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PART - A 9
I.1 Concurrent W) 1
1.2 Newton e i
1.3 Normal NI 1
1.4 Limiting Friction AN 1
L5 Centre of Gravity ) 1
L6 Centroidal axis b 1
1.7 Strain A 1
.8 Brittleness St 1
1.9 Poisson’s ratio ) 1
PART - B ) 24

IL.1 Vector Quantity- quantity which is completely Spetified by
magnitude and direction, is known as a vector quantity. Examples: | 1.5
velocity, acceleration, force and momentum
Scalar Quantity. A quantity, which is completely specified by 3
magnitude only, is known as a scalar quantity. Examples: mass, | 1.5
length, time and temperature.

1.2 The product of a force and the perpendicular distance of the line | 3 3
of action of the force from a point is known as moment of the
force about that point.

IL.3 It states, “ if three coplanar forces acting at a point be in State
equilibrium, then each force is proportional to the sine of the ment

angle between the other two forces.” -3 3
mark

Mathematically, _2—=_2_ =_E_ \here P,Q,R are the three

ina sin g siny

forces and a, B, y are the angles.

1.4 Simple, Roller, Pin joint (hinged), smooth surface, fixed (built- | Any |3

in) supports. 3-3
mark
.5 [t is the angle between the normal reaction at the contact surface
and the resultant of normal reaction and limiting friction. It is
denoted by “¢’. 3 3
tan ¢ = F/Rn.

Angle of friction, ¢ = tan”'p
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I1.6 Y :
:: ‘3; = "b- Eqn -
‘ Q} - 1.5
=—h Fig-
QS 1.5
%
f=—b ! | )
1.7 Perpendicular Axis Theorem:¥"
If Ixx and Iyy are the moment of ia of an area A about
mutually perpendicular axis XX an , in the plane of the area, | 3
then the moment of inertia of the mout the ZZ axis which is
perpendicular to XX and Y'Y axis and ing through the point
of intersection of XX and YY axis is givén by Izz = Ixx+lyy.
1.8 - \( Fig-
F 1 .5
b \-A\ mark.
Nt D A Proportionatty ki Label
B - Elastic fmit ° .
Stress C - Upper yleid point ing
D > Lower yleld poirg O any 3
E - Ultimate point #
F - Breaking point point
0 Strain ——— O s- 1.5
mark
1.9 (a) Hardness: It is defined as the ability of a matépidl to resist | 1.5
abrasion, scratching or indentation. mark
(b) Toughness: The ability of a material to absorb energy
before fracture is called toughness 1.5
mark
IL10 | Modulus of Rigidity: it is the ratio of shear stress to shear strain | 3
with in the elastic limit and is denoted by “G” or “C” or “N”. it | mark

is also called shear modulus. Mathematically, T o @.

PART-C

42
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III.1 °
Solution : \3
P=25N g)
Q=10N
a=45-15=3Q°
Resultant, R = [
g
1]
= 4/25? +102+2®x1 % ¢os 30 §
R=34.03 N. \(ﬂ g
o =
The inclination of resultant force with tlDl'.l of force P, =
_ 7
2
0 — tan-l _ Sine O ' é
cose + L. \X §y
Q &
s N s
6 tan-t 8030 2
cos 30 + %Oé ® n:i
| e 2
8 = 8.45° O e
Inclination of resultant with horizontal is 159 +8 é
: &
=15%+ 8459 ;
= 23450 &
II1.2 Solution '

Using Lami’s theorem

150 Tee _ :rAC

sin 75 sin 150  sin135

150 x sin 150
_ 150 xsm1S0 _ o0 esN
Tac sin 75 )

150 x sin 135
sin 75

T, = = 10981 N

Finding Tensions- 3

mark each, Fig- 1 mark
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I1.3

Solution. °
Consider the free- b agram of the beam shown in Fig, 2.28.
10kN  3kN
FOI’Z Fv = 0 lOkNm
R,~10-3+R, =0 B
C L5m I.5m
R,+R, =13kN
R
For XM = 0, takmgm about A,
10+10x5+3565 - R x8 =

R, =9.94 kN
R, +9.94 =13

95
=13-994 Y\/i\

=3.06 kN

FBD- 3 mark, Reactions — 2 each

111.4

. Joint D

Sol. Here the calculations can be started fomead C. He:we consider the equilibrium of
the joint C.
Joint C
Let Fp, = Force in member CD, and
F g, = Force in member CA. \X
Their assumed directions are shown in Fig. 6.20.
Resolving the force vertically, we get \ ‘
Fop x sin 60° = 1000
_ 1000 1000 ;07N (Tensie) o
= Gin 60°  0.866 oo,
Resolving the forces horizontally, we get
Fpy = Fpp % cos 60°
=1154.Tx 0.5

= 577.35 N (Compressive)
Now consider the equilibrium of the joint D.

AAANRANAN 1

>
3
3]

ARNANLY

l's

el

[See Fig. ]
The force F ., = 1154.7 N (tensile) is already calculated.

Let Fp = Force in member AD, and
Fgp = Force in member BD.
Their assumed directions are shown in Fig.
Resolving the forces vertically, we get
F,;, co8 30° = 1154.7 cos 30°
1154.7 cos 30°
Fy= ——m = =11547TN
(Compressive)
Resolving the forces horizontally, we get
Fyp=F,;, sin 30° + F,_ sin 30° Fig.
=1154.7x 0.5 +1154.7x 0.5
= 1154.7 N (Tensile)
Now the forces are shown in a tabular form below :

i

Member Foree in the member Nature of force

i

§ AC 577.35 N Ciigranivs
! i 11547 N Tensile
i
i

AD 11547 N

Compressive
BD 11547 N

Tensile

Force
s- 1.5
mark

each

Fig: 1

L5

TYPES OF LOADING
The following are the important types of loading:
(2) Concentrated or point load,

(b) Uniformly distributed load, and

(c) Uniformly varying load

B 4 N W
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Concentrated orepoint load: When loads are applied at certain
points in the beam loads are said to be point loads or
concentrated loads.

%

AN

An C La‘

. o
Uniformly Distributed Load.
Uniformly Distributed Load (UDLYAS a load which has the same
intensity of load over a certain len he beam. The total load will
be w * x. where w is the intensity of lgad and x is the loaded
length. For calculating reaction at\6 rts this load can be

assumed to be acting as a point load a middle of the loaded
length.

w/unit length V
A M i
r Tl v IQ \_A\

wx

A 8
I f 4 i, b O
Fig.1.13? O

Uniformly Varying Load: A beam AB, which carries ledin such a
way that the rate of loading on each unit length of the be aries
uniformly. This type of load is known as uniformly varying load. The
total load on the beam is equal to the area of the load diagram. The
total load acts at the C.G. of the load diagram
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I11.6

Whenever a body{lnoves or tends to move over another body, a

force opposite to ection in which the body moves or tends
to move is developed-abthe constant surfaces. This force is
called frictional forc @imply friction.

Laws of dry friction \X

1) The force of frictio ays acts in a direction opposite
to the direction in whj e body moves or tends to
move.

2) Till the limiting value i@ched, the magnitude of
friction is equal to the foiCe which tends to move the
body.

3) The magnitude of the limi%iction bears a constant
ratio to the normal reactio een the two contact
surfaces. Q

4) The force of friction depends upoh the roughness of the
surfaces in contact.

5) The force of friction is independent gfithe area of contact
between the two surfaces.

6) For low velocities, the frictional force s independent of
magnitude of velocity. But generally, t (Q{namm

Definition- 1 mark, each law -1 mark

friction is less than the limiting friction.
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1.7

Solution °
a =14 8 cm?; |
a, =20x 2=40 cm?

|

;._

= XAk, +agx,

a.+az+a3

" 28x7+40x1+]6x4
28+40+ 16

=357 em

_ay tayy, +ayy,

a, +a, +8,

_28x1+40x12+16x23

28+ 40+ 16

=10.43 cm

1.

AP T ——

Finding centroid- 3 marks each, Fig- 1 mark
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I11.8

axes. $0mm
®
Solution, : ]}Omm
A, =100x20 =2 o

A, =80 x 20 = 1600,

i 100, ¥
1= _ 50mm \X QI mwmrs . e 2
) Y
B AN e T 3 S
y2=IOO+70=HOmm ( })_ e T i : 1 "
Ay, +Ayy, 20005550 £ 1600 x 110

7= .
A, + A, (2@1600) :
H

=76.67 mm
Moment of inertia of section (i) about its ow%nt&l centroidal axis is I
XX

.

_ 20x100°

Io\gy = T =1666666.67 mm O

Moment of inertia of section (2) about its own hﬂrizoqta(!cﬁtmida[ axis is

20°
Wt ’;2 = 5333333 mm* :\

Iy = (1G5 + Ayhy? ) + (IG5 +A;h7)
hy and h;, are the vertical distances of G| and G, from G .l

hy =y -y = 7667 — 50 = 26.67 O

hy =y, —y =110 - 7667 =33.33 O
Iy, = 1666666.67 +(2000 x 26.67%)+ 53333.33 + (wo'%uz)
=492 105 mm*

Since G,, G, and G are on the same YY axis, [Oyy =1G,yy + 1Gyyy

16,y is the M. of section (1) about its own vertical centroidal axis, and [Gyyy is the M.I of
section (2) about its own vertical centroidal axis.

_ 100 x 20° . 20 x 80°
12 12

= 92x10° mm*

Ioyy

Finding IGxx and I Gyy- 3 marks each, Fig- 1 mark
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Solution. p
® )

a, =80 x40 =3200 mm? T
u,=-lix40x40=%m’ 40

e 40 ——-l-———m —
80 Q)
X, = — = 40 mm
’ ©]
1
=(80-—x40) =66.67Tmm
Xy =( 3x ) m \)
,=-:—; =4:20 =8.49mm
n
¥ =ﬂ=20 mm
2
1
v, =5 *40= 1333 mm

4% 20
ys = (40- 2220y = 31 S 1mm O
In

x = 1% %7 ~ 24Xy :3200X40—800x66.67—Q£6x8.49

a;-a,-a, 3200—800-3:4?';9
= 34.52 mm
J= A8y, ~ayy, _ 3200x20-800x13.33~314.16x31.51
a-a,-a, (3200-800-314.16)
= 2082 mm

Finding centroid- 3 marks each, Fig- 1 mark
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[I1.10 | Solution -
The section is symmetricalyith respect to centroidal X X and YY axes.
Since G, G, Gy and G‘gr}m same Y -Y axis, [ayy =16yt 10, yy + [G3yy.
- + x180x 10° +—x|o=<120’
x 10x W Q mm _L
| |iOmm
= 2895000 m - + %
ayx = (16 +A ) « Aghy?) +(16,xx +A; hyY) s
hy, h, and hyare the vertical distanct G G, and GG;. &
! 10000 mmn* & 5
16,y =[Gy = E x 120 x mm L::T
l = | T
il 3 _ 4 10mm
lazgy = % 10 % 180" = 4ssd\otﬁqm - g
120 mm I w
h, =hy=100—5=95 mm, «
164y = (10000 + 1200 x 95%) x 2 + (4660800 + 180 x 10 x 0) Q
= 26540000 mm* %D
E
\ / [\ =
[I.11 Solution: N
Given °
Diameter of a steel specimen, d =14 mm "
Length of a steel specimen, [ =200 mm O o
Extension of the steelrod 5/ =02 mm g
Tensile load, P =40kN=40x] >
o
Areaoftherod, A =%d1 = %xl:ﬁ: mm? é
£
; Load 40x10° 7 R
‘We know that stress, o =— = =259 ol .9
e 153.94 259.84 N/ mm C?] —:d’E'r
§ g
Ay 8l 02 g7
Strain is by th tion, =—=— = @
given by the equation £ | I =300 0.001 a0 E
=R
Stress  259.84 =i~
Youngs Modul = = = £ 8
RIEY : Stram 0001 20040 Nimw'| ;2 5
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[I1.12 | Solution: Y
e £
Width of the bar, ‘g =50mm S
Thickness of the bar =12mm B
Length of the bar, I@ =300mm i)
Load, P SB4kN =84 10° N ®
E X =2x 10°N/ mm? g
Poissons ratio, B @.32 =
Area ofthe bar, A boe t=50 x 12 = 600 mm? &b
é 84x10° x 300 =
We know that 51 600x2x10° =0.021 mm E
. 51, 0021 o
Strain, g =T389 =0.00007 P
Lateralstrain, &, = px& =0.32 7 =0.0000224 5
. i an
sb  =bxs, =(60%0.0000224 =0.00112 mm 5
=

5t =ixg, =1 : 24 =10.00268 mm
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