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UNIT 1
Statics of Rigid bodies in Two Dimensional

Moment of force:

Moment of force is defined as the product of the force and perpendicular
distance of the line of the force from the point.
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Moment = Fo¥ce "X perpendiculardistanee.
Mo= FX dN.m

Varignon’s Theorem:

The algebraic sum of the moment of any number of force about any point in
their plane is equal to the moment of their resultant about the same point.

F1Xdl+ F2Xd2+ F3Xd3= RXd
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Find the resultant force for the parallel force System shown in fig.

244N 1\36 W
A &
e

Resultant force ‘R’

R = 24+ 36
R = 60N
Location of resultant force:
Algebric sum of moment of all force about a
YM,= —36x12
YM, = —432N.m
YM, = 432 N.m(clockwise)

By virginal theorem

XMy =RXx s clcs e
+432= +60X x M (K b
_ #432 ];—_Tﬁj/j:’
+&0
x=72cm

binils — Android App

binils - Anna University App on Play Store



binils.com - Anna University, Polytechnic & Schools

o Free PDF Study Materials _
Binils.com — Free Anna University, Polytechnic, School Study Materials

2. Four parallel forces of magnitude 10N, 50N, 20N and 35N as shown in fig.

Determine the magnitude and direction of the resultant. Find the distance of the
resultant from point A.
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Solution:-

Magnitude of resultant:-
R=10—-15-20+35
R = +10N

Locating of the resultant
YM,=RXx

YM,= (15X1) + (20x3) + (35X 4)

SM,= —65N.m
SM,= RXx
+65 = 10xx

x = (+65)/(+10)

x = 6.5m
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1. A system of forces acts on a weightless beam as shown | fig. Find the magnitude
of the resultant and the location of the point where the resultant met the beam.
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Given:

Loadat K = b5KN at 60°

K = \6KN at45°?
M =""4KN at45°
N = 8KNatel®

To find:
Resultant force & location

Soln:

Resultant R=,/ (X FH)? + (X FV)?

2Fy=0—«
= —5cos60 + 6cosdh +4 cosds +8cos 60
NFy= 857KN

YE =0T+ -
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= —hsine0+ 6s5sin45 +4sin45+ 8 sin60

YE = —12.67KN

R =/QFH)?+ (LFV)?

R =/(857)7 +2(12.67)>

R = 153Kn

Inclination of the resultant & = tan™* ()%)
Fy

12.67
8.57

a =55.92°

a =tan *(

)

To locate the resultant:

ZM;E=UL+ -

YM, =0+ [+5in45 X2] + [—4sind5 X 3.5]"%F [+8sin60 X 5.5]
YM, = +36.69 KN.m (clockwise)

By varigon’s Theorem

YM,=RXx

+3669=153xx

+36.69
X=
13.3

x = 2.4m
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Problem:1

A coplanar parallel force system consisting of three forces acts on a rigid bar AB
as shown fig. below

a) Determine the simplest equivalent action for the force system.

b. If an additional force of 10kn acts along the bar A to what be simplest
equivalent action.

2DKN
A HOKN

=3 — 3 2nm __1

A B

soln:

(a) simplest Equivalent force:
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206N Lok

‘ 4\
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A ¢ D \\[/

20KV

Sum of Horizontal force X F}, =

ZFH=D

Sum of vertical force X FV =10
YFV =20+40-30= —10KN

Magnitude of Resulatant Force = R

R =/ (X(Fa)* + ()

= J0Z+ (—10)
R =+/100
R =10N

Line of Action:-
Let the resultant force at distance ‘X’ From the line of action 20KN
By using varigon’s theorem
M. =RXx
YM.=(—40x3)+(30x5)=120+ 150

TM. = +30 Nm
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ZMC =30N.mc.w

I0=R Xxx - 30=10 %X x

X_BD
10
X =3m

Sum of Horizontal force X F5=0

ZFH = 10KN

Sum of horizontal force 2. F,=0

YE, =—20 + 20— 30

ZFU = —10KN

Resultant Force ‘R’ R = /(X (Fy)? + (X(Fy)2

R = J(10)Z+ [-10]2
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R =+/100+ 100 =+200
R=1414KN

Location

Su.-YF,

ZMG — (—40x 3)+ (30 X 5) = —30kN. M

YM,=30KN.M clockwise

30=10xx
x=13m
Location
] 1
g =tan? E—F"’ — tanA (—0)
Z,Fp 10
g = 45°
rvzs‘ }ih .
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—80P = —4628.2

462822
80

P =61.60N

1) Magnitude of the Resultant force:

Resultant R = /(2 (Fx)? + (X (Fy)

ZFH = —61.60 — 100 cos60

ZF - —11160N

R = \/[—11 1.604% +[86.6]2
R =141.26N
i) Point of Application
By Varigon’s theorem
M, =R X x
M, =6160X40+[-100sin 60X 80] =10
M, 2464 — 6928
2. M, = —4464.2Counts clocks wise

2. M, = 4464 Clockwise

SM, =R Xx
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4464.2 =141.26 X x

X =31.60mm

4!r.',c

100=

4—_1" , S
|00 s b0 '.\ «L : &
.

6. A 200KN vertical force is applied to the end of a lever which attached a shaft as
B as shown in Fig Below. Determine the(i) magnitude of horizontal force (ii) The
smallest force applied at which creates the same moment about B(iii) How far from
the end B, at 400KN Vertical force must to create the same moment about B (iv)
Replace the given system of force at B.

Vertical load atpoint A = 200KN
Lengthof bar L = 3m

Angle = 40°

Soln:

(1) The magnitude of horizontal force applied at ‘A” which create same moment
about ‘B’

Take moment about ‘B’
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w

M, = +200 X BC cosf = %

M, = +200 X 2.29 cosf = ?

M, = +459.62 KN.M BC = 2.29m
—F

MD = 459.62 KN.m sin 6 = i

Take moment About ‘o’ horizontal force sin@ = i

act forwards right sin 40 = %

M, =F x AC AC =1.92m

45962 =F x 1.92

453962 KEN.m
1.92 m

F=723834KN

I1) The smallest force applied at which create the same moment about ‘B’
moment About B = 459.62 KN.m - 0
Mg =F x3
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45962 = FX 3

r_ 45962
-3

F=153.20KN

(iii) How far from the end B, a 400KN vertical force must act to create the same
moment about B.

Let 400KN Vertical force act at a distance of ‘x” A to have same
moment —459.62 KN.m clockwise

To have clockwise moment 400 N Vertical force on the right side of A

Moment = —459.62 KN.m

—400 X x = —459.62 3
x = (—459.62)/(~400) o (o |
s—F=
x=1149m
iv) Replace the given system of Force at B -
Downward load = 200KN f- 8

Moment at B = 459.63 KN.m

7. Determine the resultant of The calendar non concurrent force system shown in
fig. below. Calculate its mangnitute and direction and locate its position with
respect to the sides AB and AD
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Resultant force

R =/ (R(Fx)? + (Fp)

2Fi=0+ —» «—— -F4;=Fcosf

JF, = 18cos 45 + 36 cos 60 — 18c0s36°52' — 58+ 58
YFy, =1632KN

2F, =0 +T .l

ZF,=18sin45—90+ 36 sin60°+ 18 sin36°52' = 0

YF, = —3526KN

R=JCF)?+ (O(F, )= /(1632)2 + (—35.26)2
R = 38.88KN

Direction:-
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b 3526
0= tan”*(52) = tan ()
am\y )T (1632

g = 65°9’
Location:

By varignon’s theorem
IM, =RXx(or)IM,=XF,; XyorlXF, Xx

IM, = (490 X 3) + (36cos 60 X 5) + (—365in 60 X 3)
+(—18c0536°52' X 5) + (+58 % 1.25) + (=58 X 3.75) = 0

2 M, = +49.46 KN.M (clockwise)
2 M, = 49.46(clockwise)

M, =2F, X x

49.46 = 35.26 Xx

x =1.39m

I M, =3 Faxy
4946=16.32Xy

y =3.03

8. A system of four forces P, Q, R and s of magnitude 5KN, 8KN, 6KN And 4KN
respectively acting on a body are shown in rectangular coordinates. As shown in
fig find the moment of the forces about the origin O. also find the resultant
moment of the forces about O. The distance are in meters.
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Given:

Load on P = 5KN
Load on ) = 3KN
Load on R = 6KN
Load on § = 4KN

To Find:
1. moment of Forces
2. Resultant

Soln:-

- A6 510 6O
Free body diagram
; Boshs (e

o] = f—l Jl

b&cos bo

2

L (05770

e
! T

g

£m
LAINyS lh!ﬁlﬂ  {-] -

[ 1] B P
._.I i *'-—— PR ¥

=]

Moment of P

Moment of force ‘P’ about the orgin, Mp

M, =5X0
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M,=0
Moment of Q

Moment of force ‘Q’ about the orgin, Mq

M, = (8sin45x 6) + (—8cos 45 X 10)
M, = —22.64KN.m
M, = +2.64KN C.W

Moment of R

Moment of force R about the orgin Mg

M, =—-7596 KN.m
M, = 7596 c¢c.w

Moment of S

Moment of force s/about the Orgin ‘Ms

M.= (4cosx7) + (4sin70x 9)

M, = 4340 KN.m

Statics of Rigid bodies Force couple system

Moment of a Force:-
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Moment of a Force about a point is defined as the product of the force and
the perpendicular distance of the line of action of the force from the point

M=Fxd
F = Force

d = perpendicular distance

The clockwise direction of moment is positive direction of moment

Coupled force:

It is a turning effect produce in the body of object by applying two forces having
same magnitude put in opposite Direction.

Two forces F and —F having the same magnitude, parallel lines of action and
opposite sense are said to form a couple.
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:
Types of couple:
1. clock wise couple
2. Anti- clockwise couple
| ¥
I 1
1l
i—_—_‘; —_‘T
8 =90°
=
Boo
S0 R «—PRvp
1
fon
i '
R"'H T
E\rﬂ
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—RVA—RVB = 0-ccuee—. (1)
YFV =0

RV, —500 =0

RV, = 500N

Y M, =0

[500 X 500] + [—RV, X 600] =0
250X 103 = RV; X 600 = 0

—RV; = —-250x 103

RV — —250% 103
B 600
RV, = 416.66N

Rvs Sub in Eqn (1)
—RH, —RH; =10
RH, = —416.66N

Problem:

Determine the support and reaction at A and B

BTN B

Fos
e~

Lok w .EF—N

N\ kel 1y .
bF My e
A |
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Given

Free body diagram

Y] nge” T
H ; .‘tu.n|m_l
gy |

&
R
RHa ¢ b TP |

Tﬁvn

—1019.61 RVy; = —250x 103

—250x 10°
—1019.61

RVy =
RVy = 24519 N

Sub in Egn------ (1)

—RH, — RVy €0830 =40

—RH, = —RVz¢0830 = —245.19c65.30
RH, =212N

RV, Subin (2)

RV, + sin30= 500

RV, = —RVg sin 30+ 500

RV, = —245.19% sin30+ 500

RV, = —122.5+ 500

RV, = 377.5N

RV, —250% 107
—1000

RV, = 250N
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RV, + RV, = 500 — ——> RV, = 500— 250
RV, = 250N

ii) when 6=60°

LFy=0

—RH, — RVgcos 30 =0
2F, =0

RV, —500 +S5in30=0
RV, + RV Sin 30° =500
2M, =0

¥ M, =[500% 500] + RV, cos 30 X 600] + [—RV} sin30°X 1000]
ZMA =250 % 10% — RV, 519.61— RV; 500 = 0

250 x 10° —01019.61 RV =0

Problem:

A Frame supported at A and B is subjected to force 500N as shown in fig compute
the Reaction the support for the cases i) & =90°8 =60"
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Given 6 =0°8 =90°6 =60°
To find

Reaction at the support

i)& =0°

X Fy =0

RH, =0

2F, =0

—500+RVg+ RV, =0
RVy + RV = 500------> (1)
2M, =0

[500% 500] + [RVz X 1000] = 100
250x 10® — 1000RV; =0
—1000RV,; = —250 x 103

To find reaction ‘R’

ZFH =0
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—RHp — Fpy cos25° =0
—RHg = Fpycos25°

RHyp = —Fpycos25°

RH, = — X3 X cos25
RH, = 245N

2F, =0

RV —4—FPysin23=10
RV, —4—-3x25°=0
RV, =4+ 3sin 25°

RV, =5.26 N

JIRHR]? + [RVR ]2

R=/(2.45)%(5.26)2

R =5.80N
g =tan™? (&)
Ry
P . 5.26
— 943
g =650
Problem:

4000N load acts on the beam held by a cable PQ as shown in fig. The weight
of the beam can be neglected. Draw the free body diagram of the beam and find
tension in cable PQ. Also find the reaction force at R

binils — Android App

binils - Anna University App on Play Store



binils.com - Anna University, Polytechnic & Schools

o Free PDF Study Materials _
Binils.com — Free Anna University, Polytechnic, School Study Materials

To find:

1. Free body diagram
2. Tension in cable PQ
3. Reaction on Force R
Soln:

1. Free body diagram:

r-Pt[ N 0

o Fra sl

FPa
.}_,‘
7/ \[ |
S Claal

5'59 e
Eﬁg -— {. »
E

L

2. Tension in cable ‘PQ’

Moment at point ‘R’

My = [4 X sin 357]
+ [—Fpg cos25° X 6 €05 35°] + [Fpq sin 25° X 6 sin35°] = 0

YMg = 9.177 — Fpo X 4.454 + 1.45F,, = 0
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—3Fp = —9.177
—9.177
PQ — —_3
FPQ = 3N

Procedure for finding out the resultant of non current coplander force system:

1. Resolve the given forces, if they are inclined to reference x and y Axis.
2. Find the sum of horizontal component of forces 2 FH
3. Find the sum of vertical component of forcest FV
4. 4.Calculate the resultant force R =/ (X (Fx)? + (X (Fy)2
5. Angle of inclination of resultant & =tan'1[§%]
6. If the force: moment system fis_converted ‘into a single force, coordinate
position/is given by
YM,=RXx
XM, =YF, Xx
LM, =YFy Xy

A plate os acted upon by three force and two couple as shown in fig. determine the
resultant of these force couple system and find co-ordinate x of the point on the x
axis through which the resultant is passed

al

gz i

Q
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Given

Three force 1.5KN,2KN,3KN
Two couple 100N.m 80 N.m

To find
Resultant force, location

Soln:

Resultant force R = +/ (X (Fx)? + (X (Fy)2

Sum of horizontal

Y F, = —1.5KN1

Sum of vertical force 2 Fv =0

YF, = —2KN

Resultant R = /(X (Fy)? + (X(Fy)

R = J[-L52[-2)2

R = 2.5KN

-2

_ ZFV] _ [
_ 1 _ 1
g =tan [_Fv = tan —1.5

g = 53.13°
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To locate the resultant

By varigon’s Thorem L4+T —

M, =RXxand }M, =YF, Xx
SM,=[3%x03]4+[-2x05]+[-1.5x0.2]+[-0.1]+[-0.08]=0
M, =—-058KN.M

2 Mo = 0.58 KN.M [clock wise]

The co-ordinate x of the point through which the resulted passes is given by

YMo= X FY Xx X

0.58=2xx

x = 0.29m

x = 290mm

we want to find the intersection
XM, =X FyXxy

0.581.5x y

y=0387m

The three forces and a couple shown below are applied to an angel bracket
(i) Find he Resultant of this system of forces
(ii) Locate the points where the line o action of the resultant intersects line AB and

the line BC
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Soln

Free body diagram

y & chy gram f
Free °° r'f'J;_— G?“ i 1|.:.b.-:-'“°£o
s
BoH Ill
|28 ¢cosb
L/— i— T
A '|

oo
¢ =1

1. Sum of Horizontal force

SFy=0 Se

ZFH = +125 cos60—-200=0

ZFH = —1375N

2. Sum of Vertical Force

Zﬂ;ni— T4

ZF =—50+125sin60 =10
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ZFV _ 5825

3. Resultant force’ R’

R = QEFa)*+ QEEF)

R = /[-137.5]% + [58.23]2
R = 149.32N

4. Direction of Resultant force «

FvV
a= tan‘li%

Location of Resultant Force:

By Varigon’s Theorem

ZMA = (200 X 0.2) + (—125 sin60 X 0.3) — 80:0

ZMA =40-32.47—-80

ZMA — 75N.m
ZMA =ZFV><X
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7.5=5825xx
x =7.5/5825=0.12m

x = 128.75mm

ZM =ZF1,><}I

7.5=137.25Xy
y = 7.5/137.25 = 0.05m

y = b4.64 mm

Problem:

A system of forces acts as shown in fig.find the magnitude of A and B so
that resultant of the force system passes through P and Q
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*—
3 A
? | e /
i M) | g ott __ A=
e o DL L T . - 1
SBoon

To Find:
Forces acts on A and B

Soln: Free body diagram

I
1.5 Esorium W
& oo rr‘}‘tﬂ'<_£ —— ‘@'\i : Ae
sl |

a o
Do ny 57

The resultant forces passes through P and Q is moment About pis zero and also
moment about Q=0

It only means that the algebraic sum of moment about P and Q is equal to
zero

YM, =0 L+ T—

ZMP = (+B cos40x 1.5)

+ (300cos 45 x 1.5) + 350
+ (—Asin30x4.5)+ (—Acos30x 1.5)=0

ZMP = 1.149B+318.19350 — 2.254 — 1.29
IMp=149B +668.19 -3544=10

—3.54A+1.149B = —668.19- - ___. >(1)
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2My, = (Bcos40X 3)+ (—B sin40 X 2.25)+ (—300sin45 x 2.25) + 350+
(—A sin
30%2.25)=0

229B—1.44B—477+350—-1.1254=0
0.85B—127—1.1254A=10
—1.25A4085B=127——— — — — — —— > (2)
Solve 1&2

—3.544+ 1.149B = —668.19--- (1)
~1.1254+0.85B = 127----_. )

(1) x1.25 =» —3.9824+ 1.292B = —-751.7

(2) X 3.54 =5"3.9874 ) (£) 3.009B =< 144058

—171B = —1201.29
B = (—1201.29)/(—1.71)
B = 702.508N

B Value substituting in Eqn (1)
—3.544+1.149x 702.508 = —668.19

—3.544+807.182=—-668.19
—3.544=-668.19 — 807.182
—3.544 = —-1475.37

A = (—1475.37)/(—3.54)
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A= 41677N

Result:-

Forceon A =416.77N
Forceon B = 702.508N
Take moment about ‘A’
2M,=0

YM, = (500X 11)+ (200X 7) + (1200 X 5) + (=300 x2)
»M, =5500= 1400+ 6000 — 600

»M, =9500N.m

By varignon’s theorem

YM,=RXx

9500 =1200X x R .

X = 791?’?1 ?DON Reoewn IT l' Soon

Force couple systemant ‘A’

| K= 12000m

1LQIM —
1 F )I

- y
A b
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Coupleat A= 1200x 7.91
A=9492 N.m

Couple system at B

\ s "(
- 200 M » ‘E <o

/II

LY

~ &

bogm B
lﬂoz»:-m
Problem:

A plate ABCD in the shape of parallelogram is acted upon the two couples, as
shown in the fig. Determine the angle B if the resultant couple is 1.8 N.m
clockwise

Given:
Resultant couple =1.8N. m

Free body diagram
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Distance of AE = AB + BE

AB =1.05m
To find BE
CE 0.4

t -
B = pr = BE

BE = 0.4/tdh B
AE = AB + BE

AE =1.05+
tan 5

Given the resultant couple 2 M, = 1.8N. M

Take moment about A

TM, = [-21X 0.4] + [-12 cosf X 0.4] + [12sin8 X AE]

YM,=18N.M
1.6=-84 —-48 + 12 sinf3 X [1.05+ 04
.8=—-8. .Bcosfi sinfi X [1. tanﬁ]
] 48 sinf@
1.8=—-84 —4.8cosf +12.6sinf + B sin 8 tanf =

cos @

casff

binils — Android App

binils - Anna University App on Play Store



binils.com - Anna University, Polytechnic & Schools

o Free PDF Study Materials _
Binils.com — Free Anna University, Polytechnic, School Study Materials

1.8=—-84—48cosf +12.6sinff+4.8cosf
1.8+84=—48cosf+ 12.65inf +4.8cosff

10.2 =12.65inf

i 102
mE =176

10.2
) B =54°

B=sin—1 (—
ST \126
Problem

Four tugboats are used to bring an ocan large ship to us pier. Each tugboat exerts a
22.5KN force in direction as shown in fig (i) determine the equivalent force couple
system at ‘o’

(ii) Determine a single equivalent force and its location along the longitudinal axis
of the ship

Soln: Free body diagram

e
l_T ] . YF, = 225 cos 60+ 22.5 cos + 53°+ 22
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Y Fy=40.65KN
YF, = —22.5 sin 60— 22.5+ sin53°+ 22.5 sin45 — 22.5

SE, = —44.04N

Resulant R=/ (Z(Fg)? + (X(Fy)2

R = /[40.6.5]% + [—44.04]>

R = 59.95KN

Direction 8 = tan™* @ﬂ) = tan™! [44'04] = 47°3'

Fig 40.65

To find location:
SM,=RXx
YM, = (22.5c0s 60 X 15)+ (—22.55in 60 X 27) + (22.55in 53° X 30) +

(22.5 cos 53931 % 21) 4 (225 X 120} + (422.5 fos 45 X 21) + (—22.5 45
X 90)

TM, = (11.25X 15) + (—19.48 X 27) + (17.99 X 30) + (13.5 X 21) +
(22.5 X 120) + (—15.9X 21) + (—15.9 X 90)

YM, = 13195 KN.m

Location
Y¥M,=13195
SM,=RXx

x = 1319/59.95

x=2201m
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Magnitude of couple
M=RXx
= 59.95x22.01m

M =1319.55 KN.m

Equilibrium of Rigidbodies — support Reactions

Beam:

A beam is horizontal structural member which carries a load transverse
(perpendicular) to its axis and transfers the load through support reactions to
supporting columns or walks

Frame:

A structure made up of up of several members riveted or welded together is known
as frame.

Support Reactions of Beam:-

The force of resistance exerted by the support on the beam is called support
reaction.

Types of support
1. Roller support
2. Hinged support
3. Fixed support
1. Roller support:

It consist of the rollers as the bottom. It has only one vertical reaction.
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2. Hinged support:
It resists the horizontal and vertical moment. It has two Reaction
(i) Horizontal reaction

(i) Vertical reaction

P ]
LAY Lol
L_ _!R“J E |

3. Fixed reaction:

It is the Stronged support. This support has following reaction
(i) Vertical reaction

(i1) Horizontal reaction

(iii) Rotational reaction (moment)

Types of load:

1. Point load

2. Uniformly distributed load (UDL)

3. Uniformly varying load (UVL)

1. Point load:
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Load which is acting at a particular point (i.e.) point load;

[ P.(Lead)

2. Uniformly distributed Load

The load which is spread over a beam in such a manner that each unit length
at the beam carries same intensity of the load is called uniformly distributed load.

20K Wy
/-_-' T N
fomsa :'fjnﬂ

7, ]
Convendion o Udd +o Porwl [sad

¢ o~ A oo
B cooecoadC ™
e 2:--_ '.i
Poind Lead = UdLyx Disdance af Vel

T . Y

Povd [l ® 4 ..N‘:

e ———

Point load = udl X distanceof udl
=2X2
Point = 4KN

uniformly disbuted load length
2

Location of point =

3. Uniformly varying load

A load which is varying from the particular point along particular length is called
uniformly varying load
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Conversion of uniformly varying load to point load

Di';;u‘_g

L FrLirl |
— Sy

Point load = 1/2 X uniformly varying load X length of uniformly load
=1/2Xx8X4

Point load = 16KN

1
Location of point load = 3 X uniformly varying load length

—1x4
3

=4/3
L.P.L = 1.33m
Procedure for solving the support reaction problem
1.Sum of all the horizontal force is zero X Fy = 0

To find Ry (Rug)
2.Sum of all the vertical force is zero X FV=0

To find Rvat+Rye
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3. Take moment of force about A (X2 MA=0 To Rry=0 to find Rya
(OR)
4. Substitute Ryg inX FV=0 Eqn

To find Rva

Problem-I

A beam is acted upon by a system of forces shown in fig. Find the support
Reactions

l+r<~

E@ﬁ
16w

To find
Reaction at the support. Rv&Rvs Rus
Soln:

Free body diagram

Eéngo MKV héinzo
l crt Wt l
Ryg
I §cosbo z,(.bzo A
Rvn RVB
L gm j amy @m 2m |
+ fa—
Z Fg =0 —

»Fy = —bcos60+ 4c0530+ Ryg
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YF, =096+ Ry

Rys = —0.96KN

Rus = 0.96N(=)

YF, =0

Y Fy=—Ry, —55in 60— 4 — 4sin30+ R,z = 0
RV, —4.33—4—2+RV, =0

RV, + RV, —10.33 =0

RV, + RV5 = 1033 <> (1)

Take moment of force about A

M, =0

YM, = (5sin60.X 3) + (4 X 2) + (4sin 30 X.8) + (Rvh X.10) = 0
1299+ 8 +16—10R,, = 0

36.99— 10 Ryz = 0

—10 R,z = (—36.99)/(—10)

P —36.99

Ans: Ry5 = 3.69N

RvB vaiwe SUD In EQN ----- > (1)
RVA + RVE' = 10.33

R,,+3.69=10.33
R,, = 10.33 — 3.69

RVA = 6.64N
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Problem 2

A beam is loaded as shown in fig find the magnitude direction and the location of
the resultant of the system of forces.

150w

D O
T - o A

3&5”|
le 3*:1_J

gm ——

w—

To find

1. Resultant force &direction
2. location of resultant force
Soln

Free body diagram

T5oSnSc
1
R T e
He 79“"5 — :ﬁ;—&
B L
P ™~ n y
IRVP a‘”f . Ve
-,—-—3"? e =2 ),:m)" e
SF=0 te -

—Ryp +750c0s 50+ 200=10
— Ryp +482+200=0
—Ryp +682=10
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2F, =0 + -

Ry — 750 5in 50 + 300 + R, = 0
Ryp + Ryg —574.53+300=0
Ryp + R, = —300+ 574.53
Ryp+ Ryp =27453 N------ (1)

Take moment About ‘p’

XMy =0

(750 sin 50X 3) + (200X 0.4)(—Ry, X8)= 0
1753.59—-1500+80—8Ry, =0
—8 Ryo=—1753.59+ 1500 - 80
—8 Ry, = 33359

Ryq = (—333.59)/(—8)

Ryo = 41.9N

Ryq = 41.69N

Ry value sub in Eqn(1)

Ryp + Ryo = 27453

R, +41.69 = 274.53

R,r, =27453+41.69

Ryp = 232.83N

Resultant R = /(2 F5)? + (T(Fy)?
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Resultant force consider R = /(X Hp)? + RVj2

Only hinged support R = /[682]? + [232.83]2

R =720N
Direction 8 = tan™? Eﬁ]
¥y
9 — tan-1 (232.83)
B 682
g = 18°50'
Location

By varignon’s theorem

YM,=RXx

M, =0+ f-

2Mp = (750 X'sin 50 X 3)~+ (300 %5) +(200X 04y + (—Ry, X 8)
»M, =1753.59—1500— 800 —333.52

>M, =0.07N.m

M, =R Xx => 0.07=720xx ==>x=0.07/720

Problem: 3

Two beams AB and CD are shown in fig Aand D are hinged supports Band C are

rollers supports.

(i) Sketch the free body diagram of the beam AB and deter mine the reaction at

the support A and B.

(i) Sketch the free body diagram of the beam CD and determine the reactions at

the supports C and Dy
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Bokrs 16 kn] i

A5 T oo j

- T TOn |
.:_3 m - L * am 2% A L |

Free diagram of beam CD

li_;_ - = el _:[T__-> R{.-ID,
Bve !E‘-FD
le 1. & =-§ g
2 Fy =0 5«
+ J—
Ryp =10

Take moment abut c=0

TM, = (20X 4)(— Ryp X7) =0

80 - ? RVD = 0
R — —80

vo — _?
Ryp = 11.42KN

Rvp value sub in Eqgn (1)
Ryc +1142=20 =>R, =20 — 11.42
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R,. = 8.57KN

Free body diagram of beam AB

BSEIN6s . Pye: Basy

P‘H‘H ‘L Boledbn
—— -

IBvn Rvg

ZFH =0 e

gl
S'F, = Ry, — 30cos 60 = 0

RH,—15 =0

RH, = 15KN

2F, =0 T+l=

Ry, — 30sin 604857+ R,z =0

Ry, + Rys —25.98—8.57=0

Ry + Ryp =34.55 - (1)

Take moment about A

2 M, =0

YM, = (30sin 60 X 2) + (8.57 X 5) + (Ryz X 8) =0
51.96+42.85—8 Ry, =0

—8R,; —X94.81/x8

R, = 11.85KN

R,s + 11.85 = 34.85
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Ry, = 22.69KN

Problem:4

Determine the support reaction of the simply supported beam shown in fig

wsein| 1T .
ﬂde&riwf!ll.ll%*al
7

Soln:

Free body diagram

L sk kN —.5kN

4 =3

A

UDLto PL=UDL Xdisof VDL

=15%x3=45

UDL 3
Lengthof UDL =—— =—-=1.5
2 2
1
UVLtoPL = 5 X UVL X length of UVL

1
= —-—X3x5
2
PL=75KN

1
LﬁlgthﬂfPL=§><3 =1m

SFy=0c
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>F,=0 1+ T+

Take moment about A

ZMA=DL+ -

(45% 1.5)+ (3 X 3) + (7.5 X 4) + (Ryz) = 0
_8R,, = —45.75

—45.75

VB = —3g

R,s = 5.71KN

Ry +R =15————— (1)
Ry, + 5.71=15

Ry, =15-571

R,, = 9.28KN

Problem 5

Find the reactions for the frame shown in fig. the line of action of 40k passes
through the point A.
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kN e ) o

acm‘ﬁmp
il Im
Em
Lm
Ik
2.6 kN|
2 m { / =

A
Tx

Wz hokn

Given
Line of action at point A’ Rya=40KN
Soln:

Free body diagram

ADRN Dok

MOWwry
Zaum;f
I e
amM
4 m |
oy LEls
.
| &~

lokprd

—Ry,+10—80=0

—R,,—70=0
—Ry, =70
R,, = —70KN
R,, = —70KN
2FV=0
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40—20—30—40+ Ryp =0

RV.D == SUKN

Problem:

Lever ABC of machine component is subjected to a force 1000n at point A as
shown in fig. compute the reaction act B and the force at CE.

Soln:

Free body diagram

. oot ~4,
Sl | "" ,-*'i‘f T
L.-‘l."m:‘f E e
_':_ |m-§¢:l IE; J(uc--...
Rrg Sy Rue
B=tan-12°°
tan [EUU)
#=330411
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2 Fy=0

—Rys — 1000 cos 560 =10

— Ry = 1000 cos 560

Rys = —554.7 N----- (1)

2 Fy=0

R, — 1000 Sin 56 —FCE = 0

Ry, =—829— FCE=829— — — — — (2)
Mg = [-1000cos56 X 100]+ [-1000sin560 X 150] + [Fz] =0
—55919 — 124355.63+ 200 F =0
—180274.63200F .z =0

200 F; = 180274

Foz = 180274/200

Fer = 901.373N
Resultant Rg=+/ (RV5)*+(RHp)?

= /(1730)2+(-554)2

Rg=181/N

H:tan'l(%z):tan'l(%
8=720141

To find

Reaction of support

Soln
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Sum of horizontal forces 2. Fy
2 Fy=0

—RH, — 10 cos 60 =0
—RH, = —10cos 60 = -5
RH, = 5N

Sum of vertical forces X Fy,
SFV=0

R,,=10sin60 —8=10
R,,=—8.66—8=0
R,,—16.66 =0

R, = 16.66N

Moment About o’

Mo =10
Mo=M=[10sin60 x 4]+ 20+[8x 8] =0
M+ 3464+20+64=0
M+ 118.64=0

M =118.64KN.m

M =118.64m
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