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CHAPTER

The number of degrees of freedom of a point
in space is

@ 3 {b)y6

c) 9 {d} unfimited number

The minimum number of overall equilibrium
equations for plane iruss analysis must be equal
10

(@ 2 b} 3

&} 6 {d) urtimited number

The minimum number of equiliorium equations
for a plang frame structural analysis m;&st be
equal 1o .

{a 2

{b} 3

- {cy 6

{d) undelined number

The number of compatibility conditions needed
inthaanalysis ol a stalically determinale structure
as

@D b2

fcy 3 a6

Compatibility conditions are primarily governed
by

fa} strains (b} stresses

) temperalure (g} lorces

Geomelrically unsiable struciures can be used
in

{a} pin-connecled systems

{bj temporary systems

{c} long spans

(d} earthquake zonss

ffthera are munknown member forces, £ unknown
reaction componenis and j number of joints,

Qs

1 ¥ ' Determinacy and Indeterminacy

then lha dagree of sgaﬁc iﬁdeterminacy of a pin-
joined plane frame is giden by

@ m+r+2f (b)‘m—r+2j

© mir-2 (d)m+ -3

A pin-oinizd plane lrame is unstable it

(@) mides Om+r=2

{&) (m+>2f (d)none o these

where m i3 number of m%mbers, ris reaclion

' »compcnef’ls and fis number of jaints

Q9

Q.10

A ug:d‘gmnled plane !rame is stable and
stalically determinate il )
@ m+n=2 ©Eim+3=3

@ @m+ =38 {dlm+3)= 3

-Consxdsr the following statemsnls

1. The displacement method is mere uselul
when degree of kingrnatic indeterminacy is
grester lhan the degres ol stalic
indelerminacy.

-2. The displacemant melhod is more useful

when degree of kinematic indeterminacy is
less thanthe degreq of stalic indelerminacy.

3, Theforcamethod is miore usefulwhen degree
of static indetarminacy is greater 1han the
degrea of kinemafi gpde!enmmacy

4. Thelorcemethodi Suselutwhen degres
of stalic mdstetmnaagygs lessthanthe degree
of kinemalic indetérminacy.

Which of these sialemanls are correct?

() 1angd {b} 2 and 3

{cy 1and4 {d)2and 4

Neglecling axial daformation, the kinematic
indelerminacy of he struclure showninhe figure
below is: '

{b) 14 R

(@) 12
) 2 {d) 2
Q.12 Thedsgreeof Indetarminacy of the beam given
belpw is
{a} zero o
fc} wo (d) three

Q.13 Whatis the tola! degree of Indeterminacy in the

continuous prismatic beamn shown in the figure

below?
| AN l ” |
D VR
(@ 1 : )y 2
fcy 3 {d) 4

Q.14 The degree of stalic indeterminacy of the hybrid
plang frame as shown In figure is

fa} 10 {b) 11
¢} 12 (d) 13

Q.15 A plane lrame ABCOEFGH shown in figure has
a clamp suppont al A, hinge supporis at G and
H, axial force ralease at € and moment release
(hinge) al £. The static (d,} and kinemalic (d,)
indeterminacies respectively are

8 [

Al
@ 4.8 ()3, 19
) 213 {d) 1, 14

Q.16 The statical indeterminacy fof Ihe given 3Dirame
is

fay 8 b} 6
fc) 9 (d) 12

(.17 The plane pin-joinled struclure shown in figure
below is

frre

{a) axternallyindalerminale
() internallyindeterminate
(¢} delerminale
{d) mechanism



Q.8

Consider (he lollowing pin-jointed plans [rames

AN

v S

K| 4

- Which of these (rames are stable"

Q.19

Q.20

(@ 1, 2and 3 (b) bolh3 and 4
€) 2,3and 4 (d) bolh 2 and 4

A prismatic beam is shown In the l'gura gwen
below, .

“Hingo -+
I . - i |

& &

Consider lhe following slatemenls:

1. The slruclyre is unsiable. ..

2. The bending moment |s 26r0 al supporls
ang internal hmge

3. It is a mechanism.

4. R is slatically indeterminale,

Which of Ihese slatemenls are correct?

(@ 1,23andd (b)1,2and3

{c) tand 2 {d)3 and 4

The degree of slatic indelerminacy of tha pin-
jointed plane frame as shown in figure is

W2
Ywn S WS
(@ 1 {b) 2
© 3 {d) 4

21 Mateh List-l {Structure) wilh List-ll (Degree of

stalic indeterminacy) and select the correct

angswer using the codes given below the lisis:
Listl

A,
B.
C.
»D.‘
e
T Dstll
1. Three .
2. Six
"3.- Tvo
- 4," Far
Codes:
A B C D
(a) 1 3 2 4
o 3 1 2 4
© 3 1 4 2
(g 1 3 4 2

What Is the tolal degree of indelerminacy both
internal and external of the plane frame shown
below?

Hingo Hingo
WY Laacd
(ay 10 o) 1
€y 12 (d) 14

Q.23 The slalica! indelerminacy for the given 20
frame is

A X
@ 8 v by 6
{c} 8 (d) bR

Q.24 The degree of kune,ﬁlrc indeterminacy of frame
shown in ha figure ignoring the axial deformationis

O ¥
@ 8 [N
{€) 12 {dy14 ©

Q.25 The lolal degrea of stalic indegrminacy of the
plane rame shown in glven figure is

.| Infemat hinge
@ 10 b}y 11
© 2 {15

Q.26 The degree of stalic indgterminacy for the beam
as shownin figure is

@ 1 (o) 4
{c) 5 @3

Q.27 Whatis the kinematicindelerminacy for the frame
shown below? {Members are in exiensibie}

- & vl
@ 6 ) 19
cy 12 {d) 21
Q.28 The iotal degrea of indeterminacy of lhe pmg
gom!ed trilss shown below is

@ o ) 1
NON-E a3

Q.28 Thaslalicindeleaninacyof therigid frame shownis

o e
{a) 21 )3
© 2 @ .

Q.30 Whalis the degree of kinemalic indeterminacy -
of the plane structure shownin the figure below?
{Members are inextensible)

N4
Y4

fa) 6 m7
© 8 . {d} 10




.31 For the skelelal frame shown in the figure, @ 1 ‘
: © b 2
B {&) 3
i {d) 4
v Q.33 Tho above ligure shows a continuous beam with
Tertree cantilavered ends. lLis !
-/ the slatic and Kinemafic indelerminacies. if afl W, w, Wy w, W
7 the membars are inextensible, are l l l . l ‘l i
{3} 3and13 {b} 4and 13 -
{c} 3and14 {d) 4and 14 T T ’ T T. 8
. 4 .
Q.32 The degres of siatic indslerminacy of the pin- R B i "
jointed plane frame showninligure. (a) statically determinate
A (b} slatically Iideterminate to the first degree
" l  {o) staticallyindeterminale lo the second degree
{d} statically indetarminate to lhe third degree q.
’ anEn
w, . W, -
10.
11.
Determinacy and Indeterminacy
L) 2 @0 4@ 5@ 60 7.() 8 oi{) 10.(d

4. (b} 12, (b) 13.{d) 14.(d}) 15.(c) 16.(c} .17.{c) 18.(c) 19. (b) 20.(d)
21.(a) 22 (8) 23.(d) 24.(a) 25.(c) 26.{b) 27.(b} 28.{a) 29.(c) 30.(v)
31.(d) 32 {d 33 (c) _
#M,ly\ . .|>

!

Determinacy and Indeterminacy

5

1. {b} 7. (G) Lo
Sixdegrees of Ireedomare Slalic indelerminacy (Dg) and Kinemalic
IF, = 0,2F,=0.ZF, =G and. indeterminacy{D,)

1. Pinjointed 2-D{plane) frame
= O;=m+r-2
D = 2f~r

IM, = IM,=IM,=0

2. ()
XF, = 0,F,=0.M,=0

2. Pinjolnted space frame (3-0)
Dg=m+r-3
D, = 3~-r
3. Rigid jointed plané frame (2-D}
Dy = 3m+r-3j-Em-1}
D, = 3f~r-Xn?-1)
1 = no. of members meating at hybric poin.
4. Rigid jointed space frame (3-D)
D; = 6m+r-6/-E3 (' -1}
D, = §j-r-E3(m-1) |

(a)

For plana [rame (pin jointed) )

m + ¢ > 2f— Indatarminate and aver stiff
m+ r=2j- Slable and detemminate
m+ 7 < 2/ Unstable but délerminate

{c)

For rigid joinled plane frame .

3m + A > 3f— Indelerminale and over sliff
3m + A = 3j— Stable and daterminate

3m + R < 3j— Unstablo bul determinale

{d)
Force method is usetul when D, < D,
Displacement methad is useful when O, < D,.

(b)
Kinemalic indaterminacy means degree of
Ireedom of slructure at various joints,

No rolation or translalion is possfble al A s0
dagree of (readom at A is zero, Thera is a
possibllity of rolation at C bul no Iranstation
so degree of (reedom is one. Al G, both olation
and translalion is possible so degree of
freedom is 2. Al J no'ralajjon but transfation
sodol is 1. At 8, D/ H and K there are 4
rolalions and 1 lranstalion so d.of.is 5 AL E,
F and 7 there are ihree rotalions and two
Iranslations so d.o.l. is 5.

So kinemalic indeterminacy

=0+1424+1+5+5=14

Alternale:
From direct lormuta

12

13.

14.

External reaclions
f,=3+2414+2=8

Number of members {m) = 11
Number of rigid jolnts () = 9
Number of hinged joints () = 2
There are no internal hinges so number of
releases is zera,
=20
Degree of kinemalic indeterminacy (assuming
inextansible members).

D, =3+ Ny=(r,+r)-m
Ax(9+2)-8-11

= 33~19=14
(b) :
Ds = 1+ 3m-r-3+ /)
fp=3+1+1=5
m=3/=3/{=1

Tha hinge will creata 2 members.
Number of inlemal reaction components released.
=10
D,=5+9-10-3x{3+1)=10
{d)
Tolal number ol external reactions,
,=3+1+1+3=8
Total number of equilibrivm equations for inclined
loading anthe beam =3
.. Total degrees of indeterminacy
=7-3=8-3=5
Had Ihis loading been vertical,
=2+1+1+2=6
Equilibrium equalions = 2
- Total degree ol indelerminacy
= ru -2=6-2=1
(d)
D = D, + 0,
f,-3=1-3=11
D, =3~
= 3x6-2(m, - 1)
= 18-(2+2+3+2+3+2+2)
= 18-(16)=2
D =11+2=13

L)

!GQ
"

o



15,

16.

i7.

18.

20.

21,

22

{c}
D = Im+r,-3j-Enr - 1)
whare nf = member meeting at rigid joint.
= 3x7+6-3x8-1

=21+6-25=2
{c}
For rigid space [rame {3D) 28.
D5 = 6m+r-6j-Za7 - 1)x 3
= 6x9+16-6x8-{3x1+3x2)
= 54418-54-9=9
{c)
m+r=8+3=11 and 2/=16
S MEr < @
= Unslable bul determinate structure.
(o) - 4
The degree of indelerminacy =2-3=-1 ~ 214.

So tha slructure is delicient and unstable. !t s 2
mechanism.

(d)
Exlernalindetarminacy,
D, = 1,-3
I, = 2 +2+1=5
i D, =17-3=5-3=2
Irternal mdelermlnacy
D, = m-{2{-3)

E

No. of members, m=21
Number ol joinis, j = 1
D, = 21-(2x11-9)
21-19=2

I

0,=0,+0,=2+2=4
(=)
For fixed arch;
0; = 3m+r-3f
=3x1+6-3x2=3
For frame given in oplion{c) P
D, = 3am+r~3f
=3Ix5+9-3-5=6
- Option {a)is correct.
(a}

Dy = 3m+r -0 -3i+/)
Number of members m = 10
Number of exlernal reaclions r, = 12

Number of Internal reaclion componenis released
{rj=2

Number of rigid joints (j) = 8

Number of joints at which releases are localed
=2
0, = 3x10+12-2-3x(8+ =10

(a)
0 = 0,+0;
D$o= fo-3
fp=24+43+343=
o,=8
D, = 3C-rg
= 3x2-Ym'-1)
= 6-{2-1)+2-1)+(2-1)=3
Ds {-‘18+3=11
(a)

For 20-rigid irame, the degree of kinematic
indelerminacy is given by

= 3~r,-nr

where  j = Number of joints

0
[

r, = exiernal support reaclions
m" = axially figid members

t t

Hete, j=86,m=6,r=4
- D, =3x6-4-6=8
Hance oplion {a) is correct,

©
O, = 3m+r,~3f~r,
Here, m=12,j=11,7,=3+3+3+3=12
r, = reactions released
m-1)=(1-1}=3
D; = 3x12+12-3x11-3
D, =12

Alternativa Approach:
D; = Dg,+Dg
Dg, = 7=3,
Dy, =12-3=9
Dy = 3C-y,
, =3x2-3
=6-3=3
D5 = Dg,+0g
=8+3=12
Hence oplion [ﬁ) is coi'rect
2. (b) \.“M
D; = 3m+1,-3f-1,

Ax4+8-3x5-1
4 T

| " Hingn

27. () Co

Degree of kinematic indetermmacy lora plane
rigid frame having mexlensdble member is given

by
D* = 3]- l'o -m
where m=Tolal number of inextensible members
Hera, i=9
p=3+1+2=8
. om=11
D, =3x3-6-10=11
28, (m)
Indelerminacy,
D =m+r,-2f.
! =6+4-{2x5)
=0 .

- e vp

Numberof Msreqwredtoopwﬂw!rameicy k]

Number of restraints required
= {+2= 3
A o = 38"’,
= 3x8-3=24
30. (b}
D, = 3j-r,-m :
o = 3x9_-6—14=7
3. - .
T D= 3mei,-3i-y,
7t = 3%9+B-3x0-(1+3)=4
D, = -t +1-m
{For maxxensahla membars)
) = 3%x9-8+(1+3-9=14
< FIN(.) E
. Exlemanndezemmacy
D= r=3=6-3=2
lntemal indeterminacy
.D = m-{2j-3)
=21 2x11-3=2
R D‘ = D“Q-Ds
. =2+2=4
33. ()
D =4-2=2



