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CHAPTER-I " - .

Coplanar Concurrent Force Systems

GENERAL 1NFORM&TION

COPLANAR CONCURRENT FORCE
SYSTEMS

The various forces acting on a body constitute
a system of forces, If all the forces in the system
lie in a single plane, it is called as Coplanar Force
System. If the lines-of action of all the forces in
the system pass through a single point, it is
called a Concurrent Fum Systm

Resultant of Concurrent Fnrces

Itis possible to ﬁndnmng]qforoe, wl‘u:hwnuld -

have&umeﬁectasﬂmtufammb&mfhmes
acting on a given body. 5uchashlglefurceu
called the Resultant Force. : .

Cumposmnn of Forces

The process of finding the resultant nf a Enrce

system is called Composition.of Forces. -,

""""

@ Graphlcal Method .

(i) The Parallelogram Law af Forces: This lnw
states that if two forces acting simultaneously
on a body at a point are represented in magni-

tude and direction by two adjacent sides of a -,
parallelogram, thmrresu[tantmrepmantedm' '

magnitude and direction by the diagonal of the

veed

purhllelﬂg;mm which pnﬁm ﬂ‘lruugh the’ pmnt
of intersection of the two sides representing the
forces. lang. L. '.l, ﬂlemultantuffurces F, and '’
Fyi :5 R _

(b
Fig. 1.1

(i) The Triangle Law of Forces: This law states
that if two forces acting simultaneously on a
body are represented by the sides of a triangle
taken in order, then their resultant is represented .
by the clmmgmde of the triangle, taken in the *

represented mm,g:uhmde {to suitable scale) and
direction by AB and BC. According to this law,
the closing line of the triangle ABC ie., AC
represent the resultant R.



(&)

Fig. 1.2

(ifi) The Polygon Law of Forces: This law states
that if a number of concurrent forces acting
simultaneously on a body are represented
in magnitude and direction by the sides of a
Polygon, taken irt order, then the resultant is
represented in magnitude and direction by the
closing side of the polygon, taken in opposite
order. In Fig. 1.3, R is the resultant of forces F,,
.F: and F;;‘

5
& e

Fy = &kN

()
Fig. 1.3

(b) Resultant by Analytical Method

(/) If only two forces are acting as shown in
Fig. 1.2,

R= JF,Q +F} +2F,F, cos® (1.1)
.4 FEsing
and @ =tan F,+F,cos8 (1.2)

Engincering Mechanics

(if) Resultant by the Method of Resolution:

I
@ |
I
I
@ I
-l
XF, o
(b)
Fig. 1.4
Referring to Fig. 1.4,
IF =F,+Fy +Fy +F, (1.3)
IF, =F +Fy+Fy +F, (1.4)
P= J(EE)? +(zF,)} (1.5)
I 3
and 6=tan?! =L (1.6)

IF,
(c) Equilibrium of a Body
~A body is said to be in equilibrium, when it is
at rest or continues to be in steady linear

motion. Mathematically, it means, resultant R
of the system of forces acting on the body is zero.

IF, =0
F - } 1.7)

EQUILIBRIANT OF A FORCE SYSTEM

It is that single force which is equal and opposite
to the resultant of the given force system.



Coplanar Concurrent Force Systems
Lami’s Theorem

This theorem states that, if a body is in equilib-
rium under the action of three forces, each force
is proportional to the sine of the angle between
the other two forces.

(a) (&)
Fig. 1.5
For the system of forces shown in Fig. 1.5,
'F.'I F2 F:l ﬂ”s}

sina si.nl!=sin1

(d) Free Body Diagram

It is the diagram of a body, in which the body
under consideration is freed from all the
contact surfaces, and all the forces acting on
it, including the reactions at contact surfaces are
indicated.

(e) Principle of Transmissibility of Forces

This principle states that the state of rest or of
uniform motion of a rigid boay is unaltered, if
a force acting on the body is replaced by another
force of the same magnitude and direction but
acting anywhere on the rigid body along the
line of action of the force.

SOLVED PROBLEMS

{(Following sign convention is used in solving
the problems: rightward and upward forces
positive, leftward and downward forces nega-
tive.)

3

1. The body on the incline in Fig. 1.6(a) is sub-
jected to the vertical and horizontal forces
as shown. Find the compoenent of each force
along x-y axes oriented parallel and perpen-
dicular to the incline.

Fig. 1.6

- 8=36.87°

Component of F; are F, (along x-direction)
and F, (along y-direction) and may be
easiiy%oundb]rmwingfrumﬂmtailcftha
force F, to its head in the desired direction
[Refer Fig. 1.6(b)].
Fyy=-F;sin 0
= =1200 sin 36.87°
= -720N. (Ans.)
Fyy=-F,cos8
= =1200 cos 36.87°
= -960 N. (Ans.)
Component of F, are [(Refer Fig. 1.6(c)]
F;, = F; cos 8 = 400 cos 36.87°
= 320N (Ans.)
Fy = -F; sin 8 = —400 sin 36.87°
= -240N (Ans.)
2. Determine the x and y components of each
of the forces shown in Fig. 1.7(a).
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~ St L = 648° (Ans.)
® - . . Inclination with x-axis = 20 + 6.48°
! Y =26.48° (Ans.)
Fau_: 4. Findthe resultant of the force system shown
e ?"’ in Fig. 1.9(a). .
o ..df' A . s C =
1._1". B # H FLi
g
- Fig. 1.7
Sulul:mn. TR
fﬁ=mm3m zs&mmmu.}
ij-—mumaﬂ'mﬂﬁﬂﬁihm]
ma_% . 8=67.38°
FﬁJ-Fzmﬁ?.BB=-59ﬂcm6?ﬂ b izt Yo sigla@le
=-150N' (Ans.) e FiEAS
F., = F;5in 67.38 = 390 sin 67.38
z¥=3§ﬂN{m1 = Suluhl:m Resolvmg Eﬂﬂh fumemrandy
I duecﬁmw,andaddmgal_gebmcalhrwegu,
Pkﬁﬁmaw -400 cos 40° i
Fg, —F,smw 400 sin 40° T--19212N (o) v
. =-25712N(Ans.) LF,= ﬁDﬂsmM‘+Eﬂﬂmlﬂ° 2(1)0(:530‘“
3. Fmdmerestﬂtantnfmehvufnrceﬁshnwn =486.08 N ()12 150 it

in Fig. 1.8(a). . __-,R ,’z‘r]h(n: _

Solution: From Fig, 1.8(a),

- S I mehmml =52267N {Aml.}
R= |R+F+2RFest .. . - - : L IR 48608 "
=207 + 60> + 2% 20 60 cos 25° 8= tan IE " 19212

= 78.58 N (Ans.) = 68.43° as shown in Fig. 1.9(b). (Ans.)



Coplanar Concurrent Force Systems

5. Find the resultant of the force system acting

on the hook shown in Fig. 1.10(a).

BON y

L 2

110N

Fig. 1.10(a)

Solution: Resolving each forceinx and y
directions and adding algebraically,
¥F, = 150 cos 30° + 100 cos 15° - B0 sin 20°
=199.13 N (=)
ZF, = 150 sin 30° - 100 sin 15° - 110
+ 80 cos 20°
=14.29N (1)

5 R= 4192132 +1429% = 199.64 N (Ans.)
6o tarct 1429

199.64
= 4.09° as shown in Fig. 1.10(b).

14.29
199.13

Fig. 1.10{8

6. A system of forces acting on a body resting

on an incline plane is as shown in Fig. 1.11.
Determine the resultant force, if 8 = 30°, w
=1000 N, N = 866.03 N, F = 200 N and
T =1200 N.

Solution:
YF,=T-F-Wsin8
= 1200 - 200 - 1000 sin 30°
=500 N
EFI=N~ W cos 30°
= 866.03 - 1000 cos 30°
=0N
Hence, the resultant force is 500 N acting
up the plane.

. A disabled ship is pulled by means of two

tugboats as shown in Fig. 1.12(a). If the re-

sultant of the two forces exerted by the

ropes is a 300 N force parallel to the axis of
the ship, find:

(a) Force exerted by each of the tugboats
knowing a = 30°.

() The value of a such that the force of
tugboat 2 is minimum, while that of
tugboat 1 acts in the same direction.
Find the corresponding force to be ex-
erted by tug- boat 1 also.

Solution:

(a) LetT,and T,be the tensile forces in the
two ropes as shown in Fig. 1.12(a) with
a = 30° According to law of triangle of
forces, the system will be as shown in
Fig. 1.12(b). Applying sine rule to the
triangle of forces,

n __T, __30
sin 30° sin20° sin130°
7= 205030 _ 19581 N (Ans)
sin 130°
TZ = M =13394 N (ﬂl‘l.l.]
sin 130°

(b) From Fig. 1.12(c), it is clear that T; is
least, when it is at right angles to T).
Hence,

a=70" {Ans.)

Applying sine rule to the triangle of forces,
T, L, __300

sin70°  sin 20° sin 90°

sin 70° :
= 281.91 N (Ans.
%0 (Ans.)

T:'—'m

s



of [ = 300N
o
T.
(a)
A = 300N
130° 40
T Tz
1]
R/ = 300N _
20¢ A
70N\,
T, :
fel
Fig. 1.12
sin 20°
T, = 300 =102.61 N (An
: sin 90° (Ans.)

B. An automobile which is disabled is pulled

by two ropes as shown in Fig. 1.13(a). Find
the force P and rosultant R such that R is
directed as shown in the figure.

P

e
o¥

Q= 5kN
b}

Fig. 1.13

Solution: From Fig. 1.13(b),
R 5 P

sin120°  sin20°  sin 40°
R = 12.66 kN (Ans.)
P = 9.40 kN (Ans.)

Engineering Mechanics

9. ACollar, which may slide on a vertical rod,

is subjected to three forces as shown in Fig.
1.14. The direction of the force F may be
varied. If possible, determine the direction
of the force F, so that resultant of the three
forces is horizontal, knowing that the mag-
nitude of F is equal to (a) 2400 N, (b) 1400 N.

1200N

& 800N

0

Fig. 1.14

Solution:

Case (a): F=2400 N.

Since the resultant should be horizontal,
EF,=0

Le, 1200+ 800cos60°-Fsin®=0

1600

2400

6 = 41.81° (Ans.)

Case(b): F=1400N
b2 F,=0

i.e., 1200 + 800 cos 60° - 1400 sin® =0

sin B = 160 =1143>1
1400

s5in @ =

which is not possible as sine of an angle can
not be greater than unity. Hence, it is not
possible to have the resultant of the three
forces in horizontal direction with F = 1400
N only. The force F has to be greater than or
equal to 1600 N.

. Determine the angle a and the magnitude

of force () such that the resultant of the three
forces on the pole is vertically downward
and of magnitude 12 kN. (Ref. Fig. 1.15)
Solution: Since the resultant force should
be along the vertical, the horizontal, sum-
mation of the component of three forces
should be zero.
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11.

e N
BkN - 8 kN
5 kM 5 kN
Q a 12 kN
(b)
TrRIRR
(a)
Fig. 1.15
ie, LF,=0=-5sin (30 + )
-Qsin30°+8 i)
LF,=~12=-5cos (30 + a) -~ Q cos 30°
. _ 12-5cos (30 +a) .
ie, Q= os 30° (1)
Substituting this value of Q in (i),

0 = -5 sin (a + 30) + 5 tan 30°
cos (o + 30) + 1.0718
Solving by trial and error,
When a = 10°, RHS = 0.0698
o= 10.5° RHS =0.0197
o= 10.7°, RHS = -0.00015 =0
a = 10.7° (Ans.) -

Q- 12 - 5cos (30 + 10.7)
cos 30°
= 9.479 kN (Ans.)
Find the resultant of the force system shown
in Fig. 1.16.

20kN
20xM

g e

-
BkM 26kN

Fig. 1.16
TF, = 20 sin 60° - 20 sin 60° =0
EF.,= 26 -20 cos 60°-20cos 60° -6=0
- Resultant force is zero. (Ans.)

7

12. Two forces acting on a body are 1500 N and

1000 N as shown in Fig. 1.17(a). Determine
the third force F such that the resultant of
all the three forces is 1000 N directed at 45°
to the x-axis

Y4
1500 N
R=1000MN
2000 N a8 =221.80
il
45*
»
F=238425N
(@) ) &)

Fig. 1.17

Solution: Let the third force be F making
an angle B with x-axis.
Rcos a=LF,
. 1000 cos 45° = 1500 sin 30° + 2000 cos 30°
+Fcos®H
FcosB=-177494 i)
Rsina=XF,
1000 sin 45° = 1500 cos 30° + 2000 sin 30°
+Fsin@
or F sin 6 = -1591.93 (i)
Squaring and adding (i) and (ii),
(F sin 8)* + (F cos 0)* = (-1774.94)*
. +(-1591.93)*
ie., F? = (-1774.94) + (~1591.93)
F=2384.25 N (Ans.)
Dividing (if) by (i),
_ —1591.93
-1774.94
0 =41.89° or (180 + 41.89°)

Smmbnmxmdymmpnnmts are to be
-ve

=0.897

0 =180 + 41.89°=
shown in Fig. 1.17 (b). (Ans.)

221.89%as

13. Three forces acting at a point are shown in

Fig. 1.18. The direction of the 300 N forces
may vary, but the angle between them is
always 40°. Determine a for which the re-
sultant of the three forces is directed paral-
lel to the plane b-b.



Fig. 1.18

Solution: Since the resultant has to be par-
allel to the plane b-b, in the Lr direction to
it (y-direction), the resultant = 0.

ie., IF? =0

=500 sin 30° + 300 sin o + 300 sin (o + 40) =0
300 [sin a + sin (& + 40°)] = 250

sin o + sin (o + 40°) = 0.833

i.e.,

25111(“ +:;+4ﬂ}m[u.+4:—u]___n'm

2 sin (o + 20) cos 20° = 0.833
sin (o + 20) = 0.4434
o + 20 = 26.32°

or o = 632° (Ans.)

14. Asphere weighing 200 N is tied to a smooth
wall by a string as shown in Fig. 1.19(a).
Find the tension T in the string and reac-
tion R of tha wall.

\ T
R

(&)

(&)

Engineering Mechanics

() ~ 200N

Fig. 1.19

Solution: The free body diagram of the
sphere is as shown in Fig. 1.19(b). These
concurrent forces acting away from the
point ‘o’ are shown in Fig. 1.19(¢c), after
using law of Transmissibility of forces.
Applying Lami’s theorem,
r _ R _ 20
sin 90°  sin(180-20) sin(90+ 20)
T=212.84 N (Ans.)
sin 160°
sin110°®
It may be solved using the equations of
equilibrium also,
3F, =0gives Tcos 20°~200=0

R =200 =7279 N (Ans.)

T= os20° = 212.84 N (Ans.)

ZF,=0gives-Tsin20° + R=0

or  R=Tsin20°=7279 N (Ans.)

15. Determine the horizontal force P to be ap-
plied to a block of weight 2500 N to hold it
in position on a smooth inclined plane AB,
which makes an angle of 30° with the hori-
zontal [Ref. Fig. 1.20(a)].

W = 2500N
W= 2500N

(=) )

Fig. 1.20
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16.

Rg

Solution: The free body diagram of the
block is shown in Fig. 1.20(b). Since, there
are only three forces acting on the body,
which keep it in equilibrium, Lami’s theo-
rem may be used.
P R 2500

sm{l&']“ 30“} sin 90° sm['![l“ +307%)

: P=144338N (Ans.)

R = 2886.75 N (Ans.)

Two smooth spheres each of radius 150 mm
and weight 250 N rest in a horizontal
channel having vertical walls, the distance
between which is 560 mm. Find the reaction
at the points of contact A, B, C and D as
shown in Fig. 1.21(a).

-
L
-
#
4
f
e

250M
Ry
e
b}
RL‘
o Fig. 1.21

Solution: Referring to Fig. 1.21(a), angle a
is given by

17.

O,P _ 560-150-150
0,0,  150+150

o =2992°
Considering FBD of sphere with centre O,
[Ref. Fig. 1.21(b}],

cos Q= = (0.867

R, Ry 250
sin (90 + @) sin 90°  sin (180 — &)
Since o =29.92°

R, Ry 250

sin 119.92° ~ sin 90°  sin 150.08°
R, =43432N (Ans.)
Ry =501.11 N (Ans.)

Considering FBD of sphere with centre O,
(Fig. 1.21¢),
SF, =0= Ry - Ry cos (29.92°) = 0
Rp = 501.11 cos 29.92
= 432.32 N (Ans.)
LF,=0= Rc-250 - Rgsin (29.92°) =0
Ry-250-501.115in 29.92 =0
or E-=500 N (Ans.)

A cord ACB 8 m long is attached at two
points A and B to two vertical walls 5 m
apart as shown in Fig. 1.22(a). A pulley C of
negligible radius carries a suspended load
of 100 N and is free to roll without friction
along the chord. Determine the position
of equilibrium, as defined by the
distance x, that the pulley will assume and
also the tensile force in the cord.

MLCALTRSLSEE R R R Y

Fig. 1.22
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Solution: Since the pulley is frictionless,

tensile forces in CA and CB should be equal.
Referring to FBD of pulley as shown in Fig.
1.22(b),
YF,=0=>Tcos8,=Tcos 8,
or B;=60;;say=0
Referring to Fig. 1.22(a),
ACFD = ACFA
s CD=CA
BD=BC+CD=BC+CA
= length of chord =8 m
DE = 5 m, the distance between the walls.

- cos0= l:- or 8 =51.32°

. BE=Bsin8=8sin5132=6.245m
ABHI is ||| to ABDE

Bl 2
Hl= ——DE= = 1.60
HEDE 6245:-:5 m

o AH=5-HI=5-16=34m
Since AAC] = AHCJ,

Al=JH=x
But Al + [H=34
or 2x=34

x=17(Ans.)

Now at C,

2F,=I]:::r 2Tsin®=100

100

= 2sin5132
= 64.05 N (Ans.)

18. A roller of radius r = 500 mm and weight

4000 N is to be pulled over a curb of height
250 mm by a horizontal force P applied to
the end of a string, wound tightly around
the circumference of the roller. Find the
magnitude of force P required to start the
roller move over the curb. [Ref. Fig. 1.23(a)].

Engineering Mechanics

Solution: Since the body is in equilibrium
under the action of only three forces,
namely self-weight, applied force P and
reaction at curb, they should be concurrent
as shown in Fig. 1.23(b).
From the figure,

OC 250

cosa= —=—"" =05
AO 500

o o= 60°
From AACB, £0AB = Z0BA
since OA =0B
But ZOAB+ ZO0BA=«
220BA =60
. JDBA 300
=0= R cos 30° = 4000
ﬂ 46188 N (Ans.)
IF,=0=Rsin30°-P=0
P = R sin 30° = 2309.4 N (Ans.)

. In the above problem what is the least pull

P, through the centre of the wheel to just
turn the roller over the curb?

(a) (B)

¥ 4000N

Fig. 1.24

Solution: For this case the reaction R should
pass through the center, since the other two
forces pass through it. Referring to Fig. 1.24

(b), cos © = % =0.5. . 8= 60° Referring

to Fig. 1.24(c), if AB represents graphically
the self-weight, the direction of R is along
BC'. Since the body is in equilibrium, the
figure drawn, representing the forces one
after the other must close. Hence for P to
be minimum, AC should be perpendicular
to BC'. From AABC,
P=CA=ABsin 0 =4000cos 60° =3464.1 N
(Ans.)

. Inthe Fig. 1.25(a), find the forces in the bars

AB and AC. Neglect size of the pulley, which

is frictionless.
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21.

Fig. 1.25

Solution: Since pulley is frictionless,
Tension in segment AD = tension in seg-
ment AG =50 kN.

Free body diagram of pulley at A is shown

in Fig. 1.25(b).
YF, =0
P sin 30° =T sin 60° = 50 sin 60° =0
05P-0866T=43.30 )
IF,=0 _
Pcos30®+ Tcos60°-50-50cos60°=0
0866 P+05T=75 i)
.y . 05
Multipl 2) by ——, we get
ultiplying equation (2) Y osee’ e B
0.5 P +0.2887 T = 43.30 ...(iif)
Subtracting eqn. (1) from eqn. (3), we get
T=0(Ans.)
P= % = 86.6 kN (Ans.)
An electric light fixture weighing 200 N is

supported as shown in Fig. 1.26(a). Deter-
mine the tensile forces in the wires BA and
BC.

Fig. 1.26

11

Solution: Free body diagram is shown in
Fig. 1.26(b). Applying Lami’s theorem,
Tpce Tpa
sin(90 +65) = sin(180-50)
200

= sin[(90 - 65) + 50]
Tgc = 87.5N (Ans.)
Tgs = 158.6 N (Ans.)

. A ball weighing 100 N is at rest in a right

angle trough as shown in Fig. 1.27(a). De-
termine the forces exerted on the sides of
the trough at D and E. Assume all surfaces
to be smooth. _

Solution: Referring to FBD of the ball
shown in Fig. 1.27(b),

1000

E
D %‘
Re
-]
° )
Fig. 1.27

Rp Re 100

sin(180-50)  sin(180-40)  sin(40+50)
- Rp=766N (Ans.)
Rg = 64.3 N (Ans.)

23. Determine the forces developed in the

members of the system shown in Fig.
1.28(a), when aload P=2000 N acts. Neglect
self-weight of the members and assume
ideal hinge at A and a perfectly flexible

string BC.

(b}

Fig. 1.28
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24,

Solution: Referring to FBD of B, shown in
Fig. 1.28(b),
Tar __C __ 2000
sin(180-20) sin(90) sin(90+ 20)
~ Tpc = 727.9 N (Ans.)
C=21284 N (Ans.)

A right circular roller of weight 5000 N
rests on a smooth inclined plane and is held
in position by a chord AC as shown in Fig.
1.29(a). Find the tension in the chord and
reaction at B, if there is a horizontal force
P =1000 N acting at C.
Solution: Free body diagram of the ball is
shown in Fig. 1.29(b),
Noting that tension in AC makes 30 - 20 =
107 angle with horizontal,
YF, =0= R sin 20° + 1000
~Teacos10°=0
i.e., 0.342 Rz - 0.985 T, = - 1000 (1)
LF,=0=> Ry cos 20° - T, sin10” = 5000
0.9397 Ry - 0.1736T, = 5000

wo(1)
W = 50008
e
10 10;:“
TCH.
20
Fig 5000M
(e}
Fig. 1.29
o 0.985
Multiplyin 2) by ——o2 t
plying eqn. (2) by Si7ag’ Ve &
533 R, - (.985 TCA = 283619 -{fi)

From eqn. (i) and (iii), we get
4.98834 Ry = 293619

or Ry = 5886.1 N (Ans.)

and Tea= 30589 N (Ans.)

Engineering Mechanics

25. A ball of weight W = 6000 N rests upon a

smooth horizontal plane and has attached
to its centre two strings AB and AC, which
pass over frictionless pulleys at B and C
and carry loads P=1000 Nand Q=3000N
respectively as shown in Fig. 1.30(a). If the
string AB is horizontal, find the angle a
shown in the figure, when the ball is in a
position of equilibrium. Find also the pres-
sure R between the ball and the plane.
Solution: Consider FBD of the ball, which
is as shown in Fig. 1.30(b),

Fig. 1.30

ZF, =0= 3000 cos a = 1000

o = 70.53° (Ans.)
ZF, =0 = R - 6000 + 3000 sin o = 0
- R=31716N (Ans.)

26. In Fig. 1.31, P =500 N and Q = 1000 N, are

suspended ina vertical plane by strings AD,

AB and AC. Find the tensions induced in

each of these strings.

Solution: Tension in string AD
=Q=1000N =T,y (Ans.)

Now consider the FBD of joint A [Ref. Fig.

1.31(b)]
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Tas

B
D A e A AW

Tm - 1@“
P = 500M
=2 DOON P = S00N
(a) (b}
Fig. 1.31

LF, = 0= Ty sin 30° =500
: T,5=1000 N (Ans.)
¥F,=0=T,5c0530° + Ty -Typ=0
1000 cos 30° + T4 =1000=0
Tac=133.97 N (Ans.)
A system of connected flexible cables
shown in Fig. 1.32(a) is supporting two
loads 400 N and 500 N at points B and D.
Determine tensions in various segments of
the cable.

27.

Fig. 1.32

Solution: Referring to FBD of joint D [Ref.
Fig. 1.32(c)],

Tep  __ Tor
sin(90+45) sin(90+ 30)
500

" sin(180 - 30 - 45)

Tac
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Tpp = 366.02N (Ans.)
Tpe = 448.29 N (Ans.)
Considering FBD of joint B,
TF, = 0= Typsin 60 + Ty sin 30°- Ty, =0
0.866 TBD +05 Tm: - TM= 0
i.e., Tgy - 0.5 Tpe =0.866 x 366.02
= 316.98 ()
I:F; =0 =$ITHE cos 30 - 400 - T}“}CKHEEHD =)
0.866 Ty = 400 + 366.02 cos 60°

- T =673.2 N (Ans.)

From eqn (i)
Typ= 31698 + 0.5 x 673.2
= 653.58 N (Ans.)

28. Two equal loads are supported by a flex-
ible cable ACDB as shown in Fig. 1.33(a).
Determine tensile force developed in por-
tion AC, CD and DB respectively, if the span
1 =12 m and sag h = 1.5 m. Neglect weight
of the cable.

In?————i*l—--ﬂ!ﬂh*——l+i————4lﬂ-———l-
F

ol o

10kN

(a) 10kN

T a T 1]
“\ﬁ—c&—k/ Toe

C D

(b 10N

10kM

Fig. 1.33

Solution: From AAEC and ABFD,

4
tanb= — . 8=6944"°
15

.. From FBD of point C [Fig. 1.33(b)],
EF:', =0 =
TeacosB=10
10 - 10

cos® cos69.44

= 28.48 kN (Ans.)
IF.=0 =
TEI,F-TEHIEHIH ='T}ylﬂh\E£L44F
Tep = 26.67 kN (Ans.)

I}:A =




14

29,

From FBD of point D [Fig. 1.33(c)],
Tpp cos 69.44°= 10
Tpe= 28.48 kKN (Ans.)

On the string ACEDB are hung three equal
weights, placed symmetrically with respect
to the vertical line through the mid point E
as shown in Fig. 1.34(a). Determine angle
B, if the other angles are as shown in the
figure.
Solution: From FBD of point E [Fig. 1.34(¢)],
EF; == TCE = TEE'
IF,=0=Tgsinf+ Tepsinf=W

i..E., 2 TCE sin B =W
w
or Trp= ol
E” 2sinp ®

From FBD of point C [Fig. 1.33(b)),
I.F;=D=Tﬂctﬂ’5w=1-c£mﬂ

cos B 1
cos 60°

or Tyc=

w *
2 sin p

(e)
Fig. 1.34

Weot p
= 7 cos 60° +1+(1.=}
IF,=0 =
TJ.“: sin W'chﬂinﬂ-w= 0
Substituting the values of T and T 4 from
eqns. (i) and (i),

Engineering Mechanics

w w
El cot fj tan 60 —?-W:D

or cot ftan60° =3

cotp= f3, or tanﬂ=71:.3=
B=30° (Ans.)

30. A wire is fixed at two points A and D as

shown in Fig. 1.35 (a). Two weights 10 kN
and 30 kN are supported at B and C respec-
tively. When equilibrium is reached it is
found that inclination of AB is 20° and that
of CD is 50° to the vertical. Determine the
tension in the segments AB, BC and CD of
the wire and also the inclination of BC to
the vertical.

Solution: Consider FBD of point B [Ref. Fig.
1.35(b)],

ZF, = 0= T,gsin 20° = Ty cos O

Tag= 29238 Ty cos B i)
F, = 0= Typ 08 20° - Ty sin 8 = 10

30kM
(&)

Tan
20°
B ]
T
Tac & co
10kN ] A
1=
{c) W 30kN

Fig. 1.35

ie.,
Tpe (29238 cos20cos B-5inB) =10 ..(i)
Consider FBD of point C [Fig. 1.35(c)],
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2F, = 0= Ty cos 8 = Ty sin 50°
Tep=1.3054 Ty cos O (i)
LF, = 0= Tpesin B + Tep cos 50° =30
Tac[sin 8 +1.3054 cos B cos 50°] = 30
Tgclsin @ + 0.8391 cos 6] = 30 )
Dividing eqn. (2) by egn. (4), we get
27475cos8-sinf 1
sin0+08391cos® 3

ie., B8.2425c050-3sin®

= sin § + 0.8391 cos @
or 4sin0=74034cosb
tan 6 = 1.85085
or 0 = 61.62° (Ans.)

.. From eqn. (i), Tgc = 23.46 kN (Ans.)
From eqn. (i), T4 =32.61 kN (Ans.)
From eqn. (ifi), Tep = 14.56 KN (Ans.)

31. A rope AB 6 m long is connected at two
points A and B at the same level 4.5 m apart.
A load of 2000 N is suspended from point
C on the rope at 2 m from A, as shown in
Fig. 1.36(a). What load connected at point
D on the rope, 1.5 m from B, will be
necessary to keep CD horizontal?

Ten =
20000 lw
&) c)
Fig. 1.36
Solution: Referring to Fig. 1.36(a),

Let AE=xand segEC=h

15

From AAEC, L+hi=4 i)
From ABDF, BF?+h=15% -

ie, (45-25-xP+K =225

ie., 4-4x+ X+ h =225

ie., -4+ =-175 .. (i)
From eqn. (i) and (ii)
-4x+4=-175
xr= % =14375m
h= 44—1.43?52 =1.3905
- tan-113905 _
a=tanT s - MY
h 1.3905
tanP= BF=15-25-1.0975
p = 68.039°

Considering equilibrium of joint C, we get
T ac in 44.05° = 2000
Tye=2871.3N
TCD = TJ'-C cos 44.05
= 2871.3 cos 44.05

. =2063.7 N
Considering the equilibrium of joint D,
Tm cos 68.039 = TCD = 2063.9

Tpg = 55183 N
and W = Tpy sin 68.039°
=51179 N (Ans.)
. In the Fig. 1.37 find the tensile force in each

of the two guy wires BF and DG, if the load
Q=2500N,L=6mandd=0.30m.

a)
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Solution:
From ABED, tana = -4 =93 - 01
723
o= 5.7106°
Ethbnum of joint E gives,
Tee=Tep
and T sin & + Tgp sin o = 2500
_l 2500
B 25in 57106
Since  Tgp = Tppand a =5.7106
Tge= 125623 N

F-mm the equilibrium of joint B,
Tm: sin 30° = TIE Ccos @
Tees 12562.3 cos 5.7106°
B sin 30°
=2500 N (Ans.)
Tgr = Tpg by symmetry. (Ans.)
33. Three bars hinged at A and D and pinned
at B and C, as shown in Fig. 1.38, form a
four linked mechanism. Determine the
value of P that will prevent movement of
bars.

Fig. 1.38

Solution: Referring to FBD of joint B [Fig.
1.38(d)],

Engineering Mechanics

Tac 300
sin(180 - 85)°  sin(180~50)
Tae = 390.1N
Referring to FBD of joint C [Fig. 1.38(i)]
P o Ta
sin(180-85)°  sin(180 - 45)
P=549.6N (Ans.)

34. A 500N cylinder is supported by the frame
ABC, which is hinged at A, and rests against
wall AD. Determine the reactions at contact
surfaces A, B, C and D. [Ref. Fig. 1.3%(a)].
Solution: Referring to FBD of Cylinder [Fig.
1.39(B)],

Ry =500 N (Ans.)

D
Referring to FBD of rigid frame [Fig.
1.39(c)],
angag=s —
100
& a = 71.565°
R, sin a = R = 500

500
Ry= P =5270N (Ans.)
and Rp= R, cosa =527 cos 71.565°

1
8
?

AR A AR AR R R R
o > %
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=166.67 N (Ans.)
Rp= Ry =166.67N (Ans.)

35. Two smooth spheres, each of radius 150 mm

and weighing 250 N rest in a horizontal
channel having vertical walls, the distance
between the walls being 560 mm. Find the
reactions at the points of contacts A, B, C
and D as shown in Fig. 1.40.
Solution: Referring to Fig. 1.40(a), angle o
is given by
_ 560-150-150 _ 260
0,0, 150+150
or a=29.93"
Considering the equilibrium of sphere with
centre at O, [Ref. Fig. 1.40(c)],
XF, = 0= Rysin o =250
ie, Rp =501.1N (Ans.)
and ¥F,=0=R,=Rzcosa
= 501.1 cos 29.53"

=0.867

COs O

= 4323 N (Ans.)

T b L RRRR R

vy v n s

[
-
b
L
L
-

M

(e

Rec
)
Fig. 1.40

Now, considering the equilibrium of sphere
with centre at O, [Ref. Fig. 1.40 (b)),

17

ZF,=0=>R.-250-Rysina=0
Rc = 250 + 501.1 sin 29.93°
= 500N (Ans.)
Z.F,=U=RD-R3L':05I:={I
Rn= 501.1 cos 29.93°
=43429N (Ans.)

36. Two identical rollers, each weighing 120 N

are placed in a trough as shown in Fig.
1.41(a). Assuming all surfaces of contact are
smooth, find the reactions developed at the
contact surfaces.

Solution: Referring to FBD of first roller
[Fig. 1.41(c)],
¥, forces normal to the plane = 0, gives
R_,‘ -120cos 40°=0
s Ry=9194N (Ans.)
¥ forces parallel to plane =0, gives
Rg-120c0s50°=0 .. Rg=77.1 N (Ans.)
Referring to the equilibrium of second rol-
ler, [Ref. Fig. 1.41(b)],
LF,=0= Rccos 40° - 120 - Ry sin 40°=0

120 + 77.1 sin 40°

=221.4 N (Ans.)

Re = cos 40°
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IF,=0=>Rp~-R,sin40° - Rycos 40°=0
Rp = 221.4 sin 40° + 77.1 cos 40°
=201.4 (Ans.)

37. Two cylinders are placed in a tmugh as

shown in Fig. 1.42(a). Neglecting friction,
find the reactions at all contact surfaces,

given.
Diameter of first cylinder =120 mm
Diameter of second cylinder = 60 mm
Weight of first cylinder =250N
Weight of second cylinder =100N
Solution: Referring to Fig. 1.42(a),
'mu_ lm—ﬂl—m:E

60+ 30 S0

a=56.25°

ering
[Ref. 1.42(b)]
ZF, = 0= R, sin 56.25° = 100
32 =1203N (Ans.)
IF,=0=R,-R,cosa=0
R; = 120.3 cos 56.25" = 66.82 N (Ans.)
Considering equilibrium of first cylinder
[Ref. Fig. 1.42(c)].

—140

30

\.z

AL LLTURTRRAY

Fig. 1.42

Engineering Mechanics

EF,=I]=-R.sin45"—25ﬁ+R,sinu=ﬂ
250 +120.3 sin 56.25°
R,= — =495 N (Ans.)
TF,=0=R,cos45° + Rycosa-Ry=0
-.Ry = 495 cos 45° + 120.3 cos 56.25°
=4169N (Ans.)

38. Cylinder A and B weighing 5000 N and

2000 N rest on smooth incline planes as
shown in Fig. 1.43. Neglecting the weight
of connecting bar and assuming smooth pin
connections, find the force P to be applied
such that the system is in the equilibrium.
Solution: Applying Lami’s theorem to the

rium condition of cylinder A [Ref.
Fig. 1.43(b)].

c 5000
sin60°  sin(60+90-20)
C=56526N

Considering the equilibrium of cylinder B
[Fig. 1.42(c)].
TF, =0 = -P cos45° - R, sin 30°

+ 5652 cos20°=0
% +05R;=53117  ..()
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2F,=0 = -P cos 45° + R, cos 30°
- 2000 - 5652.6 sin 20° =0

V2
From eqns. (i) and (ii),
1.366 R, = 5311.7 + 3933.3
R, =6767.9N

P = (5311.7- 0.5x 6767.9) /2

= 2726.25 N (Ans.

)

P
—— +0.866 R, = 39333

el i)

39. The weights and radii of the three cylinders
piled in a rectangular ditch as shown in Fig.

1.44 are as given below:

AT

k!

_,.-f‘,.fsrf_,fff o
(a)

ARV VL GA VRO

Fig. 1.44

le)

l.l Ri
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Cylinder Weight Radius
A B0ON 100 mm
B 160 N 200 mm
C BON 100 mm

Assuming all contact surfaces to be smooth,
determine the reactions acting on cylinder C
Solution: Referring to the Fig. 1.44(a),

_ BD 450-100-200 _

BA 200+100
S a = 60°
From the equilibrium condition for cylin-
der A [Fig. 1.44(b)],
TF,=0= R,sina=80

Ry= —20 _ -924N

sin
Referring to the FBD of cylinder B [Fig.
1.44(c)),
2F,=0=R;sina-160-R,sina=0
_ 160+924sin 60° _ 277.1 N (Ans.)
sin 60°

Referring to the FBD of cylinder C [Fig.
1.44(d)],
IF,=0=Rs-Rycos=0

Rs=277.1cos60° =1386 N (Ans.)
LF=0=R,-80-Rysina=0

Rg =80 + 277.1 5in 60° = 320 N (Ans.)

0.5

. The spheres A, Band C weighing 200N, 400

N and 200 N respectively and having radii
400 mm, 600 mm and 400 mm respectively
are placed in a trench as shown in Fig.
1.45(a). Treating all contact surfaces as

smooth, determine the reactions developed.
Solution: Referring to the Fig. 1.45(a),

sinat=s —=——— =02

Referring to FBD of sphere A [Fig. 1.45(b)],
Rycosa= 200
200

Ry= ———— =204.1 N(Ans.)
cos 11.537°

and R, - R;sina=0
E,=408N (Ans.)
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Referring to the FBD of sphere C [Fig.
1.45(c)],
2 forces || to inclined plane =0
= Rycosa-200cos45°=0
R, =144.3 N (Ans.)
IF, =0= R;cos(45- o) - Rycos45=0
Ry=1703 N (Ans.)

Fig. 1.45

Referring to FBD of cylinder B [Fig. 1.45(d)],
1F,=0= Ry sin 45-400-R; cos &
-Ricos (45 +a)=0
Rg sin 45° = 400 + 204.1 cos 11.537°
+ 144.3 cos 56.537°
R,=961.0 N (Ans.)
¥F,=0= Rs- R, sin o - R, sin
(45 + o) - Ry cos 45° =0
Rs = 204.1 sin 11.537 + 144.3
sin 56.537 + 961.0 cos 45°

= 840.7 N (Ans.)

Engineering Mechanics

41. Three spheres are piled in a trench as shown
in Fig. 1.46(a). Self weight and radii of the

cylinders are as given below:

Spheres Weight Radius
A 2 kN 400 mm
B 2kN 400 mm
C 4 kN 600 mm

Treating all contact surfaces as smooth, de-
termine the reactions developed at the con-
tact surfaces P, Q, R and 5. Given: centre to
centre distance between sphere A and B is
500 mm.

Q A’
IRECHJ mrn—"[

4kM

Fig. 1.46

Solution: From triangle ABC in Fig. 1.46(a),
AD 250

AC ~ 400+600

kA o =75522°

Referring to FBD of sphere C [Fig. 1.46(b)],
3F,=0 = R,cosa=R;cosa

cos o= =0.25
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ie, Ry=R; IF,=0 = Rg-R;sina-2-R,cos60°=0
IF,=0 = R;sina+R;sina=4 Rg= 2.066 sin 75.522 + 2 + 0.596 cos 60°
~ 2R;sina=4 = 4298 kN (Ans.)

_ L _ Referring to FBD of sphere B [Fig. 1.46(d)),
K= S50 2066 1N =R, IF,=0 = Rycosa-R,sind5°=0

Referring to FBD of sphere A [Fig. 1.46(c)], R,= 2066c0s 75522° _1730kN  (Ans.)

IF,=0=>R,sin60°-R,;cosa =0 sin 45°.
2,066 cos 75.522° TF,= 0 = Ry + Rgcos 45°~ Rysina -2 =0
R e Ry = —0.730 cos 45° + 2.066 sin 75.522 + 2

= 0.596 kN (Ans.) = 1484 kN (Ans.)



CHAPTER 2

Coplanar Non-concurrent
Force Systems

GENERAL INFORMATION

COPLANAR NON-CONCURRENT
FORCE 5YSTEM

If all the forces in a system lie in the same plane
and the lines of action of all the forces do not
pass through a single point, the system is said
to be Coplanar Non-concurrent Force System.

Moment of a Force

Moment of force about a point is the measure
of its rotational effect. It is defined as the
product of the magnitude of the force and the
perpendicular distance of the point from the line
of action of the force. The point about which
the moment is considered is called ‘moment
centrg’ and the perpendicular distance of the
point from the line of action of the force is called
‘moment arm’. In Fig. 2.1 ‘O’ is moment centre
and d is moment arm.

Fig. 2.1

If a point lies on the line of action of a force the
moment of the force about that point is zero.
Moment of a force has got both magnitude and
sense. The sense can be clockwise or anti-clock-
wise. Commonly used units of moment are
Nmm, kNmm, Nm etc.

Varignon’s Theorem

This theorem is also known as ‘Principle of mo-
ments’. The theorem states that:

“The algebraic sum of moments of a system of
coplanar forces about a moment centre in their
plane is equal to the moment of the resultant
force about the same moment centre.

Couple

A couple consists of two parallel forces equal
in magnitude and opposite in direction and
separated by a definite distance. The sum of
forces forming a couple in any direction is zero,
which means that the translatory effect of the
couple is zero. Moment of the couple about any point
is same. The effect of the couple is unchanged if

= The couple is rotated through an angle.

= The couple is shifted to any other position.

= The couple is replaced by another pair of
forces whose rotational effect is the same.
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Solution: The resultant force of the system
is obtained by algebraic summation of the
forces, since the forces are all parallel.
R:Ef-}=+ 10\—,_5[:‘/*40
=-80 KN'=B0 kN (4) (Ans.)
This acts at a distance of d, where
+ (50 = 4) + (40 x 6)
- 80
=55m from O (Ans.)
Now, if an additional force of 20 kN acts
alony the bar A to B, the two forces should
be added vectorially to obtain the resultant
action.
R= JED’+2[F
= B2.46 N (Ans.)
= -1 E)
e (2
= 75.96° (Ans.)

Find the resultant of the coplanar parallel
forces acting on the truss shown in Fig. 2.11.

d

Fig. 2.11

Solution: The forces are all parallel and are
in same direction. Hence they may be
added arithmetically to get the resultant R.
R=-5-5-10-5-5
=-30kN =30kN ({) (Ans.)
To determine the position of R, take
moments of all forces about A,
Rxd=30xd=(5x0)+(5x2)+(10x4)
+(5x6)+(5=8)=120
120
=3
=4m (Ans.)
.. R acts vertically downwards 4 m from
point A, and its magnitude is 30 kN.

Engineering Mechanics

8. A pulley of 1 m diameter is subjected to

2 kN and 3 kN forces at A and B respec-
tively as shown in Fig. 2.12. Its own weight
of 1 kN acts through the centre O.
Determine resultant force and its line of
action with respect to AOB.

Solution: The 2 kN and 3 kN forces acting
at A and B are to be transferred to O by an
equivalent force couple system. Hence their
would be a force of (2 + 3) = 5 kN acting

Fig. 2.12

rightwards. At ‘O’ with couples of moment
+ 1 kNm and -1.5 kNm.
Now vertically adding the self weight of
1 kN and the 5 kN force at O, .
R= 5% +1?
= J26 =5.1KkN (Ans.)

o = tan™ [%] (Angle with horizontal)

= 11.31° (Ans.)
Net moment at centre O =-{0.5 kNm {(Ans.)

. A2 x4 m plate is subjected to a system of

two coplanar forces as shown in Fig. 2.13.
Determine the equivalent action at ‘'0’,
which may replace the force system.
Solution: Resolving 3 kN and 6 kN forces
in their x and y components as shown in
Fig. 2.13(b).

Moment at ‘0" due toa force of 3sin 60 =13
sin 60 x 2 =5.196 kNm

Moment at ‘0" due to 3 cos 60

=3cosb0x1=+15kNm
Moment at *0" due to 6 cos 45

= =Hcos 45 x 1 ==4.24 kNm
Moment at 'O" due to 6 sin 45

= -H5in 45 % 2 = -§.49 kNm
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.. Total moment at ‘O’

= =6.03 = 6.03 kKN-m, Anticlockwise (Ans.)
Now adding forces vectorially using the
method of components,

wN
o

, ' ' ’ _A/ .aﬂ
o

"B &in 45

[--w-.-_zh-._..l 6cos 43
()
Fig. 2.13

2F,=3cos60+6cosd5=15+4.24
=574 kN

LF,=3sin60+6sind5=26+424
=684 kN

R={(ZE) +(ZA)

5.74% + 6.84%
= 8.93 kN (Ans.)

= tan™! [%] =50° (Ans.)

10. A dam is subjected to 3 forces: 50 kN force
on the upstream vertical face AB, 40 kN
force on the downstream inclined face and
it's own weight of 140 kN as shown in Fig.
2.14. Determine the single equivalent force
and locate it’s point of intersection with the
base AD, assuming all the forces to lié in
the same plane.

Solution:
L F, = +50 - 40 sin 60 = + 15.36 kN
2 Fy=-140 - 40 cos 60 = -160 kN

R= ,fz F?+3 F} =160.74 kN (Ans.)

27
a = Angle with horizontal
B EF
- tan-! _lﬂ)
= tan (153&
a = 84.51° As shown in Fig. 2.14 (Ans.)

B c

(@)
Fig. 2.14

To locate position of the resultant w.r.t. point
A, along the base width
TM, =+ (50x2)+ (140 x 2) - (40 5in 60) x 2
sin 60 + (40 cos 60) x (6 = 2 cos 60)

= +100 + 280 - 60 + (100)

= 420 kNm

g= 2Ma
2k

= 2.625 m from point A. (Ans.)

11. Determine the resultant of the forces acting
on a bell-crank lever as shown in the Fig.
2.15. '

Solution:

2.F, = +150cos 60 + 300
=+375N

Y.F, =-150sin 60 - 100
=-2299N

R=[ZA) +(Z5) =4399N. (Ans)

i3
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(2299 YF, = -800 - 300 + 500 sin 45
= [E) =-74645 N
= 31.511° (With horizontal) as shown in R= |(ZE) +(25)
Fig. 2.15(b). (Ans.) T 7
= |(-35356)% +(746.45)
= 825.95 N (Ans.)
LR, 746.45
1 N -1 .
a = tan [EP, = tan (353.56)
= 64.66° with horizontal as shown in
Fig. 2.16(b). (Ans.)
Taking moment about point B,

~(800 x 0.4) + (300 % 0.1) - 50 = TM;
TM, =-340 (anticlockwise)
Equating it to the moment of resultant,
825.95d = 340
o d = 0.41 m from B.
= 0.41 m as shown in Fig. 2.16 (a) (Ans.)

13. Compute the resultant of the force system
shown in the Fig. 2.17.

Fig. 2.15 2kN
_ 6.072kN
Taking moments about point A, 4 o o
M, =-(150 x sin 60) x 0.4 + (300 x - ] =
0.4)c0s 30-100x 0.2=31.96 Nm ] TR LR 0.756k A
Equating it to the moment of resultant force, ! e:f N iy - 2.5kN
we get i -
Rd = 31.96 l /"‘ID""I 1
: _ 3196 _ 50 mm
- = —>=0073m (Ans) ~-
12. A bracket is subjected to a coplanar force Sk
system as shown in Fig. 2.16(a). Determine Fig. 2.17
the magnitude and the line of action of the .
single resultant of the system. Solution
10
= tan™! — = 45°
8, 10 45
43
H: = tan I L 36.3?“
-1 30
= tan™! — = 36.87°
8, 20
a1 .
Fig. 2.16 0,= tan -'2-*=26ﬁ5ﬁ
Solution: ZF,=2cos45 + 2.5 cos 36.87
ZF,_ = -500 cos 45 + 5 cos 36.87 - 1.5 cos 26.56

=-35356 N = +6.072 kN (=)
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Solution:
XF, = +100 - 130 cos 30 - 150 cos 60
=-8758 N

LF, = -100¢ 150 sin 60 - 130 sin 30
=-3509 N

31

EF. =0
R=-4kN
=4kN ()
IM,=+10x9-6x3-50
= +22 kNm
Rd =M,
4(d) =22
d = 5.5 m from A.
[as shown in Fig. 2.23] (Ans.)

8758 =z
, g 20. Determine the resultant R of three forces
Ftl ol ; and two couples shown in Fig. 2.24. Find
b) the co-ordinate x of the point on the x axis
through which R passes. o dw
Fig. 2.22 50 mm SkN 50 mm
3 - m:rL +—m—-r-—anu—-|-| 4+ 1kN
R=J[(zE)* +(zF,) ) 'S Tm’"’“ o |
150M-mm 100MN-mm |
= /(87.58) +(35.09)° £ }
=9435N (Ans.) ™ . _§ !
o= tan- [ 2% ] = tan-! (ﬂ] N 3 1m: e
e ) At 1 3 T o)
= 21.83° [as shown in Fig. 2.22(b)] | - i
Taking moment of all forces about A, Fig. 2.24
IM, = +100 x 100 cos 60° + 100 x 100 sin .
60° + 130 x sin 30 x 100 Solution: _
= 20160.3 Nmm H;f;,f,
20160.3 = 94.35 Y —
d = 213.7 mm from A. (Ans.) R=+417+5
19. Determine and locate the resultant R of the = V% =5.1N. (Ans)
two forces and one couple acting on the I 4 [ EE
beam shown in Fig. 2.23. 8= tan SE
I
4 J o = tan™! [E]
1
S0KN = 78.69° (Ans.)
kN R Let d, be the horizontal distance from A
|-—am-—-]-—:lm sle—anm -I through which the resultant acts.
Then
Fig- 2.23 ZF,dy= EM, =5 x 250 +3 x 200 -2
Solution: x 100 + 150 + 100 = 1900
Zfy=-10+6 d,= 2% _ 380 mm (Ans.)

=4 kN
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21. What force and moment is transmitted to Note: 1 Mg = 1000 kg = 9.81 x 1000 N
the supporting wall at A? (Refer Fig. 2.25) =9.81 kN.
St 2F, =0 = +T - D-(30x9.81) sin 15 ...{i)
- T=8617 kN -(Ans.)
.;'-—"-5"‘74' 1. 2F,=0 = P+L-30x9.81cos15=0
4 -5""!5 P+ L=(30x%981)cos 15
=284.27 kN
i IM, =0 = (P x9200)+ (30 x 9.81) sin 15
x 180 — (30 x 9.81) cos 15 x 200 =0
15— ~ P=4.69kN (Ans.)
fiw. 2.25 & L=284.27 P
| 8 & = 284.27 - 4.69
Salution: IF, =0 L=27958 kN (Ans.)
: 1 23. Determine the magnitude, direction and
LF=-5x15+15+ 3 x15x10 line of action,of the vesaltent of the given
=15kN set of coplanar forces acting on a planar
1 structure shown in Fig. 2.27.
M, = 15x5x075-15x2~ 5 x1.5x10
x (2.5-1.0)
= -35.625 kNm

. A force of 15 kN (vertical) (T) is trans-
mitted to the wall along with an anticlock-
wise moment of 35.625 kNm.

22. A jet plane of mgss 30 Mg is climbing at a
15° angle with constant velocity. If the drag
force D is = 10 kN, find the required thrust,
T, lift force L, and force P acting on the rear
stabilizers. Fig. 2.27

Solution:
IF, = -40 sin 30 + 40 cos 20 - 50 cos 30
—30cos 60 + 20 cos 45
==26.57 kN
ZF, = —40 cos 30 - 40 sin 20 - 50 sin 30
=30 sin 60 - 20 sin 45

= -113.44 kN
o R= J(-2657) +(-113.44)
Fig. 2.26 = 116.51 kN

Solution: Since the jet climbs at a constant 0= tm-i( 113-‘“]
velocity, ' 2657

iF, =0 = 76.82° (as shown in Fig. 2.27) (Ans.)

iF,=0 Replacing the two 40 kN forces by their

ZM=0 equivalents at B and noticing that the

moment by the two forces canceleach other,



Coplanar Non-concurrent Force Systems

M,=5ﬂm3[l[3-%3} +50sin30x2

+30cos 60 x 3 +30sin60° x 6
-20cos45° x 3
= 251.76 KNm
. Rd=25176

or d= 2275 _516m (Ans)

116.51

EQUILIBRIUM OF COPLANAR NON-
CONCURRENT FORCE SYSTEM

A body acted upon by a system of coplanar
Non-concurrent forces is said to be in static
equilibrium, when it does not have any
translatory or rotatory motion in any direction.
According to Newton’s second law of motion,
it means, the resultant force acting on the bedy
should be zero. i.e., Algebraic sum of compo-
nents of all the forces in any two mutual per-
pendicular directions should be zero,

ie.,
iF =0 -+(2.6)
1F, =0 «(2.7)
and the algebraic sum of moments of all forces
acting on the body about any point in the plane
of the body should be zero.

I.MA =0 ..{2.8}

Reactions at Supports of Beams

Abeam may be defined as a structural element
which has one dimension (length) considerably
larger compared to the other two directions i.e.,
breadth and depth, and is supported at few
points. It is usually loaded in vertical direction.
Due to applied loads reactions develop at
supports. The system of forces consisting of
applied loads and reactions keep the beam in
equilibrium.
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Following are different types of supports (See
Fig. 2.28)

I

(a) Simple Support (b} Raller Suppan
|
() Roller Support
(d) Hinged Support {e)Fixed Support

Fig. 2.28
Following are the types of beams (See Fig. 2.29)
b i
[ P 4 #

(a) Simply supporied {5} One end hinged and
other on roller

S PN T

(c) Owver hanging beam

(d) Cantilever

1 4 | |
3 y- Y >

(e) Propped cantilever {f) Both ends hinged
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Types of Loading 250 %300 =T x 50
. . T=1500N (Ans.)
Beams are subjected to different types of Since the hammer is in equilibrium, (point

loadings like concentrated or point loads,
uniformly distributed loads (UDL), uniformly
varying loads, external moments and general

A is a hinge)
LF, = 0=-1500sin 20 + 250 + R ;-

loading. See Fig, 2.30. Rpe=263N
l ‘l [ o o ] . Rﬂ“!"= 140954 N
& K
& Ra= J(Rar) +(Ray)?
Conceniraiod (Point) loads  (B) Unilormily distributed
() loadt = /2637 +140954* N

= 1433.87 N

g S

263
Ax'
(c) Unilormly varying loads  (d) Unitormly varying loads = 79.43° ( )

25. Calculate the tension T in the cable that sup-

. () _ ports the body weighing 1000 N with the
4 N\ pulley arrangement shown in Fig. 2.32. Pul-
leys are free to rotate about their bearing,

W) Extornal mamast f) Genarsl oack and masses of all parts are small compared
Fig. 2.30 with that of the loads. Find the magnitude

of the total force on the bearing of pulley C.

SOLVED PROBLEMS

24, In the Fig. 2.31(a) calculate the tension T in
the nail and magnitude of the force exerted
by the hammer head at A on the block.
Assume no slipping at A.

Fig. 2.31

Solution: FBD of hammer is as shown in
Fig. 2.31(b).
Equating moment of 250 N force about A Fig. 2.32

to that of force T in the nail about same ) X :
point, (i.e., considering moment equilib- Solution: Consider the pulley A first [See

rium condition at A). Fig. 2.32(b)]



Analysis of Pin-jointed Plane Frames

when the method of joints fail to proceed for
want of a joint, with only two unknown member
forces. '

Combination of the above two methods also
may be used advantageously.

In the above methods, once a member force
is found, mark the direction of the force near
the joint and then mark the joint force at the
other end of the member in the opposite direc-
tion. Since the forces marked are the forces of

the members on the joint, if marking of joint’

forces are as shown in Fig. 3.1, the membets AB,

BC, CD and BE are in compression while the

forces in members AE, ED and EC are tensile

forces. Thus, if a member force is towards the

joint, it is compressive force and if it is away
_from the joint, it is tensile force.

Com i
B o= pressive

T 4

-
C

An—p - > -
Fig. 3.1
SOLVED PROBLEMS

1. Compute the forces in all the members of
the cantilever truss shown in Fig. 3.2(a) and
indicate the forces on a sketch of the truss
along with their nature.

Fig. 3.2 (a)

Solution:
tan@ = >
4
sinf =0.6and cos8=08
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Since atjoint A, there are only two unknown
forces, we may start from joint A itself. As-
sume directions for F,5 and F,¢ as shown
in Fig. 3.2(b).

Fig. 3.2 (b)

TF,=0 = Fypsin0=20
.F&a = ﬂ—2§'= 33-33‘ m chﬂsﬂe]
Eszn.= .FAE—FAJCOSH=U
Fur=3333x08
= 26.67 kN (Comp.)
Since F,g and F g have + signs, the direct-
ions assumed for the forces in the members
AB and AE are correct.
Now consider joint E: [Ref. Fig. 3.2(c)]
IF, =0=> Fgy =30 kN (Tensile)

30KN
Fig. 3.2 (c)

EF_I =0= FDE =26.67 kN [Cﬂmp.)
Now consider joint B: FBD of B is as shown
in Fig. 3.2(d).

iF, = 0=-33.33 cos (90 -6) -30 + Fgp

cos(90-0)=0
-33335in0-30+ Fgpsin6=0
33.33x 0.6+ 30
DB=T=ESBGRN{Comp,}
Fos—= B
F égwanaam
30WN

Fig. 3.2 (d)



ZF_T=D=FCB+FDBECEB+33.ESSIH.

(90-8) =0
'FI':H + 3\3.3\3 X H-E + 3\3-33‘ o E-B ='ﬂ
'F'Cﬂ - -93-33‘ kN

Since Fp is negative, its direction is to be
reversed. Hence F is tensile force. Mem-
ber forces are shown in Fig. 3.2(¢) in their
correct senses.

@WIM s

rﬂ (T)

2667IC) E

]

2667 )

Fig. 3.2(e)

2. For the cantilever truss shown in Fig. 3.3(a)
compute the forces in all the members.
Compute the reactions at the supports also.

&m
S0kMN
Fig. 3.3(a)
Solution:
6=tan’! 13 =16.69°

5
Consider the joint A: [Ref. Fig. 3.3(b)]

EF_.,. =0 ='FAH 5in 16.69=20=0
o Fag = 69.64 kN (Tensile)

20kM

Fig. 3.3(b)

Engineering Mechanics

IF, =0= Fyp - Fupc08 16.69 =0
. Fap =66.71 kN (Comp.)
Now consider joint E: [Ref. Fig. 3.3(c)]
LF, =0 = Fgg =50 kN (Tensile)

SN
Fig. 3.3(¢)
ZF, =0 = Fpp = 66.71 kN (Comp.)

From FBD of joint B: [Ref. Fig. 3.3(d)],
LF, = 0= Fycsin 16.69 - Fgp, sin 16.69
-50-69.645in16.69=0
ie, Fpc = Fpp = 243.74 ws()

Fig. 3.3(d)

F, = 0=~ Fpc cos 16.69 - Fyp cos 16.69
+69.64 cos 16.69=0

i.E., FBC + 'FHD =69.64 {in
Solving equations () and (i),

Fge =156.69 kN (Tensile)
Fpp = -87.05 kN

Since Fyp, is negative its direction is to be
reversed [Fig. 3.3(d)],

Fpp = 87.05 kN (Comp.)

Now consider joint D: [Ref. Fig. 3.3(e )],

Let V, and Hp, be vertical and horizontal
components of reactions at D.

IF, =0 = Vp-87.05sin 16.69 = 0
" vn=25kN

IF, =0 = Hp-67.71 -87.05 cos 16.69 = 0

Hp = 151.1 kN
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Fig. 3.3(e)

Consider joint C: It is in equilibrium under
the action of only two forces i.e., force in
member BC and the reaction at C. Hence
they should be collinear. [Ref. Fig. 3.3/]
1e., RC='FHC=156‘69kN

Member forces and the reactions are shown
in Fig. 3.3(g)

Re C

156.69N

Fig. 3.3(F)

156.69kN

151.1kN

i

3 CHICRE AT

25kM
Fig. 3.3(g)

3. For the cantilever truss shown in Fig. 3.4(a),

determine the member forces.

Fig. 3.4(a)

45

Solution:

8= tan™' % = 45°
Consider equilibrium of joint A: [Ref. Fig.
3.4(b)]
IF,=0=>F,gsin45-10=0
. Fye =14.14 kN (Comp.)

Fap A
=
Fag 10kM
Fig. 3.4(b)

TF, =0=>-Fsp+14.14cos 45°=0
. Fpg =10 kN (Tensile)
Consider equilibrium of joint E: [Ref. Fig.
3.4(c)]
LF,=0= Fpg - 14.14 cos 45=0
s Fgg = 10 kN (Tensile)

Fae

a5 1AM

Fig. 3.4(c)

YF, =0 = Fpg - 14.145in45° =0
o FD.E =10kN {Cﬂfﬂp'.}
Consider equilibrium of joint B: [Ref. Fig.
3.4(d)]
TF,=0=-Fp-cos45-Fgpcos45+10=0
i..E., 'FFC + F!n =14.14 kN +u[l}

Fig. 3.4(d)
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YF, =0= Fycsind5- Fypsind5-10=0
e, Fpo-Fgp=14.14kN (i)
From (i) and (11),

Fpe = 14.14 kN (Tensile)

Fyp=0
Member forces are indicated in Fig. 3.4(e).

E

10 (C)

Fig. 3.4(e)

1 o

Compute the member forces in the cantil-
ever truss shown in Fig. 3.5(a).

SCkN BOKN 30kN
A i m——ls b R TP
r
] C Y8 o, A
< 2m
Emj _E’ L
4 g G
< iy
E F
Fig. 3.5(a)
Solution:
0, = t.-m-'§= 33.69°
1
= tan'1—=13.43“
6, 3
13 o
Ez-_— tan '§=45

Consider the equilibrium of joint A: [Ref. Fig,
3.5(b)],
IF, =0= F,;sin33.69-30=0
. Fpg =54.08 kN (Comp.)

Fm A

Engineering Mechanics

2F, =0= -F,5+54.08 cos 33.69 =0
. Fyp =45 kN (Tensile)
Consider joint B: [Ref. Fig. 3.5(c)]

ZF, = 0= Fyg = 60 kN (Comp.)

60KkN

Fac
BY  askn
FBG

Fig. 3.5(c)

2F, = 0= Fgc =45 kN (Tensile)
Consider joint G: [Ref. Fig. 3.5(d)]
2F,=0 = —60- Fc;sin33.69 + Fyg
sin 18.43 - 54.085 sin 33.69 =0
ie., = Fgg +0.57 Fp = 162.23 (i)

Fig. 3.5(d)

EF! =0= 'FC'G cos 33.69 + FFG cos 18.43
-54.085s5in 33.69 =0
i.e, Fog+1.14 F; = 54.08 (i)
Solving equations (i) and (ii)
162.23 + 54.08
70" g5y 11y - 265N (Comp)
" Fec= 54.08-1.14 % 126.5=-90.14 kN
L.e., Feg direction is opposite to assumed
direction.
= Feg = 90.14 kN (Tensile)
Consider joint C: [Ref. Fig. 3.5(¢))
ZIF! ='U ﬁFﬂ-“Qﬂ— 9‘[].14 Sin 33-69‘:I = ﬂ
. Fgp=140 kN (Comp.)

0. 14k

Fig. 3.5 (e)
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2F, =0=-Fcp+45+90.14c0s33.69°=0
#Fep =120 kN (Tensile)

Consider joint F: [Ref. Fig. 3.5(f)]
 XF, =0 = Fp sin 45° - 140 - 126 5 sin
18.43° =0
. Fpp=+254.55 kN (Tensile)

E 140KM
e 126.5
454 (i

Fee F
Fig. 3.5 ()

YF,=0= -Fg - Fppcos 45° - 126.5 cos
1843°* =0
y 'FEF =300 kN
The direction of Fgp is to be reversed.
" FEF = 300 kN {Camp]
Fig. 3.5(g) shows member forces with their

JJ20N  c 45(M) B 45(M

|
% &
4 > %P,ﬂ“

G
!J' kc-‘l

Fig. 3.5(g)

5. Determine the forces in the members of
truss shown in Fig. 3.6(a). '

30kN A0kMN
_ D
S0kN [C T
am
s0kMN |8 E+
am
A F _l_
b
{-l—:‘.m-—-a-[

Fig. 3.6(a)
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Solution:

Consider FBD of joint C: [Ref. Fig. 3.6(b)],
SF,=0 = Fyc=30KkN (Comp)
E.F; =0 = FED=SﬂkN{CW}

30kMN

c
S0KN Feo
Fac

Fig. 3.6 (b)

Consider Joint D: [Ref. Fig. 3.6(c)], Noting all
inclined members are at 45° to horizontal/
vertical.
¥F, =0 = -Fgpcos45° +50=0
or Fgp = 70.71 kN (Tensile)
3IF,=0 = Fp;=30-7071sin45°=0
Fpe = 80 kN (Comp.)

30kN

S0kN
= D
a5
FDE
Fﬁl]

Fig. 3.6(c)

Consider joint B: [Ref. Fig. 3.6(d)],
YF, =0 = -Fp +50+70.71 cos 45° = 0
s, Fgp =100 kN (Comp.)

Fig. 3.6(d)

EF, =0 = F,53-30+70.71sin45°=0

& Fyg =-20 kN (Comp.)

- Direction of F,y is opposite to the as-
sumed direction.

‘. Fap =20 kN (Comp.)

Consider FBD of joint E: [Ref. Fig. 3.6(e)],
IF, =0 = -F,;cos45"+100=0

. Fyp = 141.42 kN (Tensile)
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-100+140
" Fpg= —;—= 20 kN (Comp.)

and Fyc = 140 - 20 = 120 kN (Comp.)
Consider joint K: [Ref. Fig. 3.9( f)],
SF,=0 = Fcx-20sin30° =0
. Fep=10kN
20kN Fex
a0
12120 K Fy,

Fig. 3.9(0

ZF, =0 = 20c0s30°-121.2 + Fyy =0
.Fxf =103.9 kN [de;f}

Consider joint C: [Ref. Fig. 3.9(g)],

CK 8tan30
B = m—= = 1.154?
tan K] n
B =49.11°

LF, =0 = -20-10 +120sin 30° - F¢p
sin 30 ° + F; sin 49.11° =0
Fep +1.512 Fp=-60 (i)

Fig. 3.9(g)

EF, =0 = 120 cos EDD—FCDCEE 30°
- FCIICDG 49.11°=0
FCD + 0.756 Fc] =120 m{ll'ﬁ'}
From equations (jii) and (fv),
60 +120
FCI = m =2646 kN [CUMF]
and Fep =120-0.756 x 26.46
=100 kN (Comp.)
Now Consider joint D: [Ref. Fig. 3.9(h)],
Due to symmetry
Fpg = Fep = 100 kN (Comp.)
ZF, =0 = 100 cos 60° + 100 cos 60°
-60+Fp=0
Fpy=—40 kN
.. Direction is to be reversed.
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EOKM

]
o "0y,
ey oy
Fey

Fig. 3.9(h)

SFpy=40 kN (Tensile)
Meinber forces are shown on Fig. 3.9(b).

9, Compute the member forces in all the mem-
bers of truss shown in Fig. 3.10(a).

100kN
1 C

4m

3m \
A % E

'?’..zr.-._".'.'._zmﬂ....?m Em-?

F
SOKN S0kN

Fig. 3.10(a)

S
)

- ﬁ {%’
®/ & % &4;9(%%

TB&E?I_T} 66.67(T) B8.67(T) 66.67(T)
100 kN 100 kN

Fig. 3.10(b)

Solution: Since the geometry and loading
are symmetrical, each of the reaction,

V,= vi=% x total load = %

x (100 + 50 + 50)
= 100 kN, as shown in Fig. 3.10(b).
Now consider the FBD of joint A: [Ref. Fig.
3.10(c)),
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Z-Fy= 0= lﬂﬂ-FABSiI‘ISﬁlﬁl“:ﬂ

~ Fag=120.18 kN (Comp.)

YF, =0 = F,,y-120.18cos56.31°=0

o Fay= 66.67 kN (Tensile)

Consider joint H: [Ref. Fig. 3.10(d)),

Fig. 3.10(d)

=0 = Fyy=50kN (Tensile)
zr’ 0 = Feyy= Fay = 66.67 kN (Tensile)

Consider joint B: [Ref. Fig. 3.10(¢))],

EF, =0 = -50 +120.18 sin 56.31°

+ Fpg 8in 56.31° - Fye- 5in 26.57° = 0

.Fm - 0.533 .F!c =—5Ilﬂ9

Fig. 3.10(¢)

2F, =0 = 120.18 cos 56.31°
- Fyg c0s 56.31°
= Fye cos 26.57°

. Fgg + 1.612 Fgc = 120.18

=0

(i)

10.

Engineering Mechanics

From equations (i) and (ii),
_ 120.18 + 60.09

5 1612+ 0538
and
Fpg = 120.18 - 1.612 x 83.83 = -14.96
Direction of Fy; is to be reversed.
Hence Fpg; = 14.96 kN (Tensile)
Consider joint C: [Ref. Fig. 3.10(f)],

= 83.83 kN {Cﬂm'p'r:'

Fig. 3.10(f)

Due to symmetry,

Fep = Fyc = 83.83 kN (Comp.)

2F, =0 = 83.83 sin 26.57° + 83.83 sin

26.57°-100 + Feg =0

‘FEG =25 kN (GD?HP]
Using symmetry, forces in the other half are
noted down and are indicated in Fig.
3.10(b).

In the truss shown in Fig. 3.11(a), compute
the forces in all the members.

B

150 (T} 100 (T) 100 (T) 100 (T) 100 (T) 150{1'

v ¥
A (t} c

Fig. 3.1{a & b)
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Solution:

FA'! 1|-"',l:-= W=1m kN

Consider the equilibrium of Joint A: [Ref. Fig.
3-11{':]]:

8, = tan“%:aaar

LF=0= 100 - F4p5in 33.69° =0
-, Fap=180.28 kN (Comp.)
Fae
2,
Fan
100kiN
Fig. 3.11{c)

EF: =0 :rFm" 180.28 cos 33.69°=0
+.F g3y =150 kN (Tensile)
Consider joint H: [Ref. Fig. 3.11(d)),

(21
= tan™! — = 45°
8, 3

XF, =0=5-50 + Fyy sin45°=0
v Fgy =70.07 kN (Tensile)

F BH
Ao

uﬁml "

Fug
SOKN
Fig. 3.11(d)

¥F, =0=>-150 + 70.07 cos 45° + Fyyo =0
:. Fye =100 kN (Tensile)
Consider joint G: [Ref. Fig. 3.11(¢)],

EFF =0= 'FBG =0

Fea
/4’
- -

Fua= 100kN Fea

Fig. 3.11(e)
SF, =0 = Frg = Fyg = 100N (Tensile)
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Consider joint F: [Ref. Fig. 3.11()],
EFF =0= Fm‘ =0
: o

Fra F

Fig. 3.11(N
Using symmetry forces in all other mem-
bers are noted down as shown in Fig. 3.11(b)

11. Analyse the truss shown in Fig. 3.12(a) and
indicate member forces on the sketch of the

truss.
T r— R
am
&
B D D
4am 0 %
a 0 #
E
F F 1s(0) E
Sm—-ﬂ—:im—-lv -u*
OKNY
(a) (B)
Fig. 3.12(a & b)
Solution:
4
tan 0 =—
0 3

. sin® = 0.8 and cos 8 = 0.6 [3:4:5 rule]
Consider joint E: [Ref. Fig. 3.12(c)),
EF,=U='FDE5iIl'B= 20

. Fpg= 20 D%:z-s KN (Tensile)

E,F_‘.=u=:'FEF-FDEEDSE=ﬂ-
. Fgp=25%x06=15kN {Comp.)
Now consider the FBD of whole truss [Ref.
Fig. 3.12(b)], to determine the reactions,
since without them we cannot proceed with
the method of joints.



IMu=0=Rex8-20x6=0.. R.=15kN

2F=0=V,=20kN
YF=0=H,=R.=15kN

Fig. 3.12(c)

Consider joint A: [Ref. Fig. 3.12(d)],
ZF!. =0= FA.B =20kN [Cﬂmp]

15% A Fa

20kMN
Fig. 3.12(d)
EF,=0=15-Fyp=0
Consider joint C: [Ref. Fig. 3.12(e)),
E.F’ =U=:’ Fﬂc[ﬂﬁﬂ=15

Fpr =15x [}_2:15 kN (Comp.)

Fig. 3.12(e)

EF:,. EGZ}Fﬂcsh\E—FCD=D
.Fcﬂ =25x08=20kN {TEHSIIE]
Consider juint B: [Ref. Fig. 3.12(f)],

EFy=ﬂ=FBFEinB+2ﬂ—25xsinB=l]
.Fmrxﬂ.ﬂ-=E xﬂ.B—ZI]

or Fm.-=ﬂ
EFxZﬂ:PED-ﬂ-EECDEE=D
Fgp =25 x 0.6 = 15 kN (Tensile)

Engineering Mechanics

25kN

Fig. 3.12(f)

Consider joint F: [Ref. Fig. 3.12(g)],
EF.! = D = 'FDF - ﬂ

Foe
\I
SN F 15N

Fig. 3.12(g)

Forces in various members are indicated in
Fig. 3.12(b).

12. Determine the forces in the members of the
frame shown in Fig. 3.13(a)

10 kN 10 kM
r 15 kN
10 kN
B 4m
s F E l
f—am—dfe—am —ﬁ— 4m—]
Fig. 3.13(a)
Solution: Consider the FBD of the entire
truss [Fig. 3.13(b)],
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o Fepsin30x 3+ Fepeos30x 1,732+ 10
x2.2=0
22
3 sin 30 + 1732 cos 30

=733 kN
EFY =0= FCD gin 30° - chsin ap
-10+10=0
" FED=FCE=_?'33kN
Z.Fx =0= FAE + FCDCDSEUD + FCE
. cos30°=0
Fyr—7.33c0s30°-7.33 cos 30° =0
. Fap =12.70 kN (Tensile)
The directions of forces Fqp and Fer are to
be reversed.
e 'FCD = 'F'EE =733 kN {CWHF}
18. Determine the forces in the members CD,
CI and HI of the truss shown in Fig. 3.19(a).

Fee=

Fig. 3.19(a)

Solution: Since the truss is symmetric with
respect to geometry and loading, the
reactions are:
30 + 30+ 50+ 30+ 30

R, =Re = : 30

= 85 kN, vertically upwards.
Let P, Q and R be projections of CH, DI and
EJ on the horizontal line AG. Then,

CG = 8 cos 30°

And PG = CG cos 30° =8 cos? 30° =6 m
v AP=8-6=21m

59

.. Due to symmetry AP = PQ = QR = RG

section (1)-(1) is taken to cut the members
CD, Cl and HI and consider the FBD of LHS
of the section [Ref. Fig. 3.19(b)].
EM,q, =':]=3ch RAL"—EI'JJ-: 2"30"4:(]
.Fc; =% 8 sin 3‘0°= 180
Fep = 45 kN (Tensile)

30N Feo

Fig. 3.19(b)

. sin30-30-30+85=0
ie, Fep+ 0577 Fy=-2.887 1)

ZFx=u=?FCDEU§5ﬂ°+FUCDE3Du+Fm
cos30°=0

i..'E'., Fcﬂ + FH_!' x 1.?32 =-45 x 1?3‘2 ...{ﬁ.}
From (i) and (ii),
(0.577 - 1.732) Fiy = -75.053
or Fy;=64.98 kN (Tensile)
o Fop=-2.887-0577 % 64.9
=-40.38
The direction of F¢p is to be reversed.
*. Fep =4038 kN (Comp.)
19. For the truss shown in Fig. 3.20(a), compute
the member forces BG, AC and HG.

o

40kMN 40kN 40N
Fig. 3.20(a)
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Solution: Due to symmetry
R, =RB=%{4D+4U+4D]
=60 kN, Vertically up wards.

Take section (1)«(1) and consider LHS por-
tion [Ref. Fig. 3.20(b)],

2]
Fac
AN _E?;
R
Fas
A0kN
Fig. 3.20(h)
a4
El = tEI.'I'I. —E' - 3&3.&9“

ﬂdd=ﬂ:>me533.69“xd+Fm
s5in33.69°x6+40x4=0

. Fpe =-240kN
8, = tan'l-g==36,3?“
YFy = 0= F ¢ 5in 36.87° - Fy c0s 33.69°
+60-40=0
—24 sin 33.69° — 20
Foo= =-6.0
AC sin 36.87°

2Fy = 0= Fye + Fyg sin 33.69°
+ .F_,“: cos5 36.87 =0
. Freo = —(-24) 5in 33.69 — (—6) cos 36.87
= 18.11 kN (Tensile)
Sign for Fy is to be reversed.
“. Fpg =240 kN (Comp.)
20. For the truss shown in Fig. 3.21(a), deter-
mine the forces in the members BC, GC and

TOkN

fr—am—efa—s m—+—4m—+—-4rn

Fig. 3.21(a)

21.

Engineering Mechanies

Solution: Due to symmetry
RA=RE=%H?‘]=35 kN
Take the section through BC, GC and GH

and consider left half portion [Ref. Fig.
3.21(b)],

Fig. 3.21(b)

Mc=0= Fgpx CH=135x8
Fopx4=35x8
or 'FEF =7ﬂkN{T€HEﬂE:I
Ref. Fig. 3.21(b)

ZFy =0 = Fgc sin 45° + Fye cos 60°

+35=0
0.707 Fge + 0.5 Fye =35 D)
sz =D=:|'.FGCCD545G+FH‘:-5i.ﬂ6DD
0.707 Fee + 0.866 Fge-=-70 it

From equation (f) and (ii),
0.366 Fpr=-70+35=-35

. Fpe=-95.62 kN
From (i), 0.707 Fgc +0.5 (~95.62) = -35

<. Fge=18.12kN (Tensile)
The direction of Fg to be reversed
Determine the forces in the members DE,
NE and LP of the French truss shown in Fig.
3.22(a).

Fig. 3.22(a)

Solution: Due to symmetry

1
R, =R1=E{3ﬂ+3ﬂ+30 +30+30+30
+ 30) = 105 kN, Vertical.



Analysis of Pin-jointed Plane Frames

Consider LHS portion of the truss. Its FBD
is as shown in Fig. 3.22(b).

Fig. 3.22(b)

12

AE=
cos 30°

=1386 m

: AB:BC:CD=DE=$=3.4&::1

EP =12 tan 30°
~tang= EP 128030 . 1o
LP 4
or ©=60°
M, =0 = Fypsin60° x 8 -30 x 3.46
cos 30° - 30 x 2 x 3.46 cos 30°
-30x3x346c0s30°=0
. Fyp =77.85 kN (Tensile) . {Ans.)
E.FY=G=FHESinﬁﬂ°+FDEEiI\30"+
105-30-30-30=0

~77.85 sin 60° - 15
Fpg = = 30° 164.84 kN
$Fy =0=> F;p+ Fyy cos 60° + Fp cos
30°=0
F,p = -77.85 cos 60° - (-164) cos 30°
= 103.83 kN (Tensilz) (Ans.)
The direction of Fpg is to be reversed

22. Determine the forces in the members BC,
BK, AL, ML of the truss shown in Fig. 3.23.
Solution: Due to symmetry

Ry =RH=%[5{J+EI}+5(]+50+5D)

=125 kN
Note: Method of section is not directly
Applicable, since section cutting 3 members
will not separate the two portions.
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fﬂfﬂl”: EFX=BZFFNM=G
Joint M: ZFy =0= Fpy =0

) 8 c D E F G
L)
4m
4 ; "
N Mo L K J ]
'
S0KN  S5O0kN  50KN  SORN  SORN
&-—a xd=24m
Fig. 3.23(a)

Now consider a section through the mem-
bers BC, BK and AL [Ref. Fig. 3.23(b)],

= tan"%-zﬁ.ﬁ?‘

EM5={]::-FALsin26.5?‘xd-125x4=l]
125

E, = —2 = 2795 kN (Tensil
A= ey - 200 KN (Temsile)

F
A B BC
0 0
Fax
~
Sy
\ ~ -
Fay e
Ty
M M )
L |
B, = 125kN
Fig. 3.23(b)

TFy =0 = —Fpy 5in 26.57° - 279.5 sin
26.57° +125-50=0
o ng ==111.78 kN
Z.Fx =0= FE'C +FBKI:D52515?“+FM

cos5 2657° =0
Fyc = —(~111.78) cos 26.57° - 279.5
cos 26.57°

*. Fpc= 100 - 250 = = 150 kN
o .I'he directions of Fax and .Fnc are to be
reserved.
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