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1 (a) |Discuss the various types of friction. [05] |CO3| L1
(b) |State the laws of dry friction. [05] |CO3| L1
2 (a) [Define angle of friction and angle of repose with diagram. [03] |CO3| L1
(b) | A block of mass 20 kg placed on an inclined plane as shown in Figure 8.7, is [07] |CO3| L3
subjected to a force P that is parallel to the plane. Taking the inclination of plane
with respect to horizontal as 30° and the coefficient of friction as 0.24, determine
the value of P for impending motion of the block.
P
o°
3 (a) | Find the least value of P required to cause the system of blocks shown in Figure [10] |CO3| L3
to have impending motion to the left. Take coefficient of friction as 0.2 for all
contact surfaces.
P B
A
30°
4 (a) | Determine the x and y coordinates of the centroid of a triangular section. [05] |CO4| L1
(b) | Locate the centroid of the T-section shown in Figure. [05] (CO4| L3
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5(a) | Locate the centroid of the shaded area shown in Figure. [10] |CO4| L3
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6 (a) | Explain the deferent types of beams and supports with diagram. [05] |CO3| L1
A simply supported beam of span 6 m is subjected to loading as shown in the figure.] [05] |CO3| L3

Determine the reactions at A and B.
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7 Find the support reactions of the beam loaded as shown in Figure. [10] |CO3| L3
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Answers

1. Depending on the state of rest or motion, we can categorize friction into:
(i) Static friction
and
(ii) Dynamic friction
Sliding friction & Rolling friction

(1) Static friction: It is the friction experienced between two bodies when both bodies

are at rest.

(it) Dynamic friction: It is the friction experienced between two bodies when one body

moves over the other body. It is of two types:

(a) Sliding friction: It is the resisting force which opposes the sliding motion of one

body over another body, This force acts in a direction opposite to the direction of

impending motion.

(b) Rolling friction: It is the friction between the two bodies when one body rolls over

the other body.

Based on the surface of contact, there are two types of friction, namely:

(i) Dry friction: If the contact surfaces between the two bodies are dry, then the friction

between such bodies is known as dry friction.

(it) Fluid friction: The friction between two fluid layers or the friction between a solid
and a fluid is known as fluid friction.

LAWS OF FRICTION

The laws of static friction are:

(i) The force of friction always acts in a direction, opposite to that in which the body tends

to move.

(if) The magnitude of the force of friction is exactly equal to the applied force which just
moves the body.

(iii) The magnitude of the limiting friction bears a constant ratio to the normal reaction between
the two surfaces in contact, i.e.

F/N = constant

where F is the limiting friction and N is the normal reaction.

(iv) The force of friction is independent of the area of contact between the two surfaces.

(v) The force of friction depends upon the roughness of the surfaces in contact.

The laws of dynamic friction are:

(i) The force of friction always acts in a direction, opposite to that in which the body is

moving.

(i1) The magnitude of the kinetic friction bears a constant ratio to the normal reaction between
the two surfaces in contact. But this ratio is slightly less than that in the case of limiting
friction.

(iii) The friction force remains constant for moderate speeds but decreases slightly with the increase in
speed.

2 (a) |Define angle of friction and angle of repose with diagram.




Angle of Friction (¢)

Let us again consider a body of weight W which is placed over a rough surface and is subjected to
an external force P as shown in Figure 8.3. The following forces are acting on the body:
(1) Self-weight, W
(11) External force, P
(ii1) Frictional force, F
(iv) Normal reaction, N

=

Figure 8.3 Angle of friction (¢).

The angle of friction for two contacting surfaces is the angle between the resultant R (of
friction force F and the normal reaction N) and the normal reaction N. It is denoted by ¢.
In triangle ABD,
F

AD
tanp= —="— =4 8.1
0= "F=% ¢ (8.1)



Angle of Repose (9)

When a plane is inclined to the horizontal by a certain angle, the body placed on it will remain at
rest up to a certain angle of inclination, beyond which the body just begins to move. This maximum
angle made by the inclined plane with the horizontal, when the body placed on that plane is just at
the point of sliding down the plane, is known as the angle of repose. Repose means sleep which is
disturbed at that particular angle of inclination.

Letus consider a body of weight Wwhich is placed on an inclined plane as shown in Figure 8.4.
The body is just at the point of sliding down the plane when the angle of inclination is . The
various forces acting on the body are self-weight, normal reaction, and frictional force.

Figure 8.4 Angle of repose ().
Applying the conditions of equilibrium,
LF =0; ZF =0

Resolving forces along the x-axis,

—F+ Wsin =0
or F=Wsin # (8.2)
Resolving forces along the y-axis,
N-Wcos th=0
or N=Wcostl (8.3)
We know that
F
.‘:’II =
N
W sin tl
= = 2 —tand (8.4)
Weost
or tan ¢ = tan ¢
ar ="

It is evident from Eqs. (8.1) and (8.4) that
Angle of friction = Angle of repose

2b) A block of mass 20 kg placed on an inclined plane as shown in Figure, is subjected to a force P that is
parallel to the plane. Taking the inclination of plane with respect to horizontal as 30° and the coefficient of
friction as 0.24, determine the value of P for impending motion of the block.



Figure 8.7 Example 8.2.
Selution (1) The value of P for impending motion down the plane (Figure 8.8):

20x 081N

¥
Figure 8.8 Example 8.2.
Consider the free I}adyl diagram of block
IF =0
or 20 9.8l xcos 30" -N=0
or N=20x98]1cos 30° =169.914 N
Also, IF =0
or —P—-0.24x 169.914 + 20 x 9.81 sin 307
P=57320N Ans.

(ii) The value of P for impending motion up the plane (Figure 8.9)

20x 981N

Figure 8.9 Example 8.2.

Consider the free body diagram of block

IF =0
or N=20x 9.81 cos 30°
or N=169914 N
Also, IF =0
or —20x 9.8l sin30°+P-uN=0
or P=20x981sin30°+ 024 x 169914

P=13887T9 N Ans.



3) Find the least value of P required to cause the system of blocks shown in Figure to have impending motion
to the left. Take coefficient of friction as 0.2 for all contact surfaces.

Example 8.13 Find the least value of P required to canse the system of blocks shown in Figure 8.39
to have impending motion to the left. Take u = 0.2.
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Figure 8.39 Example 8.13.

Solution Consider the free body diagram of block A (Figure 5.40):

LF =0
or Nl—lxmsm;:ﬂ
or N, =0.866 kN
Also, E,Fx: 0
or T-02(0.866)—1=sin30°=0
or T'=0.673 kN
¥

\/ i
X
.

0.2/,

Figure 8.40 Example 8.13.



Consider the free body diagram of block B (Figure 8.41):

3 kN
\ |
¥
iL
B — T
X "
——= 0.2M,
NE
Figure 8.41 Example 8.13.
ZF =0
or N',_,=3—P5inrx
Also, EF::I:I
or Pcos rx—ﬂ..ﬁTB—ﬂ.Z{E—P:;in a)y=0
or Pecos e+ 02Psiner— 1.273=0
or Pcos o+ 0.2P sin e = 1.273
or Plcos or + 0.2 sin o) = 1.273
or P=1.273Ncos ¢ + 0.2 sin «x)

P is least, when the denominator is maximum.

Denominator is maximum when,

d
—cos i+ 0.2 sin ) =10

i

or —sin e + 0.2 cos cr =10
or sin ¢ = 0.2 cos o«
or tan =02
or o =tan' (0.2)

=11.31°

P=1.273cos 11.317" + 0.2 sin 11.31%)
=1.248 kN Ans.

4 (a)
Determine the x and y coordinates of the centroid of a triangular section.



Triangle

Consider a triangular lamina of area (1/2) = b = 4 as shown in Figure 9.10.

c

¥

Figure 9.10 Trangular lamina.

Now consider an elementary strip of area b, x dy which is at a distance y from the reference
axis AB.

Using the property of similar triangles, we have

h_d-y
b d
or M)
d
Area of the elementary strip =b, x dy = w
Moment of area of elementary strip about AB
=area X ¥
_ld-yb-dy-y
d
_bedy-d-y by* - dy
- d d
by* - dy
— 7 - Ty — -
by el
Sum of moments of such elementary strips is given by
d by*
Jo - ay- o d
27T KRy
:bx|:}_] _£|:}_:|:
2 d| 3
0
_bd” bd’
T2 34
b b
23
"6

Moment of total area about AB = %bd B

Applying the principle of moments,



4b) Locate the centroid of the T-section shown in Figure.

&uvun

T 2)
Solution : [ "
1. v
.g, ; 20mm
7 ¥
g, 120mm
(1) =otememnnennnianns Beecccssccncccey (1)
@) - 20 &
Fig. (b)

Consider reference (1)«(1) and (2)-(2) as shown. Divide the given figure into simple
figure. The figure is symmetrical about YY-axis,

-  Lay
Required to find ¥ = Ta
52120
20 7
Component Area Distance of centroid of | Moment of area
a mm’ component from (1){1) y about (1)-(1) ay mm’
bxd 120 .
g, (rectangle) 120 % 20 = 2400 : R 60 144000
bxd 20
Ta = 4800 Lay = 456000
L Y= Zay _ 456000
R



5) Locate the centroid of the shaded area shown in Figure.

Example 9.14 Locate the centroid of the shaded area shown in Figure 9.30.
VIU {August 2004)

¥

o

{______________

Figure 830 Example 9.14.
Solution
Component Area, a X ¥ ax ay
10 0
Rectangle 1 0= 9=200 = = 5 3 =45 450 405
_ | 1 7
Triangle 2 ;x.’-xﬁ:‘) ]{}+§ x3=11 3+§x6=? 99 63
2)? 4 4x%2
Semicircle 3 7 x(2) = =2 g_ 2= _12.566  -51.213
2 2 3r
=—6.283 =8.151
r(3)* 433 43
Quadrant 4 () g X ~ 61682  —8.998
4 It Ixnm
=—7.068 =R.727 =1.273
Sum Ea Tax Zay
= §5.649 =474.752 =407.789
=2 _ 5543 mm
Ya
y= ay _ 4.761 mm
=

Ans.



6 (a) Explain the deferent types of beams and supports with diagram.

SUPPORT REACTIONS

The various structural members are connected to the surroundings by various types of supports.
The structural members exert forces on supports known as acfion. Similarly, the supports exert
forces on structural members known as reaction.

A beam is a horizontal member, which is generally placed on supports. The beam is subjected
to vertical forces known as action. Supports exert forces, known as reaction, on the beam.

Types of Supporis

The following types of supports are found in practice:

l. Simple supports

2. Roller supports

3. Hinged or pinned supports
4. Fixed supports

Simple supports

Simple supports (Figure 6.1) are those which exert reactions perpendicular to the plane of support.
They restrict translation of the body in one direction only, but do not restrict rotation.

109

110 ELEMENTS OF CIVIL ENGINEERING AND ENGINEERING MECHANICS

o v I T

Ra As

Figure 6.1 Simple supports.
Roller supports

Roller supports (Figure 6.2) are those which exert reactions perpendicular to the plane of the
support. They restrict translation of the body along one direction only, and rotation is allowed.

& & 0 ]

Figure 6.2 Roller supports.

Hinged or pinned supports

Hinged supports (Figure 6.3) are those which exert reactions in any direction, but from our
convenient point of view we resolve these reactions into two components. Therefore, hinged supports
restrict translation in both directions. But rotation is possible.



Hyy Hgy
Figure 6.3 Hinged supports.
Fixed supports

Fixed supports (Figure 6.4) are those which restrict both translation and rotation of the body.
Fixed supports develop an internal moment known as resfrainf moment to prevent the rotation of

the body.
EE Rax 9““ MB% Ry
E A HEI

* Ry ey

=
PSR ALY

Figure 6.4 Fixed supports.

Types of Beams
Simply supported beam

It is a beam which consists of simple supports (Figure 6.5). Such a beam can resist forces normal
to the axis of the beam.

A B

o &

Figure 6.5 Simply supported beam.
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Continuous beam
It is a beam which consists of three or more supports (Figure 6.6).
A B C

o Fay oS

Figure 6.6 Continuous beam.

Cantilever beam

It is a beam whose one end is fixed and the other end is free (Figure 6.7).

Propped cantilever beam

Ti i o hmmen ssrhmen memm mmd fn Pl ad el dha mblhas amd e el e e b ST e S O

Figure 6.7 Contilaver beam.



Figure 6.7 Contilever beam.
Propped cantilever beam

It is a beam whose one end is fixed and the other end is simply supported (Figure 6.8).

Figure 6.8 Propped cantilever beam.

Overhanging beam

It is a beam which extends beyond support{s). In Figure 6.9, it is seen that the beam extends
beyond support B up to C. The overhang portion is BC.

71;::\7}7 ri}# L

Figure 6.9 Overhanging beam.

=

Types of Loads
Concentrated load

A load which is concentrated at a point in a beam is known as concentrated load (Figure 6.10).

G KM 2EN 5 kN

A ] l J 8
/Lzm—"—1m—>\-f1 m—-\«fm—r

Figure 6.10 Concentrated loads.




Uniformly distributed load

A load which is distributed uniformly along the entire length of the beam is known as uniformly
distributed load (such as the load 20 kN per metre (UDL), length shown in Figure 6.11.

20 kNim

AY_¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥

i B 5

= im -1 am >

Figure 6.11 Uniformly distnbuted load.

To convert the 20 kN/m UDL into a point load which is acting at the centre of a particular
span (i.e. 3 m), we proceed as follows:

Magnitude of point load = 20 kN/m = 3 m = 60 kN

Uniformly varying load

A load which varies with the length of the beam is known as uniformly varying load (Figure 6.12).
The magnitude of the point load corresponding to a uniformly varying load such as that shown in
Figure 6.12, is calculated as follows:

/}klwm

2 kM

Zayd (3

¥ ¥
of 2m of2m

I: 2m - - 2m =
Figure 6.12 Uniformly varying load.

1 1
Magnitude of point load = Area of the triangle = 5 » base x height = 7 #X2x2=2kN

The point load acts at the centre of gravity (CG) of the triangle.

6b) A simply supported beam of span 6 m is subjected to loading as shown in the figure. Determine the
reactions at A and B.



Example 6.2 A simply supported beam of span & m is subjected to loading as shown in
Figure 6.15. Determine the reactions at A and B.

S kN 2 kN

3 kMN/m
f’

A ¥ ¥ 3 L4 4 L4 B

- 1.5m > 3.0m 1.5m

Figure 6.15 Example 6.2.
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Solutieon Converting the UDL of 3 kN/m over a span of 3 m into a point load, and applying the
laws of equilibrium (Figure 6.16), we get

F},=IJ
or RA+RB—5—9—2='D
or R, +R,=16
IM =0
or -2x15-9x3-5%x45+R, x6=0
R, = E =875 kN Ans.
: 6
or RB =T7.25kN Ans.
5 kN S kN 2kN
A L L ] L B

1l Em—=— 1A m A m e 1.5 m ——
= [=]

7) Find the support reactions of the beam loaded as shown in Figure.



3 kN

2 kN-m

Solution

kN

le—— 1 i ——=f

REEEFREREREN

—2m

c

Figure 6.31

2m

Example 6.10.

Using the conditions of equilibrium shown in Figure 6.32, we have

or

Also,
or
or
Also,

or

12 kN S kM 1 kM
0,334 m
1.5 m— 2 kN=m ) —
L B Y ‘\ 30 __E ¥ E
3 c D H R
Fe H‘) - Agy
i m e 2 m 2 M e 2 m = 1 m —

Figure 6.32 Example 6.10.
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IF =0

REJ{ —S5cos30°=0

RB +RE

Y

R., = 433kN

IF,=0

R, +R,, =185

IM, =0

-3-12-5s5in30°-1=0

R x6+12x05-3x1-2+55in30° x4+ 1x6334=0

R, =2.889 kN

Substituting the value of R, in (i), we get

R, =15.611 kN

Ry = Jt4.33}3 +(2.880)° =5.205 kN

)

f=tan"' | ——
4.33

— tan-! [REY ]
Rex

2.889]

=33.71°

(i)

Ans.

Ans.

Ans.



