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CHAPTER 4: SHEAR FORCE AND
BENDING MOMENT DIAGRAMS
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e (Elastic behavior, Beam, column good video)
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to the transverse load.E
Generally it is placed in the
horizontal direction.

Columns : Columns are also, .
the  structural members
subjected to the compressive
load and are generally placed

in the vertical direction. |




Types of supports & reactions in the bea#r
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S.no Types of Representation Reaction Resisting
Support by Force Load
1. Roller Support & Vertical Vertical loads
Q Horizontal and Vertical and
2. Pinned Support L vertical horizontal loads
Horizontal, vertical All types of
and loads
3 Fixed Support moments Horizontal,
vertical and
Moments
Vertical Vertical loads
4. Simple Support




Types of supports

* Roller support:

— free to rotate and translate along the surface upon which
the roller rests




ROLLER SUPPORT




Hinge/Pinned support

* No translational displacement of beam is
possible







Fixed Support

* Rigid support to the beam
* No movement is possible

— Beams supporting the roof
— Riveted and Welded joints
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TYPES OF BEAMS

Types of Beams

I (a) Cantilever E (b) Simply supported i

e & o

(¢) Overhanging (d) continuous

e

(1) Cantilever, simply supported

(e) Fixed ended

11
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Cantilever beams: are the beams in
WhICh one end is fixed and other is free.
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Overhanging Beam: If the end portion of a beam is

beyond the support, such beam is known as overhanging beam.

16
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How to represents the Overhanging beam !!

Overhanging

Simply EUPPDr'}:ed portion portion

QO
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Fixed beam: A beam whose both the ends are
flxed or bU|It in walls.
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How to represents the Fixed beam !!
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Types of loads /
Point Load: When a load acts concentrated at a definite
point then it is named as concentrated load or point

load.
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Uniformly Distributed Load (U.D.L) : A distributed load"is Toad ™"
which is spread on some length of a beam. If the intensity is
constant along the length then it is named as uniformly

distributed load.

(-W/L

e L

Iim— : 3m o= 1.5 m-—=
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Uniformly Varying load: Whenever the load
distributed along the length of the beam varies
in intensity uniformly.

Cquvainst concont:atod
NL-—P lad

S

() Uniloemly varying load 22
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TYPES OF LOADS IN THE BEAMS

a) Point load

b) Uniformly

Distributed Load

c) Gradually Varying
Load

d) Point Moment
(Couple)
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SHEAR FORCE IN THE BEAM :

3 S;L'”‘;’:S{:ﬁ,’t?s Shear force: The. algebraic
bW appieg SUM Of thg vertical forces
L ~_& load at any section of a beam to

4 the right or left of the

Sis distributed ' section is known as shear
over face of section
force

| <€

Shear load
(a)




BENDING MOMENT IN THE BEAM
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jt// ation Transform j7 dia

The algebraic sum of the moments of all the
forces acting to the right or left of the section is
known as bending moment.

r

e =

=
WEH
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SIGN CONVENTIONS IN THE BEAMS

|

[/ 2
Shear force will be positive |
|
|
|
|
|
|
|

X

| X

Shear force will be negative
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m CI:::]) mm (LZ::QDM

Sagging Hogging

I 'F+

Positive Shear F Negative Shear
Pnsniue Bending Megative Bending
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SHEAR FORCE AND BENDING MOMENT DIAGRAMS FOR A CANTILEVER
'WITH A POINT LOAD AT THE FREE END
| | | P W
j K.:= X —%

@ Al

w

WY

-~
-
b 4

Let | F_= = Shear force at X, and
M_= Bending moment at X

Take a sectmn Xata dlstante x from the free end. Consider the right portion qu' the
seetmn :

28



7 HOVELY
2 IBIRNEFCSINNAL

. C3ITY
The shear force at this section is equal to the resultant force acting on the right portion 77

"at the given section. But the resultant force acting on the right portion at the section X is W
and acting in the downward direction. But a force on the right portion acting downwards i
considered positive. Hence shear force at X is positive.

F=+W

The shear force will be constant at all sections of the cantilever between A and B as
there is no other load between A and B. The shear force diagram is shown in Fig.

r
. r
j ¥ 14 ¥ »
!
!

. . - . + L

{B)

W

B L™

- 8.F diagram

- Baseline
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Bending Moment Dingrom ' ONAL
The bending moment at the section X iz given by ' SJIDK

M, =-Wxx | ey

. [Eendmg moment will h& negative as for the right portion of the section, tb.e moment of
Wat X is clockwise. Also the bending of cantilever will take place in such a manner that -
- convexity will be at the top of the beam}.

From equation {i}, it is clear that B.MNL at any section is prnpurtmnﬂi to the distance of

the sestion from the free end.

Atx=0le,atB, BM. =0

Atx=Lie, atA, BM WxL

Hence B.M. follows the strmght line law. The B.M. diagram iz shown in Fig. E 14 [c) &t
point A, take AC = W x L in the downward direction. Join point B to C.

W

X H—— X

B

{c) Al

WY

+ - L. * »

LG i

+ ' w o

l
s
I
b
b
b
o N )
I
VYN Y NN NI ISR NITYY. PRIV Iy
A - B.F diagram ‘\ .

Baseling  Baseline

30
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Q. A cantilever beam of 2 m carries the point
loads as shown in figure. Draw the shear force
and bending moment diagrams for the
cantilever beam.

00 M SO0OM .~ BO0ON

pimn lﬂ- _lﬂ_ .

ama T
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300 M 00 N . BOON

Shear Force Diagram

The shear force at I is + 800 N. This shear force remains constant between i and C.
At C, due to point load, the shear force becomes (800 + 500) = 1300 N. Between C and B, the
shear force remains 1300 N. At B again, the shear foree becomes (1300 + 300) = 1600 N. The
shear force between B and A remains constant and &qual to 1600 N, Hence the shear force at
different points will be as given below :

. 8F.atD, F,=+800N
SF.atC, Fu=+800+500 =+ 1300 N
SF.atB, Fj=+800+500+300=1600N
SF. atd, F,=+1600N.

32
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.8F.atD, Fp=+800N

SF.atC, Fu=+800+500=+ 1300 N
SF.atB, F,=+800+500+300=1600 N
SF.atd, F,=+1600N,

300 M 500 N . BOO-N

gn l'a_ lc o 4D
| i—n.ﬁ'm+n.?m >|< I}.ﬂ.m_—r

Y :_fﬂ'.-"’.-"-".f.ﬂ'f.r'.f*,
A y
A ’
i #
1800 N 500 N E
F
2 + ks
; ! 4 BOON
B . -4
I .-"_.-'_.r..-'_..r_..!_.-'_..-'..i-_..-'_..r_.r_..-'_.r.."..r.r..-'..r.rr.r.r.r.rair.fjrf.r.hr!ffff!!r#i

e : _ ' Base ling
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Benaing somenr Liagrain
The bending moment at D is zero :
() The bending moment at any section between C and D at a distancex and I? is given by,
M, = — 800 x x which follows a straight line law.
At C, the value of x = 0.8 m.
B.M. at C, M, =~ 800 x 0.8 = — 640 Nm.

({i) The B.M. at any section between B and C at a distance x from D is given hy
(ﬂtC %z =0.8 and at B, x = 0.8 + 0.7 = 1.5 m. Hence here x varies from 0.8 to 1.5).

M_=-800x-500 (0.8} A7)
Bending moment, between B and C also varies by a straight line law.
B.M. at B is obtained by substituting x = 1.5 m in equation &),
' MB=—8{}0><15—500{15—-08}
— 1200 - 350 = - 1550 Nm.

.. (m} The B.M. at any section between A and B at a d1stance x from D is given by
(At R, x =1.5 and at A, x = 2.0 m. Hence here x varies from 1.5 m to 2.0 m)

M_=-800x- 500 (x - 0.8)- 300 {x- 1.5 (it}
Bending moment between A and B varies by a straight line law,
B.M. at A is obtained by substitufing x = 2.0 m in equation {11},

M, =-800x2-500(-0.8)-300(2- 1L.5)
=-800x2-500x12-300x0.5

= 1600 — 600 — 150 = — 2350 N
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Hence the bending moments at differeni points will be as given below : w7

M, = - 1550 Nm
M, = - 2350 Nm.

300N S00 N . BOON

A ls_ 'lc . Jo
05 m —+——— 0.7 m + 0.8 m ——

. Easeiline _
g G |

FFR T IR I FRPPRRL S FrrFy . D’

2350 Nm

-
rl
4
-
r’
-
-
L
e
¢
-
=
-
o
'
4
-
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I .
° . Base ling
. Base line |
A = -G |
* 'if.rrf.uf.rrrrrf.rffrrr - D
A
[
. A
2350 Nm /
A
2350 Nm
A:
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Q. A cantilever beam of length 10m carries pomt
loads of 4 KN & 6 KN at 2m and 6m respectively
from the fixed end along with another load of 6
KN at the free end. Draw the shear force and
bending moment diagram for cantilever.

ansforming India
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Q. A cantilever beam of length 10m carries point
loads of 4 KN & 6 KN at 2m and ém respectively
from the fixed end along with another load of 6
KN at the free end. Draw the shear force and
bending moment diagram for cantilever.
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* A cantilever of span L is to withstand a
downward acting load W at the free end and
an upward acting load W at a distance ‘@’ from
the free end. Draw SFD and BMD.
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Q. A cantilever beam of length 2 m carries a
point load of 1 KN at its free end and another
load of 2 KN at a distance of 1m from the free
end. Draw the shear force and bending moment
diagram.
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* A cantilever of length 2m carries a UDL of e
1kN/m run over a length of 1.5m from the
free end. Draw SFD and BMD
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* A cantilever of length 2m carries a UDL o
1kN/m run over a length of 1.5m from the
free end. Draw SFD and BMD

1 EMNfm Run
j"‘- GM’*WWE
4 | |
; rl 1.5m :|
“] : 20m .

46
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- " Consider any section between C and B a dlstance of x from the free end B The shear o
: furce at the section is glven by
' F =wx (+ve sign is due to downward force on right portion of the section)
=10xx _ (+ w=1.0kNm run}
* AtB,x=0hence F, =0 |
AtC,x=15hence F =10x15=15kN,

The shear forece follows a straight line law between C and B. As hetween A and C there
iz no load, the shear force will remain constant. Hence shear force between A and C wili be

- represented by a horizontal line.

1 kN/m Run
éﬂ Comrrmm B
i _
%1 |< ' 1.5m I
20m - -
E D' 1.5kN
T 7
1.5 ki . n
3
i ,
- i E
A, C 8.F diagram !
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i | 1.5m :'
) 2.0m .
Bending Moment Diagram

(Z) The bending moment at any section between C and B at a distance x from the free
end B is given by

* 2 2

(The bending moment will be negative as for the right portion of the section the moment
of load at x is clockwise).

2 2 :
M =-(wx.). % = —{1,-x—)-_ il .(2)

2
At B, x = 0 hence MB= -92—.-:0

2
At C,x =1.5hence M= - L;—-— =+ 1.125 Nm

From equation (i) it is clear that the bending moment varies according to parabolic law
between C and B.

(it) The bending moment at any section between A and C at a distance x from the free
end B is obtained as : (here x varies from 1.5 m to 2.0 m)

Total load due to U.D.L. = w x 1.5 = 1.5 kN.

This load is acting at a distance of (x - 0.75) from any section between A and C.



.. Moment of this load at any section between A and C at a distance x from free end
= (Load due to U.D.1.) x (x — 0.75) '
M, =~ 1.5 % (x - 0.75) )
{— vé sign is due to clockwise moment for right portion}
From equation (ii) it is clear that the bending moment follows straight line law between
A and C.
At C,x=15mhence M,=-15(1.5-0.75)=-1125Nm
At A, x=2.0mhence M,=-15(2~0.75)=- 1875 Nm.

1 kWM Run
3 [ 15m :|
4 : 20m .

Farabolic

A Straight line B.M. diagram

-r\\/ELY

ESSIONAL
[ERSITY

n;/nrmi;zz/ India
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jn Cmrurnr B
(@) _
i R 1.5 m -
2.0m -
E D' 1.5kN
.
B) ?
i f
o
- i : E
A, C 5.F diagram
A cl
T B T i . H

() 1,875

Parabollic

At Straight line B.M. diagram
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» A cantilever of length 2m carries a UDL of
2kN/m length over the whole length and a

point load of 3kN at the free end Draw SFD
and BMD.
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* A cantilever of length 2m carries a UDL o
2kN/m length over the whole length and a

point load of 3kN at the free end Draw SFD
and BMD.

i_ | _zm-': >
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Shear Force Diagram

The shear force at 8 = 3 kN
Consgider any section at a ﬂlstance x from the free end B. The shear force at the section

mgwenby

F,=30+wx (+ve sign is due to downward force on
_ right portion of the section)
=3.0+2xx (*» w=2kN/m)

The above equation shows that shear force follows a straight line law.

AtB,x =0hence Fp=3.0kN

AtA,x=2mhence F,=3+2x2= 7 kN.

The shear force diagram is shown in Fig. 6.18 () in which Fy = BC = 3 kN and ¥, = AD
= 7 kN. The points C and D are joined by a straight line.

: 2 kN/m - 3kN
A | S a

—

IR E LS EEENNEEEEEFEEFEEFEEE

A S.F. diagram Base line

53



Bending Moment Diagram

The bending moment at any section at a distance x from the free end B is given by, NAL
- - E_Y_
M, = | 0x 4w fg_) 2z
= - 3x+£§-) (v w=2kNm) "
\ ' _ _
=—(3x +x% ()

(The bending moment will be negative as for the nght yﬂrtmn of the sectmn the moment
of loads at x is cluckwlse]

The equation (i) shows that the B. M varies accnrdmg to the parahnhc law. From
equation {f), we have

AtB,x=0hence @ My=-3x0+09=0

At A, x = 2 m hence MA='—{3x2+2_2l}'=ﬂ1ﬂkam

ase line

FlEAAT Ay rds e

Al _ B.M. dizgram
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;L_ Y FF YV NN Y I NN I NI FFFI NS I FS TN EEFESEE NN,

A S.F. diagram

Basa ling

ase line

AL A TS F

A _ B.M. dizgram
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| A cantilever 1.5 m long is loaded with o wniformly distribuied load of
2 kNim run over.¢ length of 1.25 m. from the free end. It also carries @ point load of § kNata

distance of 0.25 m from the free end, Draw the shear force and bending moment diagrams of the

centilever, |

2 kMN'm
ga <

15m

sy
5
AXi'r
13
R
3
_Eu
3
=
Yy vy
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2 kN/m 3 kN
G
D
0.25 m
F— 1m ——
0.25 m 1.26m ’1‘ -
- 1.5m b

Trnmﬁnninj Education 'Tmm/nnni)l(/ India
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2 KN/ 3 kN
C
jrﬂu Do B
1m ——lid——l 0.25m
0.25 m 1.25m >
16m g

D
| S F. diagram

Base fine

Farabgolic

Straipht fine B.M. diagram
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* A cantilever of length 5m is loaded as shown
in figure. Draw SFD and BMD.

3 kN 1 kKN/m 2.5 KM
jﬂ- lE DW{:-.“

o+

|;T1m—v-|1—1.5m »ha 2 —2

5 m _ >
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3N 1 kNim 2.3 kN <) WNIVERSITY
jﬁ‘ E DWL& torming Elcaton Tramforming 9
{'1] B
%:;1m—r-|1—1.5m »e 2m - -|§‘5”L
5m _ >
oL |
T '{_Hunnf 1.5
| ’ 145 4.5
/A vy 2.5
{b) ?I ; | IW +
;:f;f;J!E.-u.-u;..r_.e IFIIFVIVIYY. L e85
A £ D K ¢ st
5.F. diagram Base ine

Straight lines
15 kMm

B.M, diagram

61



.SHEAR FORCE AND BENDING MOMENT DIAGRAMS FOR A SIMPLY .
EUPPQRTED BEAM WITH A POINT LOAD AT.' M]]}-P(HNT JERSITY
. . ) ) Transforming Education Transforming India

ﬂ“_“ . _H -"{ ‘I'Q 1B Symmetrical/Unsy

. — - A,IE.B- mmetrical loading

Fig. shnﬁs a beam AB of length L simply supported at the ends A and B and carry-
ing a point load W at its middle point C.

The reactions at the support will be equal to % as the load is acting at the middle point
of the beam. Hence R, = R, ¥

| | g |
Take a section X at a distance x from the end A between A and C.
- Let F_ = Shear force at X,
and M, = Bending moment at X.

W
H—-*H—Hx ' lﬂ

A . 1B
) P—— e
Ft.ﬂ.:E'l - L Py o
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Here we have considered the left portion of the section, The shear foree at X will be JERSITY

equal to the resultant force acting on the left portion of the section. But the resultant force on 70507

the left portion is l;— acting upwards. But according to the sign r:nnvenﬁun, the resultant force
on the left portion acting upwards is considered positive. Hence shear force at X is positive and

itz magnitude is g .
W

F.t= +_é,_

Hence the shear force between A and C is constant-and equal to + 1}

Now consider any section hetween € and B at distancex from end A. The resultant force
on the left portion will be
(E _ w’) .y
2 p .
This force will also remain constant between C and B. Hence shear force between C and B

is equal to - %

At the section C the shear force changes from + "‘EE Lo — %
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. W
X — ln: .
. t
| {3 mmemee———r|
I
FrFErE syl s
w E + y Base line
2 A Y, . .
A .Gi W
/ . 2
5.F. diagram g
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. A — -
We——— L2 o———p LW
R, = 2 M - L 2

Bending Moment Diogram
(i) The bending moment at any section betweenA and C at a distance ofx from the end A,
is given by
W ' ]
M, =R,x or Mx=+E . X {2

(B.M. will be positive as for the left portion of the section, the moment of all forces at X
‘s clockwise. Moreover, the bending of beam takes place in such a manner that concavity 1s at
‘the top of the beatn).

At A, x = 0 hence MA=% :-:EI-=EI_
L W L WwWxL
ﬂtﬂ,:i::EhEnﬂe ME—EKE— 1 .
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From equation (i), it is clear that B.M. varies according to straight line law between
A and C. B.M. is zero at A and it increases to W HL at C.

(ii) The bending moment at any section between € and B at a distance x from the end A,
is given by

L W ' L WL 2x
M =R, x- WK(I'—E]—-E—;E W:c+Wx§-n?-—.E
Atﬂ,x=%hence M. = WL W L _WxL

2 T2 e 4
At B, x = L hence M-E‘;’--% L=0.

Hence bending moment at {is ELE and it decreases tn zero at B. Now t-hﬂ B.M. diagram
can be completed as shown in Fig. 6.24 {c).

Note. The bending moment is mﬂxtmum at the mlddle pumt ¢, where the shear force chauges its
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{a) A . '
W e——— L2 s e ] - W
R, = E » - L B 2
|
rrrrraired it
wi 1 i
AN + A Base line
(m o r 4] '
i b PP PR E T T4 RIS E
A c FEITIITEIIT "]
G} _ 4w
i ¢ 4 2
5.F. diagram s rpg st p bt I8 bt
IC.*

e}
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A simply supported beam of length 6 m, carries point load of 3 N and 6 kN
t distances of 2 m and 4 m from the left end. Draw the shear force and bending moment
liagrams for the beam.

13HN 6 kKN

A C D B

F—em—w—2m—>
4m »|

-+ 6m »
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A C D B
te—om PE— 2 m a +
o fm— |

4 kM 6m S KM

Sol. First calculate the reactions R, and R,
Taking moments of the force about A, we get
Ryx6=3x2+6x4=30
| 30

Ry= " =5kN

2= MOVELY
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R, =Total load on beam — Ry = (3 + 6) - 6 = 4 kN
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A L D
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i{—-—Em i 2m ] ."
o 4m |
4 kM — 6m w5 kN
Shear Force Diagram.
Shear foree at A, -+Rﬂ-+4kN

Shear force between A a:mi C is constant and equal to + 4 kN
Shear force at C, Fo=+4-3.0=+1kN

Shear force between € and D is constant and equal to + 1 kN.
Shear force at D, Fp=+1-6=-5kN

The shear force between I and B is constant and equal to — 5 kIN.
Shear force at B, Fp==5kN

The shear force diagram is drawn as shown in Fig, 6.26 (b).

Bending Moment Diagram

B.M. at A, Md=ﬂ

B.M. at &, My=R,»2=4x2=+8KkNm

B.M. at D, Mp=H xd-3x28=4%x4-83x2=+10kNm
BM. at B, Mp=0
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13&“ l-ﬁ!;H
A C__ B &
o 4 m : o
4 kM 4 8m BRI

Axn b + jIE;H,W |
’ 1 kM
(B + F 1 kN 2}

FEE SRR E AR i

e

C 5]7% ¥

Baso ne i

#

r

i

#
E-F- ﬁagmm Far i'al'ﬁl:".ll".ll".ll".ll".ll"ll"ll".l".l".l:r 4'

)
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40kN

2m

Ra

3m

3m

Adm

3m

Rb
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SHEAR FORCE AND BENDING MOMENT DIAGRAMS FOR A SIMPLY
SUPPORTED BEAM CARRYING A UNIFORMLY DISTRIEUTED LOAD
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Consider any section X at a distance x from the left end A, The shear foree at the section
{t.e., F ) is given by,

FIt+HA—w._x=+%-w.x i}

From equation (i), it iz clear that the ghear force varies according to straight line law.
The values of shear force at different points are :

At A x =0 hence FA=+'—--—-+

2 2 0
¥ L
At B, x = L hence FB=+w _m_L-_E"_E_
L w. L L
= == — l‘— =“
At C, x Ehem:e Fo=+ S we
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The bending moment &t the section X at & distance x from left end A is given by, “= [HOVELY
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From equation (i), it is clear that B.M. varies according to parabolic law.

The values of B.M. at different points are :

At A, £ = 0 hence HA=%~—L.{]-E§=I}
At B, x = L hence MB=%—%.L-%.LE=IJ

L wl L w (LY wI® wI® wl
ﬂtﬂ,I—Ehﬂﬂﬂﬂ MG—T-E—-E[-E"] =T 3 8 "

. 2
Thus the B.M. increases according to parabolic law from zero at A to + w.L at the

middle point of the beam and from this value the B.M. decreases to zevo at B according to the
parabolic law.

B, disgram Base hne
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B .M. dingram Baae ke
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Draw the shear force and B.M. diggrams for a simply supported beam of lenath 8 m
and mrr:-.rmg a mzfnrmi’y distributed load of 10 kN/m for a distance of 4 m as shown

10 kN/m
A C D &
LTy ———— 4 m ~=plt—— 3 m —
- 8m >
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Taking moments of the forces about A, we get ety He e

R,x8=10 x4x(1+%)=12ﬂ

R 220 - 15y

R, = Tolal load on beam — K
=10% 4 - 15=2328kN

10 klNim
A C D B
L ———— 4 'm w 3 m—a
Ftﬁ- -«ll Bm "I,HE
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10 kN/m
A W B

PRI 4m vl 3m—>

25 kN 15 kN

Shear Force Diagram

The shear force at A is + 25 kN. The shear force remains constant between A and C and
equal to + 25 kN, The shear force at B is— 15 kN. The shear force remains constant between
B and D and equal to - 15 kN. The shear force at any section between C and D at a distance
xz from A 15 given by,

P =+ 25 - 10(x— 1) ()

At C, x = 1 hence FE + 95 - 10{1 - 1=+ 25 kN
At D, x = 5 hence Fro=+25-10(6-1)= =—15 kN

The shear force at C is + 25 kN and at I is — 16 kIN. Also shear force between E’ and )
varies by a straight line law. This means that somewhere between C and D, the shear force 15
zero. Let the S.F. be zero at x metre from A. Then substituting the value of 8.F. {i.e., F ) equal
to zero in equation {i), we get

0=25-10{x -
ar 0=285-10x+ 10 or 10x = 35
x"% =3.5m

Hence the shear force is zero at a distance 3.5 m from A.
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10 khdim
LT ———dm re— 3 m—
R, Led Bm » R,
25 kN R
T Base line

E
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B.M. Dhagram
B.M. at A is zero
B.M. at H iz alzo zero
BM.atC=R, x1=25x1=25KkNm
The B.M. a; any section between " and [ at a distance x from A is given by,

M =R, z-10@-1). {"*;H =25 x x - Blx — L

At C,x=1 hence M¢=25x1—5[1—112z25kﬂm
AtD,x =5 hence My, =25x5-5(5- 1)*=125-- 80 = 45 kNm
At E, x = 3.5 hence Mp=26x36-0(3.5- 1) = 87.5 — 31.25 = 56.25 kNm

10 kN/m
A C e B
T ———— 4 m r 3m—>
R. L Bm » Hp
25 kN 15 kN

Parabolic

Straight
line
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LT 4 m He— 3 m —
R Lot Bm » Ay
15 kN

Base line

E

Parabolic Farahult;mgm
Straight line

line
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Draw the 8.F. and B.M. diagrems of a simply supported beam of !enigth
7 m carrying uniformly distributed loads as shown in Fig. 6.30.

10 kNim 5 kN/m
L ¢ > B
F 3 F 3
(e ———=—3m p— o — = 2m W
! ) .
HA HH
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Sol. First calculate the reactions I, and K.
Taking moments of all forces about 4, we get

Rﬂx'?':lﬂxﬁx%+5x2x[3+2+%):45+ﬁﬂ=1ﬂ5

RE=l‘$E=15kN

R, = Total load on beam ~ Ky
={10x3+5x2)-15=40-15=25 kN

10 kN'm 5 kh{m
B = G = B
Fy F 3
) +———=—3m —p-i4 2m —Mt——2m —*
! ) ,

HA=E-5 . HH=15
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S.F. Diagram. | | | - oL
The shear force at A is + 25 kN 'SITY
The shear forceat C=R, -3 x10=+25-30=-5 kN ving India

The shear force varies belween A and C by a straight line law.
The shear force between C and D is constant and equal to - 5 kN
The shear force at B is - 16 kN

The shear force between I and B varies by a straight line law.
The shear force diagram is drawn as shown in Fig. 6.30 (b).

The shear force is zero at point E between A and C Let us find the location of E from A.
Let the point E be at a distance x from A.

The shear forceat E= R —10xx=25-10x
But shear force at K =10 .
25 ~ 10x = 0 ' : or 10x =25

or x=%=2.5m
1n
25
l_ g ¢ 2 D 8
A

=.F diagram
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B.M. DMagram INAL

) - SITY
B.M. at A 15 zero ;—7,,,/,-,,
B.M. at B is zexo

B.M. at C, Mg=R,x3-10x3x > =25x3-45=75-45 =30 KNm
At K, x = 2.5 and hence
B.M. at E, ME=RA::E,5#1GK2.5KE§~=25x2+5—5xﬁ.25

= 62.5 - 31.25 = 31.25 kNm
B.M. at 1), Mﬂ=25(3+2}—10x3:{(-§+2]:125—105=2ﬂkl‘lm

A B.M. diagram  F c b
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B

S.F diagram

(el

YT ErEY. P IS FEyIEYY. -“-"l-"-’-"ﬂ’a'-"-'"'-"'-i"rf-”

A B.M. diagram
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e Draw SFD and BMD. Also calculate maximum
bending moment

S0EN 4 khim 40 kN
A G D &

—2m —be 4m M——— 4m —>
‘- 10 m >
'H'.ﬂ. ' . HE
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A G w =
(cz) t— 2m ————— 4m it— 4m —>
L 10m = .
. H‘.h = Bl} ' FI'E - 5.:.

Sol. First calculate the reactions B, and Ep.
Taking moments of all forees about A, we get

RBRID=5{}:-:2+1'D:-:4:¢[E+%}+4{](E+{L}

= 100 + 163 + 240 = 500

Ry = 900 _ 50 kN
10
and R, = Total load on beam - R,

={50 + 10 x 4 + 40) - 50 = 136 - 50 = BO kN
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A G B
@ |fe—2m ———am a— 4m —>
L 1Gm ~ .

(b

e—3

(c)
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'SHEAR FORCE AND B.M. DIAGRAMS FOR A SIMPLY SUPPORTED B ey

CARRYING A UNIFORMLY VARYING LOAD FREOM ZERO AT ONE END TO w ;5
PER UNIT LENGTH AT THE OTHER END
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A 2
B
T x o X Load diagram 1
Ry L ' » R

Fig. shows a beam AB of length L simply supported at the ends A and B and carry-
ing a uniformly varying load from zero at end A to w per unit length at B. First calculate the

reactions K, and K.
Taking moments about A, we get

RyxL-= (“’_f.‘.] 27 |:Tutal foad [= %) is acting -gLfmmA]

2 3
w. L
R,= —
B 3
and R, = Total load on beam - R, = w;‘ - wé'[' = wéL
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Calculation of Shear Force A Jovy .

Consider any section X at a distance x from end A. The shear force at X is given by,

F_=HR, - load on length AX = wﬁL wLx ;

(Lﬂ'ad on AX -

AX'CX X
2 EL

wk wx® :
"6 2L -0
Equation () shows that S.F. varies according to parabolic law.

AtA,x =0hence, F,=%L_w , wlL

6 2L G
3
AtB,x=L hence, F, = wél'. _ wzf _ w';L _ w;; . w.L —ﬁﬁw,L __ Eué.L n_%é

The shear force is + wTL at A and it decreases to - Eéﬁ at B according to parabolic law.

. (o]
WK
e T
G l w
A 23
_ B

x — % Load diagram T
. e
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f A . C +*
o fwe
=.F diagram | 3
h 2

Somewhere between A and B, the S.F. must be zero. Let the S.F. be zero to a distance » from A.
- Equating the 8.F. to zerc in equation (3), we get

_ @_w_f or wet w.L
6 2L ) 2L 6
or . o2 w.LxﬂL_L
Lﬁ w3
¥r==—=006Y7TL
v3
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B
1 4
e x — % Load diagram i

'B.M. Diagram
' The B.M. is zero at A and B.
The B.M. at the section X st a distance x from the end A is given by,

M_=R,x - Load on length AX . -;: ( Load on AX is acting at -;-ﬁ'um I}

E_quatliun (i) shows the B.M. varies between A and B according to cubic law.
Max. B.M. occurs at a point where S.F. becomes zero after changing its sign.

L e L . e
That point is at a distance of T from A. Hence substituting x = e equation (ii), we

get maximum B.M.

_wl? wl? 3w’ -wl wl’
T 63 1843 183 943
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G 1 w
A E}
X . 1
R, L ' * R

A B.M. diagram C
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* Draw SFD and BMD for the following loading
conditions. Also calculate the maximum
bending moment
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