SHEAR FORCE AND BENDING MOMENT OF BEAM

UNIT 11

SHEAR FORCE AND BENDING
MOMENT OF BEAM

2.1. INTRODUCTION
The algebraic sum of the vertical forces at any section of a beam to the right or left
of the section is known as shear force. It is briefly written as S.F.
The algebraic sum of the moment of all the forces acting to the right or left of the
section of the beam is known as bending moment. It is briefly written as B.M.
In this chapter the shear force and bending moment diagrams for different types of
beam for different types of load acting on the beams, will be discussed.
2.2. SHEAR FORCE AND BENDING MOMENT DIAGRAMS
Shear force diagram is one which shows the variation of the shear force along the
length of the beam.
Bending moment diagram is one which shows the variation of the bending
moment along the length of the beam.
2.3. TYPES OF BEAMS
The following are the important types of beams. They are
1. Cantilever beam
2. Simply supported beam
3. Overhanging beam
4. Fixed beam
5. Continuous beam

Cantilever beam: A beam which is fixed at one end

z
2

A B

and free at the other end, is known as cantilever beam.

Simply supported beam: A beam supported or resting

freely on the supports at its both ends is known as A 1 T B

simply supported beam.
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Overhanging beam: Tt is same as the SSB but the A 5
cend portion of the beam is cxtend beyond the T r

support is known as overhanging beam.

Fixed beam: A beam whose both ends are fixed or

built in walls is known as fixed beam.

A

Continuous beam: A beam having more than two

T

supports, such type of beam is known as continuous AT BT
beam.
2.4. TYPES OF SUPPORTS
The following are the important type of supports. They are
1. Roller support
2. Hinged support
3. Fixed or built-in support

Roller Support: The roller is used as an external support

since it allows rotation and horizontal translation. E
Therefore it will have a vertical support reaction. Here
beam AB is supported on the rollers. The reaction will be +

normal to the surface on which rollers are placed.

Hinged support: Here the beam AB is hinged at point A.

the reaction at the hinged end may be either vertical or F

inclined depending upon the type of loading. If load is —

load 1s inclined, then the reaction at the hinged end will

vertical, then the reaction will also be vertical. But if the +
F

also be inclined. A hinge resists horizontal and vertical
translation but allows rotation. Therefore a hinge consists
of horizontal and vertical support reaction
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SHEAR FORCE AND BENDING MOMENT OF BEAM

should be fixed. The reaction will be inclined. Also the fixed —l-- -

e

A beam is normally horizontal and the loads acting on the beams are generally

Fixed or built-in support: In this type of support the beam = ' ;_ M
}

support will provide a couple.

2.5. TYPES OF LOAD

vertical. the following are the important types of load acting on a beam
1. Concentrated or point load
2. Uniformly distributed load
3. Uniformly varying load

Concentrated or point load: A concentrated load is

one which is considered to act at a point, although in B

practice it must really be distributed over a small area.

Uniformly distributed load: A uniformly

. . I w/unit length
distributed load is one which is spread over a W
A B

beam in such a manner that rate of loading w is T T

uniform along the length. It is expressed as w
N/m run. It is denoted by UDL
For numerical problem solving, the total UDL is converted into a point load acting
at the centre of load.
w/unit length
Uniformly varying load: A Uniformly varying

load is one which is spread over abeam in such a A B

manner that rate of loading varies from point to @

point along the beam from zero to rated at w N/m

run. Such load is known as triangular load.
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For numerical problem solving, the total UVL is converted into a point load as the
arca of the triangle and it acting at the C.G of the triangle. Take at a distance of 2/3 of
total load acting from zero load.

2.6. CONCEPT AND SIGNIFICANCE OF SHEAR FORCE AND BENDING
MOMENT SIGN CONVENTIONS FOR SHEAR FORCE AND BENDING
MOMENT

(i) Shear force:

The shear force at a section will be considered positive when the resultant of the
forces to the left to the section is upwards, or to the right of the section is downwards.

Similarly the shear force at the section will be considered negative if the resultant
of the forces to the left of the section is downward, or to the right of the section is
upwards. Here the resultant force to the left of the section is upwards and hence the shear

force will be positive.

Positive SF ¥ Negative S

(ii) Bending moment:
The bending moment at a section is considered positive if the bending moment at
that section 1s such that it tends to bend the beam to a curvature having concavity at the

top as shown in Fig. The positive B.M. is often called sagging moment.

X

PR - |
Clockwise Anticlockwise ARficlocwise Clockwise

Similarly the bending moment at a section is considered negative if the bending
moment at that section is such that it tends to bend the beam to a curvature haling

convexity at the top. The negative B.M. as hogging Moment.
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SHEAR FORCE AND BENDING MOMENT OF BEAM

The bending moment will be considered positive when the moment of the forces
and the reactions on the left portion is clockwise, and on the right portion anti-clockwisc.
In the given figure the bending moment at the section X-X is positive.

Stmilarly the bending moment will be considered negative when the moment of
the forces and the reactions on the left portion is anti-clockwise, and on the right portion
clockwise. In the given figure the bending moment at the section X-X is negative.

2.7. IMPORTANT POINTS FOR DRAWING SHEAR FORCE AND BENDING
MOMENT DIAGRAMS
The shear force diagram is one which shows the variation of the shear force along

the length of the beam. And a bending moment diagram is one which show the variation
of the bending moment along the length of beam. In these diagrams, the shear force or
bending moment are represented by ordinates whereas the length of the beam represents
abscissa.

The following are the important points for drawing shear force and bending
moment diagrams

1. Consider the left or the right portion of the section.

2. Add the forces (including reaction) normal to the beam on one of the portion. If
right portion of the section is chosen, a force on the right portion acting downwards is
positive while force acting upwards is negative. If the left portion of the section is
chosen, a force on the left portion acting upwards is positive while force acting
downwards is negative.

3. The positive values of shear force and bending moments are plotted above the
base line, and negative values below the base line.

4. The shear force diagram will increase or decrease suddenly i.e., by a vertical
straight line at a section where there 1s a vertical point load.

5. The shear force between any two vertical loads will be constant and hence the
shear force diagram between two vertical loads will be horizontal.

6. The bending moment at the two supports of a simply supported beam and at the

free end of a cantilever will be zero.
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2.8. SHEAR FORCE AND BENDING MOMENT DIAGRAM FOR A
CANTILEVER CANTILEVER BEAM WITH SINGLE POINT LOAD AT FREE
END

The following figure shows a cantilever AB of length L fixed at A and free at B

and carrying a point load W at the free end B.

Let F, = Shear force at X and M, = Bending moment at X

Take a section X at a distance x from the free end. Consider the right portion of
the section.
Shear Force Calculation

The shear force at the section B is equal to the resultant force acting on the right

=« L ¥ - il

i i i i g i v v i i i i o A i i A G i i

A
3 A A
A -+ = W j
. 7
A A
// L L L L v Z v Z PN 2L j///////////;
A S.F. diagram 6\ B
Base line Base line

P A i i T i i A T i i i 4

W x x

PP PTF P77 7 I

c B.M. diagram
portion at the given section B as W and it acting downward is considered as positive.

The shear force at this section X-X 1s equal to the resultant force acting on the
right portion at the given section X-X as W and it acting downward is considered as
positive.

The shear force will be constant at all section of the cantilever between A and B as
there 1s no load between A and B. The shear force diagram is shown in fig.

SF at B =+W (+ve due to right side downward load)

SF at X-X =+W (Because no load between B and X-X)
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SF at B =+W (due to same load as above)

Shear force diagram:
Bending Moment Calculation:

The Bending Moment at the section B is proportional to the distance of the section
from the free end as (W x 0) and it acting clockwise about that scction is considered as
negative.

The Bending Moment at this section X-X is proportional to the distance of the
section from the free end as x as (W x x) and it acting clockwise about that section is
considered as negative.

The Bending Moment at this section fixed end is proportional to the distance of
the section from the free end as L as (W x L) and it acting clockwise about that section is
considered as negative. The Bending Moment diagram is shown in fig.

Problem 2.1: A cantilever 6m long carries load of 30, 70, 40 and 60 kN at a distance of
0,0.6, 1.5 and 2m respectively from the free end. Draw the SF and BM diagram for the
cantilever.

Given Data: shown in figure.

To find: SFD and BMD

Solution:
60 KN 40 kN 70 kKN 30 kKN
? b y
A = D = B
é 0.6 ™m
= 1.5 m
2.4 m
SR T B - M5 2 [ &
200 kKN =)
="
= 140 kKN
Z 3 100 kN
= +ve =+
=z 30 kN
=
= B L. "
A (=] c D =
()
A =] &= D =
-~
=N 18 KN-mm
S y
E e >>>:>>>'?c):3 KN-m
'S 234 kIN-m
=~
[~
N
(c) BMD

954 KN-m
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Shear Force Calculation: (Sum of vertical forces)
SF at B=+ 30 kN
SF at C =+30 + 70 = +100 kN
SFatD=+30+70+40=+ 140 kN
SFatE=+30+70+40+ 60 =+ 200 kN
Shear Force Diagram:
Vertical downward point load are drawn as upward vertical line
No load are drawn as horizontal line.
Bending moment Calculation: [Sum of (Vertical force x Acting distance)]
BM at B =-(30 x 0) kN =0 kNm
BM atC=-(30x0.6) - (70 x 0) = -18kNm
BMatD=-30x1.5)—(70x 0.9) - (40 x 0) = - 108kNm
BMatE=-(30x2.4)—(70 x 1.8) — (40 x 0.9) (60 x 0) =- 234kNm
BMatA=-30x6)-(70x5.4)—(40x4.5)—(60x 3.6) =-954 kNm
Bending moment Diagram:
Vertical downward point load are drawn as inclined line. All BM are in negative
side.
Result: The SFD and BMD are drawn as shown in fig.

2.9. SHEAR FORCE AND BENDING MOMENT DIAGRAM FOR A
CANTILEVER BEAM WITH UNIFORMLY DISTRIBUTED LOAD

Consider a cantilever beam of length L fixed at A and carrying a uniformly
distributed load of w per unit length over the entire length of the beam.

Take the section X at a distance of * x” from the free end B. Here we have consider
the right portion of the beam section.

Let F, = Shear force at X and M, = Bending moment at X
Shear Force Calculation:

The shear force at the section X will be equal to the resultant force acting

on the right portion up to the section.

The resultant force on the right portion = load x distance of right portion = w x x
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The resultant force acting on the right portion acting downward is considered
positive.
» Shear force at X, F, =+ w. x
The above equation shows that the shear force follows a straight line law.
SF at B, when x = 0 hence = + (load x distance) =wx 0=+ ()
SF at A, when x = L hence = + (load x distance)=wx L =+ w. L
Shear Force Diagram:
When an UDL acting on the beam is indicated in Shear force diagram as an
inclined line. The shear force diagram shown in fig.
Bending moment Calculation:
The UDL over a section of beam is converted into point load acting at the C.G of
the section.
The bending moment will be negative as for the right portion of the section, the
moment of the load at x 1s clockwise.
The bending moment at the section X is given by

M, = -(total load on right portion) x (distance of C.G of right portion from X)

2

=-(w.x)x (E) =-wi

2

From the above eqn. it is clear that B.M. at any section is proportional to the
square of the distance from the free end. This follows a parabolic law.
BMatB,WheanOhenceZ-%XOZ 0

] 2
BM at A, when x = L hence = - %x L":—w.%

Bending moment Diagram:

When an UDL acting on the beam is indicated in Bending Moment diagram as an
parabolic curved line. The Bending Moment diagram shown in fig.
Problem 2.2: A cantilever of length 2m carries a UDL of 3 kN/m. Draw the SF and BM
diagram.
Given Data: shown in figure.

To find: SFD and BMD
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Solution:
Shear Force Calculation: (Sum of vertical forces)
For UDL, it will be converted into point load as (Point load = UDL x load acting
distance) and the converted point load acting at its middle means divided by 2
SF atB=+0kN
SFatA=+0+3x2)=+6kN
Shear Force Diagram:
Vertical downward UDL are drawn as inclined line based on sign

No load are drawn as horizontal line.

3 kN/m
A B
2m
—~ ]
(a)
6 kN
1 SFD +ve
TSI AT S
A | B
(b) SFD
A ' .B
BMD
—6 kNmR ~V€
(c) BMD
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SHEAR FORCE AND BENDING MOMENT OF BEAM

Bending moment Calculation: [Sum of (Vertical force x Distance of load acting from
required section)]

For UDL, it will convert into point load and that PL act at its middle

BM at B =-(0 x 0) kN =0 kNm

BMatC=-(0x2)-[(3 x2)x§] = -6kNm
Bending moment Diagram:

Vertical downward UDL arc drawn as parabolic curved linc based on their sign.
Result: The SFD and BMD are drawn as shown in fig.
Problem 2.3: A cantilever of length 4m carries a UDL of 3 kN/m run over the whole
length and two point loads of 4kN and 2.5 kN are placed 1m and 2m respectively from
the fixed end. Draw the SF and BM diagram.
Given Data: shown in figure.
To find: SFD and BMD

Solution:

15.5 kKN
11.5 kKN
SFD 8.5 kN
e 6 kKN
/////// " e e - - - e -
A D | - B
(b) SFD
A C C B
Ty, Ve Ve el e ey ey ey e e e e, ey Ty
BMD ]
—_e — 6 kKN-m
— 16 KIN-m
— 33 KIN-mM

(c) BMD

91 |Page



STRENGTH OF MATERIALS

Shear Force Calculation: (Sum of vertical forces)
For UDL, it will be converted into point load as (Point load = UDL x load acting
distance) and the converted point load acting at its middle means divided by 2
SF at B=+ 0 kN
SFatC=+0+25+B3x2)=+8.5kN
When point load and UDL acting at a particular point, first we have not consider
Point Load and next consider point load to find shear force
SFatD=+3+2+(3x1.5)=+9.5kN (Without consider PL)
SFatD=+3+2+2+3x1.5)=+11.5kN (With consider PL)
SFatA=+0+25+4+(3x4)=+18.5kN
Shear Force Diagram:
Vertical downward point load are drawn as vertical line based on sign
Vertical downward UDL are drawn as inclined line based on sign
Bending moment Calculation: [Sum of (Vertical force x Distance of load acting from
required section)]
For UDL, it will convert into point load and that PL act at its middle
BMat B =-(0x 0)=0kNm

BM at C = - (0 x 2)- (2.5 x 0)-[(3 x 2)x 2] = -6kNm
BMatD=-(0x3)-25x1)-(4x0)-[(3x3)x %] = -16kNm
BMatA=-(0x4)-25x2)-4x D3 x4)x %] =-33kNm
Bending moment Diagram:
Vertical downward UDL are drawn as parabolic curved line based on their sign.
Result:
The SFD and BMD are drawn as shown in fig.
Problem 2.4: A cantilever of length Sm carries a UDL of 3 kN/m run over the length of
1.5m start from 1.5m from fixed end and two point load 2kN acting at 1.5m and 3m
respectively from fixed end and another point load 3kN acting at the free end. Draw the
SF and BM diagram.
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Given Data: shown in figure.
To find: SFD and BMD

Solution:

= 3 kKN

SFD 5 kKN

= :‘4’///////// 3 kN
) (b)) SFD

—ve — 6 kKiN-m

— 16.875 KN-m

~_ 34_.125 kKN-m
(c) BMD

Shear Force Calculation: (Sum of vertical forces)

For UDL, it will be converted into point load as (Point load = UDL x load acting
distance) and the converted point load acting at its middle means divided by 2

SF at B =+ 3kN

SFatC=+3+2=+5kN

When point load and UDL acting at a particular point, first we have not consider

Point Load and next consider point load to find shear force

93 |Page



STRENGTH OF MATERIALS

SFatD=+3+2+ (3x1.5)=+ 9.5 kN (Without consider PL)
SFatD=+3+2+2+3x1.5)=+11.5kN (With consider PL)
SFatA=+3+2+2+(3x1.5)=+11.5kN
Shear Force Diagram:
Vertical downward point load are drawn as vertical line based on sign.
Vertical downward UDL are drawn as inclined line based on sign.
No load are drawn as horizontal line.
Bending moment Calculation: [Sum of (Vertical force x Distance of load acting from
required section)]
For UDL, it will convert into point load and that PL act at its middle
BMatB=-(3x0)=0kNm
BMatC=-(3x2)-(2.x0)=-6kNm

BMatD=-(3x3.5)-(2x1.5-2x0)-[(3x1.5x=]=-16875kNm
BMatA=-(3x5)-(2x3)-(2x1.5-[3x15)x (12;5+1.5)] =-34.125kNm
Bending moment Diagram:
Vertical downward PL are drawn as inclined line based on their sign. Vertical
downward UDL are drawn as parabolic curved line based on their sign.
Result:

The SFD and BMD are drawn as shown in fig.

2.10. SHEAR FORCE AND BENDING MOMENT DIAGRAM FOR A
CANTILEVER BEAM WITH UNIFORMLY VARYING LOAD

Consider a cantilever beam of length L fixed at A and carrying a uniformly
varying load from zero at the free and to w per unit length at the fixed end of beam.

Take the section X at a distance of ” x’ from the free end B. Here we have consider
the right portion of the beam section.

Let F, = Shear force at X and M, = Bending moment at X

Shear Force Calculation:
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Let us first find the rate of loading at the section X. The rate of loading is
zcro at B and is ‘w’ per meter run at A. This means that rate of loading for a length L is w
per unit length.

Hence rate of loading for a length of x = % x x per unit length. Which 1s equal to

the load acting at X = CX = % XX

¥ wx

w C

(@) | J
B
A X
[——— x —P>|
< : ;
Load diagram
L
/ Parabolic curve
wxL [ 2
2 ¢ o
(b) 5 2L
L ,
////////////////////////j/// yd L2
1A : ‘TC B
: S.F. diagram _
| Base line
I
i Base line
1A vC B
/////////////// AP PP Pl Pl Pl Al 7774
3
T 2 W. X
(c) waE; 6L
6 ¢
s
4
s

Cubic curve B.M. diagram

The resultant force acting on the right portion acting downward is considered
positive.
The shear force at the section X at a distance x from tfree end is given by
E. = +(Total load on the cantilever for a length x from the free end B)
= +( Area of triangle BCX)

=+ x XBx XC)
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1 w e w
:+_XJCX(_XX):+H"._ (.'.XB:x’XC:—Xx)
2 L 2L L

From the above eqn. shows that the SF varies according to the parabolic law.

2

SFatB,Whenx=0hence=+w.% =0

2
SF at A, whenx=Lhence=+w.i—L =+ —

Shear Force Diagram:

When an UVL acting on the beam is indicated in Shear force diagram as an
Parabolic curved line. The shear force diagram shown in fig.
Bending moment Calculation:

The UVL over a section of beam is converted into point load acting at the C.G of
the section.

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

The bending moment at the section X is given by

M,  =-(total load on right portion) x (Distance of the load from X)

= - (Area of triangle BCX) x (Distance of C.G of triangle from X)

x) wx?
6l

From the above eqn. it is clear that B.M. at any section is proportional to the cube

of the distance from the free end. This follows a cubic law.

wx0

BM at B, when x = 0 hence = - % = {)

BM at A, when x = L hence = - —

Bending moment Diagram:

When an UDL acting on the beam is indicated in Bending Moment diagram as an
cubic curved line. The Bending Moment diagram shown in fig.
Problem 2.5: A cantilever of length 4m carries a gradually increasing load, zero at the
free end to 2kN/m at the fixed end. Draw the SF and BM diagrams for the cantilever.

Given Data: shown in figure.
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To find: SFD and BMD
Solution:

Shear Force Calculation: (Sum of vertical forces)

For UVL, it will be converted into point load as (Point load = Area of triangle = é

. : ; . ; .
x UVL x load acting distance) and the converted point load acting distance at its> from

the higher load end.
SF at B=+ 0 kN

SFatA=+0+(§x2x4)=+4kN

C
2 kN/m
t |
(a) [ .
1A
“14 4m >
A
Load diagram
D
(b) 4kN
i P I L LI LLLLLL L LSS LY B
A S.F. diagram
A
‘j[‘ A i i i T B

A’ B.M. diagram

Shear Force Diagram:
Downward UVL are drawn as parabolic curved line based on sign.
Bending moment Calculation: [Sum of (Vertical force x Distance of load acting from

required section)]

97 |Page



STRENGTH OF MATERIALS

For UVL, it will convert into point load and that PL act at itsé from the higher load

end.
BMatB=-(0x0)=0kNm
BMatA=-(0x4)-[Gx2x4)x>]=-533kNm
Bending moment Diagram:
Vertical downward UVL are drawn as cubic curved line based on their sign.
Result: The SFD and BMD are drawn as shown in fig.

2.11. SHEAR FORCE AND BENDING MOMENT DIAGRAM FOR A SIMPLY
SUPPORTED BEAM WITH CENTRAL POINT LOAD

Consider a beam AB of length L simply supported at the ends A and B and

carrying a point load W at its middle point C.

W
=y lc
: B
A
(a) L 1
W - U2 =l = W—
Ra=7te L P =7
|
(7777777777777 777777777777)
w 4 Base line
() 21: A * y q
(LLLL0LLLLLLLLLLLL0LELLLL 777777777777 7777777777777) B
A C N 4 W
“ Y 5
S.F. diagram Ypssrssisissisiriisizizl]
|

@

////////////////////ﬂ'///////// LLLLLLLLLL
A C
B.M. diagram Base line

First to find the reaction force at A and B as R, and Ry by the two steps are

followed.
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Stepl: Take moment about A=0 > Rg xL—Wxg =0 > Rp :%

Step2: Sum of upward force = Sum of downward force > R, + Ry =W

then Ry=W - Ry » R,=W-2 =%

2 2
Henee Ry = Ry ZV—:
Take a section X at a distance x from the end B between B and C. Here we have
consider the right portion of the beam section.
Let F, = Shear force at X and M, = Bending moment at X
Shear Force Calculation:

The shear force at X will be equal to the resultant force acting on the right of the

. ; , - W
portion of the section. But the resultant force on the right portion is Rp = ~ acting
upward. Hence the shear force at X is positive and its magnitude is o
4
» Shear force at X, F, =+ =

. w
Hence the shear force between B and C is constant and equal to + 5
Now consider any section X between C and A at a distance x from end B. The
resultant force on the right portion will be,

SW=-

~ Shear force at X between B and C, F, =+ %

At the section C the shear force is same as -

SRR S

Shear Force Diagram:

When the point load acting on the beam is indicated in Shear force diagram as an
vertical line. The shear force diagram shown in fig.
Bending moment Calculation:

The bending moment at any section between B and C at a distance x from the end
B, is given by

The bending moment will be positive as for the right portion of the section, the
moment of the load at x 1s anti-clockwise about the section.

The bending moment at the section X is given by
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M, = (total load on right portion) x (Distance of the load from X) = Ry x x
=+Z x
2

BM at B, whcnx=011cncc=+%. 0= 10

% w L WL
BM at C, whcnxzzhcncc=+?.f+7

From the above eqn. it is clear that B.M. at any section is proportional to the
distance between B and C. This follows a straight line law.

The bending moment at any scction between C an A at a distance x from the end
B, is given by

BM at X, at a distance x=M, = Rg X x - W(x— _E)=+%.x —W(x— S)

2

WL wx
X 2 2
L WL W L W.L
BM at C, whenx=-hence=+—— — .- =+ —
2 2 773 4
WL WL
BMatA,thanLhcncc=+7— g =0

: . WL .
Hence bending moment at C is + v and it decreases to zero at A,

Bending moment Diagram:
When point load acting on the beam is indicated in Bending Moment diagram as
an inclined line. The Bending Moment diagram shown in fig.
Problem 2.6: A simply supported beam of length 6m, carries point load of 3kN and 6kN
of 2m and 4m from the left end. Draw the SF and BM diagrams for the beam.
Given Data: shown 1n figure.
To find: SFD and BMD
Solution:
Find the reaction at A and B as R, and Ry
Step1:Take moment about A is equal to zero
Rpx6—-(6x4)-(3x2)=0>>Rpx6 = (6x4)+(3x2)/6 > Rp=5kN
Step2:Sum of upward force = Sum of downward force

RA+RB=6+3 >>RA=9_RB >>RA=9-5:4kN

100 |Page



SHEAR FORCE AND BENDING MOMENT OF BEAM

Shear Force Calculation: (Sum of vertical forces)
SFatB=-Rgz=-5kN
SFatC=-5+6=+ 1kN
SFatD=-5+6+3=+4kN
SFatA=-5+6+3=+4kN

Shear Force Diagram:
Vertical downward point load are drawn as upward vertical line
Vertical upward reaction force are drawn as downward vertical line.

No load are drawn as horizontal line.

3 kN 6 kN
A D C B
4
@ e 2m—e—om— t
4m —b]
4 kN < 6m » 5 kN
T ;/////////////// ‘ |
4N ¢ kN IS e
4
(&) _+_ "//////////////////////////////////////‘///lj/// 1 kN
777
A D c ,T( 77777777, g T
Base line ‘ ; - 5 kN
S.F.diagram V,,,,,,/ss0s s/

| 5kN

D

(c)

8 kNm L 10 kNm

,///////////; LLLLL LIS Y, //*//// LLLLLL 22

A D C \ B

B.M. diagram Base line

Bending moment Calculation: [Sum of (Vertical force x Distance of load acting from
required section)]
BM atB =+ (Rzx 0)=0kNm
BMatC=+5x2)—(6x0)=+10kN
BMatD=+5x4)(6x2)—-(3x0)=+8kN
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BMatA=+H5x6)—(6x4)—(3x2)=0kN
Bending moment Diagram:

Vertical downward point load are drawn as inclined line based on their sign.
Result: The SFD and BMD are drawn as shown in fig,

2.12. SHEAR FORCE AND BENDING MOMENT DIAGRAM FOR A SIMPLY
SUPPORTED BEAM WITH UNIFORMLY DISTRIBUTED LOAD

Consider a bcam AB of length L Simply Supported at the end A and carrying a

uniformly distributed load of w per unit length over the entire length of the beam.

[ X —> X w/Unit length
|
A : : B
(a) 4 . 'C A
R |
A |4 T L B RB
I
W.E- ! Base line ‘
+ 1
(b) i Ly ////fx/ LLELLS IS ;C B
I ErEs PP I 77777
A S.F. diagram ! ~. A L
/A —
14
" L2 e L2 >

(©)

B.M. diagram Base line

First to find the reaction force at A and B as R, and Ry by the two steps are

followed.

Stepl: Take moment about A=0 > RgxL—w.l X - =0>» Ry = %
Step2: Sum of upward force = Sum of downward force > R, + Rz = W.L

then R,=W.L- Ry > RAzw,c-—_%
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WL
Henee Ry =R = .

Take a section X at a distance x from the end B, between B and C. Here we have
consider the right portion of the beam section.

Let F, = Shear force at X and M, = Bending moment at X
Shear Force Calculation:

The shear force at X will be equal to the resultant force acting on the right of the
portion of the section. But the resultant force on the right portion is Rz = % acting

upward and downward UDL as W .x.

. Shear force at X, F, =-Rp +w. x
wiL
BoFie— - twux

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

SF at B, when x = 0 hence = - % +w. 0 = %

SFatC,Whenng henceZ-%—l—w.g =

SFatA,W’heanLhenceZ—%+w,L=+%

Shear Force Diagram:

When an UDL acting on the beam is indicated in Shear force diagram as an
inclined line. The shear force diagram shown in fig.
Bending moment Calculation:

The bending moment at any section between B and C at a distance x from the end
B, is given by

The bending moment will be positive as for the right portion of the section, the
moment of the load at x is anti-clockwise about the section.

The bending moment at the section X is given by

M, = (total load on right portion) x (Distance of the load from X)
WL e
=+RBxx—w.x.j,—r= = x-2
2 2 2
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From the above eqn. it is clear that B.M. at any section is proportional to the

squarc of the distance from the free end. This follows a parabolic law.

2
BMatB,Whenx=0hence=+%.0—%20

i 2
L WL L W3 wi?
BMatC,whcanEhcnccz-f-T.E — (22) =k

w.l?

=0

BMatA,whenx=Lhence=+% i

The maximum B.M. occurs at the centre of the beam, where S.F. becomes zero
after changing its sign.
Bending moment Diagram:

When an UDL acting on the beam is indicated in Bending Moment diagram as an

parabolic curved line. The Bending Moment diagram shown in fig.

Problem 2.7: A beam of 8m span simply supported at its end carries loads of 2kN and
5kN at a distance of 3m and 6m from right support respectively. In addition the beam
carries a UDL of 4kN/m for its entire length. Draw the shear force and bending moment
diagram. Also find the maximum bending moment.
Given Data: shown in figure.
To find: SFD and BMD, Max. BM
Solution:
Find the reaction at A and B as R, and Ry

Stepl: Take moment about A 1s equal to zero

For UDL, it will be converted into point load as (Point load = UDL x load acting

distance) and the converted point load acting at its middle means divided by 2
Rpx8—-(2x5)—(5 X2)—[(4X8)x§]=0
Rpx8= (2x5)+(5x2) +[(4x8)x>] > Rp=18.5kN
Step2: Sum of upward force = Sum of downward force

R,+ Ry =2+5+(4x8) »R, =39-R; >» R,=39-18.5=20.5kN
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Shear Force Calculation: (Sum of vertical forces)
For UDL, it will be converted into point load as (Point load = UDL x load acting
distance) and the converted point load acting at its middle means divided by 2
SFatB=-Rp =-18.5kN
When point load and UDL acting at a particular point, first we have not consider

Point Load and next consider point load to find shear force

SF atC=-18.5 +(4 x 3) = -6.5kN (Without consider PL)
SFatC=-185+2+(4x3)=-45kN (With consider PL)
SFatD=-185+2+(4x6)=+45kN (Without consider PL)

SFatD=-185+2+5+(4x6)=+125kN (With consider PL)
SFatA=-185+2+5+(4x8=+20.5kN

5 kKN 2 kKN
) 4 kKN/m
A W&AB
3Sm | 3 m
= S Ro
(=)
20.5 kN
|
-
:)””%b’bi. 12.5 kKN
L~
2 +ve A 7.5 kKN
-
-
- = P> =
A D § = 4B
- -]
" -
x _4‘|5 KNE- —ve
—6.5 kN Z
-
(b) SFD l
—18.5 kKN
40.03
33 375
+ve
NN NN IR NN N :““':-::H
A D C B
(c) BEMD
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Shear Force Diagram:

Vertical downward point load arc drawn as vertical line based on sign

Vertical downward UDL are drawn as inclined line based on sign
Bending moment Calculation: [Sum of (Vertical force x Distance of load acting from
required section)]

For UDL, it will convert into point load and that PL act at its middle.

BM at B =+(18.5 x 0) = 0 kNm

BMat C = +(18.5x 3) - (2x 0) - [(4 X 3) x 2] =+37.5 KNm
BMatD=+(18.5%6)—(2x3)~ (5x0)—[(4x 6) x 2] =+ 33 kNm

BMatA=+(185x8)-(2x5)-(5x2)-[(4x8)x g]ZOKNm
Bending moment Diagram:

Vertical downward PL are drawn as inclined line and UDL are drawn as parabolic
curved line based on their sign.
Calculate Maximum Bending Moment:
Method 1

The maximum BM will occur where the shear force becomes zero. Let us take a
point X at a distance of x from B where SF become zero is shown in fig.

SFatX =-Rp+2+4xx)=0>>-185+2+4x=0 >x=4.125m
Method 2

Distance x = distance BC + (

3+(2)

=3+1.125=4.125m

Vertical Height of particular Triangle)
UDL

BM at X = +(18.5 x 4.125) — [2 X (4.125 - 3)] - [(4 x 4.125) x === ] = 40.03 KNm

Result:
The SFD and BMD are drawn as shown in fig.
Maximum BM = 40.03 kNm acting at a distance of 4.125m from right support.
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2.13. SHEAR FORCE AND BENDING MOMENT DIAGRAM FOR A SIMPLY
SUPPORTED BEAM WITH UNIFORMLY VARYING LOAD

Casel:UVL from zero at each end to w per unit length at the centre
A beam beam of length L simply supported at the ends A and B and carrying a
uniformly varying load from zero at each end to w per unit length at the centre. The
reactions at the supports will be equal and their magnitude will be half the total load on
the entire length as the load is symmetrical on the becam.
Total load on the beam = Area of triangle ABC
Z%x ABXCOZ%XLXWZWT'L

i 1 wiL  wi
~ Reaction forces Ry = Ry = SXx— ==

Take a section X at a distance x from the end B, between B and C. Here we have
considered the right portion of the beam section.

Let E, = Shear force at X and M, = Bending moment at X

B
X
(a) X q C .
/2 | Load dlvagram
L .
T
w.L
b) 7 A
i Z //i// B
S.F. diagram y ?
w.L
(c)
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Shear Force Calculation:

Let us first find the rate of loading at the section X. The rate of loading is

zero at B and 1s ‘w’ per meter run at C. This means that rate of loading for a length % 15w
per unit length.

Hence rate of loading for a length of x = % x x per unit length. >»> DX = W ox

2

P DX px =
Cow -

2
Now load on the length AX of the beam = Area of load diagram BXD

x.w 2.W.x

m|r—<|

1 1 2w w
== xSXxDX ==xxx— . x=—. x>
2 2 L L

: : . . 2

This load is acting at a distance of g from X or ?xﬁom B.

The shear force at the section X at a distance x from free end is given by
E = -Rp +load on the length BX

w.L w
=-=4 =%
4 L

The above eqn. shows that the SF varies according to the parabolic law between B

and C.
SFatB,whenx=0hence==—W—L+% 02=_WT'L
2
SFatC,whenszhenc-e==-w—'L+ E_(E) v Py WR
2 4 L \2 4
SF at A, WheanLhenceZ%rRAerw'L

Shear Force Diagram:

When an UVL acting on the beam is indicated in Shear force diagram as an
parabolic curve line. The shear force diagram shown in fig.

Bending moment Calculation:

The bending moment at both end become zero.

The bending moment will be positive as for the right portion of the section, the
moment of the load at x 1s anti-clockwise about the section.
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The bending moment at X at a distance of x from B is given by,

M, =+ Rp x x —load of length AX . %

From the above eqn. it is clear that B.M. at any section is proportional to the cube

of the distance from the free end. This follows a cubic law.

B'MatB,wheanOhenceZJrWTL.0—£.O3=0

3 2 2 2
L wlL L w L Wi WL WL
BMatC,whcnxz—hcncc=+—.—-—.(—) =+ - =+
2 4 "2 3L°\2 8 24 12
The maximum B.M. occurs at the centre of the beam, where S.F. becomes zero
after changing its sign.

_ . wli?
~ Maximum B.M. 1sat C, M, = FTi

Bending moment Diagram:

When an UVL acting on the beam is indicated in Bending Moment diagram as a
cubic curved line. The Bending Moment diagram shown in fig.
Problem 2.8:The intensity of loading on a simply supported beam of 4m span increases
gradually from 30 kN/m run at one end to 130 kN/m run at the other end. Draw the shear
force and Bending Moment diagram. Also find the maximum BM.
Given Data:

shown in figure.
To find:

SFD and BMD, Max. BM
Solution:

The load will be consider as (i) UDL of 30kN/m run throughout the span.
(11) UVL which 1s zero at the right end B and increase to 100kN/m run at left end A.
Find the reaction at A and B as R, and Rp

Stepl: Take moment about A is equal to zero

For UDL, it will be converted into point load as (Point load = UDL x load acting

distance) and the converted point load acting at its middle means divided by 2.

109 |Page



STRENGTH OF MATERIALS

For UVL, it will be converted into point load as (Point load = Arca of trianglc = %

X UVL x load acting distance) and the converted point load acting distance at itsé from
the higher load end.
Rp x4 — [(30 x 4) xg i [(% x 4 x 100) x g]: 0
R8x4=[(30x4)x§]+[(% X 4 x 100)x§] > Rp=126.67 kN
Step2: Sum of upward force = Sum of downward force

R,+ Ry =(30x4)+(% x4x100) » R, =320- Ry

» R,=320—-126.67 = 193.33 kN

R, =193.33 kN (@) Beam Ry = 126.67 kN

7126.67 kN

#
+ y
#
T A S BTN AN .

vvvvvvvvvv

(b) S.F. diagram

193.33 kN —7T T
/ g
(7
o | &
w (%] — =
& || =8 -
A 1E 18 _
o0
F ple 2 2 b 4 7 2 2 b 2 o2

(c) BM. diagram
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Shear Force Calculation: (Sum of vertical forces)

SFatB=- Ry = - 126.67kN
1
SFat A = - 126.67 +(30 x 4) + (5 x4 x 100) =+193.33 kN

Shear Force Diagram:

Vertical upward rcaction load are drawn as vertical line based on sign

Downward UVL are drawn as parabolic curved line based on sign
Bending moment Calculation: [Sum of (Vertical force x Distance of load acting from
required section)]

BM at Both end B and Abecome Zero.
Bending moment Diagram:

Vertical downward PL are drawn as inclined line and UDL are drawn as parabolic
curved line based on their sign.
Calculate Maximum Bending Moment:

The maximum BM will occur where the shear force becomes zero. Let us take a

point X at a distance of x from B where SF become zero is shown in fig.
SFatX =- R+ (30 xx) + (% x xx FG) =0 >

The rate of loading FG is calculate by the similar A CDE and CFG
FG _ CG

S>FG=SxDE >»FG=%x100 >»FG=25x
DE cD cD 4

Substitute the FG value in shear force at X which gives
=-126.67 +30x + @ Xxx25x)=0
125x*+30x—126.67=0

-30+V302-4x12.5%x-126.67
Then x = —— = 2.2 m (neglect the —ve value)

Then BM at X = +(126.67 x 2.2) - [(30 x2.2) x 2] - [t x 22 % 100)x 2 ]

=161.7kNm
Result: The SFD and BMD are drawn as shown in fig.
Maximum BM = 161.7kNm acting at a distance of 2.2m from right support.
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2.14. SHEAR FORCE AND BENDING MOMENT DIAGRAM FOR OVER-
HANGING BEAM:
The beam having its portion 1s extended beyond the support, such beam is known

as overhanging beam. In case of overhanging beam, the BM is positive between the two
supports, whercas the BM is negative for the overhanging portion. Hence at some point,
the BM is zero after changing its sign from positive to negative or vice versa. That point
1s known as point of contraflexure or point of inflexion.
Problem 2.9:Draw the S.F. and B.M. diagram for the loaded beam shown in fig
Given Data: shown in figure.
To find: SFD and BMD, Max. BM
Solution:
Find the reaction at A and B as R, and Ry
Stepl: Take moment about A is equal to zero
For UDL, it will be converted into point load as (Point load = UDL x load acting
distance) and the converted point load acting at its middle means divided by 2.
—(2x7)+RBx5—[(2x5)x§]—(5.5x2)=0
Ryx5= 2x7)+H(2x5) xg 1+(5.5x2) > Ry = 10kN
Step2: Sum of upward force = Sum of downward force
Ry+Rp =2+(2x5)+55» R, =17.5-Rpg
»> R,=175-10=75kN
Shear Force Calculation: (Sum of vertical forces)
SF at B=+ 2 =+2kN
SFatC=+2-10 =-8kN
When point load and UDL acting at a particular point, first we have not consider
Point Load and next consider point load to find shear force.
SFatD=+42-10+(2x3) =-2kN (Without consider PL)
SFatD=+42-10+55+(2x3)=+35kN (With consider PL)
SFatA=+2-10+55+(2x5)=+75kN
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Shear Force Diagram:

Vertical upward rcaction and downward load arc drawn as vertical linc based on

sign.

Vertical downward UDL are drawn as inclined line based on sign

S kN 2 kN

3.5 kN 2 kKN 2 kN

7.5 kKN (b) S.F. diagram
11 kKNm

(c) B.M. diagram R e
4 kNm

Bending moment Calculation: [Sum of (Vertical force x Distance of load acting from

required section)]
BMatB=-2x0)=-0kN
BMatC=-2x2)+(10x0) =-4kN

BMatD=-(2x5)+(10x3)-(5.5x0)—[(2x3)x§]=+11kN

BMatAZ-(2X7)+(10X5)-(5.5X2)—[(2X5)X§]=01(N
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Bending moment Diagram:

Vertical downward and upward PL arc drawn as inclined linec and UDL are drawn
as parabolic curved line based on their sign.
Calculate the position of point of contraflexure or point of inflexion:

The point of contraflexure or point of inflexion lie at a point where BM become
zcro. In the fig. thc BM act at X at a distance x m from support C.

BM at X =-[2x(x+2)]+(102oc)-[(2xx)x§]=O>>

=-2x-4+10x - x? »>x%2 -8 +4=0

—(-8)+./(-8)2-4x1x4
2xX 1

Then x = = 0.540r 7.45m

Now x = (.54m and other value 7.45m being inadmissible.
Result:
The SFD and BMD are drawn as shown in fig.
Point of contraflexure or point of inflexion acts at a distance of 0.54m from right
support.
Problem 2.10:A beam AB 10 m long carries a UDL of 20 kN/m over its entire length
together with concentrated load of 50 kN at the left end A and 80 kN at the right end B.
The beam is to be supported at two props at the same level 6m apart, so that the reaction
is the same at each. Determine the position of the supports and draw S.F. and B.M.
diagram. Find the value of maximum B.M. Locate the point of contraflexure, if any.
Given Data: shown in figure.
To find: SFD and BMD, Max. BM and Locate the point of contraflexure
Solution:
Find the position of reactions:
Stepl: Sum of upward force = Sum of downward force
Rq+Rp =80+ (20 x 10) + 50
Given R, = Rp > 2R, =330 > Re =330/2 > R =165 kN
» R.=Rp =165kN
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Step2: Take moment about A is equal to zero. Let us take a distance x m form left
end onc reaction D will be acted.
For UDL, it will be converted into point load as (Point load = UDL x load acting

distance) and the converted point load acting at its middle means divided by 2.
-(80x10)+ R x(6+x)+Rp xx—[(20x 10))&%]:0
2 x 165x =800 + 1000 — (6 x 165)
x=810/330=2.45m

Then distance of another reaction from right support =4 — 2.45 = 1.55m

SO KN 20 kN/m 80 kN

IS B

x=2.45m € 4x=155m
=165 kN R, =165kN
Re (a) Beam 2
99 kN
54 kN
,e
D c////fd B
11_{21{11’ C:,!,"
2.Tm—Pf _ 4
b"66 kN o ;
f 80 kN
(b) S.F. diagram 111 kN
1/1111:111r11./ff”"””{B
= D
148.02 kNm
182.52 kNm

(c) BM. diagram
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Shear Force Calculation: (Sum of vertical forces)

SF at B = + 80 = +80kN

When point load or reaction and UDL acting at a particular point, first we have not
consider Point Load and next consider point load to find shear force.

SF at C=+80+ (20 x 1.55) = 111kN (Without consider PL)

SFatC=+80-165+(20x 1.55) =-54kN  (With consider PL)

SF at D=+80 - 165 + (20 x 7.55) =+ 66kN (Without consider PL)

SF at D=+80- 165 — 165+ (20 x 7.55) = - 99kN (With consider PL)

SF at A =+80 - 165 — 165 + (20 x 10) =- 50kN
Shear Force Diagram:

Vertical upward reaction and downward load are drawn as vertical line based on
sign.Vertical downward UDL are drawn as inclined line based on sign
Bending moment Calculation: [Sum of (Vertical force x Distance of load acting from
required section)]

BMat B =-(80x 0)= 0 kN

BM at C = -(80 x 1.55) + (165 x 0) — [(20 x 1.55) x %] = - 148.02kNm

7.55
2

BM at D = (80 x 7.55)+(165 x 6)— (165 x 0) -[(20 x 7.55) x ===]=- 182.52kNm

BM at A= (80 x 10)+(165 x 8.45)— (165 x 2.45) - [(20 x 10)x =] =- 0 kNm

Bending moment Diagram:

UDL are drawn as parabolic curved line based on their sign.
Maximum B.M. Calculation:

Maximum B.M. available at the reaction D which is equal to 182.52kNm
Calculate the position of point of contraflexure or point of inflexion:

The B.M remains negative throughout, hence there is no point of contraflexure or
point of inflexion.
Result:The SFD and BMD are drawn as shown in fig.

There 1s no Point of contraflexure or point of inflexion.

Maximum B.M. = 182.52kNm
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2.15. S.F AND B.M. DIAGRAM FOR BEAMS CARRYING INCLINED LOAD
AND SUPPORTS
The shear force 1s defined as the algebraic sum of the vertical forces at any section

of a beam to the right or left of the section. But when a beam carries inclined loads, then
these inclined loads are resolved into their vertical and horizontal components. The
vertical components only will cause shear force and bending moments.

The horizontal components of the inclined loads will introduce axial force or
thrust in the beam. The variation of axial force for all scctions of the beam can be shown
by a diagram known as thrust diagram or axial force diagram.

In most of the cases, one end of the beam is hinged and the other end is supported
on rollers. The roller support cannot provide any horizontal reaction. Hence only the
hinged end will provide the horizontal reaction.

Problem 2.10:A beam AB 4 m long is hinged at A and supported on roller at B. The
beam carries inclined loads of 100N, 200N and 300N inclined at 60°, 45° and 30° to the
horizontal at a distance of Im 2m and 3m respectively form left support. Draw the S.F.,
B.M. and thrust diagram for the beam.
Given Data: shown in figure.
To find: SFD and BMD and Thrust force diagram.
Solution:
First of all resolve the inclined force into their vertical and horizontal components
Inclined load at C is having horizontal component = 300 x cos 30°= 259.8N
Vertical component = 300 x sin30°= 150N
Inclined load at D is having horizontal component = 200 x cos 45°= 141.4N
Vertical component =200 x sind5°= 141.4 N
Inclined load at E 1s having horizontal component = 100 x cos 60°= 50N
Vertical component = 100 x sin60°= 86.6N

As the beam is supported on roller at B, hence have vertical reaction as Rgz. But at

A having hinged support, hence Horizontal and vertical reaction are there as R, and Hy

Horizontal Reaction at B = Hg = Sum all horizontal component of inclined loads
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=50+141.4+2598=45120N

( Based on horizontal force direction put + or — sign)

200 N 300 N

/ /
o 30
A .. _IB

|
o c pas
}<—1m-—>|ﬁ—1m—><-—1m—"4— 1m —>|
86.6 N 1414N 150N

(a)

HAZ
(b) 1
E D G B
R,=173.15N & Load diagram Rg =204.85
$ ’///f//////// 866 l
© 17345F *  CogerrrSeer :
i # ////////J//////??’/sfs//lf141‘4 l C B
A € T PECCRE. il
T T AL = 4204.85
S.F. diagram l 15!0 ///////////g i
@) ‘ 259.7
173.15 Nm l 2048
/_///////I/;//////I//// 11///////// PPN
A D C
| | B.M. diagram .
# 50 N l
A 141.4
- 4512 N
(e) ;j/ l + 401.2 2598 /E
A D E B

Thrust diagram

Find the reaction at A and B as R, and Ry
Stepl: Take moment about A 1s equal to zero

+ Ry x4 - (150 x3) - (141.4 x 2) — (86.6 x 1)=0

Rpxd= (150x3)+(141.4x 2)+86.6x 1) > Ry=204.85N

Step2: Sum of upward force = Sum of downward force

Ry+ Ry =150+ 141.4+ 86.6> R, =378 - Ry
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> R,=378—-204.85=173.15N
Shear Force Calculation: (Sum of vertical forces)
SF at B=-Rz= - 204.85N
SF at C=-204.85+150=-54.85N
SF at D =-204.85 +150+ 141.4=+86.55 N
SF at E=-204.85+150+ 141.4 +86.6 =+173.15N
SF at A =-204.85+150+ 141.4+ 86.6 =+173.15N
Shear Force Diagram:
Vertical upward reaction and downward load are drawn as vertical line based on
sign.
Bending moment Calculation: [Sum of (Vertical force x Distance of load acting from
required section)]
BM at B = -+ (Rzx 0) = ONm
BM at C = +(204.85 x 1) — (150 x 0) =+ 204.85Nm
BMatD =+ (204.85x 2) (150 x 1) - (141.4 x 0) = + 259.7Nm
BMatE=+(204.85x3) - (150x2)—(141.4 x 1) «(86.6 x 0) = +173.15Nm
BM at A=+204.85x4)-(150x3)—(141.4x2)-(86.6 x 1) =0Nm
Bending moment Diagram:
PL are drawn as inclined line based on their sign.
Thrust or Axial force calculation :(Sum of horizontal component of forces)
TFat B=-0 kN =0N
TFat C=0+259.8= +259.8 N
TF at D =0+259.8+ 141.4=+401.2 N
TF at E =0+ 259.8 + 141 4+ 50 =+451.2 N
TF at A=0+259.8 + 1414+ 50=+4512N
Thrust or Axial force Diagram:
PL are drawn as straight line based on their sign.
Result:
The SFD,BMD and TFD are drawn as shown in fig.
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2.16. S.F AND B.M. DIAGRAM FOR BEAMS CARRYING INCLINED LOAD,
SUPPORTS AND SUBJECTED TO COUPLE
When a beam subjected to couple at a section, only the B.M. at the section of the

couple changes suddenly in magnitude equal to that of the couple. But the S.F. does not
changes at the scction of the couple as there is no change in load due to couple at the
section. But while calculating the reactions, the magnitude of the couple is taken into
account. Hence the B.M. calculate at the couple acting section with or without consider
the couple.

Problem 2.11:Draw the SF and BM diagram for a beam shown in fig.

Given Data: shown in figure.

To find: SFD and BMD

Solution:

The horizontal force 5 kN acting on the top of a Im lever at D causes a clockwise
moment of 5 kNm at D and a horizontal thrust of SkN in the beam. Since the horizontal
thrust n beam effects neither the S.F in the beam nor the B.M. in it, for purpose of
analyzing the shear and the bending moment in the beam the given force of 5kN can be
replaced by a clockwise moment of SkNm
Find the reaction at A and B as R, and Rp

Stepl: Take moment about A is equal to zero

(10X 8y+ (Rcx 6) -5~ (2x 4 x2)=0
Rcex6= (10x 8)+5+(2x 4) > R-=101/6 = 16.83kN
Step2: Sum of upward force = Sum of downward force
Ryt R, =10+(2x4)>»> R, =18-R;
» R,=18-16.83=1.17kN
Shear Force Calculation: (Sum of vertical forces)

SFatB=+ 10 kN

SFatC=+10-16.83=-6.83 N

SFatD =+10-1683+0=-6.83 N

SFatA=+10-1683+(2x4)=1.17N
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Shear Force Diagram:

Vertical upward rcaction and downward load arc drawn as vertical line based on
sign. UDL are drawn as inclined line based on their sign.

2 kKN/m X D
A HEIR 5 Y
T X
R,=1LI17kN Rp = 16.83 kN
(») Equivalent beam

6.83 kKN

1.17 kNLy/
0.58 m- l— 542 m-—

(¢) S.F. diagram
. 10 kN
0.322 kNm

20 kNm
(d) B.M. diagram

Bending moment Calculation: [Sum of (Vertical force x Distance of load acting from
required section)]

BMatB=-(10x 0)= 0 Nm
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BMatC=-(10x2)+(16.83x0)=-6.83 N=+204.85 Nm
BMatD=-(10x4)+(16.83x2)-5=+259.7 Nm
BMatA=-(10x4)+(1683x2)-5-(2x4x5)=0Nm
Bending moment Diagram:
PL are drawn as inclined line and UDL drawn as parabolic curved line based on
their sign.
Calculate Maximum Bending Moment:
The maximum BM will occur where the shear force becomes zero. Let us take a

point X at a distance of x from D where SF become zero is shown in fig.

SFatX =+ 10— 1683 +(2xx)=0>»x = (16.83 — 10)/2=3.42m

3.42

Then BM at X =- [10 x (4+3.42)] + [16.83 x (2 +3.42)] - 5~ [2x 3.42 x =]
= 0.322kNm

Calculate the position of point of contraflexure or point of inflexion:
The point of contraflexure or point of inflexion lie at a point where BM become

zero. In the fig. the BM act at Y at a distance y m from B.
BMatY :—(10xy)+[16.83x(y-2)]-5—[2x(y—4)x(y2;4)]=0
>» =-10y+ 16.83y - 37.66 - 5-y% +8y— 16 =0
> y? — 14.83y-58.66 =0

—(-14.83) +/(-14.83)2—4 x 1 x (—58.66)
2x 1

Then y= = 6.84m or 8.45m

Now x = 6.84m and other value 8.45m being inadmissible.
Result:

The SFD, BMD are drawn as shown in fig.

Point of contraflexure act at a distance of 6.84m from B
Problem 2.12: Calculate the reaction at A and C and position of point of contraflexure of
the given beam with load shown in fig. Also Draw the SF and BM diagram for the beam.
Given Data: shown in figure.

To find: SFD, BMD and distance of point of contraflexure.
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Solution:

In this figure roller support has one reactionR, and hinged support has horizontal
and vertical reactionR¢,, and R . A force applied 4kN through a bracket 0.5m away from
the point D. Now apply equal and opposite load of 4kN at D. This will be equivalent to a
anticlockwise couple of value (4 x 0.5) = 2kNm acting at D together with a vertical

downward load of 4 kN at D.
The inclined load 4kN resolved into vertical and horizontal component of forces.

Horizontal component of force = By = 4 x c0s30° = 2+/3kN

Vertical component of force = By =4 x sin30° =2 kN

The horizontal force balanced by a force at the hinged support. Which gives
Find the reaction at A and C as R;and R

Stepl: Take moment about A is equal to zero
-(2XT)+ (R, x 6) (4 x 4) +2 - (1 2x§)=0

R x6= (2x7)+(4x4)-2H1x2 X g) > R, = 30/6 = SkN
Step2: Sum of upward force = Sum of downward force

Ry+Re, =2+4+(1x2) >Ry=8-Rg

MR, =85 =3kN

Total reaction at C (R, )= fRCH 2+ R’ = /(2\/5)2 4+ 52 =6.08 kN

. ) . R
Location with horizontal 0 = tan™! =% = tan™! 2 55.3°
Ry 243

Shear Force Calculation: (Sum of vertical forces)
SF at B =+ 2kN
SFatC=+2-5=-3kN
SFatD=+2-5+4=+ kN
SFatE=+2-5+4=+1kN
SFatA=+2-5+4+(1x2)=+3kN
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Shear Force Diagram:
Vertical upward rcaction and downward load arc drawn as vertical linc based on

sign. UDL are drawn as inclined line based on their sign.

0.5m
4 kN

1 kKN/m
Arvvéva D C B < S
30°
¥
|<—2 m—b}(—Z m—>|<—2 m—>|<-1m->|

4 kNN 2 kKN

1 kIN/m

-+ i

2 kNN
A ( E l D = Bl
= ST R TS AT T R S LT Jh—;mwrﬂ____ 2 J“kN

- a P -
,J,QIA\I ;ﬁimﬂ Rog = 2ka ]I?z’Cv = SKN
2m—)-|-(—2 m—)-|<—2rn m—),

R, = 3kN
(@) Beam
3 kN i T A e e 3 kN
: e y
BT o N - i
e g
2 kIN
3 kKN (b)) S.F. diagram
4 KNm —— 7 o ==
2.5 KNm A/'{’{' 4 kINm
Lfe e
i s —— T
e
2 kKINm

(c) B.M. diagram
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Bending moment Calculation: [Sum of (Vertical force x Distance of load acting from
required section)]
BMatB=-(2x0)= OkNm
BMatC=-(2x1)+(5x0)=-2kNm
BMatD=-(2x3)+(5x2)-(4x0)+2 =+ 6kNm
BMatE=-2x5)+(5x4)-(4x2)*+2=+4KkNm
BMatE=-2x7)+(5x6)-(4x4)+2-(1 x2x§)=0kNm

Bending moment Diagram:

PL are drawn as inclined line and UDL drawn as parabolic curved line based on
their sign. Couples are drawn as vertical line
Calculate the position of point of contraflexure or point of inflexion:

The point of contraflexure or point of inflexion lie at a point where BM become
zero, In the fig. the BM act at X at a distance x m from B,

BMatX=-(2xx)+[5x(x-1})]=0kNm

=-2x+5x-5=0 »3x=35 »x=5/3=1.67m

Result:

The SFD, BMD are drawn as shown in fig.

Reaction forces Ry = 3 kN

R, = 6.08 kN which makes an angle with horizontal 8= 55.3°

Point of contraflexure act at a distance of 1.67m from B

THEORETICAL QUESTIONS

1. Define and explain the following terms :
Shear force, bending moment, shear force diagram and bending moment diagram.

2. What are the different types of beams? Differentiate between a cantilever and a
simply supported beam.

3. What are the different types of loads acting on a beam? Differentiate between a
point load and a uniformly distributed load.

4. What are the sign conventions for shear force and bending moment in general?

5. Draw the S.F. and B.M. diagrams for a cantilever of length L carrying a point load
W at the free end.
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6. Draw the S.F and B.M. diagrams for a cantilever of length L carrying a uniformly
distributed load of w per m length over its entirc length.

7. Draw the S.F and B.M. diagrams for a cantilever of length L carrying a gradually
varying load from zero at the free end to w per unit length at the fixed end.

8. Draw the S.F and B.M. diagrams for a simply supported beam of length L carrying
a point load W at its middle point.

9. Draw the S.F and B.M. diagrams for a simply supportcd bcam carrying a
uniformly distributed load of w per unit length over the entire span. Also calculate
the maximum B.M.

10.Draw the S.F and B.M. diagrams for a simply supported beam carrying a
uniformly varying load from zero at each end to w per unit length at the centre.

11. What do you mean by point of contraflexure ? Is the point of contraflexure and
the point of inflexion different?

12.How many points of contraflexure you will have for simply supported beam
overhanging at one end only ?

13.How will you draw the S.F. and B.M. diagrams for a beam which is subjected to
inclined loads?

14. What do you mean by thrust diagram ?

15. Draw the S.F and B.M. diagrams for a simply supported beam of length L which is
subjected to a clockwise couple u at the centre of the beam.

NUMERICAL PROBLEMS

1. 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 1 m from the free end. Draw the S.F. and
B.M. diagrams for the cantilever.

2. A cantilever beam of length 2 m carries a uniformly distributed load of 3 kN/m
run over a length of 1 m from the fixed end. Draw the S.F. and B.M. diagrams.

3. A cantilever of length 5 m carries a uniformly distributed load of 2 kN/m length
over the whole length and a point load of 4 kN at the free end. Draw the S.F. and
B.M. diagrams for the cantilever.

4. A cantilever 2 m long is loaded with a uniformly distributed load of 2 kN/m run
over a length of 1 m from the free end. It also carries a point load of 4 kN at a
distance of 0.5 m from the free end. Draw the S.F. and B.M. diagrams.

5. A simply supported beam of length 8 m carries point loads of 4 kN and 6 kN at
the distance of 2 m and 4 m from the left end. Draw the S.F. and B.M. diagrams
for the beam.

6. A simply supported beam of length 10 m carries point loads of 30 kN and 50 kN
at the distance of 3 m and 7 m from the left end. Draw the S.F. and B.M. diagrams
for the beam.
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7. A simply supported beam of length 8 m carries point loads of 4 kN, 10 kN, and 7
kN at a distance of 1.5 m, 2.5 m and 2 m respectively from left end A. Draw the
S.F. and B.M. diagrams for the simply supported beam.

8. A simply supported beam is carrying a uniformly distributed load of 2 kN/m over
a length of 3 m from the right end. The length of the beam 1s 6 m. Draw the S.F.
and B.M. diagrams for the beam and also calculate the maximum B.M. on the
section.

9. A simply supported beam of length 8 m rests on supports 5 m apart, the right hand
cnd is overhanging v 2 m and the lcft hand end is overhanging by 1 m. The beam
carries a uniformly distributed load of 5 kN/m over the entire length. It also
carries two point loads of 4kN and
6 kN at cach end of the beam. The load of 4 kN is at the extreme left of the beams,
whereas the load of 6 kN is at the extreme right of the beam. Draw S.F. and B.M.
diagrams for the beam and find the points of contraflexure.

10. A beam is loaded as shown in Fig Draw the S.F. and B.M. diagrams and find:

1.  maximum S.F. , maximum B.M., pomt of inflexion

-

50 kN lso kN 140 kN 40 kN
|

A 4

r 3 I

4— 2m —dj¢— 2m —>le—233M—Ple— 2m —dle— 2 m —H

11.A beam 1s loaded as shown in fig. Find the reactions at A and B. Also draw the

S.F., B.M. and thrust diagrams.
2 kN 1kN 3kN

A 45N\ C 0,4 E./J

12. A simply supported beam of length 5 m, carries a uniformly distributed load of
100 N/m extending from the left end to a point 2 m away. There is also a
clockwise couple of 1500 Nm applied at the centre of the beam. Draw the S.F. and
B.M. diagrams for the beam and find the maximum bending moment.

13. A simply supported beam of length 8 m carries point loads of 4 kN, 10 kN, and 7
kN at a distance of 1.5 m, 2.5 m and 2 m respectively from left end A. Draw the
S.F. and B.M. diagrams for the simply supported beam.
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14. A simply supported beam is carrying a uniformly distributed load of 2 kN/m over
a length of 3 m from the right end. The length of the beam is 6 m. Draw the S.F.
and B.M. diagrams for the beam and also calculate the maximum B.M. on the
section.,

15. A simply supported beam of length 8 m rests on supports 5 m apart, the right hand
end 1s overhanging y 2 m and the left hand end is overhanging by 1 m. The beam
carrics a uniformly distributed load of 5 kN/m over the entirc length. It also
carries two point loads of 4kN and
6 kN at each end of the beam. The load of 4 kN is at the extreme left of the beams,
whereas the load of 6 kN is at the extreme right of the beam. Draw S.F. and B.M.
diagrams for the beam and find the points of contraflexure.

128 |Page



BENDING STRESS IN BEAM

BENDING STRESS IN BEAM

2.17. BENDING STRESS IN BEAM

When some external load acts on a beam, the shear force and bending moments
arc sct up at all scctions of the beam. Duc to the shear force and bending moment, the
beam undergoes certain deformation. The stresses introduced by bending moment is
known as bending stresses.
2.18. PURE BENDING OR SIMPLE BENDING

If a length of a beam is subjected to a constant bending moment and no shear

force (1 .e, zero shear force), then the stresses will be set up in that length of the beam
due to B.M. only and that length of beam is known as pure bending or simple bending.

The stresses set up in that length of beam are known as bending stresses.

iy gl
(a) A B

C 4 D
g a— e | 4’1——6—4
ARRRRRARRRARRRRANY ¥
y o+ W
L ~
C A B F\\\\\\\\\\\\\\\‘G i
(b) f ALAAARRARR AR AR D
R 3 S.F. diagram
WE - 3
i R\\\\\\\\\\\\\\;
Cc A B D
VDRARRARIARE AR RS RN A R R
i = i
(e) i |
/‘\\\ . T LY \\\\\\\\'\
B.M. diagram
wxa 9 wXa

A beam simply supported at A and B and overhanging by same length at each
support. A point load W is applied at each end of the overhanging portion. It is clear that
there i1s no shear force between A and B but the B.M. between A and B 1s known as pure

bending or simple bending.
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2.19. THEORY OF SIMPLE BENDING WITH ASSUMPTIONS MADE
Assumptions madc in the thcory of simple bending. The following arc the
important assumptions:
. The material of the beam 1s homogeneous and isotropic.
2. The value of young’s modulus of clasticity is thc same in tension and
compression.
3. The transverse sections which were plane before bending , remain plane after
bending also.
4. The beam is initially straight and all longitudinal filaments bend into circular
areas with a common centre of curvature.
5. The radius of curvature 1s large compared with the dimensions of the cross
section.
6. Each layer of the beam is free to expand or contract, independently of the
layer, above or below it.
Theory of Simple Bending
The fig. shows A part of a beam is subjected to simple bending. Consider a small
length d x of this part of beam. Consider two sections AB and CD which are normal to
the axis of the beam N-N. Due to the action of the bending moment, the part of length d

X will be deformed.

(a) Before bending (b) After bending

The top layer such as AC has deformed to the shape A’C’. This layer has been

elongated. 1t is clear that some of the layers have been shortened while some of them are
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elongated. At a level between the top and bottom of the beam there will be a layer which
is neither shortened nor clongated. This layer is known as neutral layer or ncutral surface.

This layer 1s N’-N’. The line of intersection of the neutral layer on a cross
section of the beam is known as the neutral axis.

Hence the amount by which a layer increascs or decreases in length, depends
upon the position of the layer with respect to N-N. This theory of bending is known as
theory of simple bending.

2.20. EXPRESSION FOR BENDING STRESS

A small length d x of a beam subjected to a simple bending. Due to the action

of bending, the part of length d x will be deformed. Let A’B” and C’D’ meet at O.
Let R= Radius of neutral layer N’N’
f=Angle subtended at O by A’B’ and C’’D’ produced.

C
________ AT |, [ .
b M-
Bleax—»|D
(a) (b) (c) Stress Diagram

2.20.1. Strain Variation along the Depth of Beam
Consider a layer EF at a distance y below the neutral layer NN. After bending this
layer will be elongated to E’F’.
Original length of layer EF=d x.
Also length of neutral layer NN=d x.
After bending, the length of neutral layer N’N” will remain unchanged. But the
length of layer E’F’ will increase.

N’N’=NN=d x.
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N’N’=R x @
E'’F’=(R+y)x 8
But N’N’=NN=d x
Hence d x=RXx 8
» Increase in length of layer EF=E’F’-EF=(R+ y)8 -RX @
=yx#6

__Increase in length

=~ Strain in layer EF =

original length

_ XB _y x8
y EF Rx8

==l

2.20.2. Stress Variation
Let o= stressin layer EF
E = young’s modulus of beam
E = stress in layer EF/strain in layer EF
= o/(y/R)
It can also be written as % = %

2.21. NEUTRAL AXIS AND MOMENT OF RESISTANCE

The neutral axis of any transverse section of beam is defined as the line of

intersection of the neutral layer with the transverse section. It is written as NA.

The stress at a distance y from the neutral axis is given by

oy
Let d A = Area of layer
Force on layer = stress on layer xarea of layer
=g XdA
= % Xy X d A

Total force on beam section = %Xde A

_E
== [yXdA
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But for pure bending there is no force on the section of beam
“[yxdA =0
fyxdA =0
Hence [y xdA  represents the moment of entire area of the section about

neutral axis.

2.21.1. Moment of Resistance

Duc to purc bending the layers above the NA arce subjected to compressive
stresses whereas the layers below the NA are subjected to tensile stresses. Due to these

stresses forces acts on the layers.

The force on the layer at a distance y from neutral axis.
E
Force on layer = it dA

Moment of this force about NA

= force on layer xy

= %Xy % d A><y

:% XyixdA
Total moment of the forces on the section of beam = [ % X y? xd A

B [P

- [y2xdA
Let M = External moment applied on the beam section.
= E 2

M= Jy?xdA

But the expression [ ¥2 X d A represent the moment of inertia of the area of the

section about the neutral axis |

Then M ==X
We know that z_=%
¥y R
Lo PN
! y R

It is known as the bending equation.
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2.22. BENDING STRESSES IN SYMMETRICAL SECTIONS

The ncutral axis of a symmetrical section lics at a distance of d4/2 from the
outermost layer of the section where d is the diameter or depth. There is no stress at the
neutral axis. But the stress at a point is directly proportional to its distance from the
ncutral axis. The maximum shear stress takes place at the outermost layer. For a simply
supported beam, there is a compressive stress above the neutral axis and a tensile stress
below it. If we plot these stresses, we will get a figure shown below.
1

d/2

l—C.—p)

Stress distribution
across a section

le— O —}

Problem 2.13. A steel plate of width 120mm and of thickness 20mm is bent into a
circular arc of radius 10m. Determine the maximum stress induced and the bending
moment which will provide the maximum stress. Take E = 2x10°N/mm?.

Given:
Width b= 120mm
Thickness t=20mm

i, DS 20% 4 4
Moment of inertia I = o 120 x T 8x10%"mm
Radius of curvature R =10m = 10X 10°mm
Young’s modulus E = 2x 10° N/mm?

Solution:

Wkt

134 |Page



BENDING STRESS IN BEAM

_ 2x10°
10 x103

= 200 N/mm?

x10

Wkt — ==

_Zsaoe
10 x103

=16%x10°Nmm = 1.6KNm

X X8% 10%

Problem 2.13. Calculate the maximum stress induced in a cast iron pipe of external
diameter 40mm of internal diameter 20mm and of length 4m when the pipe is supported
on its ends and carries a point load of 80N at its centre.
Given

Ext dia. D = 40mm

Int dia. d = 20mm

Length L= 4m = 4x1000 = 4000mm

Point load W =80 N
Solution:

In this case of simply supported beam carrying a point load at the centre, the

maximum bending moment is at the centre of the beam.

40 mm———»]
iao N 20 mm

T
Y

(a) (b) Area of cross-section

Max bending moment BM = Ll

= 80x4000/4 = §x 10*Nmm
Moment of inertia of hollow pipe 1 = 614 (D* —d*) = G—T; (40* — 20%
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=117809.7 mm*
Now L )
iy
Vimax = D/2 = 40/2 = 20mm
ﬂ _ Omax
! Ymax

M
Omax = 7 X Vmax

=8 X 10* x ﬁ
= 13.58 N/mm?
2.23. SECTTION MODULUS
Section modulus is defined as the ratio of moment of inertia of a section about the

neutral axis to the distance of the outermost layer from the neutral axis.

1

=

Ymax

Where 1 = moment of inertia about neutral axis

Vmax = distance of the outermost layer from the neutral axis

M o
Wkt e
I vy
E — Omax
{ Ymax
I
M = Oy X
Ymax
I
But e
Ymax

2.24. SECTION MODULUS FOR VARIOUS SHAPES OR BEAM SECTIONS

1. Rectangular Section
—— b ———#

Moment of inertia I = bd3/12 T x
Distance of outermost layer from NA dr2

Vmax = 2 i NS 4
Section modulus Z = yn;x =2 Lg;’; L %
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2. Hollow Rectangular Section

- »
j 575, [EES R "t
12 12 A 0?2
- 3 b3 .
s (BD? -bd?) v
Ymax = D72
Z=— Y
Ymax Y '
3 3 LAl
v (BD” —bd*?)
D/2

_ 1 3 _ 143
== (BD? - bd?)
3. Circular Section
I= % d*  and Y - d2

Tt
I _ 64 _ T 43

Ymax d/2 32

4. Hollow Circular Section

_ T oA g4
1—64(D d*)

Yarax - DI2
L=11%0 4
o T e
_3230D d”)

Problem 2.14. A cantilever of length 2m fails when a load of 2kN is applied at a free

end. If the section of the beam is 40mmXx60mm. Find the stress at the failure.

Given
Length L=2m
Load W = 2Kn
Width b = 40mm
Depth d = 60mm
Solution:

Section modulus of rectangular section Z = bd? /6
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=40x 60%/6
= 24000mm?
Max bending moment for cantilever at fixed end M = WxL
=2000x2x 103
=4x 10°Nm
M=7Z X Opax
Omax = M/Z = 166.67 N/mm?

Problem 2.15. A rectangular beam 200mm deep and 300 mm wide is simply supported
over a span of 8m. What uniformly distributed load per metre the beam is carrying if the

bending stress is not to exceed 120N/mm?

y w/m length
Given
Depth d =200mm 3
Width b =300mm < L »
_ w.L w.L
Length L=8m 2 2
) j[¢—— 300 mm —»|
Max bending stress 0.y = 120N/mm? T
Section modulus for rectangular section Z = bd?/6 200
= 300x200x200/6 ”I"
= 2000000mm?3
Max bending moment for simply supported beam carrying uniform load M
=wx L?/8
= 8w Nm = §wx1000Nmm
= 8000w Nmm

M =ZX 6y
8000w = 120x2000000
w=30KN/m
Problem 2.16: A rectangular beam 300 mm deep is simply supported over a span of 4m.
Determine the uniformly distributed load per metre which the beam may carry if the

bending stress should not exceed 120N/mm?. Take I = 8x10°mm*
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Given w/m length
Dcpth d = 300mm a, =,
i e S A‘Qmmmgmmm;;}fg_ggm_%,a
Max bending stress M = 120N/mm? «—— 2 m R e
Moment of inertia [ = 8x 10%mm* , m ’I
2w 2w

Max BM = 2wx2-2wx1

=4w-2w

=2wNm

= 2wx1000 = 2000w Nmm
M = 2000w Nmm
M = Opax XZ
Z =Ty = 8% 10°/150
2000w =120xZ  w=3200 N/m

Problem 2.17:A square beam 20mmx20mm in section and 2m long is supported at the
ends. The beam fails when a point load of 400N is applied at the centre of the beam.
What uniformly distributed load per metre length will break a cantilever of the same

material 40mm wide 60mm deep and 3m long.

l400 N
Given
Depth d =20mm < 2m >
Width b =20mm
[&— 20 mm —»|
Length L=2m T
Point load W = 400N fmim
Solution:
Section modulus Z=bd3/6
= 4000/3 mm?3
Max bending moment M = wxL/4 = 400%x2/4
= 200Nm
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= 2001000 = 200000 Nmm

y /]
M=ZX 0,,4x Y wN/m RUN
/]
20000 = 0, X (4000/3) 4
/]
Omax = 150 N/mm? 2 3m q
Let w = uniformly distributed load per m run
440 mm—»|
Let b=40mm
d =60 mm
60
L=3m e
Section modulus Z =bd?/6 =40x 60%/6 =24000 mm?>
Max bending moment = wiL?/2
M = 4.5x1000w Nmm
Wkt M = Gax X2
4.5%1000w = 150%x24000
w = 800N/m

Problem 2.18: A beam is simply supported and carries a uniformly distributed load of

40KN/m run over the whole span. The section of beam is rectangular having depth as

500mm. If the max stress in the material of beam is 120N/mm? and a moment of inertia

of the section is 7x 10%mm?*. Find the span of beam
Given

U.D.L w = 40KN/m

Depth d = 500mm

Max stress 0,4, = 120 N/mm?

M.O.I I=7x 108mm?*

Section modulus Z =1/Y,, .,

Vinax < /2 = 500/2 = 250 mm
7 =7x 108/250 = 28x 10°mm?

Max B.M for a simply supported beam carrying U.D.L = wx L?/8

M = 40000x L*/8
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— 500022 x1000Nmm
Wkt M =0, X Z
5000x1000x L2 = 120x28x 105

L=v24%28=8.197m
Problem 2.19: A timber becam of rectangular scction is to support a load of 20 kN
uniformly distributed over a span of 3.6 m when beam is simply supported. If the depth
of the section is to be twice the breadth and the stress in the timber is not to exceed
7N/mm?. Find the dimensions of how would you modify the cross section of the beam if

it carries a concentrated load of 20 k N placed at the centrevwith the same ratio of

breadth to depth.

Given
Total load W=20kN
Span L=3.6m
Max stress 0,5, = 7N/mm?
Depth d =2b mm
Section modulus Z = bd? /6

Z=bx(2b)x(2b)/6 =2 mm?
Max B.M =wIL?/8 or WL/8
M =WL/8=9000 Nm  =9000x1000Nmm
Wkt M=27ZX Opgx

9000x1000 = 7x %

b3 =1.92857<10°
b=124.5mm
d=2b=2x124.5 =249 mm
B.M is maximum at the centre and is equal to WL/4
M = WL/4 = 20000x3.6/4 = 18000 N m
= 18000x1000 Nmm

Opmax = 1 N/'mm?
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Z=2b3%/3
We get M=2ZX G,,,,
18000x1000 = 7x 2b3/3
b =156.82mm
d=2x156.82 = 313.64mm

Problem 2.20: A timber beam of rectangular section of length 8m is simply supported.
The beam carries a U.D.L of 12kN/m run over the entire length and a point load of 10k N
at 3m from the left support. If the depth is two times the width and the stress in the timber

is not to exceed SN/mm?. Find the suitable dimensions of the section.

Given
Length L =8m
UDL w = 12000N/m
Point load W = 10000N
Depth of beam  d=2b
Omax = SN/mm?
10 kN
A/"‘\ C 12 KN/m B
}— 3m 4>| J
|4 8 m
Ra Rg
Solution:
Taking moment about A
We get, Ry x 8=[(1 2000><8)><§ ]+(10000%3) scoop
R =51750N
R, =total load- Ry
= (12000x8)+10000 -5175 = 54250N
S.FatB =-Rp =-51750N
SFatC =-51750+ (12000%5)= +8250N (without PL)
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S.FatC = -51750+ (12000x5) +10000= - 18250N (with PL)
S.Fat A =+R, = +54250N
Let SF 1s zero at x metre from B
Equating (12000 x x) - Rg=10
(120000x x) — 51750 =0
x=4.3125m
~ Max BM will occur at 4.3125m from B
43125

~ Max BM M= Rp x4.3125—-12000 x 43125

=111585.9375x10*Nmm

x

bd? b (2b)* _ 2b°

Section modulus for rectangular beam Z = -

Wkt M = ZX 0o

3
111586.9375%10% = 8 %

b? =20.9223x% 10°
b=275.5mm
d=2x275.5=551mm

3

Problem 2.21: A rolled steel joist of I section has the dimensions as shown. This beam of

I section carries a UDL of 40 kN/m run on a span of 10m. Calculate the max stress

produced due to bending

. 20mm §
Given | = |20mm
UD] w= 40 K N/m = 40000N/m
Span L= 10m s
Solution: ST o [ s
N A 400 mm
Moment of inertia about the neutral axis e
=200% 4003/12 - (200-10)% 3603 /12 i b |
=327946666mm* B v 4+ |
. 40000 x 102 [__. J20mmy
Max BM. M = wx L?/8 = —————= 500000 Nm .
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=5% 10 N mm

. . M o
Now using the relation -

g=—XY

Jmax X ymax

108
X ——— x 200
327946666

A

= 304.92 N/mm?
Problem 2.22: An I section shown in figure is simply supported over a span of 12m. If
the max permissible bending stress is 80 N/mm?. What concentrated load can be carried

at a distance of 4m from one support? _L l¢—— 100 mm ——»]

Given 11.5 mm I__—_/__—_]

Bending stress 0,4, = 80 N/mm? 7.5 mm

N
|

Load W =4m from support B in N

Solution: 225mm N A
Taking moments about A, we get
Rp x 12 =Wx8 n
R :%:EW __!,_11.5mm[ _I
Bi =g t
and RAZW-RBZW-EWZF lw
B
BMatC=R, x 8 =83 W Nm £ =
But B.M at C is maximum ' - il
_2__!\{
- Max BM Myq, =2 W Nm T 3

= g Wx1000 N mm

8000
ZTW Nmm

Now find the MOIT of the given I section about the N.A

_100%225%  (100-7.5)x(225-2%11.5)3
12 12

=31386647.45mm*

I
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: : M
Now using the relation, )

¥
Ymax = == 112.5 mm

Now substituting the values, we get

8000
_ (5w) _ 80
31386647.45 112.5

W =8369.77 N

Problem 2.23:Two circular beams where one is solid of dia. D and other is a hollow 0f
outer dia. Dy and the inner dia. D; are of same length, same material and of same weight.
Find the ratio of section modulus of these circular beams.
Given

Dia. Of solid beam = D

Dia. Of hollow beam = D, and D;

Let L be the length W be the weight and p be the density
Solution:

Weight of solid beam = p xg xarea of section x L

=p *xg x LX 1w /4D?
Weight of hollow beam = p xg xarea of section x L

=p xg xLx - (D§ — D)

But the weights are same p xg x LX w/4D? = p xg x LX %(Dé — D?
D2 ={(DZ~ Df) ................. (1)
Now the section modulus of solid section Z = 312 D3

Section modulus of hollow section

Zy = 5,503 — DY)
= 525, (03 = DEY(DG + DY)

Section modulus of solid section

" Section Modulus of hollow section
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T h3
— 320
T 2 2 2 2
32D Lo ~D{) (D5 +D7)
_ D3 x Dy _ D x Dy XD?
(D3-DF)(DE+DP) (D2-DF)(DE+DF)

Substitute cqn.1 in the above calculation, then

D X Dy % (D§=D?)
(D3-D7)(DE+DP)

LR (2)

 DZ+p?
Also from eqn.1
D?=DE — D} or D}=D§—D?
Substituting the value D? in the section modules ratio

Section modulus of solid section ~— pxp,  pxp,
Section Modulus of hollow section ~ D§+D§—D?  2D§— D2

Section modulus of hollow section 2D¢— D2 2D2 D2
Or - : ; — o e
Section Modulus of solid section D X Dy DXDyg DXDg
_ 2B b
D Dg

Problem 2.24: A water main of 500mm internal dia and 20mm thick is running full. The
water main 1s of cast iron and is supported at two points 10m apart. Find the max stress in
the metal. The cast iron and water weigh 72000 N/m?3 respectively.
Given:

Internal diameter D; = 500mm = 0.5m

Thickness of pipe  t=20mm 0.02

Outer diameter = Dy =D; +2xt=0.5+2%0.02 = 0.54m

Length of pipe L=10m

Weight density of cast iron = 72000 N/m?>

Weight density of water = 10000 N/m3
Solution:

Internal area of pipe :E D} = % X 0.5%=0.1960 m?

This is equal to the Area of water section
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Area of water section = 0.1960 m?

Y

QOuter area of pipe = = DE= .
Area of pipe section = E BZ — E D?
- Z(D3-DF) =Z(0.542-05%) = 0.0327m?

Moment of Inertia of pipe section about the neutral axis
= 6—’1(03 — DH = %(0.544— 0.5 = 1.105 x10° m*

Let us now find the weight of pipe and weight of water for one meter length,

Weight of pipe for one meter length
= weight density of cast iron X volume of pipe

= 72000xarea of pipe section xlength
=72000x0.0327x1 (~ length = 1m)
=2354 N

Weight of water for one meter run
= wt. density of water x volume of water
= 10000x area of water section x length
= 10000x0.196x1 = 1960N
-~ Total weight on pipe for one meter run = 2354+1960 =4314N
Hence the above weight is the UDL on the pipe. the maximum bending moment

12
, where w = rate of UDL = 4314N per meter length of beam.

WX
due to UDL is
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wxL2

~ Max bending moment due to UDL M =

4314X 102
=———— =353925 Nm = 5.392% 10’Nmm
Now using % = %
M
o ==7— X‘y

to find the maximum maxim um stress it will acts at y is maximum

= & = ﬁ =270mm
2 2
Vinax = 270 mm
7
Cnax = o ios x 270 = 13.18N/mm?

2.25. BENDING STRESS IN UNSYMMETRICAL SECTION

In case of symmetrical section, the neutral axis passes through the geometrical
centre of the section. but in case of unsymmetrical section such as L, T section, the
neutral axis does not passes through the geometrical centre of the section. Hence the
value of y for the topmost layer or bottom layer of the section from neutral axis will not
be same. For finding the bending stress in the beam, the bigger value of y is used. As the
neutral axis passes through the centre of gravity of the section, hence in unsymmetrical
section, first the centre of gravity is calculated and followed to find other values.
Problem 2.25: A cast iron bracket subject to bending has the cross section of I form with
unequal flanges. The dimensions of the sections are shown. Find the position of the
neutral axis and M.O.L. of the section about the neutral axis. If the max bending moment
on the section is 40 MN mm. Determine the max bending stress. What is the nature of the
stress.
Given

Max. BM M =40MN mm

1yy A2y, +Azyq
AjtAr;+A4As

, . __ A
Wkt, centroid about x axis y=

Where
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A, = Area of bottom flange = b; X d; = 130x50 = 6500mm?
y,; = distance of C.G of A; from bottom f ace = % =25mm
A, = arca of web = b, X d, = 50x200 = 10000 mm?
y, = distance of C.G of A, from bottom face = 50 + % = 150 mm
A; = area of top flange = b; X d; = 200x50 = 10000mm?

y3 = dist of C.G of Az from bottom face = 50+200+% =275mm

Then,
_  6500X25+10000X150+10000X275
y = xer O e = 166.51mm
6500+10000+10000
[A——~ 200 mm ———»|
| — lah
[ 50 mm
| R h 4
2 Bracket L 2 T
7 ) 200
.;__,_______._______ . 50 mm mm
50 mm
.
f¢— 130 mm —»]|
Hence the neutral axis is at a distance of 166.51mm from the bottom face
M.O.I of the section about the neutral axis [ = I, +I, +I;
Where [, = M.O.I of bottom flange about N.A
= Icg + A1 X (distance of its C.G. from N.A.)?
b Xd 2
11 i + A (Y — 1)
130x50*

+6500 % (166.51 — 25)? = 131517186.6mm*

bzxdz

- + Ay — YZ)Z

50X200

Similarly I, =

+10000 x (166.51 — 150)
=3360913.43 mm*.
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o % b3xd33

I3 e A;(¥ — y3)?
— 200507110000 X (166.51 — 275)?
= 119784134.3mm*.
=1, +I, +I; = 131517186.6 + 3360913.43 + 119784134.3
= 284907234.9mm*
f¢&— 200 mm ——»| le— o, —>]

Now distance of C.G. from the upper top fibre
=300—-y=300-166.51 =133.49mm
Distance of C.G. from the bottom fibre = 166.51mm
Hence we shall take the value of y = 166.51mm for maximum bending stress.

Now using bending equation

M
!

< la

6
P oxy= 22 % 166.51 =23.377 N'mm?

i 284907234.9

O’:

~.Max bending stress = 23.377N/mm?
Problem 2.26: A cast iron beam is of 1 section. The beam is simply supported on a span
of 5m. If the tensile stress is not to exceed 20N/mm?. Find the safe uniformly load which
the beam can carry. Find also the max compressive stress.

Given

150 | Page



BENDING STRESS IN BEAM

; _ i l¢— 80 mm—¥
Length L=5m i mm@:l T
Max tensile stress g, = 20N/mm? T
169.34 mm
lution: 200 mm
Solution N ® L
Wkt, centroid about x axis y=—22—22 23 —h [
Ay +Ay+A3
Where N T J
A, = Arca of bottom flangc A0 1M
— by X dy = 160x40 T
40 mm O
= 6400mm? v v
[¢&—— 160 mm ———»|
y, = distance of C.G of A; from bottom f ace
=2 = 20mm
2
A, = area of web =b, X d, = 20x200 = 4000 mm?
= distance of C.G of A, from bottom face =40 + @ = 140 mm

A = area of top flange =b; X d; = 80%x20 = 1600mm?*
y3 = dist of C.G of A from bottom face = 40+200+=" = 250mm

Then,

_ 6400%x20+4000x140+1600X250
6400+4000+1600

= 90.66mm

Hence the neutral axis is at a distance of 166.51mm from the bottom face or 260-90.66 =
169.34 mm from the top face.
M.O.T of the section about the neutral axis I =1, +I, +I;
Where I; = M.O.I of bottom flange about N.A
=l + A, X (distance of its C.G. from N.A.)?

b1><d1 + A (Y — Y1)2

s 160;“” + 6400 x (90.66 — 20)? = 32807481.17mm*

L 1T - 3’

Similarly I, =

20X200

+4000 X (90.66 — 140)?
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=23071075.73mm*

Iy==—1 A;(¥ — y3)
_80x20%
12

= 40676110.29mm*
=1, +1, +I5 = 32807481.17+ 23071075.73+ 40676110.29
= 96554667.21mm*

+1600 X (90.66 — 250)2

For a simply supported beam the tensile stress will be at the extreme bottom and the
compressive stress will be at the extreme top fibre
Here max. tensile stress = 20N/mm?*

Hence for max tensile stress y = 90.66mm

Using —=

20
90.66

=21300389.85Nmm

x96554667.21

Let w = uniformly distributed load in N/m on the simply supported beam
Max bending moment is at the centre and equal to wL?/8
M = wx5%/8 Nm = wx25x1000/8 N mm = 3125w N mm
Equating the values of M
3125w =21300389.85
w = 6816.125N/m
Max compressive stress
Distance of extreme top fibre from N.A
¥, = 169.34mm
M =21300389.85
[=96554667.21

Let 0, = max compressive stress
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Using the relation

E
¥
M 21300389.85
7 i — 169.34

 96554667.21
0. = 37.357 N/'mm?

Problem 2.27: A cast iron beam is of T section as shown. The beam is simply supported

on a span of 8m. The beam carrics a uniformly distributed load of 1.5kN/m length on the

entire span. Determine the max tensile and max compressive stress.

Given _T_ |¢——— 100 mm ——-—'{T =
20 mm
Length L = 8m 3223 ©
U.D.L w= 1.5KN/m e s B S
80 mm
100
®
67.77 mm i
Let y = distance of C.G. of section
from the bottom I o -

Y = (Ayy, TA5y,)/(A) + Ay)
=(100x20)x(100x20)x(80+(20/2))+80x20x80/2)/(100x2) + (80x20)
= 67.77Tmm
N.A lies at the distance of 67.77mm from the bottom face or 100 — 67.77 = 32.23mm
from the top face
Moment of inertia [ = I, +1,

Where I, = M.O.I of top flange about N.A
_ 100x20°
12
=1055012.5mm*
I, =M.O.I of web
=20x 803/12 + (80x20)x (67.77 — 40)*
= 2087209.9mm*
I=1, +I, = 1055012.5 + 2087209.9mm*
= 3142222 4mm*

+H100x20)x (32.23 — 10)?
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For simply supported beam the tensile stress will be at the extreme bottom and the
compressive stress will be at the extreme top

Max B.M M = wx 12/8 = 1500x 82/8 = 12000 Nm

= 12000000 Nmm
Now using relation % = % S o= ?x};

1.For max tensile stress y = 67.77mm

12000000
O':—
3142222.4

x67.77=258.81 N/mm?

2.for max compressive stress y = 32.33mm

__ 12000000

0= x32.23 = 123.08 N/mm?
31422224

Problem 2.28: A simply supported beam of length 3m carries a point load of 12k N at a
distance of 2m from left support. The cross section of the beam is shown. Determine the

max tensile and compressive stress at X-X

Given
Point load w = 12 K N = 1200N
X { 12 kN
S —»{ 25 l¢20p{ 25 4
]
Solution:

First find the B.M at X-X.

Taking moments about A
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|'¢—100mm—>|
B, x3=12x2 ‘_—>i 25 }¢— 50—} 25 fe—

RA =W- RB
=4k N 150

Y .
L

= 6000x 1000 N mm /
M = 6000,000 N mm - :

Let y = distance of C.G. of the section from the bottom cdge
= (141}’1 'AZYZ)/(Al — A3)
= (150x100) x 75 -(75x50) x(50+ (75/2))/(150x100-75x50)
=70.83mm
Hence N.A will lie at a distance of 70.83mm from the bottom edge or 150 — 70.83 =
79.17mm from the top edge
M.Od of sectionI =1, - I,
Where [, =M.O.1 of outer rectangle about N.A
= M.O.I of rectangle 100x150 about its C.G + A,
= 100x 1503/12 +100x150% (75 — 70.83)?
= 28385833.5mm*
I, = M.O.I of cut out part about N.A
= 50x 753/12 +50x75%(50+75/2 — 70.83)
=2799895.875mm*
I = 28385833.5 — 2799895.875 = 25585937.63mm*
The bottom edge of the section will be subjected to tensile stress whereas the
top edge will be subjected to compressive stress. the top edge is at 79.17 mm from N.A

whereas bottom edge is 70.83 mm from N.A

: . M o M
Now using relation T » g ="Xy

For max tensile stress y = 70.83mm

Max tensile stress ¢ = —2220%0 _+70.83=16.60 N/mm?

 25585937.63
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For max compressive stress y = 79.17mm

6000000
25585937.63

2.26. STRENGTH OF A SECTION

x79.17 = 18.56 N/ mm?

The strength of a section mcans the moment of resistance offered by the
section and moment of resistance is given by
M=ZXo
Where M = moment of resistance

o = bending stress

Z = section modulus
Problem 2.29: Three beams have the same length same allowable bending stress and the
same bending moment. The cross section of the beam are a square rectangle with depth
twice the width and a circle. Find the radius of weights of the circular and the rectangular

beams with respect to square beams.

Given
Let x = side of square beam
b = width of rectangular beam
2b = depth of rectangular beam
D = diameter of circular section
» x o k—b—b fe—d—
! !
X 2b
¥y y
Solution:

Moment of resistance of beam M =7 X o

Where Z = section modulus
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bd3
Section modulus of square beam =—= %
2
_ X xx3 2 ( b= d= x)
12 e = T
x3
e
bx(2b)3
Section modulus of rectangular beam = %
2
e b3
3
rd?
i : 64 nd?
Section modulus of a circular beam =—F— = .
2

Equating the section modulus of square beam with that of rectangular beam
x_3 = E b3
6 3
b3 =0.25x3
b= 0.63x
Equating the section modulus of square beam with that of a circular beam
¥4 e

6 32
3
d3 — 32x
61

d=1.1927x

Weight of beams are proportional to their cross sectional areas. Hence

Weight of rectangular beam _ Area of rectangular beam

weight of square beam Area of square beam
b x2b 0.63x X2Xx0.63x
= =0.7938
XX X XX X

Weight of rectangular beam _ Area of rectangular beam

weight of square beam Area of square beam
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wd? 2
3 _nd
=37 axZ (vd = 11927 x)

7 (1.1927 x)?
4 x2

2.27. COMPOSITE BEAMS (FLITCHED BEAMS)

=1.1172

A beam made up of two or morc diffcrent materials assumed to be rigidly
connected together and behaving like a single piece is known as a composite beam or a
wooden flitched beam. The strain at the common surface will be same for both materials.
Also the total moment of resistance will be equal to the sum of the moments of individual
sections.

Problem 19. a flitched beam consist of a wooden joist 10cm wide and 20cm deep
strengthed by two steel plates 10mm thick and 20cm deep. If the max stress in the
wooden joist is 7 N/mm?. Find the corresponding max stress attained in steel. Find also
the moment of resistance of the composite section. Take youngs modulus for steel = 2%

10° N/mm? and for wood = 1x 10* N/mm?

Given
Let width of wooden joist b, = 10cm
Depth of wooden joist d, = 20cm

Width of one steel plate b; = lcm

Depth of one steel plate d; = 20cm N
Number of steel plate = 2

Max stress in wood g, = 7N/mm?

E for steel E; = 2x 10° N/mm?

E for wood E, = 1x 10* N/mm?

Steel Wooden Steel

Solution: plate
M.O.1. of wooden joist about N.A.
I=b,q/12= 6666.66cm*

joist plate

M.O.I of two steel plates about N.A
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I; =2 by 43 = 1333.33% 10* mm*

Now using oy, = 0y/E,

Total moment M = M, + M,

a
Where M,=2xI,
y
140

100
= 18666.620 Nm

x1333.33x 10*

MZZO-EXIZ
y

=L x 6666.66x 10* N mm
100

= 4666.662 Nm
M=M, + M,
= 18666.620 + 4666.662
=23333.282 Nm
IMPORTANT TERMS

Shear force

Symbol:
Downward force =+ ve

Upward force = - ve

Adding of vertical forces from right
side to the consider point of the beam

Diagram:

Point load (W) = vertical line
(upward force = downward linc
Downward force = upward line)
UVL (w) — Inclined line

UVL (w) — parabolic curve
Cantilever Beam : +ve side
SSB : + vecor —ve

OHB : + ve or—ve

Bending moment

beam.
Symbol:

Clockwise direction = - ve

Adding of bending moment from
right side to the consider point of the

Diagram:
Point load (W) — Inclined line
(upward force = downward line

Down force = upward linc
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Anticlockwise direction = +ve
CLB: freeend =0

SSB : Both end =0

OHB : Bothend =0

UVL (w) — parabolic curve
UVL (w) — Cubic Curve
Cantilever Beam : - ve side
SSB : +ve

OHB : + ve or— ve

Cantilever Beam

Adding of vertical forces

PL =add only W
UDL = Add (Force x distance)

SSB Step 1: To find reaction forces at two | UDL acting point = midpoint = //2
sUppott (Ras. Re.) UVL = add (wi/2)
gake moment about A =0 to find UVL acting point from small end =
caction Rg
2173
Sum of upward force = downward . : : _
foree; totind.reaction R UVL acting point from big end = /3
OHB Same procedure as SSB Maximum bending moment

SF with Reaction &

without reaction calculate

at shear force become zero (SF =0)

Point of contrafluxture act at
Bending moment become zero (BM =
0)

BENDING STRESS IN BEAM

Bending Equation

M opax  E
I ymax R

Based on type of beam with support
to find M which is available in IV
unit table

M = Bending Moment
I = Moment of Inertia
o = Bending stress
y = distance of Neutral axis
E = Youngs modulus

R = Bending radius

Section Modulus

bd? .
= for Rectangular section

1
= 6_D(BD3 — bd?) hollow Rect

nd? , .
=37 for circular section

oy TR 4 _ g4 ;
. (D* —d*) hollow circlr
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For Unsymmetrical
section

Stepl: to find C.G of the section in y direction =y but max value of y is used
in bending eqn.

Step2: to find Moment of inertia of the section = 1

Step3: from Moment eqn to find unknown value

Moment of resistance of M=oxZ
a section
Composite Strain remains same
beam(Flitched beams) 5 G

1 2
Modular Ratio _ B

E,

THEORETICAL QUESTIONS

1. Detine the terms : bending stress in a beam , neutral axis and section modulus.
2. What do you mean by ‘simple bending” or ‘pure bending’ ? What are the
assumptions made in the theory of simple bending ?

3. Derive an expression for bending stress at a layer in a beam.
4. What do you understand by neutral axis and moment of resistance ?
5. Prove that relation,
M o E
I "y R
Where M = Bending moment, [=M.O.L
o = Bending stress, y = Distance from N.A.
E = Young’s modulus, and R = Radius of curvature.

6. What do you mean by section modulus ? Find expression for section modulus for a
rectangular, circular and hollow circular sections.

7. How would you find the bending stress in unsymmetrical section ?

8. What is the meaning of ‘Strength of a section’ ?

9. Define and explain in terms : modular ratio, flitched beams and equivalent section.

10. What is the procedure of finding bending stresses in case of flitched beams when it

is of

1. A symmetrical section and
il.  Anunsymmetrical section ?
11. Explain the terms : Neutral axis, section modulus, and moment of resistance.
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12. Show that for a beam subjected to pure bending , neutral axis coincides with the
centroid of the cross- section.

13.Prove that the bending stress in any fibre is proportional to the distance of that
fibre from ncutral laycr in a beam.

NUMERICAL PROBLEMS

1. A steel plate of width 60 mm and of thickness 10 mm is bent into a circular arc of
radius 10 m. Determine the maximum stress induced and the bending moment
which will produce the maximum stress. Take E = 2 x 10° N/mm?.

2. A cast iron pipe of cxternal diamcter 60 mm, internal diameter of 40 mm, and of
length 5 m is supported at its ends. Calculate the maximum bending stress induced
in the pipe if it carries a point load of 100 N at its centre.

3. A rectangular beam 300 mm deep is simply supported over a span of 4 m. What
uniformly distributed load per metre, the beam may carry if the bending stress is
not to exceed
120 N/mm? ? Take I = 8 x 10° mm*.

4. A cast iron cantilever of length 1.5 metre fails when a point load W is applied at
the free end. If the section of the beam is 40 mm X 60 mm and the stress at the
failure is 120 N/mm?,find the point load applied.

5. A cast iron beam 20 mm X 20 mm in section and 100 cm long is simply supported
at the ends. Tt carries a point load W at the centre. The maximum stress induced is
120 N/mm?. What uniformly distributed load will break a cantilever of the same
material 50 mm wide, 100 mm deep and 2 m long ?

6. A timber beam is 120 mm wide and 200 mm deep and is used on a span of 4
metres. The beam carries a uniformly distributed load of 2.8 kN/m run over the
entire length. Find the maximum bending stress induced.

7. A timber cantilever 200 mm wide and 300 mm deep is 3 m long. It is loaded with
a U.D.L. of 3 kN/m over the entire length. A point load of 2.7 kN is placed at the
free end of the cantilever. Find the maximum bending stress produced.

8. A timber beam is freely supported on supports 6 m apart. It carries a uniformly
distributed load of 12 kN/m run and a point load of 9 kN at 3.5 m from the right
support. Design a suitable section of the beam making depth twice the width, if the
stress 1n timber 1s not to exceed
8 N/mm?,

9. A beam of an [ — section shown in Fig. is simply supported over a span of 4
metres. Determine the load that the beam can carry per metre length, if the
allowable stress in the beam is 30.82 N/mm?.
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10. A beam is of T-section as shown in Fig. The beam is simply supported over a span
of 4 m and carries a uniformly distributed load of 1.7 kN/m run over the entire
span. Determine the maximum tensile and maximum compressive stress.

j¢e——— 150 mm ————»]

T

50 mm

150 mm

l 50 mm l

11. A simply supported beam of length 4 m carries a point load of 16 kN at a distance
of 3 m from left support. The cross-section of the beam 1s shown in Fig.
Determine the maximum tensile and compressive stress at a section which is at a
distance of 2.25 m from the left support.
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12. Prove that the moment of resistance of a beam of square section is equal to o X %

where ‘g’ is the permissible stress in bending, x is the side of the square beam and
beam is placed such that its two sides are horizontal.

13. Find the moment of resistance of the above beam, if it 1s placed such that its one
diagonal is vertical , the permissible bending stress is same (i.e., equal to ‘¢’ ).

14. A flitched beam consists of a wooden joist 150 mm wide and 300 mm deep
strengthened by a steel plate 12 mm thick and 300 mm deep on either side of the
joist. If the maximum stress in the wooden joist is 7 N/mm? , find the
corresponding maximum stress attained in steel. Find also the moment of
resistance of the composite section. Take E for steel = 2 x 10° N/mm’ and for
wood =1 X 10* N/mm?,

15. A timber beam 60 mm wide by 80 mm deep is to be reinforced by bolting on two
steel flitches, each 60 mm by 5 mm in section. Find the moment of resistance in
the following cases: (1) flitches attached symmetrically at top and bottom ; (ii)
flitches attached symmetrically at the sides. Allowable timber stress is 8 N/mm?.
What is the maximum stress in the steel in each case ? Take E for steel = 2.1 x 10°
N/mm? and for timber = 1.4 X 10* N/mm’.

16. Two rectangular plates, one of steel and the other of brass each 37.5 mm by 10 are
placed to either to from a beam 37.5 mm wide by 20 mm deep, on two supports 75
cm apart, the brass component being on top of the steel component. Determine the
maximum central load if the plates are (i) separate and can bend independently ,
(i1) firmly secured throughout their length. Permissible stresses for brass and steel
are 70 N/mm? and 100 N/mm?. Take E, = 0.875 X 10° N/mm? and E, = 2.1 X
10> N/mm?>.
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