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PREFACE

The purpose of writing this eBook is to provide the students with a clear
and thorough understanding of the basic principles and applications of
shear force and bending moment in engineering structures. This eBook
presents the principles behind the methods of solving problem for
determinate beam when subjected to different types of loads.

With these responsibilities in mind, the objective for this eBook is to
develop the student’s ability to recognize basic knowledge of engineering
structures. We provide an adequate number of self-test and problem
solving to enhance student knowledge and understanding.

Any suggestions, comments and feedback for further improvement are
most welcome.

Herliana binti Hassan
Yusnita binti Yusof
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LIBRIUM FORCE

Learning Objective ——

Explain the principles and concepts of equilibrium forces.

Calculate values and directions of vertical reaction,
horizontal reaction and moment.

I-.]J PRINCIPLES OF EQUILIBRIUM FORCES

Engineering structures must remain in equilibrium both externally
and internally when subjected to a system of forces. The principle of
Equilibrium Forces states that if a structure is in equilibrium, all its
members are also in equilibrium.

~<  PRINCIPLE 1
a. summation of all Total leftwards forces is equals to the
forces is equalto zero total of rightwards forces.
i =40,
21k =40
y PRINCIPLE 2
b. Summation of all Total upwards forces is equals to
moments in the the total of downwards forces.
structure is equal to
Zero
PRINCIPLE 3
2M=0

Total clockwise moments is equals to
the total of anticlockwise moments.

D



EQUILIBRIUM FORCE

I 2/ STATICALLY DETERMINATE AND INDETERMINATE
BEAM

Classification of beams according to the equilibrium condition is
categorized as:

Statically determinate Statically indeterminate
beam — beam =

Beams that have more than
three  unknown  support
reactions and moments and
cannot be analyzed by using
pasic equilibrium conditions.

Beams that have three
unknown support reactions
and can be analyzed by using
pasic equilibrium conditions.

Example: Example:
[x=—p} [x=—>
% / | ) )
[y fy fy fy fy
Three unknowns Four unknowns
] 3/ BEAM

Beam can be defined as a horizontal structural member
spanning a distance between one or more supports and
carrying vertical loads across its longitudinal axis. It s
constructed to support the slab and withstand the loads
coming from the building.

Beam Longitudinal

\\ axis

= Supports —

D



1.4 ’ TYPES OF SUPPORT

Type of
support

Roller
support

Hinge or
pin
support

Fixed
Support

R
w

oL

s

Total of
unknown

I unknown

Z@=O
Z
unknNowns
=110
Zﬂ=0
B}
unknowns
2, — 0]
2@=O
>M=0

y
or Hinge

(e | :

EQUILIBRIUM FORCE

Description \\\\\\

A support condition that resists movement
perpendicular to the point of contact. This
support develops one unknown force
component .Usually it reacts vertically.

A support condition that that can resist
forces and prevent movement both in
horizontally and_vertically, but it does not
prevent rotations.

A support condition that does not permit
movement or rotation of the joining
elements in any direction. This support
develops three unknown reactions,
including a vertical and horizontal
component and a resisting moment.

Where :

_!rz M = Moment

I
Fy

F, = Horizontal force

Fy==verncalﬂ3rce

D



EQUILIBRIUM FORCE

How does a support of beam look in real
life’?

Here are the examples application of a support in structures

Fixed Support - Beam Fixed in Wall

Source: Terri Meyer, B, & Vincent, H. (2020)

D


http://www.tboake.com/SSEF1/pin.shtml

EQUILIBRIUM FORCE

1.5 ) TYPE OF BEAMS

A beam is placed on supports and it is classified according to the

support conditions as follows. \

1. Simply Supported Beam

A beam in which one end is supported by a
hinge/pin and the other end is supported by a

roller.

2. Cantilever Beam

A beam that is fixed or anchored at one end and
free at the other end.

3. Overhanging Beam
A beam that has one or both of its ends

H‘ extending beyond the supports.
4. Continuous Beam

A B B

@ Simply supported beam, cantilever beam and overhanging beam are
categorized as Statically Determinate Beam

A beam that spans over more than two supports.

,»

Continuous beam is categorized as Statically Indeterminate Beam

D




EQUILIBRIUM FORCE

MAIN TYPES OF EXTERNAL LOAD

Structures are designed to withstand various types of loads.

Dead loads are due to self weight of the structure. Dead loads
are the permanent loads which are always present, and it
depends upon the unit weight of the material. Example Self
weight of walls, floors, beams, columns etc.

Live loads (also called as imposed loads) on floors and roofs
consists of all the loads which are temporarily placed on the
structure. Live loads keep on changing from time to time
and it depend upon the use of building. Example, loads of
people, furniture, machines etc.

The force exerted by the horizontal component of wind is to be
considered in the design of building. Wind loads depends
upon the velocity of wind, shape and size of the building.

dead loads live loads

(collected snow)

A'-t‘-r ! f “A.:L R
g LLLLLY | |
s | furniture)

| dead loads an Ll NEle)
(wall) | }/
’7 i

dead loads rﬂ'\ = & Toical stati
AEIUNE I ) | ypical static
oo || W ik & & 1 ibatserariadion

a house.

Beam

live loads (collected

Column

Jajsuel] peo

soil and
hydraulic loads

Foundation

General classification of loads

D



EQUILIBRIUM FORCE

l 7/ LOAD DISTRIBUTION

There are three main methods how loads are distributed on a
structure. However, loads distributed in a structure are the
combination of many types of loads.

Point Load Point Load,

_ F
v This load acts on a very small

area and can be considered as ‘
acting on a point.

v lts symbolis an arrow, and its
unitis N or kN ;

Uniformly Distributed
Load (UDL)

v This type of loads acts along
_—_ the whole length of a beam or
some part of it and the
magnitude of the load is
’ “ equal.
v lts unitis N/m or kN/m.

Moment
v Moment is generated by a pair of !\/Ionl\jlent,
force.
v' These forces are acting on a
point and this results in a twist at
the point.
v' The direction of the twist is either ’ ’

clockwise or anticlockwise.
v ts unitis Nm or kNm.

D



EQUILIBRIUM FORCE

] _8J FREE BODY DIAGRAM

Any force system acting on a structure is easily analyzed if
the appropriate reaction required to maintain equilibrium are
inserted in a diagram is called Free Body Diagram.

1 ZkKNm ]51<N
—
H =—
- = %
R
Rlé >l >le :}D

Digital Link

https.//youtu.be/C-FEVZI80e8



https://youtu.be/C-FEVzI8oe8

EQUILIBRIUM FORCE

Simply Supported Beam

Based on figure 1.1, determine reactions at the support of the simply

supported beam. S 5

|
e 2

’4—»}4—»}4—»

Im B 2m C 2m D
Figure 1.1
Solution:

Step 1: Sketch Free Body Diagram.

F,
: _ 15kN
Pin Support : L Roller Support :
e 2 I unknown
unknowns 7 f
y
f,and
2m I 2m D
- + >
= > . _ .
d,=3m anticlockwise clockwise
dp=>5m i moment  moment

Step 2: Determine reaction at support D by using principle of equilibrium forces.

Use a summation of Horizontal forces to get the horizontal reaction at A, Hu

Xfy > =2f <
HA =O

Use summation of Moment at point A to get the vertical reaction at D, Ry,

EMA = O, ( - ~
Fidy + Fpd; = Rpdp =0 @ Things to keeo in
(20kN)(1m) + (15kN)(3m) — (Rp)(5m) =0 s mind
Rp =13kN | pMoment = Force x distance
, : M =Fxd
Use summation of Vertical forces to get the
vertical reaction at A, R F
Ih =214 :*
(>
Ry + Rp = 20kN + 15kN d
R, + 13 = 35kN Substitute Rp = 13 kN **Force s perpendicular
4 | to the distance where
R, = 22kN moment is to be taken




EQUILIBRIUM FORCE

Simply Supported Beam

Based on figure 1.2, determine reactions at the support of the simply

supported t 30kN
25kN/m
VY VYYVYIYIVIYY
T O
A 1.5m B 5m c 1.5m D
Figure 1.2
Solution:
Step 1: Sketch Free Body Diagram.
F;
30kN W,
25kN/m

Pin Support : EEXEEEEEEEEEE] Roller Support :

e 7 e | unknown
unknowns o fy

+ fiandf

£ B = C 1.5m

D
d;=1.5m
d,=1.5m +§ m =4m
rl

dp=8m

I

Step 2: Determine reaction at support D by using principle of equilibrium forces.

Use a summation of Horizontal forces to get the horizontal reaction at A, H,
Ify = =2f

Hy=0
Use summation of Moment at point A to get the vertical reaction at D, Ry,

Fldl + Wzdwdz - RDdD =0

(30kN)(1.5m) + (25=2)(5m)(4m) — (Rp)(8m) = 0
R, = 68.125kN

Use summation of Vertical forces to get the vertical reaction at A, R,

2, 1=2f, L
Ra+ Rp = 30kN + (25=2)(5m)
Ry + 684125 = 155kN Substitute Rp = 68.125 kN
|
R, = 86.875kN

@



EQUILIBRIUM FORCE

* SELF-TEST “1A Simply Supported Beam

Determine reactions at the support for each of the simply supported
pbeam as shown in figure below.

25kN
10kN/m 5kN/m

Y VvV VvV VY 2 EEEEE

15kNm 25kN
X 20kN/m
HYRREREETRR

"
1 3m 2m I
A B C D

m

25kN/m
TN




EQUILIBRIUM FORCE

Example 1.3 Cantilever Beam
Based on figure 1.3, determine reactions at the support of the cantilever

beam.
20kN/m 15kN

ZNINININENENY. }
=)

3m 2m ‘
A B C

Figure 1.3
Solution:
Step 1: Sketch Free Body Diagram.
w, F,
e M, 20kN/m 15kN
ixed Support : E l
. 3 YIVYYVIYYYYY
unknowns +’ s ’
fy, fxand M
RA
< > >
| d,=3m | 2m |
A B €
P : > ~|
d;= ; m=1.5m
d,=5m 'l

Step 2: Determine reaction at support D by using principle of equilibrium forces.

Use a summation of Horizontal forces to get the horizontal reaction at A, Hu
Ify o =2f <
HA =0

Use summation of Vertical forces to get the vertical reaction at A, R

2f, 1=2f,
Rs = (20%%) (3m) + 15kN >
R, = 75kN t '

Use summation of Moment at point D to get the Moment at A, M,
XM, = 0;
Wldwdl + dez - MA =0

(205%) (3m)(1.5m) + (15kN)(5m) — M, = 0
My = 165kNm

@



FQUILIBRIUM FORCE
SRR Cantilever Beam

Based on figure 1.4, determine reactions at the support of the cantilever
beam.

20kN 10kNm 15kN/m
| NI B
=
e e
L 2m : 2m C 1m D
Figure 1.4

Solution:

Step 1: Sketch Free Body Diagram.

F, M -
20kN 10kNm 2
15kN/m :
1 r\\l\ Fixed Support :
YYRYYYY -
</ unknowns
k:z N - . fand M
2m d,=2m im
A B & D
— »
2

(Iz=2m+ 1m=2m

A

d;=5m
Step 2: Determine reaction at support D by using principle of equilibrium forces.
Use a summation of Horizontal forces to get the horizontal reaction at D, Hp
Ify > =2f <
Hp =0

Use summation of Vertical forces to get the vertical reaction at D, R,

If, 1= If, U
Rp = (20kN) + (152) (2m)

W3 dw

R, = 50kN

Use summation of Moment at point D to get the Moment at D, Mp

_dez + M — WZdeZ - MD =0

—(20kN)(5m) + 10kNm — (15 %’V) (2m)(2m) + My = 0

\:££;>



EQUILIBRIUM FORCE

* SELF-TEST “1B Cantilever Beam

Determine reactions at the support of cantilever beam as shown in
figure below.

10kN/m 5kN/m

. % VVYVY !v*{

<«

25kN
15kNm 20kN/m |

%&JH&##&&&H
/. <}Jﬂ 1
lg

im | 4m |
A B C




EQUILIBRIUM FORCE
SE RIS Cantilever Beam

Based on figure 1.5, determine reactions at the support of the overhanging
pbeam. 35kN

10kN/m

EEENEEENEEEEN

T AT e w——
A 1.5m 5 1ﬂ5n1C 3m D 1.5m £

Figure 1.5

Solution:

Step 1: Sketch Free Body Diagram. F, -

W
35kN ?

10kN/m

EEIEEERER'IER

H, |
+ + + +
A Ro
1.5 .

A m B 1.5 c 3m D 1.5m E

= d, =6m !
d;=3m |
d,=1.5m + L313H13

dp=6m

Step 2: Determine reaction at support D by using principle of equilibrium forces.

Use a summation of Horizontal forces to get the horizontal reaction at A, Hu
Ify 2 =2fr <
HA = 0
Use summation of Moment at point A to get the vertical reaction at D, R
F1d1 + Wzdwdz - RDdD =0
(35kN)(3m) + (10°0)(6m)(4.5m) — (Rp) (6m) = 0
Rp = 62.5kN
Use summation of Vertical forces to get the vertical reaction at A, R,

2f, 1=2f; o
Ra+ Rp = 35kN + (1023)(6m)

Ry + 6%.5 = 95kN Substitute Rp = 62.5 kN
|
R, = 32.5kN

@



EQUILIBRIUM FORCE
Do SRNCEA Cantilever Beam

Based on figure 1.6, determine reactions at the support of the
overhanging beam.

15kN 25kN 13kNm 10kN
10kN/m€l
| b |
\!
‘
2m "1m 3m Im 2m |
A B C _ D r
Figure 1.6
Solution:
Step 1: Sketch Free Body Diagram.
F M N
150 25kN ®: 13kNm N

10kN/m ?
) 4 Y
AN
—
) L) e
RB

RE
2m im d,=3m im 2m ‘
A B C D E F
d;=2m |d,=1

T INSE—
d;= lm+;m=2.5m

dp=5m

<
-«

d,=7m .

Step 2: Determine reaction at support D by using principle of equilibrium forces.

Use a summation of Horizontal forces to get the horizontal reaction at B, Hy

Ify > =2f <
HB=O

Use summation of Moment at point B to get the vertical reaction at E, Rg
IMgp = 0;
_Fldl +F2 dz + W3dwd3 -—M — REdE +F4_ d4_ =0
—(15kN)(2m) + (25kN)(1m) + (10 %N) (3m)(2.5m) — 13 — (Rg)(5m) + (10kN)(7m) = 0

Ry = 25.4kN

Use summation of Vertical forces to get the vertical reaction at B, Rg
I, 1=2f 4
Rp + Ry = 15kN + 25kN + (10 %”) (3m) + 10kN

Rp + 1+1 = 80kN Substitute Rg = 25.4 kN
|

@

Ry = 54.6kN



EQUILIBRIUM FORCE

T SELF-TEST “1C Overhanging Beam

Determine reactions at the support for each of the overhanging beam
as shown in figure below.

0N
LKN/M 5 /m

I Yy v ¥ ¥V Vv Vv Y * ‘ v

™
2m 4m 2m ‘
A B C D

25kN 15kNm
| 20kN/m =
5 llr v Y VY Yy y v v Yy
| e 5
A 2m 8 4m c 3m 5
40kN
15kNm 2OKN/m
s NI T Il
. & e
| 1.5m 3m 3m 1m
A B C D E
4%kN 20kN/m 10kNm 15kN
1 VZ
4 0 Y ¥V ¥V ¥V V¥V Y A\ 4
nlh > e
‘ im 4m 1im 1.5m ‘
A B C D E

@



E AND BENDING

- Learning Objective
Calculate shear force and bending moment in beam.

Draw shear force and bending moment diagrams
for statically determinate beams.

24 ’ WHAT IS SHEAR FORCE AND BENDING MOMENT?

Shear Force ’

Shear forces are internal forces developed in the beam
material to balance the externally applied forces in
order to secure the equilibrium of all members of the
pbeam.

Gy

Bending moments are internal moments that are
developed in the beam material to balance the
tendency of external forces to cause rotation of any
part of the beam.

@



SHEAR FORCE AND BENDING MOMENT

Shear force diagram and bending moment diagram is the
most important first step toward design calculations of
structural members.

Shear Force diagram indicates the shear force resisted by the
beam section along the length of that beam.

Bending Moment Diagram is the diagram to show how the \
applied loads to a beam create a moment variation along the
length of the beam.

Why do we need to calculate Shear
Force and Bending Moment?

. As analytical tools used in conjunction with structural
analysis to help perform structural design Dby
determining the value of shear force and bending
moment at a given point of a structural element such as
a beam.

2. These diagrams can be used to provide an appropriate
size of beam or column which can resist the applied
forces when a given set of loads, it can be
supported without structural failure.

A
-
.
T
=
O
A

https://youtu.be/5K27dJgGpf8

@



https://youtu.be/5K27dJqGpf8

SHEAR FORCE AND BENDING MOMENT

2.2 1 RULES TO CONSTRUCT SHEAR FORCE AND
/ BENDING MOMENT DIAGRAM

Rule 1 ) Start with the far-LEFT SIDE of the beam.

If there is an upward
force at a support, then = 3o X %
the Shear force diagram A i<

will start at this force
above the x-axis. RA

o

;U_
w

If there is a downward
point load and no !
support, then the shear
force diagram will start as
a negative at the value of
the point load

® ©

\ Move across the beam to right side, stop at every load
Rule 2
that acts on the beam

When come across the loads,
simply add (or subtract) these
loads from the value you already
have (keeping a cumuiative total)

@



SHEAR FORCE AND BENDING MOMENT

Rule 3 Draw shear force and bending moment diagram by
N )following the sign convention as below:
SFD |

POSITIVE Shear Force
Diagram is ABOVE the x-x ,
axis while NEGATIVE Shear i I B 1
Force Diagram is BELOW !
the X-x axis BMD |

+ve

SFD

Diagram is BELOW the X-X

POSITIVE Bending Moment E : ’
axis while NEGATIVE 0 |

Bending Moment Diagram is | -ve \

ABOVE the x-x axis . :




SHEAR FORCE AND BENDING MOMENT

- Value of bending moment between any two point is
\ ) equal to the AREA of the shear force diagram

SFD
When come across loads, i]OkN :
simply add (or subtract) '
0

these loads from the value
you already have, keeping |

a cumulative total i | -ve T
, -10kN '

. ! m | 3m [
Consider a shear force “ > >
BMD ! : :

diagram as shown in figure,
therefore, bending
moment at each point is
calculated as follow:

M, =0
Mc =(10x2) =20
Mg =20-(10x2) =0

@



SHEAR FORCE AND BENDING MOMENT

2.3 | VARIATION OF SHEAR FORCE AND BENDING
MOMENTS

1. Where a beam experiences point loads:
The shear force diagram comprises horizontal straight lines.
The bending moment diagram is sloping straight lines.

2. Where a beam experiences uniformly distributed loads:
The shear force diagram comprises sloping straight lines.
The bending moment diagram is curved (parabolic).

3. Where a beam experiences moment:
The shear force diagram comprises horizontal straight lines.
The bending moment diagram is vertical line (downward or

upward).
Types of load Point Load ubDL Moment
(kN) (KN/m) (KNm)
Shear Force Vertical & Sloping straight Horizontal
Diagram, SFD Horizontal lines straight lines
(kN) straight lines

Bending Sloping straight Curved line Vertical line

Moment lines (parabolic)

Diagram,

R N \J
D



SHEAR FORCE AND BENDING MOMENT

2.4 1 TYPICAL DIAGRAM OF SHEAR FORCE AND BENDING
MOMENT FOR DETERMINATE BEAM

IMPORTANT concepts of SIMPLY
SUPPORTED BEAM

SN

Simply supported beam Simply supported beam
Types of load subjected to point Load subjected to uniformly
distributed Load

P
l I

iy 3. 5
1 t| 1 1

Shear Force Diagram,
SFD E° +ve
(kN) 0

—ve —ve

Bending Moment 0
Diagram, BMD +ve
(kNm)

+ve

@



SHEAR FORCE AND BENDING MOMENT

IMPORTANT concepts of
CANTILEVER BEAM

Types of load

Shear Force Diagram,

SFD
(KN

Bending Moment
Diagram, BMD
(kNm)

Cantilever beam

subjected to point Load to uniformly distributed

P

R
T

AN

C

+ve

BN

@

Cantilever beam subjected

Load \

EERRED

NN

+ve




SHEAR FORCE AND BENDING MOMENT

el oSAN Simply Supported Beam

CASE 1: Beam with a non-central point load

Construct shear force and bending moment diagrams for a beam as
shown in Figure 2.1. 45KN

A iA U j B

T e "l

Figure 2.1

Solution:
45KN

Step 1: Calculate reactions at
support A and B.

s Etes My =0

>le 45(2) - Rg(5) =0
A m ' m B B
’ ’ Rp = 18kN
Ry= Rg= 18kN
2 7kN ZFy T= ZFy l
SFD [kN) R, + Rp =45
R,= 27kN
27
Step 2: Drop vertical lines at
each load and draw horizontal
0 lines on which to construct

shear force diagrams (SFD).

Step 3: Draw SFD from the left
side of the beam A and move
across the beam. In this case it
Is a +2/kN due to the reaction
at point A because the reaction
arrow is pointed up Z2/kN.

@



SHEAR FORCE AND BENDING MOMENT

Example 2.1 Simply Supported Beam

45kN

Ll‘

Ry = 18KkN

Ry=

ZJEﬁ{kN) Step 4: Keep moving across
the beam, stopping at every
load that acts on the beam.
The wvalue on the shear
diagram remains unchanged
from point A to point C

There is a downward 45kN
force at point C, so, minus
45kN from the existing 2/7kN.

Therefore,
27kN — 45kN = — T8kN
which pushes the shear

diagram down from its
present value by 45kN.

>
@_
@)

@



SHEAR FORCE AND BENDING MOMENT

el oSAN Simply Supported Beam

45kN

% é@ Step 5: Moving across the

ol 5 beam again, a positive
a o o reaction of 18kN acting at
Ry=2/kN Rg= T18kN support B.

SFD (kN| Again, add this +18kN to
the shear force diagram
(which is currently at -
18kN) which will bring to
a shear force of 0.

27

-18kN + [18kN = OkN
0 which pushes the shear

1 diagram up to zero.

Since we are at the end of
the beam, we will go no
further, and we have our
final Shear Force Diagram
(SFD)

@
(=)

@



SHEAR FORCE AND BENDING MOMENT

el oSAN Simply Supported Beam

45kN

% ﬁ% Step 6: Calculate bending

»le )
A om0 E B moment at each point on
the beam.
R, = 27kN Rg= 18kN
12/ : ;
+ve i M, =0
SFD M =(27x2) =54
v i (kN)
Mg =54 —(18x3) =0
-ve

To construct  Bending

Moment Diagram, start at
BMD A where the moments at
(kNm) the support A is zero.

Note that the bending

moment diagram
comprises sloping straight
line due to the point
loaded between two
points.

@



SHEAR FORCE AND BENDING MOMENT

Dl oSPa Simply Supported Beam

CASE 2: Beam carrying a uniformly distributed load over its
entire beam span

Construct shear force and bending moment diagrams for a beam as
shown in Figure 2.2. 20kN/m

I‘ om

A
—

RA ) Rg
Figure 2.2
Solution:
20kN/m
ﬁ@é Step 1. Calculate reactions
Al e at support A and B.
| sm N this case, the reaction at
RA: S50kN RB: 50kN A and B is 50kN.
SFD(kN) Step 2: Drop vertical lines at
: each load and draw
550 horizontal lines on which
to construct shear force
diagrams.
0

Step 3: Draw SFD from the
left side of the beam A and
move across the beam. In
this case it is a +50kN due
to the reaction at point A
because the reaction

@ arrow is pointed up 50kN.

@



SHEAR FORCE AND BENDING MOMENT

Example 2.2 Simply Supported Beam

20kN/m

LIIYIYIVIIIYYyivivyyy
b kot

the existing 50kN.

e e
5m
R, = 50kN Rg = 50kN
SFD (kN) Step 4: Keep moving across
, . the beam, stop at every
150 ; load that acts on the beam.
i A uniform distributed load of
i Z0kN/m along the span, so
0 : we will minus 20kN/m from

50kN - 20(5JkN = - 50kN
which pushes the shear
diagram down as sloping
straight line from its present
value by 20kN/m.

@



SHEAR FORCE AND BENDING MOMENT

Dl oSa Simply Supported Beam

20kN/m

LLIYYYIViI vy yivivyyy
% %ﬁ Moving across the beam
Aﬁ ;‘ B again, a positive reaction of

5m 50kN acting at support B.

R = 50kN Rg = 50kN

SFD (kN

550 Again, add this +50kN to the

shear force diagram (which
is currently at -50kN) which
will bring us to a shear force
of 0.

— 50kN + 50 kN = 0 kN

which pushes the shear
diagram up to zero.

Since we are at the end of
the beam, we will go no
further and we have our
final Shear Force Diagram
(SFD)

)
@,
©),

@



Dl oSa Simply Supported Beam

20kN/m

Yyvey vy
= =

Af‘ “B

»
« i

5m

R, = 50kN Ry = 50kN

SFD
(KN

@

SHEAR FORCE AND BENDING MOMENT

To construct Bending
moment Diagram, start at A
where the moments at the
supports A is zero.

Then, move across the beam
and calculate the bending
moment at each point.

BMD (kNm)

M, =0

Mc = (X 2.5 50)
=625

My =62.5 - [>x 25 50)
-0

Note that the bending
moment diagram
comprises curved line due
to the uniformly distributed
load between two points.




SHEAR FORCE AND BENDING MOMENT

e[S Simply Supported Beam

A simply supported beam loaded as shown in Figure 2.3. If reaction at
support A are Ry = 22kNand Ry = 13kN.

. Calculate the value of shear force and bending moment.
il. lustrate the Shear Force Diagram (SFD) and Bending Moment

Diagram (BMD) that indicate all the values at important points.
iii. Determine the maximum bending moment.

20kN 15kN
l .L
A 1M g 2m C 2m D
Figure 2.3
Solution: 20kN 15kN

l |

R,=22kN Rp=13kN
A im B 2m C 2m D

Step 1: Calculate Shear Force, kN.

Point/

Figure Shear Force
Interval
A ]
A
A * Fy =R, = +22kN
Ra = 22kN
Fl
Z(j’IN FB = FA - F1
B - _ _
P Fg = 22kN — (20kN) = 2kN
FZ
15kN Fc=Fp — F,
< JL - Fo = 2kN — 15kN = —13kN
B ———e
—— O Fp =Fc—Rp
D " A
Fp = —13kN + 13kN = 0




SHEAR FORCE AND BENDING MOMENT

Seo[S2E Simply Supported Beam

Step 2: lllustrate the Shear Force Diagram (SFD) .

20kN 15kN
I
Ra= 22kN Ro= 13kN Things to keep in
H—*—bk—b /
N AT mind
“The SFD should always
Fo = 22kN equal to zero at both ends”.
SFD
+ Fy = 2kN
0 Fp=0
Fc=—13kN

Step 3: Based on SFD and Figure 2.3, calculate Bending Moment, kNm.

Point/

Interval Figure Bending Moment

MA=O

A F
A [P Moment at support of a simply supported beam

equal to zero.

|
Fa=22kN l Area of rectangle
Mg = Fpdyg 9
A-B + Mg = (22kN)(1m)
0 Mg = 22kNm
dAB = 1m
Fg = 2kN M¢ = Mg + Fpdpc
B-C 0 Mc = 22kN + (2kN)(2m)
dB(' =2m MC = 26kNm
B C
0
- MD = MC + FCdCD
C-D Fc=-13kN Mp = 26kN + (—13kN)(2m)

| MD=0

@



SHEAR FORCE AND BENDING MOMENT

e[S Simply Supported Beam

Step 4: lllustrate the Bending Moment Diagram (BMD).

20kN 15kN

| | Things to keep in
' mind

“The BMD will be zero at
Ra= 22kN Rp= 13kN .
| the support of a simply
[ .
A im 8 2m c 2m 5 supported beam”.
M,=0 Mp =
+ BMD
Mg =22kNm
M, = 26kNm

The maximum bending
moment, M.« = Z6kNm

The bending moment can also be calculated using Figure 2.3.

Point/ ) .
Interval Figure Bending Moment
A
A F My=0
F,
20kN
JL Mp = Rydsp
A-B AA” : Mg = +(22kN)(1m)
RA =22kN MB = 22kNm
dyp=1m |
F; F,
20kN 15kN
l JL M¢ = Radgc — Frdpc
A
A-C e B p M¢ = +(22kN)(3m) — (20kN)(2m)
M; = 26kNm
dg= dgc=
Im 2m
F; F,
20kN 15kM
M¢ = Rydyp — F1dgp — Fadcp
Al r )
A-D 1‘ B c D | Mp = +(22kN)(5m) — (20kN)(4m) — (15kN)(2m)
R, = 22kN My =0
>
dp= dpc= dep =
im 2m m



SHEAR FORCE AND BENDING MOMENT

DS Simply Supported Beam

A simply supported beam loaded as shown in Figure 2.4. If reaction at

support A are R, = 22kN and Ry = 13kN.

. Calculate the value of shear force and bending moment.

il. llustrate the Shear Force Diagram (SFD) and Bending Moment
Diagram (BMD) that indicate all the values at important points.

iil. Determine the maximum bending moment.

30kN
| 25kN/m
. 212 EEERTRRY
-‘-
1.5m 5m 1.5m
A B C D
Figure 2.4
Solution: 30kN
25kN,/m
| VY VY VYYYYVYYVYY
R, = 86.875 kN Rp = 68.125 kN
1.5m 5m 1.5m
A B c D

Step 1: Calculate Shear Force, kN.

Point/ Figure Shear Force
Interval
A 4
rF 3
A - F, = R, = +86.875kN
R, = 86.875kN
FI
5 30kN Fp=Fa—F
- Fg = 86.875kN — (30kN) = 56.875kN
A B
W, Fr = Fg —w,d
25|(N/|'T1 € B 2YBC
- kN
B-C B‘ C FC = 56.875kN — 25? (Sm)
——————>
dge=5m F, = —68.125kN
—F. —
$ D Fp =F:.—Rp
D * Fp = —68.125kN + 68.125kN = 0
Rp = 68.125kN

@



SHEAR FORCE AND BENDING MOMENT

DS Simply Supported Beam

Step 2: lllustrate the Shear Force Diagram (SFD) .

30kN
25kN/m
| VYVVIIVVIIIVY
R, = 86.875 kN R, = 68.125 kN Things to keep
1.5m 5m 1.5m g /77//7d
C . :
A B b Any points where the SFD
Fa = 86.875kN Cross the x-axis (intersection
Intersection Point . . .
Fg = 56.875kN point), will be a max or min
+ . ”
@ SFD Bending Moment”.
0 @ Fp=0
F.=-68.125kN
«—>
x 5—x
2.275m 2.725m
L _ L
_ hy  hy
h, = 56.875kN l,=5-x Lo |
x  5-x Therefore;
56.875  68.125 5—x=5-2275
=2.725m
I, =x h, = 68.125kN x = >(56.875)
(56.875 + 68.125)
x =2.275m

Step 3: Based on SFD in Figure 2.4, calculate Bending Moment, kNm.

Point/ _ _
Interval Figure Bending Moment
A F M, =0
Fn =86.875kN
Mp = Fydyp
A-B + My = (86.875kN)(1.5m)
0 My = 130.313kNm
HTH
AB
A Ism B

@



SHEAR FORCE AND BENDING MOMENT

DS Simply Supported Beam

Point/

Interval Figure Bending Moment
l I
Fg = 56.875kN 1 Area of triangle
M, = Mg +EFBde
B-x 0 1
« M, = 130.313kNm + > (56.875kN)(2.275m)
B 5oy
2.275m ¥ M, = 195.008kNm
0 1
Q Mc = My + 5 Fedy g
1
x-C Fc=—68.125kN Mc = 195.008kNm + > (=68.125kN)(2.725m)
- d\'C= =
X 2.725m M; = 102.188kNm
0 1
Mp = M, + EchxC
C-D Mp = 102.188kNm + (—68.125kN)(1.5m)
= ‘ M, = 0.0005kNm
¢ 9ep=2m Mp ~ OkNm

Step 4: lllustrate the Bending Moment Diagram (BMD) .

30kN
25kN/m

I YYYYVYYVYVYY

b

=

R, = 86.875 kN R, = 68.125 kN
e L My
A B C b
M,=0 Mo =0
M, = BMD
+ 130.313kN
Mc=
102.188kNm
M, = )
195.008kNm «— | The maximum
bending moment,
x5 Mo = 195.008kNm
2.275m 2.725m

39



SHEAR FORCE AND BENDING MOMENT

DS Simply Supported Beam

The bending moment can also be calculated using Figure 2.4.

Point/ . .
interval Figure Bending Moment
A F My=0
FI
30kN
i Mp = Rydyp
A-B A f 8 My = +(86.875kN)(1.5m)
RA = 86.875kN MB = 130.313kNm
«—>
dp=1.5m
310:|1<N "2 d
25kN/m M¢ = Rydyx — F1dpy — Wadpy (%)
y
. AL - x M, = +(86.875kN)(3.775m) — (30kN)(2.275m)
kN 2.275m
R, = 86.875kN - (25 Z) (2.275m) ( 2 )
l—>le———p
dg=" dg.= M, = 195.093kNm
1.5m 2.275m
o dpc
30kN 554N /m M¢ = Rpdgc — Fidpc — wadpc (T)
A C M. = +(86.875kN)(6.5m) — (30kN)(5m)
_ B
A-C | kN 5m
R, = 86.875kN —\25 (5m) -
[—>le——>
dip=" dgc=5m M; = 102.188kNm
1.5m
Fli W,
30kN d
% Mp = Rpdsp — Fidpp — Wadpc (%C + dcu)
A ®D
. ‘r 5 C Mp = +(86.875kN)(8m) — (30kN)(6.5m)
R, = 86.875kN Rp = 68.125kN - (25 %N) (5m) (STm 4 1.5m)
[l >la—p
d;g= dgc=5m dp= Mp = OkKNm
1.5m 1.5m

40



SHEAR FORCE AND BENDING MOMENT

el oSS Simply Supported Beam

A simply supported beam loaded as shown in Figure 2.5.

I Calculate reactions at the support of beam

ii. Calculate the value of shear force and bending moment.

ii. Mustrate the Shear Force Diagram (SFD) and Bending Moment
Diagram (BMD) that indicate all the values at important points.

iv. Determine the maximum bending moment.

18kNm 20KkN
15kN/m i
I T LA
e < -L
Im 2m 2m
A B C D
Figure 2.5

Solution:
Step 1: Sketch Free Body Diagram.

Calculate the resolution force of
20kN at an angle of 30° above the 18kNm
horizontal using trigonometric. 15kN/m

ﬁ\ﬂ' TI 114, firrsakn

jj,: 10 kN

4.;'
20kN fy = 208in30° " ‘ A *
= 10kN
A R " N o
fx = 20C0s30° Im 2m 2m
f, = 17.321kN A B ¢ D

Step 2: Determine reaction at support A and D by using principle of equilibrium forces.

2fy o =2f <
Hy, = 17.321kN

18kNm + (155%) (2m)(2m) + (10kN)(3m) — Rp(5m) = 0
R, = 21.6kN

2, 1=2f L
kN
Ry + 21.6kN = (15 ?> (2m) + 10kN

@

R, = 18.4kN



SHEAR FORCE AND BENDING MOMENT

el oSS Simply Supported Beam

Step 3: Calculate the Shear Force.

18kN J,=10kN
Fy =R, = 18.4kN m 15KkN/m |
Fy = Fy = 18.4kN WITTT . f-vsnw
HA= — —
Fo = Fg —wdpc 17.321kN
kN
= 18.4kN — (15 ;) Ra= 18.4kN Rp= 21.6kN
= —11.6kN |<—ﬁ<—>%—>{
Im 2m c 2m
F¢'=F¢ - fy A B P
= —11.6kN — 10kN
= —21.6kN Fn=18.4kN
FD = FC’ + RD + SFD
= —21.6kN + 21.6kN
Fc=—11.6kN
Step 4 : Calculate the Bending Moment. ¢
X 2—x Fc'=-21.6kN
184 11.6 _ Yy
x =1.227m 1.227m [0.773m
MA - O
Mgy = (18.4kN)(1m)
= 18.4‘kNm MA=0 MD=0
Mg' =Mz + M \
= 18.4kNm + 18kNm + e BMP
= 36.4kNm
My = My’ +2Fyd Me -
x T B TR le 36.4kNm 43.205kNm
= 36.4kNm + > (18.4kN)(1.227m)
— M, =
= 47'6818kNm 47.688kNm
MC = Mx + EFCdxC
= 47.688kNm + % (—11.6kN)(0.773m)
= 43.205kNm The maximum
Mp = M¢ + Fc'dep bending moment,
= 43.205kNm + (—21.6kN)(2m) Mo = 47.688kNm
=5x1073
~ 0

@



SHEAR FORCE AND BENDING MOMENT

* SELF-TEST “2A Simply Supported Beam

A simply supported beam loaded as shown in figure below.

I Calculate the reactions at the support of beam.

ii. Calculate the value of shear force and bending moment.

jii. Mustrate the Shear Force Diagram (SFD) and Bending Moment
Diagram (BMD) that indicate all the values at important points.

Iv. Determine the maximum bending moment.

15kN 30kN
10kN/m

I
R IR EERE
A x %
m 3m 2

m
A B C D

35kN
> | 15kN/m
I IEIEEEISEERE

12kNm

15kNm 30kN
30kN/m

v vV v v v ¥
I

@




SHEAR FORCE AND BENDING MOMENT

S Elglol[SWA Cantilever Beam

A cantilever beam loaded as shown in Figure 2.6. If reaction at support A

are Ry = /5kNand M, = 165kNm.

. Calculate the value of shear force and bending moment.

il. lustrate the Shear Force Diagram (SFD) and Bending Moment
Diagram (BMD) that indicate all the values at important points.

iii. Determine the maximum bending moment.

20kN/m 15kN

‘—

==
le - .
h 3m i 2m g
A B C
Figure 2.6
Solution:
M, = 165kNm
15kN
[ 20kN/m
=1 ITITTREETRY! 4

R, = 75kN

3m 2m ‘

A B C
Step 1: Calculate Shear Force, kN.

Point/

interval Figure Shear Force
JN —
F 3
R, = 75kN
Wy
20kN/m
P ,‘*‘*& - Fp =Fy —wydyp
- A B kN
7.,=3m | Fg = 75kN — (20?> (3m) = 15kN
F,
15kN Fo=Fgz—F,

¢ I - Fo = 15kN — 15kN = 0
C
@



Example 2.6

SHEAR FORCE AND BENDING MOMENT

Cantilever Beam

Step 2: lllustrate the Shear Force Diagram (SFD) .

M, = 165kNm

15kN
/ 20kN/m

TIVIIYIVYYIY |l
R, = 75kN
e e )
" 3m | 2m |
A B C

SFD
Fo=0

Step 3: Based on SFD in Figure 2.6, calculate Bending Moment, kKNm.

Point/

Interval Figure

M, = 165kNm
-

=
&,

Bending Moment

* |
1
Mp = My + E(FA + Fg)dup Area-of
trapezium

1
Mp = ~165kNm + - (75kN + 15kN)(3m)

M¢ = Mg + Fgdpc
M, = —30kN + (15kN)(2m)
MC = 0

@



SHEAR FORCE AND BENDING MOMENT

Selaglol[SPAIA Cantilever Beam
Step 4: llustrate the Bending Moment Diagram (BMD) .
M, = 165kNm
/- 20kN/m 15kN (s
-(q)- Things to keep in
ITEFEEETRETY! 4 \/ gm/hd P
R, = 75kN At fixed support of a
< > ‘ P ) v cantilever beam, the
A 3m 5 2m c bending moment is
always maximum
The maximum bending
moment, M.« = 165kNm
M, = -165kNm
" v At free end of the
cantilever beam, the
BMD - <
M. = —30kNm bending moment is
: always zero.
Mc=0
N _/

The bending moment can also be calculated using Figure 2.6.

Point/ _ _
Interval Figure Bending Moment
MA= 165kNm
A _ \bf= M, = —165kNm
A
M, =165kNm
fzokw/m dup
- Ar*****‘B MB:MA+RAdAB_W1dABT
r
A-B \-; Mg = —165kNm + (75kN)(3m) — ZO%N (3m) (37"‘)
R, = 75kN My = —30kNm
dyp=3m
M, = 165kNm » dAB
/- ZOkN/mI M¢ = My + RAdAC - WldAB (T + dBC>
— ¥
QL ¢ M, = —165kN + (75kN)(3m + 2m)
A-C . B o >
R, = 75kN —20—(3m) (7 + Zm)
| MC =0

@



SHEAR FORCE AND BENDING MOMENT

SCoSVER Cantilever Beam

A cantilever beam loaded as shown in Figure 2.7. If reaction at support A

are Ry =7/5kNand M, = 165kNm.

I Calculate the value of shear force and bending moment.

ii. llustrate the Shear Force Diagram (SFD) and Bending Moment
Diagram (BMD) that indicate all the values at important points.

lii. Determine the maximum bending moment.

20kN 10kNm
15kN/m
| N
<ﬂ
| 2m 2m Im
A B C D
Figure 2.7
Solution:
My = 150kNm

20kN 10kNm

15kN/m
| NI R
b ﬁ/

Rp = 50kN

| 2m 2m 1im
A B C D

Step 1: Calculate Shear Force, kN.

Point/ Figure Shear Force
Interval
F;
20kN
v
Ae
Fs =F
B ek L
— Fgy = —20kN
Wy
15kN/m Hias Be W (r g
B = kN
soc | N Pb::_zokN._(157;)<zno::—50kN
dpge=2m |
D D FD = FC + FD
N Fp = —50kN + 50kN = 0
Rp = 50kN

@



SHEAR FORCE AND BENDING MOMENT

Do SPAA Cantilever Beam

Step 2: lllustrate the Shear Force Diagram (SFD) .

K M, = 150kNm
20kN 10kNm 15kN/m D\
| N
& /
Rp = 50kN
- e
L 2m B 2m c im D
+
0 Fp=
— FA == 20kN F\ SFD
F.=—-50kN

Step 3: Based on SFD in Figure 2.7, calculate Bending Moment, kKNm.

Point/ , ,
Interval Figure Bending Moment
A L My,=0
A
Mg = My + Fgd
of_— 1 poA TIETAR
A—-B Fg = — 20kN Mg = OKNm + (—20kN)(2m)
N7 zm’B My = —40kNm
10kNm . MB, — MB + M
B — Mg' = —40kN + 10kNm = 0
z M;' = —30kNm
, 1
0 ~ Mc = Mp' + E(FB + Fc)dpe
Fg=—-20 "
B-C ) M, = —30kN + = [(—20kN + (—=50kN)](2m) = 0
Fc=—50kN 2
>
A dpc=2m B M = —100kNm

@



SHEAR FORCE AND BENDING MOMENT

Example 2.7 Cantilever Beam

Point/

Interval Figure Bending Moment

Mp = M¢ + Fpdcp
C-D FTsov | Mp = —100kNm + (~50kN)(1m)
Mp = —150kNm

CdCD:lmD
M, = 150kNm Mp' = My + Mp
D IZ*\ Mp' = —150kN + 150kNm
D MD’ - 0

Step 4: lllustrate the Bending Moment Diagram (BMD) .

20kN 10kNm 15KN/m M.Rlsomm
! W &
& /
Rp = 50kN
e
M M, = -150kNm
=—100kNm
\‘ The maximum
bending moment,

M = —40kNm Mmax = 150kNm

max

BMD

|J|D'= 0

@



SHEAR FORCE AND BENDING MOMENT

SEol[SVAR Cantilever Beam

The bending moment can also be calculated using Figure 2.7.

Point/

Figure Bending Moment
Interval 9 9
20kN
A l My=0
[ Y—
A
F,
20kN Mp = Rydyp
A-B { Mg = (—20kN)(2m)
I
Mg = —40kNm
I
d;p=2
4B m B
FI
M
20kN ,
10kNm Mg = Rydap + M
B L + Mg = (—20kN)(2m) + 10kNm
I—
Mg = —30kNm
A d;p=2m B
F, M _ dpc
20kN 10kNm "2 M¢ = Fidsc + M — wadpc (T)

15kN/m
A l 1 | Mc=(=20kN)(4m) + 10kNm

& -(155) @m (3)
p ap=2m B dgc=2m l My = —100kNm

F, M _ dgc
20kN  10kNm "2 Mp = Fidgp + M — wadpe (T + dCD>

15kN/m
Mp = (—20kN)(5m) + 10kNm
A-D A 4

(./ $ — (15 %N) (2m) (sz + 1m)

D
A d;_B B dB(‘“ dCD MD = _150kNm
=2m =2m =1m
My = 150kNm Mll) = Mp + Mp
D N M}, = —150kNm + 150kNm
—_—

‘y My’ = OkNm

50



SHEAR FORCE AND BENDING MOMENT
SElglol[SWASEN Cantilever Beam

A cantilever beam loaded as shown in Figure 2.8.

I Calculate reactions at the support of beam

ii. Calculate the value of shear force and bending moment.

jii. llustrate the Shear Force Diagram (SFD) and Bending Moment

Diagram (BMD) that indicate all the values at important points.
Iv. Determine the maximum bending moment.

32kN
N 10kN/m
% 45° VYVVIV IV IV
I e >
A 1.5m s 1.5m C
Figure 2.8

Solution:
Step 1: Sketch Free Body Diagram.

Calculate the resolution force of

32kN at an angle of 45° above the M Jy=22.627 kN
horizontal using trigonometric. A
10kN/m
f.=22.627 kN l
fy = 328in45° 39kN Ha ‘
fy =22.627kN
a [N Ra
= 0 15 1.5
fx =32Cos45 A m B m C

fy = 22.627kN

Step 2: Determine reactions at support A by using principle of equilibrium forces.

Sf, > =2f, Therefore, the direction of

)

H, is to the leftward (€—).
Hy +22.627kN =0

Hy = —22.627kN

2 1=2f
kN
Ry = (10— ) (1.5m) +22.627kN
R, = 37.627kN
IMp = 0;

k .
(22.627kN)(1.5m) + (102 (1.5m) (222 + 1.5m) — M, = 0

@

My, = 67.691kNm



SHEAR FORCE AND BENDING MOMENT

SElglol[SWASEN Cantilever Beam
f,=22.627 kN
M, = 67.691kN
10kN/m
Step 3: Calculate the Shear Force. f.=22.627 kN |
HA
Fg = F, - f, R, = 37.627kN
= 37.627kN — 22.627kN 1.5m 1.5m c
= 15kN A ®
F¢ = Fp —wdpc
— _ kN Fa = 37.627kN
= 15kN — (102) (1.5m) A
=0
+ SFD
0

Step 4 : Calculate the Bending Moment.

M, =—67.691kNm

M, = —67.691kNm
MB == MA + FBdAB
= —67.691kNm + (37.627kN)(1.5m)
= —11.25kNm

1
M¢ = Mg +§ch3c
11.25kNm — %(—15kN)(1.5m)

11.25kNm

BMD

=0

The maximum
bending moment,
Mmax = 67.69 1kKNm

@



SHEAR FORCE AND BENDING MOMENT

* SELF-TEST “2B Cantilever Beam

A cantilever beam loaded as shown in figure below.

I Calculate the reaction at the support of beam.

ii. Calculate the value of shear force and bending moment.

lii. Mustrate the Shear Force Diagram (SFD) and Bending Moment
Diagram (BMD) that indicate all the values at important points.

Iv.  Determine the maximum bending moment.

20kN
- 15kN/m 5kN/m
! H Vvt sy T T T I3
=
2m im im
A B C D
12kNm 30kN

= 20kN/m
2 @ NFETEEEE RN’
=

1m 3m im ‘
A B C D

30||<N 20kN/m 10kNm
TR/ RN
=
T AT
A B C D
30kN y 18kNm
10kN/m
|l grraommm

‘ Im 2.5m 1m
A B C D

@



SHEAR FORCE AND BENDING MOMENT

SellelSPAMA Overhanging Beam

An overhanging loaded as shown in Figure 2.9. If reaction at support A

are Ry = 32.5kN and Ry = 62.5kN.

I Calculate the value of shear force and bending moment.

ii. llustrate the Shear Force Diagram (SFD) and Bending Moment
Diagram (BMD) that indicate all the values at important points.

lii.  Determine the maximum bending moment.

35kN
10kN/m

TEEEEEENEEEE

e e e
A 1.5m s 1.5mc 3m D 1.5m £

Figure 2.9

Solution:
35kN
10kN/m

. vYYVVIYYYIYYY

o= s

R, = 32.5kN Rp=62.5kN

1.5m 1.5m 3m 1.5m ‘
A B C D E

Step 1: Calculate Shear Force, kN.

Point/

Figure Shear Force
Interval
YN —
F 3
R, = 32.5kN
W
25kN/lTI FC = FB - dBC \/\/here, FB = FA = 325kN
. 1222108 o
c F, = 32.5kN — (10?> (1.5m) = 17.5kN
dpe=1.5m
F F,'=F.—F
c 35kN c —fc—
] - F,' = 17.5kN — 35kN = —17.5kN
——
w _ r_
25kN/m Fp =Fc' —wdep
C D Fp = —=17.5kN — (10— (3m) = —47.5kN
R

dep=3m

@



SHEAR FORCE AND BENDING MOMENT
SeEllelSPAMA Overhanging Beam

Point/

Interval Figure Shear Force
—— 1=
- - Fjy=Fp+Rp
o Fp = —47.5kN + (62.5kN) = 15kN
Rp = 62.5kN
w
25kN/m FE =FD,_WdBC
- kN
dpp=1.5m

Step 2: lllustrate the Shear Force Diagram (SFD) .

35kN
10kN/m

|
EEEEEEEEEERE

- -

R, = 32.5kN Rp= 62.5kN
1.5m 1.5m 3m 1.5m ‘

A B (e D E

Fa=32.5kN
Fc=17.5kN
+ \Ic Fo' = 15kN SFD
i |\‘ Fo0
B Fc'=-17.5kN
Fp=—47.5kN

@



SHEAR FORCE AND BENDING MOMENT

SeEllelSPAMA Overhanging Beam

Step 3: Based on SFD in Figure 2.9, calculate Bending Moment, kKNm.

Point/ : i
Interval Figure Bending Moment
A F M, =0
Fp =32.5kN
Mp = Fydyp
A_B + My = (32.5kN)(1.5m)
0 — My = 48.75kNm
4p = L.om
A B
Fg =32.5kN Mo M 1 e o
Fo =17.5kN ¢ = Mg +5(Fp + Fc)dpc
1
B-C o Mc = 48.75kNm + = (32.5kN + 17.5kN)(1.5m)
<>
Bdsc': 1.5m c M, = 86.25kNm
0 1
Mp = M¢ + E(Fc + Fp)dcp
Fo'=
c-D ~17.5kN M, = 68.25kNm + = [(~17.5kN + (—47.5kN)] (3m)
Fp=—47.5kN D ' 2 : :
c d('D =3m D MD = —1125kNm
‘ 1 r
Fp=15kN Mg = Mp + E(FD )dpg
1
D-E 0 & Mg = —11.25kNm + = (15kN)(1.5m)
dpz=1.5 | 2
pg=1.om
D E Mg = OkNm

@



SHEAR FORCE AND BENDING MOMENT

SellelSPAMA Overhanging Beam

Step 4: lllustrate the Bending Moment Diagram (BMD) .

35kN
10kN/m

. Y VYV VYYYVYYYS

- R

w

R, = 32.5kN Rp= 62.5kN
“Lsm T 15m ‘Tm"

A B C D E
- Mp = — 11.5kNm
M, =0 Me=0
+ BMD

Mj =
48.75kNm
M, = 86.25kNm

The maximum
bending moment,
Mpax = 86.25kNm

@



SHEAR FORCE AND BENDING MOMENT

SeEllelSPAMA Overhanging Beam

The bending moment can also be calculated using Figure 2.9.

Point/ . .
Interval Figure Bending Moment
A A F My,=0
AL
JF B MB = RAdAB
A-B RA=32.5kN MB = +(325kN)(15m)
din= MB = 4875kNm
AB~
1.5m
W
10kN/m
dpc
A T M¢ = Rydyc — wadpe N
1 °
— kN 1.5
AmC R, = 32.5kN M. = +(32.5kN)(3m) — (105) (1.5m) (T’”)
dyp=" dpc= M, = 86.25kNm
1.5m 1.5m
F, 35kN dyp
10kN/m Mp = RAdAD — FldCD — WdBD (T)
vy i I XXX
Ak = D M, = +(32.5kN)(6m) — (35kN)(3m)
Aeb W kN 45m
R, = 32.5kN —[10—) (4.5m)
k—»H—bH—H m 2
dg=dgc=" dcp=
1.5m1.5m 3m Mp = —11.25kNm
Fyaskn 4
k) Mg = Rydyp — Frdep — wd <ﬂ>+Rd
E AYAE 1%CE BE 2 D“DE
YV v v
A E
e =< T Mg = +(32.5kN)(7.5m) — (35kN)(4.5m)
R, = 32.5kN R, = 62.5kN - (10 %N) (6m) (%m) + (62.5kN)(1.5m)

dyp= ‘lBC: dep= dep= Mg =0

1.5m 1.5m 3m  15m

58



SHEAR FORCE AND BENDING MOMENT

SElylsSPAI Overhanging Beam

An overhanging loaded as shown in Figure 2.10. If reaction at support A

are R, = 54.6kN and Rg = 25.4kN.

. Calculate the value of shear force and bending moment.

il. llustrate the Shear Force Diagram (SFD) and Bending Moment
Diagram (BMD) that indicate all the values at important points.

iil. Determine the maximum bending moment.

15kN 25kN 13kNm 10kN
10kN/m
v Y ‘ ‘ ‘ ‘ v
- > ke
2m '1m 3m 1m 2m
A B C D E F
Figure 2.10
Solution:
15kN 25kN 13kNm 10kN
10kN/m {J
v v v
AN
Ry = 54.6kN R = 25.4kN
2m im 3m im 2m
A B C D E F

Step 1: Calculate Shear Force, kN.

Point/ Figure Shear Force
Interval
F;
15kN
A — FA = —F]_: —15kN
A
A
I::B Fz = F, + Rg
+
g Fg = —15kN + (54.6kN) = 39.6kN
R = 54.6kN
F,
25kN Fec=Fg — F
e - Fo = 39.6kN — 25kN = 14.6kN
—scC
W
10kN/m Fp = Fc —wdgp
C-D c HH"{ kN
- Fp = 14.6kN — (10—) (3m) = —15.4kN
> m

dep=3m

@



SHEAR FORCE AND BENDING MOMENT

SEyleSPAI Overhanging Beam

Point/ ) '
Interval Figure Bending Moment
=‘1E FE = FD + RE
: * Fy = —15.4kN + (25.4kN) = 10kN
Re = 25.4kN
F3
10k Fr=F—F;

3 }E_ Fr = 10kN — (10kN) = 0

Step 2: lllustrate the Shear Force Diagram (SFD) .

15kN 25kN 13kNm 10kN
10kN/m ? 1
\!
=54.6kN R = 25.4kN

%—H—ﬁ‘—*—’\
Fy = 39.6kN 1 I@ @I

Intersection Point I, = x h, = 15.4kN
L 1
hi hy
SFD
- x 3—x
. F.=0 146 154

_ 3(146)

_ =146+ 154)

F,==15kN x = 1.46m

A Fp=-15.4kN
¢ > » Therefore;
X 3I—x 3—x=3-146=154m

1.46m 1.54m

@



SHEAR FORCE AND BENDING MOMENT

YElnlo/[SPAI Overhanging Beam

Step 3: Based on SFD in Figure 2.10, calculate Bending Moment, kKNm.

Point/ . .
Interval Figure Bending Moment
15kN
A - M, =0
A
0
_ Mp = Fpdsp
Mg = (—15kN)(2m
A-B F\ =~ 15kN B =( )(2m)
Mg = —30kNm
A dgp=2m B B
Fs = 39.6N
MC = MB + FBdBC
B_C + M = —30kNm + (39.6kN)(1m)
0
” ) M, = 9.6kNm
B 9c= ¢
im
Fc=14.6kN 1
O M, = M¢ + EFCdCx
1
C-x 0 IA M, = 9.6kNm + - (14.6kN)(1.46m)
>
¢ de. = 1.46m M, = 20.258kNm
0 1
Q MD =MC+§FDde
1
x-D iy e Mp = 20.258kNm + = (~15.4kN)(1.54m)
X d.\'Dz D
1.54m MD = 8.4kNm
13kNm MD, — MD —M

D Df Mp' = 8.4kNm — 13kNm
Mp' = —4.6kNm

0

ME = MD’ + FAdDE

D_E Mg = —4.6kNm + (—15.4kN)(1m)
Fp =— 15.4kN
—» Mg = —20kNm
D doe=1m ¢
F, = 10kN
A Mg = Mg + Fgdgp
= . + My = —20kNm + (10kN)(1m)
dgr=2m Mg =0
E F

61



SHEAR FORCE AND BENDING MOMENT

SelglolSPAIA Overhanging Beam

Step 4: lllustrate the Bending Moment Diagram (SFD) .

15kN 25kN 13kNm 10kN

10kN/m ?
v 4 4
N

Rg = 54.6kN R¢ = 25.4kN
2m im 3m Im 2m
A B C D E F

Intersection Point

M; == 30kNm

,_ Mg =-20kNm
- My’ = BMD
—4.5kNP/\
M, =0 M; =0
M&/Mrﬁ
8.4kNm

+
9.6kNm M. =
20.258kNm
x >« : _x\ The maximum
1.46m 1.54m bending moment,
Mmax = 20.258kNm

@



SHEAR FORCE AND BENDING MOMENT

SelglolSPAIA Overhanging Beam

The bending moment can also be calculated using Figure 2.10.

15kN 25kN I 3kNm 10kN

10kN/m {l 1
i :\~>+ ]

Rg = 54.6kN Re = 25.4kN
2m Im 3m Im 2m
A B C D E F
Figure 2.10
Point/
Interval Bending Moment
A My=0

Mp = Fydap + Rgdpp —Fydep — w(dep) (22
D = I'1Gxp BABD 2dcp —w(dcp) 2)

A-D | Mp=—(15kN)(6m) + (54.6kN)(4m) —(25kN)(3m) — (10 %’V) (3m) (37’")

Mp = 8.4kNm

D Mp = Mp + M = 8.4kNm — 13kNm = —4.6kNm

Mg = Fi(dag) + Rg(dpg) —F2(dcg) — w(dcp) (d% + dDE) -M

My = —(15kN)(7m) + (54.6kN)(5m) —(25kN)(4m) — (10%”) (3m) (37"‘ + 1m)

A-E
—13kNm
My = —20kNm
_ dcp
My = Fidgp + Rgdpr — Fodcp — wdcp N +dpr | =M + Rgdgp
kN 3
A F | Mg=—(15kN)(9m) + (54.6kN)(7m) —(25kN)(6m) — (105) (3m) (Tm + 3m)

—13kNm + (25.4kN)(2m)
My = OkNm

@



SHEAR FORCE AND BENDING MOMENT

SeyleSPANEN Overhanging Beam

An overhanging loaded as shown in Figure 2.11.

. Calculate reactions at the support of beam

il.  Calculate the value of shear force and bending moment.

iii. lustrate the Shear Force Diagram (SFD) and Bending Moment
Diagram (BMD) that indicate all the values at important points.

iv. Determine the maximum bending moment.

35kN
12kN/m

RN EEEEEEEEEE
N =
2m 2m 3

A B C m p M E
Figure 2.11

Solution:

Step 1: Sketch Free Body Diagram.

35kN
12kN/m

EEREEEEREEEREER

Step 2: Determine reaction at support B and D by using principle of equilibrium forces.

2fy o =2f &

HD = 0
IM, = 0;

kN 2 kN 7
(12 5) (2m) (Em) + (12;) (7m) (Em) + (35kN)(5m) — Rp (7m) = 0
Rp = 63.571kN

2f, =21,

Rp + 63.571kN = (12 %N) (9m) + 35kN

Ry = 79.429kN

@



SHEAR FORCE AND BENDING MOMENT

SelgleSPARE Overhanging Beam

Step 3: Calculate the Shear Force.

35kN
Fy=0 12kN/m
R EEREEERERTRY)
kN
= - (122 2m) +
= —24kN Rp = 79.429kN Ry = 63.571kN
FB,:FB-I_RB 2m 5m 2m
= —24+ 79.429kN A B C D
= 55.429kN

F¢ = Fg' — wdgc
kN
= 55.429kN — (12 ?) (5m)
= —4.571kN
FC, = FC - F
= —4.571N — 35kN +
= —39.571kN

Fg' = 55.429kN

FD = FC, - WdCD

0 FD":o
= -39.571kN - (12Y) (2m) \ D
m - SFD
= —63.571kN F, = — 24kN ——4.57‘1kN
FD, = FD + RE FC’
= —63.571kN — 63.571kN =-39.571kN
= OkN F
— D
=—63.571kN
Step 4 : Calculate the Bending Moment.
M, =0 M; = — 24kNm
1 MA=0A MD=O
Mg = E(_24kN)(2m)
= —24k1\1m + BMD
M, = Mg +§(FB,)de M =
1 M 103.142kNm
= —24kNm + = (55.429kN)(4.619m) x
2 =104.013kNm
= 104.013kNm
1
M¢ = My + - (Fc)dyc
= 104.013kNm + % (—4.571kN)(0.381m)
= 103.142kNm The maximum

bending moment,

1 ’
Mp = Mc¢ + 5 (Fc' + Fp)dcp Mmax = 104.013kNm

= 103.142kNm + 5 (—39.571kN — 63.571) (2m)

—0
D




SHEAR FORCE AND BENDING MOMENT

n ELF-TEST - 2C Overhanging Beam

An overhanging beam loaded as shown in figure below.

i Calculate the reactions at the support of beam.

ii. Calculate the value of shear force and bending moment.

jii. Mustrate the Shear Force Diagram (SFD) and Bending Moment

Diagram (BMD) that indicate all the values at important points.
iv.  Determine the maximum bending moment.

25kN
20kN/m 10kN/m

: 4 l l l l l y

. =
2m 4m 2m ‘
A B C D

30kN 18kNm
30kN/m

|| EFRENENENERY
e DS .

30kN

10kNm 25kN 20kN
15kN/m

I
IR EEE' '
b <& il
| Im dm ‘

im 2m
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SHEAR FORCE AND BENDING MOMENT

SUMMARY

It Is important to know how the shear
forces and bending moments vary along
the length of a beam that is being
designed.

The Employing these diagrams, the
maximum and minimum shear force and
bending moment are easily identified and
located.

@ Testyour knowledge and
understanding here

Digital QUIZ

@



E\?@BLEM SOLVING

/:‘y SIMPLY SUPPORTED BEAM

Consider a simply supported beam as shown in figure below.

I Calculate the reactions at support of the beam.

ii.  Draw the shear force diagram (SFD) and bending moment
diagram (BMD).

ii.  Hence, determine the value of maximum bending moment

Question 1
35kN 40kN
lA l A |
J| | o
a 3m g 3m T 3m |
A B C D
Question 2 30kN
I5kN/m

Vv
A
A\ 4

bm

>
w
M

@



FPROBLEM SOL

Question 3 c
30kN  20kN 8

l Z25kN/m %

| velldieveveily Q

A O Q
e A Q
Q

l;)
I'm I'm I'm 3m >

A B C D E Q

£

wv

Question 4 51KN

3kNmM
Z20kN/m ﬁ
VVVYVYVYVVYVVVYYVVYVY'YVYY N v
\l)
Ll‘
B

< « 3

3m 2m Im |

A C D

Question 5
30kN
AU TINp
HEEEEA.\EEEEEEEEER
SRR < ;

e e Sl J

| 2m | 2m | om |
A B C D

@



FPROBLEM SOL

Question 6 =
4,
8kNm O
22kN/m m
/ ] 16kN/m o
(]
l K VVYVYVYVVVYVYVYYVYYVYY g
| \N S
s ) &
» :L d
lA 3m J 3m %_‘
B C §
wv
Question /
6KNM 30kN
10kN/m
B
\4 vy V \4 vV V \4 A\ 4 w
| <I17// |
” =|< :l: >|
) I'm | 4m | I'm |
A B C D
Question 8
60kN
I 2kN/m
450
|
W S
B < A .
4m I'm | m |
A B C D



B | CANTILEVER BEAM
/

FPROBLEM SOL

Consider a cantilever beam subjected to a load as shown in figure

pbelow.

I Calculate the reactions at support of the beam.
l. Draw the shear force diagram (SFD) and bending moment

diagram (BMD).

ii.  Hence, determine the value of maximum bending moment

Question 1
5kN 1 OkN
le ol Sl |
| I'm L 4m ) I'm |
A B C D
Question Z
Z0kN
l 15KNM 35kN/m
E I\A VVVVVYVYY
&
< >|< >|: P >
m | m | m m
A B C D E




FPROBLEM SOL

Question 3 =
25kN O
20kN/m .
300 ‘]>J
% \ 4 A 4 A 4 A 4 A 4 A 4 A 4 A 4 A 4 A 4 A 4 i._)
%% c
iy
el J ~
Im | Im 4m |
A B C D
Question 4
45kN
20kN/m I0kNm
,,¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢E§§§
< P« >|
I'm 5m |
A B C
Question 5
1 OkN
Z25kN/m | I 5kNm
LTI
l¢ o< ole
| 3m | I'm ) 3m
A B C D



FPROBLEM SOL

Question 6 -
20kN 8
16KN/m m
14kN/m o
0
VV V V VY VY VY YY Y Y Y Y YYY VY Y Yy E
5
< >l N
2.5m X 2.5m |
A B C
Question 7
20kN
4kNm
Q I5kN/m
vy V VvV Vv Vy Yy V VvV v
h <f :l: =|
I'm | I'm | 1.5m |
A B C D
Question 8
1 OkN 1 4kN
5kN/m
Y VY Y VY VY YV VYYYY VY VY
|< > < >|< >|
| 'm 'm | 'm |
A B C D



FPROBLEM SOL

9 OVERHANGING BEAM

An overnanging beam is subjected to a load as shown in figure

below.

I Calculate the reactions at support of the beam.

l. Draw the shear force diagram (SFD) and bending moment
diagram (BMD).

ii.  Hence, determine the value of maximum bending moment
and the point at which it occurs.

Question 1 1OKN
5kN/m
. YYVYYVYY Y Y '
pay @)
VS Sl
le Mo - ue
| I'm | 3m 'm m
A B C D E
Question /
45kN
60kN/m
VIV VYV YV V VYV V Y Y VP P Yy.Y PP Y Y 9yv9Y" 9 Yvnywyy
< =||: :I: >
A m 5 3m . m D

@



FPROBLEM SOL ‘

Question 3
50kN c
4,
ZOKN/m 10kN/m ‘qﬁ
Vvt vl ey be v e bu il o
< ‘|< :l E
6m '| m | O
A B C 3
Question 4
1OkN
5kN/m IOkNm
VVYVVYVYVYVYYVYYVYY 600
I: =||< >I< >I
A 3m B 3m C m D
Question 5 TkN
ZkN/m
Y YV Y YV Y VY YV Y YV Y YV YYYYYYY VY
< Zm >|< ]m >
A B C

@



FPROBLEM SOL ‘

Question 6 %
3kN 5kN &
2kN/m =
‘ VYV Y YV Y YV YV YVYY Y YYY Y ¥ 'gv
< ~|< -|< > §
2m | 6m T om O
A B C D
Question /
30kN Z20kN
45kN/m
Y Y YYY VY Y YV YV YV Y VYV YV YV YV Y VY
e Je J
Cim 4m T om
A B C D
Question 8
60kN
BOO fl VVVVVYVYYVYY
| K
I'm 5m m 4m
A B C D E
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