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SYSTEM OF FORCES

INTRODUCTION 

The force is an important factor in the field 

of Mechanics, which may be broadly 

defined as an agent which produces or tends 

to produce, destroys or tends to destroy 

motion. e.g., a horse applies force to pull a 

cart and to set it in motion. Force is also 

required to work on a bicycle pump. In this 

case, the force is supplied by the muscular 

power of our arms and shoulders. 
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EFFECTS OF A FORCE 

A force may produce the following effects in 

a body, on which it acts : 

1. It may change the motion of a body. i.e. if 

a body is at rest, the force may set it in 

motion. 

And if the body is already in motion, the 

force may accelerate it. 

2. It may retard the motion of a body. 

3. It may retard the forces, already acting on 

a body, thus bringing it to rest or in 

equilibrium. 

4. It may give rise to the internal stresses in 

the body, on which it acts. 
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CHARACTERISTICS OF A 
FORCE 

In order to determine the effects of a force, 
acting on a body, we must know the 
following characteristics of a force: 
1. Magnitude of the force (i.e. 100 N, 50 N, 
20 kN, 5 kN, etc.) 
2. The direction of the line, along which the 
force acts (i.e. along OX, OY, at any angle 
from OX or OY etc.). It is also known as line 
of action of the force. 
3. Nature of the force (i.e. whether the 
force is push or pull). This is denoted by 
placing an arrow head on the line of action 
of the force. 
4. The point at which (or through which) the 
force acts on the body. 
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PRINCIPLE OF PHYSICAL 
INDEPENDENCE OF FORCES 

It states, "If a number of forces are 
simultaneously acting on a *particle, then 
the resultant of these forces will have the 
same effect as produced by all the forces". 

PRINCIPLE OF 
TRANSMISSIBILITY OF FORCES 

It states, "If a force acts at any point on a 
rigid body, it may also be considered to act 
at any other point on its line of action, 
provided this point is rigidly connected with 
the body". 
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VARIOUS SYSTEM OF FORCES & 

RESULTANT FORCE

When two or more forces act on a body, 
they are called to form a system off orces. 
Various system of forces are as given: 

1. Coplanar forces: The forces, whose lines 
of action lie on the same plane, are known 
as coplanar forces. 

2. Collinear forces: The forces, whose lines 
of action lie on the same line, are known as 
collinear forces. 

3. Concurrent forces: The forces, which 
meet at one point, are known as concurrent 
forces. 
The concurrent forces may or may not be 
collinear. 
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4. Coplanar concurrent forces: The forces, 
which meet at one point and their lines of 
action also lie on the same plane, are known 
as coplanar concurrent forces. 

5. Coplanar non-concurrent forces: The 
forces, which do not meet at one point, but 
their lines of action lie on the same plane, 
are known as coplanar non-concurrent 
forces. 

6. Non-coplanar concurrent forces: The 
forces, which meet at one point, but their 
lines of action do not lie on the same plane, 
are known as non-coplanar concurrent 
forces. 

7. Non-coplanar non-concurrent forces: 
The forces, which do not meet at one point 
and their lines of action do not lie on the 
same plane, are called non-coplanar non
concurrent forces. 
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RESULTANT FORCE 

If a number of forces P , Q , R ... etc. are 
acting simultaneously on a particle, then it is 
possible to find out a single force which 
could replace them i.e. , which would 
produce the same effect as produced by all 
the given forces. This single force is called 
resultant force and the given forces P, Q , R 
... etc. are called component forces. 

COMPOSITION OF FORCES 
The process of finding out the resultant 
force, of a number of given forces, is called 
composition of forces or compounding of 
forces. 

ANALYTICAL lVIETHOD 
RESULTANT FORCE 

FOR 

The resultant force, of a given system of 
forces:, may be found out analytically by the 
following methods : 

1. Parallelogram law of forces 
2. Method of resolution. 



4  

 
 

 

PARALLELOGRAM 
FORCES 

LAW OF 

It states, " If two forces, acting 
simultaneously on a particle, be 
represented in magnitude and direction 
by the two adjacent sides of a 
parallelogram; their resultant may be 
represented in magnitude and direction 
by the diagonal of the parallelogram, 
which passes through their point of 
intersection." 

Mathematically, resultant force, 

and 

whett 

f. sin8 nna:-·--
F1 t F: cos8 

F
1 

and F= = Force1 whose rtsultan1 ts requil!d to be found out, 

8 = Angle between the force~ F
1 

and f :, and 

a = Angle \\'ruch the resultant force nm~ wtJJ\ one of the forces (say f 1).1 
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t~J\ 

Ccr. 

Note. l1 the angle (a) wruch <.l\e 1'solrmt fO!te mv:e, with 1he 01hef ~ F, . 
• • 

f: sm8 
taJ\a ------

1. If 8 = 0 i.e., when !ht !O!tts tct slong the wne line. then 

R = F1 +F~ (Sir.c~ cos O; = lJ 

2. If 8 = 90; i.t. when the fostes act at riglu angle. then 
• 

.. (S11'1:t cos 9(f = OJ 

3. If 8 = 1S0, i.c. wl'tn ~e fotw ac1 along the saw sttai:ht hnt bur in oppo$irt du'ecnon.s. 
wn R:F,-F, .. (S~ec~ ~=-lJ 

• • 

In &us we. rl'f re~tant fem ·ill acr m !ht disecoon of !ht gmttr f«ce. 

4. If tht r,;o fett.es are equal i.e.. ·htn f 1 = F! = F then 
• 

R ✓F: F: · .F~ cos8 .Fz (l · cosO) 

,. , re) 
··/·' 1 + cosO . cos· l-

• 
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NUMERICALS AND PRINCIPLE OF 

RESOLUTION

RESOLUTION OF A FORCE

The process of splitting up the given force into a number of components, without changing 

its effect on the body is called resolution of a force. A force is, generally, resolved along 

two mutually perpendicular directions. In fact, the resolution of a force is the reverse action 

of the addition of the component vectors. 

Ex.amp le . l\vo jorca of 100 N a11d 150 N a:r12 acting nm:lhaneowly ma poim. Wilm is 
tJJe renuram of thae two farces. if rb£ angle beth'£Dt them is 45''': 

Solution. Given : Fin fota (F.J = 100 :-i: S econd foroe (F_) = 150 N :uu:l :mgle be:tv.een 
F 1 :rnd F: (8} = ~= - • -

Vie know trutr the i-esul.wu- force. 

= 0 CDl - :!2 5CX) ~ (30 CDJ "<0. 70TJ N 

Example . ru·o forus acr az an nr.glE of 120". Die bigger force is of 40 N arid the 
renthax:t is perpcr.tfio1lar to :he smaller one. Find rite smallu fora. 

Solution. Given : ."-Ag;le benveen che fore.es LAOC = 1:!0"' . Bigge:- foroe (F t> = .t.0 N :md 

~ between dle resultaru and F: ( L BOC J = 90" ; C: R 

L~ ~=Small~fma!mN .,._7\ 
Ftom me geomeu:y of th~ figure. we fmd rh.31 LA.OB. Q 

a = 120= - 90" = 30= 
\\'eknow~ 

"0 I\ A p 
tana 

F: sin8 

£;. + F::.~ 9 

t:an30" 
F: sin 1-20" Fr sin 60" ---"'------ =----'-----

~ .i. F- cos1'20" ~ + F: ( - cos60") 

0 
__ ..,. rj_ x O.S 6 O.Sb6F~ 
:) 'I - -

' . - 40 - F.. 0 .5 JO - 0 ...5 F~ 

1.5 F. 
a.5-;7 

or 
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PRINCIPLE OF RESOLUTION 

It states, “The algebraic sum of the resolved parts of a no. of forces, in a given direction, is 

equal to the resolved part of their resultant in the same direction.” 
 

 

Example A machint ,ompontnt 1.5 m long and wtighl 1000 N iJ supporltd l1y two 
ropes AB and CD as shown in Fig. 2.2 tiwn below, 

Fig. 2.2. 

Calrnlate the tensions T, and 1:. ;n the ropes AB and CD. 

Solution. Gh•fft : \Vtighr of tht COJl.9C)f\tnt e 1000 N 

D 

Rt$Olving thf forct.s horizonco.lly (i.1., fllong BC) end tqUlting the $.OMt . 

T1 COS 60° • 7! CO$ 4 5 ° 

CO$ 45° 0.101 l, = --~x T, =-->< T, = !Al• r, 
CO$ 60° • 0.5 ~ 

and now molvU\_g the forou \wtiCQJl}T. 

and 

7
1 

.sin 60° + 7
2 

sin 45° = 1000 

(1.414 r,) 0.S66 + r, x 0.101 = 1000 

t.93 r, = 1000 
• 

IIJOO 
T, = -- : 51S.!N ,In,, 

1.93 

71 = 1A14 X 518.1 = 732.6 N An,. 

MElHOD OF RESOLUTION FOR THE RESULTANT FORCE 

... (i) 

1. Resolve all the fort.f $ horizontally and futd the nlgebfi'lie sun of all the ltorizof\lol 

compon"'" (i., ., LI{). 
2. Rtsolve o.U the torus vertically and 

f ind lhe ilgebraic son of i ll tht 
vertical conponenu (i.e ., EV) . 

. ~. The resultant Raf the given forces will b~ 

given by the equation : 

R = Jcr, Hf + a:v)' 
4. The resulmnt force will be inclined at at\ 

angle 0. with. the horizoruo.l, s.uch I.hat 

rv 
ta.n.9 = 

I:H 
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EQUILIBRIUM OF RIGID BODY 
 
LAWS FOR THE RESULTANT FORCE 

The resultant force, of a given system of forces, may also be found out by the following 

laws : 

1. Triangle law of forces. 2. Polygon law of forces. 

 

 
TRIANGLE LAW OF FORCES 

It states, “If two forces acting simultaneously on a particle, be represented in magnitude 

and direction by the two sides of a triangle, taken in order ; their resultant may be 

represented in magnitude and direction by the third side of the triangle, taken in opposite 

order.” 
 

 
POLYGON LAW OF FORCES 

It is an extension of Triangle Law of Forces for more than two forces, which states, “If a 

number of forces acting simultaneously on a particle, be represented in magnitude and 

direction, by the sides of a polygon taken in order ; then the resultant of all these forces may 

be represented, in magnitude and direction, by the closing side of the polygon, taken in 

opposite order.” 
 

 
FREE BODY DIAGRAM 

A free body diagram (FBD) is a graphical illustration used to visualize the applied forces, 

moments, and resulting reactions on a body in a given condition. They depict a body or 

connected bodies with all the applied forces and moments, and reactions, which act on the 

body. The body may consist of multiple internal members (such as a truss), or be a compact 

body (such as a beam). A series of free bodies and other diagrams may be necessary to 

solve complex problems. 
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RIGID BODY EQUILIBRIUM 

A rigid body will remain in equilibrium provided 

• Sum of all the external forces acting on the body is equal to zero, and 

• Sum of the moments of the external forces about a point is equal to zero 
 

 
 

   

Space Diagram: A ketch 
showing the physical conditions 
of the problem. 

F~ /F1 

" LFx o. 
~M2 

..-- LFy 
F3 / \ F2 LFz 

M1 (a) 

730 

Free-Body Diagram: A sketch 
bowing on1 y the forces on the 
elected particle. 

0 LMx 0 

0 LMy 0 

0 LMz 0 
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Rigid Body 
Equilibrium 

Categories 
in 2-D 

L UollineAr 

2. Concurr nt 
at a point 

4 Genera] 

CATEOOJUES OF EQUrLIDRJUM I . 'rWO DTh1El\SIO ' 

Free-Body Diagram 

y 

---x 

y 

-- X 

.Y 
I 
I 
I --x 

Iudrpemlfnl. F,q11ations 

r, p 0 ,I; -
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Rigid Body 
Equilibrium 

Categories 
in 3-D 

CA1'F.C:01UES Of' BQU!LlBIUUM lN 'l'tU!l!:E DIMENSIONS 

Fore~ Sy•l:t!m Free-Body Diagram lnclopcndent Equntions ________ __;_ _ _:;_ __________ ...:.... __ _, 

I. Conc\1rrcnt / F• Y
1 nt a point ~-,, . • 
I _, x 

2. Concu.rront 
with u line 

3. Porullul 

4. Ocncral 

~~ 

' ' z 

rF, = 0 

l11')' = 0 

i:F,cO 
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Chapter 9 : Support Reactions 161 · 
that the total weight of the fan and gird . . 

5ee . er ts actmg th h h 

1 
.
5 

[hus obvious, that walls must exert equ I d roug t e supports of the girder on the walls. 
t J • a an upward t· h · · 

J
')ibrium. The upward reactions offered b 

1 
· reac 10ns at t e supports to mamtam the 

equ . ' Y t 1e walls ar k . 
f fact, the support reaction depends upon the t ' ~ nown as support reactwns. As a mater 

o ype of loading and the support. 

9_2. Types of Loading 

Though there are many types of load in . . · . · , 
_ . . g, yet the followmg are important from the subject point 

ofv1ew. 
J. Concentrated or point load, 

2. Unifonnly distributed load, 

3. Unifonnly varying load. { . 
. ' 

Concentrated or Point Load 
. ,I., : •11 1 : I 

A load, actin° at a point on a beam is kn , 
b . , own as a concentrated. or a po,int load a~ shqwn in Fig. 

9.1. ' . 
·, I. ' . w2 .! 

';' J·:· -: 
Af"" •-•- MWWW . - . ~ ' 

' ' 

' '. 

,. .. . :47 .,, :··" 'i.B <'". _.~i·• ·, 

. ·. ·- . 

'j 

I: 

Fig. 9.1. Concentrated load. · 
RB 

_,.; 

.:-:-

• • • 0 ' • •J ; ' 0 \ I • 0 ! • M > 

In actual practice, it is not possible to apply a: load.at a point (i.e., 'at a-mathematical point), as 
it must have some contact area. Byt this area being so small, in comparison with the length of the 
beam, js negligible. · · · . - · ·: · .... .', '. · · 

; . . - . ,. ' . . .. ,' 
9.4. Uniformly Distributed Load 

. . . 
A load, which is spread over a beam; .in such a manner that each ·unit length is loaded to the 

same extent, is known as uniformly distrJ~ute4_ load.(briehy,writ_t~n ~~ _VPL) as ~h-?--wn_in _f _ig. 9.2 

, : . · ·, ;--:- w _per unit length · 
1 , ~ / ....... ~-----------

Af ' , ' ,' ·. ·r 
RA' . ;, ,RB . 

Fig. 9.2~ Uniformly distributed load. . 

. The total uniformly distributed· load is assumed to act at the ce°:tre of gravity' of the load for 
all sorts of calculations. , ' . . 

9.5. Uniformly Varying Load 
. A load, which is spread over a beam, in such a m~nn~r that its_ extent :ari~s, ~~f~r~~ on each 

unit length (say from w· per unit length at one support to ~2 per umt length at the other support) is 
known as uniformly va~ing load as shown in Fig. 9.3. · • · · ·, 

, • I 
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t one support to w at the 'other. Such Sometimes the load varies from zero a , . a loci(! . 
' , , , Is 

called triangular load. ....-,rr-nTl77l \ 

,I' ····r 
' ' w l u · 

, 2 ,nit length 
··--.1. 

..t ..... 
w1 / unit length T ... .. 

RA 

Fig. 9.3. Uniformly varying load. 'I 

f thc ·ibove-mentioned load system, or a combinations Note: A beam may carry any one O 
' , , , , , , . , • ,. . Ofthe

1

,,, : 
or more. ' , . 1 

9.6. · Methods for the Reactions of a Bea~, · . 

The reactions at the two supports of a beam may be found out by any one ~f the foUowin 
methods: . . g1ii, 

1. Analytical method 2i Graphici11 ~ethod. 

9.7. Analytical MethOd for the Reactions · ~f ~ Beam · ·, · 

w, 

~ a 
,,' 

A 
B. 

b . '' 
' I 

C ►I 
RA 

. '· 
Fig. 9.4. Reaciions of a beam. , , , ,i , .• • · '. : • ,• '., .. : • 

• I •I I 

/. · .. '"'/. ~~ R1i ~'"i ;t;r5; .. , l 

Consider'a *simply supported beam AB of span t; subjected to point'loads w;~ 'w 2 and wl~ 
distances of a, band c, respectively from the support A, as shown in Fig. 9A ., ... 

Let RA = Reaction at A, and : 
1 

, , 

. . i ,: I'- '•,., ,'I ' · , , 

. . . RB= Reaction" at B.'- :· '. '. •' .; I I , · I , .. '' 1.'i/ . r 
We know that sum of the clockwise moments' due to loads about A · '' . 1• 

... (,) = W1a + W2b + Wjc ,' 
and anticlockwise moment due to reaction RB about A. 

. . = RB t . , ', , ., ... (nl 

or 

Now equating clockwise moments arid anticlockwise moments aboutA ' • 
1 

1 
,:; •• , O) 

, • · · , , , l 1!'1 J, 
1

,1 r,M-
RB [=WI a+ w2 b + w3 c ' 1', ... (•: -

, • I ),I• I,,. I' 

R _ W1a + W2b + W3c 1 .. • .... .'
1
.~.1 .. 11 {

1 
. , .. (iii n- ---------- , ..... · ., ,· , .... tj, 

' l \' 'I • I 
l , • •' . ' • r I f,,' 

Since the beam is in equilibrium, therefore · · , '. ' •' 
. · , . ·: • ,,I(''•. 't _., J, ' y, ij) R R W ·, \, 'I ( ( • : i ;, ' A + B.= I + w 2 + W3 ' · . :·;\ 

and · RA === (W, + w
2 

+ W
3
) - RB 

·.,.- °;'-
1 

• ';,fjli•+' ►·J"~,, J,.,_ !.\."q,r:):,-n,i.:,., ,;, ,, ,: '• ;:)_') //•~1tl-}-i"il, •••, 

. * / Jt will also' be discussed m Art. 12.12 • · (' . ·. ~ , 
L,......,:_:},< ,:a... ..... i.4 • .l",,L.;,:..:;1;.:,.;·.:.., ..... ").:l,: \ ·-··, •. ,'~--.. , :,4; '·•·-
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9. 12. Slmply Supported Beams 
It i~ n thcor-ci\cnl ·nsc, in which the 1md of n bcnm is simply 

2 m ~~ l m+~i1 m--.j · 
------- 5 111 ------.i 

Fig. 9.7. 
Solution. Given: Span (/) = 5 m 
Let R,1 = 'Reaction nt A, and 

R8 = Reaction at B. 

a, 

The e.xample may be solved either nnnlyticnlly or graphicnlly. But we shall solve a,nalyticallyonly. 
We know thnt anticlockwise moment due to Rn about A · 

= Rn x l = Rn x 5 = 5 Rn kN-m ... (I) 
nnd sum of the clockwise moments about A, 

or 

and 

only. 

= (3 x 2) + (4 x 3) + (5 x 4) = 38 kN-m ... (ii) 

Now equating anticlockwise nnd clockwise moments given in (i) and (ii), 
5 Rn= 38 

38 
Rn=-=7.6 kN Ans. 

5 
R,1 ·= (3 + 4 + 5) - 7 .6 = 4.4 kN Ans. .. 

Example ·g,2·: A si,i,pl)' si,pprHied oea'r,i', ·A:Ti/iif;sptfn':6;11i 'is ioa'ded;:ds~(]ii1i'iii'fi;{fi7•1Hj~tf;.-- -j 
. -- -.. . - \ •.,,,• 

1
,., ,'~ ,·• .... • .. ;.1~~1.:.\~l.,:•a_..:.·~: , ,, ;'.' .~.:::,,._h,.l.~ .. ,!-J.~),'.._~~';-:_;!.;. .!...,____., .. -

A 

R.-1 

4kN LSkN 

C 

r2kN/m 

E D 

1.5 m ~~ 1.5 m ~i.-- 1.5 m ~ 1.5 m 

Fig. 9.8 .. 
• -•-• • -,- ' '._,,.,,, ..... _ f".'l t' •I - p,,..,.,•,-,1 •n-,,\7•t,"-J' f!'" 

Deteimi11e the,reactions R;\ a1,1d•R.» of(he:/Jea,rn. . , .. , · . , ·, 1" . .- .. • ,- • · ..... ~ 
,. .• ~ ._ .•. " • • ,1, I '• t~}../., 1 , '_,,. · ~ .• 11.,,•;~,-, ,J)'.,~,i~_.:"thu;,,_,~...,....,.,-•• 

Solution. Given: Spun({)= 6m · 

Let R;1 = Reaction at A, and 

Rn = Reaction nt B, , 111 

The example may be solved either unnlyticnlly or graphically. But we shall solve it annlyuca 

We know that anticlockwise mom~nt due to the reaction Rn abq~1t A. 
= 'Rn x l = Rn x 6 = 6 R8 kN-m · 

.., 
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... (ii) 

or 

and 

Fig'.'9'.9:' · ·;:; , '·,, , 1•. · 

F
. d I . ,. , ........ ·,.' -:_..,. , .... ,.,,.'./,.,,,.; ,,,:. · - ' ' ·. . Ill ' I , l_e suppg/1, 1:ea,cttw1~:af.A,:,irnd. B:· .·: "';/:'_;· .:·'I: '(:;";_·: :; /,_, ,, .... ' -:-~;,···. ·::·;,• ... C''I'"'",: ~.-a• 

S I t

.· 

0

: ., .... , ......... , , :·,,!:.!
1
,·" ·•,i-"'.::-., .. :",':;.1·-1,, ';1l·'i.i:-•-':1r, .. ·.t.1,_.,:., ·:,,'.,::..,i"',·,, ,:, c·J.:: o u ,on. 1ven: Span (l) = ,4.5 ·m ' · , ... , .. ,_ ·" __ ., .. ·'·'·"·"•"' ._,,, __ ,,,.,_., __ ,,,. ·

1
""·

0

·'·''°'•·'· '.....--~---

Let R~: ,Re'actidn ~t~, anct·' ,!'·:,\-'' ' ,,,.,,.,' 

I .. I ' 

Rs= Reactiqn at B. ' 
Fot the sike of simplicity, wb sh~ll assuine the ;hifonhly vfil)'i~g load to be splitt1 up into 

, (u) a umfonnly distnbuted load of I kN/m over the entire span, and '(b) trimurolar load of o at 
Atol kN/n1'ttB. , , .... , ,·· : . 

0 

' ' ' 

I I ' ' ' ' I 

We know that antidocbvise i:nonient due t'o R aboutA · ,' , . · ,, · · B '
1 

' ·!,.' ,.' 

. ,= :~s ~,. l ~-~n,.X -~;5. =:=,,4 ... ~,.R8 1 kl'tm .. : . ·· 1 

• and sum of clockwise moffiCnts. du~·to imifocinl'y, vary\,ig 16,a abou; A , . 
', ,' · = (1, ~-4.5 'x 2.25) +9 .25 ~ 3) = 16.875 kN-m 

.. . (ii) 

Now equating aniiclotkwiSe and.d0CkWi;e moitlentS give~ in ·(i) .furl (ii), 
' ' ' - . ', '.:' ,• _,· ',,1, ~' ,,.,_. ... , ',_:• • ' , . I 

4.SRs ,--;_J p.875, .. · . .. •·.·,, .. .. ··:-"·.· , . .. •,,: ··. 

0R
8 

= ~ . = 3.75 kN ' · Ans. · · · ·r 
4.5 or 

I 

Ans. 

and 

. . [,, 0 i] ,, -
Ka~ [I X 4.5] + 4.5 X ---;- - · J.75 = 3.0 kN 

' . ' i' ' -------;.....· _..:...- __:...' -"---' -""'•"- ; ', .' . ' " .. . . . . ' . .. . .. " 

' The "nifo~nly diSt/ibu/ed'lo;,d' 0/2 jiN/ti1 .,;·; 1;,,jg1b of-l.5"m (;.i., betWCOn C anO /iJ if>si.,m«\ ,S ,n 
oqui,,.Joot pointload o.f2 / I J ~ 3 kN an<1 actin1' at t)/, centre of.gravity of tho Jo,d i.,.,'ota <listru\ie' of ' 

1.5 + 0.75 "2.25 m from A. · · · "/ • · · · - ' ·· · · 
tt The uO!fotml y distributed l_o•1 of ,1 _kNim:.~vet th~ ~¥J~ sP:n is "''.urned a~ :"' equl;~, p~int Jo;,d_of; 

t , 4.5 a 4.S- kN'arul acting at· fue' ooOtre of g,avJ/\'' of the-Jood , .,. ot o dl.stanoo ·of·1,<5 m from r 
Similarly, the triae~~1_lar load m assume~ as a_n ~~,,, ,vID,'.''t l"'"'t 10,,d o/ 45: ,"; t : '"'l! m(d:;i~ng 

•· "' 2 - ' "- .. 

at the oontte of gravity of the ina.d i .. ,,-distan<\ ~ ,.4~ ) if ' 3 m f~O\ A-,'' · · · , • : . · . ' ' ', .. .-. :,. • .. .- . . . " . . . .,. ,. ' . . . •. . . . ' --·- ) 

I 
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011 Ii· 1·1t/Jjl!c/(!r,l lo lor1dlng qv 
11 , 1111\/J of 6 111 ,\'/> ' ' • · · ' ' ' 

10
iv Exnmplo 9,'1, A sl111pfy s11pw,rtctl Ju" ~ I~ 

. 10. 

,I ·N ,1 kN j _ 

J-2 1<N/lll ~ 2kN/m -~,..,.,.« ,1 -r /) I\' a:i;r:LW.J.J.J- --...... 

I --- 3m ◄- I Ill -►I◄- I Ill -►I◄• I Ill -► ◄ 

Fl!J. 0.10. 

. . ' . , , ,ort mactlon.1· at I\ and I), Fine/ ~mplrically or otlte,wr,\C, Ilic ,II// . 
Solution. Given: Span (/) = 6 111 • 

" - Pe·,etion nl A, and Let "1 - ' ' 

/ = Reaction at /J, 
n . , l I ic to R about A We know that anticlockwise momcn ct /J 

= Rn x l = Rn x 6 = 6 Rn kN-111 

and *sum of clockwise moments due lo loads about A . . . : . . . . . . 

, · · (0 + 2) · · · 
. . = (4 x 1) + (2 x 1) 1.5 + (4x 2)+ 2 x 3 x 5 = 30 kN-~ ' 

, k · ents given in (i) and (ii), · Now equating anticlockwise and cloc wise mom 
6 R11 = 30 

or 

and 

30 
Rn = - = 5 kN . Ans. ·· . 

6 . 
R~ = ( 4 + 2 + 4 + 3 )- 5 = 8 kN 

./ 

Ans. 
I '• 

••,fiJ 

, .. (ii) 

9.13. Overhanging Beams .·. ·:' ·· 

A beam having its end portion (or portions) extended in the form of a cantilever, beyond its 
support, as shown in Fig. 9.11 is known as an overhanging beam. · . 

C 

W2 
-~/.unitfon~!h :~ .. , ·· . , . 

1
: ••• '· ••• 

..... -~- ... _,.,._, 
A•I' 

. 'l'B 

R B 

,, 
E 

Fig. 9.11. Overhanging beam. 

It may be noted that a beam may be overhanging on one of its sides or both the sides. In ,.i 
cases, the reactions at both the supports \yill be vertical as shown in the figure. 

-· -, ... . 
• . ,k-. ' ' . ' • ' ' ,• . ' '1' t ·, 

·* It means converting the uniformly di; tr;ibuted load between C a~d D as. wen' as trianguiar'.Ioad 
E and B into vertical loads as discusseC: below: · · · · ' ' 

1. The unifonnly distributed ioad Is' ;,,urned as .an equivalent point load of 2 x r·~ 2'.~ 
the centre of gravity of the load i.e., utthe mid point of C and D, . , i . , · . ,- .. , c • 

. ' ' ' ; . ' .. ' . . , . 

2. The triangular load is ass~med as ah .. <iqui valent point load of .. !!..:':.3. x 3= 3 kN ;iidin 
' ' 2 \ ,· 

centre of gravity of the loruJ;,, . at a distance of ~ x 3a 2 m from E on·m from A: '- ·, 
. /, . ·'. ·,. 1:·•:7fh',:''., '.; ! 3 , .• · : ( ·1-i, j ,,..;·---·-
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. . . 

. , = example 9.s·;-' ·~r ~~~j1-;y/oj sp~n 3;)i, overlwiiging on boi~~ ~,~,e~ is l~aded ds iw~ i;; iift9:1?~ 
' ~ • \ ... • • • • • ' • - " ·- - ·- •• J 

lkN 3kN , 

C 
E 

D 
A 14---i'm ., ►I 

· ~ 1.5 m-1~---____:• 3 m -' 
1

---'--· ·-·---..i4--l ·m+\ • 
'\ 

' ' · · >' .. ,, .. ,.. F"1g· · 912 i. · .. ' · ·' 
' ·, .. I .. I. ' '. I , I • . . , I • I - ·. • .. I .. • ' 

-~-----Dete~i~{~h~~rt~Ill?lff~r3~~7!P#.re~i:tf~r.BI~J:l~t:*trftlf(;f[·- --~s;r~r~/~~:~~~::~<~~-~~~~'l 
Solution. Given: Span ([) = 3 m ' :· ' · · · ·- · · 

',;i; . .-:·.·· .( ;i - .... 

Let RA~ Reaction atA, ·~d-· · , ' ·· · · : · i 
. , .. t_,. , :. I •,t',.} );_,, ~ ;: , \,' ,~ 

RB=ReactionatB: · ~-•·: .. ·1
., ,: ·_··•,- ;' '.- ·- • -_._. ·- ·:· • • 

·. • . ,I-,;: !_- \ ,· ; •, ;~~ ... , ~ ; ' ., , ·: f -, \. • \ _, 

We know that anticlockwise_m~rpen~ due to :R8 and lc?ad* at C a'?outA . 
• ' • .- I ,. ,. ' ·, • • ' • 

' .. =~8 x l + (1 _x 1.5)_~ R8 :x·_3 + (1 x_ 1.5) ~ _3R8 +: 1.5 kN ·,, - , - -: .. · ... (i). 
and sum of clockwise moments due-to loads abo_ut:A , ... :- ~-, · -, ; ·-; .... . __ , ., 

• ' ., ., • i ,·!·, ,. ' ·. ; . , · 

· =(2 x 2) 1 + J 3 x 2) + (1, x ·1).3.5 = 13.5 ,kN-m 

Now equating anticlockwis~ ~n<l clockwi~e morhe~s , given i~ , (i) and (ii), . 
, ' ' !, ' • 

•. , 

... (ii) 

3RB+ LS =~3.5 I .,. • ',, ; ' ,- ,
1 

or 

I , • • • I , I . ' '. 11 1 • • - \ ,: ., • 

'·-'13.5-1•;5 ·, 12 · .,,. , ·. ·'· . }• 
R8 = , = - = 4 kN Ans. · . . 3 /, · 3 , ,. ' .. 

RA= l + (2 x 2) + 3 1_- (1 _x 1) - 4 = 51,cN Ans. 
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4
. AbeamAB6mlongrestso~t~o ·s~ ·· .'.'' · , '· · ·: ;· :. • •:s~.,: _;- , ,. .'~ ;'? __ , 

by 2 m. The beam carries a uniformf P0:ts ~ m apart, the right hand end _is ~v~r~ang~ng · 
of the beam. · Y dtSlnbuted load of 1 kN/m over the entire length ! 

, 1 
Determine the reactions at the two · 

1 

. supports. 

A 
beam ABCDEF f 7 5 · . [Ans. RA ::,. 1.5 kN,' Rn= 4.5 ~j J 

5. 0 · m long and span 4 5 · · loaded as shown in Fig. 9.lS, 
1 

.,• • .' · m is sll~~orted at B and E. The beam 1s 1 

Fig. 9.15. . 

Find graphical~y, a,r othern:is~::-~e suppo1,f.~!lc~i?,ns a_t the tw_~ ~~J?P~f]~;.; ,,. '., :~~~~,:~:·:~ 
•• ••• __ • • .•• 

1
• , -•'. •• : •.• .' [A~s •. R,a=29.33 KN, RE=-12.57kN] 

6. A beam~~f~gj1 a~A'ah4·~;p~~ri~~ ~ri1ro~~~{iit,b: i~'\~~d~d"~({tiovJ([n' Fig. 9.1?· ' 
t .. :i..u.·•J. 1< , , -, . ., . • ..,, ~-. l.i..r~+ .. f,il,.5c..,'{ ~f-; , ..,,._~ :.·"'-•~' -"', ~,.,;.-,....~ 

• r \ • •• 

Fig: 9.16. . . 
r .... - ~ ? .. .., ~· ..,. ... ,ri''\,'1:1":'> :~f;.p.e.,?·;~1i';, 'f.?~"' ... ~)l t2: f.!.)i.n, l -'c-~+!t,\~fJ);-;" t! ':\.lf!t.~ . ~'t ··t• 7-..!"~~tn:- P.,'t'""~ ,~~"".(~ r~~· - f -I'.... ~

4 

Find the rea)_tio~( a({~r(d~,:1?:l ,:J;(. (~}f_[A,rt~~~~:~~.j ~?1.,~ ~:.~0~~1i 12:?.~ ~)i~•6Jtl i 
, • , "' • .- -~ , ,).✓ , •• $~ , ,1. , I ( • .~ , ,,,.'I...._..., , ~· , _.,, .i,.J. , .,-. t11,,~•·• .., - ·"· • -- - 4"-!. 

. 9.14. Roller Supported Beams· . . - ! ' • 

1 
• ·, ·.:• 

In such a cas~. the end of a beam is supportetlioit rollers, and the reactio~-on such an end is 
always normal to the support, as shown.in Fig. 9.·17 (a) 'an~t'(b). All die' steel trusses, of the bridges, 
have one of their ends as supported on 'rollers. . ·, · · 

.·., , .. 

• _ 1 , 

! .. 

, 

(a) 
I 

I (b) 

. d ' " Fig. 9 .. 17. Roller supporte :,end · , -: . 
.! • .... . • • '• • • I 1 • r .•.•·1.'.J..:,;_;-;_:,.t ',\.~l,f'I'. .. '..;.t:' / , . - i;. . 

The main advant~ge; of such a support, is that the beam can· ~ov~ easily towards 1eft or right, 
on account of expansion 0 /contraction due to cliange in temperature. , .. . ,.~. . :' . ·•· - _.. .. '· .. 

I 
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9. 15. Hinged Beams 
. . d the support as shown ~ 

In such a case, the end of n beam is lunge 10 
. · 1 ertical or . . ' 

. p · . d be /wn1.011ta • v m 1g. 9.18. The reaction on such nn en mny · 1 t sses of the 
incli11ed, depending upon the type of loading. /\11 lhe Slclc · rul. · · d 
b . 11 I •rnd the of 1cr 11ngc · Fig g 1a 
ndges have one of their end roller suppo cc · ' 1 IJeam remains · · · Hi11g8 . f 1 ,1,ort is that t 1c · a0 The mam advantage o sue 1 n Sil) 1 be stable if 'IJ 

. ·11 I thnt the bc:11n cnnno , ' . 
stable. A little consideration w1 s iow, ' 

1 
b ,·oLis that one of the supports • 

b · d • 11 rs It is t 1us o v · • ,• 1s "' oth of its ends nre suppo11e on 10 e · · · ·•1ade
1 

supported and the other hinged. ) , Fi ·9 19 ~~ 
6 ·r loaded ass 10W1t 111 ' .g. . . 

Example 9.7. A beam AB 01 111 span 1
' · · ' ' 

5kN 4kN 

C 1.SkN/m~~1011i:t1mB 

A,l.'.::h 1 - ~D 
.----- C . 

~ 2111~-2111 ._,~ 2m~ 

Fig. 9.19. 
# • ' ~ • 1'. 

Detennine the reactions at A and B. 

Solution. Given: Span = 6 m 

Let RA= Reaction at A, a~d 
R

8 
= Reaction at B. · ' 

We know that as ~e beam is suppprt~d on rollers at the righ_t han~ support(~). ~ereforc11.i 
reaction RB will be vertical (because of honzontal support). Moreover, a~ the bell!ll tS ringed attr 
left support (A) and it is also carrying inclined }oad, therefore the reaclion ~t this end will be 1ti 
resultant of horizontal and vertical forces, and thus will be inclined with the vertical. , . . 

The example may be solved either analytically or graph_ica~ly, ~u~ '":e'~~all ·~olve) t by bothlti 
methods, one by one. , , ',. . · . · ... . ,·,.' 1 

t •A \ • ti 0 

Analytical method 1 

Resolving the 4 kN load at D vertically 
I 

= 4 sin 45° = 4 x 0.707 = 2.83 kN 

and now resolving it horizontally 

= 4 cos 45° = 4 X 0-707 = 2·83 kN 

We know that anticlockwise moment due to R about A 
D 

=R0 x 6=6R0 kN-m 

''' '., 
I 

• 'I 

' 

,I 

I 

I .. 

and *sum of clockwise moments due to loads about A 
I, ' 

or 

= (5 x 2) + (1.5 x 2) 3 + 2.83 x 4 = 30.3 kN-m 

Now equating the anticlockwise and clockwise moments in (i) and (ii), 

6R8 = 30.3 

30.3 · · 
Rn=- = 505 kN 6 . Ans. 

I\ 

I • • .. • 

----- - ''---'''--- ' . 
• 'r .i \ 't • I f' • ' 1 

* Momen·t of hori~ontal, compPnent of 2.83'kN 'at D about A wiil be . ~; ., . , _ . . , , zero.
1 

... 1,, 

( 



I 
I 

Let 

· Ch apt< llf 9 ~ Support Reaction 

We 1cnow that vertical component of the reactio R;.. 
·. = [5 + (1.5 x 2) + 2.83] - 5 05 = 5.7_8 _],-J\T 

Reaction at A, 

R~ ~ ✓(5 .78)2 + (2.83)2 ~ 6 kN . Ans. 
\ . ' 

0 = Angle, which the reac on at A m akes with vertical. 

2.83 · 
tan 0 = - - = 0.4896 

5.78 
or . , . . . e = 26.1 ° 

·.111 

I 
I 

. ) 



I 
I 

I 

/ 

/ 

V I : ' 

b. t d to a Moment 
9 .16. Beams Su Jee e . . . ·rnticlockwise moment alongwith 

1 . b' t . d to ·1 clockwise o, l ·t I I . oad~ 
Sometimes, a beam ,s su JeC c . ' . t consideration wh1 e ca cu ~ting the rea : . 1, 

• 1 ient ts taken 111 ° · . • 1 · l Clio such a case, magnitude ol l 1e mon · 
1 

. f ·e it has 110 honzonta or vert1ca cornpon ni 
. . l. waive any load, I 1e1e ot . ent, 

Smee the moment does no 
11 

ABCD simply supported on a.hinged · 
10 F' 9 25 shows as beam . . , . , suPPo , Example 9. · ,g. · . ·l' , 1 t 450 with the verttcal. · 11 

at A and at Don a roller support me mec a . 

9 kN-m 6 kN j, . . l ., .. .. ,: .... V? A 0 I I ' IN ======B' . .. ,,, •¼ I ,;,.,,c_ 'ti .- ' v~ 
rD..... . ,, r~ 

~- 3 m 4~ 3 m ~~-3 m .-.. · ~ 
Fig. 9.25. 

r ,,, ,. , .. , , / , • f • , , , '" ' • 1 ' I ( ,', , ! , I •• ',- ; _' j \ ,, •: :_ ', . .. ~ 

Detennine the· fw
0

rii o~~~l . ~)fd' ~·erti~at):oinpo1_1ie1i(s _of.~e~~tf?n .af : s~p~?rt,J ~h.ow clearly 
the direction as well.as the niagnit~:,db of the resultan't -~e-~~ti~~-~ti A.__ . , ,. ' , ..... , .. 

~ - • - ._ -' • J • .. .. ~ ' • ' - • .. • • 

Solution. Given: Span= 9 m 
Let RA = Reaction at A, and 

RD= Reaction at D. ' 

The reaction R is inclined at 45° with the vertical as given in the example. We know that as D 

the beam is hinged at A, therefore the reaction at this end will be the resultant of vertical and horizon
tal forces, and thus will be inclined with the vertical. 

We know that vertical component of reac~io_n, RD , 

. = R~ cos 45° = RD X 0.707 = 0.707 RD 

· and anticlockwise moment due to the vertical component of reactio~ .RD about.A . . ·: . 
= 0.707 RD X 9 = 6:363 RD ... (,) ' 

We also know that sum of clockwise moments due to moment at B and Load at C about A. 

= 9 + (6 x 6) = 45 kN-m ... (ii) 
Now equating the anticlockwise and clockwise moments given in (i) and (ii), 

6.363 RD= 45 

or R 45 '. ·'•. 
D = 6_363 

= 7:07 kN 

:. Vertical component of reaction· R 
' · . ,· I ' _. ,· • D ,'. j 

' = 7.07 cos 45o' ,,;, 7.07 X 0.707 = 5 kN ' .. : ', 

and horizontal component of RD (this is also, equal to horiz;ontal ·component of reaction R~ ~ 
there is no inclined load on the beam) ·. · · · · ·. ' 

= 7.07 siri '45°•~1.07 x 0.707 = 5 kN . . -. , .,_ 
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:. Vertical component of reaction R,1 

== 6',- 5 == 1 kN 

R,1 :::: ✓(5)2 + (1)2:::: 5. 1 kN Ans. 
Let e == An'.¥lc, which thc reaction at A makes with tile vertical s· . 

tan 0 == _:== 5 o 
·1' . or 0:::: 78.7° Ans. 

I 

• 

9. 17. Reactions of a f ~ame or a Truss , . . . , . , 
A frame or a t~iss I~iay be defined a,s a sti·'udtfre made up of several bars, riveted or welded 

togetl1er. The support ~eac,ttons a~ 1!1e lw~ ends of a fran~e'may be found out by the same principles as 
(hose for a beam,_ and by any?ne of lhe following methods: · · 

J. Analytic~ method, ~t~d 2. Graphical method. 
,I I, , , , 1 t', , , · 1 • ., 

9·, 18. Types of End s,upports ~f Fra~~s , ' . , . ' , . . . . . . . 

Like the end s~pp~rts of a be,~, frames' may also' h~ve the following types of supports : 
J. Frames with simply supported ends. . : , ; 
2. Frames with .o~e .. e~q Wriged ~nd the _other supported freely ~n rollers. 
3. Frames \Vith both the e~ds'fixed . .' .'. ,. , J • • '· .' ' ' • '. ' • • 

I,• .' ', i·•r. } l' •l_J,. , ,' I ! t,I ':;·\I / / J \' ·1· •~ f , ,I I • , ,. . r 

9. 19. Frames wit~ Si_rnpl~ ~UPP,~rted ~nd( ; :.1 ·\· 1· · . .. :, ..... ., . : . 
Jt is a theoretic~). ~~~e in ~hic,~ ,th~ ends of a frllme are ,sim~ly supported., In such a case, both 

the reactions are always vertical and may be found out by the principle of moments _i.e. by equating 
the anticlockwise moments and clockwise moments about one of the supports. . .. 

' Example .9'.11;: ?i :ti:f/ss:dJ;9 'ir'i'1}/!ili'tls lo'liaed'as'-'sliowii'7~'\'Fig. :?1·2o~:·-7r.~'T.CT-'~:-----~: ... : 
1 .• ,, _. ~.1 ·.,.t,.d.~.,'..:.1 ,u..ti. 1 1 .• .'1-(1 ' -h ':'.( _l • •1,.' ,;· ... -.·,t..:1c.:- , l"_ J1 .. .... ,t .. ; .. "~J,.;,1•l ·. ~-.:-1.>;.; .. , ... J;_, HoJ..__,..,._ .. 1. __ L.....~• 

-. -,,11 • 4 ',, • 

. '. ,·•' 2kN 
I I J f ' \ 

I , , ,, , I • 

. , :r i 1 ,l' l"u.. ',' I Iii j 1• ' 1.',l,t'1' 

, '1 kN •· ' 
I , 1, ", ),;I 'II D,. '' : 

1,'I I 

• I'\ , \ I 

~ ;. Ir, .. ',t!, )• rl' I 

\ ,. 

1 k.N, 

,, I 

I' 

J 

2 kN 
1 

• 5 kN '. " 
' • ' •I ~ig. 9,26. I ' 

. •. • 1 •. ,- , , .. , ...... ~~.- ·1 .. ,·.-., • ·'Hs ,1,,. ~ .... .. I• • • • ! ' ·: :.i' \ ~ ... : /,if:\ 
Find the reactiorzs'aU 1e i wO ~uppq., , ., :\ :, -1. ~·, \• .. :, ·; ..•.•.. !'(, ;(..,, -~ ·-· • 

• • • • ., ... .,,,.,.,~,1, 11-11\.,. ,('•· ,.R ' ,:0 i ' ,r i t •• j ! I , I 

Solution. Given: Spah'AB = 9 m. · ·•. ', · · 
Let R ·=Reaction atA,' a'qd : ·, ,· .. , 

A . 
I • I R = Reaction at B. 

F 
Bf h · fi e we k~ow th~t perpendicular distance between A and the lines 

rom the geometry o t e 1gur , . . . 
of action of the loads at C, D and E are 2.25m, 4.5 m and 6.75 m respectively. 

and 

Now equating.the anticlockwise and clockwise{~o:~;)s. ab(~ut ~•) + (5 x 6) = 54 kN-m 
R X 9 = (1 X 2.25) + (2 X 4.5) + . X . + X ·. ' 

B . 
.··.:, 

' ' I I ~ • ... j 

Ans. 
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9.20. Frames with one End Hinged (or Pin-jointed) and the 
Other Supported Freely on Rollers 

• Sometimes, n frame is hinged (or pin-jointed) at one end, and freely supported on rolJ 
otJ1er end. lf ' Uch n frame carries vertical lands only, the problem does not present any s er.sa

111 
tures. Such a problem mny be solved just :.is a simply supported frame. Pec1a1 r;\ 

But sometimes such a frame crunes horizontal or inclined loads (with or without ven· 1
· 

In such a case, tJ1e suppo11 reaction at tJ1e roller supported end will be normal to the sutcaltoaii. 
support reaction at the hinged end will be the resultant of: PP0rt. \ 

I . Vertical reaction which may be found out by subtracting the vertical compo 1 

• . . nent 
support renction at the roller supported end from the total_ vertical loads. or 1~ 

2. Horizontal reaction. which may be found out by algebraically adding all the ho . 
loads. · . .. 0¼n~ 

. . Now we shall discuss tJ1e following types of loadings on frames with one end hinged 
Jointed) and other supported on rollers. . (or Pin. 

l. Frames carrying horizontal loads, and 
2. Frames carrying inclined loads. 

9.21. Frames with One End Hinged (or Pin-jointed) and the 'othe 
_ Supported on Rollers and Carrying Horizontal Loads · · r 
We have already discussed in the last article that the support reaction at th'e'roll · 

d · b . er suppo"'" , en will e normal to the support. The support reaction at the hinoed end will be th ' 'IIJ 

vertical and horizontal forces. 
0 

• •. e. resultant ~ 

Note: The inclination of the resultant reaction (0) with the ve~ical is oiven by the I u·· ·, ·· 
<> r~ a on: IH ' .. : . 

tan0 = 
:tv 

where / :EH= Algebraic sum of the horizontal forces, and 

,- :EV= Algebraic sum of the vertical forces. 

\.,Ex_ample 9.12. Fig. 9.27 sfwllis afrained stnicture of 4 m span and 1 5 --h -- Ii ~ ·b·, 
to two pomt loads at Band D. · . · · . · , · .. ,'1! , ~,g t su ~ec11d 

- -'"•-· .. • •• • I" •• 

B 8 kN - -. .... ____ ______ _ ---·1 
1.5 m 

~----+,D~---rt.~cl 
k--2m-~~-2m--.j 

12 kN 

Fig. 9.27. 

Fili~ grr:zpl~iealiJ,:or-othe~m_e t!ie reactions at A"and.C. j • . , .: ,,-;-

Solution. Given: Span= 4 m · 
Let RA = Reaction at A, and 

Re= Reaction at C 

• J, I 

I,:. 

'. 

1, 



 
 
 
 
 
 
 
 
 
 
 
 
 

 

. the strllcture is supported on r~lle~s a~ t4e right hand support (C), t~erefore the reaction since . will be vertical:(because of horizontal support). The reaction at the left hand support uiis support sultant of vertical and horizontal forces, and thus will be inclined with the vertical. .at . I be the re . . h . A) w1l ts about A and equatmg t e same, . . (fl 0rnen ro)(ing!ll Rex 4 = (8 :x 1\5) + (12 x ,2) = 36 · · , 36 I ' I 

,Re= Ve·= - := 9,·.0.kN 
' ,

1 4 ,1 '1•
1 I' 

1 , •• ) 1 / 

Now vertical compone_nt ofre~~t,1~n RA) ,:..' · . . , .... : .. . · ·?i.? ~~· ~ 9•=.3 ~ · · .. · 

-Ans. 

. ntal reaction at the _left h~nd,. .~upport ·{\., . • · .: · · .,, · and honzo . . , . . · · · • , •: , · H:· =·8·kN . (~)' · .. ;. A , .' .. .. , .. ,· . ,•· '.·:' , ,. , 
:. Reaction at A, · . R~ ~ .✓(8)2 + '(3)2' ~ 8.54 '.kN , A~s. 

'. ·:e,.i -.An~i;, ~~~h th~ te·~~tion:RA Iriakes with the ve~cal. '.' ' • '.' ' I, ,1 

., ', \,. •I ' ' • •, • · · · ··· 8 · · · ·e 69 4 ° .'tan 0.~ _; ::;:: '2;6667: .. , ; ,or . ·." ·:-' ,"• ~ ,· : · _., ;, ': ;,J:•, ;. 3 ., 

Let 

Ans . 
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frarnes with one End Hinged . . . 
9.22· other Supported ·on Rollers (odr Pm-Jointed) and the 

an Carrying I Ii d L d . 
Ve have already discussed in Art. 9_20 ti nc ne oa s 

\ A d iat the support . . al to the support. n tJ1e support rea t' reaction at the roller supported end will 
bC noffll~ontal forces. The support reactions'; 

1011 
at the hinged end will be the resultant of vertical 

d 
hOfl 1or such a fra Jll1 d . . me may be found out by the following 

t/10 s. . 
· Jlle 

1 
Analytical method. 2. Grap'11·· , 1 · · · · · . , ... ,. _. .. ' · ic,1 method 

c· example 9.15. Fig . . 9.30 slib·~vs a·,.;:oof lr1t:,·/ 1ti . '". ·, ., . .. .. · . _ . ; . 
othe,: /I carries w_ind loa1s

1
~~. stzp~~!i ii{ tlf~ff 8.(tre;_, .. ; , nged ,d~r one;end a,:,.d rests on rollers at the 

I kN · · '. 

2kN 

.. ', I ' ' • ,..., ◄f--....:.,_;;.:__.::...,__;_ 
·, ,,, .• -· • J •• , !~ 

, 
10 m ,_;___;_ ___ ►~I 

. Fjg. 9.30. /·: 
. -•A' ':',-·~~ • t l Y-'". ✓; 1 (''i~,,. -/'I'.,. • • { t ' ' . ,' ' 

Detenn'ine·:gi-aphfc~lly, a,; qtJlefliif!i,1i!zJ,reactiohs}./{tiz1[ i§:~.'ffijjpo'Pts. : : . -~: .<:·. , , . . - .• 
Solution~ "'<iv;n:··sp;~.~ io'iJ-~Jl'.d ·'·••:""'' .... ~; ', L. , .•cJ.1.:)JA.,~:•; .:c ,: __ ,_._,\., ,-· ... ).,, ._: ,, _:_ . __ . -~ ,__ ... 

Let , RA = Reaction a_t A, and . 
RB = Reaction at B, · 

We know that as the roof truss is S)lpported on rollers at the right hand support (B), therefore 
the reaction at this end will be vertical (because of horizontal support). Moreover; a~ truss is hinged 
at the left support (A) and is also carrying inclined loads, therefore the reaction at this end will be the 
resultant of horizontal and vertical forces, a~d thus will be in~li~ed with the vertical. · ..:. 

The example may be solved· eith~r· analyti~ally or. graphically. But we shall solve. it by both 

the methods one by one. 

Analytical Method 
From the geometry· ~f th~ figure, we find that perpendicular distance between the ~llpport A 

and the line of action of the load at D. . · L ' 

5 5 ' · 
= =-· -=5.Sm 

cos30° 0.866 
and perpendicular distance between the support A art~ the Hr~ .of action of the load at c._ 

· . 7 : , 5.8 . . .',. · . . -
=-=2.9m ' , ,,. ·· .. ·. 

' 1 . I 

2 . 
Now equating· the anticlockwise m'oments' and clockwise n:ioments abo.ut A, 

R x10=(2x2.9)+(1x5.8)=11.6 · 
B' . ', .~ : , . ' ' ' ' ,: . ! ' · / I .~ 

, Rs= 11.6 = 1.16 kN Ans. :, · 
10 . ,. 

We know that total wind load . · · ' 1 
, · 

= i + 2.+ ~ = 4 kN '·. · 
:. Horizontal compo~ent of the total wind load 

. = 4 cos 60° = 4 x'0.5 = 2 kN 

0 
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and vertical component of the total wind load-
= 4 sin 60~ = 4 x 0.866 = 3.464 kN . . . . . . . 

. ·. Balance vertical reaction atA 

and reaction at A, 

Let · 

= 3.464- 1.16 = 2.304 kN _ · 

RA,; ✓ci)2 + c2·.3o4)2 ~ 3.os kN · · . 
0 = Angle,-which the reaction RA makes with the vertical, 

tan 0 = 2 ·0 = .0.868 or . e = 41 ° . Ans. 
·, 2.304 
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9
_
23

_ frames with Both Ends Fixed · · upport Reai:tiOnS 

Sometimes, a frame or a truss is r· d ixe or built-· . . · · · 
I both the supports cannot be determined, unless so~ncat its both ends. In such a case, the reactions 

D de are: " . assumption . d aJIY, n
13 

. · is ma e . .The assumptions, usu-
l The react10ns are parallel to tl d' . · · . . 1e irection of th I 

2 
rn case of inclined loads the h .· e oads, and , 

. , o1 izontal thrust is e I . 
Generally, the first assumption is m d qua ly shared by the two reactions. 

f h a e and the react' ents about one o t e supports. tons are determinedj as usual, by taking 
JllOIJl . , 1 ... . .,. ... "' --- . 
. r example 9. 8. Fig: 9.35sho~:Jta. ,~,_•·-r,j·,,,.,, ·::""• ....... b' .. ... 

. d toads, normal t(!_ the '}lllil~ ;:after.~s sh/
0 :r:~s,·~witli_ .. ,dflz'~1J's fit;J, 'rfi~_truss is sithjec(ed ,~-

}Ylfl 1,., · . _, ,., 
1

:~, -~-.-;, ,, , wn m ·t1efigul'e · 1, -, _,, , 
i. . . ' .... ,--.,, .. ,,.,,: •. , . . ,,-.,-,,,, L: .,~:;. _-i_;·_- .. •. ·,u.: ',,, ·, ... 1.:'., ◄ 

l kN 

•,,·, . .. 

Fi11d the r,gij~l!JA?ibBi~Ell¼~H£%~;, :f~; 1st;~J;'.£4lft¥i{~{~t1ifi:it~~14;1£ii] 
Solution. Given: Span of truss ~-8 m - · ; -

Let RA =·Re~ction at the-left s~pport ~ , and 
( . . '/ ' . 

R
8 

= Reactiori·at the dgnt support'B. 

This example may be solved by any'oneofthe two assump~ions as mentioned in Art. 9.23. But 

we shall solve it by both the assumptions, on~ 'by one, _ 

Assuming th~t the reactions are parallel to the
1

direction of the loads. . . .· . . . 

Equating the anticlockwise and clockwise moments'aboutA, _ 
I : j •• •.II > ,> 

. 2 X 2 . •": 1 X 4 8 
RB X 8sin 600= ... ; oo + . 300 = ·o '86-·6' = 9.,2~ . 

cos3 cos . 

R = 9.24 == 9?4 = l.33 kN 
8 8 sin 60° 8 x 0.866 - · 1 

and RA = (1 .+ _2 ; I) - , 1.33 = 2.67 kN Ans. 

Assu,1Jing that the ·horizantal thrust i~ equally shared by tw~ reactions 
. ' . - - . . . . , - ' . 

Total horizontal component of the lo~ps, 
IB = I c~s 600 + 2 cos 600 + ~ cos 600 kN 

=(Ix Qj) + (2 x O.5) + (l_x 0.5)
0

= 2 kN' 

Horizontal thrust on each support, 
I 

2 
R -R --=lkN 

AH - BH - 2 
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and 

and 

· · · · · · · · . 1 k , moments about A, Now equating the anticlockwise and c oc wise 

2x2 lx4 8 -924 
RBv x 8 = cos30a + cos30o = 0.866 - , 

R = 9.24 = 1.15 kN 
BV 8 . 600) 1 15 kN 

R =(lsin60o+2sin60o+lsm - .115 231 
AV= (1 X 0.866 + 2 X 0,866 + 1 X 0,866) - ' ::, . 

Reaction at A, 

RA= Jco~ + c2.31)2 = 2.s2 kN 

Similarly, 

2.31 2 31 tan0A = -
1
- = · 

IOkN 

or 

Ans. 

011 = 66.6° 

Ans. · 

20 kN---4.~.-----;,,:B __ -,C 

3m 

Ans. 


