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Engineering Mechanics
COURSE CODE: ME 0715-2101 CREDIT:03

Mid Exam Hours 2 TOTAL MARKS:150

Semester End Exam Hours 3
CIE MARKS: 90

SEE MARKS: 60

Course Learning Outcomes (CLOs): After completing this course
successfully, the students will be able to-

CLO 1 Define and explain principles of engineering mechanics (example- system of forces)
related to civil engineering domain.

CLO?2 Understand and learn relationship among physical process, kinetics and kinematics.

Differentiate concepts of principles of engineering mechanics (i.e. statics and
CLO3 : )
dynamics) for different

simple situations..

CLOA4 Prepare free body diagrams of real case phenomenon considering engineering mechanics
point of view and formulate Load acting on a body, Resultant forces acting on body,

direction, magnitude and position of forces acting on a body.



SL Content of Course Hrs CLOs
Force System & Resultant Force: Types of acting Force & Force System (parallel, colinear,
concurrent),
1 Parallelogram Theory, Method of Resolution, Varignon Theorem, Law Of Triangle, 6
Problem CLO1
Solving on Parallelogram Theory &amp; Triangle Theory, Problem Solving on Varignon &
method, Problem Solving on method of resolution
Free body diagram : Understanding forces , Drawing FBD, Applying FBD, Decomposing
2 forces into x and y components ,Applying FBDsto complex situations with multiple 6 CLO4
objects and forces ,Using FBDs in conjunction with work and energy concepts.
Centre of Gravity: Centroid, Methods of Centre of Gravity, Centre of Gravity by
Geometrical Considerations, CLO2.CLO
3 Axis of Reference, Centre of Gravity of Symmetrical Sections, Centre of Gravity of 6 3 CL(S A
Unsymmetrical Sections, ’
Centre of Gravity of Solid Bodies.
Friction: Static, Dynamic Friction, Co efficient of Friction, Law of Static and Dynamic CLO2.CLO
4 Friction, Ladder,Wedge and Screw Friction, Problems solving on Friction. 10 3 CL O 4
Truss : Introduction to truss , Applying loads, Truss components, Simple truss analysis, CLO2,CL
Truss design consideration. 03, CLO4
S 4

Text Book:
1) A Textbook of Engineering Mechanics- R.S Khurmi
2) Vector Mechanics for Engineers ( Statics)- Beer& Johnston




ASSESSMENT PATTERN
CIE- Continuous Internal Evaluation (90 Marks)




SEE- Semester End
Examination (60 Marks)




Couse plan specifying content, CLOs, teaching learning and assessment strategy mapped with CLOs

Week Topic Teaching-Learning Strategy Assessment Strategy Corresponding CLOs
1 Introduction to Engineering Mechanics, Force system & principle of | Lecture, open Discussion, PPT Quiz CLO1
moment

2 Force Components & Resultant Force Oral Presentation, Lecture, PPT, Written exam, Quiz, CT CLO4
Discussion

3 Force Components & Resultant Force Oral Presentation, Lecture, PPT, Assignment, Written, Quiz, CT CLO2. CLO4
Discussion

4 Review on Lami, Method of Resolution and Varignons Theorem Oral Presentation, Lecture, PPT, Assignment, Written, Quiz, CT CLO2, CLO4
Discussion

5 Problem Solving on Resultant Force Oral Presentation, Lecture, PPT, Assignment, Written, Quiz, CT CLO2, CLO4
Discussion

6 Types of Supports in Structure Oral Presentation, Lecture, PPT, Written, Quiz, CT CLO 1. CLO4
Discussion

7 Center of gravity related theory Oral Presentation, Lecture, PPT, Assignment, Written, Quiz CLO?2. CLO4
Discussion

8 Center of gravity related Problem Solving Oral Presentation, Lecture, PPT, Assignment, Written, Quiz, CT CLO4. CLO3
Discussion

9 Center of gravity related problem Solving Oral Presentation, Lecture, PPT, Assignment, Written, Quiz, CT CLO4, CLO3
Discussion

10 Friction related theory Oral Presentation, Lecture, PPT, Written, Quiz, CT CLO3

Discussion




11 [ Friction related theory Oral Presentation, Lecture, | Written, Quiz, CT CLO2, CLO4
PPT, Discussion

12 | Friction related problems Oral Presentation, Lecture, | Assignment, Written, Quiz, CLO3
PPT, Discussion CT

13 | Friction related problems Oral Presentation, Lecture, | Assignment, Written, Quiz, CLO3
PPT, Discussion CT

14 | Ladder and Wedge Friction Oral Presentation, Lecture, | Assignment, Written, Quiz, CLO3
PPT, Discussion CT

15 | Simple Truss Problems Oral Presentation, Lecture, | Assignment, Written, Quiz,| | 02 cLO4
PPT, Discussion CT ’

16 | Simple Truss Problems Oral Presentation, é_sragnment, Written, Quiz, CLO2. CLO3

17 Review, Practice and Exercise Group Discussion




Week -1

Lecture

On
Introduction to Engineering Mechanics,
Force systems, Types of Force &
Principle of moment

(10-35)



Introduction to Engineering Mechanics ,Statics

Engineering Mechanics

Engineering mechanics is the branch of engineering that
applies physics and mathematical methods to analyze the
behavior of physical systems subjected to forces and
displacements. It encompasses various sub-disciplines,
including statics, dynamics, and mechanics of materials. It's
the foundation for designing structures, machines, and many

other engineered systems.

Statics

Statics is the subfield of engineering mechanics that deals

specifically with bodies atrest, or in a state of constant motion.

It focuses on analyzing forces that are balanced, resulting in
no net force or acceleration. The primary concern is
understanding equilibrium conditions and ensuring structural

stability.
Applications

Structures, machines, and many other engineering systems
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Fundamental Concepts &
Principles

1 Force 2 Moment
Push or pull that can cause Tendency of a force to rotate
motion or deformation an object

3 Equilibrium

State of balance where all forces and moments cancel out

+
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What is the need of knowing
MECHANICS?

Mechanics mmmp Deals with forces



Rigid body mechanics

<=

Studyving External effect of
forces on a body such as

velocity, acceleration,

displacement etc.

__— wesght arivang force
BN reachon force BN Incbon
B & resstance

Studying Internal effect of
forces on a body such as
stresses (internal resistance),

change in shape etc.

Deformable body mechanics



Statics Dynamics

> Deals with forces and its effects <+ Deals with forces and its effects when
when the body is at rest the body is in moving condition

Truss Bridge IC Engine



It 1s that branch of Engineering Mechanics,
which deals with the forces and their
effects, while acting upon the bodies at rest.

15



DYNAMICS

It is that branch of Engineering
Mechanics, which deals with the forces
and their effects, whileacting upon the
bodies in motion.

The subject of Dynamics may be
further sub-divided into the

following two branches :
1. Kinetics, and 2. Kinematics.



KINETICS

It is the branch of Dynamics, which
deals with the bodies in motion due to
the applicationof forces.



KINEMATICS

It is that branch of Dynamics, which
deals with the bodies in motion, without
any reference to the forces which are
responsible for the motion.



System of Forces: Several forces acting simultaneously upon a body

System of
Forces
|

Coplanar

Non-

coplanar
3D

|
concurrent
|
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Concurrent Non-
concurrent

Parallel




Force System |
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Coplanar
— Parallel
Concurrent
Non-concurrent
_ Parallel
Non-coplanar — c -

__ Non-concurrent



*Coplanar forces- Coplanar forces means the forces in a plane.
Or a system in which all the forces lie in the same plane, it is known as
coplanar force system.

*Coplanar Collinear forces - Collinear forces are those forces which
have a common line of action, i.e. the line of action of the forces lie
along a single straight line either they are push or pull in nature.
Examples: two people standing at the opposite ends of a rope and
pulling on it.

e @ >
F, F2

Pull forces acting in a same line or same line of action

21



Coplanar Parallel forces- Parallel forces are those forces which are in the same
plane but never intersect by each other and they may be same or opposite in
direction.

«Coplanar Concurrent Forces- Concurrent forces are those forces which are
acting at a same point and at a same plane, also they may be pull or push in
nature.

- ‘/'
A
® i !
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Fy \ ~ F
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Non-coplanar forces-Non-coplanar forces are those forces which are not
acting from a same plane.

23



*Non coplanar non- concurrent forces- Non- Coplanar non-concurrent forces
are those forces which are not acting at a same point and not at a same
plane, also they may be pull or push in nature.

F3

*Non-coplanar concurrent forces- Non- Coplanar concurrent forces are
those forces which are acting at a same point but not from a same plane,
also they may be pull or push in nature.

24



*Non-coplanar parallel forces- Non-coplanar Parallel forces are those
forces which are not in the same plane and never intersect by each other,
they may be same or opposite in direction.

25



i

—~ Vector Mechanics for Engineers: Statics

—

Triangle Law of Vectors

* Triangle Law of Vectors states that if two
vectors are represented as adjacent sides of a
triangle then the third side taken in opposite
order i1s the resultant of the two. This law is
used to find the resultant of two vector
which gives both magnitude and direction




Tofind thhe magnitude and direction of the resultant, ‘

‘8’ is the angle between A & B .
‘@ is the angle between C & 5 .

1T = A2 +B% +2AB cos &

¢—ta11—1( BSing
o B +PBP cos &

.—

C makes an angle @ with the vector A .

27




Parallelogram Law of Forces

If two forces, acting at a point, are represented in magnitude
and direction by the two sides of a parallelogram drawn from
one of its angular points, their resultant is represented both in

magnitude and direction by the diagonal of the parallelogram

passing through that angular point.




= Vector Mechanics for Engineers: Statics




- Vector Mechanics for Engineers: Statics

R = V (F1)2 -+ (F2)2 + 2F1F> cos 6

F> sin 5]

ATt Tl = e ———————————
F1 + F2 cos ©




- Vector Mechanics for Engineers: Statics

It the angle (o) which the resultant force makes with the other force F,.
F, s1n 0
F, + F, cos=0

an o =




Force Systcorm

NMoment of Force:

MNMoment of a force is the rotation or turminge effect: produced by aa force.
g

Rigid bods-

4>P

NMomoent— ( Force) x (Poerpondicular from Point)
Mathomatically,
M., P xd

Unit of Monmnwent =Nmm or KN-m»

Tyvpes of Nioment

1. Clockwisce maomont (takon as positive)
2. Aamiclockwise moment { taken as Negative)

Varignon™s Thecorcm:
“The algebraic summation of rmoments of all forces acting on & rigid body about any
point is equal 1o the momaoent of their resultant force about samcoc point™ .
Let, NI — Aldgecbhbraic summation of moments of all forces about a point A
= Rcesultant Force for a giaven force system

d— poerpendicular distance of linc of action of R from posnt A

Mathcecmatically, =M o~ R x d

EMA
d= —

32




Also known as Varignon’s Theorem

“"Moment of a force about a point is equal to
the sum of the moments of the forces’
components about the point” . %

ForF=F, + F,,
Mo=rXF; +rXF, &
=rX(F, +F,)
=rXF

33
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Example 4.6
A 200N force acts on the bracket. Determine
the moment of the force about point A.

F=200N




Solution
Method 2:
Resolve 200N force into x and y components
Principle of Moments
My = 2Fd
M, = (200sin45°N)(0.20m) — (200c0s45°)(0.10m)
= 14.1 N.m (CCW) ;
Thus,
M, = {14.1k}N.m

35




Week -2

Lecture
On

Force Components & Resultant
Force

(36-53)



Force Components & Resultants

Fo=).F

Fy=YF,

Magnitude of F; can be found by Pythagorean Theorem

Ry

F.= \/F,f‘. +F, and6=tan’

Rx

37



2.7 Resolution of A Force Into Perpendicular
Components

One of the most important and useful concept 1s the
resolution of a force vector into two perpendicular
components, in the x and y axis as denoted by the F_(x)
and F ,(y) components.

A

4 . Y F. _Fcos 0
Fy

Fystin g

) 0




Example 2.1
Resolve the 300 N force into components along the x and
y axes.

300N
300
0
Sketch the parallelogram with Fy perpendicular to Fx.
/
i ;




Select any half of the triangle, a vector triangle, for
analysis. A

300 — FY
TUNI >
Fx X

As this 1s a right-angle triangle,
cos 30° =Fx /300

L.e Fx =300 x cos 30"

=259.81 N
Also since  sin 30°=Fy /300 75
Le Fy =300 sin 30°

40— 150 N



2.8 Resolution of A Force By Fx And Fy
Components

For a number of forces, this section introduces an easier
analytical method of finding the resultant.

Students should master this method as it would form the
basis of all your calculations for resultant forces.

Let us use the same simple example 1n section 2.3 above

to demonstrate the method:
A

Pinr’|



1. We first resolved the 2 forces into perpendicular 1.e.
Fx and Fy components.

F, =(8x 10° sin 30°) F, = (6x10° sin 40°)

8 kKN i
« 6 KN
o 7
~ 7/
30 O~ 40 0
e Ly 80"
F_=(8x103cos 30°) F_ =(6x 10° cos 40°)

2. The 2 forces can now be replaced by the above 4
components as shown below.

F. =(6.93kN)

F, =(40kN) 1
F, = (3.86 kN)
® >
2A F_ =(4.6kN)




. Now we can add the two Fx forces to form a single RXx, as they
are both horizontal forces but only opposite in direction, if we
adopt a sign convention. Similarly, we can also add the two Fy

forces to form a single Ry.

F, =(40kN)
F, = (386kN)

F.=(693KkN) A F. =(46KN)

2 Fx=Rx, 1is the sum of all the Fx forces ,
2 Fy=Ry, is the sum of all Fy forces .

2 Fx = (4.6x10°) - (6.93x10°) {Fx pointing left is —ve}
Rx =-233kN .

2 Fy = (3.86x10%) + (4.0x10°) {Fy pointing up is +ve}
Ry = +7.86 KN

43
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4. These two forces, Rx and Ry can now replace the previous four
component forces in (2) above, and we can use the vector
triangle method fo add them back to form a single force, which
1s the resultant R, as shown by the vector triangle below.

{ From the right-angle triangle, we
R, = 7.86 kN R then use the Pythagoras Theorem to
0 find the magnitude of R.
R, = 233KN

The magnitude of R is: The angle 0 of R is:
R=V/RZ+R?) 0=tan°! RyRy)

=V{(2.33x10°) + (7.86x10°p)  =tan”! ((7.86x10°)(2.33x1(F)

= 821(N 44e - 7350

Same answers as before .




Resultant By Method of Perpendicular Components:

Use the Sign convention for iy
the force components: F.. ™™ T,
- ve . +ve
1. Resolve all (but not horizontal ' -ve
or vertical) forces into Fx and F,
Fy components. 4. Direction of R:
2. Use 2 F =Rx, /R/’J R
x R"I 2
2JF =Ry ; Ry
b 4 RX Rx
3. Magnitude: R = 1/{ o +Ry2 } R, R,
Angle: 6 = tan ! (Ry/Rx) Ryl % 5 IRY
(from x axis) .5 R R




Example 2.2
Four forces act on a bolt as shown. Determine the

resultant force. 9 g pon.

Fx components in the x direction

F, =+150cos30°= 1299 N

F, =+100cos 15°= 96.6 N
F,,=-80cos70%= -274N
Fi,= 0 N, (for 110 N force)

ie. XF. =R _=150cos30°+100cos 15°-80cos 70 ¢

=129.9+96.6—27.4+0
R, =199.IN * .



150N  Fycomponents in the y direction
Fi,=+150sin30°= 75N
F,,=-100sin15%= -259N

y

ON F, =+80sin70°= 752N

Fy= -110 N(itisaFyor
vertical force)

Le. Z:FY=Ry =150 sin 30 °- 100 sin 15 °+ 80 sin 70
=75-259+75.2-110

R,=143N

47



The magnitude of R is

R=V(R2+R})
R = (199.12 + 14.3?)
= 199.6 N

The angle 0, R makes with the horizontal is

O=tan-' R, /R,

=tan! 14.3/199.1
=4.1°
SinceR, —— and R, I are positive values,

R
R=199.6 N and 6=4.1° ﬁ&(

Ry



Example 2.3

The rocket’s main engine exerts a total thrust of 900,000 N parallel to the y
axis. Each of its two small side engines exerts a thrust of 22,250 N in the
direction as shown.

Determine the magnitude and direction of the resultant force exerted on
the rocket by the engines.

900,000 N | :

3190 - 16° | [ [ |



Solution:

2 Fx =Rx = 22,250 sin 16 — 22,250 sin 31
=-5326.67 N

2Fy=Ry= -22,250 cos 16 — 22,250 cos 31 — 900,000
=-21388 — 19072 — 900,000
=-940460 N \

R =VRx2+Ry?) = V(5326.67% + 940460%) = 940475 N
tan @ =Ry /Rx = 940460 / 5326.67 = 176.55

0=289.68° r
50 /R



Special situations:

1. Resultant’s direction is along the x-axis (Honzontal)

2F.=R,=0 2F,=R,=R |
2. Resu]tant s direction 1s along the y-axis (Vertical)
2F =R =0 ZFy=Ry=R ‘ I
Example 2.4 @

A bracket 1s being pulled by 3 forces as shown. Determine the
angle o and the magnitude of force P if the resultant’s direction 1s
along the y-axis and its magnitude 1s 20 kN.

y/:\ 10 kN

P kN




Since the resultant’s direction is along the y-axis .
ie 2F. =R, =0 (No R, component)
and 2F,=R;, =20x10°N (R mustbe=R )

y/\ 10 kN
|
|
P KN :
|

o/

SF. =R, =0
(10x10%)(cos 60° + (8x10%) — (Px10°%)(cos ) =0

and XF, =R, =20x103N
(10x10%)(sin 60°) + (Px103)(sin &) =20

(1)

2)

==l =



From equation (1), Pcos a = 13 3)
From equation (2), Psin a = 11.34 (4)

Equation (4)/(3), Psin o/Pcos a=(11.34/13)

ie tan o.=11.34/13 = 0.8723 v
o =tan -1(0.8723) PN :
o |

a = 41,10

To find magnitude of P, substitute o = 41.1%into
equations (1) or (2).

Pcosa = 13
P=13/cosa =17.25 (PkN=17.25 kN)

End of Chapter 2
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Week -3

Lecture
On

Force Components & Resultant
Force

(54-61)



Example 1: - Find resultant of a force system
shown in Figure

LN 10 kN
8 kN on:
X > ——¥ X
.--"‘_{-I
&4 gO°
SN o |
v
Answer:
1) Given Data
P1=8kN 0.=0
P2=10kN B
P3=7kN 6, =60
P4=5kN 03 =90

04=270-60=210
2) Summation of horizontal force

X -ve

>"H =P,c0s01 + P, c0s02 + P5c0s03 + P, c0s04 =8.67kN(—)

3) Summation of vertical force

>V =P;sind: + P, sin2 + P4 sinfs + P, sinBs =13.16kN(T)

4) Resultant force

R=J(2H) +(2V ) =15.76kN

5) Angle of resultant
2V

> H
0 =56.62

tand = =1.518

7 kN
} 10 kN
60
8 kN
60
S kN
Y -ve
R=15.76 kN

0 =56.62°




Example 2 Find magnitude and direction of resultant for a concurrent
force system shown in Figure

Answer l
1) Summation of horizontal force Voo e

— (+Ve) «(-Ve)
Y»H= +15Cos 15° + 100Cos (63.43)° — 80C0s20°+ 100Sin30°+ 75C0s45° = +87.08 kN (—)
2) Summation of vertical force
T (+Ve) I (-Ve)
YV = +15Sin 15°+ 100Sin (63.43)° — 80Sin20° + 100C0s30° + 75Sin45°= —73.68kN (|)

3) Resultant force
R= J(ZH ) +(2V ) =114.07kN

bR

tand =|=__

>'H
0 =40.24

5) Angle of resultant with respect to positive x — axis

4) Angle of resultant

=0.846

& = 40.24"

R=114.07 kN



Example 3 Determine magnitude and direction of resultant force of the force system shown in fig.

g /
FLL

Answer
tan B = E =24 P =67.380
1) Summation of horizontal force °
- (+Ve) «(-Ve)
> H= +50 + 100 Cos 602 — 130Cos (67.38)2 + 100C0s30° + 100C0s602 = +100N (—)
2) Summation of vertical force
T (+Ve) I (-Ve)
>V = +100Sin602 + 120 + 130Sin (67.38)2 — 100Sin602 — 100Sin60° = +240N (1)
3) Resultant force

R=y(2H ) +(2v)" = 260N
4) Angle of resultant
>
>'H
6 =67.38°
5) Angle of resultant with respect to positive x — axis

tand = =24




Example: 4 A system of four forces shown in Fig. has resultant 50 kN along + X -

axis. Determine mag- nitude and inclination of unknown force P.

OON “=
OO \co ™
20
150N g 7 = = A
G0~ [y \S oM
200N _~ Zzoow

Answer
As the R= 50N & directed along + X — axis.

D> "H =+50N and DV =0N
Now, ¥ H = +150 + P Cos® — 100 Sin 30° — 200 Cos 60° = 50 N

~ P Cosf = 50 (1)
Now, Y,V = +PSin6 — 100 Cos 30° — 200 Sin 60° =0
~ PSind = 86.60 (2)
From Equation (1) & (2).
tan 6 = M
50
NOOT =d ~
09=06 *

CELT =oued



Example: 5 Find the magnitude of the force P, required to keep the 100 kg mass in the position by
strings as shown in the Figure

T\ H120°
T ‘ " p
/" Ne— 100kg

Answer:

100 Kz
Free Body Diagram will be as show in fig. and there are three coplanar concurrent forces which are in equili-
brium so we can apply the lami*s theorem.

P Q R
S sinp siny
P TAB 100
"'Sin150 Sin90 Sin120
P =566.38N

Tas =1132.76 N



Example: 6 A cylindrical roller 600mm diameter and weighing 1000 N is resting on a smooth inclined
surface, tied firmly by a rope AC of length 600mm as shown in fig. Find tension in rope and reaction

atB

W=1000 N
Answer:

Free Body Diagram will be as show in fig. and there are three coplanar concurrent forces which are in equili-
brium so we can apply the lami*s theorem.

sina sin B B siny
, Tac Rb _ 1000

"'Sin120  Sin120 Sin 120
Tac = 1000 N

Re =1000 N

Example: 7 A boat kept in position by two ropes as shown in figure. Find the drag force on the boat.
» 3ON

*20N

Answer:
According to law of parallelogram

R=Ji7 00— 2irash = 207 1 30 2 0c0s S = 45.51N
tang, = —Qsin® __ _ 30sin 50 o =30.320

P+Qcos0 20+30cos50




Example: 8 For a coplanar, non-concurrent force system shown in Fig. determine magnitude, direction
and position with reference to point A of resultant force.

uw"

I3 v

Answer
To find out magnitude & direction of R
Summation of horizontal force

¥H = 4500 Sin 452 — 800Cos 302+ 1000 = +660.73 N (-)
Summation of vertical force

YV = —500 Cos452 + 850 + 800Sin302 = +896.45N (1)
Resultant force

R={J(ZH) +(QV)' = V(660.73) + (896.45)7 = 1113.64N

Angle of resultant

89645
"~ 660.73
. 8 =5361°

Here, we have to also locate the ,,R* @ pt. A Let the ,,R“ is located at a dist” x from A in the horizontal direc-
tion.

Now this dist" ,,X* can be achived by using varignon“s principle.
First, Take the moment @ A of all the forces.

Mac= + (500 Sin45° X 1.4) + (850 X 1.8) + (800 Sin 30° X 1.8) + 400

= +314497N-m [ 1] (1)
Now moment of ,,R“ @ point ,, A ,,
Mr = +(RSin6.X) =+ (Fy.x) = 896.45.x )
(1) = (2)
896.45 X = 3144.97

= 3ELN
X=351m Rt ' Xu

‘](\
g

|
;_n'"‘. a -—"JA
T e 1- 47 ‘—"‘i
L xX = 35 m™m

1 ——



Example: 9 Find magnitude, direction and location of resultant of force system with respect to point
‘O’ shown in fig.

Y 30 KN
60 KN ‘
‘
‘A 30
‘ ¥ (il ol il
" |
8 ! [1,3)
essolocsassnannsa ; ------------- X
(-2.0) 0 D (L
: L
' 1
' L
50 KN ]
. " A5° 40KN

Answer
Summation of horizontal forces
YH = +30Cos 30°—50 + 40Sin 45° = + 4.265 KN (—)
Summation of vertical forces
2V = +30Sin30°+ 60 — 40 Cos 45° = +46.72 KN (@)
Resultant force

R=,[(ZH Y+(QV) = V(4.265)2 + (46.72)? = 46.91KN

Angle of resultant

46.72
tan =____
4.265

0 =84.78

Now,as we requred to find out the position of ,,R* with respect to the point ,,0*. Take the moment of all the
forces @ point ,,0 ,, we have,
Mo= +(30 Cos30° X 1) — (30 Sin30° X 1) + (60 X 2)+ (50 X 2)-(40 Cos45° X 1) + (40 Sin45° X 1)
Mo=+230.98 KN-unit (1) @)
Now, moment of ,R“ @ Pt.,,0"
(considering ,,R* lies at a distance x from the point ,,0 in the horizontal direction )
Mr=+ (R Sin8 X)=(Fyx)
Mg = +46.72.X )
According to varignon’s principle
~ 46.72 X =230.98
~ X =494 unit

R =46.91 Y.

(84 TR)

Yo v
/—/;
494




Week -4 &5

Lecture
On

Review on Lami, Method of
Resolution and Varignhons
Theorem

(64-75)



_Problem _
’ Determine the resultant of the following figure

l"g =80 N

Fl - 15() N

F, =100 N

Fy=110 N

Problem — 2D- Concurrent - Resultant

opyright 2014 M X Chatany



Problem solution

Force | Mag xX—=comp y—comp

y F | 150 | 150cos30 | +1508in30
F =130\ 7, | 80| —80sin20 | +80Cos20

F, | 110 0 ~110

— . | 100 | +100cos15 | —100sin15

Resultantis R = \/Z F. +YF,

R=4199.1> +14.3

Direction is

143N

a=4.1°




Problem
The resultant of the four concurrent forces as shown in Fig acts
along Y-axis and is equal to 300N. Determine the forces P and Q.

2. F, =0

2 F =R=300N

Problem — 2D- Concurrent - Resultant



Problem solution

2., =0

2 F =R=300N

Force | Mag xX—=comp y—=comp
F | 800 800 0
F, | 380 -380 0
F, Q| +0Sind5| +QCos45
-, P| —PSin50| +PCosS50

D F =800-380+QSin45—Psin50=0

D F =QCos45+ PCos50 = R =300

P= 511N
Q=-40.3N




Problem solution Resultant - Non-concurrent general forces in a plane

Determine the resultant force of the non-concurrent forces as shown in
plate and distance of the resultant force from point ‘O’.

y
|
r
Step:2 wn
BON
Mol =
30°
330 N-M 0 AO—N-. x
1 Step:4
Step:3 | : r
i || R =168 R=141.6N
|
| 2.33M q.3\9-;'"
- \
|Mol = | =305 A' Nl _\'_L »
— ke e % N
0I-M: S | Conyright 2014 M K Chaitabys «._\‘l. /Y B &




Problem Find the reactions at A,B,C,D AND at F, Given W=100N

Problem — 2D - Concurrent - Equilibrium

Copyright 2014 M K Chaltanya 20



W=100N

Find R, R, and R,

Since the body is in equilibrium and the forces are
concurrent ......

3F=0; R,Cos60°-R_Sin60% =0......... 1
2F,=0; R;Sin60° + R _Cos60°- W(100) =0......2

R,=86.6N
R.=50N

Since the body is in equilibrium and the forces are
concurrent ......

3F,=0; -R,sin60°- R,Cos60° + R, =0 .............. 1
3F,=0; R,Cos60%-R,Sin60° =W =0......c.e.e... 2
R, = 350N

Copyright 2014 M X Chatanya R‘ - 346.4"

21




Problem

Determine the reactions at Aand B

Problem - 2D - Non Concurrent - Equilibrium

Capyright 2014 M X Chaltanya

26



Problem solution

Since the body is in equilibrium and the forces are general
forces then......

3FE0; Ry =0 i 1

Ry, =30N
SF,=0; R,, +Ry, -40 =0..eeee...e 2 R, =10N
SM,=0; (R,,*L)—40*(3L/4) =0.....3 R,,=ON

Copyright 2014 M X Chaitanya
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A man raises a 10 kg joist, of length 4 m, by pulling on a rope. Find
the tension in the rope and the reaction at A.

Problem

Since the body is in equilibrium then.......

3F,=0; R —T.*C0s20°= 0. 1 —
R=77.1N
v ~-T*CG; B, : —
2F=0; R, -T. Sin20° - W(98.1) =0............ 2 R =126.14N
IM,=0; -(W*L/2) + (T .*Cos20°*4Sin45%) —(Tc*Sin20°*4*Cos45°) = 0......3

Copyright 2014 M X Chaitanya 24



Determine the reaction at C and the reaction at E, Given P=200N
Problem

22 P

60° 122 1224 1.22m |
3.66 m ———|

3F=0; R, +P*C0s30%°=0 ....cccrrureu. 1

3Fy=0; R, +R.-PSin30°=0.............. 2 R=150N

IM,=0; (R.* 2.44)- (PSin30°" 3.66) = 0..........3

CONTINUES........

Conyright 2014 M K Chatanya



22

¢ 18 E
1.22m

3.66 m ————|
Fig. 10

60.

From the freebody diagram of DE .Since the body is in equilibrium then...... ......

3F,=0; R _-R.Sin60%=0.......ccc.... 1

3F=0; R, =R+ R.Cos60°=0.......... 2 Re=100N

IM,=0; (R.*1.22)- (R.Cos60°" 3.66) = 0..........3

Copyright 2014 M X h_“:Jn.’.\ 10



Week -6

Lecture
On

Types of Supports in Structure
(77-84)



Tvpes of Supports:z—

1-Roller Supports:— can resist a vertical force but not a horizontal
force. A roller support or connmnection is free to Mmove hornzontally as there is
nothing constraining it.

Application: The most common use of a roller support is in a bridge. In
ciwvil engineering, a bridge will typically contain & roller support at one end to
account for vertical displacement and expansion from changes in
ftemperature. This Is reguired to prevent the expansion causing damage to &
pinned support.

LimitationNns: This type of support does Nnot resist any horizontal forces.
This obviously has limitations in itselfas it means the structure will reguire
another support to resist this type of force.

Example Represented By Reactions

™\
7\
/ .
y \

/ N

F L P 7P PP 7

ROLLER SUPPORT







22— Fixed Support: - A fixed support is the most rigid type of support or
conmnnmnection. It constrains thhe member in all transiations and rotations ((i.e. it
canmnnmnot Mmowve or rotate in any direction). The easiest example of a fixed
support would be a3 pole or colurmn in concoarete. The pole canmnnmnot twist, rotate
or displace ;] it is basically restricted in all its moverments at this comnmnection.

Application: Fixed supports are extremely beneficial when you can only
use a single support. The fixed support provides all thhe constraints
nNecessarnry to ensure thhe structure is static. It is Mmost widely used as the only
sSsupport for a cantilever.

LimitationNns: Fixed supports offer absolutely no ‘give'. In a sense, its
greatest advantage can also be its downfall, as sometimes a structure
reguires a little deflection or "play’ to protect othher surrounding Mmatenals.
For instance, as concrete continues to gain its strength it also expands. So if
a support is not designmned corsrrectly thhe expansion could lead to a reduction in
durability .

Example Represented By Reactions

FIXED SUPPORT







A pinned SuUpPort is a&a very cormimon type of support and is most commondly comparaed o
2 hamngein civil engimneenng. Like &2 hhMinge, a pinmned support allovws rotation to ococww bunt
No transiation ((.e. it resists hon=ontal and vertical forces but Not &2 MmoMment). Think of
yvouurr elbow. you are able to extiend and flex thhe elfbow (otation) but you canmot move
wvour forearnmm left 1o nght (transiation).

Application: Pinned supports can be used in trusses. By linking multiple
miermibers joimned by hinge comnmnections, the members will push against each
other; inducing anmn axial force within the membersr. The benefit of this is that
fhe members contain Nmno intermal moment forces, and can be designed
according to their axial force only.

Limmiitations: A single pinned support cannot completely restrain a
Structure, as you nmneaed at least two supports to resist the mormentcoo

Example Represented By Reactions




MODEILIING THE ACTION OF FORCES INN TWO-DIMENSIONAI . OANAILYSIS

Ty pe of Contact and Foroe Oigmin

Aaciron on Body ico Be Isolated

I Flexibie cablie, belt

chain, or rope _{ =
Weight of cable o g - —
negiimble * \

Force excerted by

a fTexmable cable 1s

=" Aaldwavs Aa tension away
from the body in the

Welimht of cabhle } ﬂi e = direction of the cabie.
nol negrligmnble 7
Z. Smmooth surfaces -
- s Contact foroce is
T Corppressave angd Is
N —~— moral Lo thhe sarface.
3. Rough susfiaces Roongesh surfaoces are
F capable of suppsortines
— S A tangmential
- — COTMmENG-TIesTi L T
- F =4 ” —— (tifrsctiom=l forcsr &8s

well as a2 morTmal
N COoOrmmponent
N of ihe Tesultani

4. Roller support | == 1|

= =

Holler, yockeaer, or Ball
SUp»ort firanpsmmits =@

cCoOmpITessiwve foroe
o Tnal Lo thhe

SUpsoriing surfacs.
N

5. Freely shadinges smuarde

Codlar or slader Feaeae 1o
= move =along stToooth

suldes; can supp-aort
force = nal Lo gmuasde
ol

63




M IDELINCG TEHE AT INOIN OF FORC ESS
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Week -7

Lecture
On

Centroid
(86-97)



CENTRE OF GRAVITY

» It is the point where the whole weight of the body is assumed to be
concentrated. It is the point on which the body can be balanced.

» It is the point through which the weight of the body is assumed to act. This
point is usually denoted by ‘C.G.” or ‘G’.

86



CENTROID

» Centroid is the point where the whole area of the plane figure is
assumed to be concentrated.

\\- |




» It is easy to find the centroid of simple shapes.

» If the object has an axis of symmetry the centroid will always lie on |
that axis. |

» If the object has two axes of symmetry, the centroid will be at the
intersection of the two axes.



SIMPLE GEOMETRIC SHAPES




COMPOSITE GEOMETRIC SHAPES




» CENTROID of a figure is always represented in a coordinate system as shown in figure
below. The calculation of centroid means the determination of X and y.

L 3

y




Axes of Reference Centroidal Axis

These are the axes with respect to The axis which passes through the
which the centroid of a given centroid of the given figure 1s known as
figure is determined. centroidal axis, such as
the axis X-X and the axis Y-Y shown in
Figure.
Ya ‘:’
I
E G
¥ G X---femacocs :
v i



SYMMETRICAL AXES




Centroids of Some Important Geometrical Figures

Shape Area 3 y Figure
o
|
|
¥ |
b 4—7—4
I
Rectangle bd - fl_ x-9-F== +§. <
(Same for square) y 2
Y : y
b >
Y




9| -

Triangle ( de

(SRR
—
| -
) CEMMSE
a

|-

Right-angled triangle (

Jpu

P—
W | -
N
=

=|
I
S
=|
I
B

Circle nr




o
- =
5| & l& Pl e
b 4r &
x| = e - | e 1| =

Semicircle



4r
kY4

4r
ir

Quarter circle



Week -8

Lecture
On

Centroid
(99-106)



NUMERICAL 1

120mm

A

10mm

v

I10mm




60mm

&
>




NUMERICAL 2

80 mm

I 10mm




NUMERICAL 2 1

80 mm

25mm

SERIN ISSAC, DEPARTMENT OF CIVIL ENGINEERING, NHCE




COMPONENTS | CENTROIDALx | CENTROIDALy | AREA (mm?) ax ay
DISTANCE | DISTANCE (mm)
(mm)
40 5+40 +24 = 69 |80 x 10 =800 | 32,000 55,200
RECTANGLE 2 |40 20 +24 = 44 40 x 10 = 400 | 16,000 17,600
RECTANGLE 3 | 40 12 25x 24 =600 |24,000 7,200
Y a- 1900 S ax=72000 ) ay=80000
_ 72,000
X= 2 ax = = 40mm Y
Sa 1800
o Lay 80000 _ . . 80 mm
Y=%a " s0p _ 4A4mm | 10mm

SERM IS5AC, DN

EPARTMENT OF CIVIL ENGINEERING, NHCE

40mm

10mm

l 24rnmI '

25mm




NUMERICAL 5

A
4

80mm 80mm




NUMERICAL 5

T | 4xs0
3x80 E-.m, | 3w

80mm 80mm

4|

v




COMPONENTS | CENTROIDAL x | CENTROIDAL y AREA (mmz) ax ay
DISTANCE DISTANCE (mm)
(mm)
TRIANGLE 1 | 2x 80=53.33 %x 80 = 26.66 %x 80x80 = |1,70,656 85,312
3200
QUARTER 80 + 322 = 4x80 _ 33 95 | mx802 5,72,774.23 | 170651.03
CIRCLE 2 113.95 " 4
5026.54
> a= 8226540 0% = 743430.23) ay = 2,55,963.03
_ _ Yax _ 743430.23 3
X Sa B2 5k 90.37mm "
_ Yay 255963.03
= = = 31.11mm
Y za 8226.54

ENT OF CIVIL ENGINIERING, NHCE




Week -9

Lecture
On

Centroid
(108-112)



CENTRE OF GRAVITY OF SYMMETRICAL SECTIONS

Section, whose centre of gravity is required to be found out, and is symmetrical about X-X axis
or Y-Y axis the procedure for calculating the centre of gravity of the body is to calculate either
“xory.This is due to the reason that the centre of gravity of the body will lie on the axis of

symmetry.
Example 4.1. Find the centre of gravity of a channel section 100 mm x 50 mm x 15 mm.
Solution: As the section is symmetrical about X-X axis, therefore its centre of gravity will lie on this

axis. Now split up the whole section into three rectangles ABFJ, EGKJ and CDHK as shown in Fig 4.5.
Let the face AC be the axis of reference.

(1) Recrangle ABFJ

a, =50 x 15 = 750 mm* .
50 . A =50 mm Ri
ind S e 15 mm
2 J
1) Recrangle ECET L "
2, =1100 - 30) x 15 = 1050 mm?
S 100 mm
. s D 735 e/ T vare N SpR— -X
e B s - ¢— 15 mm
1) Recrangle CDHK .
2; =50 x 15 =730 mm K & H
and Xy = T - a0 um o D
Fig 4.5

We know that distance between the centre of gravity of the section and left face of the section
AC,

; G N a0 Ta N\
ap +a, +a,
(750 % 25) + (1050 x 7.5) + (750 x 25)

- - =178 mm  Ans.

750 + 1050 + 750

Example 4.2 An I-section has the following dimensions in mm units:
Bottom flange = 300 x 100
Top flange = 150 x 50
Web =300 % 50
Determine mathematically the position of centre of gravity of the section.
Solution. As the section is symmetrical about Y-Y axis, bisecting the web, therefore its centre of
gravity will lie on this axis. Now split up the section into three rectangles as shown in Fig. 4.6



Let bottom of the bottom flange be the axis of reference.

| 150 e

() Botrom flange ==

» S
= 300 x 100 = 30 000 S0 mm ?
2
100 i
nod W= i 501w o E
LS50
(ily Web l ; i
a, = 300 x 50 = 15 000 mm’ ; i
~ '
. 300 L nzn 100 :
nad vy =100 + — = 250 mm T

2 k—— ELURENTH —b{ Fig 46

{iify Top flange
= 150 % 30 = 7500 mun?
50
nand va= 100 + 300 + —= 425 mun
We know that distance between c_entre of gravity of the section and bottom of the flange,
e GY AN tayy,

a ta; Ty

(30 000 x 50) + (15 000 x 250) + (7500 x 425)

= — ~ = 160.7 mm Ans,
30 000 + 15 000 + 7500

Example 4.3 Find the centroid of the T-section as shown in figure 4.7 from the bottom

<—100—’.L

| .20
]‘ L 3

100

—>| 20 |=—

Fig 4.7



Soln:

Area (A X Vi AiXi Aivi
2000 0 110 10,000 22.0000
2000 0 50 10.000 10,0000
4000 20,000 32,0000
o 24N _AntAy, 32,0000 —80

A, A v A, 4000

Due to symmetry, the centroid lies on Y-axis and it is at distance of 80 mm from the bottom.

Example 4.3 Determine the centroid of the following figure.

Soln:
1 y
Ay = Area of tnangle = —« 804 30.= 3200w’

29 TR 2813 274w

-
-

Ay = Arex of semucache = As
=0
2

A3 = Area of semcircle = =1256.64m°



Area (Aq) B Decrwecmcrovemes il ks 3 =ovars Ay ay
3200 2 (BINV3)=53.33 | 803 = 26.67 170656 SS3a4
2513.274 40 $< 40 100530.96 ~42650. 259
—=—{5.97
M
- 4
1256 64 40 0 L0265.6 0

Ax, + A%, — AN,

y =31 T =49 .5Tmm
444,44
A dve— A
\4_:,,!\‘ o B B Y =9 S8mm
A+ Ay — A

Example 4.4 A body consists of a right circular solid cone of height 40 mm and radius 30

mm placed on a solid hemisphere of radius 30 mm of the same material. Find the
position of centre of gravity of the body.
' 4
Ry
Fig 4.9

Solution.As the body is symmetrical about Y-Y axis, therefore its centre of gravity will lie on this
axis as shown in Fig. Let bottom of the hemisphere (D) be the point of reference.
Hemisphere

« _2m s .
v, = xro= ‘(.'0,- nun

— 13 000 ™ amn?
v =20 3230 _ 127% v
. 2 E
Right circular cone
Vv, - _’: ey — -7-:. = (3037 = 40 mun®

- 12 000 TtImn*

- 10 “
Vi o= 30 4 —— = 40 ann
N

Distance between centre of gravity of the body and bottom of hemisphere D,

Viy +Vy v (1300070 18.75) + (12 0007 X 40)
w+v 13 0007 + 12 0007

=

=27 3 mm Ans.



CENTRE OF GRAVITY OF UNSYMMETRICAL SECTIONS
Sometimes, the given section, whose centre of gravity is required to be found out, is not

symmetrical either about X-X axis or Y-Y axis. In such cases, we have to find out both the
values of xandy

Example 4.5. Find the centroid of an unequal angle section 100 mm x 80 mm x 20

mm. Solution :

As the section is not symmetrical about any axis, therefore we have to find out the values of x
and y for the angle section. Split up the section into two rectangles as shown in

Fig.4.10 Let left face of the vertical section and bottom face of the horizontal section be

axes of reference.

(1 ecrangle 1

ay = 100 x 20 = 2000 mw?

0.
X =10 nun > < 20 mm
- —
4 it 100 30 mm
» =——=5 Y
A A - i @
(1) Recranale 2
ay=(80-20)x 20 = 1200 mm’ 100 mm

hl
vy = 20 + — = 50 yan

M 2 I 20 mmn
0 R |
ard = = 10w < fimm—p| |
2 Fig. 4.10

We know that distance between centre of gravity of the section and left face,

_ @ ta; (2000 x 10) + (1200 x 50)

- ol =25 mumn Ans,
a 4+ a. 2000 + 1200

Similarly, distance between centre of gravity of the section and bottom face,
— @y ray v, (2000 x 50) + (1200 x 10)
Y = - = =

o+ a, 2000 + 1200

=35 mm Ans,

Example 4.6. A semicircle of 90 mm radius is cut out from a trapezium as shown in Fig
4.11 .Find the position of the centre of gravity of the figure.
—— 200 mm —»]
D 2

.". \

120 mm/

/ /

x4 L

N
H E
e— 300 mm——p}
Fig 4.11



Week —10 & 11

Lecture
On

Friction
(113-137)



* Friction is the force that opposes the motion of
bodies that are touching each other.

eight (W)
applied Direction of
Push S Force(P l 0 motion
777777 7T Y & 7 7 Friction force (F)
Reaction (N)
P
<=
Friction

* The amount of friction depends on two things
i i Klnd of surfaces

pressing the surfaces together
114




Causes Of Friction

* Greater the force on object greater the force of welds and greater
force is needed to overcome thelmicro welds to move thiobject

i_ﬁ&

115



Types of Friction:
There are several types of friction:
Dry friction
Fluid friction
Lubricated friction
Statics friction
Dynamic friction
Sliding friction
Rolling friction
Limiting friction

116



Dry Friction

=

LR

*Friction between dry surfaces in contact is called dry friction.

|t is also called coulomb friction.
eight (W)

applied Direction of
Force (P) | motion
> Body

| |

]

/ 7 ; -/- 7 7 7 7:[ 7 7 7 7 7 Dry Friction (F)
34 Reaction (N)




Fluid Friction :

Fluid motion

*Fluid friction is the force that resists
motion either within the fluid itself or
of another medium moving through
the fluid.

Object motion

*There is internal friction, which is a
result of the interactions between
molecules of the fluid, and

*there is external friction, which
refers to how a fluid interacts with
other matter.

*
s = e

118




lubricated friction

*Lubricated friction is a case of fluid frictionwhere a lubricant fluid
separates two solid surfaces.

Seperation

Lubricant

119



W
sm

Static frictio

*The friction experienced when individuals try to move a
stationary object on a surface, without actually triggering any
relative motion between the body and the surface which it is on.

. O
Weight (W)
ﬂ
applied i
Force (P) ,L A
> Body No motion o

[T77777 ;:[ 77 ¢ ; 7 Static Friction (F)
Reaction (N)

120



Dynamic friction:
» dynamic friction , occurs when two objects are moving relative to
each other and rub together (like a sled on the ground).

*also known as Kinetic friction,

O
\Yeight (W)
B motion
ce (P) vt e PN
—_— Body

|

7 7 7 7 7 7 7T 7 7 7 i;anamicFriction (F)
Reé&ction (N)

121
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Sliding friction & rolling friction:

® Sliding Friction:-
* Friction experienced by a body when it slides over another
body, is called sliding friction.

® Rolling Friction:- o

* Friction experienced by a body when it rolls over another
body is called rolling friction.

Weight (W)

appiied e I S
Force (P) ‘motion

—

123



on

Q-l'

Limiting frict

- - -

UL

® The maximum friction force that can be developed at
the contact surface, when body is just on the point of
moving Is called limiting force of friction .

o
eight (W)
applied )
Force (P) ngm e
w) —_— Body ROV

motion iting

Friction (F)

Reaction (N)

124



Static & Dynamic fric

e R

—I.
l—l.
e

Sliding friction > rolling friction

%

e
\\

—

SR " 111
" 38N 8l
L —
y £ o3 = P11 4
Lt T T T TTY / .
B . «sIBUEEE]IIE )
B - N r
. - : -
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W
ﬁ
Q)
A
0
R
O
<
-
Q)
0
=
(@
0
-

—— R R |- NN RS- A W NS W .-

> rolling friction
> dynamic friction
> fluid friction

Sliding friction
limiting friction
Dry friction

O
Limiting friction

friction

dynamic friction

SR e e A
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- — p— —— - - — T —

*Friction enable us to write and draw on paper
eCar move due to friction —
Friction enables us to light a matchstick

*Friction enables us to walk without slipping

*To hold or grabbing something

127



1. LAW OF FRICTION
2.FORMULA OF FRICTION
3. ANGLE OF FRICTION & REPOSE



Dry Friction

l Dry Friction l

I |
L 2

Static Dry Friction / Kiggetic
Friction Friction

' Sliding friction l ' Rolling Friction |

eight (W)

applied

: , No
Force (P)

129
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Law of static friction ;

® The friction force always acts in a direction, opposite to
that in which the body tends to move.

o
® The magnitude of friction force is equal to the external
force.

F=P

applied

Force (P) | No motion

131



Law of static friction ;

® The ratio of limiting friction (F) and normal reaction
(N) is constant.

F/N=p

® The friction force does not depends up®an the area of
contact between the two surfaces.

® The friction force depends upon the roughness of the
surfaces.
eight (W)

applied

Force (P) No motion
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Law of dynamic friction ;

® The friction force always acts in a direction, opposite
that in which the body is moving.

® The ratio of limiting friction (F) and normal reaction
(N) is constant & it is known as coefficierf® of friction

(p).

® For moderate speeds, the friction force remains
constant. But it decreases slightly with the increase of
speed.

applied
motion

--n‘ A S o i WL e T 1
TN mir Ericrtimm (£
" 3\ - NNIC - 3 M 1
vy F'.};'.! i f __{;_:_- BLRACANAS AR U

133



Formula of limiting friction ;

According to law of friction,

Friction force A normal force

Fa N
F=punN

p = coefficient of friction

® The ratio of lunxtmg friction (F) and normal reaction
(N) is constant & it is known as coefficient of friction
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Angle of friction ;

® The angle between normal reaction and resultant
force (R) is called angle of friction.

tand=F/N

¢ = angle of friction

and

tandp=pn

K = coefficient of friction
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tan$d =F/N

¢ = angle of friction

and

tan ¢=|‘_

p = coefficient of friction
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Angle of repose:
® With increase in angle of the inclined surface, the

maximum angle at which body starts sliding down is
called angle of friction.

O = angle of Repose
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Week — 12 & 13

Lecture
On

Friction
(139-159)



Problem-01

A wooden block rests on horizontal plane. Determine the
minimum force required to (i) pull it (ii)push it . Assume the mass
m of the block to be 5kg and the coefficient of friction pis 0.4

O
P

15°

t ! mg
([T77777777777777 m = Skg

p=0.4
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(i) Minimum force required to pull block;

+ N
free body diagram of block is shown in figure T /I5c

Writing the equation of equilibrium

2F, =0

o -
P, coslS-pN=20 - ERRORIH
0966 P;-04N =0 = aeeesss (i) F=pN
5F, =0 el

P, sinl1S+N-mg=20
0.259P,+ N—5X981 =0
0.259P; + N=4905 ... (i)

From equation (i) & (ii)

P,=18.34 N
&
N=44.30 N

minimum force required to pull block = 18.34 N
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(i) Minimum force required to push block;

free body diagram of block is shown in figure
Writing the equation of equilibrium

2F, =0
-P, cosl5+ puN=0

-0.966 P,+0.4N =0 e (i)

2F, =0

-P, sinlS5+ N-mg =0

-0.259P,+ N -5 X9.81 =0

-0.259P, + N=4905 ... (ii)

From equation (i) & (ii)

P,=22.75 N
&
N=54.94 N

minimum force required to push block= 22.75 N
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— Problem-02

Find the value of force P to just move the block. Assume
coefficient of friction pis 0.25 for all surfaces

W = 100kN o

W = 80kN
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Free body diagram of the block A & B
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Consider Free body diagram of the bleck B;

Writing the equation of equilibrium

5F, =0 e i | ,
-Tcos20+ u N, =0 200 e |
~0.94T+025N,=0 . (i) O [ — ¥ B ‘
5F, =0

TSin20+N2"W2=O
0.34T+ N, -80=0
0.34T+N, =80 . (i)

From equation (i) & (ii)
T=19.51 kN

&

N,=73.37kN
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Consider Free body diagram of the block A

Writing the equation of equilibrium

2F, =0 !
Tcos20+ U N;—P =0 | L
0.94 (19.51) + 0.25 N, —P =0 R — A
P~ 0.25N;=18.34  eeenees (i) 3
Fi=1 N,
2F, =0

-Tsin20 + N; - W,; =0
-0.34(19.51) + N, - 100 =0
N, = 106.63 kN

From equation (i)
P=45 kN

valueof force P to justmovethe block=45 kN

145



Problem-03

Find the value of force P to;
(i) juststop block B from moving down
(ii) just start block B to move up

Assume coefficient of friction pis 0.2 for all surfaces.
o

=] W=150N

30°

. ‘ I
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(i) juststop block B from moving down:
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Consider FBD of block B;

Writing the equation of equilibrium T
> W =200N
ZFX =0 4
W sin60- T-u N, =0 " '
200sin60 —T- 0.2N, =0 Ea ¥
> N TN |
T+ 0.2 N,=173.20 ... (i) 45 & - 0)0”6
. 2
2F, =0 N> ,
-W cos60 + N, =0 60°
N, =100N

From equation (i))
T=153.2 N
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Consider FBD of block A;
Writing the equation of equilibrium

2F, =0
-Pcos30+T-uN; =0
-P cos30 +153.2 — 0.2N, =0
0.87P + 0.2N,; = 153.2

2F, =0
Psin30—W +N; =0
0.5P + N, =150

From equation (i) & (ii)
P=160N
Nl =7O N

T,-

P W=150N
> P motion
30 - i
-—O |
......... (i) l ——
_‘
Fi=m N,
......... (ii) N,
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(ii) just start block B to move up

W=150N

300

-
T R
.

“
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Consider FBD of block B;
Writing the equation of equilibrium

2F, =0
W sin6O- T+ N, =0
200sin60—T+ 0.2 N, =0
T-02N,=17320 = iceeaes (i)

2F, =0
-W cos60 + N, =0
N, =100N

From equation (i))
T=193.2N
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Consider FBD of block A;
Writing the equation of equilibrium

2F, =0
-Pcos30+T+uN;=0
-P cos30 +193.2 + 0.2N,; =0
0.87P - 0.2N,; =193.2

5F, =0
Psin30 —W + N, =0
0.5P + N, =150

From equation (i) & (ii)
P=230N
N, =34.95 N
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Problem-04

If p,= 0.2 and p,= 0.25 Find the value of force P to just pull the
block B.
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FBD of block A & B:
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Consider FBD of block B:

Writing the equation of equilibrium

2F, =0
W, sin30- T+, N, =0
700sin30 —T+0.25 N, =0
T- 0.25 N, =350 ... (i)

2F, =0
-W,cos30+ N, =0
-700 cos30+ N, =0
N, =606.22 N

From equation (i)
T=501.56N
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Problem-05

Find the value of force P to just pull the block B. If coefficient of
friction between block A & B and between block B & horizontal
surface is0.25 and 0.2 respectively.

W=250N
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Free bodydiagramofBlock A & B:

1y =0.25
K, =0.2
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Consider Free body diagramof Block A :

Writing the equation of equilibrium W,=250N
ZF, =0

-Tcos30+ p; N; =0

-0.866 T+ 0.25N, =0 ... (i)

5F, =0

Tsin30 -W;+N,; =0
05T-250+N,=0
0.5 T+ Ny =250 = ccocessss (ii)

From equation (i) & (ii)
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Consider Free body diagram of Block B:

: Fi= 4N, Na
Writing the equation of equilibrium < . W
W = 1500N
2F, =0 p
P- by Ni-pp, N, =0 | + B —
P-(0.25X218.47) - 0.2N, =0 o .
P-0.2N, =5462 .. (i) | motion
_
2F, =0 F2=HaN,
‘Wz'N1+N2=O Nz

-1500 — 218.47 + N,=0
N,=1718.47 N

From equation (i)

P=398.31N
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Week — 14

Lecture
On

Friction
(161-177)



3.3 APPLICATIONS OF FRICTION
1.Ladder friction

2.Wedge friction

3.Screw friction.

LADDER FRICTION

The ladder is a device for climbing or scaling on the roofs or walls. It consists of two long uprightsof wood, iron or rope connected by a number of crosspieces called
rungs. These running serve as steps.Consider a ladder AB resting on the rough ground and leaning against a wall, as shown in figure 3.9.
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As the upper end of the ladder tends to slip downwards, thereforethe direction of the force of friction between the ladder and the wall (Fw) will be upwards as shown in the figure. Similarly, as the lowerend of the ladder tends to slip
away from the wall, therefore the directionof the force of friction between the ladder and the floor (Fr) will betowards the wall as shown in the figure.Since the system is in equilibrium, therefore the algebraic sumof the
horizontal and vertical components of the forces must also beequal to zero.

Note: The normal reaction at the floor (Ry) will act perpendicular of the floor. Similarly, normal reaction of the wall (Rw) will also act perpendicular to the wall.

Example 3.6 A uniform ladder of length 3.25 m and weighing 250 N is placed against a smooth vertical wall with its lower end 1.25 m from the wall. The coefficient of friction between theladder and floor is
0.3.What is the frictional force acting on the ladder at the



point of contact between the ladder andthefloor? Show that the ladder will remain in equilibrium in this position.

1 H

L

— . 2S5 ]
R,

Solution.Given: Length of the ladder () = 3.25 m; Weight of the ladder (w) = 250 N;

Distance between the lower end of ladder and wall = 1.25 m and coefficient of friction between theladder and floor (uf) = 0.3.
Frictional force acting on the ladder. The forces acting on the ladder.

LetFf= Frictional force acting on the ladder at thePoint of contact between the ladder and floor, and

Rf = Normal reaction at the floor.
Since the ladder is placed against a smooth vertical wall, therefore there will be no friction at the point of contact between the ladder and wall.

Resolving the forces vertically, Rf= 250 N
From the geometry of the figure, we find that

BC =v@3.25- (1.25=3.0m

Taking moments about B and equating the same,
Ffx 3 = (Rfx 1.25) - (250 x 0.625) = (250 x 1.25) - 156.3 = 156:2N—

Ff= 521N
Equilibrium of the ladder

We know that the maximum force of friction available at the point of contact between the ladder and the floor
pRf=0.3x250=75N

Thus, we see that the amount of the force of friction available at the point of contact (75 N) is more than the force of friction
required for equilibrium (52.1 N). Therefore, the ladder will remain

inan equilibrium position.

Example 3.7 A ladder 5 meters long rests on a horizontal ground and leans against asmooth vertical wall at an angle 70° with the horizontal. The
weight of the ladder is 900



N and acts at its middle. The ladder is at the point of sliding, when a man weighing 750N stands on a rung 1.5metre
from the bottom of the ladder.
Calculate the coefficient of friction between the ladder and the floor.

S

=,
Fig 3.15

Solution. Given: Length of the ladder (I) = 5 m; Angle which the ladder makes with the horizontal (a) = 70°;
Weight of the ladder (w1) = 900 N; Weight of man (w2) = 750 N and distancebetween the man and bottom of
ladder = 1.5 m.

Forces acting on the ladder are shown in Fig.

Let uf = Coefficient of friction between ladder and floor and

Rf = Normal reaction at the floor. Resolving the forces vertically, Rf = 900 + 750
=1650 N ...(i)

- Force of friction at A

Ff = ufx Rf= ufx 1650 ...(ii)

Now taking moments about B, and equating the same,

Rfx 5 sin 20° = (Ffx 5 cos 20°) + (900 x 2.5 sin 20°)+ (750 x 3.5 sin 20°)

= (Ffx 5 cos20°) + (4875 sin 20°)

= (ufx 1650 x 5 cos 20°) + 4875 sin 20°

and now substituting the values ofRfandFf from equations (i) and (i) 1650 % 5 sin 20° = (|fo 1650 x 5 cos 20°) +
(4875 sin 20°)

Dividing both sides by 5 sin 20°, 1650 = (ufx 1650 cot 20°) + 975
= (ufx 1650 x 2.7475) + 975 = 4533 if+ 975

~p =015

WEDGE FRICTION:

A wedge is, usually, of a triangular or trapezoidal in cross-section. It is, generally, used
forslightadjustments in the position of a body i.e. for tightening fits or keys for shafts.
Sometimes, awedge is also used for lifting heavy weights as shown in fig.3.16



=

Wedge < _—F

It will be interesting to know that the problems on wedges are basically the problems ofequilibrium on inclined planes. Thus, these problems
may be solved either by the equilibrium method or by applying Lami“s theorem. Now consider a wedge ABC, which is used to lift the body DEFG.

Let W = Weight fo the body DEFG,

P = Force required to lift the body, and

p = Coefficient of friction onthe planes AB, AC and DE such thattan ¢ = .

It will be interesting to know that the problems on wedges are basically the problems of equilibrium on inclined planes. Thus, these problems may be
solved either by the equilibrium method or by applying Lami“s theorem. Now consider a wedge ABC, which is used to lift the body DEFG.

Let W = Weight of the body DEFG,

P = Force required to lift the body, and

p = Coefficient of friction onthe planes AB, AC and DE such thattan ¢ = .

A little consideration will show that when the force is sufficient to lift the body, the slidingwill take place along three planes AB, AC and DE will also occur
as shown in Fig. 3.17 (a) and (b).

The three reactions and the horizontal force (P) may now be found out either by graphical method or analytical method as discussed below:



GRAPHICAL METHOD

1. First of aII, draw the Space diagram for the bOdy DEFG and the Wedge ABC as shown inFig.3.18 (a). Now draw the reactions R1, R2 and R3 atangle f with normal to the faces
DE, AB and AC respectively (such that tan ¢ = p).

2. Now consider the equilibrium of the body DEFG. We know that the body is in equilibrium- under the action of

(a)lts own weight (W) acting downwards

(b)Reaction R7 on the face DE, and

(C)Reaction R2 on the face AB.

Now, in order to draw the vector diagram for the above mentioned three forces, takesome

suitable point | and draw a vertical line Im parallel to the line of action of the weight(W) and cut off Im equal to the weight of the body to some suitable scale. Through |
drawa line parallel to the

reaction R1.

Similarly, through m draw a line parallel to the reactionR2, meeting the first line at n as shown in Fig. 318(b)

| : 2,
” —
= !
,,,,,, r~ . - ~
| s 2 LER ]
RN < | o~ Ry A [}
. 3 - - - ]
> B o - . Y"Vr ) 10° | 2 i
A { 3 T A
o : o -
R /s 2 <
L2 ~
(<) Space dingram {7y Vecror diagram

3. Now consider the equilibrium of the wedge ABC. We know that it is equilibrium underthe action of
(a)Force acting on the wedge (P),

(b)Reaction R2 on the face AB, and

(C)Reaction R3 on the face AC.

Now, in order to draw the vector diagram for the above mentioned three forces, through mdraw

a horizontal line parallel to the force (P) acting on the wedge. Similarly, through ndraw a line

parallel to the reaction R3 meeting the first line at O as shown in Fig.3.18 (b).
4. Now the force (P) required on the wedge to raise the load will be given by mo. to thescale.

EXAMPLE 3.8 A block weighing 1500 N, overlying a 10° wedge on a horizontal floor andleaning against a vertical wall, is to be raised by applying a horizontal
force to the



wedge. Assuming the coefficient of friction between all the surface in contact to be 0.3, Determine the
minimum horizontal force required to raise the block.

N
| 800 N -
e "
- | !
. | ™
- |
1 ) " / +
PR G | ’” R, o 1500 N
0 =g |-
[} 1y
J ) -
e ( " "
SR ’
Lar)y Space diagranm () Vector diagrm

Fig 3.19
Solution. Given: Weight of the block (W) = 1500 N; Angle of the wedge (a) = 10° and coefficient of friction between all the four surfaces of contact (1) = 0.3 =tan ¢ or ¢ = 16.7°.
P = Minimum horizontal force required to raise the block.
The example may be solved graphically or analytically. But we shall solve it by both the method
Graphical method

1. First of all, draw the space diagram for the block DEFG and the wedge ABC as shown in Fig.3.19 (a). Now draw reactions R1, R2 and R3 at angles of ¢ (i.e. 16.7° with normal to the faces DE, AB and AC
respectively.

2. Take some suitable point |, and draw vertical line Im equal to 1500 N to some suitable scale (representing the weight of the block). Through |, draw a line parallel to the reaction R 1. Similarly, through m draw another line parallel to

the reaction R2 meeting the first line at n.
3. Now through m, draw a horizontal line (representing the horizontal force P). Similarly,through n draw a line parallel to the reaction R3 meeting the first line at O as shown in Fig.(b).
4.Now measuring mo to the scale, we find that the required horizontal force

P =1420 N. Ans.
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Equilibrium of rigid body

ciR

|

N

e
7

Equations of equilibrium become

There are three unknowns and number of
equation is three.

Therefore, the structure is statically
determinate

The rigid body is completely constrained



Equilibrium of rigid body

()

(&)

h)
More unknowns than Fewer unknowns than Equal number unknowns
equations equations, partially and equations but
constrained improperly constrained



Structural Analysis

Engineering Structure

An engineering structure is
any connected system of
members built to support or
transfer forces and to safely
withstand the loads applied
to it.



Structural Analysis

Statically Determinate
Structures

To determine the internal forces in
the structure, dismember the
structure and analyze separate free
body diagrams of individual
members or combination of
members.



Structural Analysis: Plane Truss

Truss: A framework composed of members joined at their ends to
form a rigid structure

Joints (Connections): Welded, Riveted, Bolted, Pinned

Plane Truss: Members lie in a single plane

/Purlin




Structural Analysis: Plane Truss

Simple Trusses
Basic Element of a Plane Truss is the Triangle

* Three bars joined by pins at their ends [ Rigid Frame
— Non-collapsible and deformation of members due to induced
internal strains is negligible

* Four or more bars polygon [ Non-Rigid Frame
How to make it rigid or stable?

by forming more triangles!

Structures built from basic triangles

OSimple Trusses \/
5 /




Structural Analysis: Plane Truss

Basic Assumptions in Truss Analysis :
> All members are two-force members. / ' / /.
> Weight of the members is small compared withthe /| // -

force it supports (weight may be considered at joints) // |/ ( /
> No effect of bending on members even if weight is /} /1 /v /(

considered

Two-Force Members

> External forces are applied at the pin connections
> Welded or riveted connections

P it i . Y
Pl_n Joint if the member centerlines are concurrent at the A 4
joint 7 Il S
7 it | S
Common Practice in Large Trusses P E
> Roller/Rocker at one end. Why?
>> to accommodate deformations due to A NXima
temperature changes and applied loads. \ BL C A,
N \ N
>> otherwise it will be a statically indeterminate

L
truss



Structural Analysis: Plane Truss

Truss Analysis: Method of Joints

 Finding forces in members
Method of Joints: Conditions of equilibrium are satisfied for the
forces at each joint

— Equilibrium of concurrent forces at each joint

—only two independent equilibrium equations are involved
Steps of Analysis —

1.Draw Free Body Diagram of Truss /ﬂ\
2.Determine external reactions by applying P - Y

equilibrium equations to the whole truss

3.Perform the force analysis of the remainder 0
of the truss by Method of Joints VR
k 1




Structural Analysis: Plane
Truss wethod of Joints

« Start with any joint where at least one known load exists and where not

more than two unknown forces are present.
F E o

/ 4

s )
/ | /(_
A D 1

|
|
I,
BN Ul C 5 1 T ,l T t-{/— \B —

L R, R,

R

FBD of Joint A and members AB and AF: Magnitude of forces denoted as AB & AF
- Tension indicated by an arrow away from the pin

- Compression indicated by an arrow toward the pin
Magnitude of AF from yF,=0
Magnitude of AB from £ —0

Analyze joints F, B, C, E, & D in that order to complete the analysis



Structural Analysis: Plane Truss

Method of Joints

F E
A 7]
L. B C Y
L
L
7/
| Pl
| ,/ |
1 |
T i/ | T
Ry L R,

* Negative force if assumed
sense is incorrect

AF, 2 EF EF
m“ ; .
F, AF
f w s /]7
\ AF BF
AR _ _ng ¥
4 7 .. ) ZeroForce
/ CE=0\ Member
R, 1
Joint A Bc - on
s i N JogM‘
A’"‘m B 6 gp
BE 7\ asi Em‘
DE
AB Be o
e L BE EF
BF Jaint E
6 ,AUE Y
/ \
AB D
| co 1
\ / -~ |R.
LY Ehe- |g N - R,, , DE ]
Joint B qUIll num = — - Jaoine
F E
- ~ y
Show I/ N I
forces on '
. - L.
members |4 Bl C }U o
\
,
R ~=“ Ry
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Method of Joints: Example

Determine the force in each member of the loaded truss by Method of Joints

179



Method of Joints: Example

Solution
[(EMg = 0] 5T - 20{5) = 310} = O T = B0 kN
[EF, = 0] B0 cos 30° - E, = 0 E, = 69.3kN
[EF, = 0] 80 sin 30° + E, - 20 = 30 = 0 E, = 10 kN
[EF, = 0] 086648 — 30 =0 AB=346kNT v
| AR
[ZF, = 0] AC - 05(346) =0 AC=1732kNC ;
o X BD
~—AC——x s
[SF, = 0]  0.866BC — 0.866(34.6) = 0 BC = 346 kN C 1 USNfor\
[EF, = 0] BD - 2(05)(346) =0 BD =346kNT o

Joint A Joint B

180



Method of Joints: Example

BC = 3m 5
DE Al Sm (" Fm 5‘1
G(\ 69.3 kN 20 kN 20 XN

Solution 34.6 kN
CE = g T~
63.5 kN
20 kN 10 kN

AC=
17.32 kN

Joint C Joint E
(SF, = 0]  0.866CD — 0.866(34.6) — 20 = 0
CD = 5T.7kN T
[SF, = 01  CE - 17.32 — 0.5(34.6) — 0.5(57.7) = 0
CE = 635kN C
[SF, = 0] 0.866DE = 10 DE = 1155 kN C

and the equation ZF; = 0 checks.
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Structural Analysis: Plane Truss

When more number of members/supports are present than are
needed to prevent collapse/stability

[1 Statically Indeterminate Truss

 cannot be analyzed using equations of equilibrium alone!
«additional members or supports which are not necessary for
maintaining the equilibrium configuration [ Redundant

Internal and External Redundancy
Extra Supports than required [ External Redundancy
— Degree of indeterminacy from available equilibrium equations
Extra Members than required [ Internal Redundancy
(truss must be removed from the supports to calculate internal redundancy)
— Is this truss statically determinate internally?

Truss is statically determinate internally if m + 3 = 2j
m = 2j — 3 m is number of members, and j is number of joints in truss

LO6



Structural Analysis: Plane Truss

Internal Redundancy or
Degree of Internal Static Indeterminacy
Extra Members than required [ Internal Redundancy

Equilibrium of each joint can be specified by two scalar force equations [

2j equations for a truss with “” number of joints
1 Known Quantities

For a truss with “m” number of two force members, and maximum 3
unknown support reactions [1 Total Unknowns=m + 3

(“m” member forces and 3 reactions for externally determinate truss)
Therefore_: . . A necessary condition for Stability
m + 3 = 2j[IStatically Determinate Internally | . 2 <itficient condition since
m+ 3> ZjDStatlcally Indeterminate |nterna”y lone or more members can be

m+3< 2j|:|Unstab|e Truss arranged in such a way as not to
contribute to stable configuration of

the entire truss




Structural Analysis: Plane Truss

Why to Provide Redundant Members?

> To maintain alignment of two members during construction
> To increase stability during construction

> To maintain stability during loading (Ex: to prevent buckling
of compression members)

> To provide support if the applied loading is changed

> To act as backup members in case some members fail or
require strengthening

> Analysis is difficult but possible



Structural Analysis: Plane Truss

Zero Force Members oD
L
F E >
[[_ £ gg” I
= S
t::\\:-\ \‘%~
A D g B, N
- Bl C SO e '
]
. M
L ¥ P 4
+ % R
. CE =0 Far —>2FK:0'. FABZ - %
T +T EF‘,:OZ FAFZO N
BC € > CD AL' v / \'

2 F_al_l_] l"l,l. N\,
Joint C NG

r('l'/

S0\ +¢ XF, = Feasin@=10
L y ¥ed 7 g \.w simce sin 8 £ 10
+\2F, = 0; Fpcsin 8 = 0; | Fpe = Olsince sin 8 # 0 / CNIF =0
+CSF, = 0 Fpp+0=0; [Fpp=0 v * Fow=Fop




Structural Analysis: Plane Truss

F E
A D
L. B C Y

Y

Ll

F E

186



Structural Analysis: Plane Truss

Zero Force Members: Conditions

If only two non-collinear members form a truss joint and no external load or
support reaction is applied to the joint, the two members must be zero force

members

If three members form a truss joint for which two of the members are collinear,
the third member is a zero-force member provided no external force or support
reaction is applied to the joint

Fy
LF, =0 requires ¥, =0
. LF, = 0 vequires By = F, N
LF, =0 requires F; =0 o Xy 0

LF,=0requires F;=0

9




Structural Analysis: Plane Truss

Special Condition

When two pairs of collinear members are joined as shown in figure,
the forces in each pair must be equal and opposite.

% J

LF, =0 requires Fy = F;
LF, = 0 requires Fy = F,

\ ’
2



Method of Joints: Example

Determine the force in each member of the loaded truss by Method of Joints.

Y

_ 30 kN 60 kN
Is the truss statically determinant externally?

Is the truss statically determinant internally? Yes
Yes

No

Are there any Zero Force Members in the truss?



a c D

Method of Joints: Example 0 | el g
Solution Oim. in my . B B &

Asawhole: £F =0=4 =0

kN kN kN LF, =0 and symmerry.

Joint A: (9 =tan"'(4/5)= 38-7°)

©_ [ZF,=0:60—4Bsin6=0, 4B=96.0kN C
SF,=0:4H -96.0cos6, AH =75kN T

N A 55 [SF, =0:BC+96.0sin51.3° =0, BC = -75 kN (C)
¥ IF, =0:-BH +96.0c0s51.3°=0, BH =60 kN T
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Method of Joints: Example

D

im
f . £
v m ) m 2 TN NN
v H & F L= .
Y \
30 kN 60 KN 30 kN
48.0kN C

Solution -~ v
- [ T
P /-' it ™~
px AN
| - 5 S l 5 ‘
Ay ! I3
! 30 B0 30
kM kN kN
Joint H:
60t oH
K X — L= i 30 = —
75 _ "//6‘ IF,=0:-CHsin6+30=0,CH
kN 4| CH |TF=0:480c0s0+GH ~75=0.GH =112 5 kN T
kNY
Joint G:
CGh YF,=0=CG=60kNT
_ fG By symmetry:
112.5 50 FG=1125kKNT. CF=480kNC
KN oN CD=75kN C.DF=60kN T

EF=75KNT.DE=96.0KN C
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Example

SOLUTION:
10 kN 5 kN
e B i il i + Based on a free-body diagram of the
L B C entire truss, solve the 3 equilibrium
& X ‘°"7' equations for the reactions at E and C.
: 4m
/A \V/4 | « Joint A is subjected to only two unknown
D E sfta member forces. Determine these from the
| | joint equilibrium requirements.
1 6 m !
3m 3m

* In succession, determine unknown
member forces at joints D, B, and E from

Using the method of joints, determine Jointequilibrium requirements.

the force in each member of the truss. . All member forces and support reactions
are known at joint C. However, the joint
equilibrium requirements may be applied
to check the results.



Example

SOLUTION:
10 kN 5 kN Cy
o Bt et el » Based on a free-body diagram of the entire truss,
A B JC_ solve the 3 equilibrium equations for the reactions
" at £ and C.
\\/ \ / 4&111 v 0
D E Z ¢

| 3 =@OKN Y12 m)+(BkN X6 m)-E@Em)

"3m ' =y 3m E = 50kN T
Z FX = 0 = CX CX = O

ZFy =0=-10kN-5kN+50kN +C,
C,=35kN <




Example

1O kN 3 kN

l y
~Bm —~l——ﬁ m -—-‘
A B C
- L o

= _—

i
=T "3m

‘ 10 kN
A

Soamamng
\
X

3

3 Y FA D I

‘DA = 4

D ET
L en
6m

3
10 kN 1_._,74

» Joint 4 is subjected to only two unknown
member forces. Determine these from the
joint equilibrium requirements.

10kN _F,,

— I:AD

4 3

5

FAB = 7.5 kN T
F,, =12.5kN C

 There are now only two unknown member

forces at joint D.

Fps = Fpa
Fpe = 2(%):DA

F,—125kN T
FDE 215 kN C




Example

1O kN 3 kN

[
~Bm —’l‘—ﬁ mn e
A B c G
R .

i

- ! 6m

—

\\\ ///’ \ / .l’I:

3m

L}
3m

5 kN

 There are now only two unknown member
forces at joint B. Assume both are in tension.

Y F,=0=-5kN - (12kN )- ¢ Fy
Fee = —18.75 kN

Foe =18.75kN C

M F =0=F -7.5kN-2(12.5kN)-3(18.75)
X BC 5 5
Fye =+2625kN

Foo =26.25kN T

* There is one unknown member force at joint
E. Assume the member is in tension.

Y F, =0=1F +15kN +3(18.75kN)
Fpe =—43.75kN

F.. =43.75kN C




 All member forces and support reactions are
known at joint C. However, the joint equilibrium
requirements may be applied to check the results.

Y F =-26.25+3 (43.75)=0 (checks)
Y F, =-35+£(43.75)=0 (checks)

3
FCE =43.75 LN
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