CHAPTER 8

Stability and Indeterminacy

1.1 Support System
1.1.1  2-DSupports
{a} Fixed Support
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Fig. 1.3 {) Numberofteaction=3 Flg. 1.1 {if} Numberofreacrions=3
Al 2-D fixed supporl, there can be three reaclions:
{i) oncverlical reaction(A)
(i) one horizontal reaction (H,}
{iii) one moment reaction (A,)
{b} Hinge Suppart
Hinge support is represented by the symbol 25
4
Y
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Fig. 1.2 i) Numberofreactions=2 Flg. 1.2 (i} Numberofreactions=2

Al hinged supporl, there can be o reactions:
(i} one horizantal reactian (i)
(it} onevertical reaction(&)



(¢} Roller Support . {c] [Internal Link w 8
Roller support is represenied by the symbol u@.-b or Qn, {fany mt'ember is connecled by hifwge's alils end A ' Hingo
, and subjected to no exlernal ioading in between Link |
A H then it can e termed as internal link and cary 1
A 3 A axial force only. Hinga Io
) Rl gy Here BCis a link, link BC carry only axial force ¢ ¥
Tn, R;'T R, Also BMg = 0 and BM, =0 Flg.18

Flg. 1.3 (i) Numberofreactions=1 Fig. 1.3 (i} Numberofreactions=1 NOTE: Internal releass elso provides addilional squation for analysis of struciure.
i K
Altroller support there can be only one externally independent reaction which is normatl 1o the conlact

surface. 1.13 3-DSupports

{d) Guided Roller Support
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Fig. 1.4 Numberofreactions=2

At guided roller supports there can be two reactions:
(i} one verticalreaction (Fry) {#) onemoment reaction (M)

1.1.2  2-Dinternal loints
{a) inlernal Hinge :
Atinlernal hinge bending moment vill be zero.
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Fig.1.5

NOTE: Aninternal hinge provides one addilional equiliprium equation for structures,

(b} Internal Roller
Atinternal roller cilher axially force or shear force will be zero.
c o :
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Fig.1.6
In lig. 1.6, axially force at C and D is zero.
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Flg.1.7

Inhg. 1,7, shear force a1 C and Dwill be zeroe., Sp= 5, -0

(a)

(b}

{c}

_ The 3-D hinged support is also called "bsll and sockel joint’.

, Fixed Support

Al 3-D fixed support there can be six reactions; 3
(i) three reactions A, A, and A,

(if) Whree moment reactions M, M, and A,

The fixed suppon are also called Bullt-in support.

Fig. 1.9; Numberofreactions=6

3-D Hinged Support

Al 3-D hinged support there can be three reaclions . ’ Ry
W A, g
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Fig. 1.10 Numberofreactions=3

Roller Support
At 3-D roller support there can be only one externally
independent reaction which is psrpendicular lo the confact )

surface
; R,

Fig.1.11 Number al reactions = 1

R {extematty
independant)

Fig.1.12 Fig.1.12 {fl}

in ligure 1.12.(ji), reaclions at roller suppart A, A, A, and R_ are externally dependent reactions
which depends on reaction A,




1.2 Structure

1.2, Elements of Structure

Some of Ihe major elements of struclure by which struciuras are fabricaled are as fottows:

{a} Beams:Beams are struclural membars whichis predominantly subjected lo bending. Onthe basic
of support syslem beams can be ¢lassified as:
(1 Simply supported beam

pr——

2
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Flg.1.13
{if) Canlilever beam R
A ‘} 18 i
flg.1.14
{iif) Propped cantilaver
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AT Py
Fig.1.15
{#v} Fixedbeam
4
Fig.1.16

{»} Conlinvous beam
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Fig.1.17
tb) Columns: A column is a veniical compression member which is slendar and siraight. Generally
columns are subjectetd 1o axial compressicn and bending moment as shown in ligure.
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Fig.1.18 {1} Fig.1.18 {i)
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{c) Tie Members: Tie members are tension mambers ol russes and frame. which are subjected (o axial
tensile force. (Figure : 1.19)
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Fig. 1.9 Tie Rod

1.2.2 Types of Structures
{a) Trusses: A truss 1s conslructed {rom pin jointed slender members, usually arranged in lriangutar
manner. In lrusses, toads are applied on joints due 1o which each member of russ subjectad (o only
axial lorces i.e . eilher axial compression or axiat tension. Generally irusses are used when span of

slruclure is largo.
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Fig.1.20 Truss

{b) Frames: Aframe i5 constructed (rom eilher pinjointed or fixed jointed beam and columns. Generally
loads are applied on beams and Ihis loading causas axial force. shear force and bending to the
members of frame.
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Fig.1.21 Frames

{c¢} Arches: Arches are used in bridges, dome rool, auditoriumn, whare span of struclures are relalively
more due o external loading, Arch.can be subjected to axial compressian, shear lo:ce of bending
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Fig. 1.22 {l)ThreetlingeArch Fig. 1.22 {#) TwoHingeArch



{d) Cables: Cables are used to support long span bridges. Cables are flexible members and dug to

external toading il is subjected to axial tension only.
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Fig. 1.23 Coble and Bridge

1.3 Types of Loading

(a)

(b

4]

(d)

Point load: A point load is considered lo be acling at a poinl. ILis also called concenlrated load. in
actual practice point loads are distributed load which are distributed aver very smafl area,
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Fig. 124 Pointioad

Distributed loads: Distribuied loads are those loads, which acls over some measurable area.
Oiglributed loads are measured by tha intensily of toading per unit length along the beam.
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Fig. 1.25 Distributed Loads
Unlformly distributed loads: Uniformly distribuled 10ads are those distributed loads which have
unilortn intensity of loading aver the area.
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Fig. 1.26 Uniformly Distribuled Loads

Unlformly varying loads : A unifarmly varying load, commonly abbreviated as UVL, is the one in
vauch ine intensity of inading varies irom one end 1o other. For example, intensity is zero al one end

and watnther gnd.
i
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Fig. 1.27 Unilormly Varying Loods
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(e} Couple: A system of forces with resultanl moment, but no resulian! force is called couple. It is

stalically equivalent (o force imes the olise! dislance.
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Fig. .28 Couple

1.4 Stability of Structures

Struclural siabilily is the major concera of the siructural designer. To ensure the stability, a siruciure must

have enough support reaction along with proper arangement of members. The overall stabilily of strutiures can
be divided inlo

1.4.1

(i} External stability

(it} Internal stabilily

External Stability
{a)  2-D Structures: For stability of 2-D structures there should be no rigid body movement of struciure

due toloading so, it should have suppor in x-direction, y-direction and no rctation inxyplane. So
there should ba enough reaclions to restrain the rigid body motion.

For stability of 2-D struclures, following three conditions of static equilibrium should be satislied.
() IF =0 (Topreventa)

(i) TF,=0 (Toprevent 8

(i) XM, =0 (Topreveni 8,)

For slability in 2-O structures Iollowing conditions alsa be safisfiad:

(i} There should he minimum three number of externally independent support reaclion.

{ii) Altreaclions should not be parallel, oiherwise linearly unslability vili se? up.
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Fig. 1.29 Unstable
(ii) Al reactions should nol be linearly concurrent olthenwise rolationat unslability will sctup.
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{iv} Reactions should be non-trival i.e. there should be enough magnitude and enough difference
beiween them. '

{b) 3-D Structures: In case of 3-D struclures, there should be a minimum of six independent external
reaclions lo prevent rigid body displacement of structure, The displacement lo be prevented are:
A.4,4.0,9, and 0, Therctora, there vill be six cquation of slalic equilibrium.

i} IF =0 (H IF =0 (i) zF,=0
) IM =0 (8] er =0 {vi) ZM, =0
For stability in3-D structures, all the reaclions shoutd be non-coplanar, non-concurrent and non-parallel.

Remember: I a structura is constructad from elastic members then small elastic displacement may be
permilted bul small rigid body displacemeant will not be permilled.

m Which ane al the following struciures is stable?

Al

(@) (b) ;

A
(© '_é_ = ST

Ans. (o} )
Member {a) is slable, since reactions are non-pasalle) and nan-concutrent.

He

H,

Ry

Member {b)is unstable since all the reactions are.concurrent al C,

Beam (c)is unstable, since all three reactions are paraflel.

f 1
: RJ R,J RJ

Struclure (d) is unstable, since the mamber AB canmove horizonlally witheut any reslrain, L.e. £F, 20
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14.2 Internal Stabllity

For the infernal slability,'no part of the siruclure can move rigidly relatve lo (he other parl so that
geometry ol the structure s preserved, however small elastic defarmalions are permitted. To preserve geomelry,
enough number of rngmbers and their adequale arrangement is required. Far the geometne stability, ihere should

nat be any condition of mechanism. Mechanism is lormed when

there are Lhree collinear hinges, hence 1o prasenve geometic _&_\ N
stabilily there should not be three collinear hinges. ~— = T

For 2-D fruss the minfum number ol members. necded- T
for geomelric stabulity are: ) ‘ Fia. 1.31



m=2{-3
and lor 3-O lruss,
m=3j-6
where, § = Number of joint in truss
m = Member required for geomatrical slability. )
Altthe members shauld be arranged in such a way that truss can be divided into
triangular blocks. i.e. no rectangular or polygonal blocks.
Hence, lor overall geomerrical slabilily of lruss:
() Minimumnumber ol member should be present
m=2/-3 (2-Diruss)
and m=3j-6 - (3:Diruss)
(#1) There should be no condilion of mechanismi.e, no lhree collinear hingas.

m Chack geometrical stabillty for glven trusses.

7

Solution:

(i) Incase (i), arrangement of membars is nol adequale, hence right panel is unstable and lelt pane!
is over slifl. For geometric stability, all panels of russ shou'd be stable so given truss is geomelrical

unstable.

For right pancl: j=4

Number ol member present, m=4

Bul minimum number of memberneeded =2j-3=2x4-3=5
Hence Right panel is delicient.

For lelt panct: j=4

Mumber of member present, m =6

Bul minimum number ol member needed = 2j-3=2x4-3=5

Henee lell panel is over still.

(i) i=6
Numtbier ot members present, m=7
=2/-3=2%6-3=9
Henee, above russ s geometrically unsiable and it can be called ‘delicient structure”

But minimum number ol member needed

Mumber ol deliciency = 2

1.43 Overall Stability
For overall stability. exiernal stability is compulsory.
In some cases siructure is overall stable but it may be over
slifl externally or deficient internally. [t mean supporl reaclions
are more than three and number of member are less then
2{-3. :
Consider a russ shown in figure 1.32,
Here,
External reaciion, r.=4
Number ofmember present,  m =10
But,min. number of membars needed
=2/-3=2x7-3
=11
It means truss is delicient o 1 degree.
Bul above lruss is overal! slable because therg is one extra __ | d
redundant reaction which prevent geometric dsficiency. t
In ahove lig. 1,33, external reactions,

Fig.1.32

=8
Number of member present, m = 8 )
Bul min. no. of member needed= 2j-3=2xB8-3=13 -
il means truss is deficient 10 5 degree 1
But above struclure is overall stable because there are five extra Fig.1.33

redundanl reaction which prevent geometric deficiency.

Comment on the slability of pin-jointed frame shown in ligure.

Sefution:
External reaction, =2
' No. of member present = 11
No. ol joints = 6 ' /
Min. no. of membersveeded = 2/-3=2x6-3=9
Above truss is internally slable (over still) bul externally . 1 !
unslable. Hence this truss is overalt unstable.

Example 1.4 I Comment on the stabilily of pin-jointed frame shown in figure.

Solution: —=A lt‘ t 2
External siability:

fumber of exiernal reaction = 3 & 2 7 '
Allthree reactions are nonparaliel but all three reactions are

concurrent at point D, hence givén frame is externally unstabile. }9—/

Internal slabilily:
Number ot jont, i=8




Number of member presen), m=16 |

Number of member needed = 2j-3
- =2%x9-3=15
Above [rame is inlernally stable {over siiff).
Since frame is externally unstable, Hence diven frame is overall unstable,

Remember: Il Is desirable for overall slability, struclure should be s1able externally and internally both.

1.5 Statically Determinate and Indeterminate Structur{as

1.5.1 Statically Determinate Structures
A slruclure is said to be detarminate if condilions o stalic equilibrium are sufficlent o analyse the
structure.
. In determinato structures, bending moment and shear force are independent ol properties of
malerial and ¢ross-seclional area.
. No siresses are induced due to lemperature changes.
. No stresses are induced due to lack of fit and support settlement.

1,52 Statically Indeterminate Structures
A sliucture is said 1o be statically indeterminale if conditions of stalic equilibrium are nol'sufticient to
analyse the structura. To analyse these structures, additional compatibility conditions are required.
. In indeterminate struciures, bending moment and shear force depends upon the properties of
malerial and cross-sectional area.
. Stresses arginduced due 1o lemperature variation.
» Stresses are induced due 10 lack of fil and supporl seltiement,

1.6 Degree of Indeterminacy
The degree of indelerminacy can be divided into:
1. Stalicindelerminacy, which ¢an be classified as i
{a} externalindeterminacy
{b) internal indeterminacy
2. Kinematic indeterminacy

1.6.1 Static Indeterminacy
Those siruclures which can nol be analyse using equations of slatic cqumbnum alone are called
indeterminate structures or hyper static structures. To analyse lhese sliuclures exlra equatlon are required which
is callcd compatibility equation.
{a} External Staticindeterminacy (Do)
ltis related lo support system of the structure, Extarnal stalic indetarminacy is equal 10 number of
independent exlemal reactions in excess 10 avallable equilibrium condition or slatic equilibrium,
D.‘-'-f R
where. ¢, = Total number of indepandent suppari reaction
7 = Tolal number of available equatians of static equilibrium
= 3[2.D} ...[20]
=6[3-D} ..13-0]

Case-1: (2-D beam subjected to general loading)
Here, £, = 6

r=3 -.{2-D) /
] f
Therefore, Dy, =1,-3 — I - 14———

. Dy, =6-3=3 \1" ) ‘V
Far genera! loading system, a fixed beam is slatically

Fig.1.34

indeterminate lo 3 degree.
However for vertical loading system.

Case-2: (2-D beam vertical Ioading)

=4
and equaunns ol stalic eqwl;bnum available, . l
r=2 [

]
: i
therefore, . Dy, =171,-7 W
-4-2 2 )
Here beam mdele:mlnale 102 degree.
Hence, for general loading, the external indetgrminacy is given by
" Dg,=f,~3 [For2:0]
and D = ru~6 [For3-D0]

_Q._,

Fig.1.35

For the slructure shown In tigure. Delermine degree of external static

indaterminacy (D)
5 4 .8
! 2
Safution:
] 2
= 5
For general loading, Dg;=r,—3
=5-3=2

Hence given beam is externally indeterminate to 24 degree.

Example 1.6 Bl For the space frame shown in figure determine Dg,,

Solution:
) Tolalr, = 7,y # o+ fat+ g
=6+1 + 3+ 6
. = 16
For general loading, Do = t,- G ., (3-D)»
: =16-6=10

Since all reactions are nonparallel and noncancurrent,
hence given (rame is slable and indeterminate to 10"
degree.




For example;

(b) Internal Statlc Indeterminacy (D . ¢
Case-I: Pin [ointed plane frame (2-D Truss): @ . £
Intrusses, ait joints are hinged and loading is applied at joint only, the sall weight of members are
neglecled. Hence all member of russ will carry only axial lorce either lension or compression, II .
there are m members in the truss. then there will be minternal member lorce {(axial force in each F G
member). Al each joint in the lruss. there are two equilibrium conditiens i.e. If, =0and ZFV= 0. Let
there are jnumber of joint. Hence lola! equilibrium conditions available on all jointvill be 2j, out of 2/ A 8
equilibrivm condilions. (hvee equalions are used (o delerming exlernal support reaclions. Hence net —— ——
available equations 1o delermine internal reactions will be 2j-3. at ¢ M. =0, hence, one inlerat force (M.} is released
Therefore, Dy = Tola! number of internal reactions — Available aqualion of equilibrium =1

DS = fll~ (2)‘ - 3) ) fo)

if 0, =0  Twssisinlernally delerminate ) ¢ a )

Suchtrusses are called perlect lrusses
if O;>0  liwll beinternally indeterminale ang over stifl.
il D, <0 Imernally deficien! and geomelrically unsiable

Caso-1l: 3-D Tryss {Pin-jointed space frame)

In 3-D truss, each member is having one internal force i.e. axial force bul each joint has three _A"’" ) 8

condition of equilibriumi.e, 27, =0, IF, = 0 and EF, = 0. Therefore, lotal condition of equilibrium at

{number of joint will ba 3. Oul of 3 equilibrium condilions six conditions are used 10 find external

supporl reactigns. Hence, \
0O, = Tolal number ol internal reaclions - Available equation of equilibriurn

Al D2 twoinlernel forces are released
{a) Axial Force (AF)
(b) Bending Moment (BM)

Dy, = m-(3-6) =2
where,  m=1otal number ol members e
) 7= lota! number of joints (i K

Case-il: (2-0 and 3-D Rigid Frames)
In rigid lrames, internal indeterminacy vill not existif it forms an open configiration like a lree. To ) c o3
check internal indeterminacy lollowing thumb rule may be applied.
(8 I shructure is internally determinate then it is impossible lo make a cut anywherg in slruclure )

wilhoul splilling Ihe slruciure inlo two iree bodies. : i - : —_
(i) Incase ol inlernally determinate slruciure, itis impossible Lo return back at same point without A &

retracing the path. It mear intarnally determinale structures do not have any cyclic loop. Al E, Shear Forco (SF) is released
In two dimensional (2-D) ngid Irame, each member has three-internal forces i.g, A, R},and M, andin r=1 : . N
3.0 rigid frame each member has six internal force i.c. R, A, R, M and M, Il means each closed The number of released (orces () depends upon number of members meeling at rybrid joinis.,
{oop in 2-D has threc internal indeterminacy and each closed loop in 3-D has six internal indeterminacy. For example:
Hence [ [
For 2-D rigid frames, D, =3C ‘ ™) i
For 23-D ngid frames, D;=6C ;
where, Cotumberolcosedioon o
In abiove analyeis all ihe joinls are considered nigid If some of the joints are hybrid (hinged) (hen
some of the internal reantions will released Hence D will reduced.
Tharelore, D, = 3C- I For 2.0 1. i
and O, =6C-7, For 3D A 8

wehere, r. . fetal number ol mernal reaction released.



At C, vio members meels. Hence one internal reaction iill released.

K r=1 i
Al D, three members meals, Hence, two inlernal reaclions will released.
kS =2
Hence, tolal, r= 142=-3
We cangeneralize internal reaction réleased as lollows:
For plane structures, r=En7 - 1) : {2-Dtrame)
For space struclures, =13t -1) '
where, m' = Number of members meating at hybrid joint
Hence D canbe wrillen as
D, =3C-Xnt-1) .{2.0)
=6C- 3T -~ 1} .{3-0)

wliere, C=Number of closed loops
7 = Number of members meeling at hybrid joint

Overall Degree of Static Indeterminacy (D)

D; = External slatic indeterminacy + Internal static indeterminacy
D; = Dg,+ Dg

Alternative Approach to Find D

{a} PlaneTruss(2-DTruss)
D; = Tolal unknown forces {External + Internal) ~ Total equation of equitiarium available
={m+r)-2f
where, m = Number of members (Number of internal reaclions)
r. = Number of external reactions
§ = Number of joinis ‘

i D;=0 Truss is slatically determinate
D,>0 Teuss is slatically indeterminate
D, <0 Truss is stalically unstable

(b} SpaceTruss(3-D Truss)
O;=(m+r)-3

{¢} 2-DRigid Frames
D.=(Gm+r)-5f
B.={Qmrr)-3j-r, {Whensome joinis are hybrid)

{Whzn all joints are rigid)

{d} 3-DRigld Frames
D,=(6m+r)-0Gf {whan all joints are rigid)
O, = (6 +1,}-Gj~7,  (Whan some joinis are hybnd)

‘Example 1.7 For 2-D truss shown In figure, find degree of stalic indelerminacy.

Solution:
First approach:
Dy, = r,~3(For gencral loading)
=6-3=3
Dg = m-{2{-3)

7-(245-3)=0
.~ Degree of static indeterminacy,
0= Dg + Dg,
D;=3+0= 3

i

g

Second approach:
Og=m+r,-2f

=7+6-2x5
=13-10=23
What is the lotal degree .
of static indelerminacy (both Internal and extarnal} S
of the cantilever plana lruss shown in the ligure
below? ‘
(8) 2 (o) 8
(c) 4 {d 5 -
Ans.{b)
m=13
=7
fn=4
First approach:
D5J=I0—3=4—3=1
Dy=M-(2-3)
. =13-(2x7-3) =2
) O = Do, + Oy
' ' D,=1+42=2
Second approach: .
D,=m+e,-2f

=13+4-2x7=3

T SEM  The degree of stalic
indeterminacy for the rigid frame as shown below is

{a) 6 {b) 4
{c) 8 {d) 10
Ans. (o)
First approach:
* m=5
1=6

( Hinge




7,=10
r=1
Dy =1,-3=10-3=7
De=3C-r=0-1=41
DS=D&.+D$
D-S= 7-1=6
Second approach:
' D;=3mur,-3j-r,
=3x5+10-3x6-1=6

For 2-D frame shown in figura find D,

(a) 9 (o) 8
{€) 10 d 11
Ans.(d)
Fiest approach: m=N
j=8
=3
f!=‘
C=4
D..‘b: f0‘~3=3—-3=0
Dg=3C-r=3xd4-1=211
Dy= Dy D=0+ 11 =11

Second approach:
Dy=3m+ r,~3f-1,
=3x 11 +3=3x8-1=11

\I:thgo

What is the total degres of Hinge Hinga
stalic Indeterminacy, both Internal and external of the plane

frame shown below?
{a} 10
{c) 12

Ans.(d}

&) 11
(d) 14

F[}sl approach:

Second appreach:
O =3m+r,-3j-1,
=3x12+12-3x10-4=14

What Is the stalic indslerminacy

For 3-D hybrld frame shown in ligurs, find Dy

(b) 15
(c) 11 (@) 17
Ans (b}

m= 9, o= 18, /=9

Tolal reactions released, = 3 - 1)
=3(2-1)=23
First approach: :
Dg =:,-6
= 18-6=12
DS =60~ 7
=6%1-3=3
Toral, D=0y +0,=1243
O;=15

Second approach:

DS; G+ ru~—6j—t,
=b6x94 18-6x9-3=15

Hinge

{or the Irame shown below:
{a) 12 (b} 15
{c) 11 (dy 14
Ans. [¢] —— J -
m= 12
i=12
J’U= 12
: r={rf-1=2-1=
Flrst apgroach:
D&,a fn-3
=12-3=9
i bg=3C-1,
= 3 x1~1
Og=2
Dy= D¢+ Og
= 9 +2=1%

Second approach:
Og = 3m+,-3j~1,
=3x12+12-3x12-1
o= 11




For rigid plane frame shown In

figure. Determine degree of slatic Indsterminacy.
Sofution:
m=14,j=12,7,=8.C=3
First approach:
D&v =f- 3
=8-3=5 1
D,=3C —r—r— ;
7 ax3-9 S L g
- O;= D¢, + Dg T 1
=5+9=14
Second approach:

0y = am+ ry=3j~r,
=3x14+8-3x12-0
=1
Slatic Indeterminacy for Beams
Approach-1: Beams are Irealed like rigid jointed plane frame of opan conliguration

A
1 6,
i AN
D= D¢+ Dg,
O, = r,- 3
and Dy, =3C=0 [Noclosed foop]
O; = £,~ 3...... i no hybrig jaints
D torabove beam
z".1 = 5
o 0;=5-3=2

Alternalively, D, can be lound by relation,
O;=3mar,=3-1,

here,m=1,r,=5j=2andr,=0

: O;=3x1+5-3x2
0;=2

Approach-2: In this approach beam are converted inlo cantilever by rermoving support reactions

- and consiraint arc added.lo Hybrid joints, then degree of siatic indetarminacy is given by

3

Dy = Supporl Reactions Removed - Constraint add t Hybrid joinis

For above beam,

A] ; | B Ha=,"g g
1 e i

{1} Gesen Boam . () Convarted cantilaver

Here, support reactions removed 1o make above beam cantilever are

M H

(i) F?B

There is no Hybrig joint, 50 no canstraint is added.

; D,=2-0
=2

NOTE: This approach is applicabla only lor general cases of loading.

: The static Indetarminacy of Intemat hinge |
the baam Is i KX KON |

(a) 1 (b) 2

(c) 3 g 4

Ans. {c)

Approach-|

» D, =1,-3-1,
Hare, r,=2+1+14+3=7
f, = 1
D;=7-3-1=38
Approach-Jl

beam shown in the ligure below?

D; = 3m+r, ~3f-1,
Here,m=4,r, =7 j=5andr =1

- Ds=3x-1+7—3,15-l=3
Approach-lil - : ‘ i
. Df;‘ = Rﬂ' C,.‘ I
Here, A, = reaction removed lo make cantilever _“f T T |
=2+ 1+ 1
= 4 (1) Given Beam
“C,, = canstraint added to Hybrid joints l
. =1 ‘
D, =4-1 {u) Canverted conlilover l
= 3

Hence optian (c) s carrect

Exahrp[ei'.‘lﬁ; Whal is lhe tola! degree of static indalerminacy in the continuous prismatic




l"W'Y‘Y\"\B c l

F
] e o E
(a) 1 {b} 2
(c) 3 {d) 4
Ans. (d)
Dsz fa—E—r,

7, = Tolal external unknown reaclion
= R My Ry Ao Rpand M, =6
£ = Equation of equifibrium available
iy & =0
(i) M, =0
r=0
DS =6-2=4

2]

What fs the total degree ol stalic Indelermin
shown-in figura?

acy far tha continuous beam

A 8 - E_ c o
o O,
(a) 1 by 0
(c) 3 (d) 2
Ans. {b)
Approach-|:
DS =4 -3- f
Here, =1+1414+2=5
r=1+1=2
DS=5-3—2=0
Approach-ll:
D;=3ma+7,-3j-r,
Here, m=5,1 =5 j=6andr, =2
. D;=3x5+5-3x6-2
D=0
Approach-1Il;
A ol
(1) Coaverted Canvlover
A, = (one each at Band Eand two at F)
. Co=2+1+1=4 {lwo at A one cach at £Eand f7)
DS = ﬂu“ Ci'
=4-4=0

Tha slatic indetarminacy for the beam Is

[

{a) 2
(c) 3

Ans, (8}

Here,

Alternate Approach:

Here, m=5,7,=7 j=6andr, =2

Hence option (a} is correct,

{b} 1
{0y 4

Oy=71,-3-1,
L=2+1+1+3=7
f=2
0,=7-3-2
=2

Og=3mar,~3j~1,

D;=3%x5+7-3Ix6-2
=2

The degres of stali¢ally indeterminacy for the baam shown infigure Is

|

{ay 0
{c} 2

Ans. (a)

Here,

Alternative Approach:

Here,m=3,¢,=6.4=4,r=3 ;

Hence oplion (a) is correct,

s—tfe—-

(b} 1
{d) 3

De=r,-3-1,
r=3+3=6
= {AF}C, (SF)Gand M’C
=3
0,=5-3-3
=0

D,=3m+s,-3j=1,

0;=3%x3+6-3%x4-3
=0




162 Degree of Kinematicindeterminacy .

Degree of kinematic indeterminacy {0,) :-‘ers to the tolal number of independent availabla degree ol
freedom at all jcints. Tha degree ol kinematic indzierminacy may be delined as the total number of unrestraint
displacement compaonent at all joints, .

SNo.| Typeofjoint ? Possible degros of fraedom

;.
1. | 2-D Truss joint « Two dagreo of freedoms am available
1. Ax 2. ay 1

2. | 3D Trussjoinl * Thnree degree of frecdoms are availabla
1. Ac 2. Ay 3 Az

3. | 2:D Rigid joint » Thres degme of freedoms am availabla
1. Ac 2, 4y 3.0z

4. | 3-DRigid joint * Six degrea of freedams are available
1Tar 248y 23 Az

4. O« 5.0y 6 oz

Degree of kinematic indeterminacy for:

{a} Plane truss{2-DTruss):
In a pin-jointed plana truss each joint is having two degree of freedom {Ar and Ay) therefore jnumber
of joint, will ba having 2jdegree of [reedom. We know 1, be Ihe supportreactions, hence at supports
int displacemenis will not be available in the direction of reaclion, Therelore lotal number of unrestraint
displacement component ar all joint {D,) will be

i

O =2j-r,
[b} Space truss (3-D truss):
Similarly, D= 3j-r,
{c] Rigld Jointed plane frame: ‘
Similarly, D, = 3j-
(d] Rigid JoInted space frame:
Similarly, D,=8-R

In above analysis all members are considered axially inextensible and all abave drs;ﬁlacemems are
elaslic displacements,
Speclal Case-l

Inrigid {rame, if some of the members are axially rigid then axial displacements in such members may
not be availtable, hence degree of freedom viill be reduced.

For 2-Drigid jointed {rame,

De=3j-r,-n7
For 3-Drigid jointed lrame,

Dy =6j-r,-n"
wihere, " = MNumber of axially rigid members

Example 1.20 Delermina degras of kinematic indsterminacy for the given cantilever il

{i) beamls axlally llexlble 1
(i) beam is axially tigld “ 15
Sohstlon:
@ j=2.r,=3
D, =3j-1,
=3%x2-3
=6-3=3
X D.=2
(1) if beam AR is axially rigid
‘ D, =3j-r,~nr
=3x2-3-1
=2

m Determine degree of kinematic Indeterminacy for the givan beam.

£ 2
Also, lind O, when member ABis axially rlgld.
Solution:
j=2,r,=4
D, =3f-r,
=3x2-4
=2 (0, and OB)

il we consider ABas axially rigid, then O, will be same as previous case because axial displacement
already resirained by reactions
D=2 (0,and0g}

Special Case-2
In rigid jointed frames, some of the joints may be hybrid then “additional degree of frecdom mll be
avaifable. Hence D wiltincrease.
Fer 2-D rigid jointed lrame,
D, =3f-1,-m+r,
FFor 3-Drigid jointed frame,
. De=Gj—r,—ar 4+,
where, j = Tolalnumber of joints including rigid joint, hybrid joinl, supparied joint and unsupported
joint
2" = Numbaer of axialy rigid members
r_~= ot - 1) (2D}
= Number of members meeting aL hybrid joint



Whal s the number of Indapendent

degree of fresdom of the two span continuous beam ol uniform é.,
saclions shown in the figure below?

(8) 1 (by 2
(c) 3 (dy 4
Ans.(d]
Beams are considered as 2-Drigid joinled open frame.
i D, =8j~1,
Hete, S j=3
L=1+1+3=5
0,=3%x3-5
=4
w The kinematic Indslerminacy of the frame is Hing
{a) 4 {by 6
(c) 8 {d} 10
Ans. {c}
Here, j=4
fh,=3+2=5
7= X - 1) -A—L
=2-1=1
D, =3/~ f
D.=3x4-5+1
=8

Exaniplet_za Far the beem shown in figure. Find degree of kinematic indeterminacy

considering beam as Hexible,

A g |

AL 1

Solution;
Here. )

n
O W

f
m =
r=Xnr-1)=2-1
=1
O.=3j-r,-m" +,
D, =3x3-5-0+1
=5

1

Rigld jolnted frams shown In figure, Find degree
of kinsmalic Indeterminacy. Assuming beams are axlelly Inexiensible.

Sofution!
Here, =9
fh=3+2+2=7

S

m” = Axialy rigid members = 4

Dy = 3f-r,-a +r,

D;=329-7-4
=27-7-4
=16

<+ < o
~3—3 3
-5 =

For 2-D rigid frame shown In figure. Find 2, and show all displacement

component at respeclive jolnis.

Solution:
Here,

and

j=10
fp=3+2+1
=6

m' =0
=0

Dy=83f—r,-m "+,

D, =3x10-6
=24




Summary

.

Some of major elements of siruclures from which structures are fabricated are:

{) beams (4 columns (i) lie members
Common lypes of struclures are
() wusses (i) frames (i) archesandcables

For the externat slabitity of structuses folloving canditions should be salisfied

{i) there should be minimum number of externally independent support reaclions.

(i1} all raactions should net be parallel, !

(i} ali reactions should nat be concurrent,

{iv} reactions should be noniivial.

) for siability in 3-D structures allreaclions should be ncn-dcpranar. nonconcurrent and

nonparallel. .

To preserva geomatric stabilily, tha minimum numbar ol members needed are
m=2§-1 (2D-Truss)
m= 3j-6 (3D-Truss)

Itis desirable for overall stabi ity, swuciure should be siable externally and internally both.

D for plane truss, is given by
Di=mer,-23

Dy for space lruss is given by
Dy= m+1,-3f

Dg ler rigid jointed frame is given by
D= 3m47,-3f
D;=3m+1,-3j~1,

Dy for 3-D rigid jointed trame [s given by
D. = &m+1,-6
Dg = 8m+1,~Gf-1,

Degree of kinemalic indelerminacy for

{i} Planetruss

{When all joints ara ricid)
{When some joinis are hybrid)

{When all joinis are rigid)
(When some joints are hybrid)

D, = 2f-1,
(ii} Spacetruss

0,=38j-r,
{iii} 2-D rigid jointed frame

Dy=3j-r,—n"+1, :
(%} 3-Drigid jointed frame
, D,=8f-r,-0r+1,
where, 1" =Number of axialy rigid members
r,=Number of reaclions released

= ¥m - 1)
= Z3nf -1}

where, Y =Number of members mesting at hybrid joinl

{20)
(3D}

¢8R}

Q.2

Q3

Q4

Objective Brain Teasers

The dagree of slatic indelerminacy of ihe beam
given below is

) Hingo Qs
= RS
{a) zero (b] one
(c} vo (d) lhrea

What is the total degree of slatic indeterminacy
{bothintemal and externat) ol the triangutar planar
truss shown in the figure below?

(a) 2 ) 4
) S @ G
The kinematic indeterminacy of the beamis
as
Hingo

1 2 3 4

—x
L 2 2
(a} 5 (b} 9
ic) 14 (d) 15
For rigid frame shawn in figure. Determinc total
degree of stalic indelerminacy.

- . Q7

(@ 10
) 13

1
(d) 8

i

The following two statements are made with
relerence o he plane lruss shown below:

L4

" I The truss is statically delerminate

. Thetrussis kinemalically determinale

With relerence to the above statements, which
of the Iollowing applies?

(a) Bothslalements are lrue

{0) Both staiements are lalse

{c) Nistrue butlis lalse

{d) 1istrue but it is talse

find stalic Indelerminacy of the Frame shown in
ligure

\ Inlernal hinge / |
(a) 6 oy 4
) & (d) &

The rigid Frame shown in figure. the statical
indeterminacy is



Hinga

[ i o
fa) 8 o) 12
¢y @ 14

Q.8 The total degree of sialic indeterminacy of Ihe
plane frame shown in given figure is

a) 10 ® 1
(o) 12 (dy 15

Q.9 V= degreeof kinematic indelerminacy of frame
shown inthe ligure ignaring the axial deformation

)5 caven by

s A
(m & (o) 10
fcy i2 )

Q.10 e degroe of stalic indeterminacy of a rigud
jointea space lrame is
@ -2 o m+r -3
(ct A 47 - 3 (@) Bm+ -G
wie g, m, road phave ther usual meanings

Q.11 A plane [rame is slatically determinate if
(@) 3m+r=3j+c (b} 3m+c=3+¢
©) 3m+c<3i+r (dy 3m+c>3f+¢
‘Where, ’
m = no. ol members
§ = no. of joints
r = no. of reactions
¢ = no. of equalions of condilions

Q.12 The (igid Irame shown in figure, the slalical
indelerminacy is

Hingo
(a) 8 by 14
{c) 10 {d) 12

Q.13 Thekinemalicindeterminacy {Cagree of Freedom)
ol the (rame given below is
Hinge

{a) 4 (b} 6
(c) B {c) 10

Q.14 The 101al degree of kinematic indelerminacy of
the plane Irame shown in the given ligure
considering columns to be axially rigid is

a) 20
(c) 44

by 37
{d) 8

Q.15 The degree of static indeterminacy of the hybrid
plane frame as shown in ligure is

(ay 10 {b) 11
{c)y 12 {d 13
Q.16 Degree of freedom for the structure shown in
figureis
[
e da 3
(& 2 b 3
{c) 4 {dy 5

Q.17 The pin jointed frame shown in figuee is

i
(@) apertecttrame
(b} ‘aredundant frame
(c} adelicientframe
(d} None ol Ihese

Q.18 Number of siatic indetenminacy {or the slructure
shown below is

Hinga
Hinga
i #-
{a} 3 b) 4
fc} 5 {d} 6

Q.19 The degree of slatic and kinematic indelerminacy
of the plane frame as shown in the figure is
{Assume members are axially extensible}

Hinge
e
(@ 15.21 (by 17,18
(cy 18,27 (cy 17.28

Q.20 The degree of slalic indelerminacy for the beam
as shownin figure is

Ropo~—1ry <

] £

J O 1
@ 1 {o} 4
{c) 5 {ay 3

Q.21 Which of the following statement is true for the
pin jointed frame as shovm in the ligure below?



(a) Statically determinate and iniernahy
unstable.

{b} Staticallyindeternminatg and intemally slahie

{c) Statically indelerminale and intarnaliy
unslable.

(g} Stalically delerminate and internally stable.

(.22 The lotal {poth internal and external) degree of
slalic indelerminacy of the plane lrame shown ia

the given figure is
H
H
et i — J
Answers
1. {d) 2 (o) 3.1{b) 4 (a) 5 (d}
6. (b) 7.(c} 8. (¢) 8.({a) 10.(d)
11, (8} 12. (c) 13. {c) 14, {a) 15.(d)
16. (b} 17, (a) 18. (c) 19, (d) 20. (b}
21. (a} 22 (8}
Hintsand Explanations;
1. )

Dy=5,#3m-1,-3f+ )
r,=3+1+1=58

m=3,j=237=1"
Thehinge will creale 2 members. |
Nurmber of intemal reaction components released.

§=1Di
Oy =5+9~10-3x(3+1)
=10
2. (v)
The tolat degree df mdelarmznacy is given by
Dg=m = 2j
Where,

m = number of mem sers = 18

f,= number of external reactions = 4
§=number of joints = 9

D, =1844-2x9=4

3. {b) ¥
The kinemalic indalefminacy of the beam is
Dy =3f-r,+ 1y

Given, =5
..7
=Z{ar - 1)
..E(E =1

0, =3x5-7+1=9
{048y Oy By By B2 A5, 8, )

4, (a)
m=16,j=15,7,=12
=¥(n? -
={3-N+{2-D+{2-1)+{2-1)
=2+1+14+1
=5
Firs1 approach:
Og,=r,-3
=12-3=8
Dy=3C-r, :
=3x2-%
=1
DS=DSa+DS
=9+1= IO

Secaond approach:
D;=3m+r,-3f-1,
=3%16+12-3%x 155
=48+ 12-45-5
=10 .

reTer.

5 (d)

Degree of stalic indelerminacy

Do=m+r,-2f
Hare, m= 12, j= Qandr =6

0, =12+6-2x9=0
Degree of kinematic indelerminacy

D, =2j-r,-m

=2x9 -6-0 =12

+ Thus lruss is stalically determinate and
kinematically indeterminate,

6. (b)
: O; = Dg,+ Dg
Dy, = external slalic indeterminacy
Dg,=r,~3
Here, r,=3+42+2+3=10
O, =10-3=7
and D = Internal slatic indeterminacy
D, =3C-y,
Herse, C = NMumber of closed loop = 1
= internal reactions released
= -1)=(4-1}+(1-1)
=6
D;=3x1-6=-3
Hence D= Dg 4+ Dg
=7-3
=4

Altarnalwe approach: )
De=3m+r,-3j-1,
Here, m=9,j=9.r,=10andr =6
D;=3x9+10-3x9-6

O;=4
7. (e .
05 = D5+ Dg,
Oy, =1,-03
Here,  7,=3+43+3=9
0.,=9-3=6
and D, =3C-,
Here, C = Number of closed loop =
r, = imernal reactions rclcavnd
=¥ - I)_:{S— 1}=2
£, =3x2-
chce D, = Dg + D .
=6+4
=10

Allarnative approach:
Dg=3m+r,~3j-1,

Here, m=1),f=9.r,=9andrs,=2

DS=3x10+£l—3x9—2

= D;=10

8. ()
O;=3m+r -3,

Here, m=12,j=11,7,=3+3+3+3=12
=reaclion refeased
=Fm-1)={1-1=3

0,=3x12+12-3x 11-3
0, =12
Alternative Approach:
D‘S:D&,A!- DS:
O, =r,~-3
D;,=12-3=9
Dy =3C-r,
=3X2—3
=6-3=23
Dg =0+ D,
=94+3=12
Hence option (¢)is correct,

9. (a)
For 2D-rigid framp, the dearee ol kinematic
indelerminacy is given by
D, =3j-r,-nr
where /= Mo.of joint
r, = external suppar reaclions
m” = axially rigid members

1
i
A —_

Here, )=6.m" =6, 1,=4
D, =83%x6-4-6=
Hence oplion{a) 1s correct.



10. (d)

12.

D = Total unknown reaclion ~ Total equation of
equilibrium

in rigid trame each member have six internal
reaclionsie, F,, F,, F. M, M, and M,. Therefore
lotal internal reaclion will be 6 m. Al each joint
there are six equations of eguilibrium available
i.e.v. i =0.2% =0Z=0ZIM=0IM= Oand
M, = 0. Ilthera are r unknown external supporl
reactions Ihen D, is given by

Dy=(6m+1)-6f

Hence oplion{d)is correcl.

. (a)

A plane [rame it delerminate il dagree of stalic
mdelgrminacy is zero, '
Dy = Total unknown reactions - Total
equalion of equilibrium - Additional
condilion of equilibrium like 1,
D.= (3m+H-3-C
For frame 10 be determinale,
DS =0
3m+r=3/+C
Hence optian (a)is correct.

(¢}
Hinge

-
1Y

SR

Flrsl approach:

0, =0, + D,
D:_." = f“ -3 .
Here, =9

N

o

,=9-3=6

13.

and D =3C-1,
Here, C=2andr,=EXm-1=(3-1=2
- Dy =3x2-2=4
Hence, Dy=6+4
| DS=10
Second approach;

D, =3m+7,-3j-r,

Here, m=10,1,=9.j=9andr, =2
D, =3%10+9-3x9-2
Ds =10

Hence option (¢} is correct.

(c)

‘i_}/

D, =8j-r,-m +1,

where

/= no. ol joirits

r, = external supports reactions

n' = axially rigid members

r, = No, of reactions released

Here, j=4,7r, =5 =0andr, =1

: 0,=3x4-5-0+1
0, =8

. {a)

D =(3j- 1) - m
j=toral number of rigid joints = 12
r,=10tal number of external
‘ reaclions =3+2+2=7
m=tolal number of axially rigid
members = §
0,=@3=12-7]-9=20

where

15. (d)

0,=0,+ 0,
0,=r,~3=14-3=11

e e pp—

6.

17.

18.

18,

Dy=3c-r,
=3x6-Em.~- 1) _
=18-{2+2+3 + 2+ 3+2+2)
=18~ (16} =2

Ds=11 +2=13

(b)
=4y E

,,(3:\ jres F
9"1;) %J

D, =3
Altarnate Meihod:
D, =3j-1,-m+1,
=8-6-0+0=3

(a}
D,=m+r,~2f
=9+3-2x6=0
So. itis a perfect frame.
{c)
Dy =r,-3=6-3=2
Dy =3c-v,
=3x2-(1+2)
=6-3=3
D, =Dg,+0g
=2+3=5
(d)
Dg=3m+1,-3f-r,
=3x15+12-3%x13-1=17
D, =3j-r 41,
=3%13-12+1=28

i

20. (b)

O, =3m+ s -3f-1,
=3x4+8-3xs—1
=20~-16=4

21, (a)

D =m+er,-2f
=13+3-2x8=0

The frame has 8 joints and consequently requires
13members, The frame does have 13members
but even then il is not slable. Aclually, the frame
is a combinalion of a stable panat U,U,LL,, as
overstil! panef U,U L L, and as unstable panel
UyU,L L. When he internal stability of the frams
as a wholg is considered, the Irame will have to
be designaled as unsiable.

22 (8)

D,=3m+1,-3f-r,
m=15

fa=12

j=14
=0+1+1+2)
D =15x3+12-3x14-7=8



