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1) Cormpaund lruss by addional membors (1) Compornd truss by hirge and member BE

Fig.3.2
. {ii) Complextruss: If atruss is neither simple nor compound then it is called complex truss. A cormplex
3.1 Introduction truss has polygonal struclure.

T , ;
usses aremost common lype of structure used in consiructing building reols, bridges and lowers elc.

A truss can be conslructed by strai ioi
welding. ¥ straight slender members joined togalher at theit end by bolting. riveting or

3.2 C(lassification of Trusses
The trusses can ba clessiflad into
{a) planetrusses (2-Dlrusses)
{0} spacetrusses(3-Dtrusses)
(1‘1;0 p:ane trusses (2-D) can also be ¢lassiiied inlo simple 1russ, compound truss and complex lruss. Fle3d
b zc’::'e:'m”m simple truss is constructed from the basie triangular sfament as shown in figure by
ecling lwo members toform an addilional element. The other efement can bea form by connecling

3.3 Stability of Trusses

1wo mote members 1o resulting simple truss. (a) External stabllity: For stabillly of 2-O lrusses lollowing three conditions of equilibrium must be
B C ] c : salistied.
. () EF,=0 W ILF =0 (i) EM,=0
2 ‘ Apart [rom above three conditions, all suppon reactions should nol be parallel and cancurrenl,
otherwise unstability will sel up.
AT Ad )
, -
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Fig.3.1 . . Fig.3.4

(i Cf’mpoun":' truss: A compound truss is formed by cannecting two or more simple trusses together | ®) Internal stabllity: For he internal skibiy. no part of he truss cap mave rgidly felaine 12 u‘\e oter
either by hinge or by addiional rembars. ! past to maintain geomelry of the siructure, however small clastic deformations are permitted. To
1 preserve geometry enough number of members and {heit adequate arrangements required.



For plane truss the minimum number of members needed for geomelric slability are
m=2{-3

Here,  j=Numberof joinl

m=Members required for geometric stability and all the members should be arranged in

suchaway that truss can be divided into lria ngular blocks, i.e. no rsectangular or potygonat
blocks, '

3.4 Determinate and Indeterminate Trusses

A truss is said lo be delerminate when it can by analysed by equalions of stalic equilibrium alone, For
determinale truss, the degree of stalic indeterminacy is zero. I degree of slatic indaterminacy is greater than

zero lhen truss is called indeterminale russ. To analyse the indeterminate Iruss, additional c

ompatibility conditions
are required.

The degree of stalic indglerminacy is given by,
Dg=mar -2
Oi=m+r,-3f

m = number ol members

f, = number of external support reactions

§ = number of joint

(2D-buss)

{3-Otruss)
where,

i

D; = 0. Ihen truss is stable and delerminate; such irusses are called perfect vusses
Dg > 0, then truss is stable bul indeterminate or over stiff, )
D < 0. then truss is unstable or deficienl.

3.5 Methods of Analysis of Determinate Truss
The determinate and stable truss can be analysed by using equilibrium methads such as:
{i) Method of joints (#) Method of sections
(iti) Graphical melhod-Willat Mohr diagram (s Barchain methed

3.5.1 Method of Joints

This melhod is suilable when forces in all members are (o be calculated. In this method, equifivrium of
each joint is considered. Al each joint wo equalions of equilibrium are available viz.

i) TF =0 () TF =0

Itis also noted that Ihere are only wo equations ol equilibrium available at each [oint, Hence this method
Can not be applicable when number of unknowns at each
jointare more than tva.

So in Ihis method (he seleclion of joint is very
judicious. proceeding one joint to anolher that numbier of
unknown forces al a joint are not more than (wo.

Slgn Convention for Member Farces

The forces inmember are shovin Iy ydouble arrows.
Foriension arrows are pointing avay from each oiher and
lot cornprossion amoes are rinting towards each other

Flg.3.5
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Consider joint A, let the force In AB (F,;) is tensile and force in AC(F,J)is ™
ompfessive. ) ‘ ' N 3
o Tho compressive force in member exerls a reactions pointing lowards the joint

L R
and a lensile force exerts a reaclion painting avay fromhe joinl,

NOTE The unknown forees in members are considared as tensile and tensile forces are taken as
'N"""‘ © - posllive and vice-versa,
n ' Tensile Force = Posltive (+ve)
- Compréssive force = Negalive (-ve)
Procadure .
step-1: Check for degree of static indeterminacy
il T DS =0

' ! in-joi v ha
then truss is determinale and slable, Such fiusses are called pin-jointed perlect frame, For trusses t
external support reactions can be Jound by using conditions of equilibrium.
(i) EZF =0 (i) £F,=0 )
The above conditions are applied for truss as & whole. . o
Step-2: Draw free body diagram of that joint at which only twe unknawn forces are present. Now consider
equilibrium ol joint ang apply follewing conditions of equilibrium o find unknowns.
N W EF? N 0 resent anduse above
Now praceed to ancther joints ene by one at which only fwo unknownforces are o
conditions of equilibrium to find unknowns.

) i i of joint.
Find forces in alf membsrs of truss by using method 1;

(i) TM,=0

Solution: c
Reaction: T
IF =0; H.=0 .
IF, = O; | R 9a=g" ) i a
Y ~-Wxa=
| . RE = —:?‘ Hy AN ) _-Q_
W T_ PR P —-T
and Ra= 5 A
Methad of joint: " R f
Jaint A

Consider equilibrium of joint*A'




tha lists:

IF =0; Fip+ Frp€osd5 = 0 Fac
w .
Fﬁo‘f > (Tension) 450
F
IF=0 —2—’+F,,¢sin45 =0 *
Al
Fe= —% {Compression) ;—v
V2
Joint D: !
Consider equilibriumat joinl D Foe
IF =0 Fog= % (Tension) ' ’ ‘
sz =0 FD: =0 !2! Fro
Joint 8.
Consider equilibrium of joinl 5.
£
-0 %+F8csin45=0 ”‘
1w 45
= - Compression, W
B Nz { Pression} 4
w
P w
2
¢
w w
A ¥z
A a
I
F] 2
Ry= -;! Ru= w

2

m Consider a loadad lruss shown in the given figure.

Match List-l (Membar) with List-1| {Farce) and selsct the corracl answer using the codas below

List-| List-li :
A PR 1. 40 kN (Tanslon) R s )
B. AS 2. 40 kN (Compression) 1
C. su 3, 80 kN {Tenslon) "
D. AT 4. 5042 kM {Compression) 1
Codes: .

A B C D GOKN . 30KN
@3 2 1 4 ol e f o e ]
w3 1 2 4 .
{c} 4 1 2 2
Wa 2 1 3

[IES : 2001)

s

R 40N S
Ans {d) ) T
Reacllons: 9
SF =0 Rt fp=60+30-90 () somn/ loanNb |soudio@e b
L= 0
):A"b=01 3hx AR, =80x2h+30xh p/s-om T OS0KN NI dORN NG =0
. A. = S0KN A L h h )
A = ACKN N M
and < T G:NN JOMN I
_Method of joints: g Ry
Jolnl P:

Coansider equllibrivm af joint P.

XF =0, Fpr+ FpgCos43® = 0
Fm i .
Fop= === i)
PT N7
IF =0 50 + Fppsind3° = 0
.
Fen : SOKN
—= = -50kN
J2
= Fg= -60¥2KkN  {Compressicn) .
b
From equation (i), Fop= +50 (Tenslon)
Joinl T: . .
i Hibrium of joinl T. .
ggf\ilff Faubmm e Fe = SOKN (Tension) ~ SOKN Py
» "Fl = 0.' Frq= 60KN (Tension)
IF, =0
Joinl &: . e
Consider equifibrium of joint Q.
IF =0 Foy + Faecosds® = 0 i
‘ Yo
Fr; = fas i) >
v 2 45
¥F =0 Fossina5° + 40 = 0 Fey= o
' s = 0K (Compression)
ign {4 =+ Tension
Fram equalian {if), Fp = +A0KN { ) b
Joint 5 A
Consider equilibrium af joints 8.
TE = 0 Fan 4 40V2 sind&* = 0 - (i) s
‘ Fgq = —10KN {Compression) Fan ‘—“1/
. N ‘“.I,
SF =0 Foy = A0V2 cOs45° N\
' = AMEkMN (Tension) £

Hence aphon (d)is correcl.




Identlfylng Zero Force Members :
There are following wo thumb rules lo identify the members having zerg lorces.
1. Ilatajointthree members meet, out of three lwo members are collinear and there is no external lorca
of support reaction al that joinl, Then non collinear member willcarry zero {orce.
=0 Fysinb=0 2
;. FJ =0 v o ’
Alsg, note that, o//)ﬂ £
¥, =0

£}

f-F+Fcos8=0
F=F [~ F=0]
hmean it at a joint twa collinear member rmcel and here is no external load or support reaction a
that joinl, then both the collinea: members will have equal and like forces. Eg.

w w 'E
103 : 03] i)
Flg.3.6
In above ligures member CDwill carry zero force. .
2. Il aiajoint only two members meet which are non-collinear and there is no
exlernalload or support reaction at that joint then both the members will carry
zerotorces. . pral ,
Consider equilibrium of joint A.
IF =0, Fy+ Fcos0 =0 U
IF= 0 F,sing = 0 Py Py
=0 . ;
Fromequalion (i), we gol
F, +0-cos0 = 0 X

S F‘ =0 / \\
Hernee, Fi=F =0 §—o A B o »&D

Foreg. 2N Fy

In above wuss member CF. CA. BO and FOwill carry zero lorce, Fig.3.7

-

For the plane truss shown in the ligure, the numbsr of zero {orce membaers

for the given loading (s

P

(@) 4 ) 8
{c) 1 (@) 13 N
Ans, (b)

if three members mesl at a joint and twa of them are collinear, then the third member wil cgrry zero
force it there is no load on that joint. Thus, using above cendilion we idenlily 8 members which cary

zeroforces.

Hence option (b)is correst.

What is the forcs in the member CE of a cantilever russ shown In the
adjoining figure?

fm e 2V 2qm—w]

(a) P (tensile) (b} P {compression}

{c} 2P (iensilo) (d) zero {IES - 2003]

-

Ans.(d) ) ) i i i
There is no force at joint €, so the force in membor EC s zero. Hence option {cl)is correct.




W Mambaer(s) of the frame shown below carrlas/carry zero force Isfare

10 KN

i
{a) EConly (b)) ECand A8
{c) ECeand AC {d) EC, ACand AB
a0 [IES : 2003)]

Frg e

Fo Fen

Since nze_mber DEand EA ar callinear and po force on joint £. Hence me;nber EC vill catry zeroforce.
Now at joint Ctwo members OC and C8are collinear and no external force on joint C, Hence member
CAwill catry zera farce, [Fgp = 0] ;
Hence option {¢) is correct. ‘

What {s the force in member AB of the pin-jointed frame as shown below?

(e} P{Tension) p ot e ap

{b) P({Compression}
{c} % {Compreséion)

{d) Zero
Ans.(d]

At ;c.ml A, wo members mee! and there is no external load on joint A, Hence bolh member maeting at
Awili carry zero force.

-~ F.!,J =0
Hence option {d) is correct.

[IES: 20086]

.

All members of the truss shown In the below figure are pin jointéd. Calculate

clions and forces in all the membaers.

{he rea
)
10kN
{IES : 2002]
Sofution: )
The degree of slatic indeterminacy of (he given lruss may be given as
. o Dg=mai,-2f
Here.m=18,f,= 4, /=11 ’
D;= 184+4-2x11
=0
Thus. the given lruss is slatically delerminale.
10kN
tond = %
sid= 4 booshs ]
HA
feactions:
iF =0 H,+ H,= 10 LA
F =0 R,+ A =0 Ain
M, = 0 Rx16-10x6=0

Ry = 3.75KN(T)

Fram equalion (i), we got
Ay = A= -375kN (L)

Also, EMg=0 (Fromright)
A x6-H,»G=0
H,

3.75x8

= SKN( <)

From equalion {), we get
H, = 10-5=5kiN{«)




Joint A: Consider aquilibrium of joint 4.

IF, =0 Fesind-5<0
4
Foox— =5
nc X z
FAC = 6.25kN (Tensfon)

EF, =0, F 0080+ F;~375=0
Fin= 3.75—6.25:(%:0

Since £, =0, therelore BCand BDwill carry zaro lorcas.

Joint D; Consider equilibrium of joint O.
IF.=0 Fpecos8 = 0
Fp =
IF =0 Foo8in0+ Fpe+10 =0
Foe = ~10kN {Compression)
Joint £: Consider equilibrium of joint £.
TF =0 Fer+ Foe =0
Fe+10=0
Fre= ~10KN {Compression)
IF, = G; F=D0
Joint C: Consider equilibrium of joint &,
For= F
For= 6.25kN (Tension)
Joint K: Consider equitibrium of jeint K.
F =0 FysinG+5=0
4
Fm )(g =-5
Fg = =625 KN (Compressian)

Ky
L, =0:  Fuc0s0+F ,+375=0

3

Fh’J = =375 —(-‘325} X 5 =0
Since £, = 0, therelore J and Jiwill carry zero forces,
Asaresult H and HG will also carry zera lorce.
Joint 7: Consider equilibrium of joint /
XEo=0 ~Fyy SN0~ Fosing = 0

Fr+ Fry=0

£ = ~B:256N (Compression)

=0 i+ Fry €0s0 + Fiocost = 0

Fra = 2 (6.25-6.25)= 0

10kN

FA&
F‘C
]
——5kN
3.75kN

FM e . (} e s F[;

M
o

N
w

AN

y
€N,

Fus ‘\\ ?’j”

e [k

£
<o

3.75KM
FPG
£y « J
N
o\,
N
PN
: N
: Fuy

Jolnt F Considar equilibrium of joint £, Fer ° Frg
IF, =0 Frg=FipSin0 + Fop= Fresing = 0 /éi%\
4 4 1
Feo ~6,25x-§+10-6,25x§ =0 F % 3
o Frp=0
Momber | Force (N} Natura Membor | Forco (kN) Nature
AB 0 - CF 625 Tonsion
AC 6.25 Tenslon -‘:: 0 -
. -6.25 Compressiva
e v 0 -
80 0 - JH o -
2/ ¢} - Hi [+ -
DE -0 Compressive HG 0 -
IF -§.25 Compressive
B ° ) ) 16 0 -
EF -10 Compressive FG o _

35.2 Method of Sections
This method is suitable when forces are required only in few members. In this methed whole truss is cut

into two parlions and equilibriumof each portion is cansiderad. For two portions of truss, the {oliowing equations

of equilibrium should be satlsfied.
[ %F=0 (i) TF,=0 (i) EM,=0

To dotermine the unknown member forces, an imaginary section is cut in such a way that unknown force
can be delerminad using above equations.

The imaginary section may be vertical, horizontal, zig-zag or any shape.

Consider a (russ show below and forces in members HG, CO and HD are required, cul the lruss along
section x-x and consider equilibrium of cither left free body or right free body.

p
P
H ! Y6 F_
; «—P
"'
8
o F =.
fe,
P
§
EI—a fe—>p

I

{1} Right fice body TRu

R‘T ) Lelt freo body

Fig.3.8



Theu ,anc iios
nknown member forces £, F,pand Fp, can be found by the folloving conditions of equiibrium Ans.(a)

either {or left ree body or right free body,
) LF =0 iy IF = ) ‘
o IF @ i, =0 T, =0 P ,.’.‘____@_——?B -]- Using method of section

Tha pin-jointed cantilaver truss is loaded oL von f

force in P ed as shu:un In the given figure. The b
{8) 40 kN {Compressive}
{b} 80 kN (Tensile)
{c} 80 kN (Compressive)

{d) 120 kN {Compressive)

X

Hiaga
B ‘A

8]
2P

|

Ans. fc}
Ei £
A ;ﬂ
H,
< ..
m RI BN Considaring cquilibrium ot free body shown above.
H 5 IF =0 _ A Fep=P (Tensile}
R (g S )¢ Hence oplion (a} is corecl.
\x —
£F = 0: A0kN v Exgmple3.10 Tha figure below shows a pin-jointed {rama.
0 2" - :é'm i) What are [he forces In members BE, CD and EC?
i -0 A= {2) 10 kN, § kN and 5 kN
IM,=0; Ox6-Hx3=0
= e (b) 10 kN, 5 kN end Zero
Hence H - *’2“2 { {c) 5 kN, 10 kN and Zero :
= 80K (d) 5 kN, 5 kN and Zero [1ES : 2009)

Using method of seclion,
ZF, =0 F,+80=0 Ans. (8]

0 - : “eo: ' ~ Culting a seclion \hrough BC. BE and AEand

ep = ~80KN  (Compressive) £ b ! consider lell iree bady of given pin-jointed frame.

Henee option (¢} is correct.

!
The farce In the member CD is -

A 8 T | ! ’ '
- -
sl Fous
|

M, =0 Wx2+ Fprx2=0
For = -10kN (Compression}

F .
- == ! . Consider equilibrium of joint £ Fegy = —90
\ e 2 e . ;
. - IF =0 Fio=0
{a) PTensile {b} PCompressive i Y =0, Foor5=0 i

Fu = S5kN {(Compression)

{c} 2P Tenslls ‘ (d) 2PCom i
TESSIY!
_ P e [IES: 2011]



w Find the member forces In the mamber marked A, 8 and C for lhe fruss ag

show.
SKN  10kN 10kN SOKN 5kN
Solutlon: Nes: 2013)
SKN  10kH 1OKN 10SN  5wN
SN 5 8 r
E
{
H—— 0 & 4
AY 25 :Ym k] o
R, Smﬁ@3m=18m——{
R,
H = 5kN
‘ A+ R, = 40kN
Taking moment about joint 1
‘ RA18) = 5(3) + 5(3) + 10(6) + 10(9) + 10{12) + 5(15)
= A, = 20.833kN
: R, = 19.1667 kN
Seclion X-X is as shown above. )
Considering the equilibrium of LHS of section x-x and RN )
taking rmoment about joint 11, 5“"—; _"%"l re
FA3)+5(3) + A,(6) = 53) \ I
= F(3+ 164115 = 15 S
= F, = ~1~;'~5=—aa.333m R e I
A,
£, = 3B.333kN{compression)
F.=0 (due o eq. of joinl 10
Conslderseclion-yassho'.vninligure. G oo
10K 10kK 5kN

5 ) &

<
S

)
i,
1

—_—
A

0 =45
Considering the vartical equilibrium of RHS of secticn y-y
Fros45°+10+10+5 = R,

Py i
L4275 = 208333
= 72
= Fy = -5.8926 kN
Fy = 5.8926kN (Compression)
-~ Force inmembaor A=0
B = 5.8926 kN (Compression)

Force inmember

Farce inmembér C = 38.333kN (Compression}

mmd forces In member DF and EF for the truss shown below.

Solutfon:
Oi=m+r,~2Y

=18+4-2x% 11

=0
Thus given (russ is determinate.
Reaction:
IF, =0 Hy+H+10=0

Hy+ Hy = -10
IF =0 R,+f=0
M, = 0 A, %16+10x6=10
i R, = -3.75kN (L)

and ‘R, = +375%N(T)

Also, M =0 (From teft)
g R,x8-H.,x6=0
H,\ = -5 kN ((“)
Hence, H = -5kN{¢)

Consider a section x-x a8 shown in figure.

'

)
i}




Now considar equilibrium of lelt pcrliori of russ.

10UN
IF,=0; Frpc080-3.75=0
15
or = cose

7!
'(33;; 625K (rension)

Fee+ 1 - Fooind =
e+ 10+ H, 3 Fypesinb =0 .

Fgr +10—5+5.25X% =0

Fge = -10KN  (Compression) Ry =375k

3.6 Methods of Analysis of Indeterminate Truss

Itthe degree of static indalerminacy is grealer than zero then lruss is called indeterminate or redundant.

The indeterminate truss can be analyse by following mathods:
{a) Force melhods - examples are unil load mathod, slrain energy method and Maxwell's method.
{n) Displacement melhodfSlitiness methcd'Equmbnum methed.
{c} Graphical method.
Intrusses, generally Ogis much lower than D, Hence force
methods are preferred.
36.1 Unitload Method
Consider a truss shown below.
Di=ma+t,-2f

=6+3-2x4
=06+3-8=+1
Dy =1,-3
0, =3-3=0
andd Dy = m-(2/-3)

=6-{2x4-3)=1

Thus the above truss is indeterminale lo 1% gegres and
indeterminazy isinternal i.e. inlernal force is redundant force.

tal 8, 5, 5y S, are the final forces in the membaers due lo
given exlernal loading (#). -

Since the truss is indetenmninate 1o 1% degree. Mence remove one
of the member say A8 i order 1o make the remaining truss delorminate.

The above detenninate truss may be anulysed by using method of
joint ot matbad ol sections. Let due 1o the given loading, lorce in lruss are
Py, Py Py .....P, (Suy Psystem of forces). 0]

Remove given loading, consider there is X force in AB. Since
member is removed, hence apply torce equal 1o member lorce X at A
and 8. ; '

Let 0. @y, Q,.......Q, (Say G-system ol torces) developed in
members due 10 Xforce in member AB.

Now aunitload is applied al Aand 8suchthatforces inmembers
are Ky, K, Ky, (SaY Kesystem of forces).

The final forces in mernbers will be

=P+ Q=P+ XK,
“-’2 Py + 02 P, + XK,

S = F‘n+ Q,=F + XK"
where, X= lorcein redundant member.
The trua value of Xwill be su;;h Inat the tolal strain energy stored
in tha systom is minimum.
The strain enargy stored in all members is

L P XKL
u=2 Z( ;AE

For minimurm strain energy,

av
% 0
W _ - 2AP+ XKL
D Y v
PKL K21
L AhE R0
PKL
ZAE

Procedure ' ‘ ‘
‘ Step-1:Check the degree of static indeterminacy and assute thal Dg = 1and then identily the redundant.
Step-2: Il truss s redundant to firs| degree thenremove the redundant judiciously so thatresial the russ
will be delerminate, Find P-system of lorces Py, Py, Py.......F due'lo given loading. '
Step-3: Remove all external loads and applyumt Ioad at betwoen the joints vihere member is removedin
the direction of member removed. Due to unil load at jaints (ind K-systemn of forces K. K, K. Ky

. PKL
o X' AfE
Step-4: Calculale value of redundant force X=- .

z (“L



N T
Step-5:Find final torces in all members (s-systemol forces)

Sy = P+ XK, Mombor | P ik | LI PKL | W'e | S2Pesy P-system of lorca Fes Thosos
& = P+ XK. Joint E: Consider equilibrium of joint £.
< n 2 .
H : F,=G Pegsint = W Pen~ 9
8= P, v XK. 08Fg= W
. Note: Calculation of this melhod should b done in abular Py zF o p Peg = ;‘25 W(Tension)
nner. X ={; + cos0 =
x . o £8
! _ w
Case-I: Interally Indeterminate Trusses Feo® 125 Wx 08=0 s
v Pep = -0.75 W(Compression)
i b Find the exisl force in the member 8C of the frame shown in figure. The Joint B; Consider equitibrium of jeint B, P 8
gure brackets Indlcate the crass-ssclional area In cm?. The members ars &ll of the same malterial EF, =0 N ;”g sgg
. s nU=.
A (@ e ! Py, -1.25 Weosb= O
I ) % Pg = 1.25x0.8W
Py, = 0.75W (Tension) Pa il
EFY =0
' Pgp+ 1.25Wsing = 0
Py = -1.25 W sing
Pep= ~1.25Wx08=-W (Compression)
. w
Jolnt O: Consider equitibrium of joint D, . os0=06
ZTF},= W o« sin0=08
Pp,sind = W
[UPPSC: 2007(1ty) Ppyx08= W P bl . 05w
Solution; 7 Pra= 1.25 W(Tension) o
D, = myr -2 =0
Here,m=8,7,=3and /=5 ’ Ppc + PpaCos0+0.75 W= 0
a D, = 8+3-2x5 Poo+ 1.25 Wx 06+ 075 W= 0 Pex
= 1‘ 1-10 Ppe = -1.5 W{Compression)
Lel member 6Cis redundant. Atter removat of member BC rest of the lruss is determinate. Joint G: Consicer equitbrium of joint C,
’ ’ ¥F,=0;
=0
H,
A 8 PE‘A =0 (4 C 15w

k-system of force; Remove given foading and apply unit load ai Band C in the direction of member

f— 200 em —

o

[ 150 om— J~— 1:0¢m

BC and lind k-system of farce.
i




Jalnt E: Consider equilibrium of joinl £.
At joint Ethere is no load.

A Keg = ch =0 8
0 . Ky e =
Joint 8: Cansider equitibrium of joint 8, m V2N “;:2 ":‘6
. s o =0
IF,=0 g+ 1cose = O )
kg, = -cos0 Q
= -0.6XN (Compression) ’ K’m )
IF, =0 kon+ 18in6 = 0 1
Kgo = ~0.8KkN(Compression)
Joinl D: Consicter equilibrium of joint D, i 0.6 kN
IF=0 Hou
kp,sind =08
0.8k, = 08
Kny = TRN(Tension)’ 0
I, = 0; Koo+ K, 0088 = 0 Koe 4 S O
koo = =kn, %08 :
= -08kN i
(Compression) Kes 050=06
Joint C: Consider equitibrium of joint C,
I =0
koy+ tsing = 0
ey = ~0.BKN {Compression) M p
Y
Momber Arca P k L{cm) Prt ﬂ
AE AE
A8 a 075w -0.6 150 -67.5 W/a 54/a
AC a ¢} -0.8 200 ¢ 128fa
AD 8 125W 1 250 312.5 Ws 250/
8D a - -0.8 200 160 Wa | 128/a
8 a 125w [y 250 0 [
oe 23 -15W -0.6 150 67.5 Wa 22
o 20 -075W 0 150 0 ]
BC o 0 1 250 1] 2501z
5 472.5W 887
a a

P AT2.5W

AE _ ___aE _ _ 5564 W (Compression)

Force in redundant member BC, AR = L 837
LOE af

Elng 1ha forces ln tha member of wuss shown in figure. All the members

Example3:14 :
have same material and area cross-saclion.

100hN

Solution: c
'DS(' =4 3
=3-3=0
and D, = m-(2j-3)
=6-{2x4-3) 2 N
=1 \
Thus the given lruss is internally indetarminate Lo 1% degree. \\\
Let us consider (he member ABis redundant. ‘ O \_2 __ a8
Now remave AB and remaining truss is determinale. T
ijr’:zs i:m of Forees: Ry= SOKN
3 : 2
=— and sinfy = —=
costy Jﬁ an 1 \ﬁ—é ‘PA:
3 d sin0, = 4 o .
cosby = E an =3 ) g P
IF =0 P 080, + P, c0s0, = 0 A}{
37‘P‘D 3 ) . ALY
S 4= Py =0 i)
i3 5 ! v
IF =0 P, -sind, + P,.gsm(i1 =50 : sonn
4 Y .
EPMT""\.‘_@PAD =-50 i)

Solving {f) and (i), via gel

Py = +25y13 N = 90.13kN  (Tensan)
Po= 125 k¢ (Compression)



Joint 4;

Similarly, Fo = Fap = +25/T3 KN =90.13kN _ (Tension)
Pac = Pue=-125kN  (Compression)

P
Joint & ’
}:Fy= e}
Pep—90.135in0, - 80,13 sing, = 0
P = 2% 90.13x—g~
Vi3

= +100kN (Tension)

80.13 a0.13
K-system of Forcas: :

Now remove exlernal leading and apply unil load at A and 8in the direclion of member removed.

G

Joinvt A
3 . 2
cos0, = and singy = —
ERYK] BN
3 . 4
cos0, = 3 and sind, =§
IF =0 1+ KypcosO, + Ko cost, =0
3 . 3
"fﬁ"‘;\wg&c =0 N0
IF = Ky SN0, + 1, sin0, = 0
2 . 4
= h el = 1
V13 A SK'AC o )

Solving (i} and (ii), ve gl

[

2
3 JIZkN (Compression)

AD

X
I

o= +§ KN (Tension)

Jolnt 8:
Similarly,

Kgp= Kap = --g-\fﬁ kN {Compression)

Koo = Kag = +§ KN (Tension)
Joint O
ZF, =0;

Ko +2x2“;ﬁ singy =0
2x2i3_ 2
Kp= ——F—%X—7=

T

-% KN (Compression)

Momber | P K L PKL | KL [S=PviK

ac | 125 +§ 5 |-104167| 1388 | —47.31
cB | -125 +§ 5 |-104167] 1389 | —a7.31
4D |+2513 :2_3*"_—3. Ji3 | -781.20 | 2083 | -21.50
=241
8D [+25/13 —2‘35'} Ji3 | -780.20| 2083 | -2190
8
¢ 0 | -5 | 2 |-53333 1422 ) -2430
AB 0 1] s o 5 4661
IPKL = n(’Lg
~4179.097 | pog6
The value of redundant force X = -E":—L
K7L
(-4178.07) ]
i = U - 46,61KN  (Tension
| 89.66 )

The final forces (s-system of forces) are 1abulated above.

Case-Ii: Externally Indeterminate Trusses

}éxampleaﬂs Find the forces in the members of the truss shown in figure. The tuss %s
ninged al A and simply supporled at C and £. Il carries 2 kN, 4 kN and 2 kN at nodes G, Hand /
raspeclively. The diagonals make 45° with the horizontal and vertical members.




Solution:

The degree of indeterminacy of Iha given lruss may be given as

Hete. m=17.r,=4,j=10

=

However, this lruss is internally delerminate. 11 is externally indeterminate because tolal number of
external reactions are more than the available equilibrium equations,

P-syslem of Forces:

Removing the supparl at G, tha truss will become statically determinala.

=

G H

w —

S

AL

Dy=m+r,-2

Dg=17+4-2x10
D=1

D;=17+3-2x10
Dszﬂ

' [1ES = 2004]

2 4KN 2N
¥6. JFH 1rl J
45
]
A & -
5

Vi

Since the truss is loaded symmetrically, tha reactions at the supporls will be equal
Vo= Ve=4kN

Assuming lension as positive and compression as negative.

‘Consldering joim A:
TF =0

= Fap=0

Consldering joint &
TF-0

= 4-F 8450
Feg
Ly

= B

=  Frye= 442 kN(Tension)

ifF, =0

= f,e+4=0

F e = — 4 kN {Comprassion)

IF =0

= Fpq+ FpCc0845°=0

=  Fyz=-4kN([Campression)

- 1
FH’-=-4\/2 x:[-é'

1

Ve

Fur
i
A Faa
4N
G

9kN

Considering Joint B:
LF, =0 ZF,=0 )
o Fpo- 42 sind5°=0 = Fyg+ Af200545°=0
o  F,.=4kN(Tension) = Fpgg=-4 kN {Compression)
BC ™
nsidering joint G: -
©0 ¥E =0 IF, = 0
= 4—y2r Fo 8ind8° =0 = Fgy+ Fgpeos4s® +4=0
/' ‘ 1 4 Gy ) £
- e = FamsBlEx gt g
2
= i £, = —6XN{Compression) Fee
= Fge= 242 kM (Tansion) = Foy 1
Considering loint H:
):F‘ =0 sz =0
= Fu+6=0 = Fe+d=0

= F,=-6KkN {Comprassion) = Fpe=- 4 kr\{ (Compreszlon)
Since, the wruss is symmatrically loadad, lhe forces 11‘1 the members
\which are right of Hwill be same as thair cor;espondmg membars
which are lell of H.

n Fg= Fep= b}

Fu = Fe,=—4kN(Compression) Frg = Fy=—4 KN (Compression}
Frg = Fp= 442 KN (Tension)
‘FBC = Fm =4 kN (Tens\on)
Fop= Fio= 242 kN (Tension)
K-system of lorces:

i i i irection at C.
Naw remaving all the external loads on {he (russ and applying a unit force in lhe upsward directi
F G H i 4

Fag=Fou= —4 kN {Comptession)
Fau=Fig=—6 KN {Compression)
Fo=—4kN {Compression)

KJJ
Considering JolnL A
IF =0 IF, =0 A K,
= Kg=0 o Kp-05=0
- “ = K,=05kN (Tension}
Conslidering joint £ - Q.5kN
XF) =0 }_f“ =0

=  K;psind5°+0.5=0 = Kgyd Kpgcosd5°=0

-~ 1
= KFG—O‘SJQ % TQ =0

oy Krq=05EkN (Tension) . oSN

Ay

= Keg=-05 V2 (Comp.}




Consldering joint 8 Kog
}:Fy =0 EF; =0

= Kgg=05V2 cost5°=0 = K, +053sinds =0

= Kp;=0.5kN (Tension) = Kye=-05kN (Compression) Fa=0 veeea B

0.5¥2kN

Consldering joint G;
IF,=0 SF=0
= Kssind5® +05=0 =3 Kgy+ Kc0s45° - 0.5 =0

= KGC=-O,5\/2— kN (Comp) = Kpy=0.5- [— U,S&K%]

= Kgy= 1N (Tension)
Congidering jolnl H:

N n H
EF' =0 ZF;, =0 1N K
= K,-1=0 = Kue=0
= Ky, = 1kN (Tension) .
Similarly, torces in other members will be given as K

Kip= Kyy=0kN
Ky = Kes = 0.5 kN (Tension)

Key=Kye=0.5kN {Tension)
Kp= Keg= D5J2 kN (Compression)

v = Kgg = 0.5kN (Tension) Koe= Ko ==0.5 {Compression)
Ky = Kgp= 1KN (Tension) K = =K. = = 0.5JZKN (Compression)
K=

Taking length of vertical and horizerital members as ‘s and “a' respectively.

Mombers

PL K JLPr | KL [Pex
AB 0 0 2 | 0 0 0
AF 4| 05 | a | -2a |025 | 0
FG 14| 05 | a | -2a | 025 | -0.71
FB 1442 | -052 | VZa (<432 |0553a | 1
BG |4 05 | a | -2a o025 | 071
BC 41 -05 | a | -2a |ogsa| o7
GH -6 1 a | —6a a | 058

GC  [2V2 |-05V2 | V2a | -2v7a | 0543 | _1.87
£D 0 0 a| @ 0 0
EJ -4 | 05 a | -2a | 0.2% | -0.71
J -41 05 |'a | -2a |qpsa]-071
0 (42057 | Za | -a3a 05058 | 1
oI -4 05 | a | -2a | 025 |-071
nC 41 <05 | a | -2z | 052 | o7
HI -6 1 a -6a a 0.58
IC |22 {-05V2 |V2a |-2va | 053 | —1.62
LH (2| o jali o 0 -4

-(28a + 1242a)
da + 2\@8

ks LPKL
and et

The reaclion al Cmay be given as

PKL
r-=
X= - AE
LKL
AE
If the truss members have same axial stiliness, then

l ZPKL

xo 2T
Lsky
AE

_ -{e8a+12424)

n

__IPKL
T OEKA

yo B+122

= T dpd-ZJEa

T"he forces in each member can now be given as )
§ = P+ KX{shown inlabls}

4422

=6.5B kN

|
Ihe right by § mm. Take A = 2500 mm? and £ = 200 GPa.

Fing the forces In ali members of the Uuss if support 8 moves herizontally o

E
Solution:
D.‘E} =0 3
=4-3=1
i Dg =m-(2j-3}

=9-(2x6-3) o £

=0
Thus the given truss is externally indeterminate to
1 degree. Lel Hy1s redundant reaction. Remove !
redundant raaclion, now reim‘aining fruss is Hy et & ég
deferminate,
Reactions: T TR
IF =0 H, = 10kN () R, '
IF =0

10kn




IF =0 A+ Ay=0
IMg=0. R, x8+10x3=0
B, = -3.75kN (1)
Ry = 3.75kN (T}
Pesystem of Forces: '
Joint A:
IF =0; P, = 10kN (Tension)
ZF;, =0 Py 375kN  ({Tension)
Joint D;
IF =0; P €088 + PpaCos0 = 0
Ppet Ppe=0 i)
IF, =0 - 375 + Pp.sind = Ppsind
375+ 3% _ 5%
5 5

3FPp=3FPp+1875=0 LA4H)

Selving, {i} and (i) we gel :
Frg = 3.125kN  {Tension)
Pon=-3.125 (Compression)

Joint £
IF =0 Pyecos = 3,125 cost

Pege = 2.125kN  (Tension)
IF,=0; Pep +3.125sin0 + Py sink = C

Pro= -[3.125x3+3.1'2sx-3-)

5 5
= -3.75kN (Compression)

Jolnt 8:
IF, = 0; Ppe+3.75=0

Pye=-375kN {Compression)
IF, =Q; Pe=0
Joint &:
IF =0; 10 = 3,125 ¢cos0 + P, Cos0

_ 4
10 = ".125!-5'?'?5; X'g
50 = 125+ 4 Py
Py =375k (Tension) '°*

10

4 8425

D)
Pag
i
A
Fac
275
=4
,cos0=g
sln0=%

3125 Pee Py

o Pgpeee by

375N

3.75 kN

K-sysiem of Forces:

Remove all external loading and apply unit load in the direction of recfundani reaction.

E

Ker

Joirt 8:
IF, =0, Kpr = 1(Tenslon)
IF =0 Kege= 0 Ko =
Joint £
Since no load at joinl £, Hence,
Keg = Kgp= 0
Joint O
Since noload at D. Hence,
Km = KDC =0
Jolnt A:
IF =0 K= TkN (Tension)
=0 Kip=0
Joint E: IF,= 0
K= 0
Sembor | P | K | Lo PKLE SROL | 8=PAXK
AD 3,75 0 3 0 9 376
pc | -3125) D 5 0 0 -3.125
DE 2125 { © 5 0 0 3125
EC -315 0 6 0 Q -3.75
EF 3125 0 5 0 0 3125
AC 10 1 4 40 4 -297.5
F8 -3.75 0 3 0 0 -3.75
FC 2375 0 5 i 0 8.75
c8 0 1 4 0 4 -307.5
‘ TPKL=40{EK'L=8 -]




zﬁa_{l\:bvemenlduetoJ_ zf@L( Moverment due to

AE \loadtowardright /™"~ AE | reaction lowards left) =0.005m

4 6
4010 _]-x 810 _|=0.005
2500 200x 10 2500%200x 10
B-16X=150
X =-307.5kN

Hy = -307.5kN
The linal force in rnembers {S-system of lorces) are labulaled above.

33.17 EHfectDueto Lack of FIT

I members are fabricaled in the faclory but due lo some error one of the
mambers say ACis fabricaled A 1o shorlor & loo long, If this member is filled forcefully,
it will induce forces in all members. Il ACIs 4 too short, then it will be pulled by a force
X, and fitled. :

Therefore a lensile lorce act in the direclion of AC. Dus to this X force, lorces
inallmembers may be calculated, Similarly  AC is A too long, then il will be compressed
and al Aand C a compressive force X, will act In the direction of AC,

Let axial lorces in various members due 1o lorce XpinACare Q,. Q,......Q,

Hence, tha tolal sirain energy Uwill be

2
ve Zh o Bl
INE, 2AE

For lrue value of X
A
Xy

I-a redundant frame subjected 1o external loading and some members are
100 fang or 100 short the final forces in membars will be

&= 5+ i,

A

where,

$§ = S-system ol force (i.e. linal farces in members dug lo loading)

Fig.3.10

K = K-system to force (i.e. force induces in members due 10 unit loads)

X, = Force due to fack of it

It a square ABCD shown below having
constant axial rigidily is 10 a assemblad in the field. If one of the membar
(Say AC) is A 100 shorl, then find forces developad in iruss members dus
lo forcetul filling of member AC.

Solution:
Og=mer -2
=6+3-2x4
=1
Thus the given lrame is indeterminale,
Hance due to lack of fitforces will induced in all members of Irame.

@-systiem of {;grce‘s:

Joint A
IF = 0; Opg + Xyc0s45° =0
3 % m i
L pressive)
IF =D Qup+ Xy 8in5° = 0
’
% ,
Qg = -7 (Compressive}
Jaint O; %,
IF, =0 Oppsind5® = N
Op _ %
NN
O = % {Tensile)
SF =0 Oz + Qpptosds® = 0
' X
+—= =0
QDC Jé
XO .
O = -3 {Compressive)
%%ni g X sind5° + Qg =0
R

1
Ow = - /"{0 K:E

X .
O = % {Compressive}

Total sirain energy stared in members due 1o X; is given by

oL 1 z
=Y o —axEatd2 4
U= 3 575 = 7ae 2ol

,_ Xga(2+1)
‘ U= ——3F

Qp
X
45
A Qe
b Goc
457
o)
_’.Lz £ ]
V2
% c
z as*
x
Qcy



Momber Q L 5,2 Q oL :
Xy ___hEs X2a
e 2 2 2zaney | T
‘ AEA A
AC X a2 +—*—-2a(ﬁ+ 3 XiaJ3
Xo ___AEaA X2
B | | ey | B
Xo __ AEA x2a’
Bl B | | o | B
AEA x?a' :
A ——e 209
B % el mlmy |
X ___ AEa x2a ‘
N F| | wmE | 6
L=
- 2A5atv2 e
For irue value of X, -
: w
h Fra

2§~a(»f5+1; =a

AE

g

AEn
%= 2a(2+ )

The final forces induced in member are labuiated above.

Example3.18

In the truss shown in figure the member ECwas (he last 1o fitted In tha iruss.

White filting it was noticed that the member was 5 mm longer than the lenglh raquired. Find the force
daveloped in all the members. AEis constant.

Solutlon:

Here,m=10,1,=3,f=6

3 £

L]
0¢
.p;m

T

2@am ,

Di=mac-2

D.=10+3-2x8
=1

Hence above lruss is indeterminate lo 1% degree.
when the mamber £C filled forcefully then forces
will induced in members. As the member EC s Eoo
jong lhe member will be subjecied 10 compressu).n
(say X, which will acls at joims £and Cas shown in

figure).

Q-system of Forces:

Joint A

Since no external load al joint A.

Joinl 8:

Since no exlernal force at 8.

Joint C:
IF, =0

IF, =0
Jolnt &

I, =0

Joini £
£F‘ = 0;

Q= Que=0

Op = Qgr=0

Opp = X;C0845°

Qp = %o (Tension)

T2

Xo .
Q= %, sind5° = _E {Tenston)

Qe =% (Compression}
OQE + Ochin45° =0 '

S ) Tension)
O"E”'[\fé]“\@ ‘

Qge- X, cos45° = 0

Xo ,
Q=75 (Tension)

3X5 2
L= 0r0+gxg+3\f§£~+_g2+3\!§)\ﬁ+

%Exg + 642 X3

X2 + 642 X% = 6(1+ V2) X5

7

Qcr
xﬂ
45%
Ocp = c
oot
Que
a5 %
D —
Qe
as5*
Xg
e
3
3, 3
2 2



Membior Q L QL

AD 0 3 (4]

AE o 32 0
X,

b g axg
% : Z

EC =Xy 3z 342x3
X

EF 20 axg
2 ? 5

oF =X 32 32X

Fc Xy 3 8x§
V2 Tz

De Eﬂ 3 3){02
N 7

FB o 32 o

B 4] ) 3 0

l_ mL=
‘ 61+ VZ)XE
2
Total strain energy, U= Eﬂl = Mﬁ
2AE
For true value of X, 2a€
W ex20+V2)X,
X, YT
6(1+ v2)
—‘_.A].:__._'.XQ =4 = XD = g(fs?/é
» +
Hence force is the member of iruss are tabulated below. )
Mamber | a0 | ae! e €c ’ EF oF fc ne ca
AEA AES AE A
Force olol- " AES AES AE
- . . S R LS
B82+42) | 60+ | 6(2+D) | 604D | 6014 +5:2+\@) 0

36.12 Eifect of Temperature on Redundant Frames
Consider a redundant frame shown in ligure,
D C

Fig.3.11

_—

Let the temperature of member BDrise by T°C. Then lhe free expansionof BDis givenbya = La 7

put Iree expansion is not permissibla, Hence a compressive force X develops in member which press the

joint Dand .

Let aial forces in various members dug (o force X in BDare 0y, G,, G,.......d,, Hence the tolal strain

energy is given by

£0%
U= Zae
" ol
For lrue value of X' a LaT

?ﬁne: if lemperalure of member lowered by T°C, then & lensile force X' develops in member BD.

]

Find the forces developed An

in all lhe mambers of the truss shown.

W the temperature of member EC fise by 20°C.
Cross-sectional area of all the membaers Is 2500 mm?
and young's modulus Is 200 kN/mm?, Take coefficlent
of tharmal expansion {a) = 12 x 107%/°C,

Solution:

Dy=m+1,~2f
=10+3-2x6
=1

Thus the given truss is redundant. Henze on rising the temperature of member EC. The axial lorces

davelops in all the member of truss.

21

Iim

1

f———— 3@3m ——————

Free expansion, A=lal

= 3/2x12x10 x 20

= 1.018mm - A
As Iree expansion is prevenled, a ccmpressive force =,
X develops inthe member EC. It comprass the joint £ +

and Cas shown ligute.

Q-syslem of Farces:

Joint A:
Since no external foree at A,
Hence, i Cug= 0pe=
Joint O:
Since no external force sl D
Herce, Q= Ope=0
Joint C:
YF =Q Opg-Xcosds” =0
X .
Qup = ?2. (Tension)

Opp =

Py G - Q=0

Qcr



=0 Ope-X §in45° = 0 :
, : 1.018%2x2500%2x10%
X ) X = %107 kN = 35,13 kN
Q= B (Tension) 120+ ¥3)
Joint F; . ’ x The final forces in members are labulate above. J
TF X Qe g 362 Stiffness Method
Hy=0 Qgesind5® = 5 This method is suitable when number of unknovin displacement at joint arc least possible.
ZF -0 Oy = -X (Compression) O 45° Force Dlsplacfamcm Relation for Truss o , _
Pl Qe+ Qpr00845° = 0 ! 7 Consider a member A8 which is incline al an angte B with horizontal.
fo) X Lel horizontat and verticat companent ol disptacement al joint Aare A ., and
Cor = ~7%5 =5 (Tension) byand horizontal and vertical displacement at joinl Bare Ap and Ag,. Consider
Joinl & joint A, the defiection of joint Ain the direction of AB s given by.
' : Ay = A, COSB + 4, 5in0 4D
5F,. =0; O = X sinds® = X (fansion _The deltection of jaint 8in the direction of A-B is given by “ny§
’ Nz on) By = By GOSB + 8, 5inG =i} }
Hence, he net qe1lcc(ion ol AB, : Y
. . Bg=d,-4
Mombe J : 8= BaT Ba
A8 12 (:N) Lim) aL Final “’"f‘" From equalion {i) and {/i),
: 3 ¢ 0 A = {8 Bps) COSB + (B9~ Agy) SN0 .. (i)
AE 0 a2 1] D Pan(l)
LY we know that, By = 22
8¢ P 3 15x7 24.84 ¢ AT AF
8E X i where, A = Area cross-section of AB
7z 3 15x7 .84 . £ = Young's modulus
co 8 3 0 o From equation {iif),
x0
CF .
Z | 3 15x* | 2484 f’;iEE = (3 D) 008 + {8~ Bg,) SO
£C X .
W2 3fzx* -35.13 , Thus the force in member A8,
Xl
EF 2
2 3 15%* 2484 Py= f‘LE [(8 ax - Apx1c0S0+( 4y = Apy)sind]
3 X 3 3/2%2 | 3513 [ ERL  For a three bar truss shown in % ‘
0L - . i lhe figure, compute lhe vertical displacement of node 1by nE //
81+ )~ . displacemenl {stittnessfequilibrium) method. o
: [IES : 2006] ©) y{ 2
e 3
The tola! sirain energy. U< 2L _ B+ Solutlon: o e ’ﬁ» -
2AE T T 3AE . . : ‘ l K&
For trun value of X, 2AE The axial compression () due to moverment of node? ‘ m o "
U = A,, €080 + A, sind ; J‘%
ax cLeTl A,, —+ displacement of node 2 10 x-direction [ L - 1
6% 21+ B . The axiat elongation (A} due to mevement of noda |
( _t‘“'—)x_ R 1 » . . = "\h COSO + _.5‘).5"-‘0

2AFE = 1.018 ; )
- NMet elangational 12 = (A, - 48,)cos8 + (A, - A,.)8in0

——— _——— s



Bul, Net elongationof 12 = E@EL_
AE
= P,= T [{a,,~a,,) cost + {4, — 4, )sind)
Now from the above ligure we have
L .
oS3 = 22 and cosds®= Lz
L\:ﬁ "
2L 2
= LIS - _\_{:_1; = LM _ Ji(.»z
2t
- - 25
Ly B [vilp=1]
= L= V2L
For member 12, tha valug of 8= °
AE
Pe= T [(8 ~0)cos 0+ (a,, ~0)sin0°]
AE
= Pra= TA"‘ . : A0
. AE ‘
Similarly, Py = e Bln 1x 7 B,) €0530° + (A~ &, ) sin30°]
¥3 AE
= Po= T A,,x%-s—a-A,,x%]
V3 AE
= Pos T[J— dy+dy] 7}
AE
= P, = T——[ Ay, ~ By, Jeos45°+ (4, —A“]sindff]
AF 1 1
=2 P.= fis b
" J.‘ZL{ WAy JE]
AE 1
= P, = -z
J’qf_x\ lAn"'A“}
. e
Pu= g Buragl . (id)
Equilibrium equalion at node 1
IF =0 o
= Py,+ P, cos30° + P, cosA5° = 0 A
LAEL B AE vl
= S A (/3 8+ g, Joos307 + S+ Ay, )c0845° = 0 /o5 V300
| I

3.7

3.7.1

AE 1
o - [A x+8(J§ar,+a,r)+-z-ﬁ(.&,, +A,F}] =0
SJ- By,
= Ayt =3 By, ZJ- -Aly 2\;-_0
= 28,,+0734,,=0 WLiv)
IF =0
= . 7, 8in30" « P, sindS° - P =10
‘ V3 AE 1 AE
= —,_B-—L—(JQ'A“-(-A,,)-!-E—L—(AI,i—A;y} =p
3 1 3 PL
= 86‘11-2—\541“-}--—&,,, 2\,-— = 2E
o 0.73 8, + 057 &, = %
From (iv}, we have
) 0.734,,
wo 2
Substituting in {v), we ge!
-0.734, PL
! 0.73:([ 5 ’]+0.57A‘,, = 2E
PL
= 0.303554,, = ZE
3.29°
=, 8= TaE

used,

n all members say £, Py, Py
lorces (P-system of lorces) can be calculated by using method
ot joint,

Deflection of Truss Joints

The deflection of truss joint can be found by foliowing methode:

1. Force methods: Maxweell's methodfunit load method and sirain energy methods. These methods
can be used 1o (ind deflection of beam, rigid Irame or trusses.

2. Slfinass methods/Displacement melhods: These methods can atse be used 1o find deflection of
beam, rigid frame or russ.

3. Graphical methogs: Bar chain method and Williot Mohr's diagram. These methods used only for
truss. ) W, wz wa

Maxwell’s Method/Unit Load Methad

Case-1; Due to externe! loading

To lind the deflection of joinl C lollowing sieps may be

Step-1; Due 1o given load system calculate Ihe forces
B, (P-sysiem of lorges). The

Fig.3.12




Step-2; Remove all given external badmg ard applyuniticad at Cinthe d:recuon of deslred defteclion.
Due to unit load alone find lorces in member say K, ,.........K, {K-system of forces).
Step-3: The deflection af joint Cin the direclion of applied unit load is given by

L
&= 5 \
If D comes out positive tha de[teclson ol‘ joint Cwill be in the direclion of unu load and vice-varsa.
The calculation of deliection of lruss joint can be done in tabular manner.

PKL PL 1 -
& b= 2o o PRS- Membar | P K | .| e
1. -] -] - -
2 b = ZK‘ 8 i) /S I R - s
fal 3 IR IO B

whare, 4 =L {Oue lo axial forces inmembers)
TAE

Case-2: Due to Varlation of Temparalure
¥ temperaturechanges occurs then delrect ion of each . R . X .
member will be T TIPKL =
a=Lla¥’ 2
where, Tischangein tempere!ure Tisiaken posilive il there s risein tempev aturs and taken negative il
there is fall in tamperature. Hence [rom (:} lhe deilecuon of joint C due lo change In lemperalure in various
mermber is given by .

o= SKLaT)

int
Case-3: Due to Both External and Temperature
iK 2 +LaT
4o= &7 AE
P=_ve {Compression)
T=-ve {Fal}

where, P= +ve ({Tension)
T=4va ({Risa)

Case-4: Dus 1o Lack of Fit of some Members
Consider a truss shown in figure.
I member 8C s A to long, then the dellection of joinl C may be given as

AG = iK; A,

{al
vhere, K, = Forcainduced inmermber dua lo unit load
4, = Discrepancy inlength {A)
= -ve ot oo short
= +vefor loo long
Herce deflection of joint C,

Flg.3.13

f
= YK 4,

fat
wiiere, 4, = Axial defiection of member due 1o external loading
= L 7, due lotemperalure effect
= A, due to somo other clfect such as lack of lit.

Exampjei:‘l | The vertical deftaction of node C for the truss shown in figure is

PL 2PL
{a) AF (b) AE

3FL PL
© ZE Y3
Ans.{b}

P;syslem ol forces:
Consider joinl C,

IF, =0, -Pp,£0530° - Py c0830° = 0
Pir=Fen
IF,=0; P,sin30°-P-Pyysin30° =0

¥

Pey = +Pand Peg= F‘

K-aystem of Forces: :
Remove load Pand apply unil load at Pin downward direction.

Keq= +1KN
Keg=-1kN
Tha deltection a1 £, bo= :KPL - {pePxl)r i -Pxl)
o AE
- 2_*‘_’5.
T AE

Allarnately: .

Poy=Pand Py =P .

The strain energy stored intruss, U= Ugs+ Uyp = PZL PLL Pﬂ‘

i ZAE 2AE AE
the detlection at C il be, Lt
9P AL
Egémplea.zz }  The right trilangular truss Is made of Q . 195

members having equal cress-seclional area of 1560 mm? and ,/
young's modulus is 2 x 10° MPa. The harizonial dellection af the /'
lolnt Qls / E

{a) 2.47 mm {b) 10.25mm / T

{¢) 14.31 mm {d) 15.68 mm

Ans.{d) R{f-’lu. P I

3 d
¥F, = 0; Hy-135= 0 < <

R,,r-—--i S - -IR,,

H, = 135kN

M, = 0; +HAax A5+ 135%6 =0
A, = —180KN
and Ap= ¢ 180KN




P-system of Forces;

Joint R Jom P
Prg Fro
Pap « R - 435 P o Pe
180 180
¥F, = 0; Pra=-135kN EF’,= 0; P sing = 180
6
ZIF, = 0; Prg = -180 Pﬁ,-ﬁﬂao
. Po=225kN
K-system of Forces:
P
Kz 1
3 for each membiers
Member P K L PKRL
PQ 225 1.67 75 2818125
QR -180 | -1.33 6 1436.4
RP -135 ~1 4.5 607.5
v ( LPKL = 4862.02
LPKL 021078 x10°
Ao . 4862.02 % x 10 - 15.68 rom

07 AE  1550x107° x2x10° 107

A truss is shown in the figure members are of equal cross-section A and

same modulus of elasticily £. A vertical force is applied at C.

The dellaclion of point C'is

(22 +1) PL
© |37 )aE

(c) (Z\E+1)%

Ans.(a)

P

5 e
) V22

PL
1) 2+ i=
{d} (J2+1) E

TkN

P~ system of lorces.

it

K- systom of forces

e 2 L e
It is evident from the diagram that all the interior members will carry zero forces.

Assuming tensile forces as positive and compressive forces as negalive,

IPKL  (2V2+9)PL

Deflectionat C, Ac= SF ° YT

Delermins the horizontal displacemeat of roller support of the truss shown
in igure. The crass-seclion of each membar Is 3000 mm?, Take £ = 200 kN/mm2

100kN £ -

<F
e —

] C
"LT 3::; KN 3
Ry
b 3@3im |
Solution:;
Reactions:
=0 Hy = 100kN
}:F)FO; A+ Ry = 300kN
iy = 0 R, +8+100»4 ~300x3 =0
800 - 400
=g = 55.55 kN

Ry = 244.45kN

P-syslem ol Forces:

Jolnt A;
IFy = .0.' P.rsind+5555 =0
100 .
Py = ——— = —£9.44 kN {Comprossion]
F pree xN {Compression) P
v
IF =0; Pycosl+ P, = 100 " :
i P = 100~ Py cost 100 kN L,
3 ws0s 3
Fio = 10046944 %= .
55 55 %0 s s o
= 141.66&N (Tension)
Joint &
Since member AD and DCare collinear. Hence,
P =
and Fro = Pin= 14166 kM {Tension)




Joint £
Ef=0; Pycsind = 69.44 sinb
Py = 69.44KN (Tension)

IF, =0
100 + 69.44 €050 + Py + Frpc080 =0 69,44 4N =0 Pre
100+69.44x%+&-5 +60.44 xl:- =0
P,
P, = -183.33KN (Compression)] N

Joint 8
IF=0 Ppgsind + 24445 = 0
_ 244 .AE:
EE " ging
= =305,56 {Compression)

I =0; Py + Ppecosd = 0 »

) 3 A

Psc ‘-305.563(-5- =0 19333kN
P = 18334 kM (Tension)
Jalnt & -
IF, =0 P = 205.565In0
Peg = B0x 3= 24445 kN (Ténsion)

K-system of Forees: d £

Romove all extarnal loaging and apply
horizonlat unit toad at rolter supporl as shown
in figure and finat K-system of lorces

ftis clear that, A
Keo=HKop=Kpa= 16N (Tengion)  Ha=1e8 - RLY
The other membets vill carry zeroforces. $ ‘ é,
M Mombor | PEN) | KW | Lm) PKL

AD +141.66 +1 3 424.98

AF ~60.44 0 5 o

D 0 ] 4 o

EF -181.33 o 3 8

fc 3344 o 5 o

oc 1141.65 a1 3 424,98

CE +244 45 0 4 a i

o] +183.34 1t a 550,02

es || o | s | o

I _ LFKL = 139290

.« Horizomal movament ol roller support is given by,

PRL  1399.98x 107

bg = Z‘EE“—————WOO =2.33 mm

Example 3.25 The member EJand {Jof a steal truss shown In the figure below ere subjected

1o & lemperalure risa of 30°C. The coelficlent of (herma! expansion of steel [s 0.000012 #C per unil
length. I?etermina Ihe displacemsant (mm) of iha jolnt E relative 1o joint H along the direction HE of the

fruss. :
£ J
" kf-smo M| +—3000 mm——=]
Solution: - R
Apply unit load al £ in Ihe diraction of HE and lind k-system of lorces.
. 1 1
IF =0 He= 75 00) 7
1
IF = O +f +=-= _
..Fy Q; Rg+R, N =0
1
Also, EM,=0: A, x6+--=x3 =0
‘ ¢ RN
3
8= ——
! J2x6
1
R -
ook
Hence, A = ~—1+—l'
' ST 2 22
1 :
fos 35 SN
k-system ol forces: \ &
Joint £ 5o
I =0 ii’;‘,sin45°——1f~ =0 s P
A2
. Nyyos ;'!u*l {16 5i0n) 4N
soint & ) 2

YR - .

i 7
!

S




ke

1 Yol
Key= e
g7 2
The deflection of £ in lhe direction of HE is given by . e
se=IK(Lal) 75N
But only £J and JJ are subjecled 1o lemperature change,
: B = Kgyllgxax T+ KL xax D h
{1
. -'Jl_gx(soomo.ooomzxaop% x (30007  0.000012% 30)
= 1.527 mm

Example3.26 The three members of truss AB,

BC and EF as shown in figure have been cul either too long
or 100 shart as given below. Calculate verlical displacement
of jolnt D dus lo discrepancy In the length of thase membaers.
All the mermbers hava same area cross-secilon.

§,g=—3mm, Sgg= 2mm, bge=4mm

Consider Joint 8; 8

1.5k X
EF,=0; -15+ Kzt L25c0os0 = 0 D T
Kon= +0.75KN  (Tension,
i (t ) 1.25 N
! Mombar K {kN} A {mm} Ka «
AB .5 -3 45 «
8¢ +0,75 +2 15
EF 75 +a -
* Qther - 0 [
IKA=-60
i
Dellection of joint D, sp= T K8,
sl
An= -8.0mm

Compule the vertical defisction of jeint C due 1o a paint load Pacis at D. The
actual changes in length due 1o point load P are shown,
H ~30mm G -30mm F

R

Solution: A g c
. H, § +
Apply verlically downward unil load al Dand find e P’
K-syslem of lorces, } Rj /
Reactions: ) om
¥ =0 Hy= He ) l ,
F, =0 R+ Re= i) |
MB=0 (Hinged) He —p ‘.
. = e 3 M e 3 {1
o R, x3=0 n, m | m -
Rz\ =0
A= 1kN(T)
Also, L. = 0, -Hyxd+1=28=0
= Hy= 1.5kN
Hence. He= +1.5kN A
1 54_-——? o ku
K-systam of Forces: :
Consider Joint A: ;
XF =0, K.g= 15KN (Tension) ;
Rr,=0
Consider joint F.
=0 14 Kepsin = 0
1 . 1 kN
K= ———=-125kN {Compressian)
- sin0 o
‘._:F. =0 15+ K[F + K"‘ cosQ =0 //
) k )
1.54—K5F-1,25:-<~g =0 15%N F__.L.d——— [
I

Koy = -0.75 KN {Compression)

fZ\_ (Smm § 15mm ¢ 20mm |D Z.C'n'm_é_'
} 4@3m {

Solution:
We know deffection of truss joint is given by,

N i

5= D K8
/=1 H G F
where, A = Axialdelormations inmembers
K = Forces in members dug 1o unit load at F N
, ihat joint where dellection is required v ¢
Remove load Pand apply unitload at Candlind  ag 3

K-system of forces. = 8 . € o =
By symmelry. i R, = R.=05kN (T} T
Joint A:
sz =0,

KaSNA5°+05 = 0
0.5 =
Ky = —=o = ~0.542 kN i

. ™ SnAS X {Compression}

If =0,

Kon ¥ Kyyc08i5° = O



K = Ky =-1kN{Compression)

K

"

Kpyc08d5% = 4052

K = K= +0.5KN (Tension)

Han

2 i
} A Ko
K = +0.5kN  (Tension)
Joint 8:
Since member ABand BC are collinear,
Hence, Ky, = 0 ' 054N
and Kpe = Kig=+05kN (Tension) '
Joint H: .
5F,=0; K= +05/2KN {Tension) . ” Ko
3% =0 }/ ASTY
K + Ky 00845°+-0.542c0845° = Q 08/7 ; b K
Kp=0
1 1
—+05/2%x— =0
K +05/2% & 52 %
Kg+05+05=0 I
= Kiys = -1kN [Compre;s:on)
By symmelry,

Kee = Kyo= +0.5J2 kN (Tension)
Kp = KDE=0.5 kN {Tension}

Member A{mm) K {kN) Ka
AB +1.50 +0.5 0.75
BC +1.50 405 075
cD +2.00 +05 100
DE +2.00 . 405 1.00
EF -5.00 -0542 6.364
FG -3.00 -1.0 KR
GH -3.00 -1.0 30
HA ~3.00 052 2,122
HB o 0 0
GC 0 0 o
FO +6.00 0 o
HC +3.00 052 2422
FC ~3.00 052 —2.122

TKA = 17,986

Dellcctionof join Cis,

3= XK1 =17.986 mn

3.8 Influence Line Diagram for Trusses

The influenca line diagram unit load more from osie end 1o other, To oblain LD the whole truss i1s divided
into three zonas,

T v U,
Zone-1: From left support 1o the joint just left to A : /—T’
the seclioni.e. L,L,. : \

Zone-2: Thal panel of truss in which section lies.

Zone-3: From the jusl io the right of section to the ¢, ; V. i . .
fight sipport ie, L. N ; N p

Ly L,
e Zone 1-—+te—Zonm 2 —=+ Zone 3 1
Step-1: Find the support reaction as a function of Fig.3.14
position of unit load i.c. x. :

H
i
9
i
i
i
i

Procedure to Draw ILD

Step-2: When load Is on lefl side of section (within zone-1), then consider right portion of lruss and find
value of member force by considering equilibrium of that portion, If toad is on right side, nlsechcn (vathin zone-3),
then consider equilibrium of Ieft portion of Iruss. B

Step-3: Theinlluence fine when the unit load is vilin zone-2 is obtamed by joining the erdinates of ILD
atihe end of zone 1 to the ordinate of ILD al zone-3 by sliraight line.

NI

anl zorn? Zone 2 '
te 5@a =

---‘

ILDtor UzU“;b (Upper Chord Member), UL, (Incline Member), and LLy(Lover Chord Member):

Case-1: When unl load in zone 1

IF =0

F o=

—
Lo



Also, EM; =0 Axl-AL-1=0

{L~x) (Ba~x) ..
) R, = ¥ = {Linear)
Hence from equation {a), we gei.
xX_x .
R, = 7 = 2 {Linear)

Since unit load is in zone 1. Therelore consider right portion of truss.

ILD for Fiy
To find Fy, 1ake EMy, =0
R x(Lale) - Ay x{A) = O

FI.JEUJ = 'Rl‘: X(—Liﬂ-z = —[——“—]Xgﬁ

h 53} h

3x
Ry, = “Sh
itis also noled that, Ay = (L5l }is BM at Ly

M, )
Py, = T (Compression)

From equation (i),
it unitfoad at L, i.e. x = 0. then fy, =0

. . a .

it unit load at L2 je.x=a lhen Fu,u, = —g? (Compression)
(LD for £, and Fuuuy:

Resolve fiyy, in horizonial and vertical direclion.

Harizonial componentel Fytg = iy cos(~)

Vertical componentof ., = Fug, sind(T)
o lind Fy,q, take.
IF,= 0
) Flyiy SN0+ Rs = 0
FU({' SN0 = —H_:‘

Rty

R X
Ll - _.——E ———
Py = sin8  5asing
xcosec 8
Ry - -0

il unit load i5 al Ly, then

Ry =0

acosect _ cosecO

if unit load is at L,. then

] szL: === 5 {Compression)

For ILD of Fay iake.
M, =0
FL;J.E x{M-Rsx{lals) = 0

¥
Fus = —-———%xé%}=+Ti" {Tension}

4x 4.
S "% {Linear)

if unit load al L, .e. x = 0, then Figp =0
ifunitfoad at Ly i.e. x= 3. then . = {%% {Tersion}

Case-2: When unit load in zone 3

v v U, v, U, U
’:ﬁ;—_\m l Ls
Lo L L b =

L
L L iy L, L .Q-b

R,i ‘Rs
R+ Ay =1
Also, EM;=0
A x(Ba)-1x{58-x)=0
; _ (Sa-a) .
i A = 5 {Tension)

Humlload at Lyie x=2ahen f, = g% {Tension}
if untt load at L, L.e. x = 52, then Fy; =0

ILD for Fiyyy, and Flpty?

Resolve fis, in horizontal and vertical direclion.

Horizontal compenent ol Fyg, = Ay, €080 (=)



Vedical componentof £y,;, = Fy,, Sin0(d)
Tolind Ay take,
My =0

Ayx2a+ Py x(h) = 0

52— )
Aoy = —La—&;ﬁ (Compression)

funitloadisat L ie.x=2a, then gy = --:—:i {Compression)

Hunittoad is at £ ie, x =53, then Fyy, =0
Tofind A, take, ‘

ZF), =0
- %Siﬂﬁﬁ F.’|
. _ (a-3
Fa = Salsineg)
F% " (Sa-x;;:osece (Tension)
it uniticad is at L;i.e. x = 23, then
Pty = ______Scogec.e {Tension)
i unit load is at igle. x = 5, then Ay, =0
% %
ol s

-
e

-
Pl

- ':.':J
. T

; Ga
: IO For Uy 5y

/
|

L)
2
8

7

1.

i

L"’_'B@_E LD For Uyl

ILD tor Fpey (Vertical Membar):

u, Uy U,
() — B Ly
2o 1 ZonoZ | Zono 3 '

Case-1: When unit load is in zone 1

N
!
L _ . L
- L b b [ ¥
R, y
A +A =1
Also, IM,=0:  A,x5a-1(82-x =0
_ {5a-x)
=
Sa Fun
X + O
Hence, A= o, - l \
Since unit load is in zone 1. H \
Hence consider righl portion of (uss. \ \
To lind Ay, take. L Y
P2
£F,= 0 bt 1
) B-Fyyy =0 Ry
X .
= R; = — {Linear
Flus = R = ¢ (Linear)
funitloadis al L, ie. x = 0, then £y, =0
funitioad is al Ly 6. x = 0, then Fiye, =1 (Tonsion)
Case-2: Whan unit load is 'n zone 3 | \ ";N
Ll
F|" = ba-x [, - l L
5a A Ly I L, L M
X
vr ] r
¢ n
= R, R,

Since unit foad is in zone 3.
Hence consider ieft portion of Iruss,



To tind Fiyy, ke,
A+ hia

1
o

Fyg = -Ry=- (5'36") (Lincar)

itunitloadis al Lyie.x=3a,then Ry, = --5 {Compression}

il unil load is al L l.e. x = 5, then fyy, =0

LD lor FU Ly (Vortical member)

A K-lruss consisting of 8 panels of 4 m each is as shown In the figure below.
Given, when the unit load Is at L, L, and {, then lhs force in the member M,U; Is 0.028 kN
(tensite), 0.52 &N (compression) end 0.416 kN {compresslon) respectively.

Use slgn convention as mentioned balow:
Positive — tenslon
Negative - compression

",

K
L A/j\l
L L L

fom e B panals @ A = 32 e e

Draw the influenca line dingram tor lorce in member MLy

Solutfon:
X
Uty u

u v,
NGO I
/ : ""?\

Jrrac

L L L: LJ B L:

X

Pass a section X-X, Culling members U, L, MU, MLy and L L, and consider ihe equilibriumof the Telt
portion,

(1) When lhe unitload _is ati,
1x24

R,= =0.75 kN and B, =0.208 kN {tension)

P, SMO+Pay, = 1- R, = 1-075 =025 kN
Bugo = 0.25-Piyyy, N0 = 0.25 - (0.208 x 0.6) = 0.125 ki {tension)

{i} Whenthe unitioadisat L;

x20

A= —55 =0625 and Piw, =0.52 kN {compression)

~Pas, SNG+Pe, . = 1- A, = 1-0.625 = 0.375 kN
o P, = 0.375 + (0,52 x 0.6) = 0.687 kN (lension)
(ili} When the unitioadis al L,

K‘S

A= a2 =0.5 and Puyy, =0.416 kN {compression}

Put; = Ba~Puw, 8iN0 = 0.5 (0,416 x 0.6} = 0.25 ki (compression)

0.687 kN

@ AN

: N8

0.25%N

B panals @4 m=3I2Zm- - pres

],..___.

Summary ¢ Asimple uss is composed from hasic triangular units.
z *  Acompound truss is formed when tw6 or more simple lrusses are joined either by hinge of

additional mernbers.

+ 5 plane vuss is externally stable il minimum Hvee independent support reaclions are
available which are nonparallel and concurrent,

s Atuss is internally stable is minimumn number of member are equals lo m = 2§- 3.

+ To analy&e slatically determinate truss there ate two methods:
{} methads of section
{if} methodof joint

» If atajointthree members reel, out of three lwo are collinear then third member will carry
zero force. I there is no force a1 joint

* If at 3 joint two members meet and no exiemnal load is there then both member will carry
7600 forco.




R TR

{ive Tirain Teasers’

Q.1 Thecantilever irame shown in tha given figure is
supported by vertical links al Band Cand carrias
loads as shown. The force in the bar AEis

500 kg 1000 kg
{a} S00kg {p) 1000kg
{c} zero {d) 2500kg

Q.2 The lorce in the member A8of the truss shown
in the given figure is

SOHN

. v
/ I
E
0
I3

A ]

——Gpanes@tEm=9m -

{a} 25kN compression
() 25J2 kN tension

(¢} 25J2kN compression
{d) 25kN tension

Q.3 The pin-joinlad canlifever truss is loaded as
shown in the given figure. The force in memiser

EDis
Hinga
E
[}
| I
Robar A0 KN
= 3m—eie— 3 mm—f

{a} 40kN({Compressive)
{b} BOKN {Tensile)

{c) BOKN (Compréssive)
{d} 120kN {Compressive)

Q.4 Asimple p\anelrués acledupon by aload 2Pal
the apex Ais shgwn below. The axial forca in the
member ABis

S o=

T

{a) P ) 2P
@ 2 @ BP

Q.5 What is ihe verlical deflection of joint C of the
frame shown below/?

{a) PUAE {b) 2 PUAE
{c} PLR2AE {d) 3PUAE
Q.6 The given ligure shaws a portal truss:
8
A
: ¢ £,

The influgnce line for torce in member BCwill be

T
@ N2~ \ ® ‘E
by N\ / - )
( ] ! b § % § = 36 1 e
(©) 1 {a) 1.0 o) 1.33

{c) 1.50 (dy 250

@ m T

Q.10 The influence line for (orce in member 8C s

Q.7 Theintluence line diagram (ILD) shown is lof the
member

Tonson e ‘ BN
> . (a} M

AV T

Compression / \
(a} P {t) AS o} !
{c) PQ @ Qs

{c} 12

@ /,\

Q.11 Axial forces in the members 1 - 2 and 1 - §
of the lruss shown in the given hgure are

Q.8 Thecorrect shape of ihe force polygon for the
joint 8ol the truss shown in the given ligura is
w2 W w w w2
B ) ﬁf

- respeclively
&S ' O — r—y}:‘ I
w 1 2
(@) - M I i / " &
Y= : % N . N
" . /——! Iw SoKN .
l [l 8m - 6m ot

(@) 50 kN (compressive) and 25 ki (1ensile)

{b) 25 kM (tensile) and 5p7./2 kN
(compressive)

{c) 100 kN (lensile) and 502
{cormprossive)

]
@ r‘”’"fﬁ/j Iw _

Q9 Whatis the maximum o;dinato for influence ine (d) 25 kN (compressive) and 5072
lar the force in the member marked X? - (iensile)




Q.12 Astalically determinale Iruss POR s subjected
toatemperalurerise AT. A, £and ware constant
for all members. The force in member QA due
(o this lemperalure increase is

Il

o

T
~

(a) EA o DT by V2EAuaT
(c} EAATIL (d) None af these

Q.13 Axial lorce inthe member 8C of the (russ shown
in the given figure is (where o« = 30°)

i ST et mm S ]

(@ 15 kM
{c) 15J3kN
Q.14 The vertical dellection of the joint 'C'of the frame
shown in higure due (o lemperature rise of 60°F
. inthe upper chord members only 1S
{Given, \he coellicient of expansion = 6 x 10
per 1°F and £ = 2 % 10°C kglem?)

F—d M m o — 4 m‘—‘-{
€ \ /
@

1 s

) D

(@) 0367 cm(T)
{©) 0.256cm(1)

() 10J3KkN
(d) 30 kN

(b) 0.89Gemdl)
(d) 0901 cm(l)

Q.15 Consider the given iruss shown below:

0 M—epo—— & M——afo—3 M—e{
B v -’3CT
E

©

Tha number of zero force members in the given

lruss is
(@ 2 )y 3
{c) 4 {d) 1

Q.16 A pin-jointed frame is shown inthe tigure below,
The number of member(s) that have zero lorce

isfare
LA 8
™~ [
el I
- \\
2 -
G F £ 0
. I
(a) € {b) 4
(€ 5 © 3
Answers
1. (e} 2.(b) 3. (c) 4. (by 5. (b}
6 (e} 7.(a) 8. (a) 9. (b} 10.(0)
1. (e) 12, (d) 13, (d) 14, (c) 16. (c)

16. (c)

Hints and Explanations:

1. (g)
There is noforce at pint A, so forces in members
AB ang AL will be zero,

(b}

The reaction al lefl support = 25 kN

Cuning a section through member A8 and other
horizontal members of the same panel and
considering Ieft part of the cul section. The force
in Iho member AB will be lensile.

25 kN

£F =0
Fip% 005 45°=25kN
F.g= 25J2kN (lenslon)

(e}
Reaclion al Eis
Hex3=40x6
= H=BOKN
So force in member £Dis 80 kN compressive.
(b)
Verlical Reaction at
2P
B= —-é- =P
Considering joint 8
i e
| esr
........ F-' Px
=0
= Pasind5® + P=0
= P o= —V2Pl{Comprassion)
(b)
Applying equilibrium eguations at C.
IF=0

= - P05 30° + P €0530° = 0

[Assuming AC in tension and B8Cin compression}
= Pro= Pen ()
and IF =0

10.

=P, 8iN30° + Py sin30°= P
[From (i} Pyp = Pyl
= 2P,s5ind0°=P

= Pr‘& =
Strain energy slored in AC,
v SL_PL
CT 2AE T 2AF
Sirain energy siored in BC,
Uoe SL_ P~
% 240F 2AF
- U= U+ Uy
= = PL —Pi{:
" 2AE T 24F
Vertical deflection of joint C,
_w_2r
T P AE
{c)

Force in member BC, when the load is right of 0,
will bg zero. When the load is betwesn A and D,
the lensile force with maximum value of 1 unit will
develop. So correc! diagram is as shown in
figure {c).

(a)

Theforce polygon vill represent all torces at joint
8. There are 4 members and load W at joint 8.
However force in horizontal member left of Bis
2ero. Thus there are 3 members having non-zero
force. Bo{a)is the force polygon showing 4 forces.
Other figures show 5 torces.

{(d)

When the unit toad is anywhere on the right sida
of the joint D, no foad will be ransmilted to he
joint C. Mence for this position of the unit load,
there vill be no force in the member 8. When
the unit load s exactly at € the force in member
BCwill be equalto | (tensde). When tse unit load
is axactly al A, then also no load is ransmilted 1o
the joint Cand hence for this position of the load
also, there will be no force in the member BC.



it. (&)
Culting a section through 1-2: 2-5; and 5-6.
Teking moment of fell part abou! 5.
Fra = 2225 - 100kN Clensie)
Cul a section through 1-2, 1-5 and 4-5 and
balance ventical force for left part anly

Fg
bl 3
]
+ Fg = 502KV {Comoressive)
12, (d)
In a delerminate slruciure no stresses of forces
are gencrated due lo lemperature change.
13. (d)
The given Yuss is symmelrical. Sa force in

member 80 and £0 will be same In magnitude
and nature both. Joint equilibrium at O.

S I
T sin30°
Joint equilibrium at 8,

™

Fac

o\ Fpo= B0 KN

kM
Fas

14. {c)
The vertical deflection of Cis,
&=X(kA, + LaeT)
Here, 4A,=0lor all members
§=SK{Lal) o
As the lemperalure rise is only in upper chard

members, Iherefore change in length In all othar
member is zero

13,

16.

b A i & e & )]
4R & am 5

8= "-g-xaoOxwa*xao
4 %
+{—-9-x400xv-6x10 XGQ)

+(——g-x400x6x104x60}
=-0.256cm{{)=0.256em (1)

{c)
=3 et A e — 3
B T T "CT
i ; £
H ' L
et |
BOKNY H &
) '3
|
- .
; E
/ : >
.8 gt
V, =42 kN v, =B kN

Tolal number of members whose carrying zero
torces are namely AE, AD, DE, EFi.e., four,

{¢) : »

Aljoint D, there is no external force and member
are not collinear, so {orces in both members will
be 0.

Aljoint £, lorce in member EFwill he 0 as forca in
member £D1is 0. i

Atjoint H. force in member HB will be 0.

Atjoini G, Ihore is no verlical reaction so force in
the member GA will be 0.

- ‘Conventional Practice Questions

Q.1 Find forces in all members of the truss shown in Ans. F, = -10.1 kN, Fap = +20 kN, Fio=-20.20 kN,
figure. Fip= +20.20 kN, Fo = BES KN, Fye = ~24.54 kI,

Flc = -BBEKN, £ = +28.87 kN, Fp. = ~14.43 kN,
Fog = +TAA3EKN, Fpp = -14 A3KN, Fop = -21.65kN
For= +14.43KN, Fpe = -7.22 kN

Q.4 The pin-jointed truss showm in figure below is
simply supported al A and B and carries load
as shown. Al members have a cross-seclional

W area of 10 cm? and \he members are initially
.unstressed. Calculate vertical deflection of joint
Cil £=1900 yem?.

Ans. Pry = W{Tension), Py, = =W (Compression),
Pps =-W(Comprassion), £,; = W{Tension)

Q.3 Determine the deflection of the joinl A of the truss
shown in figure, Take the slress in tension

members as 140 N/mm? and in compression
member as 90 Nfmm?. Take £=20 x 105 N/mm?,

3

e 3m ey
Ans. 0.365 mm (1}

Q.5 Determing all member forces for russ showrin
ligure., -

10 kN
Ans. 26,55
Q.2 Find forcesin all members of the Iruss shown in -
figure.
100 kN 20kN

A 6m 8 G6m {C &m

2] 6m £
ES A .
/ 20 kN
/ Ans, S, = -22.505 KW, F,, = ~12 492 ki,
50" ao-{\/ \/ Fa = =25 KM, Fop = +15 4N, Fy, = 72,495 ki
1 M £

G Fae==10.00 kN, Fp= 25 kN, £ = 12,5k

AL




