017 - Determining joint and Difficulty: Medium

member stiffnesses - DEPENDENT MULTI-
PART PROBLEM - ASSIGN ALL PARTS

Award: 2.00 points

Problem 08.017.a - Determining joint and member stiffnesses

Determine a suitable length for the bolt, rounded up to the nearest % in.

The length of the boltis | 4.25+ 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,

[=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.

Lz2/+H

L=3.69in+0.437 in=4.127 in

Rounding up to the nearest Y in,

L=425in

The length of the bolt is 4.25 in.

References

Numeric Response Problem 08.017.a - Determining joint and Difficulty: Medium
member stiffnesses

Processing math: 100%

https://ezto.mheducation.com/hm.tpx
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14 Award: 7.00 points
Problem 08.017.b - Determining joint and member stiffnesses

Determine the bolt stiffness.

The bolt stiffness is | 7.4892 + 2% MIb/in.

Explanation:

From Eq. (8-14),
Ly=2(0.5in)+0.25in =1.25in
From Table 8-7,
lg=L-Ly=425in-125in=3in

Iy=1-1,=3.69in-31in=0.69in

Ag= T x (0.5in)2=0.1963 in?
4

From Table 8-1,

A¢=0.1419 in?
AAE 0.1963 in? x 0.1419in? x 30 x 10° psi X
kp = YRYY = = 1.4892 Mib/in
79 (04963in2 x 0.69in ) + (01419in% x 3in )

The bolt stiffness is 1.4892 Mib/in.

References

Numeric Response Problem 08.017.b - Determining joint and Difficulty: Medium
member stiffnesses

Processing math: 100%

10 of 13 11/16/2020, 10:13 AM
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Award: 8.00 points

Problem 08.017.c - Determining joint and member stiffnesses

Determine the material stiffness.

The material stiffness is | 4.3498 + 2% Mlbfin.

Explanation:

https://ezto.mheducation.com/hm.tpx

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.

| 0.75" dia
FT
1 0.005°
‘l ¥
Aluminum 4
—
r
Aluminum
|
1 L
| Al 0.085°

Mo.rs” uiEl

0.850" dia

For the washers,

Steel:

w=0.095 in, di = 0.531 in (Table A-32), D1 = 0.75 in, and E = 30,000 kpsi
0.5774m(E)d, 05774 x x (30 x 10°psi) x 0531in

ky = = =89.1957 Mib/in
(11550 + 0y -3, ) (D + 0y ) ) n ( ((1.155 x 0.095in) + 0.75in - 0.531in) (0.75 in + 0531 in) )

In ((1.155 x 0.095in) + 0.75in + 0.531in) (0.75 in - 0.531 in)

(1185 + 0, + 0, ) (; -0, )
For the aluminum plates,

tp=1.75in,d=0.5in, D =0.860 in, and £ = 10.4 Mpsi

6 o
Py———— 05774 x 1 x (10.4 x 10 psl) x 0.5in .
k= = =9.6397 Mib/in
(1‘55(;1)‘,;‘,{;)(5‘.“) 1n [ (1:155 x 1.750n) + 0.8 n-0.5in) (086 n + 0.5 )
nf— ((1.155 x 1.75in) +0.86in + 0.5in) (086 in - 0.5in)
(1.165(t,) + D4+ d) (D4-d)

From Eq. (8-18),
[z 2|1 2 2 1 )
km= 1k, * ky | = \so.1057 Mbin * 96307 miosin | = 4-3498 Mibfin

The material stiffness is 4.3498 Mib/in.

References

Numeric Response Problem 08.017.c - Determining joint and Difficulty: Medium

member stiffnesses

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 1.75 in (1) 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 = 0.531in, OD =1.062 in, and thickness = 0.095 in.
Nut properties: steel height = 7/16 in

Bolt properties: ¥2-13 UNC grade 8

Plate properties: aluminum E=10.3 Mpsi, Sy = 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.

References

Section Break Problem 08.018 - Determining joint and Difficulty: Medium

member stiffnesses with dissimilar joint
materials - DEPENDENT MULTI-PART
PROBLEM - ASSIGN ALL PARTS

Processing math: 100%

11/16/2020, 10:13 AM
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16 Award: 2.00 points
Problem 08.018.a - Determining joint and member stiffnesses with dissimilar joint materials

Find a suitable bolt length.

The boltlengthiis| 4.25+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

[=2t+2w=2x1.75in +2 x 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.
Lz1+H=3.69in+0.437in=4.127in.

Rounding up the value to the nearest % in gives L = 4.25in.

This is the required bolt length.

The bolt length is 4.25 in.

References

Numeric Response Problem 08.018.a - Determining joint and Difficulty: Medium
member stiffnesses with dissimilar joint
materials

17 Award: 7.00 points
Problem 08.018.b - Determining joint and member stiffnesses with dissimilar joint materials

Determine the bolt stiffness.

The bolt stiffness is | 1489180.375 + 2% Iblin.

Explanation:

From Eq. 8-14,
Lr=2(0.5in)+0.25in=1.25in
From Table 8-7, we have
lg=L-L7=425in-125in=3in
It =1-1g=3.69in—-3in=0.69in

n(osm)2
Ag=——— =0.1963in?

From Table 8-1, A;=0.1419 in2.
Therefore, from Eq. (8—17), the bolt stiffness is

AAE 01963 in2(0.1419 inz) (30x105 psi _
K= ageeady = 01003 in2(0.69in) +0.1419in2(3in) 1489180.375 Ib/in

The bolt stiffness is 1489180.375 Ib/in.

References
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Processing math: 100%
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18 Award: 8.00 points
Problem 08.018.c - Determining joint and member stiffnesses with dissimilar joint materials

Determine the material stiffness.
The material stiffness is i4202767,937 +2% Iblin.

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.

I__DTS’&:_{

For the washers,
Steel — t = 2w = 2(0.095 in) = 0.190 in, d1 = 0.531 in, D4 = 0.75 in, and E = 30,000 ksi.

0.57741(E)d, 0.5774n(aox106 pS\)O.S in?
ky= = ) = 53906002.57 Ib/in

11465 )+ D4~y (ng‘) L1158 (0.19010) +075 n-05 n] (0751 + 05
[1.155 (0.190 in) +0.75 in+0.5in] (0.75in - 0.5 in)

n
11185 (1) +Dy+d1 (D -y )
For the aluminum plates, the frustum is in two parts.

!
Aluminum —t; = 7 in—2w=1.655in,d=0.5in, D, =0.75in +2x 2(0.095 in )tan (30") =0.969 in, and E = 10,300 ksi.

From Eq. (8-20),

6, i
0.5774 mEd 0.577471(10.3 x10 psl)0.5 in

ky = (1155 (1) 0301 (0,+9) = T[1.155(1.6551n)+0.969 in-05n] (0.969 N+05 ) 11809839.12 Ib/in

™ [1.155 (1,655 in) +0.969 in+0.5 in] (0.969 in-0.5 in)

I
n[w 155 (1, ) +0,+a1 (D,-d)
t3=1/2in=1.845in, D3 =0.751in, d = 0.5in, and E = 10,300 ksi.

6 :
0.5774 mEd 0.577471(10.3 *x10 )0.5|n

kg = (1155 (1) 0401 (5y+9) = L1155 (1846 n) +0.75 n=0.8 n] 0.75 n+0.5 n) = 7421346.664 Ib/in
n——

[1.155 (1.845in) +0.75 in+0.5 in] (0.75 in-0.5 in)

11155 (t3) +Dy+d] (05-0)

Therefore, the material stiffness is

11 1|1 1 1 1 - )
km = (ki Tt 73) = (53906002.57 * 80983012 © 7421346.664) Ibfin = 4202167.937 Ibfin

The material stiffness is 4202167.937 Ib/in.
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Problem 08.011 - Determining joint and member stiffnesses - DEPENDENT MULTI-PART PROBLEM - ASSIGN
ALL PARTS

An M 14 x 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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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 Lis| 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.
L>2t+ H

L=2x23mm+ 12.8 mm = 58.8 mm

Material thickness (t) Bolt length (L)
10t 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),

Ly =2(14 mm) + 6 mm = 34 mm

From Table 8-7,

l=2t=2 x 23 mm =46 mm
ly=L-Ly =60mm- 34 mm =26 mm




l; =1-1; =46 mm - 26 mm = 20 mm

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 kj, 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 kp is | 603.7556 + 2% MN/m.

Explanation:

Ag=7% x (14mm)’ = 153.9 mm?
From Table 8-1,
A¢= 115 mm?

The bolt stiffness is calculated as follows:

ky = AJAE 153.9 mm? x 115 mm? x 207 GPa

T Agh+Ada T (153.9 mm? x 20 mm) + (115 mm?® x 26 mm)

= 603.7556 MN /m




Award: 7 out of 700 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 kp, is 2762.2 @ MN/m.

References

Numeric Response Chapter: 08 Screws,
Fasteners, and the Design of
Nonpermanent Joints

Problem 08.011.c - Section: 08.05 Joints -

Determining joint and Member Stiffness
member stiffnesses

Problem 08.011.c - Determining joint and member stiffnesses

Determine the material stiffness.

The material stiffness ky, 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.

Bd
k., = EdAe v

E = 207 GPa = 207x109 N/m?
d=14 mm=0.014 m
A=0.78715

B=0.62873

0.62873 x 0.014 m

46
km =207 x 10° N/m? x 0.014m x 0.78715 x e( (5 ") ) = 2762.2263 MN/m




Problem 08.012 - Determining joint and member stiffnesses - DEPENDENT MULTI-PART PROBLEM - ASSIGN
ALL PARTS

An M 14 x 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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Award: 2 out of 2.00 points

Q

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 Lis| 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 x 13mm + 12.8 mm + 7 mm = 45.8 mm

Material thickness () Bolt length (L)
11<t<12 45
13<t<15 50
16<t<17 55
18<t<20 60
21<st<22 65
23<st<25 70

From Eq. (8-14),

Ly =2(14 mm) + 6 mm = 34 mm

From Table 8-7,

l=2t+2w=2 x 13mm + 7mm = 33 mm
ly=L-Lyr=50mm - 34 mm = 16 mm

;i =1-13=33mm-16 mm = 17 mm




Award: 7 out of 700 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 kp 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 kpis | 822.1146 + 2% MN/m.

Explanation:

Ag=7% x (14mm)’ = 153.9 mm?
From Table 8-1,
A= 115 mm?2

The bolt stiffness is calculated as follows:

kr — AJAE 153.9 mm? x 115 mm? x 207 GPa
5T A+ Ay (153.9 mm® x 17 mm) + (115 mm® x 16 mm)

= 822.1146 MN/m




Award: 7 out of 700 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 k, 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 ky, 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.
Bd
kn = EdAe

E = 207 GPa = 207x109 N/m?
d=14 mm=0.014 m
A=0.78715

B=0.62873

0.62873 x 0.014 m

33
km =207 x 10° N/m? x 0.014m x 0.78715 x e( (500 ™) ) = 2978.4955 MN/m




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 ¥2 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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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 V4 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 %z in.

The length of the bolt is

Explanation:

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,

I=A+B=125in+0.5in=1.75in

where

A = steel plate thickness

B = cast-iron plate thickness

The nut height is H=0.437 in.

L>I+H

L =1.75in+ 0.437 in = 2.187 in

Rounding up the value L to the nearest %4 in.

L=225in

From Eq. (8-14),

Ly =2(0.5in) 4 0.25 in = 1.25 in

From Table 8-7,

ly=L-Lpr=225in-125in=11in

li,=1-1=1.75in-1in=0.75in




Award: 7 out of 700 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 @ Mib/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% MIb/in.

Explanation:

Ag=7" x (0.5in)® = 0.1963 in’

From Table 8-1,

A¢=0.1419in?
AJAE 0.1963 in® x 0.1419 in? x 30 x 10° psi .
ky= 2 = i > =2.8903 Mlb/in
Adly + Aila (0.1963 in® x 0.75 in) + (0.1419 in® x 1 in)




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 @ Mib/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% MIb/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=0.875in,d=0.5in, D=0.75in, and E = 30,000 kpsi

X T X x 10% psi) x 0.5 in
kl _ 0.5774x(E)d; _ 0.5774 (30 10° p: ) 0.5 — 926.5352 Mlb/ln

(1.155(w) + Dq - dq) (Dq +dq) ((1.155 x 0.875 in) + 0.75 in - 0.5 in)(0.75 in + 0.5 in)
((1.155 x 0.875 in) + 0.75 in + 0.5 in)(0.75 in - 0.5 in)

(1.155(w) + Dy + dy) (Dy - dy)

tp=A-Llin=125in- (1) in=0.375in

Dy =1.5d+ 2(I- h) tan(30°) =1.5 x 0.5in+ 2(1.75in- 1.25in) x tan(30") =1.3274in




T 6 psi .5 in
0.5774m(E)d _ 0.5774 x m x (30 x 10 psi) x 0.5 — 130.6305 Mlb/in

In (1.155(t) + Dg - d) (Dg + d) In ((1.155 x 0.375 in) + 1.3274 in - 0.5 in)(1.3274 in + 0.5 in)
(1.155(t) + Do + d) (D - d) ((1.155 x 0.375 in) + 1.3274 in + 0.5 in)(1.3274 in - 0.5 in)

ky =

For the cast-iron plate, the frustum is in one part. This will generate k3.
Cast iron:
t3=0.5in,d=0.5in, D=0.75in, and E = 14500 kpsi (from Table 8-8).

0. 57747r( )d 0.5774 x m x (14.5 x 10° psi) x 0.5 in

(1155(t3) + D3 -d)(Dg +d) \ (1155 x 0.5 in + 0.75 in - 0.5 in) (0.75 in + 0.5 in)
Inf ——M—M——— In
(1155(t3) + D3 +d) (D3 - d)

ks = = 16.0941 Mlb/in

(1.155 x 0.5 in + 0.75 in + 0.5 in)(0.75 in - 0.5 in)

From Eq. (8-18),

—1 -1
_ (1 1 1 1 1 1 .
km (1?1 e T k_3) - (26.5352 Mib/in | 130.6805 Mib/in | 16.0041 Mlb/in) = 9.3044 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 2 in-13 UNC. A %2 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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Award: 2 out of 2.00 points
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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 V4 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 %z in.

The length of the bolt isl 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,

I=A+B+2w=1.25in+0.5in+2(0.095in) = 1.94in

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>I+H

L=194in+ 0.437in = 2.377 in

Rounding up the value of L to the nearest %4 in.

L=25in




.

Award: 7 out of 700 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 @ Mib/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| 2.67714 + 2% MIb/in.

Explanation:

From Eq. (8-14),

Ly =2(0.5in) + 0.25in = 1.25 in
From Table 8-7,
ly=L-Ly=25in-1.25in=1.25in
It =1-13=194in-1.25in = 0.69 in
Ag=7 x (0.5in)” = 0.1963 in’
From Table 8-1,

A;=0.1419 in?

AJAE 0.1963 in” x 0.1419 in” x 30 x 10° psi .
ky= 0 = > : P —2.6714 Mlb/in
Adly + Adla (0.1963 in® x 0.69 in) + (0.1419 in® x 1.25 in)
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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 @ Mib/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% MIb/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, dy = 0.531 in (Table A-32), D4 = 0.75 in, and £ = 30,000 kpsi

0.5774n(E)d, 0.5774 x m x (30 x 109 psi) x 0.531 in .
ky = (1155(w) + Dy -d1)(Dy +d1) \ ((1.155 x 0.095 in) + 0.75 in- 0.531 in)(0.75 in + 0531 in) \ 89.1957 Mlb/ln
(1.155(w) + Dy +dy) (D - dy) ((1.155 x 0.095 in) + 0.75 in + 0.531 in)(0.75 in - 0.531 in)

For the steel plate, the frustum is in two parts.




Steel:

tr= 232 = (%) in=0.875n

2 2
d=05in

D, = 0.75 in + 2(0.095 in)tan(30°) = 0.860 in

E =30000 kpsi
0.5774n(E)d 0.5774 x m x (30 x 10 psi) x 0.5 in .
ky = 1 (1155(t9) + Dy-d) (D +d) \ (0185 > 0875 in) + 0.86in - 0.5 in) (0.86in + 0.5 in) = 34.828 Mlb/ln
" (1.155(t) + Dy + d) (Dg - d) " ((1.155 x 0.875 in) + 0.86 in + 0.5 in)(0.86 in - 0.5 in)

ts = A-t, =1.25in-0.875 in = 0.375 in
D3 = 0.860 in + 2(0.5 in)tan(30°) = 1.4374 in

E = 30000 kpsi
0.5774n(E)d 0.5774 x m x (30 x 10% psi) x 0.5 in .
k?’ - I (1.155(t3) + D3 - d) (D3 + d) - ((1.155 x 0.375 in) + 1.4374 in - 0.5 in)(1.4374 in + 0.5 in) = 152.7975 Mlb/ln
" (1.155(t3) + D3 + d) (D3 - d) ((1.155 x 0.375 in) + 1.4374 in + 0.5 in)(1.4374 in - 0.5 in)

For the cast-iron cylinder, the frustum is in one part. This will generate k4.
Cast iron:

t2=0.5in

d=05in

D =0.860in

E = 14500 kpsi (from Table 8-8)

0.5774n(E)d 0.5774 x 7 x (14.5 x 10° psi) x 0.5in .
ke = o (15) £ D4 d) Py + ) o g [ (155 % 05 086 - 05 w086 n + 05 in) = 21.8024 Mlb/in
v (1.155(t4) + Dy + d) (D4 - d) n ((1.155 x 0.5 in) + 0.86 in + 0.5 in)(0.86 in - 0.5 in)

From Eq. (8-18),

~1 -1
_ (2 1 1 1 _ 2 1 1 1 _ .
ke = (171 T Tk T 174) - (89.1957Mlb/in T 3488 Mbjin | 152.7975 Mlb/in T 21802 Mlb/in) = 9.6576 Mlb/in




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 = 0.531in; OD =1.062 in; thickness = 0.095 in
Nut properties: steel; height =7/16 in

Bolt properties: 2-13 UNC grade 8

Plate properties: aluminum; £=10.4 Mpsi; Sy = 47 kpsi; S, = 25 kpsi
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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 % in.

The length of the bolt is 3.75 @ in.

References

Numeric Response Chapter: 08 Screws,
Fasteners, and the Design of
Nonpermanent Joints

Problem 08.017.a - Section: 08.05 Joints -

Determining joint and Member Stiffness
member stiffnesses

Problem 08.017.a - Determining joint and member stiffnesses

Determine a suitable length for the bolt, rounded up to the nearest s 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,

I=2t+2w=2(1.5in) + 2(0.095in) = 3.19in

where

t = steel plate thickness

The nut height is H = 0.437 in and the washer thickness is w = 0.095 in.
L>1+H

L=3.19in + 0.437 in = 3.627 in

Rounding up to the nearest V4 in,

L=3.75in
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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 @ Mib/in.

References

Numeric Response Chapter: 08 Screws,
Fasteners, and the Design of
Nonpermanent Joints

Problem 08.017.b - Section: 08.05 Joints -

Determining joint and Member Stiffness
member stiffnesses

Problem 08.017.b - Determining joint and member stiffnesses

Determine the bolt stiffness.

The bolt stiffness is| 1.7048 + 2% MlIb/in.

Explanation:

From Eq. (8-14),

Ly =2(0.5in) + 0.25in =1.25 in
From Table 8-7,
ly=L-Lr=3.75in-1.25in =2.51in
ly=1-13=319in-2.5in = 0.69 in
Ag=7% x (0.5in)” = 0.1963 in’

From Table 8-1,

A;=0.1419in?

AJAE 0.1963 in® x 0.1419 in? x 30 x 10° psi .
ky= 0 = o ARRi X B TP — 1.7048 Mlb/in
alt + Azlg (0.1963 in? x 0.69 in) + (0.1419 in® x 2.5 in)
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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 @ Mib/in.

References

Numeric Response Chapter: 08 Screws,
Fasteners, and the Design of
Nonpermanent Joints

Problem 08.017.c - Section: 08.05 Joints -

Determining joint and Member Stiffness
member stiffnesses

Problem 08.017.c - Determining joint and member stiffnesses
Determine the material stiffness.

The material stiffness is| 4.57164 + 2% MIb/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.

| 0.75" diq
1 0.095"
T ¥
Aluminum f
o
. I
Aluminum
|
1 .
L ) 0.095"

_f

}'*0.75' diE{
0.860" dia
For the washers,

Steel:

w = 0.095 in, dq = 0.531 in (Table A-32), D4 = 0.75 in, and E = 30,000 kpsi

fy — 0.5774n(E)d, _ 0.5774 x m x (30 x 10° psi) x 0.531 in — 89.1957 Mlb//in

(1.155(w) + Dy - dy) (Dy +dy) ((1.155 x 0.095 in) + 0.75 in - 0.531 in)(0.75 in + 0.531 in)
(1.155(w) + Dy +dq)(Dy - dq)

((1.155 x 0.095 in) + 0.75 in + 0.531 in) (0.75 in - 0.531 in)




For the aluminum plates,

tp=1.5in,d=0.5in, D =0.860 in, and E = 10.4 Mpsi

0.5774n(E)d 0.5774 x m x (10.4 x 10° psi) x 0.5 in
ky = | (1155(tg) + Dy-d)(Dg +d) \ | ((1.155 x 1.5 in) + 0.86 in - 0.5 in)(0.86 in -+ 0.5 in) = 10.0506 Mlb/ln
. (1.155(t3) + Dy + d) (Dy - d) t ((1.155 x 1.5 in) + 0.86 in + 0.5 in)(0.86 in - 0.5 in)

From Eq. (8-18),

k —(l+l)71—( 2___ 42 )71—45164M1b/in
m T\ K ks ~ \ 89.1957 Mlb/in 10.0506 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 (f) 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 = 0.531in, OD =1.062 in, and thickness = 0.095 in.
Nut properties: steel height = 7/16 in

Bolt properties: ¥2-13 UNC grade 8

Plate properties: aluminum E=10.3 Mpsi, Sy= 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.

References
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Nonpermanent Joints

Problem 08.018 - Section: 08.05 Joints -
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with dissimilar joint
materials -
DEPENDENT MULTI-
PART PROBLEM -
ASSIGN ALL PARTS
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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.

References
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Fasteners, and the Design of
Nonpermanent Joints
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Determining joint and Member Stiffness
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with dissimilar joint

materials

Problem 08.018.a - Determining joint and member stiffnesses with dissimilar joint materials

Find a suitable bolt length.

The bolt lengthiis| 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

I=2t+2w=2x15in+2 x 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.
L21+H=319in+0.437 in = 3.627 in.
Rounding up the value to the nearest 4 in gives L = 3.75 in.

This is the required bolt length.
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Award: 7 out of 700 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 @ Ib/in.

References
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Fasteners, and the Design of
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materials

Problem 08.018.b - Determining joint and member stiffnesses with dissimilar joint materials

Determine the bolt stiffness.

The bolt stiffness is | 1704720.959 + 2% Iblin.

Explanation:

From Eq. 8-14,
L7=2(0.5in)+0.25in=1.25in
From Table 8-7, we have
lg=L-L7=375in-125in=25in
It =1-13=3.19in-25in=0.69in

2
Ay =050 _ 01963 in?

From Table 8-1, A;=0.1419 in2.

Therefore, from Eq. (8-17), the bolt stiffness is

AJAE 0.1963 in? (0.1419 in?) (30108 psi .
ky = "2 = — ( - I — ,) = 1704720.959 1b/in
Adli+Adda 0.1963 in?(0.69 in)+0.1419 in?*(2.5 in)
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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 @ Ib/in.

References

Numeric Response Chapter: 08 Screws,
Fasteners, and the Design of
Nonpermanent Joints
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Determining joint and Member Stiffness
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with dissimilar joint

materials

Problem 08.018.c - Determining joint and member stiffnesses with dissimilar joint materials

Determine the material stiffness.

The material stiffness is | 4359093.885 + 2% Iblin.

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.

}‘OJS' da*{

Ao / 1 Jos- t
. t
!

——

0.005" | |— 0.09%°
T_t r
0.75" dia
0.969" dia

For the washers,
Steel —t = 2w =2(0.095 in) = 0.190 in, d4 = 0.531 in, D1 = 0.75 in, and E = 30,000 ksi.

T 6 psi)0.5 in?
ky — 0.57747(E)d; _ 0.5774m(30x10° psi)0.5 — 53906002.57 lb/in

[1.155(t)+ Dy —dy ) (D +dy) [1.155(0.190 in)+0.75 in—0.5 in] (0.75 in -+ 0.5 in)
[1.155(t)+ Dy +dq ] (D1 —dp) [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.
Aluminum - ¢, = L in—2w = 1.405in,d = 0.5in, D = 0.75 in + 2 x 2(0.095 in) tan(30°) = 0.969 in, and E = 10,300 ks}.

From Eq. (8-20),

B 0.5774nEd B 0.5774m(10.3x10° psi) 0.5 in o .
k2 - [1.155(ty) +Dg—d) (Dg+d) [1.155(1.405 in)+0.969 in—0.5 in](0.969 in+0.5 in) 12439209.06 lb/lIl
n [1.155(t) + Dy +d] (Dg—d) [1.155(1.405 in)-+0.969 in-+0.5 in](0.969 in—0.5 in)

t3=12in=1.595in, D3 =0.75in, d =0.5in, and E = 10,300 ksi.

B 0.57747Ed . 0.57747(10.3x10%)0.5 in o .
k3 - [1.155(t3)+D3—d] (D3+d) - [1.155(1.595 in)+0.75 in—0.5 in] (0.75 in+0.5 in) 766496728 lb/ln
[1.155(t3) + D3 -+d] (D3—d) [1.155(1.595 in)+0.75 in+0.5 in] (0.75 in—0.5 in)

Therefore, the material stiffness is

-1
_ (1 1 1 _ 1 1 1 -1 s .
ki = (/Tl T T 173) = (ssovo00257 + T2as0200.06 T+ 7osiserzs)  Lp/in = 4359093.885 Ib/in
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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 x 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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Problem 08.011 - Section: 08.05 Joints -

Determining joint and Member Stiffness

member stiffnesses -
DEPENDENT MULTI-
PART PROBLEM -
ASSIGN ALL PARTS
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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.

References
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Fasteners, and the Design of
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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 Lis| 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.
L>2t+ H

L=2x17mm + 12.8 mm = 46.8 mm

Material thickness (t) Bolt length (L)
10t 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),

Ly =2(14 mm) + 6 mm = 34 mm
From Table 8-7,

l=2t=2 x 17Tmm =34 mm

ly=L-Ly=50mm - 34 mm = 16 mm




l;=1-1; =34 mm- 16 mm = 18 mm

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 kp, is 794.67 @ MN/m.
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Fasteners, and the Design of
Nonpermanent Joints

Problem 08.011.b - Section: 08.05 Joints -

Determining joint and Member Stiffness
member stiffnesses

Problem 08.011.b - Determining joint and member stiffnesses

Determine the bolt stiffness.

The bolt stiffness kp is | 794.6704 + 2% MN/m.

Explanation:

Ag=7% x (14mm)’ = 153.9 mm?
From Table 8-1,
A¢= 115 mm?

The bolt stiffness is calculated as follows:

ky = AJAE 153.9 mm? x 115 mm? x 207 GPa

T Agl+ Ay (153.9 mm? x 18 mm) + (115 mm* x 16 mm)

= 794.6704 MN /m




Award: 7 out of 700 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 kp, is 2955.22 @ MN/m.

References

Numeric Response Chapter: 08 Screws,
Fasteners, and the Design of
Nonpermanent Joints

Problem 08.011.c - Section: 08.05 Joints -

Determining joint and Member Stiffness
member stiffnesses

Problem 08.011.c - Determining joint and member stiffnesses

Determine the material stiffness.

The material stiffness kp, 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.

Bd
k., = EdAe v

E = 207 GPa = 207x109 N/m?
d=14 mm=0.014 m
A=0.78715

B=0.62873

0.62873 x 0.014 m

34
km =207 x 10° N/m? x 0.014m x 0.78715 x e( (500 ) ) = 2055.2203 MN/m




Problem 08.012 - Determining joint and member stiffnesses - DEPENDENT MULTI-PART PROBLEM - ASSIGN
ALL PARTS

An M 14 x 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.

References

Section Break Chapter: 08 Screws,
Fasteners, and the Design of
Nonpermanent Joints

Problem 08.012 - Section: 08.05 Joints -

Determining joint and Member Stiffness

member stiffnesses -
DEPENDENT MULTI-
PART PROBLEM -
ASSIGN ALL PARTS



Award: 2 out of 2.00 points

Q

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.

References
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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 Lis| 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.

L>2t+ H+ 2w

L=2 x 25mm + 12.8 mm + 7 mm = 69.8 mm

Material thickness () Bolt length (L)
11<t<12 45
13<t<15 50
16<t<17 55
18<t<20 60
21<st<22 65
23<st<25 70

From Eq. (8-14),

Ly =2(14 mm) + 6 mm = 34 mm

From Table 8-7,

l=2t4+2w=2 x 25mm+ 7mm = 57 mm
ly=L-Ly=70mm - 34 mm = 36 mm

l;=1-13=57mm-36 mm = 21 mm




Award: 7 out of 700 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 kp 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 kp is | 496.9667 + 2% MN/m.

Explanation:

Ag=7% x (14mm)’ = 153.9 mm?
From Table 8-1,
A= 115 mm?2

The bolt stiffness is calculated as follows:

ky = AJAE 153.9 mm? x 115 mm? x 207 GPa

T Agly + Ay (153.9 mm? x 21 mm) + (115 mm? x 36 mm)

= 496.9667 MN /m




Award: 7 out of 700 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 k, 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 ky, 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.
Bd

kn, = EdAe

E =207 GPa = 207x109 N/m?

d=14mm=0.014 m

A=0.78715
B=0.62873

0.62873 x 0.014 m

57
km =207 x 10° N/m? x 0.014m x 0.78715 x e( (500 ™) ) = 2662.0840 MN/m




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 %2 in-13 UNC.
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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Fasteners, and the Design of
Nonpermanent Joints

Problem 08.014 - Section: 08.05 Joints -
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member stiffnesses
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PART PROBLEM -
ASSIGN ALL PARTS



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 V4 in.

The length of the boltis 2.75 @ in.
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Chapter: 08 Screws,
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Section: 08.05 Joints -
Member Stiffness

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 %z in.

The length of the bolt is

Explanation:

2.75+ 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,

I=A+B=15in+0.75in=225in

where

A = steel plate thickness

B = cast-iron plate thickness

The nut height is H=0.437 in.

L>I+H

L =2.25in+ 0.437 in = 2.687 in

Rounding up the value L to the nearest %4 in.

L=275in

From Eq. (8-14),

Ly =2(0.5in) 4 0.25 in = 1.25 in

From Table 8-7,

ly=L-Lyr=2.75in-1.25in=1.51in

ly=1-13=225in-15in=0.75in




Award: 7 out of 700 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 @ Mib/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% MIb/in.

Explanation:

Ag=7" x (0.5in)® = 0.1963 in’

From Table 8-1,

A¢=0.1419in?
by — AJAME 0.1963 in? x 0.1419 in? x 30 x 10° psi
5T A+ Ay (0.1963 in® x 0.75in) + (0.1419 in® x 1.5 in)

— 2.3208 Mlb/in




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 @ Mib/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% MIb/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=1.125in,d=0.5in, D=0.75in, and E = 30,000 kpsi

ky = 0.5774m(E)d; _ 0.5774 x m x (30 x 109 psi) x 0.5 in _ 24.4811 Mlb/in

(1.155(w) + Dq - dq) (Dq +dq) ((1.155 x 1.125in) + 0.75 in - 0.5 in)(0.75 in + 0.5 in)
((1.155 x 1.125 in) + 0.75 in + 0.5 in)(0.75 in - 0.5 in)

(1.155(w) + Dy + dy) (Dy - dy)

ty=A-Llin=15in- (32)in=0.375in

Dy =1.5d +2(I- h) tan(30°) = 1.5 x 0.5in + 2(2.25in- 1.5in) x tan(30°) = 1.6161 in




d 0.5774 x m x (30 x 10° psi) x 0.5 in

0.57747(E) B B _
I ((1 5(t2) + Dy - d) (Dy +d) ) - I (((1155x0,3751n)+1,61611n-0.5in)(L61611n+0,5in)) = 192.0211 Mlb/ln
nf———————— n
d)(Dy-d)

(1.155(ty) + Dy +d) (Dg ((1.155 x 0.375 in) + 1.6161 in + 0.5 in)(1.6161 in - 0.5 in)

ky =

For the cast-iron plate, the frustum is in one part. This will generate k3.
Cast iron:
t3=0.75in,d=0.5in, D=0.75in, and E = 14500 kpsi (from Table 8-8).

0. 57747r( )d 0.5774 x m x (14.5 x 10° psi) x 0.5 in
(1155(t3) + D3 -d)(Dg +d) \ (1155 x 0.75 in + 0.75 in - 0.5 in) (0.75 in + 0.5 in)
Inf ——M—M——— In
(1185(t3) + D3 + d) (D3 - d)

ks = = 13.5612 Mlb/in

(1.155 x 0.75 in 4 0.75 in + 0.5 in)(0.75 in - 0.5 in)

From Eq. (8-18),

—1 -1
_ (1 1 1 1 1 1 .
km (1?1 e T k_3) - (24.4811 Mlb/in T Toz0z11 Mbb/in ' 13.5612 Mlb/in) = 8.3476 MIb/in

Problem 08.015 - Determining joint and member stiffnesses with dissimilar joint materials - DEPENDENT
MULTI-PART PROBLEM - ASSIGN ALL PARTS

A 175-in. steel plate and a 1-in. gray cast iron plate are compressed with one bolt and nut. The bolt is 2 in-13 UNC. A %2 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.

References
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materials -
DEPENDENT MULTI-
PART PROBLEM -
ASSIGN ALL PARTS
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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 V4 in.

The length of the bolt is 3.5 @ in.

References

Numeric Response

Problem 08.015.a -
Determining joint and
member stiffnesses
with dissimilar joint
materials

Chapter: 08 Screws,
Fasteners, and the Design of
Nonpermanent Joints

Section: 08.05 Joints -
Member Stiffness

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 %z in.

The length of the bolt isl 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,

I=A+B+2w=1.75in+1in+ 2(0.095in) =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.

L>I+H

L=294in+ 0.437in = 3.377 in

Rounding up the value of L to the nearest %4 in.

L=35in




.

Award: 7 out of 700 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 @ Mib/in.

References
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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| 7.8378 + 2% MIb/in.

Explanation:

From Eq. (8-14),

Ly =2(0.5in) + 0.25in = 1.25 in
From Table 8-7,
ly=L-Ly=3.5in-1.25in=2.25in
It =1-13=2.94in-2.25in = 0.69 in
Ag=7 x (0.5in)” = 0.1963 in’
From Table 8-1,

A;=0.1419 in?

AJAE 0.1963 in” x 0.1419 in” x 30 x 10° psi .
ky= 0 = > : S P — 1.8378 Mlb/in
Adly + Adla (0.1963 in® x 0.69 in) + (0.1419 in® x 2.25 in)
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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 @ Mib/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| 8.7987 + 2% MIb/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, dy = 0.531 in (Table A-32), D4 = 0.75 in, and £ = 30,000 kpsi

0.5774n(E)d, 0.5774 x m x (30 x 109 psi) x 0.531 in .
ky = (1155(w) + Dy -d1)(Dy +d1) \ ((1.155 x 0.095 in) + 0.75 in- 0.531 in)(0.75 in + 0531 in) \ 89.1957 Mlb/ln
(1.155(w) + Dy +dy) (D - dy) ((1.155 x 0.095 in) + 0.75 in + 0.531 in)(0.75 in - 0.531 in)

For the steel plate, the frustum is in two parts.




Steel:

gy = ATB iy — (M) in = 1.375 in

2 2
d=05in

D, = 0.75 in + 2(0.095 in)tan(30°) = 0.860 in

E =30000 kpsi
0.5774n(E)d 0.5774 x m x (30 x 10 psi) x 0.5 in .
ky = I (1155(t9) + Dy-d) (D +d) \ g (( (0195 X 1375 n) + 0.8 - 0.5 1) (086 i + 0.5 ) =29.7424 Mlb/ln
" (1.155(t) + Dy + d) (Dg - d) " ((1.155 x 1.375 in) + 0.86 in + 0.5 in)(0.86 in - 0.5 in)

t3=A-t,=1.75in-1.375in = 0.375in
D3 =0.860 in + 2(1 in)tan(30°) = 2.0148 in

E = 30000 kpsi
0.5774n(E)d 0.5774 x m x (30 x 10% psi) x 0.5 in .
k?’ - I (1.155(t3) + D3 - d) (D3 + d) - ((1.155 x 0.375 in) + 2.0148 in - 0.5 in)(2.0148 in + 0.5 in) = 293.923 Mlb/ln
" (1.155(t3) + D3 + d) (D3 - d) ((1.155 x 0.375 in) + 2.0148 in + 0.5 in)(2.0148 in - 0.5 in)

For the cast-iron cylinder, the frustum is in one part. This will generate k4.
Cast iron:

ta=1in

d=05in

D =0.860in

E = 14500 kpsi (from Table 8-8)

0.5774n(E)d 0.5774 x m x (14.5 x 10° psi) x 0.5 in .
ke = o ( (1550 +Da- Dy + )\ T (@155 x Lin) + 086 1a-05m)(0.86 i +051m) | 15.9936 Mlb/in
n (1.155(t4) + Dy + d) (D4 - d) n ((1.155 x 1in) + 0.86 in + 0.5 in)(0.86 in - 0.5 in)

From Eq. (8-18),

-1 -1
_ (2 1 1 1 _ 2 1 1 1 _ .
ke = (171 T Tk T 174) - (89.1957Mlb/in T 20742 MIb /in T 203.023 Mlb /in T 15.9936 Mlb/in) = 8.1987 Mlb/in




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 = 0.531in; OD =1.062 in; thickness = 0.095 in
Nut properties: steel; height =7/16 in

Bolt properties: 2-13 UNC grade 8

Plate properties: aluminum; £=10.4 Mpsi; Sy = 47 kpsi; S, = 25 kpsi

References

Section Break Chapter: 08 Screws,
Fasteners, and the Design of
Nonpermanent Joints
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DEPENDENT MULTI-
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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 % in.

The length of the bolt is 3.25 @ in.
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Determining joint and Member Stiffness
member stiffnesses

Problem 08.017.a - Determining joint and member stiffnesses

Determine a suitable length for the bolt, rounded up to the nearest s 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,

I=2t+2w=2(1.25in) + 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>1+H

L=269in+ 0.437in = 3.127 in

Rounding up to the nearest V4 in,

L=3.25in
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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 @ Mib/in.
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Problem 08.017.b - Determining joint and member stiffnesses

Determine the bolt stiffness.

The bolt stiffness is| 7.9933 + 2% MlIb/in.

Explanation:

From Eq. (8-14),

Ly =2(0.5in) + 0.25in =1.25 in
From Table 8-7,
ly=L-Lr=325in-1.25in=21in
ly=10-13=2.69in-2in =0.69 in
Ag=7% x (0.5in)” = 0.1963 in’

From Table 8-1,

A;=0.1419in?

k AJAE 0.1963 in? x 0.1419 in? x 30 x 10° psi
Y = _

T Adi+ Ads (01963 in® x 0.69in) + (01419 1n® x 2in) 1.9933 Mib/in
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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 @ Mib/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% MIb/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.

| 0.75" dia
4
—LX 0095
T ¥
|
Aluminum I
o
. I
Aluminum
|
1 1
L Al 0.095"

_f

}*0.75' diE{
0.860" dia
For the washers,

Steel:

w = 0.095 in, dq = 0.531 in (Table A-32), D4 = 0.75 in, and E = 30,000 kpsi

fy — 0.5774n(E)d, _ 0.5774 x m x (30 x 10° psi) x 0.531 in — 89.1957 Mlb//in

(1.155(w) + Dy - dy) (Dy +dy) ((1.155 x 0.095 in) + 0.75 in - 0.531 in)(0.75 in + 0.531 in)
(1.155(w) + Dy +dq)(Dy - dq)

((1.155 x 0.095 in) + 0.75 in + 0.531 in) (0.75 in - 0.531 in)




For the aluminum plates,

tp=1.25in,d=0.5in, D=0.860 in, and E = 10.4 Mpsi

0.5774n(E)d 0.5774 x m x (10.4 x 10° psi) x 0.5 in .
k2 - I (1.155(ty) + Dy - d) (Dy + d) - I ((1.155 x 1.25 in) + 0.86 in - 0.5 in)(0.86 in + 0.5 in) - 106218 Mlb/ln
. (1.155(t3) + Dy + d) (Dy - d) t ((1.155 x 1.25in) + 0.86 in + 0.5 in)(0.86 in - 0.5 in)

From Eq. (8-18),

k —(l+l)71—( 2___ 42 )71—47458M1b/in
m T\ K ks ~ \ 89.1957 Mlb/in 10.6218 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 2 in (f) 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 = 0.531in, OD =1.062 in, and thickness = 0.095 in.
Nut properties: steel height =7/16 in

Bolt properties: ¥2-13 UNC grade 8

Plate properties: aluminum E=10.3 Mpsi, Sy= 47 kpsi, and S, = 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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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 boltlengthis| 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

I=2t+2w=2x2in+2 % 0.095in =4.19 in. The nut height is H = 0.437 in (from Table A-31), and the washer thickness is w = 0.095 in.
L21+H=419in+0.437 in = 4.627 in.
Rounding up the value to the nearest ¥4 in gives L = 4.75 in.

This is the required bolt length.
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Award: 7 out of 700 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 & Ib/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% Ib/in.

Explanation:

From Eq. 8-14,
L7=2(0.5in)+0.25in=1.25in
From Table 8-7, we have
lg=L-L7=475in-125in=3.5in
It =1-13=4.19in-3.5in=0.69in

2
Ay =050 _ 01963 in?

From Table 8-1, A;=0.1419 in2.

Therefore, from Eq. (8-17), the bolt stiffness is

AJAE 0.1963 in? (0.1419 in?) (30108 psi .
ky = ) dEHE = — ( - I — ,) = 1322026.683 1b/in
alit+Aila 0.1963 in?(0.69 in)+0.1419 in?*(3.5 in)
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Award: O 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 & Ib/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% Iblin.

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.

}‘OJS' da*{

Ao / 1 Jos- t
. t
!

——

0.005" | |— 0.09%°
T_t r
0.75" dia
0.969" dia

For the washers,
Steel —t = 2w =2(0.095 in) = 0.190 in, d4 = 0.531 in, D1 = 0.75 in, and E = 30,000 ksi.

T 6 psi)0.5 in?
ky — 0.57747(E)d; _ 0.5774m(30x10° psi)0.5 — 53906002.57 lb/in

[1.155(t)+ Dy —dy ) (D +dy) [1.155(0.190 in)+0.75 in—0.5 in] (0.75 in -+ 0.5 in)
[1.155(t)+ Dy +dq ] (D1 —dp) [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.
Aluminum - ¢; = L in—2w = 1.905in,d = 0.5in, Dy = 0.75 in + 2 x 2(0.095 in) tan(30°) = 0.969 in, and E = 10,300 ks}.

From Eq. (8-20),

B 0.5774nEd B 0.5774m(10.3x10° psi) 0.5 in o .
k2 - [1.155(ty) +Dg—d) (Dg+d) [1.155(1.905 in)+0.969 in—0.5 in] (0.969 in-+0.5 in) 11343455.71 lb/lIl
n [1.155(t) + Dy +d] (Dg—d) [1.155(1.905 in)-+0.969 in-+0.5 in](0.969 in—0.5 in)

t3=1/2in=2.095in, D3 =0.75in, d =0.5in, and E = 10,300 ksi.

B 0.57747Ed . 0.57747(10.3x10%)0.5 in o .
k3 - [1.155(t3)+D3—d] (D3+d) - [1.155(2.095 in)+0.75 in—0.5 in] (0.75 in+0.5 in) 7234488906 lb/ln
[1.155(t3) + D3 -+d] (D3—d) [1.155(2.095 in)+0.75 in+0.5 in] (0.75 in—0.5 in)

Therefore, the material stiffness is

-1
_ (1 1 1 _ 1 1 1 -1 s .
kom = (/Tl T T E) = (sasoo00z57 + Tismsissrt + asmissone)  1P/in = 4082730.289 Ib/in
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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 x 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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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 Lis| 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=2x11 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),
Ly=2(14mm)+6 mm =34 mm

From Table 8-7,
[=2t=2 x 11 mm =22 mm

ly=L-Ly=35mm-34 mm=1mm




ly=1-13=22mm-1mm=21mm

Award: 7 out of 7.00 points

Problem 08.011.b - Determining joint and member stiffnesses

Determine the bolt stiffness.

The bolt stiffness kp, is 1094 @ MN/m.
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Problem 08.011.b - Determining joint and member stiffnesses

Determine the bolt stiffness.

The bolt stiffness kp is | 1094.6217 £ 2% MN/m.
Explanation:

Ag=1 * (14 mm)? = 153.9 mm?

From Table 8-1,

A¢= 115 mm?

The bolt stiffness is calculated as follows:

AAE 153.9 mm2 x 115 mm? x 207 GPa

Kp =1094.6217 MN/m

T Ag Al
dit Ay (153.9mm2>< 21 mm)+ (115mm2x 1mm)




Award: O out of 7.00 points

Problem 08.011.c - Determining joint and member stiffnesses

Determine the material stiffness.

The material stiffness k, is 1153 & MN/m.
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Problem 08.011.c - Determining joint and member stiffnesses

Determine the material stiffness.

The material stiffness k, 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.

Bd
k= EdAe

E = 207 GPa = 207x10% N/m2
d=14 mm=0.014 m
A=0.78715

B=0.62873

0.62873 x 0.014 m

2
1000 "

Ky, =207 x 109 N/m? x 0.014m x 0.78715 x e =3403.4352 MN/m




Problem 08.012 - Determining joint and member stiffnesses - DEPENDENT MULTI-PART PROBLEM - ASSIGN ALL
PARTS

An M 14 x 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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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 Lis| 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 x 13 mm+ 128 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),

Ly=2(14mm) +6mm =34 mm

From Table 8-7,

[=2t+2w=2 x 13mm + 7 mm =33 mm
ly=L-L+=50mm-34 mm=16 mm

ly=1-13=33mm-16 mm =17 mm




Award: 0 out of 7.00 points

Problem 08.012.b - Determining joint and member stiffnesses

Determine the bolt stiffness.

The bolt stiffness kp 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 kp is | 822.1146 + 2% MN/m.
Explanation:

Ag=1 % (14 mm)? = 153.9 mm?

From Table 8-1,

A¢= 115 mm?

The bolt stiffness is calculated as follows:

AAE 153.9 mm2 x 115 mm? x 207 GPa
T AdetAdy (

Kp = 822.1146 MN/m

153.9 mm?2 x 17 mm) + (115 mm? x 16 mm)




Award: O out of 7.00 points

Problem 08.012.c - Determining joint and member stiffnesses

Determine the material stiffness.

The material stiffness kp, 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 k, 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.
Bd
k= EdAe

E = 207 GPa = 207x10% N/m2
d=14 mm=0.014 m
A=0.78715

B=0.62873

0.62873 x 0.014 m

33
1000 ™

k=207 x 10°N/m? x 0.014m x 0.78715 x e = 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 %2 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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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 V4 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 %4 in.

The length of the bolt isl 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,
/I=A+B=2in+1.25in=3.25in
where

A = steel plate thickness

B = cast-iron plate thickness

The nut height is H = 0.437 in.
Lz2/+H

L=3.25in+0.437 in = 3.687 in
Rounding up the value L to the nearest Y4 in.
L=3.75in

From Eq. (8-14),
Ly=2(0.5in)+0.25in=1.251n
From Table 8-7,
lg=L-Ly=3.75in-125in=25in

ly=1-1,=325in-25in=0.75in




Award: O 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 & Mib/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| 71.6648 + 2% Mib/in.
Explanation:

x (0.5in)2=0.1963 in2

|

Ay=
From Table 8-1,
A;=0.1419in?

AAE 0.1963 in? x 0.1419in? x 30 x 106 psi

Kp = 1.6648 Mib/in

TALAAL
dit Ay (0.1963in2xo.75in)+ (0.1419in2x2.5in)




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 & Mib/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% MIb/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=1.625in,d=0.5in, D =0.75 in, and E = 30,000 kpsi

0.5774m(E)d 05774 x 17 (30 x 106 psi) x 0.5in
ky= = =22.2288 Mib/in
(1_155(w> + D, -d, ) (01 +d1) in [ ((1:155 x 1625in) +075in-051in) (075 in + 0.5 in)
In ((1.155 x 1.625in) + 0.75in + 0.5in) (0.75in - 0.5in)
(1-185(w) + Dy +dy ) (Dy - )

~ I 325\ )
t2—A-§|n—2|n- - in=0.375in

D,=1.5d+2(I- h)tan(30°)= 1.5 x 0.5in+2(3.25in-2in) x tan(30°) = 2.1934 in




6 . .
0.5774m(E)d 0.5774 x 1 x (30 x 10 pSI) x 0.5in .
ky = = = 346.0294 Mib/in
(1_155(;2) +D2>d) (D2+d) ) | ( ((1.155 x 0.375in) + 2.1934 in - 0.5in) (2.1934 in + 0.5 in) )

In

(1185 x 0.375in) +2.1934in + 0.5n) (21934 in - 05n)
(1.15(t) + D, +d) (D,-q)

For the cast-iron plate, the frustum is in one part. This will generate k3.

Cast iron:

t3=1.25in,d=0.5in, D=0.75in, and E = 14500 kpsi (from Table 8-8).

05774 (E)d 0.5774 x 1 (14.5 x 108 psi) x 0.5in
k3 = = =11.4813 Mlb/ln
(1.15(t;) + D3 -d) (Dy +d) | ( (1.155 x 1.25in+ 0.75in - 0.5in) (0.75 in + 0.5 in) )
[ (1165 x 1.25in+ 0.750n + 0.5in) (0.75in- 05 n)
(1:185(t ) + D3 + ) (D3-q)

From Eq. (8-18),

11 1)1 1 1 1 -1
=+ —+—] = + + = i
km k4 ky  kj (22.2288 Mib/in ~ 346.0294 Mib/in 11.4813 Mib/in ) 7.4088 Mib/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 2 in-13 UNC. A %2 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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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 V4 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 %4 in.

The length of the bolt isl 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,

I=A+B+2w=1.25in+0.5in +2(0.095in) = 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.
Lz2/+H

L=194in+0437in=2377in

Rounding up the value of L to the nearest % in.

L=25in




M.

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 @ Mib/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% Mib/in.

Explanation:

From Eq. (8-14),
Ly=2(0.5in)+0.25in=1.251n
From Table 8-7,
ly=L-L+=25in-125in=1.251n

ly=1-13=194in-1.25in=0.69in

x (0.5in)2=0.1963 in2

|

Ay=
From Table 8-1,
A;=0.1419in?

AAE 0.1963 in2 x 0.1419in? x 30 x 10 psi
T AdetAdy (

Kp =2.6714 Mib/in

0.1963 in2 x 0.69 in) + (0.1419in2 x 1.25 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 @ Mib/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% MIb/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=0.095in, dq = 0.531 in (Table A-32), D1 = 0.75in, and E = 30,000 kpsi

057741 (E)d, 0.5774 x 17 (30 x 108 psi) x 0.531in
ky= = = 89.1957 Mlb/in
(1_155(W) +D,-d, ) (D1 +d1) ) | ( ((1.155 x 0.095in) + 0.75in - 0.531 in) (0.75 in + 0.531 in) )
In ((1.155 x 0.095in) + 0.75n + 0.531 in) (0.75 in - 0.531 in)
(1.185(w) + Dy + dy ) (D -dy)

For the steel plate, the frustum is in two parts.

Steel:




A+B 125+05\ .
t, = 2 |n=( 2 )|n=0.875|n
d=0.5in

Dy =0.75in + 2(0.095 in)tan(30°) = 0.860 in
E = 30000 kpsi
0.57741(E)d 0.5774 x m x (30 x 106 psi) x 0.5in

ky = = = 34.828 Mib/in
In( (1_155(;2) +D2»d) (D2+d) ) In( ((1.155 x 0.875in) + 0.86in - 0.5in) (0.86 in + 0.5in) )

((1.155 x 0.875in) + 0.86in + 0.5in) (0.86 in - 0.5 n)
(1:185(t,) + D, + ) (D,-d)

ty=A-t,=1.25in-0.875in=0.375in
D =0.860in +2(0.5 in Jtan (30°) = 1.4374 in
E = 30000 kpsi

6 o .
0.5774m(E)d 0.5774 x 1 x (30 x 10 pSI) x 0.5in _
ky= = =152.7975 Mib/in
( (1.155(z3) +D3-d) (D3+d) ) In( ((1.155 x 0.375in) + 1.4374in - 0.5in) (1.4374 in + 0.5 in) )

((1.155 x 0.375in) + 1.4374in+ 0.51n) (1.4374in-0.5n)
(1185(ts ) + Dy +d) (D5-a)

For the cast-iron cylinder, the frustum is in one part. This will generate k4.
Cast iron:

t4=05in

d=0.5in

D =0.860 in

E = 14500 kpsi (from Table 8-8)

0.5774 x 17 (14.5 x 108 psi) x 0.5n
= =21.8024 Mib/in

(1155 (t ) + D4~ ) (D4 + q) [ (1155 x 051n) +0.88in-051n) (086 n + 05 )
n ( ( ) )( ) n ((1.155 x 0.5in) + 0.86in + 0.5in) (0.86 in - 0.5 in)
1.155(t, ) + Dy +d) (Dy-d

0.5774m(E)d

#X
n

From Eq. (8-18),

2 1 1 1 |-1 2 1 1 1 -1
=4+ — + — + — = + + + = i
km (k1 ky k3 ky ) (89.1957 Mib/in 34.828 MIb/in 152.7975 Mib/in 21.8024 Mib/in ) 9.6576 Mib/in




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 = 0.531in; OD =1.062 in; thickness = 0.095 in
Nut properties: steel; height = 7/16 in

Bolt properties: 2-13 UNC grade 8

Plate properties: aluminum; £=10.4 Mpsi; Sy = 47 kpsi; Sy, = 25 kpsi
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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 ¥4 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 %4 in.

The length of the bolt isl 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,

I=2t+2w=2(1.25in) + 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=]+H

L=269in+0.437in=3.127 in

Rounding up to the nearest % in,

L=3.25in




Award: O out of 7.00 points

Problem 08.017.b - Determining joint and member stiffnesses

Determine the bolt stiffness.

The bolt stiffness is 1.32 & Mib/in.
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Problem 08.017.b - Determining joint and member stiffnesses

Determine the bolt stiffness.

The bolt stiffness is| 7.9933 + 2% Mib/in.

Explanation:

From Eq. (8-14),
Ly=2(0.5in)+0.25in=1.251n
From Table 8-7,
lg=L-Ly=325in-125in=2in

ly=1-14=269in-2in=0.69in

Ay=, x (0.5in)?=0.1963 in?

|

From Table 8-1,
A;=0.1419in?

AAE 0.1963 in? x 0.1419in2 x 30 x 108 psi
T AdetAdy (

Ky = 1.9933 Mib/in

0.1963 in2 x 0.69 in) + (0.1419 in2 x 2 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 & Mib/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% MIb/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 ks for the frusta.

| 0.75° dia‘{

L

0.095"

Aluminum

Aluminum

I

L Al 0.095"

|

%*0.75" dfa’*

0.860" dia

For the washers,
Steel:

w=0.095in, dy = 0.531 in (Table A-32), D1 = 0.75in, and E = 30,000 kpsi

0.5774(E)d, 0.5774 x 17 % (30 x 108 psi) x 0.531in
ky= = = 89.1957 Mib/in

(1_155(w) +D,-d, ) (D1 +d1) ) n ( ((1.155 x 0.095in) + 0.75in - 0.531 in) (0.75 in + 0.531 in) )

In ((1.155 x 0.095in) + 0.75in + 0.531 in) (0.75 in - 0.531 in)

(1.185(w) + Dy + d; ) (D -dy)

For the aluminum plates,




tp=1.25in,d=0.5in, D=0.860 in, and E = 10.4 Mpsi

0.57741(E)d 05774 x m x (10-4 x 106 psi) x 0.5in .
ko = = = 10.6218 Mib/in

(1.155(t2)+D4’d)(D4+d) [ (1155 x 1251) + 08 1n-05n) (085 + 05n)
| ( ( ) ) ( ) ((1.155 x 1.25in) + 0.86 in + 0.5in) (0.86in - 0.5 in)
1155 (t,) + D, + d) (D,-d

From Eq. (8-18),

2 2|1 2 2
kp=|*+-| = — + .
m= kT Ky 89.1957 Mib/in ~ 10.6218 Mib/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 (#) 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 = 0.531in, OD =1.062 in, and thickness = 0.095 in.

Nut properties: steel height = 7/16 in

Bolt properties: ¥2-13 UNC grade 8

Plate properties: aluminum E=10.3 Mpsi, Sy =47 kpsi, and S;,= 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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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 isl 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

[=2t+2w=2x15in+2 x0.095in = 3.19 in. The nut height is H = 0.437 in (from Table A—31), and the washer thickness is w = 0.095 in.
Lz2I+H=3.19in + 0.437 in = 3.627 in.
Rounding up the value to the nearest V4 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 @ Ib/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% Ib/in.

Explanation:

From Eq. 8-14,
L7=2(0.5in)+0.25in = 1.25in
From Table 87, we have
lg=L-L7=375iIn-125in=25in

It =1-14g=3.19in-2.5in=0.69 in

17(0.5 in)?

Ag=— 4 =0.193in?

From Table 8-1, A;=0.1419 in.

Therefore, from Eq. (8—17), the bolt stiffness is

ApE  0.19631n7(0.1419in2 ) (30x10° psi)

Ky = AditAdy ~ 01963 n2(0.69in) +0.1419 in2(25in) 1704720.959 1b/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 & Ib/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% Ib/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.

FOJS' da*‘

—

1.905" t

1 i 0.095°

" e

TT0.969" dia

For the washers,
Steel — t = 2w =2(0.095in) = 0.190 in, d4 = 0.531 in, D1 = 0.75in, and E = 30,000 ksi.

0.5774m(E)d, O.5774Tr(30x 108 psi )0.5 in?
ky = = y = 53906002.57 Ib/in

[1.15 (1) +D, - d;] (D1 +d, ) n [1.155(0.190in) +0.75in-0.5in] (0.75in + 0.5 in
[1.155(0.190in) +0.75in+0.5in] (0.75in - 0.5 in)

In
[1.155 (t) + Dy +d,1 (D, )

For the aluminum plates, the frustum is in two parts.




/
Aluminum —t, = > in—2w=1.405in,d=0.5in,D,=0.75in +2x 2(0.095 in )tan (30") =0.969 in, and E = 10,300 ksi.

From Eg. (8-20),

0 5774 nEd 0.577411(10.3 108 psi )0.5 in
ky = . = =12439209.06 Ib/in

[1.155 (t2)+D2—d] (D2+d) In [1.155(1.405in) +0.969 in-0.5 in] (0.969 in+0.5 in)
[1.155(1.405in) +0.969 in+0.5 in] (0.969 in-0.5 in)

|
" 11155 (t, ) +Dy+ ) (D,-d)

t3=1/2in=1.5951in, D3 =0.75in, d = 0.5in, and E = 10,300 ksi.

0.5774 mEd 0.5774n(10.3 x 106)0.5 in
ks = ' = = 7664967.28 Ib/in

[1.155 (t3)+D3—d] (D3+d) In [1.155(1.595in)+0.75 in-0.5 in] (0.75 in+0.5 in)
[1.155(1.595in) +0.75 in+0.5 in] (0.75 in-0.5 in)

|
" [1.155 (t; ) +Dy ] (D=0 )

Therefore, the material stiffness is

11 1| 1 1 1 S _
km = (k1 Yt k3) = (53906002.57 ¥ 12439209.06 © 7664967.28) Ib/in = 4353093.885 Ib/in




MACHINE DESIGN 1

FALL 2021

HOMEWORK 12

TOPICS COVERED IN HOMEWORK 12

Chapter 8 Bolts Design: 8-29, 8-30, 8-31, 8-32, 8-33, 8-34



MACHINE DESIGN 1
FALL 2021

SAMPLE HOMEWORK QUESTIONS,
SOLUTION, AND GRADING SCHEME



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

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 kp = 2.6 MIbf/in and the stiffness of the
members is k,, = 16 MIbf/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.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

C- kp ~ 2.6 Mibffin - 01398
(kb+km) (2.6+16) MIbf/in .

For a nonpermanent connection, using Egs. (8-31) and (8-32), we get
Fi=0.75A¢S, = 0.75(0.1419 in2)(120 ksi) = 12.77 kips
The external load per bolt is

Protal _ 80 kip
N ~ 6

= 13.33 kip
Therefore, from Eq. (8-28), the yielding factor of safety is

SA (120 x1o3psi) (0.1419in2)
Np = CP+F, = 0.1398(13330 Ibf) + 12770 Ibf

= 1.1636

The yielding factor of safety is 1.1636.

References
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Award: 5.00 points

Problem 08.029.b - Static bolt factor of safety

Determine the load factor of safety.
The load factor of safety is| 2.2852 + 2% .

Explanation:

Therefore, from Eq. (8-29), the load factor of safety is

S A-F; (120x1o3 psi) (0.1419 in2) ~12770 Ibf

nL="p = 0.1398(13330 Ibf) =2.2852

The load factor of safety is 2.2852.

References
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3, Award: 5.00 points

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 separationis| 1.1137 + 2% .

Explanation:

From Eq. (8-30), the joint separation factor of safety is

F; 12770 Ibf

N0 = p(1-C) ~ 13330 bf(1-01398) ~ 1-1137

The factor of safety based on the joint separation is 1.1137.

References
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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 k= 2.6 MIbf/in and the stiffness of the
members is k,, =17 MIbf/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.

References
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Award: 5.00 points

Problem 08.030.a - Static bolt factor of safety related to preload

https://ezto.mheducation.com/hm.tpx

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% Ibf.

Explanation:

From Table 8-9, Sp = 120 ksi.

The stiffness constant is

= ke _ 2.6 Mibffin - 01327
(kb+km) (2.6 + 17) Mibf/in .

The external load per bolt is

Piotal 80000 Ibf

P=— =% — =13330Ibf

The proof factor of safety, from Eq. (8-28), is used to find F;.

S A 120x1o3psi(0.1419in2)
F_=—-CP= - 0.1327(13330 Ibf) = 15259.7347 Ibf

ia
n, 1

The maximum bolt preload that can be applied is 15259.7347 Ibf.

References
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Award: 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 | 11561.7347 + 2% Ibf.

Explanation:

The equation for the separation factor of safety is determined by Eq. (8-30):

Fi = noP(1 - C) = 1(13330 Ibf)(1 - 0.1327) = 11561.7347 Ibf

The minimum bolt preload that can be applied is 11561.7347 Ibf.

References
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Award: 5.00 points

Problem 08.030.c - Static bolt factor of safety related to preload

Determine the value of torque in units of Ibf-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 F;.

The torque that should be specified for preloading the boltis | 7341.0735 = 2% Ibf-in.

Explanation:

The torque can be determined by Eq. 8-27:
T=KFd

Fia*Fip

1a

2

T=KFd=0 .2 0.5)

2 15259.7347 Ibf + 11561.7347 Ibf

2 (0.5in) = 1341.0735 Ibf-in

The torque that should be specified for preloading the bolt is 1341.0735 Ibf-in.
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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 kp = 0.8 MN/mm and the stiffness of the
members is k;; = 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 x 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.

References
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Award: 7.00 points

Problem 08.031.a - Static bolt factor of safety related to preload

Determine the maximum external load Pngx 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- ke _ 0.8 MN/mm - 01818
(kb+km) (0.8 + 3.6) MN/mm .

For a nonpermanent connection, using Egs. (8-31) and (8-32),
Fi=0.75A¢Sp = 0.75(20.1 mm?2)(380 MPa) = 5730 N

The proof factor of safety equation is given by Eq. (8-28):

S A N 380><106Pa(2.01><10'5m2)
Prax = n—p_Fi c = ] ~ 5730 N 5757 = 83952 N
The maximum external load for this case is 83952 N.
References
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Problem 08.031.b - Static bolt factor of safety related to preload

Determine the maximum external load Pp,5x 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):

R _ 5730N 1
Prax = n_o(1—C)N_ 1 (1—0.1818)(8)

= 56026.6667 N

The maximum external load for this case is 56026.6667 N.

References
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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 k, = 4 MIbf/in and the stiffness of the members is k, =
14 MIbf/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

Explanation:
From Table 8-9,
Sp = 1.2(10°) psi

The stiffness constant is calculated as

kp
C=—"—
(ko *kn )
_ 4 MIbf/in
C = 2 Mibfiin+12 Mibffin)
C =0.2222

For a non-permanent connection, using Egs. (8—31) and (8-32),
Fi=075AS, = 0.75(0.1419 in2)(120 x 103 psi) = 12770 Ibf

The proof factor of safety is calculated as

CPmaX
N=———
(sAe-Fi)
0.2222 (80 x103 Ibf)
( (0.1419in2) (120x1o3 psi) )-12770 Ibf
N=5

Minimum number of bolts necessary to avoid yielding of the bolts is 5.

References
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Numeric Problem 08.032.a - Difficulty: Easy
Response Dynamic bolt factor of

safety related to

preload

Award: 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 separationis| 5+2% .

Explanation:

The separation factor of safety is calculated as

Prax(1-C)
F.

1

(SOX1O3Ibf) (1-0.2222)

N = 12770 Ibf
N=5

The minimum number of bolts necessary to avoid joint separation is 5.
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11 . Award: 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 n;, and the joint separation factor ng. Take the

value of E for steel as 207 GPa and for cast iron as 100 GPa.

- F >
- E >
- D =
[ L0 Iy
i“ ;’ | A+
= | 2 |
+
- C -
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 x 1.75

The suitable bolt length is| 55+ 2% mm.
The yielding factor of safety is| 71.2887 + 2% .
The load factor is| 9.0863 + 2% .

The joint separation factoris | 9.6604 + 2% .

Explanation:

/=20 mm+ 20 mm =40 mm

From Table A-31, the nut height is H=10.8 mm.
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Lz/+H=40mm+ 10.8 mm = 50.8 mm = 55 mm
From Egq. (8-14), we have

Ly=2d+6 mm=2(12 mm)+ 6 mm = 30 mm
From Table 8-7,

lg=L-Ly=55mm-30mm =25mm
ly=1-14=40 mm -25 mm = 15 mm

m(12 mm)?2

Ag=——F =131 mm?

From Table 8-1, we have A; = 84.3 mm?2.

From Eq. (8-17), we have

AAE (113.1 mm? ) (843 mm? ) 207 x 10° Nmm?

b= AditAdg (

=518.8 x 102 N/mm = 518.8 MN/m
113.1 mmz)(15 mm) + (84.3 mm2)(25 mm)

Now calculate the member stiffness.

For steel cylinder head, t =20 mm, d =12 mm, and D = 18 mm.

0.5774(E)d 0.5774r ( 207 x 103 Nimm? } 12 mm
ke = | = ;= 4470 x 10% N/mm = 4470 MN/m

(1.155(20 mm) +18 mm=-12 mm) (18 mm+ 12 mm
(1-155('1 ) *D'd)(D“’) In (1.155(20 mm) + 18 mm+ 12 mm) (18 mm-12 mm)

In

(1.155(t1 ) +D+d)(D—d)

For cast iron, from Table 8-8, we have t =20 mm, d = 12 mm, and D = 18 mm.

From Eq. (8-20),

3 2
0.5774m(E)d O.57747T(100><10 N/mm )12 mm ,
k2 - T (1.155(20 mm) +18 mm-12mm) (18 mm+12mm) 2159 x 10° N/mm = 2159 MN/m
| ( (1-155(fz) +Dz-d) (D2+d) ) N (1155 (20 mm) + 18 mm+ 12 mm) (18 mm - 12 mm)
n

(115(t,) + D+ d) (D, - )

From Eq. (8-18),

11 \-1 1 1 -1
Km = (k1 * k2) - (4470 MN/m * 2159 MN/m) = 1456 MN/m

kp, 518.8 MN/m

C= ~ 518.8 MN/m + 1456 MN/m
(ko *+kn)

= 0.263

From Table 8-11, we have Sy, = 650 MPa.

For a nonpermanent connection, using Egs. (8-31) and (8-32),
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Fi=0.75AS, = 0.75(84.3 mmz)(650 MPa) x 10°3 = 41.1 kN
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The total external load is Piotal = 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 = Piot5/N. Thus,

PAs (7.35 N/mm2)n(1oo mm)2

p=—"= = 5772.6765 N/bolt = 5.7727 kN/bolt

N 4x10

The yielding factor of safety, from Eq. (8-28), is

2 2
S A (650 N/mm ) (84.3 mm )

n = 1.2887

p~ CP+F,
’ (0.263)(5772.6765N)+(41.1O><103N)

The overall factor of safety, from Eq. (8-29), is

SACF; (650 N/mmz) (84.3 mmz)- (41.10x1o3N)

i cP (0.263) (5772.6765 N) = 9.0863

The separation factor of safety, from Eq. (8-30), is

F; 41.10 kN
T P(1-C) ~ 5.7727 kN(1-0.263)

no = 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.

References
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Problem 08.034 - Selection of a suitable bolt length

https://ezto.mheducation.com/hm.tpx

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 n;, and the joint separation factor ng. Take the

value of E for steel as 30 Mpsi and for cast iron as 14.5 Mpsi.

- F -
- E >
- D =
[ L0 Iy
i“ ;’ | A+
= | 2 |
+
- C -
Head thickness (A) 0.5in
Cylinder thickness (B) 0.625 in
Cylinder ID (C) 2.751in
Gasket sealing diameter (D) 3.5in
Bolt circle diameter (E) 6in
Head outer diameter (F) 8in
Number of bolts (N) 10
Cylinder pressure (pg) 1430 psi
Bolt grade (G) SAE 5
Bolt spec. 0.5in-13

The suitable bolt lengthis| 1.75+ 2% in.
The yielding factor of safety is| 1.2748 + 2% .
The load factor is| 7.3207 + 2% .

The joint separation factoris| 9.3836 + 2% .

Explanation:

From Table A-31, the nut height is H = 0.4375 in.

[1=0.5in+0.625in = 1.125in

11/19/2020, 3:25 PM



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

Lz/+H=1125in+0.4375in = 1.563 in = 1.751in
From Egq. (8-13), we have
Ly=2d+0.25in=2(0.5in)+0.25in =1.25in
From Table 8-7,
lg=L-L+=175in-125in=0.5in
ly=1-1;=1125in-0.5in = 0.625in

0.5in)2
Ag= " 20,1963 in?

From Table 8-2, we have A; = 0.1419 in2.
From Eq. (8-17), we have

AAE (0.1963in2) (0.1419 in2) (30><106Ibf/in2)

kp = = 4.316 x 10° Ibf/in = 4.316 Mibf/in

TOAJHAL,
di* Ay (0.1963in2)(o.625in)+(0.1419in2)(o.5in)

Now calculate the member stiffness.

For steel cylinder head, t=0.5in, d =0.5in, and D = 0.75 in.

0.5774m(E)d, 0.577477(30 x108 Ibf/in2) (0.5in) ]
ky = = (1155(051n)+075n-05m) (075 n+05m) - 99-30 X 10 Ibf/in = 33.30 Mibf/in
[1.155 (t)+Dy=d;1 (Dy+dy ) In . . . _ .
In (1.155(0.5in)+0.75in+0.5in) (0.75in-0.5in)

[1.155 (t) +D, +d;] (D1—d1)

1.125in
2

Cast iron has two frusta. The midpoint of complete joint is at = 0.5625 in.

For upper frustum,

d=05in

t=0.5625in-0.5in = 0.0625 in

D =0.75in + 2(0.5 in)tan 30° = 1.327 in

From Eq. (8-20),

6 1agin 2 .
0 5774 mEd 0.577477(14.5><10 Ibffin )(0.5 in)

— 6 . — .
T (1.155(0.0625in) +1.327 in-0.5in) (1.327 in+0.5in) 292.7 x 10° Ibf/in = 292.7 Mibf/in

[1.155 (t,) +Dp=0] (Dp*d)  In . . . A A
(1.155(0.0625 in) +1.327 in+0.5in) (1.327 in-0.5 in)

|
" [1.155 (t2)+D2+d] (Dz—d)

For lower frustum, t = 0.5625 in, d =0.5in, and D = 0.75 in.

6 hye/in2 -
0 5774 mEd 0.577417(14.5><10 Ibf/in )(0.5m)

= — 6 |hflin = :
k3 = (1.155(0.5625in) +0.75in-0.5in) (0.75in+0.5in) 15.26 x 10° Ibf/in = 15.26 Mibf/in

[1.155 (t; ) +Dy-d] (Dy+d
(3) s ( 3 ) IN 1 155(0.5625 in) +0.75 in+0.51n) (0.75 N-05 )

|
" [1.155 (£ ) + D+ (D3-d)
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From Eq. (8-18),

1 1 1 1-1 1 1 1 -1
= — 4+ — + — = + + = i
km (k1 ko K3 ) (33.30 Mibf/in 292.7 Mibf/in 15.26 Mibf/in ) 10.10 Mibf/in

kp, 4.316 Mibf/in
= — :
(kb+km) 4.316 Mibffin +10.10 MIbf/in

=0.299

From Table 8-9, we have S, = 85 kpsi.

For a nonpermanent connection, using Egs. (8-31) and (8-32),
Fi=0.75AS, = 0.75(0.1419 in2)(85 kpsi) = 9.05 kips

The total external load is Pyota) = 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 = Pigtg/N. Thus,

1430Ibf/'2) 3.5in)2
pgAg ( inc ) ( in)

P= N © 2710 = 1375.8212 Ibf/bolt = 1.3758 kips/bolt

The yielding factor of safety, from Eq. (8-28), is

SA (85x103|bf/in2) (0.1419in2)
Mo = Gprr, = —— = 12748
(0.299) (1375.8212 Ibf) + (g.osx 10 Ibf)

The overload factor of safety, from Eq. (8-29), is

SoA-F; (85><103 Ibf/inz) (0.1419 inz) - (9.o5>< 103 Ibf)

ne cP (0.299) (1375.8212 Ibf) = 7.3207

The separation factor of safety, from Eq. (8-30), is

F; 9.05 kips
T P(1-C) ~ 1.3758 kips(1-0.299)

Mo = 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.

References
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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 ky = 2.4 MIbf/in and the stiffness of the members is k;, = 16 Mibf/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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factor of safety - DEPENDENT Joint with Preload
MULTI-PART PROBLEM - ASSIGN
ALL PARTS
A : f 5. i
1' ward: 5 out of .00 points o You received credit for this question in a previous attempt

Problem 08.029.a - Static bolt factor of safety

Determine the yielding factor of safety.

The yielding factor of safety is 1.17 @.

References

Numeric Response Chapter: 08 Screws, Fasteners, and the
Design of Nonpermanent Joints

Problem 08.029.a - Static bolt Section: 08.09 Statically Loaded Tension

factor of safety Joint with Preload

Problem 08.029.a - Static bolt factor of safety

Determine the yielding factor of safety.
The yielding factor of safety is | 1.1736 £ 2% .

Explanation:

From Table 8-9, Sp = 120 ksi.
The stiffness constant is

ke 2.4Mibfin
(kb+km) (2.4+16) Mibf/in

C= =0.1304

For a nonpermanent connection, using Eqs. (8-31) and (8-32), we get
Fj=0.75A¢Sp = 0.75(0.1419 in2)(120 ksi) = 12.77 kips
The external load per bolt is

_ Poa_ 80kip _ .
P=— = & = 1333kp

Therefore, from Eq. (8-28), the yielding factor of safety is

SAC (120x103psi)(0.1419in2)

P~ CP+F; ~ 0.1304 (13330 Ibf) +12770 Ibf =1.1736
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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 2.44 @.

References

Numeric Response Chapter: 08 Screws, Fasteners, and the
Design of Nonpermanent Joints

Problem 08.029.b - Static bolt Section: 08.09 Statically Loaded Tension

factor of safety Joint with Preload

o You received credit for this question in a previous attempt

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

SAF (120x103psi) (0.1419in2)—12770 Ibf

L= "cp 0.1304(13330 Ibf) =2449

Award: 5 out of 5.00 points

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 separationis| 71.1017 + 2% .

Explanation:

From Eq. (8-30), the joint separation factor of safety is

R 12770 Ibf
Mo = Bi=c) ~ 13330 1bf(1-0.1304)

=1.1017




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 ki = 2 MIbf/in and the stiffness of the members is k;, =16 Mibf/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 15546.88 @ Ibf.
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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% Ibf.

Explanation:

From Table 8-9, Sp = 120 ksi.
The stiffness constant is

c- ky 2 Mibflin 04111
(kb+km) (2 +16) Mibf/in :

The external load per bolt is

_ Plota _ 80000 Ibf

P=—N="% = 13330 Ibf

The proof factor of safety, from Eq. (8-28), is used to find F;:

SA 120%10° psi(o.1419in2)
F,= —-CP=———"—— -0.1111(13330 Ibf) = 15546.8889 Ibf

= n 1




Award: 5 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 11848.88 @ Ibf.
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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 | 17848.8889 + 2% Ibf.

Explanation:

The equation for the separation factor of safety is determined by Eq. (8-30):

Fi = noP(1 - C) = 1(13330 Ibf)(1 - 0.1111) = 11848.8889 Ibf
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war outo points o You did not receive full credit for this question in a previous attempt

Problem 08.030.c - Static bolt factor of safety related to preload

Determine the value of torque in units of Ibf-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 F;.

The torque that should be specified for preloading the bolt is 1369.788 @ Ibf-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 Ibf-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 F;.

The torque that should be specified for preloading the bolt is | 1369.7889 + 2% Ibf-in.

Explanation:

The torque can be determined by Eq. 8-27:
T=KFid

Fia*Fip
T=KFd=0.2-","0.5)

15546.8889 Ibf + 11848.8889 Ibf

T=0. 2+(0.5 in) = 1369.7889 Ibf-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 k5 = 0.9 MN/mm and the stiffness of the members is k;; =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 x 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 Ppax 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 Ppay that can be applied to the entire joint without exceeding the proof strength of the bolts.
The maximum external load for this case is | 66744 + 2% N.

Explanation:

From, Table 8-9, S, = 380 MPa.

The stiffness constant is

ke 0.9MN/mm
(kb+km) (0.9 +3) MN/mm

C= =0.2308

For a nonpermanent connection, using Egs. (8-31) and (8-32),
Fi=0.75A:Sp = 0.75(20.1 mm?)(380 MPa) = 5730 N

The proof factor of safety equation is given by Eq. (8-28):

=66144 N

-5730N

P 1 0.2308

6 =52
SA N [380x10 Pa(2.01 x1075m )
max — n, ilc ™~
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Problem 08.031.b - Static bolt factor of safety related to preload

Determine the maximum external load Pp,ax 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 Pp,5x 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):

Fi 1 5730 N 1
Prnax = =

max = o, (1-c) N = "1 (1-02308) (B) = 59692N

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 k; = 4 MIbf/in and the stiffness of the members is kj;, = 14 MIbf/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 P45 = 80 kips and Pnin = 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

kb
C= ———
(ko k)
B 4 Mibffin
c= (4 Mibffin +14 Mibf/in )
C =0.2222

For a non-permanent connection, using Egs. (8—-31) and (8-32),
Fi= 0.75A;S, = 0.75(0.1419 in? (120 x 10° psi) = 12770 lof

The proof factor of safety is calculated as

CP,

max

(s07)

0.2222 (BOx 108 Ibf)

( (o.1419in2) (120x103psi) )-12770Ibf

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 separationis| 5+ 2% .

Explanation:

The separation factor of safety is calculated as

Proax(1-C)
="

(80x103|bf)(1-o,2222)
N= 12770 Ibf

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 n;, and the joint separation factor nq. Take the value of E for steel as 207 GPa and for cast iron as 100 GPa.

F |
I E |
. | n
| ¥
| T4y
| * BI
e
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) 1SO 9.8
Bolt spec. M12 x 1.75
The suitable bolt length is 55 @ mm.
The vyielding 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 n;, and the joint separation factor ng. Take the value of E for steel as 207 GPa and for cast iron as 100 GPa.

F |
I E |
| ' ¥
| L2y
‘ + B*
fee—c—]
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) 1ISO 9.8
Bolt spec. M12 x 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 factoris | 11.834 + 2% .

Explanation:

/=20 mm + 20 mm = 40 mm

From Table A-31, the nut heightis H = 10.8 mm.
Lz/+H=40mm+10.8 mm = 50.8 mm = 55 mm
From Eq. (8-14), we have
Ly=2d+6mm =2(12 mm) + 6 mm = 30 mm
From Table 8-7,
lg=L-Ly=55mm-30mm =25mm
ly=1-14=40 mm-25mm = 15 mm

12mm)?
Ag= " 2 1134 mm?

From Table 8-1, we have A; = 84.3 mmZ2.
From Eq. (8-17), we have

AAE (113.1 mm2) (84.3 mm? )2o7><103 N/mm?2
kb:AnJ+AI = =518.8 x 10% N/mm = 518.8 MN/m
"t (113.1 mmz)(15mm)+(84.3mm2)(25mm)

Now calculate the member stiffness.

For steel cylinder head, t =20 mm, d =12 mm, and D = 18 mm.

3 2
) 05774m(E)d . O.5774n(207x10 Nimm )12 - , )
k1 - T (1.155(20 mm) +18 mm-12mm) (18 mm+12mm) 4470 x 10° N/mm = 4470 MN/m
(1-155(11)*D'd)(9+‘1) ) Ir'(1.155(20mm)+18mm+12mm)(15mm»12mm)

(1.155(1‘)+D+d)(Drd)
For cast iron, from Table 8-8, we have t =20 mm, d = 12 mm, and D = 18 mm.

From Eq. (8-20),

3 2
0.5774m(E)d 0.5774r (10010 Nimm? ) 12 mm ,
ky= T (1.155(20mm)+ 18 mm-12mm) (18 mm+12mm) 2159 x 107 N/mm = 2159 MN/m
In( (1.185(t; ) + D,-0) (D, +d) ) N (1.155(20 mm) + 18 mm + 12 mm) (18 mm— 12 mm)

(1155(t,) + D+ d) (D, - @)

From Eq. (8-18),

1 11-1 1 1 -1
km=(;1+;z) :(447OMN/m+2159MN/m) = 1456 MN/m

ky 518.8 MN/m

c= = 518.8 MN/m+ 1456 MN/m
(ko+n)

=0.263

From Table 8-11, we have Sp = 650 MPa.

For a nonpermanent connection, using Egs. (8-31) and (8-32),

Fi=0.75AS, = 0.75(84.3 mmz)(650 MPa) x 10-3 = 41.1 kN

The total external load is Piotal = 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 = Piota/N. Thus,

2 2
ey (GN/mm )n(100 mm)

P = 4712.3890 N/bolt = 4.7124 kN/bolt

N 4x10
The yielding factor of safety, from Eq. (8-28), is

SA (850 Nimm? ) (84.3 mm? )

Mo Gper = = 12072
(0.263) (4712.3890 N) + (41,10x10 N)

The overall factor of safety, from Eq. (8-29), is

SACF; (650N/mm2)(84.3mm?)-(41.10x103N)
= =

P (0.263) (4712.3890 N =11.1308

ne
The separation factor of safety, from Eq. (8-30), is

Fi 41.10 kN
Mo = P(1-C) ~ 4.7124 kN(1-0.263)

=11.8340
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Problem 08.034 - Selection of a suitable bolt length

You did not receive full credit for this question in a previous attempt

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 n;, and the joint separation factor nq. Take the value of E for steel as 30 Mpsi and for cast iron as 14.5 Mpsi.

F
E
o | n
| ¥
| Ay
| * B*
Li C—»I
Head thickness (A) 0.5in
Cylinder thickness (B) 0.625 in
Cylinder ID (C) 2.75in
Gasket sealing diameter (D) 3.5in
Bolt circle diameter (E) 6in
Head outer diameter (F) 8in
Number of bolts (N) 10
Cylinder pressure (pg) 1400 psi
Bolt grade (G) SAE 5
Bolt spec. 0.5in-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 n;, and the joint separation factor ng. Take the value of E for steel as 30 Mpsi and for cast iron as 14.5 Mpsi.

|

F
E
| ' ¥
| L2y
‘ + B*
fee—c—]
Head thickness (A) 0.5in
Cylinder thickness (B) 0.625 in
Cylinder ID (C) 2.75in
Gasket sealing diameter (D) 3.5in
Bolt circle diameter (E) 6in
Head outer diameter (F) 8in
Number of bolts (N) 10
Cylinder pressure (pg) 1400 psi
Bolt grade (G) SAE 5
Bolt spec. 0.5in-13

The suitable bolt lengthis | 1.75+2% i

n.




The yielding factor of safety is| 1.276 + 2% .
The load factoris | 7.4775+2% .

The joint separation factor is | 9.5847 + 2% .

Explanation:

From Table A-31, the nut heightis H = 0.4375 in.
/=0.5in+0.625in = 1.125in
L2/+H=1.125in+0.4375in = 1.563 in = 1.75in
From Egq. (8-13), we have

Ly=2d+0.25in =2(0.5in)+0.25in = 1.25in
From Table 8-7,
lg=L-Ly=175in-125in=0.51in
lg=1-14=1.125in-0.5in = 0.625in

0.5in)2
Ag= "2 2 01963 in?

From Table 8-2, we have A = 0.1419 in2.
From Eq. (8-17), we have

AAE (0.1963 in2) (0.1419 in2) (30x 108 Ibf/inz)

b= Ad+Aly

=4.316 x 10° Ibf/in = 4.316 Mibf/in
(0.1963 in2 ) (0.625in) + (0.1419 in2) (05in)

Now calculate the member stiffness.

For steel cylinder head, t=0.5in,d=0.5in,and D = 0.75 in.

0.57741(E)d; 0.5774n(30x105|bf/in2) (05in) . .
kqy = = ass(0smy+o7smn-05m) (078 mrosm = 33-30 x 107 Ibf/in = 33.30 Mibf/in
11185 (1) +D;=dy] (Dy+dy) I ! ! ! ! !
n (1.155(05in) +0.75in+0.51n) (0.75in- 0.5 in)

(1155 (1) + Dy +d,1 (D= )

1.1

25in .
2 = 0.5625 in.

Cast iron has two frusta. The midpoint of complete joint is at

For upper frustum,

d=0.5in

t=0.5625in-0.5in = 0.0625 in

D =0.75in + 2(0.5 injtan 30° = 1.327 in

From Eq. (8-20),

6 |1of/i2 .
05774 7Ed 0-5774"(14-5“0 Ibffin )(0.5 in)

_ _ 6 gt .
k2 - (1.155(0.0625in) +1.327 in-0.5in) (1.327 in+0.5in) 292.7 x 107 Ibffin = 292.7 Mibf/in

11.15 (t, ) +D,-d] (D, +d |
(2) 2 (2 ) M (1.155(0.0625 in) +1.327 in+0.5in) (1.327 in- 0.5 in)

11185 (t; ) +Dy+d] (D,-d)
For lower frustum, t = 0.5625 in, d = 0.5in, and D = 0.75 in.

0 5774 mEd O.5774n(14_5x106Ibf/in2 ) (05in)
ks = : = = 15.26 x 108 Ibf/in = 15.26 MIbf/in
3

(1,155 (1) +y-a1 (Dy+4) 1 (-155(05625 n) +0.75n=05 ) (075 n+05 m)
n (1155(0.5625in) +0.75 in+0.5 in) (0.75 in- 0.5 in)
11185 (t; ) +Dy+d] (D3-d)

From Eq. (8-18),

11 1)1 1 1 1 -1
ki = (7 ot 7) = (33.30 Mibfin * 202.7 Mibfiin ¥ 15.26 Mlbf/in) = 10.10 Mibffin

ki ky kg
¢ ky 4.316 Mibf/in
B = 4316 Mibfin+10.10 Mibffin ~ 0-299
(kb+km)

From Table 8-9, we have Sp, = 85 kpsi.
For a nonpermanent connection, using Egs. (8-31) and (8-32),
F;=0.75AS,, = 0.75(0.1419 inz)(85 kpsi) = 9.05 kips

The total external load is Potal = 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 = Piotai/N. Thus,

P

Py (1400 |bf/in2)n(3.5 in)2 .
=N ST axw0_ ° 1346.9579 Ibf/bolt = 1.3470 kips/bolt

4x10

The yielding factor of safety, from Eq. (8-28), is

3 in2 in2
SAC (85x10 Ibfiin )(0.1419|n )

n.=

o= TerE = 1.2760

i (0.299)(1346.9579|bf)+(9.05x103|bf)

The overload factor of safety, from Eq. (8-29), is




SAF, (ssx 103 Ibffin2 ) (0A1419 in? ) - (g.osx 103 Ibf)

L cp - (0.299) (1346.9579 Ibf) = 74775

The separation factor of safety, from Eq. (8-30), is

Fi 9.05 kips

Mo = p(1-C) = 13470 kips(1-0299) ~ 0-5847
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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 ki = 2.4 Mibf/in and the stiffness of the members is k, =17 Mibf/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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1' ward: 5 out of .00 points o You received credit for this question in a previous attempt

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

ke 2.4Mibfin
(kb+km) (2.4+17) Mibf/in

C= =0.1237

For a nonpermanent connection, using Eqs. (8-31) and (8-32), we get
Fj=0.75A¢Sp = 0.75(0.1419 in2)(120 ksi) = 12.77 kips
The external load per bolt is

_ Poa_ 80kip _ .
P=— = & = 1333kp

Therefore, from Eq. (8-28), the yielding factor of safety is

SAC (120x103psi)(0.1419in2)

P~ CP+F; ~ 0.1237(13330 Ibf) +12770 Ibf =1.1809

Processing math: 100%
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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 2.58 @.

References

Numeric Response Chapter: 08 Screws, Fasteners, and the
Design of Nonpermanent Joints

Problem 08.029.b - Static bolt Section: 08.09 Statically Loaded Tension
factor of safety Joint with Preload

e You did not receive full credit for this question in a previous attempt

Problem 08.029.b - Static bolt factor of safety

Determine the load factor of safety.

The load factor of safety is | 2.58271 + 2% .

Explanation:

Therefore, from Eq. (8-29), the load factor of safety is

SAF (120x103psi) (0.1419in2)—12770 Ibf

L= ep 0.1237(13330 Ibf) =2.5821

Award: 5 out of 5.00 points

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 @.

References

Numeric Response Chapter: 08 Screws, Fasteners, and the
Design of Nonpermanent Joints

Problem 08.029.c - Static bolt Section: 08.09 Statically Loaded Tension

factor of safety Joint with Preload

You did not receive full credit for this question in a previous attempt

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| 7.0932 + 2% .

Explanation:

From Eq. (8-30), the joint separation factor of safety is

R 12770 Ibf
Mo = Bi=c) ~ 13330 1bf(1-0.1237)

=1.0932

Processing math: 100%




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 k= 2.6 MIbf/in and the stiffness of the members is k;; =16 MIbf/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.

References

Section Break Chapter: 08 Screws, Fasteners, and the
Design of Nonpermanent Joints

Problem 08.030 - Static bolt Section: 08.09 Statically Loaded Tension

factor of safety related to preload Joint with Preload

- DEPENDENT MULTI-PART
QUESTION - ASSIGN ALL PARTS

Award: 5 out of 5.00 point
4’ war outo points e You did not receive full credit for this question in a previous attempt

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 @ Ibf.

References

Numeric Response Chapter: 08 Screws, Fasteners, and the
Design of Nonpermanent Joints

Problem 08.030.a - Static bolt Section: 08.09 Statically Loaded Tension

factor of safety related to Joint with Preload

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| 15164.6667 + 2% Ibf.

Explanation:

From Table 8-9, Sp = 120 ksi.
The stiffness constant is

Ky 2.6 Mibflin

C= = — =0.1398
(kb+km) (2.6 +16) Mibf/in

The external load per bolt is

_ Plota _ 80000 Ibf

P=—N="% = 13330 Ibf

The proof factor of safety, from Eq. (8-28), is used to find F;:

SA 120%10° psi(o.1419in2)
F,= —-CP=———"—— -0.1398(13330 Ibf) = 15164.6667 Ibf

= n 1

Processing math: 100%



Award: 5 out of 5.00 point
5’ war outo points e 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 11466.66 @ Ibf.

References
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preload

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% Ibf.

Explanation:

The equation for the separation factor of safety is determined by Eq. (8-30):

Fy = noP(1 - C) = 1(13330 Ibf)(1 - 0.1398) = 11466.6667 Ibf

‘ Processing math: 100%



Award: 5 out of 5.00 point
6’ war outo points e You did not receive full credit for this question in a previous attempt

Problem 08.030.c - Static bolt factor of safety related to preload

Determine the value of torque in units of Ibf-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 F;.

The torque that should be specified for preloading the bolt is 1331.56 @ Ibf-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 Ibf-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 F;.

The torque that should be specified for preloading the bolt is | 13371.5667 + 2% Ibf-in.

Explanation:

The torque can be determined by Eq. 8-27:
T=KFid

Fia*Fip
T=KFd=0.2-","0.5)

15164.6667 Ibf + 11466.6667 Ibf
T=0. 2+(0.5 in) = 1331.5667 Ibf-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 k, = 0.8 MN/mm and the stiffness of the members is k,, = 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 x 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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Award: 7 out of 7.00 point:
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Problem 08.031.a - Static bolt factor of safety related to preload

Determine the maximum external load Ppax 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 Ppay 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, S, = 380 MPa.

The stiffness constant is

ke 0.8MN/mm
(kb+km) (0.8 +3.6) MN/mm

C= =0.1818

For a nonpermanent connection, using Egs. (8-31) and (8-32),
Fi=0.75A:Sp = 0.75(20.1 mm?)(380 MPa) = 5730 N

The proof factor of safety equation is given by Eq. (8-28):

= 83952 N

-5730N

P 1 0.1818

6 =52
SA N [380x10 Pa(2.01 x1075m )
max — n, ilc ™~

‘ Processing math: 100%



Award: 7 out of 7.00 point:
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Problem 08.031.b - Static bolt factor of safety related to preload

Determine the maximum external load Pp,ax 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 Pp,5x 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):

Fi 1 5730 N 1
Prnax = =

mex = n (-6 )N =1 (i-o.1s7a) (®) = 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 k; = 4 MIbf/in and the stiffness of the members is kj;, = 14 MIbf/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 P45 = 80 kips and Pnin = 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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Award: 8 out of 8.00 point:
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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

kb
C= ———
(ko k)
B 4 Mibffin
c= (4 Mibffin +14 Mibf/in )
C =0.2222

For a non-permanent connection, using Egs. (8—-31) and (8-32),
Fi= 0.75A;S, = 0.75(0.1419 in? (120 x 10° psi) = 12770 lof

The proof factor of safety is calculated as

CPmax
N= — ™=
(spcF)
0.2222 (80x103|bf)
( (o.1419in2) (120x103psi) )-12770Ibf
N=5

‘ Processing math: 100%



Award: 8 out of 8.00 point:
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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 @.

References

Numeric Response Chapter: 08 Screws, Fasteners, and the
Design of Nonpermanent Joints

Problem 08.032.b - Dynamic Section: 08.11 Fatigue Loading of Tension

bolt factor of safety related to Joints

preload

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 separationis| 5+ 2% .

Explanation:

The separation factor of safety is calculated as
Prax(1-C)
= F,
(80x103|bf)(1-o,2222)
12770 Ibf

N=5

Processing math: 100%



11 M Award: 20 out of 20.00 points 9 You did not receive full credit for this question in a previous attempt

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 n;, and the joint separation factor nq. Take the value of E for steel as 207 GPa and for cast iron as 100 GPa.

F |
I E |
. | n
| ¥
| Ay
| * BI
e
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) 1SO 9.8
Bolt spec. M12 x 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 n;, and the joint separation factor ng. Take the value of E for steel as 207 GPa and for cast iron as 100 GPa.
F |
I E |
| ' ¥
| L2y
‘ + B*
e c—
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) 1ISO 9.8
Bolt spec. M12 x 1.75

The juitable bolt lengthis| 55+ 2% mm.
‘ Processing math: 100%




The yielding factor of safety is| 1.2925+2% .
The load factoris | 9.894 + 2% .
The joint separation factoris | 10.57192 + 2% .

Explanation:

/=20 mm + 20 mm = 40 mm

From Table A-31, the nut heightis H = 10.8 mm.
Lz/+H=40mm+10.8 mm = 50.8 mm = 55 mm
From Eq. (8-14), we have
Ly=2d+6mm =2(12 mm) + 6 mm = 30 mm
From Table 8-7,
lg=L-Ly=55mm-30mm =25mm
ly=1-14=40 mm-25mm = 15 mm

12mm)?
Ag= " 2 1134 mm?

From Table 8-1, we have A; = 84.3 mmZ2.
From Eq. (8-17), we have

AAE (113.1 mm2) (84.3 mm? )2o7><103 N/mm?2
kb:AnJ+AI = =518.8 x 10% N/mm = 518.8 MN/m
"t (113.1 mmz)(15mm)+(84.3mm2)(25mm)

Now calculate the member stiffness.

For steel cylinder head, t =20 mm, d =12 mm, and D = 18 mm.

3 2
) 05774m(E)d . O.5774n(207x10 Nimm )12 - , )
k1 - T (1.155(20 mm) +18 mm-12mm) (18 mm+12mm) 4470 x 10° N/mm = 4470 MN/m
(1-155(11)*D'd)(9+‘1) ) Ir'(1.155(20mm)+18mm+12mm)(15mm»12mm)

(1.155(1‘)+D+d)(Drd)
For cast iron, from Table 8-8, we have t =20 mm, d = 12 mm, and D = 18 mm.

From Eq. (8-20),

3 2
0.5774m(E)d 0.5774r (10010 Nimm? ) 12 mm ,
ky= T (1.155(20mm)+ 18 mm-12mm) (18 mm+12mm) 2159 x 107 N/mm = 2159 MN/m
In( (1.185(t; ) + D,-0) (D, +d) ) N (1.155(20 mm) + 18 mm + 12 mm) (18 mm— 12 mm)

(1155(t,) + D+ d) (D, - @)

From Eq. (8-18),

1 11-1 1 1 -1
km=(;1+;z) :(447OMN/m+2159MN/m) = 1456 MN/m

ky 518.8 MN/m

c= = 518.8 MN/m+ 1456 MN/m
(ko+n)

=0.263

From Table 8-11, we have Sp = 650 MPa.

For a nonpermanent connection, using Egs. (8-31) and (8-32),

Fi=0.75AS, = 0.75(84.3 mmz)(650 MPa) x 10-3 = 41.1 kN

The total external load is Piotal = 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 = Piota/N. Thus,

2 2
ey (6.75Nlmm )11(100 mm)

P = 5301.4376 N/bolt = 5.3014 kN/bolt

N 4x10
The yielding factor of safety, from Eq. (8-28), is

SA (850 Nimm? ) (84.3 mm? )

o= GheF, = 12025
(0.263)(5301.4376N)+(41,10!10 N)

The overall factor of safety, from Eq. (8-29), is

SACF; (650N/mm2)(84.3mm?)-(41.10x103N)
= =

P (0.263) (5301.4376 N =9.8940

ne
The separation factor of safety, from Eq. (8-30), is

Fi 41.10 kN
o = P(1-C) ~ 5.3014 kN(1-0.263)

=10.5192

‘ Processing math: 100%



12 M Award: 15 out of 20.00 points 9 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 n;, and the joint separation factor nq. Take the value of E for steel as 30 Mpsi and for cast iron as 14.5 Mpsi.

F |
I E |
. | n
| ¥
| T4y
| * B*
e
Head thickness (A) 0.5in
Cylinder thickness (B) 0.625 in
Cylinder ID (C) 2.75in
Gasket sealing diameter (D) 3.5in
Bolt circle diameter (E) 6in
Head outer diameter (F) 8in
Number of bolts (N) 10
Cylinder pressure (pg) 1710 psi
Bolt grade (G) SAE 5
Bolt spec. 0.5in-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 n;, and the joint separation factor ng. Take the value of E for steel as 30 Mpsi and for cast iron as 14.5 Mpsi.
F |
I E |
| ' ¥
| L2y
‘ + B*
e c—
Head thickness (A) 0.5in
Cylinder thickness (B) 0.625 in
Cylinder ID (C) 2.75in
Gasket sealing diameter (D) 3.5in
Bolt circle diameter (E) 6in
Head outer diameter (F) 8in
Number of bolts (N) 10
Cylinder pressure (pg) 1710 psi
Bolt grade (G) SAE 5
Bolt spec. 0.5in-13

The juitable boltlengthis| 1.75+2% in.
‘ Processing math: 100%




The yielding factor of safety is | 1.2641 +2% .
The load factoris | 6.1219 +2% .

The joint separation factor is | 7.8471 +2% .

Explanation:

From Table A-31, the nut heightis H = 0.4375 in.
/=0.5in+0.625in = 1.125in
L2/+H=1.125in+0.4375in = 1.563 in = 1.75in
From Egq. (8-13), we have

Ly=2d+0.25in =2(0.5in)+0.25in = 1.25in
From Table 8-7,
lg=L-Ly=175in-125in=0.51in
lg=1-14=1.125in-0.5in = 0.625in

0.5in)2
Ag= "2 2 01963 in?

From Table 8-2, we have A = 0.1419 in2.
From Eq. (8-17), we have

AAE (0.1963 in2) (0.1419 in2) (30x 108 Ibf/inz)

b= Ad+Aly

=4.316 x 10° Ibf/in = 4.316 Mibf/in
(0.1963 in2 ) (0.625in) + (0.1419 in2) (05in)

Now calculate the member stiffness.

For steel cylinder head, t=0.5in,d=0.5in,and D = 0.75 in.

0.57741(E)d; 0.5774n(30x 108 Ibflinz) (05in)
k= = = 33.30 x 108 Ibf/in = 33.30 Mibffin

(11550 +,-34] (13, ) 1 - 155(05 ) +075n=05n) (075 n+05n)
n (1155(0.51n) +0.75in+0.51n) (0.75in-05in)
(1155 (1) + Dy +d,1 (D= )

1.1

25in .
2 = 0.5625 in.

Cast iron has two frusta. The midpoint of complete joint is at

For upper frustum,

d=0.5in

t=0.5625in-0.5in = 0.0625 in

D =0.75in + 2(0.5 injtan 30° = 1.327 in

From Eq. (8-20),

6 |1of/i2 .
05774 7Ed 0-5774"(14-5“0 Ibffin )(0.5 in)

_ _ 6 gt .
k2 - (1.155(0.0625in) +1.327 in-0.5in) (1.327 in+0.5in) 292.7 x 107 Ibffin = 292.7 Mibf/in

11.15 (t, ) +D,-d] (D, +d |
(2) 2 (2 ) M (1.155(0.0625 in) +1.327 in+0.5in) (1.327 in- 0.5 in)

11185 (t; ) +Dy+d] (D,-d)
For lower frustum, t = 0.5625 in, d = 0.5in, and D = 0.75 in.

6 1bf/in2 ;
. 0 5774 nEd ) 0.5774n(14.5x10 Ibffin )(0.5|n) ) _ .
k3= = (1155(0.56251n) +0.75in-051in) (0.75In+05in) 15.26 x 10 Ibffin = 15.26 Mibf/in
(195 (1) 0 (2079) ) +075n-08n) (075 105
h——2 7 A (1.155(0.5625 in) +0.75n+05n) (0.75 in- 0.5 in)
11185 (t; ) +Dy+d] (D3-d)

From Eq. (8-18),

11 1)1 1 1 1 -1
ki = (7 ot 7) = (33.30 Mibfin * 202.7 Mibfiin ¥ 15.26 Mlbf/in) = 10.10 Mibffin

ki ky kg
¢ ky 4.316 Mibf/in
B = 4316 Mibfin+10.10 Mibffin ~ 0-299
(kb+km)

From Table 8-9, we have Sp, = 85 kpsi.
For a nonpermanent connection, using Egs. (8-31) and (8-32),
F;=0.75AS,, = 0.75(0.1419 inz)(85 kpsi) = 9.05 kips

The total external load is Potal = 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 = Piotai/N. Thus,

P

Py (1710|bf/in2)n(3.5 in)2 .
=N ST axw0_ ° 1645.2128 Ibf/bolt = 1.6452 kips/bolt

4x10

The yielding factor of safety, from Eq. (8-28), is

3 in2 in2
SAC (85x10 Ibfiin )(0.1419|n )

n.=

o= TerE = 1.2641

i (0.299)(1645.2128|bf)+(9.05x103|bf)

The overload factor of safety, from Eq. (8-29), is

Processing math: 100%




SAF, (ssx 103 Ibffin2 ) (0A1419 in? ) - (g.osx 103 Ibf)

L cp - (0.299) (1645.2128 Ibf) =6.1219

The separation factor of safety, from Eq. (8-30), is

Fi 9.05 kips

Mo = p(1-c) = 1.6452 kips(1-0299) ~ 8471

Processing math: 100%
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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 ky = 2.6 MIbf/in and the stiffness of the members is k, = 16 Mibf/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 Section: 08.09 Statically Loaded Tension
factor of safety - DEPENDENT Joint with Preload
MULTI-PART PROBLEM - ASSIGN
ALL PARTS

1, Award: 0 out of 5.00 points

Problem 08.029.a - Static bolt factor of safety

Determine the yielding factor of safety.

The yielding factor of safety is 1.2 @.

References
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factor of safety Joint with Preload

Problem 08.029.a - Static bolt factor of safety

Determine the yielding factor of safety.
The yielding factor of safety is | 1.1636 + 2% .

Explanation:

From Table 8-9, Sp =120 ksi.

The stiffness constant is

kR 2.6 Mlbf/in
C= (ky+km) — (2.6+16) Mibf /in 0.1398

For a nonpermanent connection, using Egs. (8-31) and (8-32), we get
Fi=0.75A¢Sp = 0.75(0.1419 in2)(120 ksi) = 12.77 kips

The external load per bolt is

P=

Pow __ 80kip _ .
N = ¢ = 13.33kip

Therefore, from Eq. (8-28), the yielding factor of safety is

S, 4 120 x10° psi) (0.1419 in*
n, = - L= ( ) ) = 1.1636
CP+F,; 0.1398(13330 1bf)+12770 Ibf
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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 Section: 08.09 Statically Loaded Tension

factor of safety Joint with Preload

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

_ S,A—F;, _ (120x10° psi) (0.1419 in>) —12770 Ibf

[ 0.1398(13330 Ibf) = 2.2852

nr

Award: 5 out of 5.00 points

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 Section: 08.09 Statically Loaded Tension

factor of safety Joint with Preload

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 separationis | 1.1137 + 2% .

Explanation:

From Eq. (8-30), the joint separation factor of safety is

F _ 12770 1bf =1.1137

™0 = PA_¢) = 13330 Ibf(1_0.1398)




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 k, = 2.8 MIbf/in and the stiffness of the members is k, = 14 MIbf/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.

References
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Problem 08.030 - Static bolt Section: 08.09 Statically Loaded Tension

factor of safety related to preload Joint with Preload

- DEPENDENT MULTI-PART
QUESTION - ASSIGN ALL PARTS

Award: 0 out of 5.00 points

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 @ Ibf.
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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 | 174806.3333 + 2% Ibf.

Explanation:

From Table 8-9, Sp = 120 ksi.

The stiffness constant is

~ k__ 28Mibbffin
C= (ky+kn) — (2.8+14)Mlbf/in 0.1667

The external load per bolt is
_ Pow __ 800001bf _
P = -~ =" = 13330 1bf
The proof factor of safety, from Eq. (8-28), is used to find F;:

120x10? psi(0.1419 in®
n, - CP = %
P

—0.1667 (13330 1bf) = 14806.3333 1bf




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 @ Ibf.
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preload

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 | 171708.3333 + 2% Ibf.

Explanation:

The equation for the separation factor of safety is determined by Eq. (8-30):

Fy = noP (1 —C) = 1(13330 Ibf) (1 — 0.1667) = 11108.3333 Ibf




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 Ibf-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 F;.

The torque that should be specified for preloading the bolt is 118.72 @ Ibf-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 Ibf-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 F;.

The torque that should be specified for preloading the bolt is | 1295.7333 £ 2% Ibf-in.

Explanation:

The torque can be determined by Eq. 8-27:

T=KFd

T =KFd=0.2""T 0 5)

T=0.2 1480643333lbf; 11108.3333 Ibf (05 m) — 1295.7333 Ibf-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 k, = 0.8 MN/mm and the stiffness of the members is k,, = 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 x 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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Award: 0 out of 7.00 points

Problem 08.031.a - Static bolt factor of safety related to preload

Determine the maximum external load Ppyax 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.

References

Numeric Response

Problem 08.031.a - Static bolt
factor of safety related to

Chapter: 08 Screws, Fasteners, and the
Design of Nonpermanent Joints

Section: 08.09 Statically Loaded Tension
Joint with Preload

preload

Problem 08.031.a - Static bolt factor of safety related to preload
Determine the maximum external load Prax 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— _m _ 08 MN/mm
(ky+km) (0.8 + 3.6) MN/mm

= 0.1818
For a nonpermanent connection, using Egs. (8-31) and (8-32),
Fi=0.75ASp = 0.75(20.1 mm2)(380 MPa) = 5730 N

The proof factor of safety equation is given by Eq. (8-28):

6 a(2. *5m2
Pawx = (%4~ )2 = (w — 5730 N) S —83952N

n, [ 1 0.1818




Award: 0 out of 7.00 points

Problem 08.031.b - Static bolt factor of safety related to preload

Determine the maximum external load Pp,,x 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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preload

Problem 08.031.b - Static bolt factor of safety related to preload

Determine the maximum external load Pp,,x 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):

_F 1 __ BT30N 1 —
Paax = 1 ey N = 0N (ol (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 k; = 2 MIbf/in and the stiffness of the members is k,; = 14 Mibf/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 P4y = 80 kips and Pnin = 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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Award: O 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

__k
= (k)
c— 2 Mlbf/in

" (2 MIbf/in+14 Mibf/in)
C =0.125

For a non-permanent connection, using Egs. (8-31) and (8-32),
F; = 0.754,8, = 0.75 (0.1419 in®) (120 x 10° psi) = 12770 Ibf

The proof factor of safety is calculated as

CP,
N = max
(SpAi—F;)

. 0.125(80x 10% 1bf)
T ((0.1419 in) (120%10° psi) ) — 12770 Ibf

N=3




10.

Award: O 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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bolt factor of safety related to Joints

preload

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 separationis| 6+ 2% .

Explanation:

The separation factor of safety is calculated as

_ Pa(1-0)
N = 5
N=— (80x10° Ibf) (1-0.125)

12770 Ibf

N=6




1.

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 n;, and the joint separation factor ng. Take the value of E for steel as 207 GPa and for cast iron as 100 GPa.

F |
I E |
h 1 o
| ¥
| | Ay
’ B
fe—c—
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) 1SO 9.8
Bolt spec. M12 x 1.75
The suitable bolt length is 55 @ mm.
The vyielding factor of safety is 1.29 @.
The load factoris 11.1 @.
The joint separation factor is 11.8 @.
References
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Problem 08.033 - Selection of a Section: 08.09 Statically Loaded Tension
suitable bolt length Joint with Preload

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 n., and the joint separation factor ng. Take the value of E for steel as 207 GPa and for cast iron as 100 GPa.

F |
I E |
h / o
| ¥
| L2y
‘ + B*
fe—c—]
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) 1ISO 9.8
Bolt spec. M12 x 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:

! =20mm + 20 mm = 40 mm

From Table A-31, the nut heightis H = 10.8 mm.
L>1+H=40mm + 10.8 mm = 50.8 mm 2 55 mm
From Egq. (8-14), we have

Lr =2d+ 6 mm = 2(12 mm) + 6 mm = 30 mm
From Table 8-7,

lg=L— Lr =55 mm — 30 mm = 25 mm

l; =1—-1; =40 mm — 25 mm = 15 mm

2
Ag =" 1130 mm?

From Table 8-1, we have A; = 84.3 mmZ2.
From Eq. (8-17), we have

 a4a4E (1131 mm?) (843 mm?)207x10° N/mm® 3 B
T AditAdg T (1131 mm?) (15 mm)+ (84.3 mm?) (25 mm) 518.8 x 10° N/mm = 518.8 MN/m

Ky

Now calculate the member stiffness.

For steel cylinder head, t =20 mm, d =12 mm, and D = 18 mm.

3 2
0.5774n(E)d 057747 (207x10° N/mm? ) 12 mam .
kl - (L185(t;) + D-d)(D+d) \ (1.155(20 mm)+18 mm—12 mm)(18 mm+12 mm) 4470 x 10 N/mm = 4470 MN/III
m (1.155(20 mm)+18 mm+12 mm)(18 mm—12 mm)

For cast iron, from Table 8-8, we have t =20 mm, d = 12 mm, and D = 18 mm.

From Eg. (8-20),

0.57747(100x10° N/mm?* )12 mm

o 0.5774n(E)d o ( B 3 .

k2 - (1.155(t5) + Dy - d) (Dy + d) - (1.155(20 mm)+18 mm~12 mm)(18 mm+12 mm) 2159 x 10 N/mm = 2159 MN/III
In ( m) (1.155(20 mm)+18 mm-+12 mm) (18 mm—12 mm)

From Eq. (8-18),

~1 -1
. 1 1 . 1 1 _
ko = (;ﬂ?) = (m*m) = 1456 MN/m

Rk 518.8 MN/m -
C = Goth) = 5185 MN/m1a6 MN/m — 0-263

From Table 8-11, we have Sp = 650 MPa.

For a nonpermanent connection, using Egs. (8-31) and (8-32),

F; = 0.754,S, = 0.75 (84.3 mm?®) (650 MPa) x 10~ = 41.1kN

The total external load is Piotal = 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 = Piotal/N. Thus,

A, (6.15 N/mmz)w(loo mm)®

Py
P = B ATy T a——— 4830.1987 N/bolt = 4.8302 kN /bolt

The yielding factor of safety, from Eq. (8-28), is

o S (650 N/mm? ) (84.3 rum?) 19063
P CP+F, (0.263)(4830.1987 N)+(41.10x10° N) !

The overall factor of safety, from Eq. (8-29), is

Spa—F  (650N/mm?) (843 mm?)— (41.10x10° N)

L="¢cp ~ (0.263)(4830.1987 N) = 10.8593

The separation factor of safety, from Eq. (8-30), is

I 41.10 kN _
0 = pu—c) T 4.8302kN(1-0.263) 11.5454
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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 n;, and the joint separation factor nq. Take the value of E for steel as 30 Mpsi and for cast iron as 14.5 Mpsi.

F |
I E |
h 1 o
| ¥
| | Ay
’ B
fe—c—
Head thickness (A) 0.5in
Cylinder thickness (B) 0.625 in
Cylinder ID (C) 2.75in
Gasket sealing diameter (D) 3.5in
Bolt circle diameter (E) 6in
Head outer diameter (F) 8in
Number of bolts (N) 10
Cylinder pressure (pg) 1640 psi
Bolt grade (G) SAE 5
Bolt spec. 0.5in-13
The suitable bolt length is 1.75 @ in.
The vyielding 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 n;, and the joint separation factor ng. Take the value of E for steel as 30 Mpsi and for cast iron as 14.5 Mpsi.

F |
I E |
h / o
| ¥
| L2y
‘ + B*
fe—c—]
Head thickness (A) 0.5in
Cylinder thickness (B) 0.625 in
Cylinder ID (C) 2.75in
Gasket sealing diameter (D) 3.5in
Bolt circle diameter (E) 6in
Head outer diameter (F) 8in
Number of bolts (N) 10
Cylinder pressure (pg) 1640 psi
Bolt grade (G) SAE 5
Bolt spec. 0.5in-13

The suitable bolt lengthis | 1.75+ 2% in.




The yielding factor of safety is | 1.2667 +2% .
The load factor is | 6.3833 +2% .

The joint separation factoris | 8.182 +2% .

Explanation:

From Table A-31, the nut heightis H = 0.4375 in.

1 =0.5in+0.6251in = 1.125in
L>1+H=1.125in+0.4375in = 1.563 in =~ 1.75 in
From Egq. (8-13), we have

Ly =2d+0.25in = 2(0.5in) + 0.25in = 1.25 in
From Table 8-7,

lg=L—Lr=175in—1.25in =0.51in

i =1-13=1125in—0.5in = 0.625 in

L2
05 _ 0.1963 in?

Ay="
From Table 8-2, we have A; = 0.1419 in2.

From Eq. (8-17), we have

A AE (0.1963 in?) (0.1419 in) (30x106 lbf/inz)

. . . 6 . . .
ke = A+ Ads — (0.1963 in?) (0.625 in)+(0.1419 in?) (0.5 i) 4.316 x 10° Ibf/in = 4.316 Mlbf/in

Now calculate the member stiffness.
For steel cylinder head, t=0.5in,d=0.5in,and D = 0.75 in.

e 2\ (s
B P B 0.57741r(30><1[) Ibf/in )(045 ) P . .
k1= (L1550 =Dy —dy)(Dyedy) (LS55 ) 10.75 05w (0T5 im0 0m) 33.30 x 10° Ibf/in = 33.30 Mlbf/in
(

[1155(¢)+ Dy +d,)(Dy —dy) 1155(0.5 in)-+0.75 in-0.5 in) (0.75 in—0.5 n)

Cast iron has two frusta. The midpoint of complete joint is at 112% = 0.5625 in.
For upper frustum,

d=0.5in

t =0.56251in — 0.5 in = 0.0625 in

D =0.75in+ 2(0.5 in)tan 30" = 1.327 in

From Eq. (8-20),

0.5.7747r(14.5x106 1bf/in2) (0.5 in)

_ 0.5774wEd _ _ 6 L .
ky = [1155(ty) + Dy —d)(Dg+d) 1 (1.155(0.0625 in)+1.327 in—0.5in) (1327 in+0.5n) 292.7 x 10 lbf/ln =292.7 Mlbf/ln
[1_155(t2)+D2 +d] (D2,d) n (1.155(0.0625 in)+1.327 in+0.5 in)(1.327 in—0.5 in)

For lower frustum, t = 0.5625 in, d = 0.5in, and D = 0.75 in.

0457747r(1445><105 lbf/inz) (0.5in)

_ 0.5774wEd _ — 6 n — H
ks = (1155 (t3) + Dg—d)(Dg+d) (115505625 in)+0.75 in—0.5 in)(0.75 in+05im) 15.26 x 10 lbf/ln =15.26 Mlbf/ln
[1_155(,53) +Dg+ d) (D3 d) (1.155(0.5625 in)+0.75 in+0.5 in)(0.75 in—0.5 in)

From Eq. (8-18),

~1 -1
(11,1 _ 1 1 1 _ .
ke = (171 it kT) - (33430 Mbym T 2027 MbUm T 153 Mlbf/in) = 10.10 MIbf/in

k 4.316 MIbf/in
_ ko SMBfin g 999
(kpt+km) 4.316 Mlbf/in+10.10 Mlbf/in

From Table 8-9, we have Sp, = 85 kpsi.

For a nonpermanent connection, using Egs. (8-31) and (8-32),

F; = 0.75A,S, = 0.75 (0.1419 in®) (85 kpsi) = 9.05 kips

The total external load is Piotal = 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 = Piotai/N. Thus,

.4y (1640 1bf/in’)n(3,5 in)?

P="y =4 = 1577.8649 Ibf/bolt = 1.5779 kips/bolt

The yielding factor of safety, from Eq. (8-28), is

3 s 2 302
W S (8310° Ib/in”) (0.1419 in?) o667
P T CP+F, ~ (0.200)(1577.8649 1bf)+(9.05x10° Ibf)

The overload factor of safety, from Eq. (8-29), is

SA-F  (35%10° bt/in®) (0.1419 in?) - (9.05x10° Ibf)

L= "¢p = (0.209)(1577.8649 Ibf) =6.3833

The separation factor of safety, from Eq. (8-30), is

o F; _ 9.05 kips o
To = P(1-C) ~ 1.5779kips(1-0.209) 8.1820
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1. Award: 15.00 points
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 2.18 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 108 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:
1/a 1/a
_ Ly \ Zany 60
CA?FA(L«) 7FA( L )
(a = 3 for ball bearings)

(3000 1)(500 rev/min)(60) ) 1/3
10° cycles

Ca= 2.18(
Ca=9.77kN

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 Cg = 6.6 kN.

Since Ca > Cp, bearing A can carry the larger load.

References

Multiple Choice Problem 11.009 - Selection of bearing based Difficulty: Easy
on ratings from different manufacturers
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Problem 11.010 - Determination of Basic Load Rating for a ball bearing

https://ezto.mheducation.com/hm.tpx

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
I 217 kN 109 rev | 93% |

The Basic Load Rating for the ball bearing isi 23.6+2% kN.

Explanation:

Given, Fp=2.17 kN, Dp = 109 rev, and R=0.93, a = 3.
a = 3 for ball bearings.

From table 11-6, xo = 0.02, Lg = 10° revolutions, b = 1.483, and 6 = 4.459.

=i

_ 10°rev
D = e
zp = 10°

1
Cy =asFp xipl
a:u+(9fzo)(]n< . )) ,
B
Cip=1x2.1TkN w .
0.02+(4.459-0.02) (1.;(0'?)) Tass

Cho = 23.6 kN

The Basic Load Rating for the ball bearing is 23.6 kN.

References

Numeric Response Problem 11.010 - Determination of Basic Load  Difficulty: Easy
Rating for a ball bearing
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Problem 11.011 - Determination of Basic Load Rating for a ball bearing

https://ezto.mheducation.com/hm.tpx

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 Ibf 12300 h, 315 rev/min || 92%

The Basic Load Rating for the ball bearing is| 5319.98 + 2% Ibf.

Explanation:

Given, FD = 820 Ibf, LD = 12300 hours, nD = 315 rev/min, and R = 0.92.

Zp np 60
xp = =

__ 12300 hx315 rev/minx 60

10° rev
Tp = 23247

a = 3 for ball bearings.

From table 11-6, x0 = 0.02, LR = 106 revolutions, b = 1.483, and 6 = 4.459.

Therefore, we have

zp

zﬁ((ﬁz@(h(ﬁ))

Ci = asFp

Cip =1 x 820 Ibf 28247 :
0,02+(4.459—0.02)(1.1("%))W

Ci0 = 5319.98 Ibf.

The Basic Load Rating for the ball bearing is 5319.98 Ibf.

References
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Rating for a ball bearing
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Problem 11.012 - Determination of Basic Load Rating for a ball bearing

https://ezto.mheducation.com/hm.tpx

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 I Design Life | Desired Reliability |
( 4.05 kN | 8.4kh, 500rev/min | 98% |

The Basic Load Rating for the ball bearing is | 36.67 + 2% kN.

Explanation:

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:

Zp np 60
xp = =

(8.4 x 1000) h(500 rev/min) (60)
0= 10°
rev
Tp = 252
a = 3 for ball bearings.

From table 11-6, x0 = 0.02, LR = 106 revolutions, b = 1.483, and 6 = 4.459.

Cyo =asFp ”701
o))
H
Cip =1 x 4.05 kN 252 .
0.02+(4.459-0.02) (m( ";g )) Las3
C10 =36.67 kN

The Basic Load Rating for the ball bearing is 36.67 kN.

References

Numeric Response Problem 11.012 - Determination of Basic Load
Rating for a ball bearing

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 11-1and 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 Problem 11.022 - Calculation of Effective Radial
Load - DEPENDENT MULTI-PART PROBLEM -
ASSIGN ALL PARTS
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Problem 11.022.a - Calculation of Effective Radial Load

What is the equivalent radial load, Fg?

The equivalent radial load is | 9.29 + 2% kN.

Explanation:

The following equation is used to determine the equivalent radial load:

F, = X,VF, + Y;F,

https://ezto.mheducation.com/hm.tpx

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 Xj and Y; taken from Table 11-1.

First, the ratio of the axial load to the static load rating of the bearing (Ii“ is determined.

Taking the value of C, for a 65-mm bore, from Table 11-2 gives:

_ 30k
€= 300k
e=0.088

Secondly, the ratio of ‘% is calculated.

3.0KN
12 x (T.0kN) 0.357

Since e < %‘ X; isnot 1.0 and Y; is not 0.0 in Table 11-1.

The value of X; = 0.56; however, it is necessary to interpolate for Y; to obtain an equivalent radial load of
F. = (0.56) (1.2) (7.0 kN) + (1.53) (3.0kN)
F, =9.29 kN
The equivalent radial load is 9.29 kN.
References

Numeric Response Problem 11.022.a - Calculation of Effective Difficulty: Medium
Radial Load

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 11-1and 11-2 for specifications) is loaded with a 2-kN axial load and a 5-kN radial load. The inner ring rotates at 550 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 Problem 11.023 - Calculation of Effective Radial Difficulty: Medium
Load - DEPENDENT MULTI-PART PROBLEM -
ASSIGN ALL PARTS
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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:

F.=X;VF, +YiF,

https://ezto.mheducation.com/hm.tpx

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 X; and Y}, taken from Table 11-1.

First, the ratio of the axial load to the static load rating of the bearing % is determined.

Taking the value of C,, for a 30-mm bore, from Table 11-2 gives:

Co=10

Interpolate the g value between 0.17 and 0.28 to get the value of e at g" =0.2.

(0.2-0.17)(0.38—0.34

_ )
- (0.28-0.17) +0.34
e=0.35
Secondly, the ratio of VFF is calculated.
20N _
1.0 x (5.0kN) 0.4

Since e < ;T;’ X; isnot 1.0 and Y; is not 0.0 in Table 11-1.

The value of X; = 0.56; however, it is necessary to interpolate for Y; to obtain an equivalent radial load of

F. = (0.56) x (1) x (5.0kN) + (1.27) x (2.0kN)
F, =5.34kN

The equivalent radial load, Feg, is 5.34 kN.

References
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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 10° cycles. For a given application, determine which bearing can carry the larger load.

Bearing A @ can carry the larger load.

References

Multiple Choice Chapter: 11 Rolling-Contact Bearings
Problem 11.009 - Selection of Section: 11.05 Relating Load, Life, and
bearing based on ratings from Reliability

different manufacturers

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 10° 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:
1/a 1/a
_ Ly _ Liny 60
on=Fa(5) " = Ea(75)
(a = 3 for ball bearings)

Cu= 2.08( (3000 h)(5(20 rev/min)(60) ) 1/3
10° cycles

Ca=9.32kN

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 Cg = 7 kN.
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Award: 15 out of 15.00 points 9 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 9%

The Basic Load Rating for the ball bearing is 20.74 @ kN.

References

Numeric Response Chapter: 11 Rolling-Contact Bearings

Problem 11.010 - Determination Section: 11.05 Relating Load, Life, and
of Basic Load Rating for a ball Reliability
bearing

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, Fp=2.02 kN, Dp = 109 rev, and R=0.91,a=3.
a = 3 for ball bearings.

From table 11-6, xo = 0.02, Lg = 10° revolutions, b = 1.483, and 6 = 4.459.

L
Tp = Tﬁ

10° rev
Tp = 10° rev
zp = 10°

1
z
Cm = afFD %
Zo+(0*20)(1ﬂ(i)) b
1

Cio =1 x 2.02kN 10° .

0.02+(4.459—0.02) (ln(ﬁ)) Tis

Co = 20.74 kN
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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 |
I 800 Ibf [ 13000 h, 330 revimin | 91% i

The Basic Load Rating for the ball bearing is 5226.15 @ Ibf.

References

Numeric Response Chapter: 11 Rolling-Contact Bearings

Problem 11.011 - Determination Section: 11.05 Relating Load, Life, and
of Basic Load Rating for a ball Reliability
bearing

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 Ibf [ 13000 h, 330 revimin | 91% |

The Basic Load Rating for the ball bearing is | 5226.15 + 2% Ibf.

Explanation:

Given, FD =800 Ibf, LD = 13000 hours, nD = 330 rev/min, and R = 0.91.

“p np 60
Tp = ——"—
D In
13000 hx 330 rev/minx 60
rp = 16—
0° rev
zp = 257.4

a = 3 for ball bearings.

From table 11-6, x0 = 0.02, LR = 106 revolutions, b = 1.483, and 6 = 4.459.

Therefore, we have

N

010 = afFD D

2o+(0—20) (m(i))

Cio = 1 x 800 Ibf 274 -
0.02+(4.459-0.02) (m(ﬁ)) Tass

C10=5226.15 Ibf.
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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 |
I 4.15 kN | 8 kh, 550 rev/min | 91% i

The Basic Load Rating for the ball bearing is 27.34 @ kN.

References
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Problem 11.012 - Determination Section: 11.05 Relating Load, Life, and
of Basic Load Rating for a ball Reliability
bearing

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 I 8 kh, 550 rev/imin | 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:

“p np 60
rp = 7[13

(8 x 1000) h(550 rev/min) (60)
10° rev

Tp =
rp = 264

a = 3 for ball bearings.

From table 11-6, x0 = 0.02, LR = 106 revolutions, b = 1.483, and 6 = 4.459.

1
@

010 = afFD D

2o+(0—20) (m(i))

Cio=1x4.15kN 264 -
0.02+(4.459-0.02) (1n é N

C10 =27.34 kN




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.

References
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Problem 11.022 - Calculation of Section: 11.05 Relating Load, Life, and
Effective Radial Load - Reliability

DEPENDENT MULTI-PART
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Problem 11.022.a - Calculation of Effective Radial Load

Wheat is the equivalent radial load, Fg?

The equivalent radial load is 9.29 @ kN.

References

Numeric Response Chapter: 11 Rolling-Contact Bearings

Problem 11.022.a - Calculation Section: 11.05 Relating Load, Life, and
of Effective Radial Load Reliability

Problem 11.022.a - Calculation of Effective Radial Load

What is the equivalent radial load, Fg?
The equivalent radial load is | 9.29 + 2% kN.

Explanation:

The following equation is used to determine the equivalent radial load:
F.=X,VF, +Y;F,

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 Xj and Y; taken from Table 11-1.
First, the ratio of the axial load to the static load rating of the bearing % is determined.

Taking the value of C,, for a 65-mm bore, from Table 11-2 gives:

_ 3.0kN
T 340kN
e=0.088
Secondly, the ratio of ;’; is calculated.

3.0KN
1.2 % (TOkN) — 0.357

Fa

VD X; isnot 1.0 and Y; is not 0.0 in Table 11-1.

Since e <

The value of X; = 0.56; however, it is necessary to interpolate for Y;to obtain an equivalent radial load of

F, = (0.56) (1.2) (7.0 kN) + (1.53) (3.0kN)

3
I

9.29 kN




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.

References

Section Break Chapter: 11 Rolling-Contact Bearings
Problem 11.023 - Calculation of Section: 11.05 Relating Load, Life, and
Effective Radial Load - Reliability

DEPENDENT MULTI-PART
PROBLEM - ASSIGN ALL PARTS

Award: 20 out of 20.00 points

Problem 11.023.a - Calculation of Effective Radial Load

Determine the equivalent radial load, Fe.

The equivalent radial load, F, is 5.34 @ kN.

References
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Problem 11.023.a - Calculation Section: 11.05 Relating Load, Life, and
of Effective Radial Load Reliability

e You did not receive full credit for this question in a previous attempt

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:

F,=X,VF, +Y;F,

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 X; and Y;, taken from Table 11-1.

F.

is determined.
Co

First, the ratio of the axial load to the static load rating of the bearing
Taking the value of C,, for a 30-mm bore, from Table 11-2 gives:

Co=10

Interpolate the g’; value between 0.17 and 0.28 to get the value of e at %:0.2.

 (02-0.17)(0.38-0.34)
€= (©zs—oary  T0-34

e=0.35

Fa
F,

VE is calculated.

Secondly, the ratio of

20kN
1.0 x (5.0kN) 0.4

fa

Since e < Vi

X, isnot 1.0 and Y; is not 0.0 in Table 11-1.
The value of X; = 0.56; however, it is necessary to interpolate for Y; to obtain an equivalent radial load of
F, = (0.56) x (1) x (5.0kN) + (1.27) x (2.0kN)

F,=5.34kN
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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 108 cycles. For a given application, determine which bearing can carry the larger load.

Bearing A @ can carry the larger load.
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different manufacturers

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 108 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:
1/a 1/a
_ Ly _ Liny 60
on=Fa(5) " = Ea(75)
(a = 3 for ball bearings)

Cu= 2.08( (3000 h)(5(20 rev/min)(60) ) 1/3
10° cycles

Ca=9.32kN

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 Cg = 7.1 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 @ kN.

References
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Problem 11.010 - Determination Section: 11.05 Relating Load, Life, and
of Basic Load Rating for a ball Reliability
bearing

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, Fp=2.16 kN, Dp = 109 rev, and R=0.96,a=3.
a = 3 for ball bearings.

From table 11-6, xo = 0.02, Lg = 10° revolutions, b = 1.483, and 6 = 4.459.

L
Tp = Tﬁ

10° rev
Tp = 10° rev
zp = 10°

1
z
Cm = afFD %
Zo+(0*20)(1ﬂ(i)) b
1

Cio=1x2.16 kN 10° .

0.02+(4.459—0.02) (].n(ﬁ)) Tis

Cho = 26.63 kN
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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 |
I 800 Ibf [ 12800 h, 330 revimin | 95% i

The Basic Load Rating for the ball bearing is 5940.25 @ Ibf.

References
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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 Ibf | 12800 h, 330 revimin | 95% |

The Basic Load Rating for the ball bearing is | 5940.25 + 2% Ibf.

Explanation:

Given, FD =800 Ibf, LD = 12800 hours, nD = 330 rev/min, and R = 0.95.

“p np 60
rp = T
12800 hx 330 rev/minx 60
rp = 16—
0° rev
zp = 253.44

a = 3 for ball bearings.

From table 11-6, x0 = 0.02, LR = 106 revolutions, b = 1.483, and 6 = 4.459.

Therefore, we have

N

010 = afFD D

2o+(0—20) (m(i))

Cio = 1 x 800 Ibf 25844 -
0.02+(4.459—0.02) (m(i)) T

C10 = 5940.25 Ibf.
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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 |
[ 41kN | 8.3kh, 490 revimin | 90% |

The Basic Load Rating for the ball bearing is 25.08 & kN.

References
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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 | 83kh,490revimin | 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:

“p np 60
rp = 7[13

(8.3 x 1000) h(490 rev/min) (60)
10° rev

Tp =

zp = 244.02

a = 3 for ball bearings.

From table 11-6, x0 = 0.02, LR = 106 revolutions, b = 1.483, and 6 = 4.459.
1

zp

2o+(0—20) (m(i))

010 = afFD

010 =1x4.1kN 244.02 i
0.02+(4459-0.02)(In( ) ) s

1
0.9

C10 =25.68 kN




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.

References

Section Break Chapter: 11 Rolling-Contact Bearings
Problem 11.022 - Calculation of Section: 11.05 Relating Load, Life, and
Effective Radial Load - Reliability

DEPENDENT MULTI-PART
PROBLEM - ASSIGN ALL PARTS



Award: 20 out of 20.00 point:
war outo points e You did not receive full credit for this question in a previous attempt

Problem 11.022.a - Calculation of Effective Radial Load

Wheat is the equivalent radial load, Fg?

The equivalent radial load is 9.29 @ kN.

References

Numeric Response Chapter: 11 Rolling-Contact Bearings

Problem 11.022.a - Calculation Section: 11.05 Relating Load, Life, and
of Effective Radial Load Reliability

Problem 11.022.a - Calculation of Effective Radial Load

What is the equivalent radial load, Fg?
The equivalent radial load is | 9.29 + 2% kN.

Explanation:

The following equation is used to determine the equivalent radial load:
F.=X,VF, +Y;F,

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 Xj and Y; taken from Table 11-1.
First, the ratio of the axial load to the static load rating of the bearing % is determined.

Taking the value of C,, for a 65-mm bore, from Table 11-2 gives:

_ 3.0kN
T 340kN
e=0.088
Secondly, the ratio of ;’; is calculated.

3.0KN
1.2 % (TOkN) — 0.357

Fa

VD X; isnot 1.0 and Y; is not 0.0 in Table 11-1.

Since e <

The value of X; = 0.56; however, it is necessary to interpolate for Y;to obtain an equivalent radial load of

F, = (0.56) (1.2) (7.0 kN) + (1.53) (3.0kN)

3
I

9.29 kN




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.

References

Section Break Chapter: 11 Rolling-Contact Bearings
Problem 11.023 - Calculation of Section: 11.05 Relating Load, Life, and
Effective Radial Load - Reliability

DEPENDENT MULTI-PART
PROBLEM - ASSIGN ALL PARTS

Award: 20 out of 20.00 points

Problem 11.023.a - Calculation of Effective Radial Load

Determine the equivalent radial load, Fe.

The equivalent radial load, F, is 5.34 @ kN.

References

Numeric Response Chapter: 11 Rolling-Contact Bearings

Problem 11.023.a - Calculation Section: 11.05 Relating Load, Life, and
of Effective Radial Load Reliability

e You did not receive full credit for this question in a previous attempt

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:

F,=X,VF, +Y;F,

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 X; and Y;, taken from Table 11-1.

F.

is determined.
Co

First, the ratio of the axial load to the static load rating of the bearing
Taking the value of C,, for a 30-mm bore, from Table 11-2 gives:

Co=10

Interpolate the g’; value between 0.17 and 0.28 to get the value of e at %:0.2.

 (02-0.17)(0.38-0.34)
€= (©zs—oary  T0-34

e=0.35

Fa
F,

VE is calculated.

Secondly, the ratio of

20kN
1.0 x (5.0kN) 0.4

fa

Since e < Vi

X, isnot 1.0 and Y; is not 0.0 in Table 11-1.
The value of X; = 0.56; however, it is necessary to interpolate for Y; to obtain an equivalent radial load of
F, = (0.56) x (1) x (5.0kN) + (1.27) x (2.0kN)

F,=5.34kN
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Darius Rubio
Score: 20/100 Points 20 %

1. Award: 0 out of 15.00 points

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 108 cycles. For a given application, determine which bearing can carry the larger load.

Bearing B @ can carry the larger load.

References

Multiple Choice Chapter: 11 Rolling-Contact Bearings
Problem 11.009 - Selection of Section: 11.05 Relating Load, Life, and
bearing based on ratings from Reliability

different manufacturers

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 108 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:
1/a 1/a
o La _ Lany 60
o =Fa(5) " = Ea(75)
(a = 3 for ball bearings)

(3000 h)(500 rev/min)(60) ) 1/3
10° cycles

Ca= 2.08(

Cp=9.32kN
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 Cg = 6.7 kN.
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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.

References

Numeric Response Chapter: 11 Rolling-Contact Bearings

Problem 11.010 - Determination Section: 11.05 Relating Load, Life, and
of Basic Load Rating for a ball Reliability
bearing

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 10° rev 94%

The Basic Load Rating for the ball bearing is | 23.54 + 2% kN.

Explanation:

Given, Fp=2.09kN, Dp=10%rev, and R=0.94, a= 3.
a = 3 for ball bearings.

From table 11-6, xo = 0.02, Lg = 10° revolutions, b = 1.483, and 6 = 4.459.

L
rp = TZ

10° rev
*p = 10° rev
zp = 10°

1
Cip = afFD 17171
z0+(€7zg)(ln(i)) b
5

Cio =1 x 2.09 kN 10°

0.02+(4.459-0.02) (ln(r‘w)) T

Cio = 23.54 kN




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)
I Radial Load [ Design Life Desired Reliability |
[ 840 Ibf | 12300 h, 330 rev/min | 92% i

The Basic Load Rating for the ball bearing is 6481.3 @ Ibf.

References

Numeric Response Chapter: 11 Rolling-Contact Bearings

Problem 11.011 - Determination Section: 11.05 Relating Load, Life, and
of Basic Load Rating for a ball Reliability
bearing

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)
I Radial Load | Design Life | Desired Reliability |
[ 840 Ibf | 12300 h, 330 revimin | 92% |

The Basic Load Rating for the ball bearing is | 5534.9 + 2% Ibf.

Explanation:

Given, FD = 840 Ibf, LD = 12300 hours, nD = 330 rev/min, and R = 0.92.

Zp np 60
ZD — I)LRIJ

12300 hx 330 rev/minx 60

Tp =
D 10° rev

zp = 243.54

a = 3 for ball bearings.

From table 11-6, x0 = 0.02, LR = 106 revolutions, b = 1.483, and 6 = 4.459.

Therefore, we have

N

D

o)

Clo = afFD

C1o = 1 x 840 Ibf 243.54 i
0.02+(4.459-0.02) (m(ﬁ)) Tas

C10=5534.9 Ibf.




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 [ 7.9kh,470revimin | 91% ]

The Basic Load Rating for the ball bearing is 40.23 & kN.

References

Numeric Response Chapter: 11 Rolling-Contact Bearings

Problem 11.012 - Determination Section: 11.05 Relating Load, Life, and
of Basic Load Rating for a ball Reliability
bearing

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)
I Radial Load | Design Life | Desired Reliability |
[ 4.15 kN | 7.9kh, 470 revimin | 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:

_ Zpnp60
rp = T
(7.9 x 1000) h(470 rev/min) (60)
Tp — 5
10° rev
zp = 222.78

a = 3 for ball bearings.
From table 11-6, x0 = 0.02, LR = 106 revolutions, b = 1.483, and 6 = 4.459.
1

Zp

o)

Clo = afFD

Cio=1x4.15kN 222.78 .
0.02+(4.459—0.02) (].n(u—lm )) i)

C10 =25.84 kN




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 11-1and 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 Section: 11.05 Relating Load, Life, and
Effective Radial Load - Reliability

DEPENDENT MULTI-PART
PROBLEM - ASSIGN ALL PARTS



Award: 0 out of 20.00 points

Problem 11.022.a - Calculation of Effective Radial Load

What is the equivalent radial load, Fg?

The equivalent radial load is 8.57 & kN.

References

Numeric Response Chapter: 11 Rolling-Contact Bearings

Problem 11.022.a - Calculation Section: 11.05 Relating Load, Life, and
of Effective Radial Load Reliability

Problem 11.022.a - Calculation of Effective Radial Load
What is the equivalent radial load, Fg?
The equivalent radial load is | 9.29 + 2% kN.

Explanation:

The following equation is used to determine the equivalent radial load:
F.=X,VF, + Y;F,

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 X and Y; taken from Table 11-1.
First, the ratio of the axial load to the static load rating of the bearing % is determined.

Taking the value of C,, for a 65-mm bore, from Table 11-2 gives:

_ 3.0kN
T 34.0kN

e=0.088

Secondly, the ratio of

F, .
vE 18 calculated.

3.0kN =0.357

1.2 % (7.0kN)

Fa

Since e < VE

X, isnot 1.0 and Y; is not 0.0 in Table 11-1.
The value of X; = 0.56; however, it is necessary to interpolate for Y; to obtain an equivalent radial load of

F, = (0.56) (1.2) (7.0 kN) + (1.53) (3.0kN)

3
I

9.29 kN




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 Section: 11.05 Relating Load, Life, and
Effective Radial Load - Reliability

DEPENDENT MULTI-PART
PROBLEM - ASSIGN ALL PARTS

Award: 20 out of 20.00 points

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 Section: 11.05 Relating Load, Life, and
of Effective Radial Load 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:
F, = X,VF, +Y,F,

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 X; and Y;, taken from Table 11-1.

First, the ratio of the axial load to the static load rating of the bearing % is determined.
Taking the value of C,, for a 30-mm bore, from Table 11-2 gives:

Co=10

Interpolate the g value between 0.17 and 0.28 to get the value of e at %:0.2.

~ (0.2-0.17)(0.38-0.34)
€= (0.28—0.17) +0.34

e=0.35

is calculated.

Fa
F,

Secondly, the ratio of

20kN
1.0 x (5.0kN) 0.4

Fa

VE X, isnot 1.0 and Y; is not 0.0 in Table 11-1.

Since e <
The value of X; = 0.56; however, it is necessary to interpolate for Y; to obtain an equivalent radial load of
F, = (0.56) x (1) x (5.0kN) + (1.27) x (2.0kN)

F, =5.34kN
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MCEG3043: Machine Design I
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.

7 | | @

i LI

|
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|

— —]

.:.|-..(-

> m

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 Py Bolt grade Bolt spec.

Value in 2.751n 3.5in 1500 psi SAE 5

in-13

1
2

0=
ol




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 Kp, Km, and C. You need to type detail calculation of the bolt stiffness Ky, 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:

Cover page;

Abstract;

Problem Description;

Detail Description of Design Tasks; (All calculation should be typed in MS Word using
“Equation Editor”)

e. Summary of Results;

ac o

S. Grading Scheme
. Maximum Your
Item Description Points Score
1 Choose one real-life engineering application of bolts with extension 15
loads and describe details of the applications.
2 Define the given parameters and justify your selection. 20
3 Calculate kp, ki, and C. 25
4 Find the number of bolts required. 10
s Determine the realized load factor for overload, the yielding factor of 10
safety, and the load factor for joint separation
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 | 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

Stamicss Steel
o High—
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N

Parameters A (Steel B(coppér Pg BOLT GRADE BOLT SPEC
member) Membe
Values 2in % in 36 kip / SAE 8 % IN-13
1.) Length of the bolt Explain why Pg=36kip

2)

l=1+1,
l—2+1—25'
= E— oln

Height of the nut
Table A-31

7
h =—=0.4375in

16
L=1+h

L =254 0.4375 = 2.9375in
Round to the nearest quarter inch= 3in

Find Kb, bolt stiffness

Table 8-7

1
Ly =2d +-i
¢ +4Ln

1
Le = 2(0.5) + 3 = 1.25in

ld:L—Lt

Iy =3—125=1.75in

l,=1—1d

l, = 2.5 —1.75 = 0.75in

Table 8-2
A = 0.1419
. wd?
a7 g
2
4y = n (-:)
AALE

kp = Al + ALl

=.1963in

0.1419 % 0.1963 = 30 2.11Mlbf
ey = (0.1963 % 0.75) + (0.1419 * 1.75) ~ in
Find km, member stiffness
D =1.5d
D = 1.5(0.5) =.75
D1 =.75
D2 =.75+4 2(2.5 — 2 * tan30) = 3.4405
D3 =.75

[
tl = 5= 1.25

t2=A—-t1=.75
t3=.5


xipeng
Pencil

xipeng
Typewritten Text
Explain why Pg=36kip


.5774n(E)d1
1.155(w)+D1-d1)(D1+d1)
(1.155(w)+D1+d1)(D1+d1)

.57741(30)*.5 .
kq= 1.155(1.25)+.7s—.5)(.75+.5)=23'75 Mib/in
(1.155(1.25)+.75+.5)(.75—.5)

.57741(30)*.5
ko= 1.155(.75) +3.4405—.5)(3.4405 +.5)
(1155(75)+3A405+n$(&4405—5)

.57741(30)*.5 .
k3= 1.155(.5)+.75—.5)(.75+.5)=19'201 Mlb/ln
(1.155(.5)+.75+.5)(.75—.5)

=457.33 Mib/in

Mlb
in

— i i i -1_ 1 1 L -1 =
ke = (k1 + ks, + k3) (23.751 tosram T 19.201) 10.376

4.) Calculate Stiffness constant

kp
C=—7"—
ky + k,p,
B 2.11 _ 0.1689MIb
211+ 10376 in

5.) Find number of bolts required for a load factor of 2
Load Factor=nL = 2

nlL = —57;;%_”
C( t;)\;al)
(36) * (2) *0.1689 ]
N = = 2.8566 = 3 bolts obtained

"~ 120 % (0.1419) — 12.771
6.) Find the realized load factor for overload

nl = Sp;_-F
C( t;)\;al)
120 * (0.1419) — 12.771
nL = 36 = 2.10
0.1689 = (?)
7.) Find the yielding factor of safety
S.
pA
n, = L

c (L) + Fi

_120%(0.1419)
p= 36 =
0.1689*( - )+12.771

8.) Find the load factor for joint separation
Fi
Ptotal
() + (1 - 0)
— 12.771 _
0 (3?6)+(1—0.1689)

n0=



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.



Pipe Shields to support the pipes to hold it steady

against pressure.

A B C D Pg Bolt Grade | Bolt Spec.

7/16 5/8 2.25 3 1400psi SAE 5 3/8in-13 UNC

Explain the variales and indicate them in the diagram.

Grip, I= 17—6 +§ =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=1 — Lt===1.388-1= .388

lt=l — ld====1.06-.388= .672

At= From Table 8-2 ====.0775

2 2
Ad="0=== @= .1104in?
E = 30Mpsi

Calculation of the Bolt Stiffness Kb

AdAtE .1104+0.775%30%x10° Mlb
(Eq8-17) Kb = —22AE_ - = 2.56721
Adlt+Atld .1104%.672+.0775%.388 in

Aluminum Plate.
Frustrum 1
t=15d=.375D =15x%x.375=.5625E = 10.3 x 10°

.5774nEd

~ (1155t + D —d)(D + d)
In
(1155t + D+ d)(D — d)

K1
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Frustrum 2
t=5d=.375D=D3+2x%xt3Xtan30° D =.5625+2 X 1 X tan30° = .6485F =
10.3 x 1076

.5774nEd

- 1 (1155t + D~ d)(D +d)
NT155t+ D+ d)(D — d)

K2

Cast lron

Frustrum
t3=1d =.375D3 =.5625 F = 14.5Mpsi



5774nEd
K3 = | (L1556 D=d)(D+d)
M isst+Drd)(D-d)

(Eq 8-18) Km = (— +

1 1 1 )‘1

Km = (21.26 +t 1022 1 846

kb 2.567
C= 4 = 4032
kb+Km ~ 2.567+3.80

From Table 8.9 Sp(120 Kpsi) Grade 5

Fi = 0.75AtSp ==> .75 X .0775 x 120 = 6.975kips
_fi 6975

ol="r == 90 < 120(Sp) Safe

Ptotal = Pg — Ac

1400m(32)] /1073 1.24kips

Ptotal = = =7?

ord l 4 l( 8 bolt N
Yielding Factor of Safety (8-28)

_ SpAt __ 120%.0775
np = Cp+fi  .4032(1.24)+6.975 1.24 > Safe
Overload Factor of Safety (8-29)
] = SPAL=Si _ 120X0.0775-6975 _ 4 col ¢ co

Ccp 4032(1.24)

Separation Factor of Safety (8-30)
no =1L = 0975 = 9.425 > Safe

T P(1-C)  1.24(1-.4032)

B 3.80MIbf
N in
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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

B - ¢:
i
|
P—
Can not use the examples as applicatoin.
Parameters
A B C D E F N Pg Grade | Spec.
0.375 |05 275 |325 |55 7 8 1200 | SAE8 |7/16
in-14

Grip, | =3/8 + 1/2 = 0.875 in. From Table A-31, the nut height is H = 3/8 in.
L>1+H=0.875+3/8=1.25in.

LetL=1.25in

Eq. (8-13): LT = 2d + 0.25 = 2(7/16) + 0.25 = 1.125 in

Table 8-7:1d=L-LT=125-1.125=0.125in

lt=1-1d=0.875-0.125=0.75in
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Ad = 7 (7/16) /4 = 0.150 3 in?
Table 8-2: At =0.106 3 in?

Eq. (8-17)

_ A,AE  0.1503(0.106 3)30

= - _ = 3.804 Mlbfin
A+ AL, 0.1503(0.75)+0.106 3(0.125)

Steel Cylinder head:

t=0.3751in,d = 0.4375 in, D = 0.65625 in, E = 30 Mpsi

L 0.57747(30)0.4375
't [1.155(0.375) +0.65625-0.4375 ](0.65625 + 0.4375)
" [1.155(0.375) +0.65625 +0.4375](0.65625 - 0.4375)

=31.40 Mlbf/in

Cast iron has 2 frustrum.

Midpoint of the complete joint is (3/8 + ¥2)/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(30°) = 1.089 in

E = 14.5 Mpsi

ko= 0894y (i4s) buges)
‘r\{ {L-ﬁﬁfv-“ﬁj + 0ksg1s = 07N B ésers + o3PS z
lliss lobezsh + cestas *ounr§llowseas - aumis

= lis. s mbffin

Lower frustrum



t=0.43751in,d =0.4375in, D = 0.65625 in, E = 14.5 Mpsi

| S 0533 p Uy s ¥335 )

i
Ln( (Ll forusssh 4 oLSLay ~ D.H'.ﬂ-j't{ L TR g S B e E AT

[115% (emas) Toagsees + cca5h apsers - 0ur?s)

= 14.08 Mlef|in

=

km = (1/31.40 + 1/195.5 + 1/14.08)% = 9.261 MIbf/in
C =Ko / (ko + km) = 3.804/ (3.804 + 9.261) = 0.291

Sp =120 Kkpsi
Fi =0.75 At Sp = 0.75(0.1063) (120) = 9.57 Kips
Ptotal = pg Ac P = Ptotal /N N="?

P = [ 1200x (3.25%)/4] (10 /8 = 1.244 kips/bolt
Yielding factor of safety

S, 4 120(0.106 3)
n_= =

*TCP+F 0291(1244)+957

Overload Factor of safety

5,4 -F 120(0.1063)-9.57 _
CP 0.291(1.244)

8.80

n,

Separation factor of safety

F 9.57
ny = = =109
P(1-C) 1.244(1-0.291)

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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