2.1 Plane Trusses

A rigid framework made a number of bars or rods is known as plane truss, Truss is designed to resist
geometrical distortion under any applied system of loading. The ends of bars or rods are joined by riveting,
welding or by nuts and bolts. The bars used in trusses are slender (cross-sectional dimensions quite small
compared to length) and are usually of angle section, T-sect lion, I-section etc. Theoretically truss members carry
only axial forces they are either in tension or in compression and are two force members. A truss made up of
members just sufficient to keep it in equilibrium. Trusses are used in the bridge, roofing, workshops and industrial
buildings, and bridge etc.

2.2 Perfect Truss | W

A truss which is made up of members just sufficient to keep itin ‘L
equilibrium, when loaded without distortion is called perfect/stable/suﬁ:oxent C

truss. ; :
The simplest perfect truss is a triangle, which contain three members N
and three joints as shown in fig. 2.1. If such a truss is loaded its shape will not \
be distorted. If we want to increase a joint to a triangular truss, we require two :\@” m@i
members. A truss should satisfy the Maxwell's Truss equation m = 2/~ 3 Fig. 2.1
where m is number of members and jis number of joints.

The truss which do change in shape when loaded is called an imperfect/unstable/deficient truss. For an
imperfect truss m < 2j- 3. Such type of structure is unstable and cannot resist distortion.

A redundant truss is that structure which contain more number of members than required to prevent

distortion of its shape when loaded with external load, for a redundant structure m > 2j-3.

C E G
2.3 Type of Supports

1. Roller Supports : Roller support are frictionless
and provide a reaction at right angles to the roller
base as shown in fig. 2.2. Roller supports are
frictionless and free to rotate and translate along :@% D F T / B
the surface upon which the roller rests and it Roller Support v Hinged Support
prevents motion only in the direction perpendicular 500 N

to its base. Fig. 2.2



2. Hinged Support : The hinged support is capable of
resisting forces in any direction and the beam has no J
translatory motion in any direction, at a hinged support.

| PR,
This reaction can be split into two components acting in
the horizontal and vertical directions (fig. 2.3) and can be 'T
determined using equation of equilibrium. Fig.2.3 o

This support cannot resist rotation of beam.

2.4 Analysis of a Truss |
The analysis of a truss involves the determining of the reaction at the supports and the stresses induced
in the members due to applied loads. Assumptions made in the analysis of a truss.
1. All the members comprising the truss are rigid and lie in one plane if it is a plane truss.
The members are slender.
Each member is of uniform cross-section.
The members are subjected to pure axial forces and cannot develop moments at the ends.
The external loads and reactions act at the joints only.
The self weight of the members is neglected.
The forces are transmitted from one member to another through frictionless pins fitting perfectly in
the members.

NO s W

2.5 Method of Joints

In this method all forces acting on a joint must add to zero, i.e., the sum of all the vertical forces as well

as the horizontal forces acting on the joint is equated to zero. The steps involved are :

1. AFBD of the entire truss is drawn and the reaction at the supports is determined using three equilibrium
equation. That is sum of horizontal force is zero, sum of vertical force is zero, and moment acting at
any point in truss is zero.

2. Each joint is treated separately as a free body. A certain direction of forces acting on the joint is
assumed and the magnitude of forces is determined by applying the conditions of equilibrium. If the
magnitude of particular force comes out positive, the assumption is of its direction is correct. However
if the magnitude of the force comes out negative, the actual direction of force is reversed, i.e.,
opposite to assumed.

3. Start is made from a joint where there are not more than two members in which the forces are
unknown, and the process is repeated from one joint to another until all the unknowns have been
determined.

If the members pulls the joint to which it is connected then it is subjected to tensile force where as if the

member pushes the joint to which it is connected then it is subjected to compression force. A member under
tension is called a tie, and a member under compression is called a strut.

2.6 Method of Sections
The method of sections is easy and convenient when the forces in a few members of the truss is to be
determined. The various steps involved are:
1. The truss is split into two parts by passing an imaginary section.
2. The imaginary section has to be such that it does not cut more than three members in which the
forces are to be determined.




3. The conditions of equilibrium are applied for the one part of the truss and the unknown force in the
member is determined.
4. Nature of the force in any member is determined similar to method of joints.

Example21 For the truss shown in fig.

; 200N C E G
determine the zero force member.
Solution:
Consider joint Dfor the truss shown in fig. We assume
force F, in member DC, F, in member DA and F5in j@m D F H
member DF. This joint is unloaded and the forces Fy ,J,
and £, are collinear so F, must be zero. Similarly 500 N

forces in the members EF and HG are zero.

B

2'kN
Solution:

Considering joint D of the cantilever truss shown in fig.
Since the joint is unloaded and the forces F,and F, are
collinear so £, must be zero. At joint Cthe forces acting
are F,, F,, Fy and £ but Fy = 0. Thus at this joint acting
forces are Fy. Fs and F only. This joint is unloaded and
out of these three forces, two forces namely Fs and Fg
are collinear. Thus the third force F,is zero.

Thus the members AC and DC will not be subjected to any load. 2kN

Determine the forces in all the members of truss with the loading and support

system shwn in ig.

30 kN

% 5m I




Solution:
At end B roller support provides a reaction R, at right angles to the roller base. At end A due to
hinged support, reaction can have two component acting in the horizontal and vertical direction.
Since the load of 30 kN acts vertically downward, the horizontal component of reaction at A is zero
and there will be only vertical reaction A,,.

Now consider the free-body diagram of the whole truss shown in fig. (&)

30 kN
The triangle ABC is a right angled triangle with angle ACB = 90°
Thus AC = ABcos60° Ve
= bx05=25
Distance of line of action of 30 kN force from A,
AM = ACcos 60° 60° |y o
= 25x05=1256m A B
Taking moments about A, we get TRa RbT
bef) = 30x 125 - % 5m %
R - X2 X; 22 _75kN Fig. (a)
Since R,+ R, = 30kN
Thus R, = 30-75=225kN
Joint A:
Consider the free body diagram of joint A with the direction of forces assumed as shown in fig. (b).
Resolving forces in vertical direction we get c
R, = F,sin60°
R 22.5
Thus, P = Sheor = 0.866 Fi lr \
- 2597 kN (compressive) A Elp 30 B
Resolving force in horizontal direction we get T P
F, = F,cos60”=2597x0.5 R,
= 12,99 kN (tensile) Fig. (b)

The force F, is acting towards the pin which means that the member AC is in compression.
The force F, is acting away from the pin which means that the member AB s in tension.
Joint B: c
Consider the free body diagram of joint Bas shown infig. {¢). \
The force F, inmember ABhas already been calculated above

and found to be tensile. Hence force F, will pull the joint B

and will be directed away from it as shown in fig. (¢). A
Resolving forces in horizontal direction
F, = F,cos 30" Fig. (¢)
F. 12.99 -
or 5 cos30° 0866 > (compressive)

The force F is acting towards the joint B which means that the member BC is in compression.

Determine the reactions and the forces in each member of a truss supporting

two 1oad as shown in fig.




4 kN 2 kN
Solution:
The reaction at the hinged'support can have EY— YD
components acting in the horizontal and vertical
directions. Since the applied loads are only in vertical

direction, so reaction will be only in vertical direction

only. T VAR 60° l 607\ -
Now consider the FBD of the whole truss shown in . T M B N T
fig. (a). Each of the triangular (element) is an l om | o m ,
equilateral triangle of each side equal to:2 m. Then R i ' R'
Distance of line of action of 4 kN force fromA, s Fig. (a)
AM = AEooseo°’-2><05.. Tm
Distance of line of action of 2 kN force from A,
AN = AB + B/\/ AB + BD cos 60°

= 2+2><O‘5:=3m :

Taking moments about A, we get Gt
R x4 = 2x3%4x1=10
or R, = 149 = 2.5kN
Since R+R, =4+2=6
Thus R, = 6-25=35kN
Joint A :
Consider the FBD of joint A with the direction of forces
assumed as shown in fig. (b). We have started with
this joint because there are only two unknown forces
acting at this joint. > c
Resolving forces vertically we get R, = F, sin60° T F, B
’E’)a

_ R, ,
o Fi = sin60° Fig. (b)

= ——=4.04kN (¢ i

| 0 866 (compressive)

Resolving forces horizontally we get F, = F, cos60°

= 4.04x 0.5 =2.02 kN (tensile)
The magnitude of forces F, and £, are both coming out to be positive and therefore assumed direction
of forces are correct. The force F Is acting towards the pin A which means that member AE is in
compression. The force F,is pullmg the pin A which means that member ABis in tension.




Joint C : Now consider the FBD of joint C with the £ D
direction of forces assumed as shown in fig. (c). Analysis

of this joint is also possible because there are only two F,
unknown forces F, and F, acting at this joint.
Resolving forces vertically we get A 4607¥ c
R, = F,sin60° B Fs
R 2.5 ~ig. R
of Fo= tle o 22 _oggkN (Comp) 9@ :

47 sinB0°  0.866
Resolving forces horizontally we get
Fy = F,c0860°=288x0.5=144KkN (tensile)
Joint B : Consider the FBD of joint Bwith the two known values F, in ABand F in BC as shown in fig (d).
Resolving forces horizontally we get

Fy+ Fgcos 60° = F, + F5cos 60°

i

or 144 + F,x05 = 2,02+ F, x0.5
or (Fy=Fy)x05 = 2.02-1.44=0.58
or Fo-Fy = 1.16 (1) A

Resolving forces vertically we get
Fe sin 60° + Fg sin60° = 0
: =0

. Rt Ry (2)
From equation (1) and {2) we get
§ 16 1.16
Fo = -1_;(3. =-058kN, F, = - = 0.58 kN

The magnitude of £ is coming out to be negative. So force is in opposite direction to assumed. Thus
force F; in member BDis 0.58 kN tensile and force Fy in member BE is 0.58 kN compressive.
Joint D: Now consider the FBD of joint D with the
known values £, in member DCand Finmember DB. 2 kN
Resolving forces horizontally we get:

F, + Fg cosB0° F, cos60°
or F, = F,c0s60° + F, cos 60°
058x05+288x05

i

1l

11

0.29 + 1.44 = 1.73 kN(Comp)
Note: There is no need to consider the eqguilibrium of

joint £ as the forces in all the members have been
determined.

el | Determine the forces in all the members of the truss loaded and supported
as shown in fig.

10 kN




Solution:

The reactions at the hinged support will be only in 1o
vertical direction as external loads are vertical. v E 12 KN
Now consider the FBD of the whole truss shown in \
fig. (a). The triangle AEC is a right angled triangle &
with angle AEC = 90°.
Thus AE = ACCoSB0°=5x 0.5=25m AL GON X c
CE = ACsin60° =5 x 0.866 = 4.33 m T T
. . . ‘ R, R
From the geometry of given figure it may be easily P T

seen that AABE is an equilateral triangle and therefore

AB = AE=25m
Distance of line of action of force 10 kN from joint A is

AM = ACcos60°=25%x05=125m
The triangle BDC is a also right angled triangle with angle BDC = 90°. Therefore

BC = AC-AB=5-25=25m

BD = BCcos60°=25x05=125m
Distance of line of action of force 12 kN from joint Ais :

AN = AB+ BN = AB + BD cos 60°

= 25+1.25x05=3125m

Taking moments about end A, we get

Fig. (a)

F.x5 = 12x3125 + 10 x 1.25 = 50

50
or R, = = =10 kN
Since R,+A, = 10+12=22
Thus R, = 22-10 =12 kN £
Joint A : Now considerthe-EBL.of joirt-A-with-the-direction-of A
forces assumed as shown in f g. (b). We can start with this D
joint becatise there are on 1y two ur 1known forces F, (inmember F, \‘\
AE) and £, (in member AB) acting at this joint. A g0 c
Resolving forces vertically we get T F, B

R, = F, sin60° R )
R 19 N | ! Fig. (b)

or Fo= —3 = 2 - 1385KkN (compression)

sinb0°  0.866

Resolving forces horizontally we get

F, = I, cos60°=13.85x 0.5 = 6.92 kN (tension)
Joint C : Consider the FBD of joint C with the direction of
forces assumed as shown in fig. (c). Analysis of this joint is
also possible because there are only two unknown forces Fy
in member BC and F, in member CD acting at this joint.

Resolving forces vertically we get A
R, = F,sin30° , R
Fe 10 oo , Fig. (c)
F, = — = = compression
o 7 sin30° 0.5 (comp )

Resolving forces horizontally we get
Fy = F,cos30° =20 % 0.866 = 17.32 kN (tension)




Joint B : Consider the FBD of joint Bwith the known values of

forces F, in member AB and £ in member BC as shown in
fig (d).
Resolving forces vertically we get
F,sin 60° = Fg sin 60°
or Fo = Fq

Resolving forces horizdntally we get
F, = F, + F, cos 60° + F; cos 60°

17.32 = 6.92 + F, x 05+ F, x 0.5
or 17.32-6.92 = 0.5 F, + 0.5 F,
or F, = Fy=10.40kN

Force F, in member BD is 10.40 kN compressive and force F, in member BEis 10.40 kN tensile.

Joint D : Consider the FB8D of joint D with known values of
forces F, inmember DC and F in member DB a shown in fig.

(e).

Resolving forces horizontally we get

F, cos30° + F sin30° = F, sinB0°

F, x0.866 + 10.4 x 0.5 = 20 x 0.886
or F, = 13.995kN  (Compression)
Force F, in member DEis 13.995 kN compressive.

Example26 A truss has been loaded and supported as shown in fig. Determine the

reactions at the suppots and the forces in the members of the truss.

E D C

\
50 kN

w

e,

| 4m

Solution:
Both the supports will have only vertical reactions as the external load of 50 kN at the joint F s in
vertical direction.

Further, due to symmetry R, = R, =-——=25kN

or sing =



Joint A : Now consider the FBD of joint A with the direction of c
forces assumed as shown in fig. (a). We can start with this
joint because there are only two unknown forces F, inmember
AE and F,in member AF
acting at this joint.
Resolving forces horizontally we get 5
F,cos6 = 0
or F, = 0(no force)
Resolving forces vertically we get Ry Fig. (a)
Fy = R,=25kN (compressive)
F
Joint E: Consider the FBD of joint £with known value of force Y — ©
£, in member AE as shown in fig. (b). ) |
Resolving forces vertically we get F Fe
_ ; F
F = Fysin®  , :
Fo_25 v
= ~—=—~—-:4167kN 50 kN
or ' | Fy siné ~ 375 (tensile) , B
: Fig. (b)
Resolving forces horizontally we get
Fs = Fycos = 41.67><5§
= 33.34 kN : ' v (Compression)
Since truss is symmetrical so we get :
Force in AF = Force in BF=0
Force in AE = Force in BC = 25 kN (Compression)
Force in FC = force in FE = 41.67 kN (Tension)
Forcein CD = force in [D = 33.34 kN {Compression)

There will be no force in member DF because F; and 'F8 are collinear,

| Determlne the forces in all the members of the truss Ioaded and suppnrted

as show in fi.

4 kN

~
3

]4___

c D E By

v v
4 kN 4 kN

=3 m—sf==3 m—sle3 e 3 m—=|




Solution:

The reaction £, at hinged support B will have only vertical component as all loads are acting in
vertical direction only.

Due to symmetry of truss and loading

R - /qb:i'tﬁfj;__.gkN

4 3
or sin®=—-=08 andcos b= —=06
5 5
Here all inclined member are inclined at angle 0 from horizontal.
F G H I K
Joint A : Now consider the FBD of joint A as shown in
fig. (a).
We easily get that Fy=0 {no force)
and Fi=H,=6kN (compression) ¢ .0
A C D E B
2
,_ Ra Fig. (a)
Joint F: Consider the FBD of joint Fwith known value F FoG H I K
of force £, in member AF as shown in fig. (b). A
Resolving forces vertically we get Fy
FS SinB = F1 F,
6 6
or Fq = ——=— =7.5KkN (tension) 6
sing - 0.8 A c D = 5
Resolving forces horizontally we get Fig (b)
or F, = Fyc086=75x06=45kN (Comp) '
F G H i K
Joint C : Consider the FBD of joint Cwith known value & l
of force F, in member FC and zero force in member Fy Fs
AC as shown in fig. (c). 0 N v
Resolving forces vertically we get A ° f P £ B
Fo+Fysing =4 v
5 ‘ ‘ 4 kN
or Fo=4~F,8in0=4-75x08=-2kN Fig. (c)
Resolving forces horizontally we get
Fs=F30080=75x06=45kN (tension)

The negative sign with the magnitude of force F¢ shows that a wrong choice has been made while
assuming its direction. Obviously the assumed direction of force in member CG need to be reversed.
Therefore F; = 2 kN (compression) and CG is a compression member.



in fig.

Joint G : Consider the FBD of joint G with known value F_ R B H ! K
of forces F, inmember FG and F, in member CG as 0 T

. . 3 F
shown in fig. (d). 7 4m
Resolving forces vertically we get |
F,sin® = f, =2 _'L
) ) A C D E B
or F, = ——=-"—=25kN i Fig. (d
= G608 (tension) g. (d)
Resolving forces horizontally we get 4 kN
F8 = I[:‘J"__+ F7 ?OS 0 F G JVA’H Fio 1 K
=45+250x06 'y K
= 6 kN (compression) Fy T
Joint H: With reference to FBD of joint H as shown in 4m
fig. (e). l
It can be easily seen that
F.o = Fy = 6 kN (compression) A ¢ g g °
0™ '8~ X Fig. ()

Fy = 4 kN (compression)
The truss is symmetrical and as such, there is no need to consider equilibrium of the joints left.

Determine the forces in each member of the cantilever truss loaded as shown

"~ 40kN 20 kN

g )e

D
‘LB
30 kN 30 kN
= 10 m | 10m |
Solution:
From the geometry of figure, it may be easily seen that angle of all inclined member is 60° from
horizontal. r £

Joint A : Consider the FBD of joint Awith the direction
of forces assumed as shown in fig. (a).
Resolving forces vertically we get

F, sin 60° =30
) 30 30 |
? " sin60°  0.866 30 kN .
=34.64 kN (tension) ig. (a)

Resolving forces horizontally we get
F,=F,cos 60° = 34.64 x 0.5 = 17.32 kN (compression)




Joint F : Consider the FBD of joint Fwith known value
of forces F, in member AFas shown in fig. (b).
Resolving forces vertically we get
F, sin60° =40 + F, sin60°
F, % 0.866 =40 + 34.64 x 0.866

or F,=80.83 kN (Comp)
Resolving forces horizontally we get A
= F, cos60” + -, cos60° (34.64 + 80.83) x 0.5

or F,=57.73 kN (tension)

Joint B: Consider the FBD of joint Bwith known value
of forces F, in member AB and F; in member FB as
shown in figure (¢)

Resolving forces vertically we get

Fg SINB0° = F, sin60° + 30 A
or Fe=115.47 kN (tensile)
Resolving forces horizontally we get

Fo=F, + F5 c0s60° + F cos60°
Fe=17.32 +80.83 x 0.5 + 11547 x 0.5
or Fg=115.47 (compression)

Joint E: Consider the FBD of joint £ with known value
of forces F, in member EF and £ in member BE as
shown in figure (d)
Resolving forces veriically we get
F. sin60° = F sin60° + 20
F, x 0.866=115.47 x 0.866 + 20
or F,=138.56 kN (compression)
Resolving forces horizontally we get
Fg=F4 + F, cos60° + F, cos60°
=57.73 + (115.47 + 138.56) x 0.5
=184.74 kN (tensile)

_Example 2.9: Determine the forces in eachr memberofthe trusé Ioéded andsupports as
shown in fig. All members of the truss are 2 m in length.

2m




Solution:

Let T be the tension in rope. R,, and R be the
reactions at the hinged support as shovvn in f!g (a).
Consider the FBD of entire truss and take moment
about point B

I'xDB=2xCB+3xAB

or I'x2=2x2+3x4
or T'=8kN
Resolving forces horizontally we get Fig. (a)

Hy, = Tcos 30° = 8 x 0.866 = 6.93 kN
Resolving forces vertically we get
E’by + 7Tsin30°=2+3=5
or /?by:5~»-8><0.5:1kl\l

Joint A : Consider FBD of joint A with the direction of
forces assumed as shown in fig. (b).

Resolving forces vertically we get
F,sin60° = 3

3 3 .
o = Gneo “0see
= 3.464 kN (tensile)
Resolving forces horizontally we get ' :
F, = F, cos 60°
= 3464 x 0.5 = 1732 kN (compression)

Joint E : Consider the FBD of joint £ with known value : 6o°y\<60°

offorces [: in-member-EA as-shown-in lly \\./} : F, A
Resolving forces vertically we get / \
Fy8in 60° = F, 5in 60° J Z\ 60° 60° 60° 60%\
Fy = F 3,464 kN (COmp) f ~ c B
Resolving forces horizontally we get ~ Fig. (¢
Iy = Fy cos 60° + F, cos 60° = (F, + F,) cos 60°
= (3.464 + 3.464) x 0.5 = 3.464 kN (tensile)

Joint C : Consider the FBD of joint Cwith known value E D
of forces F, in member AC and F+inmember £C as
shown in fig. (d).

Resolving forces vertically we get
F58in60° = 2 + F, sin 60° A/l )60 607 Mg \60° 607

F, F,

or Fy x 0.866 = 2 + 3.464 x 0.866 ’ l ’

2 +3.464 x 0.866 , 2 kN
.= 0866 =5.77 kN (tensile) Fig. (d))
Resolving forces horizontally we get
Fg = Fy + F5 c0s60° + F cos 60°
= 1732+ 3464 x 05+ 05 x 577 = 6.35 kN (compression)

or




Joint B : Consider the FBD of joint Bwith known value E
of forces £, in member BC as shown in fig. (e).
Resolving forces vertically we get

F, sin 60°

Ry, = 1

- 1
or = Gaee ’

1.155 kN (compression)

i

Fig. (e}

f':‘Ex‘ain}ﬁléjz.’io L Forthe truss loaded as shown in fig. determine the reactions at the supports

and fores set up in each member of the truss.

1 kN

': 2m———j=———2m I

Solution: ’

At end B roller support provides a reaction A, at right TN
angles to the roller base. Atend A due to hinged support, 6/ D
reaction H, can have tWo component acting in the 2 kN j';
horizontal and vertical direction. oG E

From the geometry of fig. (a) we get %

4 AC ? A
= tan "2 = tan 1S = 450 9 8 ,
o ch ) Ry c
Thus sin® =cos 6=0707 , v 5kN

Angle of inclination of all member is 45° with horizontal. [P p— 2m |

AD = NAC? + CDP =22 1 22 = 2.828'm Fig. (a)
AD 2 818
AF = = S =,
AE 5 5 414
Now consider the FBD of the entire truss shown in fig. (a) and taking moments about joint A we get

RDXAB:ZX/\E+1><AD+5><AC

or F?b><4:~.2><1.414+1><2,828+5><2
2x1.414+1x2.828 +10
or /i?b = ) = 3.914 kN

Resolving forces horizontally we get

R, =1xcos0+2xcos0+1xcosb
or R (1+2+1)cos®
=4 x0.707 = 2.828 kN

i

ax




Resolving forces vertically we get
/?ay+ Hy=5+1xsin0+2xsin6+1xsino
or R{,y:5-~Rb+(1 +2+ 1)sino
=5-83914 +4x0707
3.914 kN

il

Joint A : Consider the FBD of joint A with the direction
of forces assumed as shown in fig. (b). We can start

with this node because there are two unknown forces. E
Resolving forces vertically we get /
. — . 1 kN F1
Txsin® + F,sin® = /%’ay <o
o ;
R R o s
or Fre g 2914 TR
" sing 0.707 B
= 4.536 kN (compression) N Fig. (b)

Resolving forces horizontally we get
Ixcos0+F, =R, +F cos@
or F, = 2.828 + 4536 x 0.707 — 1 x0.707
= 5.328 kN (tensile)

Joint E: Consider the FBD of joint £with known value
of force F, in member AE as shown in figure (c)

It can be easily seen that,
Fy = 2KkN (compressive)

Joint D: Consider the FBD of joint D with known value
of force F, in member DF as shown in figure (d)
Resolving forces horizontally we get,
1 cos6 + F48in® = F, cose
or Fe=F,+ 1. sind =cosd = 0.707)
or = 5.536 kN (compressive)

A
Resolving forces vertically we get

1 xsing + Fs = F, cos6 + Fg sin®
= F5 = (F4 + F6 ~-1)x0.707 = 2 x 4.536 x 0.707
6.414 kN (tensile)

Joint F: With reference of FBD of joint F as shown in

figure (e)

It can be easily seen that A G B
F, = Fy =5536 kN (compressive) Fig. ()

and Fy=0

i

Il




Joint B: Consider the FBD of joint Bwith known value D

_ . o : /
of force F, in member BC as shown in figure (f) }
Resolving forces horizontally we get . E

Fy = F,cos 6 e \\ 1/ V% £
= 5.536 x 0.707 // N ’
= 3.914 kN (tensile) A ¢ i 5
Fig. (% TRb

120 kN in the AB member of the cantilever truss shown in figg. For this loading, find out forces in members

AF and FE of the truss.

ﬂ,,'

w

f<=2 m = 4m

Solution: ,
Letasection 1-1be passéd in such a way that it cuts the members AB, AE, FE and divides the truss
in two parts and assurmed direction of forces is shown in fig. (a).
Consider equilibrium of right part of the truss and take moments about the point £,

Wx2+Wx6 = Fx3=120x3
120x 3

— 45 kN

To find force F, in member FE, taking moments about the point A,

Wx8+ Wx4 = F;x3
or Fy = 4W=4x45=180KkN (compressive)
To find force £, in member AE, resolving forces vertically.

F,sin® = W+ W

or W =

41 >
w

ic

; 2w
or F, = — [
- sing Ak —
From the geometry of fig. (a) we get, \
AF ‘ 3
sing = —=
AE \\ J
; ¥
feamd '“”'i'ig:ﬁ::: — O . 8 8 2 D
_\/éo + 22 g
or F, = 2245
27 0.832

= 108.17 kN tensile)



For the truss loaded and supported as shown in fig., determine the forces in

membes C, DGnd (GH. Use the method of sections.

I

[*ﬂwwf 3m { 3m i am ~~—>|
C D E F
N N T
* am
A}_. \ BX"_L.
S G H VAN
A %
1O KN 20 ki
Solution:
The reactions at the hinged support will be only in vertical direction as external loads are vertical.
Thus R+ R, = 10+20=80kN
Taking moments about end B we get, ,
R,x9 = 10x6+20x3 =120
R, = %9: 13,33 ki
Thus A, = 30-13.38 = 16.66 kN
Let section 1-1 be passed in such a way that it cuts ' e 3 e e 3 ]
the members CD. DG, GH and divides the trussin .~ 7 ST TR
two parts. e : \ T

The left part of the truss (fig. (a)) is in equilibrium und‘er‘

the action of following Torces: , , . o
(1) Reaction A, = 13.33 kN ) L \ hN J
(2)  10KkN load atjoint G A G H A
(3) Force F,in member CD {assumed compressive), v v

(4)  Force F, in member GD (assumed tensile) and R, 10 kN 20 kN R,
(6)  Force F, in member GH (assumed tensile). Fig. (a)

Taking moment about point D we get
Fyx GD = R xAG

or Fax3 = R x3
or Fy = R,=13.33kN (tensile) e 3] 3 e 3 ee]
Taking moment about point G we get C ! D E F
FxAC = R, x AG F T
Fyx3= R, x3
or Fy = R, =13.33kN (compression) F, sm
To find F5 in member GH, resolving forces horizontally N\ N\ \ \ l
3 ) . A N » \ B 4
= Fy= F, = 13.33kN (tensile) iy G ;“ o
Taking moment about point C we get X ’ 1
10xAG = F,xCD+ Fyx GD R, 10 kN

or 10x3 = F,x3+ ;%3 Fig. (b)




or F,= 10~F;

= 10~13.33

= -3.33 kN
The negative with force F, indicate that it is in opposite direction as assumed. Thus force F, in
member GD is 3.33 kN compressive.

Using the method of sections, determine the e 1.5 m ]
forces in members ED, DF and FC of the truss shown in fig. 10KN == H T
1m
Solution: P i
- d
Let section 1-1 be passed in such a way that it cuts the member E F ”?L
ED, DF, FC and divides the truss in two parts. For considering the / 1'm
equilibrium of the upper part of the truss, there is no need 10 D c
determine the reaction atl the supports. e
Let F,, F, and F, be the forces with their directions assurned // "
as shown in fig. (a). AR B
From the geometry
1. 5
cos 8 = 5 - Q~O.833
Jis2ep 180
Now taking moment about point Fwe get - |« 1.5 m—]
10 KN wemorpr G
FoxEF=10x GF or Fyx 1.5=10x 1 H f
Tm
- 10 , 0 .
or F, = —2 =6.67 kN (tensile) E o oar 4+
1.5 I F2 F T
1 3
A 1m
{ 1
Resolving forces horizontally we get b ¢ ‘z;
. |
F,cos @ = 10 1m
Ak Bt

or /:,7 e e 12 kN (teﬂSHe) T fe
£ cos® 0833
Fig. (a)
Let section 2-2 be passed in such a way that it cuts the
member AD, DC and FC and divides the truss in two parts. ' e 1.5 M ]
Considering the equilibrium of the upper part of the truss, let 10HN == N 1
F,, F,, F,bethe forces with their directions assumed as shown // im
infig. (b) E E L
// A T
Taking moment about point D we get Fiy 7 2 4'm
Fyx DC = 10x HD Gl B
or Fux 15 =10x2 g |
v Fst P Tm
20 2
or F. = == =13.33kN (compressive -
Fo= 1% {(compressive) fé_&, B L



Objective Brain Teasers

Q.1 Asolid sphere will be in stable equilibrium if its
centre of gravity lies
(a) vertically above its geometric centre
(b) vertically below its geometric centre

(c) onthe horizontal line through its centre

(d)

d) atthe centre ()
Q.2 Consider the following staterents with regard
to equilibrium
1. A body is said to be in stable equilibrium
when an receiving a slight displacement, it )
fends to go further away from its position of Q /'\"“
rost - it !
2. Abodyissaid to be in unstable equilibrium ﬂ
when on receiving a slight displacement, it G
tends to go further away from its position of (b) ‘
rest % ' J
3. A body is in neutral equilibrium when an } =
receiving a slight displacement, it tends to
come 1o rest in its new position D
Which of the statements given above are correct? —= 0 ol
(ay 1 2and3 e !
(b) 1and?
(c) 2and3 OF =
(d) tTand3
Q.3 [ -
B : \\C Pe) }
i A ' f
(d)
g —~U)

Select the correct free body diagram for the
structure shown in the figure given above.
The structure is hinged at A and Bwhile Cis
fixed,

Q.4

The figure shows a pin-jointed plane truss
loaded al the point Mby hanging a mass of 100
kg. The member LN of the truss is subjected to

a load of



o

I K L M P P
| B C
L A
60° 60° 60
N
o 100 kg

(a) 0 Newton F . ’f . D
(b) 450 Newton in compression g
(c) 981 Newton in compression (a) 1kN ‘ (b) 1.299 kN
(d) 981 Newton in tension (c) 1.5kN (d) None of these.
A truss ABCD, hinged at end A is roller Q.8 Atruss ABCD hinged at C, roller supported at
supported on inclined plane at C. Angle of Dis subjected to a vertical load 20 kKN at joint A,
inclination of plane is 45°. Load at joint Dis W What is the reaction at C figure ?
as shown in figure. What is the horizontal (a) 20 kN (b) 15kN
component of reaction at C? (c) 35kN (d) None of these.

B = 3m w4 m —=]

A B c i
atcs 45N C £
7~ B @é\ i 20 kN

w 45° - D

(a) Zero (b) 0.5W

A truss ABCDE is shown in figure. A load W 1. (b) 2. (¢) 3. (a) 4. (a) 5.(b)
acts at joint D as shown in figure. What is the
force in member BC?

(a) W (tension) (b) W (comp.)

(¢) Jow (tensile) (d) None of these = Hints & Explanation
vvvvvv B c D 1. (b)

oC

w G

Stable

A truss ABCDEF, shown in the figure carries
loads Peach atjoints Band C. What is the value “\T\\\T\

of Fif force in member ABis 3 kN? Method of W

section may he used Unstable Stable equilibrium




Moment about £

R e Fap x 0.866a = —PQE ¥ _3.?
vt !
2Pa
"o1 = 0 866a
=231P=3kN
P = 1.299 kN.
’ (d)
(b) Moments about C
27 x7 = RDV + 4
W -
Aoy =7 =Few Rpy = 35 kN
Rn, =35-20 =15 kNJ
" e [ - M//? RC/’/ :: O‘
. e 3 M e 4 ]
AT NRe A 5 o |
RCV = Wi2
(a)
c D
B w
a
A E
,,,,, % ] ,‘; : {
Atjoint D o :
Fop = Wtension) Q.1 Dueto harizontal pull of 60 kN at C, what is the f
Fog =0 force induced in the member AB?
Fge = W{tension)
c
60 kN
(b)
Method of section
B <
A
60° 4
7
/ D I 3m |
(a) 0 (b) 40 kN

e 3/ 2




Q.2 The magnitude of force in section BD is Q.3

KN.

B D
5m 5m
A
L
30 kN 20 kN

The net reaction at £1s kN.

10 kN 5 kN

!
1
|
!
[

6m 3m




