MECHANICS OF MATERIALS

Fall 2023
ME 323- 005
Instructor: Shubhra Bansal

Lecture 1: Introduction
Static Equilibrium
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Course Description

Section Time (EST) Instructor Classroom Email
005 MWF 7:30-8:20 AM Prof. Shubra Bansal PHYS 223 bansal91@purdue.edu
004 MWEF 8:30-9:20 AM Prof. Alex Chortos PHYS 223 achortos@purdue.edu

001 MWF 9:30-10:20 AM Prof. Charles Krousgrill [ ARMS B061 krousgri@purdue.edu

006 MWEF 10:30-11:20 AM Prof. Klod Kokini HAMP 1144 kokini@purdue.edu
007 MWF 1:30-2:20 PM Prof. Charles Krousgrill | PHYS 223 krousgri@purdue.edu
002 MWF 2:30-3:20 PM Prof. Klod Kokini HAMP 1144 kokini@purdue.edu
003 MWF 3:30-4:20 PM Prof. Ryan Wagner PHYS 223 rbwagner@purdue.edu

Shubhra Bansal

Associate Professor

School of Mechanical Engineering, School of Materials Engineering
Office: FLEX 3081D

= Email: bansal91@purdue.edu

= Office Hours: M-W-F 8:30-9:30am in ME 2187
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Teaching Assistants

TEACHING ASSISTANTS

Harshith Adepu Khashayar Ghorbani Ayishe Jin
Email:adepu@purdue.edu Email: kghorban@purdue.edu Email: jin315@purdue.edu
Mohit Kumar Amir Mollaali Ben Obsitik
Email: kumar589@purdue.edu Email: mollaalii@purdue.edu Email bobsitni@purdue.edu
Tanya Purwar Michael Verdizco Tianhao Yu
Email: tpurwar@purdue.edu Email: verduzm@purdue.edu Email: yuth@purdue.edu

T A. office hours: Teaching assistants will hold office hours in room TBD.
Tuesday: Michael (8-10am),; Khashayar (10-12); Mohit (2:30-4:30pm); Ben (4:30-7:00pm),
Khashavar (7-8pm)
Wednesday: Michael (8-11:30am); Mohit (11:30-12:30; 1:30-3:30pm); Ben (3:30-6pm);
Ayishe (6-8:30pm)
Thursday: Michael (8-10am); Khashayar (10-11:50am, 1:30-2pm); Mohit (2-4:30pm);
Ben (4:30-7pm)
Friday: Michael (8-10:30am); Ben (11:30am-1pm); Ayishe (1-3:30pm); Mohit (3:30-6pm);
Khashavar (6-8:30pm)

PURDUE School of Mechanical Engineering

UNIVERSITY



Reference Text

Required: Course lecture book to be purchased
at University Bookstore.

Optional: Mechanics of Materials, R.R. Craig,

Wiley, 3rd edition, 2011. -
y Mechanics

Reference texts: Copies of three different of Materials

mechanics of materials textbooks (by authors it
Craig, Hibbeler and Philpot) will be available at |

the reserve desk for the Engineering/Science
library on the second floor of WALC. These books
will be available for two-hour checkout starting
during the second week of classes.

Solutions to examples in pdf or Youtube videos
Discussion forum for students

COURSE BLOG
https://www.purdue.edu/freeform/me323/



https://www.purdue.edu/freeform/me323/

ME 323 Website

This blog will be used to deliver all online material for the course (see

M E 3 2 3 links in the sidebar) along with providing a forum for the discussion of PURDUE
homework problems and other course issues. Check back often for new

Mechanics of Materials material and to see what your colleagues and friends are saying in the

i i MECHANICAL ENGINEERING
Purdue University course.

ME 323: Mechanics of Materials O}

COURSE INFORMATION DAILY SCHEDULE - FA 2023 EXAMS GENERAL DISCUSSION HOMEWORK/DISCUSSION - FA23 INSTRUCTOR-SUPPLIED MATERIAL LECTUREBOOK EXAMPLES ME 323 - HOME PAGE

QUIZZES ANIMATIONS AND DEMOS

Purdue University

@$REEform
dll gradescope

ME 323 - HOME PAGE

WELCOME!

Welcome to the ME 323 course website for the Fall 2023 term. The material on
this site is a complement to the lecture book for the course. And, all material here
is accessible without the need to log in. Please review the resources that are
available to you in the links on the left sidebar of the page. Logging in is required
Animations and demos only for adding comments to the blog posts. Read me for instructions in logging in to
the website.

LINKS

Course information

Daily Schedule - Fa 2023

Have a good semester!
Exams

? PURDUE  soctwectunicn mgiesia 6
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Course Procedure and Homeworks

« Conceptual content will be covered directly from the lecture book; you are
encouraged to write notes in the book.

* Most in-class examples will be taken from the lecture book.

« Some additional examples will be introduced that are focused on real
applications.

Homework:
« Weekly homework

» Posted online on Friday by 7 pm and due the next Friday at 11:59 pm
« Submitted online through Gradescope

« Assignments submitted after the deadline but within 24 hours will be
penalized by 20% reduction in score. Assignments submitted more than 24
hours after the deadline will not be accepted except with a university
approved justification (e.g. Grief Absence Notification).
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PER DATE TOPIC READING* HWK DUE
1M 21-Aug Introduction; Static equilibrium Chap. 1
2 2 2 2 W | 23-Aug Normal stress and strain; Mechanical properties Chap. 2
’ ’ 3 F 25-Aug | Shear stress and strain — direct shear Chap. 3
4 M 28-Aug Stress — introduction to design of deformable bodies Chap. 4
5W 30-Aug Stress and strain — general definitions Chap. 5 HW. 1
6 F 1-Sep | Axial members — determinate structures Chap. 6
M 4-Sep | Labor Day — no class
7W 6-Sep | Axial members — indeterminate structures Chap. 6
8 F 8-Sep | Axial members — planar trusses Chap. 6 HW. 2
9 M 11-Sep | Axial members — thermal effects Chap. 7
10W 13-Sep | Torsion members — stresses in circular bars Chap. 8 HW. 3
11F 15-Sep | Torsion members — statically determinate structures Chap. 8
12M 18-Sep | Torsion members — statically indeterminate structures Chap. 8
13W 20-Sep Beam stresses — equilibrium and flexural stresses Chap. 10 HW. 4
14 F 22-Sep Beam stresses — flexural and shear stresses Chap. 10
15M | 25-Sept Review
. w 27 Sept | Examination 1, 8-10pm (no lecture on Wednesday)
H omewor k + Qu 1ZZeSs 3 O% 16 F | 29-Sep | Beam stresses — shear stresses Chap. 10
17M 2-Oct | Shear force/bending moment diagrams - determinate structures Chap. 9
18w 4-Oct | Beam deflections — statically determinate structures Chap. 11 HW 5
Exa m 1 a nd 2 25% or 45% 19F 6-Oct | Beam deflections — statically indeterminate structures Chap. 11
M 9-Oct October Break - no class
20W 11-Oct Beam deflections — superposition methods Chap. 11
. 21F 13-Oct Energy methods — Castigliano’s theorems Chap. 16 HW. 6
FI na I Exa m 45% or 25% 22 M 16-Oct Energy methods — Castigliano’s theorems Chap. 16
23 W 18-Oct Energy methods — Castigliano’s theorems Chap. 16
24 F 20-Oct Energy methods — Castigliano’s theorems Chap. 16 HW 7
If b _t_t _th 25M 23-Oct | Shear force/bending moment diagrams — indeterminate structures | Chap. 9
yo u SCO re e e r o n e ave ra g e 26 W 25-Oct | Shear force/bending moment diagrams — indeterminate structures | Chap. 9
f E d 2 h d 27TF 27-Oct Energy methods — introduction to finite element methods Chap. 17 HW 8
O Xa mS 1 a n t a n you O O n 28 M 30-Oct Review
. w 1-Nov Examination 2, 8-10p.m. (no lecture on Wednesday)
the Fl na |, the ave I’age Of these tWO 29F 3-Nov | Energy methods — introduction to finite element methods Chap. 17
. . o) 30M 6-Nov | Thin-walled pressure vessels — axial and hoop stresses Chap. 12
m | dtel’m exa m S Wl | | CO U nt aS 45 /O 31W 8-Nov | Stress transformation — principal /maximum shear stresses Chap. 13
. . o 32F 10-Nov | Stress transformation — Mohr’s circle Chap. 13 HW 9
a n d th e Fl n a | Wl I I CO U nt aS 25 /O Of 33 M 13-Nov Stress transformation — absolute maximum shear stress Chap. 13
. . 34 W | 15-Nov | Stresses —combined loading Chap. 14
yO ur fl Nna | g ra d e, VICE versa. 35F | 17-Nov | Stresses —combined loading Chap. 14 HW 10
36 M | 20-Nov | Stresses —combined loading Chap. 14
W | 22-Nov Thanksgiving Vacation — no class
F 24-Nov Thanksgiving Vacation — no class
37M | 27-Nov | Failure analysis-stress theories Chap. 15
38 W | 29-Nov | Failure analysis — stress theories Chap. 15
39F 1-Dec | Failure analysis — buckling Chap. 18 HW. 11
40 M 4-Dec | Practice with combined loadings and failure analysis
41 W 6-Dec | Practice with combined loadings and failure analysis
2200 10)0) 42F | 8Dec | Review
UNIVERSITY TBA | Final Examination




Homework Schedule

1 Aug 25 Sept 1
2 Sept 1 Sept 8
3 Sept 8 Sept 15
4 Sept 15 Sept 22
5 Sept 29 Oct 6
6 Oct 6 Oct 13
7 Oct 13 Oct 20
8 Oct 20 Oct 27
9 Nov 3 Nov 10
10 Nov 10 Nov 17
11 Nov 20 Dec 1
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Infrastructure Disaster - Quebec Bridge 1907

Collapsed and killed 86
workers.

Collapsed again in 1916
and killed 15 workers.

igh 311
and lJlt xl Ix der rs have Last
in the History ¢ ! Br ¢ Building

‘&W\}

mmm =

PURDUE School of Mechanical Engineering

UNIVERSITY — —
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Modern Day Examples..

I-40 BRIDGE SHUT DOWN AFTER CRACK FOUND S}

HEADLINES: NSON'S COVID VACCINE

7
&

st 1380, April 2018
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ME323: Statics with Deformable Structures

ME270 C ME323 C
When you put a force at C, When you put a force at C,
how much force does AB how much will point C
experience? deflect? At what value of the

force will the system fail?
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Mechanics of Materials

= To study internal effects of stress and
strain in a solid body that is subjected to
an external loading..

Axial loads Shear loads

Compression  Tension lorsion Bending

MEMS device failures

= |n this course, we study the statics of
deformable bodies upon applying external
loads.

» Entry point into the studies of solid and
continuum mechanics

* Design of structures against failure T

= Diverse applications:

» automobile components

. Thermosmechanical
Eatigne crsck

* bridges, buildings

* bone mechanics and tissue engineering

 data storage systems

[RGHHIS, T )
(DTUKCTT Alll]) -
R
2 R
W T

X TR S W Ty g N Z;‘
Fatigue cracking

* electronic packaging
* Microelectromechanical systems (MEMS)

» packaging of consumer products

* sports equipment

250000011, J— o ' 13

UNIVERSITY




Modern Day Applications

? PURDUE  soctwectunicn mgiesia 14
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Lecture 2:
Lecture 3:

Lecture 4:
Lecture 5:

Lecture 6:
Lecture 7:

Lecture 8:
Lecture 9:

PURDUE School of Mechanical Engineering

UNIVERSITY

Course Overview

Uniaxial stress
Shear stress
Design

General stress

Axial determinate

Axial indeterminate
Planar trusses

Thermal effects

Lecture 10: Torsion

Lecture 11: Torsion determinate

Lecture 12: Torsion indeterminate

£ HRSI
=3 LRSI
C——] FRSI
=3 Metal or Glass

How can we use
knowledge of materials
properties to solve
stress distributions in

complex assemblies

E3 Reinforced Carbon-Carbon  *

15



Course Overview

No wind Wind
Lecture 13-14: Beams: Flexural stress \
Lecture 15: Beams: Shear stress |
Lecture 16-20: Beam deflections
o | ¥ F(9) b
i — cunl !
h l = | ‘]
> o, 4 4
‘ | - )
-
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Course Overview

Lecture 27-28: Finite element methods

Lecture 30: Pressure vessels

Why is the rivet pattern on
an airplane like this?




Course Overview

Lecture 34-36: Combined loading

leiaI

4 Torsion
& Wiaet
Shear S

Why does a windmill have 3 blades?

How deep can a submarine dive?



Equilibrium of Deformable Body

External Loads

(a) Surface Forces : caused by the direct contact of one body with
the surface of another

Concentrated Distributed
Load
Force
e Y Y Y Y Y Y
W _D_ i LJ
* The resultant force F of w(x) = the area under
the distributed loading curve, which acts
c through the centroid C or geometric center of
| . ____Y___}  CHE. . this area.
FR

(b) Body Forces : developed when one body applies a force on another
body without direct physical contact.

ex) the earth’s gravitation/ electromagnetic field

19
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PURDUE

UNIVERSITY

Support Reactions

Reactions : the surface forces that develop at the points of contact
between bodies.

For two-dimensional problems(coplanar force systems)

- Roller One unknown: F
External pin Two unknowns: F,, F,
M
F, o+
F, "_C F‘\O_
Fixed support Three unknowns; F, Fy, M Cable One unknown: F

If the support prevents translation in a given direction, then a force must be
developed on the member in that direction.
If rotation is prevented, a moment must be applied on the member.

Does the support prevent translation in x (or y) direction or rotation??

School of Mechanical Engineering

20



Support Reactions

Smooth surface

Frictionless pin in (frictionless surface) Rough surface
slot

: . P

N ] ﬁ!
/U

/ ‘/’ | T

IIIIIIIIII
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Equations of Equilibrium
« Equilibrium of a body
=» a balance of forces and a balance of moments. ™
>YF=0, M 0:0 Necessary
| conditions for
YF = the sum of all the forces acting on the body eqU|||br|Um_0f
>M = the sum of the moments of all the forces about any point O a body (rigid
or
» In x,y,z coordination system, deformable)
SF,~0, XF,~0, IF,~0 € y
¥M,=0, ZM, =0, XM, =0
In a system of coplanar forces,
— — — * All the moments are summed about point O
ZFX 0, ZFY 0, ZMO 0 and so they will be directed along the z axis

? PURDUE  soctwectunicn mgiesia 22
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Free Body Diagrams

Determine the extent of the body to be included

Completely isolate this body from its supports/ other attached bodies
To determine internal resultants, use sectioning planes

Positive vs. negative forces (we will consider tension +ve)

Moments we will follow right hand rule

L A A_\- 1 woL A B_'.-

wy ( forcel length) A L - .

23



Example 1.1 from Lecturebook

Complete the free body diagrams below. Which of the following systems

are statically determinate for the support reactions?

What are statically determinate and indeterminate problems?
« Number of independent equilibrium equations
* Number of variables

@ PURDUE  soctwectunicn mgiesia 24
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Internal Resultants

sectioned area)

Torsional
Moment
F, Mg, L
I Mg, A
/ & Fi e CTT _Normal
CA N Force -- F,
il
Eicnding M ""‘E’ v
oment '
‘/_,.. \ [_A/ P— \F- ?hmu'
- - f “orce
{ch
r,“'/ “— \r_,
(d)
* Four different types of resultant loadings
Direction (to the Force Tendency

Perpendicular Normal force, N

pushing or pulling on the body

Fr

Parallel Shear force, V

sliding over the other body

. Torsional moment T
Perpendicular

twisting the body about an axis perpendicular

M (torque) to the area
Ro Parallel Bending moment, bending the body about an axis lying within
M the plane of the area

477 PURDUE  scoiumnncsgmens
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PURDUE School of Mechanical Engineering

UNIVERSITY

Internal Resultants

loading on bent bar

internal loading on bar at cut A

2p

IJ

27



Example 1.3 from Lecturebook

The uniform distributed load on member AC has a magnitude of p, .
Determine the internal axial force, shear force and bending moment
acting on the left face of the cross section of member AC at G.

0 6: 60

h h - 270&
p X [° dl lg—[—k
_h F = QZOLQ/'HT

IIIIIIIIII
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Example 1.5 from Lecturebook

Determine expressions for the internal resultants F(x), V(x), M(x) at an
arbitrary point X along AB.

feD
T 5
/ﬁZo . { *
E
to, L 3
Mmomends o 3 .— ]
é‘M}lg: O .,
WA g

@ PURDUE  soctwectunicn mgiesia 32
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Example 1.6 from Lecturebook

Determine expressions for the internal resultant torques in sections CD
. — —
and DH due to the applied torques at C, D and H.

|

% 6T 3.5T
N P —
et 0, © O o opperhs
Connethoys —€, D, H ~Seuon '\g
— aneUovs
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THANK YOU

PURDUE

UNIVERSITY.

School of Mechanical Engineering

8/22/2023
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