ROHINI COLLEGE OF ENGINEERING AND TECHNOLOGY

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

(i1) Vertical reaction
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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:
Load which is acting at a particular point (i.e.) point load;
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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.
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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

z’y.r\/'f)
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Point load = 1/2 X uniformly varying load X length of uniformlyload
=1/2X8X4

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 F; = 0

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

To find RvatRyve
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3. Take moment of force about A (X MA=0 To Rry=0 to find Rya
(OR)
4. Substitute Ryg inX FVV=0 Eqgn

To find Rva

Problem-I

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

Reactions
hKN
A
B l BN
B - |
e—=2m |
e I

To find
Reaction at the support. Ry&Rvg Rus
Soln:

Free body diagram

E5mbo LN L 4inzo
l oyl Lt L
L Rl
I & cosbo l;{zblo A
Rvp RVB
L 2m } lm} 3w ) zm |
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ZFH =0 —e

YFy= —5c0os60+4c0s30+ Ry5
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$F, =096+ Ryp

Rys = —0.96KN

Rys = 0.96N(-)

2F, =0

Y F,=—Ry, — 5sin 60— 4 — 4sin30+ R,z = 0
RV, —4.33—4—2+RV; =0

RV, + RV; —10.33 =0

RV, + RV, = 1033 > (1)

Take moment of force about A

M, =0

YM, = (55in60X3) + (4X2) + (4sin30X 8) + (Rvb X10) =0
12994+ 8+ 16—10R,; =0

36.99— 10 Ryz = 0

—10 Ry5 = (—36.99)/(—10)

R _ —36.99

Ans: Ry =3.69N
RvB vaie SUD In EQN ----- > (1)
R,,+ R, =10.33

R,,+3.69=10.33
R,, = 10.33 —3.69

R,, = 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.

To find

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

Free body diagram

1508 nS0

Ritp ,,_:gl%w ( FET o

L o

TRVP | 3oon i 'RVQ

TF=0 t+ -

—Ryp +750c0s50+200=10
—Ryp +482+4+200=0
—Ryp +682=0

!
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YF,=0 + -

Ry — 750 sin 50 + 300+ R, = 0
Ryp + Ryp —574.53 +300=0
Ryp + Ry, = —300+ 574.53

Ryp + Ryo = 27453N____ (1)

Take moment About ‘p’

EMP =0

(750 sin 50 X 3) + (200X 0.4)(—R;, X8) = 0
1753.59—-1500+80—8R,, =0
—8 Ryo = —1753.59+ 1500 — 80
—8 Ry = 333.59

Ryo = (—333.59)/(—8)

Ry, = 41.9N

Ry = 41.69N

Ry value sub in Eqn(1)

Ryp+ Ryo = 274.53
Ryp+41.69 = 274.53

Ry,p = 27453+ 41.69

R, = 232.83N

Resultant R = /(X F5)? + (X (F, )
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Resultant force consider R = \/EZ Hp)? + RVp2

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

R =720N
Direction 8 = tan™* Eﬁ]
»Vy
9 — tan- (232.83)
B 682
g = 18°50'
Location

By varignon’s theorem

YM, =R Xx

M, =0+ 1-

XMy = (750 X sin 50 X 3) + (300 X 5) + (200X 0.4) + (R4 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.

(ii) Sketch the free body diagram of the beam CD and determine the reactions at
the supports C and Dy
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ok 1o %N/
/ L_—,fw;m‘ e
= e 2
| |
le2m 4 oam g Bm loam | A0

) - Mo, =3
Rve TRVD
k e Ny 3
2 Fy =0 =«
RHD == {]
Ryce+Ryp=20____ (2

Take moment abut c=0

TM, = (20X 4)(— Ryp X 7) =0

8{] - ? RVD = {]
R —80

o — _T
R,, = 11.42KN

Rvp value sub in Eqgn (1)

Ryc + 11.42=20 =>R, =20 — 11.42
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R,. = 8.57KN

Free body diagram of beam AB

30 SIngo QV‘C: Bz

RHa L Bocsbo J,

<« — =

TEW—\ Rva
| :

* 2"7% am Im
2 Fy =0 N

YF, = Ry, — 30cos 60 = 0

RH, — 15 = 0
RH, = 15KN

Ry, —30sin 60— 8.57+ R,z =0

Ry, + Rys —25.98—8.57=0

Ry,+ Rys = 3455 (1)

Take moment about A

2M, =0

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

KN
eI
5m

[ om

Soln:

Free body diagram

LSKN 3"” -1.5KkN

Ale—L—je’
18 g 15 4 "My v  JRvp
M

UDL to PL=UDL Xdisof VDL

=15x3=45

UDL 3

1
UVLtoPL = 5 X UVL X length of UVL

1
= —-X3x%5
2
PL=75KN

1
LengthafPL=§><3 =1m

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

Take moment about A

ZMA=DL+ T

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

—45.75

VB = _3

R,s = 5.71KN
Ry +R =15————— (1)

RVA = 15 - 5?1
Ry, = 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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2ok TN hDKN

" p"v, = 4okn

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

Free body diagram

AOKN BokW

nown
217»(:\4;.(s
I (m Im
am

, 20¥ =&
0K
L

| 2m

l
Sm

e

Rva=doen

ZFHZO —e—

+_

—Ry,+10—80=0

Rvp

—Ry,—70="0
—Ry, =70
R,. = —70KN
R, = —70KN
T FV=0

ME3351 ENGINEERING MECHANICS



ROHINI COLLEGE OF ENGINEERING AND TECHNOLOGY

Ry,—20—30—40+R,, =0
40—20—30—40+ Ry, =0
—50+ Ryp =0

RVD == SBHN

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:
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2 Fy=0

—Rys — 1000 cos 560 =0

— Ry = 1000 cos 560

Rys =—5547N___ (1)

2 Fy=0

Rys —1000Sin56 -FCE =0

Ry =—829— FCE=829— — — — — (2)
M, = [~1000 cos 56 X 100] + [—~1000sin 560 X 150] + [Fz] = 0
—55919 — 124355.63+ 200 F; =0
—180274.63200 F =0

200 F; = 180274

F; = 180274/200

F.p = 901373N
Resultant Rg=+/ (RV5)*+(RHj)?

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

Rg=181/N

173

H:tan'l(;—z):tan'l(a
8=720141

To find

Reaction of support

Soln
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Sum of horizontal forces 2. F
2 Fu=0

—RH, — 10 cos 60 =0

— RH, = —10cos 60 = -5
RH, = 5N

Sum of vertical forces 2. F,
SFV=0

R,, = 10sin60 —8 =10
R,,=—8.66—8=0

Ry, —16.66 =0

Ry, = 16.66N

Moment About ‘o’

Mo=10
Mo=M=[10sin60 X 4]+ 20+[8Xx 8] =0
M+ 3464+204+64=0

M+ 11864=10
M =118.64KN.m

M =118.64m
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