STATICS

Jutun Lee
California State Polytechnic University,
Humbolat

Librelexts"




Statics



This text is disseminated via the Open Education Resource (OER) LibreTexts Project
( ) and like the thousands of other texts available within this powerful platform, it is
freely available for reading, printing, and "consuming."

The LibreTexts mission is to bring together students, faculty, and scholars in a collaborative effort to
provide an accessible, and comprehensive platform that empowers our community to develop, curate,
adapt, and adopt openly licensed resources and technologies; through these efforts we can reduce the
financial burden born from traditional educational resource costs, ensuring education is more accessible
for students and communities worldwide.

Most, but not all, pages in the library have licenses that may allow individuals to make changes, save,
and print this book. Carefully consult the applicable license(s) before pursuing such effects. Instructors
can adopt existing LibreTexts texts or Remix them to quickly build course-specific resources to meet the
needs of their students. Unlike traditional textbooks, LibreTexts’ web based origins allow powerful
integration of advanced features and new technologies to support learning.

@ Librelexts

LibreTexts is the adaptable, user-friendly non-profit open education resource platform that educators

trust for creating, customizing, and sharing accessible, interactive textbooks, adaptive homework, and
ancillary materials. We collaborate with individuals and organizations to champion open education
initiatives, support institutional publishing programs, drive curriculum development projects, and more.

The LibreTexts libraries are Powered by and was supported by the Department of
Education Open Textbook Pilot Project, the California Education Learning Lab, the UC Davis Office of
the Provost, the UC Davis Library, the California State University Affordable Learning Solutions
Program, and Merlot. This material is based upon work supported by the National Science Foundation
under Grant No. 1246120, 1525057, and 1413739.

Any opinions, findings, and conclusions or recommendations expressed in this material are those of the
author(s) and do not necessarily reflect the views of the National Science Foundation nor the US
Department of Education.

Have questions or comments? For information about adoptions or adaptions contact
or visit our main website at

This text was compiled on 05/15/2026


https://libretexts.org/
https://www.nice.com/resources/cxone-expert-knowledge-management
mailto:info@LibreTexts.org
https://libretexts.org/

Li breTexts*

c https://eng.libretexts.org/@go/page/108038


https://libretexts.org/
https://eng.libretexts.org/@go/page/108038?pdf

LibreTextS"

TABLE OF CONTENTS

Licensing

Topic O1.
Topic 02.
Topic 03.

Angles

Topic 04.
Topic 05.
Topic 06.
Topic 07.
Topic 08.
Topic 09.
Topic 10.
Topic 12.
Topic 13.
Topic 14.
Topic 15.
Topic 16.
Topic 18.

Topic 19
Index
Glossary

Detailed Li

Introduction to Statics
Forces in 2D

Forces in 3D using Coordinate Direction Angles and Projected

Forces in 3D using Position Vectors

Moment

Couple Moment

Equilibrium in 2D

Equilibrium in 3D using Scalar Analysis
Equilibrium in 3D using Vector and Scalar Analysis
Moment about a Point in 3D

Equivalent System: Distributed Loads
Internal Forces: Shear and Moment Diagram
Truss: Method of Joints

Truss: Method of Sections

Frames and Machines

Centroids

. (Area) Moment of Inertia

censing

Q https://eng.libretexts.org/@go/page/108038


https://libretexts.org/
https://eng.libretexts.org/@go/page/108038?pdf
https://eng.libretexts.org/Courses/California_State_Polytechnic_University_Humboldt/Statics/00:_Front_Matter/04:_Licensing
https://eng.libretexts.org/Courses/California_State_Polytechnic_University_Humboldt/Statics/01:_Topic_1_Introduction_to_Statics
https://eng.libretexts.org/Courses/California_State_Polytechnic_University_Humboldt/Statics/02:_Topic_2
https://eng.libretexts.org/Courses/California_State_Polytechnic_University_Humboldt/Statics/03:_Topic_3c
https://eng.libretexts.org/Courses/California_State_Polytechnic_University_Humboldt/Statics/04:_Topic_4
https://eng.libretexts.org/Courses/California_State_Polytechnic_University_Humboldt/Statics/Topic_05._Moment
https://eng.libretexts.org/Courses/California_State_Polytechnic_University_Humboldt/Statics/Topic_06._Couple_Moment
https://eng.libretexts.org/Courses/California_State_Polytechnic_University_Humboldt/Statics/Topic_07._Equilibrium_in_2D
https://eng.libretexts.org/Courses/California_State_Polytechnic_University_Humboldt/Statics/Topic_08._Equilibrium_in_3D_using_Scalar_Analysis
https://eng.libretexts.org/Courses/California_State_Polytechnic_University_Humboldt/Statics/Topic_09._Equilibrium_in_3D_using_Vector_and_Scalar_Analysis
https://eng.libretexts.org/Courses/California_State_Polytechnic_University_Humboldt/Statics/Topic_10._Moment_about_a_Point_in_3D
https://eng.libretexts.org/Courses/California_State_Polytechnic_University_Humboldt/Statics/Topic_12._Equivalent_System:_Distributed_Loads
https://eng.libretexts.org/Courses/California_State_Polytechnic_University_Humboldt/Statics/Topic_13._Internal_Forces:_Shear_and_Moment_Diagram
https://eng.libretexts.org/Courses/California_State_Polytechnic_University_Humboldt/Statics/Topic_14._Truss:_Method_of_Joints
https://eng.libretexts.org/Courses/California_State_Polytechnic_University_Humboldt/Statics/Topic_15._Truss:_Method_of_Sections
https://eng.libretexts.org/Courses/California_State_Polytechnic_University_Humboldt/Statics/Topic_16._Frames_and_Machines
https://eng.libretexts.org/Courses/California_State_Polytechnic_University_Humboldt/Statics/Topic_18._Centroids
https://eng.libretexts.org/Courses/California_State_Polytechnic_University_Humboldt/Statics/Topic_19._(Area)_Moment_of_Inertia
https://eng.libretexts.org/Courses/California_State_Polytechnic_University_Humboldt/Statics/zz:_Back_Matter/10:_Index
https://eng.libretexts.org/Courses/California_State_Polytechnic_University_Humboldt/Statics/zz:_Back_Matter/20:_Glossary
https://eng.libretexts.org/Courses/California_State_Polytechnic_University_Humboldt/Statics/zz:_Back_Matter/21:_Detailed_Licensing

Li breTexts*

Detailed Licensing

e https://eng.libretexts.org/@go/page/108038


https://libretexts.org/
https://eng.libretexts.org/@go/page/108038?pdf
https://eng.libretexts.org/Courses/California_State_Polytechnic_University_Humboldt/Statics/zz:_Back_Matter/30:_Detailed_Licensing

Li breTexts*

Licensing

A detailed breakdown of this resource's licensing can be found in Back Matter/Detailed Licensing.
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Topic O1. Introduction to Statics
Topic 01 covers: 1) Describing Statics; 2) Explaining idealizations in Statics; 3) Outlining the fundamental approach in Statics.

Extra sheets on the last page are provided to: 1) review critical unit systems and prefixes, and 2) clarify the distinction between
slugs and pounds, relevant to Statics

Statics

Topic 01:

Introduction to Statics

Prof. J Lee

https://eng.libretexts.org/@go/page/108034


https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://eng.libretexts.org/@go/page/108034?pdf
https://eng.libretexts.org/Courses/California_State_Polytechnic_University_Humboldt/Statics/01%3A_Topic_1_Introduction_to_Statics

Li breTexts*

Objectives & Applications Topic01 -1

Objectives Applications

+ Describe Statics.
+ Describe idealizations in Statics.

+ Describe the fundamental approach in Statics.

Statics | Prof, JLee, Copyright.
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Important Terminologies Topic 01 — 2
- Statics
: study of structural analysis of in under applied
« Equilibrium
: the system is either at or moves at constant velocity.

« Idealization in Statics
: to simply complicated structures in practical environment for system analysis

» Particle

: has a but a size and geometry is neglected,

of the body will be involved in the analysis of the problem.

+ Rigid Body

: a combination of a large number of particles in which all the particles remain at a fixed distance from one another before

Particle

or after applying forces.

does change when a force is applied.

Rigid
: does NOT consider the material properties of the body. Body

» Concentrated Force

: assumes that the effect of loading acts at on a body.
Concentrated Force

Statics | Prof. J Lee, Copyright.
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Fundamental Approach for Statics Topic 01 -3

« Applying Newton's Laws of Motion

+ 1t Law (Equilibrium)

: A particle at rest stays at rest, and a particle in moving with velocity stays at constant velocity

O

unless the particle is subjected to an unbalanced force.

- 3" Law (Action - Reaction)

: The mutual forces of action and reaction between two bodies are i , and

O

Statics | Prof. J Lee, Copyright.
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Extra Sheets: 1) System of Unit; 2) Slugs vs Pounds
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Statics Extra Sheet
System of Unit
Length Time Mass Force
International System of Units (SI) m s kg N (kg'm/s?)
US Customary (FPS) ft S slug (1b-s2/ft) b
Gravity
+ In SI Units: 9.8 m/s?
¢ In US Customary: 32.2 ft/s?
Prefix
Prefix Symbol Scientific Notation
exa E 1018
peta P 104
tera i 1012
giga G 10°
mega M 10°
kilo k 10°
hector h 102
deka da 10
deci d 101
centi C 107
mili m 1073
micro U 10
nano n 107
pico p 1012
femto f 1012
atto a 1018

Prof. 11 ea. Convriaht.
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Statics Extra Sheet

Slugs vs Pounds
Mass vs. Force

- Mass is a measure of how much matter an object contains. In the US customary
system, the unit of mass is the slug [slug].

- Force is the interaction that causes an object to accelerate. In the US customary
system, the unit of force is the pound-force [Ib].

In the US customary system, a mass of 1 slug will accelerate at 1 ft/s2 when subjected
to a force of 1 Ib. This definition aligns with F=ma: 1 lb =1 slug x 1 ft/s?

- The relationship between mass and force is given by Newton’s Second Law:
F=ma
; Where
- ' the force [Ib]

- m: the mass [slug]
- d: the acceleration [ft/s?]

Weight

- Weight is a force caused by gravity acting on a mass. In the US system, the weight
of an object is measured in pounds [Ib].

- To connect weight (W) and mass (m), we use the acceleration due to gravity (g).
Near the Earth’s surface, g = 32.2 ft/s2. This means:
W [Ib] = m [slug] x g [ft/s2]

Summary

- Use [slug] for mass in Statics problems.

- Use [Ib] for force, including weight.

- Weight is a specific type of force: W = mg.

Prof. 11 ea. Convriaht.
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Topic 02. Forces in 2D

Topic 2 covers: 1) Describing a force in 2D using Cartesian coordinates; 2) Determining the magnitude and direction of the
resultant force in 2D.

Topic 2 is crucial for ensuring equilibrium of a body when forces are applied in a two-dimensional space (2D).

Extra Sheets at the end are provided to review vectors and essential theorems for right triangle force resolution, including the
Pythagorean theorem and trigonometry, to help resolve forces using given proportions or angle information.

Statics

Topic 02:

Forces in 2D
using Cartesian Vectors

Prof. J Lee
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Objectives & Applications Topic 02 - 1

Objectives Applications

I"i

Rigid Body Rigid Body

» Describe a force in 2D as Cartesian.

« Determine the magnitude and direction of
the resultant force in 2D.

Images created by Prof, ] Lee ©
How to make the Body in Equilibrium?

- Can we express the three forces as a
resultant force?

Statics | Prof. J Lee, Copyright.
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Review: Force and Direction of Force Topic 02 - 2
* What is Force
: an influence that can change the of an object
- quantity and therefore a force has both and

*How to Express the Direction of Force

(1) Using (2) Using (3) Using Vector (4) Using Vector
Line of Action Unit Vector
( ) : a vector with a of
in which
a vector

Statics | Prof. J Lee, Copyright.
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Review: Cartesian Unit Vectors Topic 02 — 3
» What
vectors that define the coordinate system

B along the _ -axis

. along the _ -axis

- along the ___ -axis
« How To Use
: To indicate the of a

1D 2D 3D
M M
> > e >

Statics | Prof. J Lee, Copyright.
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Forces in 2D Topic 02 — 4

« How to Express a Force in 2D as Cartesian Vectors

If the magnitude of F, and £, are given,

If the magnitude of 7 and the angle ¢ are given,

If the magnitude of F and the “small slope triangle” are given,

- How to Determine the Magnitude (F) and Direction (9) of when F, and F, are Given
¥4 F ¥ ]I;t Magnitude of F :
/ A
L > > Direction of F :
< > X X

Note: @ is the angle between the force components P’x and ﬁy that form the resultant force F .
Statics | Prof. J Lee, Copyright.
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Resultant Force ( ) Topic 02 — 5

+ What

force obtained by combining a system of forces acting on a rigid body via vector addition

+ How To Find

: by adding the forces via vector addition ¥

: by resolving as Cartesian Vectors and using scalar algebra

Step 1: the coordinates;

=

Step 2: Resolve each force into and components if itis __ D;

Step 3: the components using Scalar Algebra.

ki =

L

ﬁR:ﬁ1+ﬁ2 :(IFLI_FZ_X!)E—I_(FIJJ—FZ.}:)}

Magnitude of F,:

Fiue Fuy Direction of Fy:

Statics | Prof. J Lee, Copyright.

Extra Sheet for Vectors

https://eng.libretexts.org/@go/page/108044


https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://eng.libretexts.org/@go/page/108044?pdf

LibreTexts"

Statics Extra Sheet

Vectors

« Scalar: Physical quantity that has only magnitude, having no direction.
« Vector: Physical quantity that has both magnitude and direction.
+ Line of Action (LOA): Direction in which a vector points.

NOTE: &is usually in CCW from x-axis. Line of Action
(LOA)
head

P
tail
0
e Unit Vector: A vector with a magnitude of 1. I?
/
¥ o
1
+ Vector Notation
Typed Hand-written
Vector F P
Scalar/Magnitude F F or lj‘
Unit Vector u,ori, j k dorff,k or yoriik
» Depiction of Vectors
10 N 10 N 10 N
\% Y}R \
4
A A A

Magnitude & Angle  Magnitude & Proportion  Magnitude & LOA

https://eng.libretexts.org/@go/page/108044
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Statics Extra Sheet

« Vector Addition

by Graphical Vector Addition

(1) Draw the first vector;
(2) Place the tail of the second vector
at the head of the first vector;
(3) Continue adding vectors if more than two, placing the tail of each
subsequent vector at the head of the previous one;
(4) Draw the resultant vector (as F in Figure below) as a straight arrow from

the tail of the first vector to the head of the last vector in the sequence.

by Graphical Vector Addition _~
S >

It indicates your result ﬁR = 1?1 + ﬁz

by Parallelogram Law

By Parallelogram Law
(1) Make the tails concurrent;

(2) Draw lines parallel to the vectors;
(3) Draw the resultant force (as Fy in Figure).

It indicates your result
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Statics Extra Sheet

Essential Theorems for Right Triangle Force Resolution

Pythagorean Theorem
Note that the Pythagorean theorem applies only to Right Triangles.

ge=§" + &
a

Hence, the length of the hypotenuse “a” can be determined by

b Woa=4+b% + c?

Examples

x:-\f42+32:5 132:52+x2

-3 2 =13%— 5

xx=n13% = 52 =12

https://eng.libretexts.org/@go/page/108044
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Statics Extra Sheet

How To Apply "Pythagorean Theorem” To Resolve Forces

If the magnitude of F is given as F, and the slope of F_is provided in
proportional form as described in Fig., determine the magnitude of x and »

components of F.

Using the Pythagorean theorem, the slope
proportion of F is v3% + 42 = 5.

Also, the ratio of F to F, isgivenas5 : 3.

This is expressed as the ratio

Similarity, the ratio of F to F, is givenas 5 : 4.

This is expressed as the ratio

https://eng.libretexts.org/@go/page/108044
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Statics

Extra Sheet

Trigonometry

Note that the trigonometry applies only to Right Triangles.

Adjacent
Examples
7]
C
a
r

Opposite

sinf = —
c

|
cosf =

C

0
H
A
H
0
A

b
tan@ = —
2
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Statics Extra Sheet

How To Apply “"Trigonometry” To Resolve Forces

If the magnitude of F is given as F, and the slope of F_is provided in an
angle as described in Fig., determine the magnitude of x and y components of

F.

Using the trigonometry,

}x
g = —
COos

siné =

rzp | S
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Topic 03. Forces in 3D using Coordinate Direction Angles and Projected Angles

Topic 03 covers: 1) Describing a force in 3D using Cartesian coordinates; 2) Describing a force in 3D with coordinate direction
angles; 3) Describing a force in 3D using projected angles; 4) Determining the magnitude and coordinate direction angles of the
resultant force in 3D.

This topic is essential for analyzing force components in three-dimensional space using the given or measured angle information.

At the end of this topic, an animation is provided to visually demonstrate how to express a force in 3D using the given information:
1) with the provided projected angle; 2) with the given coordinate direction angles.

Statics

Topic 03:
Forces in 3D

using Coordinate Direction Angles
& Projected Angles

Prof. J Lee
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Objectives & Applications Topic 03 - 1

Objectives Applications

+ Describe a force in 3D as Cartesian.

» Describe a force in 3D with the coordinate
direction angles.

X Image created by Prof. 1 Lee i

» Describe a force in 3D using the projected

les.
nogree How to make the Particle in Equilibrium?
» Determine the magnitude and coordinate - Can we express the two forcesin 3D as a
direction angles of the resultant force in 3D. resultant force?

Statics | Prof. J Lee, Copyright.
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Forces in 3D Topic 03 - 2

» How to Express a Force in 3D as Cartesian Vectors using the Coordinate Direction Angles

z z Z
T F=F+F T T T+ T
: 7 y

o

Angles from each axis
to the

Regardiess of when Fis directed,
eachoftheangleswillbe < 4 g5y <

using the Unit Vector

as Cartesian

)i+ ( 3+ & )k

using the Coordinate Direction Angles

Magnitude of F :

Statics | Prof. J Lee, Copyright.
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Forces in 3D Topic 03 - 3

» How to Determine the Direction of a Force in 3D using the Unit Vector

If F; ,E,, and F, are given,

cos® a + cos? f + cos’y =

How to use the equation:

i) If two angles are known, the angle can be found
from this equation.

i) We can check the Answer using this equation.
Statics | Prof. J Lee, Copyright.
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Forces in 3D Topic 03 — 4
» How to Express a Force in 3D as Cartesian Vectors using the Projected Angles
F =

= F +E +§

-
>

If the Projected Angles, 8 and ¢, are given

RS

O]

~
"= A | [

-
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Forces in 3D Topic 03 - 5

- How to Determine the Resultant Force,

Step 1: Define the Coordinates;

Step 2: Resolve each force in Cartesian;

Step 3: Add the corresponding vector components;
Step 4: Determine the Magnitude of the Resultant Force ﬁR using

Step 5: Determine the Coordinate Direction Angles of the Resultant Force F, using

NOTE: § Coordinate direction angles are measured FROM each axis TO the

According to its definition,
regardless of when F is directed, each of the angles will be £ By &
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How to Express a Force in 3D using 1) the given Projected Angle; 2) the given Coordinate Direction Angles

Topic 03: F in 3D
Express a Force in 3D using the Projected Angles opic orces in

using Projected Angle

=y

using Coordinate Direction Angles

Statics | Prof. J Lee, Copyright.
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Topic 04. Forces in 3D using Position Vectors

Topic 04 covers: 1) Describing a position vector; 2) Determining position vectors from given information; 3) Representing a force
directed along a line using a position vector; 4) Calculating the magnitude and coordinate direction angles of the resultant force in

3D using position vectors.

This topic is essential for accurately representing forces in three-dimensional space using the given or measured geometric
information.

At the end of this topic, an animation is provided to demonstrate how to find the point coordinates using the given information.
Additionally, an Extra Sheet is provided for "Fundamental Concepts of Space."
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Objectives & Applications Topic 04 — 1

Objectives Applications

\\.

» Describe a position vector.

+ Determine position vectors using the given
information.

+ Describe a force directed along a line using a
position vector,

+ Determine the magnitude and coordinate
direction angles of the resultant force in 3D
using the position vector.
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Position Vector ( ) Topic 04 — 2

» What

A fixed vector which locates a point in space relative to another point

* How to Find ( )
(1) Find the coordinates of and of the vector;
(2) Calculate
Exercise

Find the position vector #,5 from points 4 and 5.

Answer:
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Force directed along a Line Topic 04 - 3

« How To Express a Force along a Line using the Position Vector

using the Unit Vector

using the Position Vector

* How to Determine
Step 1: Define the Coordinates;
Step 2: Express the coordinates of the given points;
Step 3: Find the position vector # using

Step 4: Find the unit vector @ =

Step 5: Present the force vector F usi ng the unit vector # from (3)

Step 6: Find the magnitude and direction of F

Magnitude of F: F = | Direction of F: o= cns—mig), B =cos™? (ig), and vy = cos

Statics | Prof. J Lee, Copyright.

https://eng.libretexts.org/@go/page/108121


https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://eng.libretexts.org/@go/page/108121?pdf

LibreTexts"

Practice Problem Topic 04 — 4

Determine the position vector 7,z which extends from A to B. z
Given: F = 750 N; Geometry Info.

Find:

Solution: Step 1: Define the Coordinates;

Step 2: Express the coordinates of the given points;

A( S " )m X
B (- [5(%)] sin 30°, [5(§)] cos 30°, 5@ ym = (-2, 3.464, 3) m

Step 3: Find the position vector # using

Answer:

Tap =
Statics | Prof. J Lee, Copyright.
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How to find the point coordinates using the given information

Practice Problem AZ Topic 04: Forces in 3D — Position Vector

Ae
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Statics Extra Sheet

Fundamental Concepts of Space
Point

a geometric concept, not a physical quantity, that represents a specific
location in space. It serves as a reference for defining other physical and geometric
properties.

Location

refers to the placement of a point in a given coordinate system.
Position

a vector quantity that describes a point’s location relative to a reference.
Line

a one-dimensional geometric object that extends infinitely in both directions. It is
defined by two distinct points and describes direction and connectivity in space.

Distance

a scalar quantity that represents the total length traveled between two points,
regardless of direction. It is always positive and does not include directional information.

Displacement

a vector quantity that represents the shortest straight-line path between two
points, including direction.

v [m]

Point: B (x,, y,) m

Point: 4 (x, y,)m _——
__—Position of Paint 5 relative to the Origin, O

0 x [m]
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Topic 05. Moment

Topic 05 covers: 1) Describing a moment; 2) Determining the moment about a point in 2D and 3D; 3) Calculating the magnitude
and direction of the resultant moment about a point in 2D and 3D.

Understanding moments is crucial for ensuring the equilibrium of a body in Statics analysis, as it allows for the inclusion of
rotational effects alongside forces.

At the end of this chapter, an animation is provided to demonstrate how to determine the direction of a moment using the right-
hand rule. Additionally, extra sheets are provided to review the fundamental concepts required for this topic: 1) Vector Cross
Product; 2) Determinant of Matrix.
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Objectives & Applications Topic 05 - 1

Objectives Applications

+ Describe a Moment.

+ Determine the moment about a point.

+ Determine the magnitude and direction of the
resultant moment about a point. Photos taken by Prof. 1 Lee ©
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Moment Topic 05 — 2
* What
: A measure of of the force to cause
: When a is applied to a body, the force will produce a tendency for the body to
ABOUT a or an , which is on the of the force.

Fq
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Moment about a Point Topic 05 — 3

Magnitude

Moment about a Point from a Single Force:

B

Resultant Moment about a Point from Multiple Forces:

where

F : magnitude of the force; value of the force
d:

: distance FROM the TO the of the force
Mg: resultant moment

Unit: [ Jor[ 1
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Moment about a Point Topic 05 — 4

Direction

: using the Right-Hand Rule

: Right Thumb indicates the Directional Sense of the Moment. 0

: CCW is generally considered as the direction.

* How To Determine the Moment about a Point
Step 1: Define the coordinates.
Step 2: Resolve Finto x - ¥ components if required.
Step 3: Draw the of F.

Step 4: Determine the moment arm, d of F

where
Step 5: Calculate the magnitude of M, using =
F: value) of F

Step 6: Determine the direction of using the Right-Hand Rule.
(1) Put right fingers (except the thumb) from the to

(2) Curl them towards the direction of F. Note that only curl to the direction.

(3) Watch the RIGHT thumb: generally upward downward
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Practice Problems Topic 05 - 5
Determine the resultant moment.
(1) Moment about point A {2) Moment about point B
—
P /NS Y e SR st en e
< »
Recall: Moment Arm ( )
distance FROM the
TO the of the force
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Demonstration

How To Determine the Direction of [Mloment about Point O
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Topic 06. Couple Moment
Topic 06 covers: 1) Describing a couple and a couple moment; 2) Determining the couple moment.

Understanding couple moments is crucial in Statics because they represent a pair of equal and opposite forces whose effects do not
cancel each other out but create a rotational effect about a point. Recognizing and calculating couple moments is essential for
analyzing and ensuring the equilibrium of a system, as they contribute to the overall rotational balance alongside other forces and
moments. This comprehensive understanding allows for accurate assessment of systems under various loading conditions.

At the end of this chapter, animations are provided to demonstrate how to determine a couple and to offer solutions for the practice
problem.
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Objectives & Applications Topic 06 — 1

Objectives Applications

« Describe a Couple and a Couple Moment.

« Determine the Couple Moment.

Photo taken by Prof. ] Lee ©
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Couple Topic 06 — 2

* What

Forces:

(1)

(2) Magnitude

(3) Direction | :

]

]

(4) Separated by a Distance, : E
i I
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Couple Moment Topic 06 — 3
i What
: @ moment produced by -¢ =
i How To Determine -
=
Magnitude
d: distance the
Direction

Using the Right-Hand rule
« Select one member of the couple for the couple moment.
= Position your right hand with four fingers along the moment arm originating from the other force.

«  Curl your fingers towards the chosen force representing the couple moment.

See the direction indicated by your right thumb for the direction of the couple moment.
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Couple Moment Topic 06 — 4
¢ Characteristics
« The couple moment depends on the of the force and between the forces.
* The couple moment is a vector: can be moved anywhere on the body and have the

external effect on the body.

« Moments due to couples can be using the same as adding any vectors.
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Practice Problem

Topic 06 - 5
Determine the resultant couple moment acting on the beam.

F3

A E a

J' )
Fy Fy
: =
Answer: Mp = —d,F, +d,F, —d3F;
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Topic 06
How To Determine a Couple
Two Forces:
Statics | Prof. ] Lee, Copyright.
Topic 06

Practice Problem Determine the resultant couple moment.

Fy
Statics | Prof. ] Lee, Copyright.

This page titled Topic 06. Couple Moment is shared under a CC BY-NC-SA license and was authored, remixed, and/or curated by JuEun Lee.

https://eng.libretexts.org/@go/page/112552


https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://eng.libretexts.org/@go/page/112552?pdf
https://eng.libretexts.org/Courses/California_State_Polytechnic_University_Humboldt/Statics/Topic_06._Couple_Moment
https://creativecommons.org/licenses/by-nc-sa/
https://engineering.humboldt.edu/people/jueun-lee-phd

LibreTexts"

Topic 07. Equilibrium in 2D

Topic 07 covers: 1) Describing a free body diagram; 2) Explaining the characteristics of support reactions; 3) Drawing free body
diagrams; 4) Applying equations of equilibrium to solve 2D problems; 5) Determining support reactions.

Understanding equilibrium in 2D is essential in Statics, as it enables accurate analysis of systems where forces and moments are in
balance. It also involves understanding the characteristics of the supports applied to the system and how they influence the overall
stability. Mastering these concepts is crucial for ensuring that structures remain stable and properly supported under various loads.

At the end of this chapter, animations are provided to demonstrate how to resolve a normal force on an inclined surface with an
angle and to present the solution for the Practice Problem on Page 8. Additionally, extra sheets are provided to review the
fundamental concepts required for this topic: 1) Parallelogram Properties; 2) Trigonometric Identities.
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Objectives & Applications Topic 07 - 1

Objectives Applications

Describe a free body diagram.

Explain the characteristics of support reactions.

Draw free body diagrams.

» Apply equations of equilibrium to solve 2D
problems.

Determine the support reactions.

Photos taken by Prof. 1 Lee ©
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Free Body Diagram ( ) Topic 07 - 2
* What
: a drawing that shows external acting on a body
+ Why

: To apply Newton’s 1%t law of moticn (Equation of Equilibrium) for system analysis

+« How

Step 1: Choose a body which you need to analyze.

Step 2: Draw an shape of the body.

Step 3: the body from its surroundings.

Step 4: Show all external (active and reactive) forces and couple moments which are acting on the body.

Step 5: Label all known and unknown forces, couples, and dimensions.
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Support Reactions Topic 07 - 3

+ What

: a force at the support to motion of a body acting

inan direction to the force

» General Characteristics

(1) Prevent the of a Body: create a on the body in the opposite directions.

(2) Prevent the of a Body: create a couple on the body in the opposite directions.

Note: Reaction forces at support depend on the of supports.
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Types of Support Topic 07 — 4
» Spring Spring Force by Hooke's Law
l where
k: I k: spring constant (stiffness)
Deformation - stretched length
» Cables and Pulleys Assumptions:
(1) of cables are negligible;

(2) Cables can stretch ( Deformation);
Ca{:)le\\l

(3) Cables can support only a :

(4) of tension which passes over a pulley must be

Pulley
Forces by a Cable which passes through a Pulley
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Types of Support Topic 07 - 5

+ Smooth Surface Contact

Normal Force

the surface of contact

: N is the force component ___to the surface of contact to prevent the object to fall.

: N is applied to an object from the surface to the __ of the object.

Smooth Surface

Smooth Surface
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Types of Support Topic 07 — 6
* Roller and Rocker
: can only resist a force to the supporting surface.
1 can resist a
EBD FBD
| ] | ! [ ]
- I — A —
Roller Rocker
EBD FBD
FBD
Slot 2
Roller
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Types of Support Topic 07 - 7

* Pin

: can only resist forces in and directions.

pcan _ resist a

FBD EBD
[i—
Pin

* Fixed Support

: can only resist forces in and directions.

resista __

-n
[us]
o

'\Fixed
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Free Body Diagram: Practice Problem Topic 07 - 8

Idealized Model Free Body Diagram
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Equations of Equilibrium in 2D Topic 07 — 9
* What
: Coplanar forces in a D system can be resolved into their - and - components.
: If a body is in Equilibrium, then parts of the body must be in Equilibrium.

{in Cartesian)

Hence,

Note: Count the of knowns from given problems. Then, decide how many equations will be needed

from Moment about to solve the unknowns.
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Equilibrium in 2D Topic 07 — 10

. How TO

Step 1. Define the coordinate system.
Step 2. Draw a

Step 3. Present each force as cartesian.

Step 4. Apply Equations of Equilibrium.
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Practice Problem Topic 07 - 11
(1) Idealized Model (2) Free Body Diagram
I 11
AH"; _Q_]B

(3) Equilibrium Equations

Check # of Unknowns:

Then, how many equations you need? Recall:

In 2D Equilibrium, always Moment about a
Mag of Moment:

where

d:___ distance FROM the

TO the of the force
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Animation on Resolving Normal Force on an Inclined Surface with an Angle

: How To determine the x and y components

Normal Force N on a Titled Surface using the Given Angle
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Free Body Diagram: Practice Problem Topic 07 — 8

Idealized Model Free Body Diagram
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Statics Extra Sheet

Parallelogram Properties

« Two pairs of Parallel Lines:
« Congruent Opposite Sides:
« Congruent Opposite Angles:

« Bisected Diagonals:

Angles in Parallel Lines

Transversal

o Corresponding Angles: a=e b=f ¢c=g d=h
« Vertical Angles: a=¢ b=d e=g f=h
o Alternate Interior Angles: d=f c=e

o Alternate Exterior Angles: a=g b=h

Prof. ] Lee, Copyright.
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Statics Extra Sheet

Trigonometric Identities

Reciprocal Identities Sum & Difference Identities
1
¥ 9 = = = = .
sin sl sin(fe¢ £ f) = sinacosff + cosasin f
1 cos(a + ) = cosacos B + sin ¢ sin B
cos 8 =
secd o & N tan @ + tan f
1 n(a_ﬁ)_1$tanatanﬁ
tanf =
cotf
Quotient Identities Double-Angle Identities
sinf sin 20 = 2sin A cos 8
tanf = 7
%o cos 28 = cos® 8 — sin* @
cos @ ;
cotf = — =2e0s? 08— 1T =1—25n*9
sinf
— 2tan8
—_— n —
Pythagorean Identities 1—tan?#
sin @ + cos?@ =1
fan2 84 1 = see2d Product-Sum Identities
14 cot? @ = csc? 6
= - sinacosf = %[sin(a’ + ) + sin{a — )]

Opposite Angle Identities cosasinf =

[

[sin{a + B) — sin{a — B)]
sin(=6) = —sinf sinasin B = =[cos(a — B) — cos(a + B)]
cos(—6) = cosf 2

tan(—0) = —tan @ cosacosf = %[COS(“ +B) + cos(a — f)]

Cofunction Identities

sin(90" — 8) = cos# sec(90" — 8) = cscé sin(90" +8) = cos#
cos(90" — 8) = sinf csc(90° — 8) = sech cos(90” + 8) = —sin 8@
tan(90° —8) = cotd cot(90° — ) =tan@ cot(90° + ) = —cotd
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Topic 08. Equilibrium in 3D using Scalar Analysis

Topic 08 covers: 1) Describing the characteristics of support reactions in 3D; 2) Drawing free body diagrams for 3D systems; 3)
Applying equations of equilibrium to solve 3D problems using scalar analysis; 4) Determining support reactions.

Understanding equilibrium in 3D is important in Statics, as it allows for accurate analysis of systems where forces and moments are
balanced in three-dimensional space. It also requires understanding the characteristics of the supports applied to the system and
how they influence the overall stability. Mastering these concepts is critical for ensuring that structures remain stable and properly
supported under complex loading conditions in multiple directions.

At the end of this chapter, an animation is provided to demonstrate how to determine the moment arm for a moment about an axis
in 3D.
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Objectives & Applications Topic 08 — 1

Objectives Applications

*

Describe the characteristics of support reactions.
+ Draw free body diagram for 3D systems.

= Apply equations of equilibrium to solve 3D
problems using scalar analysis.

Determine the support reactions.

Photos taken by Prof. ] Lee @©
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Types of Support in 3D Topic 08 - 2

» General Characteristics

{1) Prevent the of 8 Body
{2) Prevent the of a Body
Note: Reaction forces at support depend on the of supports.
Types of Support Reaction(s) & FBD # of Unknowns

Smooth Surface Support

i} a point contact
ii)  thesurface

Roller

i} a point contact
ii)  thesurface

Single Smooth Pin

&

Ball and Socket /

Statics | Prof. J Lee, Copyright.
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Types of Support in 3D Topic 08 — 3

Types of Support Reaction(s) & FBD # of Unknowns

N

Single Journal Bearing

Single Hinge
Fixed Support ﬁ
Note: For ; , and , it the body is supported elsewhere,

the couple moments are generally applied.
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https://eng.libretexts.org/@go/page/113168


https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://eng.libretexts.org/@go/page/113168?pdf

LibreTexts"

Equilibrium in 3D using Scalar Analysis Topic 08 - 4

+ What
If a body is in Equilibrium, then parts of the body must be in Equilibrium.
* When
(1) when the geometry is
(2) when all forces are either or
« How d: distance from the to the of F

d

AND

d

Note: If the forces are (1) to the axis, _
—_— about the axis.
or (2) through the axis

Statics | Prof. J Lee, Copyright.
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Practice Problem Topic 08 — 5

1. Draw a free body diagram for the system. The mass of the plate is 100 kg.

Given: Types of the supports
Find: A

B:
Solutions: C:

Idealized Model

Statics | Prof. 1 Lee, Copyright.
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Practice Problem Topic 08 — 6

2. Determine the components of reaction that the thrust bearing 4 and cable 5 exert on the bar

Given: A: Thrust Bearing ; £:Cable; F=801Ib

Find:
Solution:
Z A
X Y
Answer: |, _0; 4,=0; 4, = 40.01b; My, = 2401b- ft; My, = 0
Statics | Prof. J Lee, Copyright.
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Practice Problem: Solutions - Apply Equilibrium Equations Topic 08 — 7

1
<%

X
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Practice Problem: Solutions - Apply Equilibrium Equations Topic 08 — 8

1
<%

X

Statics | Prof. J Lee, Copyright.

https://eng.libretexts.org/@go/page/113168


https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://eng.libretexts.org/@go/page/113168?pdf

LibreTexts"

Practice Problem: Solutions - Apply Equilibrium Equations Topic 08 — 9

A

Ly

X
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Scalar Analysis for Moment in 3D Topic 08 — 10

In3D,2 M =0

In Scalar Analysis,

where d L

AND L
If F is (1) to the Axis: NO Moment!
(2) through the Axis: NO Moment!
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Practice Problem: Solutions - Apply Equilibrium Equations  Topic 08 - 11

A

Ly

X d 1L -axisand -axis Y
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Practice Problem: Solutions - Apply Equilibrium Equations  Topic 08 - 12

ZA

X d L -axisand -axis y
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Practice Problem: Solutions - Apply Equilibrium Equations  Topic 08 - 13

Ly
<%

If F is (1) parallel to the axis: NO Moment!
(2) passing through the axis: NO Moment!
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How To Determine the Moment Arm for a Moment about an Axis in 3D

In3D,3 M, .. =0
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Topic 09. Equilibrium in 3D using Vector and Scalar Analysis

Topic 09 covers: 1) Identifying appropriate strategies to solve equilibrium problems in 3D; 2) Applying equations of equilibrium to
solve 3D problems using both vector and scalar analysis; 3) Determining support reactions; 4) Describing statically indeterminate
systems and improper constraints.

Understanding equilibrium in 3D requires not only the application of forces and moments but also the ability to select the
appropriate methods to solve complex problems. This includes analyzing statically indeterminate systems, where the number of
unknowns exceeds the available equations, and recognizing improper constraints that can destabilize the system. Mastering these
concepts is essential for solving intricate 3D equilibrium problems and ensuring structural stability under various loading
conditions.

At the end of this chapter, animations are provided to demonstrate 1) the process of solving both 2D and 3D equilibrium problems;
2) how to determine the moment arm for a moment about an axis in 3D.
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Objectives & Applications Topic 09 - 1

Objectives Applications

» Identify appropriate strategies to solve
equilibrium problems in 3D.

» Apply equations of equilibrium to sclve 3D
problems using vector + scalar analysis.

+ Determine the reactions.

» Describe the statically indeterminate and
improper constraints.

Phatas taken by Prof. 1 Lee & g
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Equilibrium in 3D using Vector + Scalar Analysis  Topic09 - 2

« When

(1) Forces are directed at

(2) Forces can be indicated with vectors.
+ How
Use™ Analysis” for resolving as Cartesian and ™ Analysis” for applying Equilibrium Equations.

Step 1: Define the coordinates.

Step 2: Apply the Vector Analysis to present each force as

Recall: f F = where Typ =( - )j+(

Tap = (Bx - Ax) (By - Ay) (Bz - Az)

Step 3: Apply the Scalar Analysis to apply Equilibrium Equations:

Note: For the moment equilibrium, apply analysis for each force Cartesian component.

Recall: a: distance from the tothe_ of F

where

d

AND d

Statics | Prof. J Lee, Copyright.
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Practice Problem Topic 09 - 5

The bent rod is supported at 4, B, and C by smooth journal bearings. Determine the components of reaction at the bearings if the
rod is subjected to the force F = 800 N. The bearings are in proper alignment and exert only force reactions on the rod.

Given: # = 800 N; A, B, C: Smooth Joumal Bearing
Eind:
Solution:

Recall:

For Smooth Journal Bearing, the couple
moments are generally applied if the
body supported

because the force reactions developed by
bearings are sufficient for equilibrium.

Answer: | 4x =400N, By = 600N, Cy =53.6N,

Statics | Prof. ] Lee, Copyright. Ae=00K: Hy=—107N, G =HUAN
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Practice Problem: Solutions - Apply Equilibrium Equations Topic 09 - 6

ZA E‘,\/)&
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Practice Problem: Solutions - Apply Equilibrium Equations Topic 09 - 7

Statics | Prof. J Lee, Copyright.

https://eng.libretexts.org/@go/page/113386


https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://eng.libretexts.org/@go/page/113386?pdf

LibreTexts"

Practice Problem: Solutions - Apply Equilibrium Equations Topic 09 — 8

ZA E‘,\/)&
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Scalar Analysis for Moment in 3D Topic 09 - 9

In3D,2 M =0

In Scalar Analysis,

where d L

AND L
If F is (1) to the Axis: NO Moment!
(2) through the Axis: NO Moment!
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Topic 09 - 10
d L -axisanda -axis

ZA @%

d L -axisand  -axis

"

NO Moment!

IfFis
(1) parallel to the axis
(2) passing through the axis

d 1L -axisanda -axis
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Topic 09 - 11
d L -axisanda -axis

ZA E"?&

d 1L -axisand -axis

"

NO Moment!

¥

IfFis
(1) parallel to the axis

Statics | Prof. J Lee, Copyright. (2) passing through the axis
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Topic 09 - 12
d L -axisanda -axis

ZA @%

rEer 3
m)/

AX

NO Moment!

IfFis
(1) parallel to the axis
(2) passing through the axis

X Fz y

d L -axisand -axis
Statics | Prof. J Lee, Copyright.
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Process of Solving 2D and 3D Equilibrium Problems

Process for Equilibrium Problems in 2D and 3D
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How To Determine the Moment Arm for a Moment about an Axis in 3D

In3D,3 M, =0
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Topic 10. Moment about a Point in 3D
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Topic 12. Equivalent System: Distributed Loads

Topic 12 covers: 1) Explaining an equivalent system; 2) Describing a distributed load; 3) Determining an Equivalent Single
Resultant Force and a Resultant Couple Moment from Distributed Loads; 4) Finding the Centroid for rectangular and right triangle-
shaped bodies.

Converting distributed loads into an equivalent force and moment is crucial in Statics analysis, as many engineering systems can be
effectively modeled as distributed load systems. Mastering these concepts is vital for analyzing complex equilibrium problems and
maintaining structural stability under various loading conditions.

Animations are included to demonstrate: 1) how to convert a distributed load into an equivalent force; 2) how to find the centroid
for a rectangle and a right triangle.

Extra sheets are provided at the end to review integrals and centroid calculations for simpler geometries, aiding in determining
areas when irregular loading shapes are applied to a body.
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Objectives & Applications Topic 12 — 1

Objectives Applications

= Explain an Equivalent System.

« Explain a Distributed Load.

* Determine an Equivalent Single Resultant Force
and a Resultant Couple Moment from Distributed
Loads.

= Determine the Centroid for Rectangle and Right
Triangle Shaped Bodies.
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Equivalent System Topic 12 - 2

« What

1a resultant _ and that have the __ external effect with the original forces and moments

in order to make easier to understand the overall effects of the loadings

» Characteristics

- Forceisa __ vector. F —:

: Force can move to any pointonits ____ sinceitwillhavethe ____ external effect by the principle of transmissibility.

- Couple momentisa__  _  wvector.

: Couple moment can be applied at any point on the body: external effect

- If a point is on the LOA of the forces, then the moving forces require _ couple moment to make

the same external effect.

Practice Problem

When . is on LoA of F When 4 is NOT on LoA of F
A10N
A& |—)H_i_N = Ae¢ | A4 o A:
<— 3m >
20 N
F’R = F’R =
(ﬁR)A: (ﬂR)A:
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Distributed Load Topic 12 - 3
» What
: When forces are caused by winds, fluids, or the weight of items on a s
the surface area of the body is subjected to a distributed load.
: For analysis, assume that a distributed load is a load along of a flat rectangular body.
idefinedasa __ function, __ asafunctionof
» Unit [ 1

Statics | Prof. J Lee, Copyright.
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Resultant Force of a Distributed Load Topic 12 — 4
i o = Equivalent System "
|— i ¥ ¥ \‘ ¥ lv I J l ¥ j
(0] 0 [ — ] —>
) —
[ — e——————— —>
Force per Unit Length, Loading Function: = [ ]
Force for an Element of Length ! = [ 1

Magnitude of Resultant Force, Fp =

under the loading diagram
Location of Resultant Force

(Mg)

of the Area under the Distributed Loading

Statics | Prof. J Lee, Copyright.
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Centroid Topic 12 - 5
Rectangle Right Triangle
y
y A
(o)
/ .
X
b
C.
y
X
b
c
\ B
< b >
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Animation to Demonstrate How to Find the Centroid for 1) a Rectangle; 2) a Right Triangle

Centroid: Rectangle Topic 12

y;\

Statics | Prof. ] Lee, Copyright.

Animation to Demonstrate How to Convert a Distributed Load into an Equivalent Force

Distributed Load Topic 12
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Extra Sheets for 1) Integral; 2) Centroid for Simpler Geometry
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Statics Extra Sheet

Integral

-fa dr=ax

x?. . x?1+1 . ax
‘fxdxz— ‘fx”dxz ‘J’axdx=
2 n+1 Ina

1 1 1 1 1l
-f—dx=ln!x| f dx = —In|ax + b| -f—dx=—
X ax+ b a (x + a)? x+a

-fln(x) dx = xIn(x) —x -f]n(ax)dx: xIn(ax) —x ‘fln(ax—l-b)dx: (x—l-g)]n(ax+b)—x

1 x 1
-fexdxzex ‘fe“xdxz—e”x -fxexdxz(x—l.)ex ‘fxemdxz(——j)eax
o (73 (1
cosax sinax X Ccosax
-[sinx dx = —cosx -fsinax dx = — ‘fxsinax dx = i e -
’ sinax cosax xsinax
‘fcosxdxz sinx ‘fcosaxdxz -jxcosaxdxz T
i (14 a
-ftanx dx = —Infcosx| = In|secx|
Integral Rules
- Multiplication by Constant  Power Rule (n # -1) - Sum & Difference Rules

faf(x) dx = a ff(x) dx Jx“ dx = (::;) f(fig) dx = J-f' dx + fg dx

(where a is the constant)

Recall

Vx = ()7 Yx = ()
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Statics Extra Sheet
Centroid
Center of mass; A point where all the medians of an object
Shape Figure X
Rectangle = C 2
g X 2
e b
b
Right Triangle =
g g 3
il X 3b
Parabolic Spandrel / X —
4
b

Draf 11 aa Manuriaht
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This page titled Topic 12. Equivalent System: Distributed Loads is shared under a CC BY-NC-SA license and was authored, remixed, and/or
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Topic 13. Internal Forces: Shear and Moment Diagram

Topic 13 covers: 1) Explaining internal forces; 2) Explaining and drawing shear and moment diagrams; 3) Determining internal
forces and bending moments in 2D systems.

Understanding internal forces is essential in Statics, as these forces are responsible for the internal stability and structural integrity
of beams and other elements under load. Shear and moment diagrams play a crucial role in visualizing how internal forces vary
across a structure, helping engineers identify critical points of stress and design appropriate reinforcements. Mastering these
concepts ensures accurate analysis and safe design of engineering structures, particularly when subject to complex loading
conditions.

Statics

Topic 13:

Internal Forces:
Shear and Moment Diagrams

Prof. J Lee
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Objectives & Applications Topic 13 - 1

Objectives Applications

» Explain the internal forces.

* Explain and draw shear and moment diagrams.

» Determine internal forces and bending moments
in 2D systems.

Photos taken by Prof. J Lee ©
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Internal Forces Topic 13 - 2
» What
: In 2D cases, typical internal forces are
(1)_ __ force ( 3: an axial force acting __to the cut section;
(2) force ( )z a force acting the surface;

(3) moment ( )

» Sign Convention

[ 4  ta]

The forces on the left/right sides of the imaginary cut section at A are in Magnitude, but in Direction

as when the two sides are reconnected, the net forces are zero at the section.

» Shear and Moment Diagrams

: graphical descriptions of how the internal __ ( }and ( ) vary throughout the length of the member
rused - to a structural member;
- to find distribution of forces acting within the member to check the member can support the applied loads __ failure

Statics | Prof. ] Lee, Copyright.
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Shear and Moment Diagrams Topic 13 - 3
. Steps 5 kN
Given: Bearing supports at Aand C l
1. Define the coordinates: A . ¢
2. Draw a Global FBD and determine the reactions from a Global FBD: == !L = "
IMy=0: —( )5+(  )=0 0, =250 == M= =
YE, =0 Ay, — 5+ =0 & Ay =250
3. Starting with the end, the beam into sections after each concentrated force
or moment.
4. Draw a FBD of the______ section, and write expressions for and in each

section. Solve equilibrium equations to determine ¥ (x)} and M(x) within the ranges of _

I _: the distance FROM the TO the I

5. Draw axes for shear ( ) and moment ( ) as a function of length of the beam,

6. Draw a dashed line where each force or moment is applied or changed.
7. Plot V(x) and M{x) for the section.

Statics | Prof. ] Lee, Copyright.
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Practice Problem Topic 13— 4
Determine the internal normal, shear, and bending moment at C.
Given: two active forces; geometric information; Fixed support at O 0k | e € 30N
. | -~
Find: N, V. M, =S 100 N
y < - 1m - >
Solutions: %"’ 3
Global FBD M Applying the Equilibrium Equations to Determine the Reactions at O,
M, YE=0: 0, —80 =0 %0, =80N
U. 1 I
550 e 8N $p —0: 0, +100=0 -0, =—100N
0.5 1
U‘t7 m‘:‘m 100 N EMO = 0: M0+100=0 o Mo= _100 Nm
FBD for the Right Cut Part at Cut C
M
: 80+Ng =0 (o YF, = 0: —N;—80 = 0
~Ne=—80N O  Nee |"( =20 No.=—80N
V( -
}(—xm —xe— (L5 m > ON "
-100-V,=0 | [ 1€ Y =0: Ve +100=0
“Ve=—-100N “Ve=-100N
¥Mc =0: —100+ (0.5)100+ M, =0 YM. = 0: —M, + (0.5)100 = 0
& Me = 50 Nm A Me = 50 Nm

ANSWer: | n . = _—80.0N; V. =100 N; Mc = 50.0 Nm

Statics | Prof. J Lee, Copyright.

This page titled Topic 13. Internal Forces: Shear and Moment Diagram is shared under a CC BY-NC-SA license and was authored, remixed,
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Topic 14. Truss: Method of Joints

Topic 14 covers: 1) Explaining a simple truss; 2) Explaining the assumptions used in force analysis on a truss; 3) Identifying zero
force members; 4) Determining the forces in members of a simple truss using the method of joints.

Understanding trusses is essential in Statics, as truss structures are widely used in engineering applications due to their efficiency in
carrying loads. The method of joints provides a systematic approach to analyzing the forces within individual members of a truss,
ensuring the stability and integrity of the structure. Identifying zero force members is also critical for simplifying the analysis and
optimizing the design. Mastering these concepts ensures accurate force analysis in truss systems and contributes to the safe and
efficient design of engineering structures.
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Objectives & Applications Topic 14 - 1

Objectives Applications

» Explain a simple truss.

Explain the assumptions used in force analysis on
a truss.

» Identify zero force members.

Determine the forces in members of a simple
truss using the method of joints.

Photo taken by Prof. ] Lee ©
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Truss Topic 14 -2
+ What
: @ structure composed of slender joined together at their points.
» Planar Trusses: the loading acts in the _ plane as the truss.

» Simple Truss: A planar truss which begins with a triangular element and can be expanded

by adding _ members and ___

+ Assumptions for Truss Analysis

(1) All loads are applied at the : of the members is neglected.

{2) The members are joined by smooth

- Only reaction at joints

. moments at joints

(3) The members are loaded in either " Tension” ( ) or “Compression"” ( )

» Truss Analysis Methods

(1) Method of : to determine forces in __ member — Topic

{2) Method of : to determine forces for only few specific members — Topic

Statics | Prof. J Lee, Copyright.
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Truss Analysis — Method of Joints

» Steps
1. Define the coordinates:

2. Determine the reactions from the global FED.

IM =0
= 3.608 kN

=3
o
|

IF, =0:A, 3  R,sin30°=0
%Ay =—1.196 kN

If, =04, 4 Reros30° =0 ol

0.875 kN

Topic 14 - 3

x> 3 kN

<« 2m
4

4 kN

3. Determine the member forces at each joint. Recall; Only

(1) Draw a FBD for each joint and apply the equilibrium equations to the joint.

reactions at Joints.

Note: Important Assumptions

All unknown member forces act in Tension ( ). If the answer is positive, the assumed direction ( ) is correct,

otherwise the memberisin { ).

= Fyp= 2362kN

Fyp = — 1458 kN

(2) Repeat Step 3(1) with each successive joint until the forces in each member are known.

Statics | Prof. J Lee, Copyright.
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Topic 14 - 4
Fae — 2362kN
FE’D —4 k.'\-l
4 Fop = —5.208 kN
Fep — 2362kN
Fip=236kN { ) Fyp=400kN () Foy=236kN ( )
Answer:

Statics | Prof. ] Lee, Copyright.
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Zero-Force Members Topic 14 — 5
* What
: A member that carries
{1) members atajoint& __ load and reaction at the joint

— Then, the two members are zero-force members.

Steps:
1. Select a joint.

2. Two members at the joint?

3. Non-collinear at the joint?

4. No load and reactions at the joint?

(2) ______ members at a joint & members with no load or reaction at the joint

—Then, the _______ member is a zero-force member, |, £
Steps:

1. Select a joint.

2. Three members at the joint?

3. Two-collinear at the joint?

4. No load and reactions at the joint?

Statics | Prof. J Lee, Copyright.

This page titled Topic 14. Truss: Method of Joints is shared under a CC BY-NC-SA license and was authored, remixed, and/or curated by JuEun
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Topic 15. Truss: Method of Sections

Topic 15 covers: 1) Explaining the method of sections for truss analysis; 2) Determining the forces in members of a simple truss
using the method of sections.

Understanding the method of sections is crucial in Statics, as it provides an efficient approach for analyzing specific members
within a truss without evaluating the entire structure. This method allows engineers to cut through the truss and focus on a section
to directly solve for internal forces in targeted members. Mastering the method of sections is essential for accurate and efficient
force analysis, contributing to the stability and safety of truss structures in engineering applications. This approach complements
the method of joints and enhances the ability to design and analyze complex truss systems effectively.
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Objectives & Applications Topic 15 — 1

Objectives Applications

« Explain a method of sections for truss analysis.

= Determine the forces in members of a simple
truss using the method of sections.

Photos taken by Prof. ] Lee ©
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Truss Analysis — Method of Sections Topic 15 - 2
» What
: to find forces in only a few __ ___members
:atruss is divided into __ parts by taking an imaginary ___ through the truss.
o forces at the cut member will alsobeeither or
withthe ___ magnitude (by the Newton’s ____ Law).

Statics | Prof. J Lee, Copyright.
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Truss Analysis — Method of Sections Topic 15 -3

» Steps

17 " the truss based on where you need to determine forces and where the total number of
unknowns does not exceed _ in general: i.e,, To find the forces in member BE, EF, and CB

2. Draw a for the truss.

3. Decide a of the cut to identify the force in members: Only select section!

4. If necessary, determine the external __ using the global FBD of the entire truss.

5. Draw another of the selected section indicating forces at the cut members.

Note: Assume the internal forces in members are in . Then, apply the equilibrium equations to the selected section of the
truss to solve for the unknown force members.

Answer: | Fyp = () sFm= ¢ ) iFemg= SO

Statics | Prof. J Lee, Copyright.

This page titled Topic 15. Truss: Method of Sections is shared under a CC BY-NC-SA license and was authored, remixed, and/or curated by
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Topic 16. Frames and Machines

Topic 16 covers: 1) Explaining frames and machines; 2) Describing two-force and three-force members and their characteristics; 3)
Identifying whether frames or machines contain two-force and/or three-force members and applying these characteristics for static
analysis; 4) Drawing free body diagrams of a frame or machine and its members; 5) Determining the forces acting at the joints and
supports of a frame or machine.

Understanding frames and machines is essential in Statics, as these structures are commonly used in engineering to support loads
and perform mechanical tasks. Frames and machines often consist of interconnected members that transfer forces through joints
and supports. Analyzing these systems requires identifying two-force and three-force members and applying their unique
characteristics to simplify and accurately model forces within the structure. Mastering these concepts enables engineers to conduct
precise static analysis, ensuring the stability and functionality of frames and machines under various loading conditions.
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Objectives & Applications Topic 16 — 1

Objectives Applications

+ Explain frames and machines.

» Explain two-force and three-force members and
their characteristics.

- Identify whether the given frames or machines
contain two-force and/or three-force members
and apply their characteristics for static analysis.

= Draw free body diagrams of a frame or machine
and its members.

« Determine the forces acting at the joints and
supports of a frame or machine.

Photos taken by Prof. J Lee ©
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Frames and Machines Topic 16 — 2

+ What 5 kN

: Two common types of structures which are composed of force B J’

®
o\

« Frames

- used to loads

- generally A

+ Machines

- used to or the effect of forces

- contain

Statics | Prof. J Lee, Copyright. Photos taken by Prof. ] Lee ©
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Two-Force Members Topic 16 — 3

« What F,

: Forces applied at only points on the member.

+ Characteristics

(1) Have the directed along the member
A’
(2) Have the magnitude & direction A
F F
(3) Assumes that the of the member is negligible.
+ Examples
B,
. A __
A B B
+ Exercise
EBD EBD using the Two-Force Member
B B B
A
A A

Statics | Prof. ] Lee, Copyright.
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Three-Force Members Topic 16 — 4

+ What

: A member is subjected to only

» Characteristics

{1) Have the forces OR

{2) Havethe _ forces

{3) Assumes that the of the member is negligible.
+ Examples

Force System

i

Force System C,’
|
|

Statics | Prof. J Lee, Copyright.
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Frame or Machine Analysis Topic 16 — 5

« Steps

1. Define the coordinates:

2. Determine disassembled members: i.e., to determine the forces at B and &

3. Draw FBDs for the members:

(1) Place FBDs in order (members that interact).

2m | 73575 N
(2) Identify any two-force or three-force members: Y | N if yes, why? member _is -force member 0.5m
(3) Forces on contacting surfaces are and by Newton's law of motion.
4. Apply Equilibrium equation to each FBD:
(1) Equilibrium equation for =
(2) Equilibrium equation for ___ _: Fup = —1532.8N =15328N
B=(—) =1226.25N By=(—) =919.69 N
Answer: | p — 1 B,=920N ; D,=736N i D,=736N
Statics | Prof. J Lee, Copyright. > $ ¢ i
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Practice Problem Topic 16 - 6

Disassemble members and draw FBDs for the members to find the forces at A, Band C,

; Di*m ) E Given: A
B:

C: smooth
D:
E: pully and cable

Find: Dissembled Members: ; FBDs

Solution: Does the systemn include 2- or 3 —force members?

£ A
— 3ft—s—3ft —»

FBDs

4ft

4 ft

Statics | Prof. J Lee, Copyright.
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Practice Problem Topic 16 — 7

Disassemble members and draw FBDs for the members to find the forces at 4 and 2.

D Given: A; B; D:
1 C; E: Pulley & Cable
2m Find: Dissembled Members FBDs
+ B FS. 5
l Y
= A. }Y Solution: Does the system include 2- or 3 —force members?

FBDs

(/-\E

i
b

1.5m 1.5m

©
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Topic 18. Centroids
Topic 18 covers: 1) Explaining the concept of a centroid; 2) Determining the centroid of an area for a body or composite bodies.

Understanding centroids is essential in Statics, as the centroid represents the center of area, mass, or volume for a shape or
structure, where its properties are evenly distributed. Calculating the centroid allows engineers to predict how a structure will
behave under various loading conditions and is fundamental for further analysis in stability, support, and design. Mastering these
concepts enables accurate determination of the center point for simple and composite bodies, which is critical for ensuring balanced
and stable structures.

At the end of this chapter, extra sheets are provided to review centroid calculations for simpler geometries and integrals, assisting
in determining areas for bodies with irregular geometries.
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Objectives & Applications Topic 18 — 1

Objectives Applications

= Explain the centroid.

» Determine the centroid of an area for a body or
composite bodies.

Photos taken by Prof. J Lee @

Statics | Prof. J Lee, Copyright.
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Centroid ( ) Topic 18 — 2
» What
: a point which defines the of an object
- If the body is symmetric, the centroid will lie on the of
- The centroid is not necessarily located the
* How
: Assuming that a body is composed of an __ number of particles with differential size,

and each particle has a centroid with an area of __

In
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How To Determine the Centroid of an Area Topic 18 — 3

» Steps
y
1. Choose a coordinate of integration ( - OR - direction ). i - —
y=x
2. Choose a point on the boundary of the function and set the point coordinateas ({ ., ).
3. Draw a rectangular differential which includes the point.
im
4, Set the centroid of the element { , ) and express the centroid of the element
in terms of the geometry given, { ., J)=( . )
5. Indicate the area of the element ( ) in terms of the given geometry as ik o
6. Apply the equations of ( ., ) and integrate with respect to the selected direction. When - direction is considered
})
y=x* 1
X= = = = =075m
. —>| im
€ o 3 —_T_
= ¢ 5w D
y= - = = =03m I
o X
im
Answer: s e
; : (.3 =( ' )
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How To Determine the Centroid of an Area Topic 18 — 4
hen - direction is considered
Y
y=x* f
« )"
X _,‘ — X
1m >
Step 4: X = = —_— = - E@EH=( ;o
Step 5: dA =
Recall: y=
W
37 = — = = =03m
ADSWE: | (o 5y = (0.75,030)
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Centroid of an Area for Composite Bodies Topic 18 - 5

» Composite Body

: @ series of connected shaped bodies, e.g., rectangular, triangular, semicircular, etc. “
» Steps 2m
1. Divide the composite body into _ shaped parts. ;
2. If a composite body has a having no material, consider the composite body w/o hole, ’ e 2mor—3m J X
and then put ___ sign to the area or size of an additional compaosite part. Y1
| .
V4
Segment A( ) Co) ¥O ) ¥AC ) yaA( )
1 e
2 I I
3 O i— X
$Ad= SFA = SyA =
= = =-0348m, ¥y= = =122m
o e BT
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Statics Extra Sheet
Centroid
Center of mass; A point where all the medians of an object
Shape Figure X
b
Rectangle = =
x 2
b
b
Right Triangle —
3
| b
| c 3b
Parabolic Spandrel /f T
b

Draf 11 aa Manuriaht
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Statics Extra Sheet

Integral

-fa dr=ax

x?. . x?1+1 . ax
‘fxdxz— ‘fx”dxz ‘J’axdx=
2 n+1 Ina

1 1 1 1 1l
-f—dx=ln!x| f dx = —In|ax + b| -j—dx=—
X ax+ b a (x + a)? x+a

-fln(x) dx = xIn(x) —x -f]n(ax)dx: xIn(ax) —x ‘fln(ax—l-b)dx: (x—l-g)]n(ax+b)—x

1 x 1
-fexdxzex ‘fe“xdxz—e”x -fxexdxz(x—l.)ex ofxemdxz(———z)eax
o (73 (1
cosax sinax X Ccosax
-[sinx dx = —cosx -fsinax dx = — ‘fxsinax dx = i e -
’ sinax cosax xsinax
‘fcosxdxzsmx ‘fcosaxdxz -jxcosaxdxz T
i (14 a
-ftanx dx = —Infcosx| = In|secx|
Integral Rules
- Multiplication by Constant  Power Rule (n # -1) - Sum & Difference Rules

faf(x) dx = a ff(x) dx Jx“ dx = (::;) f(fig) dx = J-f' dx + fg dx

(where a is the constant)

Recall

Vx = ()7 Yx = ()
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Topic 19. (Area) Moment of Inertia

Topic 19 covers: 1) Explaining the moment of inertia (Mol) for an area; 2) Describing the parallel-axis theorem; 3) Determining the
moment of inertia about an axis using the parallel-axis theorem.

The moment of inertia (Mol) for an area is a crucial concept in Statics, as it quantifies the distribution of an area relative to an axis
and its resistance to bending. Understanding Mol is essential for analyzing how forces and loads impact a structure’s stability and
deformation. The parallel-axis theorem further aids in calculating the Mol about different axes, which is especially valuable when
working with composite bodies or shifted axes. Mastering these concepts is fundamental for the structural analysis and design of
beams, frames, and other engineering structures.

Statics

Topic 19:

(Area) Moment of Inertia
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Objectives & Applications Topic 19 — 1

Objectives Applications

« Explain the moment of inertia (MoI) for an area.

« Explain the parallel-axis theorem. y
+ Determine the Mol about an axis using the 1o am X
parallel-axis theorem. ' P
1M 3l
<—10m—iT

() (8) (©

To examine the strength and deflection of beams

g )
Bending Stress:
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(Area) Moment of Inertia ( ) Topic 19 - 2
+ What
ralsocalled*__ Mol”
b property of an which reflects how its points are distributed with respect to an arbitrary
: concerned with the stresses developed in the body whereas _ Mal is concerned with body.
: related not only to but also to of mass.
: Mass far away from the of Mol more than the same mass the axis of rotation.

Moment of Inertia for a Differential Area
A dl = dl, =

T r'?'l Moment of Inertia for the Entire Area

X Unit: [ Jor[

Note: MOI is always

Statics | Prof. J Lee, Copyright.
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- Theorem for an Area Topic 19 - 3
* What
about an arbitrary axis which Is to the axis
:Usedtofind __ about an arbitrary axis which is to the axes passing through the

where /,.and {,.: MOI about the

A:

d: ___ distance between the specified axis and ____

* How Example: Determine Mol about an axis passing through the TOP :

I CEN T

Mol about the axis passing through the TOP

Lygp=
h o, *

. A l

—
R Top Note: Iy is always the ;
Statics | Prof. J Lee, Copyright.
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Moment of Inertia for Composite Area Topic 19 — 4
<— 100 mm —>
I = —T
+ Steps f?\ I
T CEN
1. the body into simpler shaped parts (e.g. rectangle, triangle, and/for circle, etc.). u
75 mm
2. Locate the of each part and indicate the distance from the axis l
X
to each of the parts. i.e, tofind I,
3. Determine the of each part about the reference axis using the parallel-axis theorem:

4, The Mol of the entire area about the reference axis is determined by the summation of the individual Mols obtained in Step 3.

Answer:| ;=101 x10° d,=

Statics | Prof. J Lee, Copyright.
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