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1 FBD, Equilibrium, Plane Trusses

m A mass 35 kg is suspended from a weightless
bar AB which is supported by a cable CB and a
pin at Aas shown in figure. The pin reactions at A
on the bar ABare

fe—— 1256 mm——

A

y -

fe———275 mm——
T__ [m]
X

(@) R =343.4N, R =7554N
(b) R,=3434N,R =0

(c) R, =7554N, R =343.4N

(d) R ,=785.4N,R,=0 [1997 : 2 M]

m A truss consists of horizontal members (AC, CD,
DB and EF) and vertical members (CE and DF)
having length / each. The members AE, DE and
BF are inclined at 45° to the horizontal. For the
uniformly distributed load p per unit length on the
members EF of the truss shown in figure given
below, the force in the member CDis

pl

< <O

@ 2 (0) pi
2pl
© 0 (@ =&
el L[] r
/ /
/ ! /
A o© A

[2003 : 1 M]

m The figure shows a pin-jointed plane truss loaded
at the point M by hanging a mass of 100 kg. The
member LN of the truss is subjected to a load of

and Virtual Work

P 3
(a) O Newton

(b) 490 Newtons in compression

(c) 981 Newtons in compression

(d) 981 Newtons in tension [2003 : 1 M]

m If a system is in equilibrium and the position of
the system depends upon many independent
variables, the principle of virtual work states that
the partial derivatives of its total potential energy
with respect to each of the independent variable

must be
(@ -10 (b) O
(c) 1.0 (d) o [2006 : 2 M]

m If point A is in equilibrium under the action of the
applied forces, the values of tensions T,zand T,
are respectively.

(a) 520N and 300N
(c) 450N and 150N

(b) 300N and 520 N
(d) 150N and 450 N
[2006 : 2 M]

m Consider a truss PQRloaded at Pwith a force Fas

shown in the figure.
F

P

45° 30°
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The tension in the member QR is
(@) 0.5F (b) 0.63F
(c) 0.73F (d) 0.87F [2008 : 2 M]

Common Data Questions (1.7 and 1.8):

Two steel truss members, AC and BC, each having cross
sectional area of 100 mm?, are subjected to a horizontal
force Fas shown in figure. All the joints are hinged.

If F=1 kN, the magnitude of the vertical reaction
force developed at the point Bin kN is
(a) 0.63 (b) 0.32

(c) 1.26 (d) 146 [2012:2M]

The maximum force Fin kN that can be applied at
C such that the axial stress in any of the truss
members DOES NOT exceed 100 MPa is

(a) 8.17 (b) 11.15

(c) 1414 (d) 2230 [2012:2 M]

m A pin jointed uniform rigid rod of weight W and
length L is supported horizontally by an external
force Fas shown in the figure below. The force Fis
suddenly removed. At the instant of force removal,
the magnitude of vertical reaction developed at the

support is
777;7\}77, IF
le L N|
I~ "
(a) zero (b) W4
(c) W2 (dy w [2013 : 2 M]

m A two member truss ABC is shown in the figure.
The force (in kN) transmitted in member AB is

A
I Tm |
. B

[2014 : 1 M, Set-2]

m For the truss shown in the figure, the forces
F, and F, are 9 kN and 3 kN, respectively. The
force (in kN)in the member QSis (All dimensions

areinm)
F1 F2

3m A 3m |

|

PY Q R

AN
2m
3 T

L 1.5m 3m |
f f 1

(a) 11.25tension
(c) 13.5tension

(b) 11.25compression
(d) 13.5 compression
[2014 : 2 M, Set-4]

EBE] A ladder AB of length 5 m and weight (W) 600 N
is resting against a wall. Assuming frictionless
contact at the floor (B) and the wall (A), the
magnitude of the force P (in newton) required to
maintain equilibrium of the ladder is

A

I 4m

[2014 : 2 M, Set-4]

m In a statically determinate plane truss, the number
of joints (j) and the number of members (m) are

related by
(@ j=2m-3 by m=2j+1
(c) m=2j-3 (d)y m=2j-1

[2014 : 1 M, Set-4]

m Two identical trusses support a load of 100 N as
shown in the figure. The length of each truss is
1.0 m, cross-sectional area is 200 mm?; Young's
modulus E = 200 GPa. The force in the truss AB
(in N) is

100 N

[2015 : 1 M, Set-1]
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m A weight of 500 N is supported by two metallic
ropes as shown in the figure. The values of tensions
T, and T, are respectively

500 N

433 Nand 250 N
250N and 433N
353.5Nand 250N
250N and 353.5N

(a
(b
(c
(d [2015: 1 M, Set-3]

m For the truss shown in figure, the magnitude of
the force in member PR and the support reaction
at R are respectively

=

=

100 kN

R Vo

I 4m |

a) 122.47 kN and 50 kN
b) 70.71 kN and 100 kN
c) 70.71 kN and 50 kN
d) 81.65 kN and 100 kN
[2015: 2 M, Set-1]

For the truss shown in the figure, the magnitude
of the force (in kN) in the member SR is

P

30 kN

10 (b) 14.14
20 (d) 28.28
[2015 : 2 M, Set-2]

m Arigid ball of weight 100 N is suspended with the
help of a string. The ball is pulled by a horizontal
force Fsuch that the string makes an angle of 30°
with the vertical. The magnitude of force F(in N)
is

30°

100 N
[2016 : 1 M, Set-1]

m A block of mass mrests on an inclined plane and
is attached by a string to the wall as shown in the
figure. The coefficient of static friction between
the plane and the block is 0.25. The string can
withstand a maximum force of 20 N. The maximum
value of the mass (m) for which the string will not
break and the block will be in static equilibrium is

kg.

Take cos 6 = 0.8 and sin 6 = 0.6.

Acceleration due to gravity g = 10 m/s?

[2016 : 2 M, Set-1]

m A two member truss PQRis supporting a load W.
The axial forces in members PQ and QR are
respectively

Y]
N
[a)

R |

(a) 2Wtensile and /3W compressive
(b) /3w tensile and 2/ compressive
(c) /3W compressive and 2Wtensile
(d) 2W compressive and J3W tensile
[2016 : 2 M, Set-1]
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m Aforce Fis acting on a bent bar which is clamped
at one end as shown in the figure.

&
F

The CORRECT free body diagram is

f f

" \J
[2016 : 1 M, Set-3]

m In the figure, the load P =1 N, length L = 1 m,
Young’s modulus E = 70 GPa, and the cross-
section of the links is a square with dimension
10 mm x 10 mm. All joints are pin joints.

The stress (in Pa) in the ABis
(Indicate compressive stress by a negative sign
and tensile stress by a positive sign.)

[2016 : 2 M, Set-2]

m A bar of uniform cross section and weighing 100 N
is held horizontally using two massless and
inextensible strings S, and S, as shown in the figure.

Rigid support
T,=7 T,=7?
St S2 Bar
]

L2 L2

(@ T,=100Nand T,=0N
(b)T ONand 7,=100N
(c) ,=75Nand T,=25N
(d)T 25Nand 7,=75N

[2018 : 1 M, Set-1]

A truss is composed of members AB, BC, CD,
ADand BD, as shown in the figure. A vertical load
of 10 kN is applied at point D. The magnitude of
force (in kN) in the member BC is

10 kN
D
A_45° o 459\C
HON B AN

[2019 : 2 M, Set-1]

m A car is having weight Wis moving in the direction

as shown in the figure. The centre of gravity (CG)
of the car is located at height h from the ground,
midway between the front and rear wheels. The
distance between the front and rear wheels, is /.
The acceleration of the car is a, and acceleration
due to gravity is g. The reactions on the front
wheels (R,) and rear wheels (R,) are given by

Direction of motion
a

CG
Tw

(@)

@

R, R,
R-W . Wh,p W W ﬁ 4
@ F=%+317 /

[
W h
om0

w w W W(h
R = ?_5( )a,F?, 2+E(7)8

[2019: 2 M, Set-1]

m The figure shows an idealized plane truss. If a
horizontal force of 300 N is applied at point A,
then the magnitude of the force produced in
member CD is N.

1% h
(b) R =R, = ) —(—)
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300 N

[2019 : 1 M, Set-2]

The members carrying zero force (i.e. zero-force
members) in the truss shown in the figure, for any
load P > 0 with no appreciable deformation of the
truss (i.e. with no appreciable change in angles
between the members), are

F G H

P Tm 7T Im im

a) BF, DH and GC only
b) BF, DH, GC, CD and DE only
c) BF and DH only
d) BF, DH, GC, FG and GH only
[2020 : 1 M, Set-1]

m An attempt is made to pull a roller of weight W
over a curb (step) by applying a horizontal force
Fas shown in the figure.

(
(
(
(

The coefficient of static friction between the roller
and the ground (including the edge of the step)
is . Identify the correct free body diagram (FBD)
of the roller when the roller is just about to climb
over the step.

F

uNg Ty BN N,

[2020 : 1 M, Set-2]

m Two smooth identical spheres each of radius
125 mm and weight 100 N rest in a horizontal
channel having vertical walls. The distance
between vertical walls of the channel is 400 mm.

400 mm

125

.

All dimensions are in mm

The reaction at the point of contact between two
spheres is N. [Round off to end one
decimal place]

[2021 : 2 M, Set-1]

EED) A plane truss PQRS (PQ = RS, and £ PQR = 90°)
is shown in the figure.

| L |R
T F

1P Aﬁ
The forces in the members PR and RS,
respectively, are .

(@) Fy/2 (tensile) and F(tensile)

(b) Fi/2 (tensile) and F (compressive)

(c) F(compressive) and F.f2 (compressive)

(d) F(tensile) and F./2 (tensile)

[2021 : 1 M, Set-2]

m A square plate is supported in four different ways
(configurations (P) to (S) as shown in the figure).

F
F
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A couple moment C is applied on the plate.
Assume all the members to be rigid and mass-
less, and all joints to be frictionless. All support
links of the plate are identical.

T 7 7

o
C C
5 |—r
il :
P) @
(e}
C C|
o & &
(R) (S)

The square plate can remain in equilibrium in its

initial state for which one or more of the following

support configurations?

(@) Configuration (P) (b) Configuration (Q)

(c) Configuration (R) (d) Configuration (S)
[2022 : 1 M, Set-2]

m A structure, along with the loads applied on it, is

shown in the figure. Self-weight of all the members
is negligible and all the pin joints are friction-less.
AE is a single member that contains pin C.
Likewise, BE is a single member that contains
pin D. Members GI and FH are overlapping rigid
members. The magnitude of the force carried by
member CI is kN (in integer).

A
le—35m-—>t=—3m—>
C 1 H
3m R 2 kN
Y e o O o °9G
B D E F
j<— 2 M-—>t=2 m—>1 3m | 3m

4'kN
[2022 : 2 M, Set-1]

E A rope with two mass-less platforms at its two

ends passes over a fixed pulley as shown in the
figure. Discs with narrow slots and having equal
weight of 20 N each can be placed on the
platforms. The number of discs placed on the left
side platform is n and that on the right side
platform is m.

It is found that for n = 5 and m = 0, a force

F =200 N (refer to part (i) of the figure) is just
sufficient to initiate upward motion of the left side
platform. If the force F is removed then the
minimum value of m (refer to part (i) of the figure)
required to prevent downward motion of the left
side platform is (in integer).

Fixed pulley Fixed pulley
(0] (it)

ndisc ndisc m disc
\/ F

Mass-less platforms Mass-less platforms

[2022 : 1 M, Set-2]

m The lengths of members BC and CE in the frame

shown in the figure are equal. All the members
are rigid and lightweight, and the friction at the
joints is negligible. Two forces of magnitude Q>0
are applied as shown, each at the mid-length of
the respective member on which it acts.

Which one or more of the following members do
not carry any load (force)?
(a) AB (b) CD
(c) EF (d) GH
[2022 : 2 M, Set-2]

m The options show frames consisting of rigid bars

connected by pin joints. Which one of the frames
is non-rigid?
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m Arigid massless tetrahedron is placed such that

P, P,
(c) ) ¢ i|
on
(b)
; - @ 2 =
[2024 : 2 M]

m Athree-hinge arch ABC in the form of semi-circle
is shown in the figure. The arch is in static
equilibrium under vertical loads of P = 100 kN
and Q = 50 kN. Neglect friction at all the hinges.
The magnitude of the horizontal reaction at B is

d) kN. (rounded off to 1 decimal place)

P Q

3m—=}«—3m
[2023 : 1 M]

vertex O is at the origin and the other three
vertices A, B, C lie on the coordinate axes as
shown in the figure. The body is acted on by
three point loads, of which one is acting at A
along x-axis and another at point B along y-axis.
For the body to be in equilibrium, the third point

| 6m 6m

load acting at point O must be [202'4 . 2 M]
y

m Atruss structure is loaded as shown in the figure
below. Among the options given, which member
in the truss is a zero-force member?

—> F=1000 N
&
O 90° 1m
z
(@ In y-z plane but not along y or z axis 45°
(b) along z-axis /\ D
(c) in z-x plane but not along z or x axis c 1 m
(d) in x-y plane but not along x or y axis | |
[2024 : 1 M] (a) BD (b) BC
BA d) AD
Which of the following beam(s) is/are statically ° @ [2025 : 1 M]
indeterminate? :
M Pl EEEE
(a) *) :
HOR
P, P,




Taking moment about A
Pl + 1/2) = Rgx 3l
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m FBD, Equilibrium, Plane Trusses and Virtual Work
11 d 12 @ 18 (@ 14 (b 15 @ 16 b 1.7 (a) 1.8 (b 1.9 (b
1.10 (20) 1.11 (&) 1.12 (400) 1.13 (¢) 1.14 (100) 1.15 (@) 1.16 (c) 1.17 (c) 1.18 (57.74)
1.19(5) 1.20 (b) 1.21 (& 1.22 (0) 1.23 (b) 1.24 (5) 1.25 (d) 1.26 (0) 1.27 (b)
1.28 (b) 1.29 (1.25)1.30 (b) 1.31 (b,c,d) 1.32 (18) 1.33 3) 1.34 (b,d) 1.35 (¢)
1.36 (d) 1.37 (a,b) 1.38 (37.5)1.39 (a)
FBD, Equilibrium, Plane Trusses and Virtual Work
1.1 (d) ) R Pl
Since point A is hinge support, so there will be B B2
horizontal and vertical reactions at point A. P1
T R, = &5
1 2
A (;X B Joint A
Rx—%$ I) Now at joint A
R T If, =0
’ _ Pl
T, Feasin45° = >
u A
mg A= o
For block =mg=2343.35N ..(i) V2 P ’
125 = C= —=X—F=
tan 6 = -2 =0.4545 Fac = Fea0s45" = 5 15
0 = tan~1(0.4545) = 24.44° Fro = PL
For bar M, =0 o 2
T, sin@x/= T,xI Atjoint ©
Pl
T, 343.35 F —-F._ -_= [ F..=0]
= T1= Sine = sinaa.ase = 02974N a2 “
SF,=0 1.3 (a)
+R,— T, + T;sin6 =0 Fix L Fium
g R,=0
IF =0
R —T,cosb =0
R =75539 N
IF,=0 & ZFV_O
1.2
£l At joint “L”
P
£l = o Fy=Fu=0 (2F,=0)
Fn =0 (ZF,=0)
Hence no force is acting on the truss number LN.
1.4 (b)
A A4S 45¢ 45\ g o . o
T C D T In equilibrium, potential energy is minimum.
R, R If any system is in equilibrium and subjected to
Ry,+ Ry =PI many independent variables, partial derivatives

of its total potential energy with respect to each
of the independent variable must be zero.
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(a)

Method I:
TAB
600 N
By Lami’s theorem
s The 600
sin120°  sin150° sin90°

T, = 600sin 120° =519.61=520 N
and T,c = 600sin 150° = 300 N
Method ll:
In equilibrium,

7—A B

600 N

Horizontal forces,
IF =0,
T c0830° - T,5c0860° =0
60° _ T
Ton = T, 00809 _ 4B )
A AB 50s30° \/§
Vertical forces,
ZFy =0,
ThcSin30° + T,58in 60°-600 = 0
T, Sin30° + T ,58in 60° = 600
Tho+ J3 T,s=1200 ..(i)

From equation (i) and (ii)

.
B 138 Ty5 = 1200

J3
4T,z = 120043
Ty = 30043 =519.61N =520 N
T
and T = 42 = 30043 _ 300N
V3 B

1.6 (b)
F
P 1
45° | 20
Q¢ A
|
v, ' b=1732x v,
tan30° = =
et =
b = e = 1.732
T tendr ~ 0
Taking moment about Q
Fxx = Vpx2732x
V., = 0.366 F
V, = F-0.366 F

1.7

= 0.634 F

FBD of joint Q@
Let force in the member PQis Fp,
s Fpgsindd® =V,
= Fp,sin45° = 0.634 F
Force in member QR
Far = FpgCos 45° = 0.634F

(a)
Method I:

Using Lami’s theorem

L L - F
sin120°  sin135°  sin105°
T, =0.8965F
T,=0.732F

Vertical reaction at B,
Rg = T, cos 30°=0.732 cos 30°
Rg = 0.634 kN
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Method II: Tiorquey = 1@
IF =0, ol (W)Pm )
. X— = S
(Fac), + (Fao), = F o0 2= \g)3™%-W
= F,-C0s 45° + 5, c0os60° = F
F, =0, W-R, = (g)acg -..(iii)
FacSin 45°= Fg.sin 60 ?y
Fac SiN60° ‘a
= —=———=1224 F,
Fac sin45° Be iv
= 1= 0.865 Fgu+ 0.5 Fpgp .
1 8y, = (E)oc (iv)
FBC = % = 0732 kN
' Equations (ii), (iii), (iv)
Vertical force at B, (Rpg), = Fg-SiN60°
L W\ a
= 0.732 sin60° = 0.634 kN Wx—==|—|=x-22
© (g
1.8 (b) 2
Method I: L (wY (2 (2y W-=R)
Maximum force = 0.8965F Wxs =g ) 3 *\L (W)
0.8965F
.. Max stress ———— <100 MPa g
100 W
100> 08985 X F BT = W-R,
h B 100
- F<11.154 kN R =ﬂ
Method I: Y4
ﬁf' Fac = 089S KN 1.10 Sol.
en
FxE Method I
—4% = 100 A
A A —p B
Fx0895 A
100 Ay
F=11173.18 N=11.173kN T0kN
19 (b) C, —p Z
Uniform c
rigid rod y
o [
/ AB=1m
[« L >
AC=05m
i TRy BC= (£1052 =125 =1.118m
o |<—L/2—>"<—L/2—>F A+C. =0
w A,+C, =10
IR =0=R =0 (from force equilibrium)
ZRy:O:>Ff’y+F:W . M, =0
A,=(W-F 0 C x05=10x 1
If force Fremoves, then rod will rotate about O, *
then or C.= 20kN
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and A, =-20kN 111 (a)
20kN A @
«— Fas N
* 9kN™, 3kN
A : A Ry
Fac N 3m 3m
PV \\\\ Q R R
20kN__C
* (method of section) N 2m
C, 9 \:\
S R
ZMCZ 0 1.5 m I 3m ‘\\\ Ty
= F,;x05=20x05 FBD (Figure-) ()
F,s = 20 kN
Method Il: 9 kN
P TPQ
0 TSQ
S = Tst
Section through PQ,QS, & ST (Figure-ii)
tan 6 = 2
anv=1s
6 = 53.18°
Free body diagram of point B, Considering L.H.S. of section (1)......(1)
IF,=0
Fas 9+ Tgoxsin® =0
B
0 9 .
Toq= SnB3.13° - 11.25 kN (Tensile)
10 kN
1.12 Sol.
FBC
Drawing FBD of ladder AB
Horizontal Reaction: 3
FgoCO80 = —F 5 (1) tan® = "
Vertical Reaction: - 0
SF) =
Fgosin® = -10 (i) ( )y
Putting the value of Fg. from equation (ii) to = 600N = Ny
equation (i) Taking moment about A
~10 —600 x 2.5 x cos® + N x 5 x cos 6
——XC0S0 = —
sin® Fas ~Px5xsing =0

1
Fig = 10xcot6=10xﬁ =20 kN

= —600><2.5><£+600><5><£—P><5><§=O
5 5 5
= P=400N
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1.13 (o)
For a joint we can write 2 equilibrium equations, 45°
so for j joints we will have 2 j equations. If there SO KN emremten
are mmembers in a truss then we need to calculate
munknowns. Also we need to calculate 3 reactions
for a plane truss. So for determinate truss FprCOS 45° = 50
m+ 3 =2j 50
PH: COS450 = 7071 kN
1.14 Sol. 117 (0
F
AB Rp+ R,= 30kN
M, =0
30x2= R,yx3
R,= 20N
100 N R,= 10N
Fas 100 _ Using method of section
sin120° ~ sinoge O Fas= 100N
S Frs R
1.15 (a) 45°
Using Lami’s theorem, | 45°
1 Frr
T _ 500 |
sin120°  sin90° L
T, = 500 sin 120° = 433N L
oo Q
T 500 T A
sin(360° - (120°+90°)) ~ sin90° zero force member
20N
= T,=250 N o , o
Considering moment about point T, which is zero
1.16 (c) Rox1 = Fpgx1
Frs= Ry =20 N compressive
100KN | oo =i 1.18 Sol.
60°A\Y Method I:
P
50kN
45°
Qy=50kN 45°/\ R
. A 100N
4m Applying Lami’s theorem
Q, = (5043 — 50) kN R,=50 kN 100 F T
sin120°  sin(60° + 90°)  sin90°
>M,=0 100sin150°
Q _ _
R,x4-50x4=0 F= —gnia0e = 97-74N
R, = 50kN Method II:

Force in member QR = 50 kN (Tensile)
Free body diagram of joint R

This problem can be solved without applying
Lami’s theorem,
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IF,=0
Forcos 60°+ W =0
Fop= — W _ 2W
QF ™ cosB0
As, = 2W(compressive)
IF,=0
0 = 30° then Fap = —FogC0s 30°
Vertical reactions, = —(-2W) cos 30°
Tcos30° = 100N J3
F = - = i
i 100x2,, 200 op = +2W/x +WA/3  (tensile)
) \/5 ) \/5 1.21 (a)
Horizontal reactions, ’
200 1 100 o0
F=TcosB0° =—x—=—=57.74N
V3 2 B F
1.19 Sol. Fu=F
u =025 T =20N
o \ Fy=F
Applying equal, opposite and parallel forces at
the base, F; and F,.
F, and F will form a couple at the base whose
magnitude will be M and F, will be force which
will have a horizontal and vertical components,
Balancing forces along the inclined plane which are displayed by R,,and R, in the figure of
— T+ f=mgsin® option (a). Hence correct answer will be (a) and
f= N not (b) because in figure of option (b) support at
the base has not been removed.
N= mg cos 0
(balancing forces perpendicular X : A POINTS TO REMEMBER
to the inclined plane) =
T+umgcos®=mgsin® As bar is clamped at one end i.e. acting like fixed
20 +0.25 x mg cos © = mg sin @ support. So as we know in the fixed support
20+025xmx10x08=mx10x06 horizontal reaction, vertical reaction and moment
20 =4m .
will act.
m= 5kg
1.20 (b) 1.22 Sol.
P
L o
| & N
| 30 ¢S
: w
R Faop
At joint Q
60°
FQR






