





























MEDE EERBSY Structural Analysis Stability and Indeterminacy

Internal Stability

For the internal stability, no part of the structure can move rigidly relative to the other part so that
geometry of the structure is preserved, however small elastic deformations are permitted. To preserve geometry,
enough number of members and their adequate arrangement is required. For the geometric stability, there should
not be any condition of mechanism. Mechanism is formed when there are three collinear hinges, hence to preserve
geometric stability there should not be three collinear hinges.

For 2-D truss the minimum number of members needed for .

geometric stability are:

s W

and for 3-D truss, m=3/-6
where, j = Number of joint in truss

m = Member required for geometrical stability.
All the members should be arranged in such a way that truss can be divided into
triangular blocks. i.e. no rectangular or polygonal blocks.

Hence, for overall geometrical stability of truss:

(@)

(i)

Minimum number of member should be present
m=2j—-3 (2-Dtruss)
and m=3/j—-6  (3-Dtruss)
There should be no condition of mechanism i.e. no three collinear hinges.

Check geometrical stability for given trusses.

N\ J A
() (i

Solution:

(@)

(if)

In case (i), arrangement of members is not adequate, hence right panel is unstable and left panel
is over stiff. For geometric stability, all panels of truss should be stable so given truss is geometrical
unstable.

For right panel: j=4
Number of member present, m=4
But minimum number of memberneeded =2j-3=2x4-3=5
Hence Right panel is deficient.
For left panel: j =4
Number of member present, m =26
But minimum number of memberneeded =2/-3=2x4-3=5
Hence left panel is over stiff.
j =6
Number of members present, m=7
But minimum number of memberneeded =2j-3=2x6-3=9

Hence, above truss is geometrically unstable and it can be called ‘deficient structure’.
: Number of deficiency = 2
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For the given truss determine degree of kinematic indeterminacy.

Solution:
D,=2j-r,
=2x6-3=9

STUDENT'S ASSIGNMENTS

Q.1 Degree of static indeterminacy of a rigid jointed
plane frame having 15 members, 3 reaction Q.5
components and 14 joints is:
(@ 2 (b) 3
(c) 6 (d) 8
[Karnataka PSC-2017]

Q.2 The degree of static indeterminacy of pin jointed
space frame is given by

(@ m+r-2j () m+r-3j

() 83m+r-3j (dym+r+3f

where, m = the number of unknown member
forces

\
Il

unknown reaction components
number of joints

—.
Il

[MPSC-2015]

Q.83 Arrigid jointed frame with three bays and two
stories has two fixed columns supports and two
hinged. The degree of static indeterminacy of

the structure is Q.6
(@) 25 (b) 27
(c) 18 (d) 16 [MPSC-2015]

Q.4  Astructure is said to be statically indeterminate

when

(@) The number of unknown reactions
components exceeds the number of
equilibrium conditions.

(b) The number of equilibrium conditions
exceeds the number of unknown reaction
components.

Q.7

(c) The number of equilibrium conditions equal
to the number of reaction components.
(d) None of the above
[MPSC-2017]

Which truss is the perfect truss out of the
following?

(@)

(d)

0

For a statically indeterminate pin jointed plane

frame, the relations between number of members

‘m’” and number of joints '/’ is

(@ m=3j-6 (b) m=2j-3

() m>2j-3 (dm>3j-6
[OPSC-2016]

The number of equations required to obtain axial
force in the members of a statically determinate
plane frame is
(@ 2 (b) 3
(c) 4 (d) 6

[RPSC-2013]
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Q.8

Q.9

Q.11

Civil Engineering

For aredundant frame if number of members is

m and number of joints is j then which of the

following relations will be satisfied?

@ m>(2/-3) (b) m<(2/-3)

(€ m<2(j-3) (d) m>2(j-3)
[Karnataka PSC : 2015]

The pin jointed frame as shown in following figure
is

!

N

a) A perfectframe
b) Aredundantframe
c) A deficient frame
d) None of these

~ o~~~

[UKPSC-2013]

The degree of static indeterminacy (N,) and the
degree of kinematic indeterminacy (N,) for the
plane frame as shown neglecting axial
deformation are given by

(@ N,=6,N, =11 (b) Ny=4,N, =6

() Ny=6,N,=6 (d) Ny=4, N, =4
[UKPSC-2013]

— A ZAS

What is the degree of kinematic indeterminacy
of the beam shown in figure above?
(@ 2 (b) 3
(c) 5 (d) 9
[MPPSC-2014]

What is the degree of kinematic indeterminacy
of the frames shown in figure neglect axial
deformation?

JDLCCE : Junior Engineer

Q.13

Q.14

Q.15

Q.16

(b) 12
(d) 8
[TNPSC-2018]

The kinematic indeterminacy of a frame as
shown is

A
(@) KI=1 (b) KI=2
(c) KI=3 d) KI=5

[MPSC-2015]

The degree of kinematic indeterminacy of a
plane frame structure shown in figure neglecting
axial strain, is

C D
B E
A

- A
(b) 5
(d) 7
[Karnataka-PSC 2017]

(@ 4
(c) 6

In arigid jointed frame, the joints are considered
(a) To rotate only as a whole
(b) Not to rotate at all
(c) That 50% of members rotate in clockwise
direction and 50% in anticlockwise direction
(d) None of these
[SSC JE-2017]

Abeam is supported over 3-rollers lying in same

plane. The beam is stable

(a) Forany general loading

(b) For loading with no component in the
direction of the beam



Q.17

Q.18

Q.19

Q.20

Q.21
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(c) Forloading with no component perpendicular
to the direction of beam

(d) Only when no load except self weight acts

[SSC JE-2017]

A truss containing j - joints and m - members
will be a simple truss, if
(@ m=2/-3 (b) j=2m-3
() m=3j-2 (d)yj=3m-2
[SSC JE-2017]

Given that J is the number of joints, B and R
are number of members. If B=5, R =4 and
J = 4, then the truss is
(a) Statically determinate
(b) Statically indeterminate
(c) Stable
(d) Unstable
[SSC JE-2018]

If we use a link support in a structural system
then how many unknowns should we have?
(@ O (b) 1
(c) 2 (d) None of these

[SSC JE-2018]

If all the reactions acting on a planer system
are concurrent in nature, then the system is
(a) Can’t say
(b) Essentially stable
(c) Essentially unstable
(d) None of these

[SSC JE-2018]

The total degree of static indeterminacy of the
plane frame shown in given figure is

Internal
hinge

¥

Q.22

Q.23

Q.24

Q.25
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What is the kinematic indeterminacy for the
frame. Shown below (members are inextensible)

What is the total degree of indeterminacy in the
continuous prismatic beam shown in figure
below?

The total degree of indeterminacy (both internal
and external) for the bridge truss shown in the
given figure is

What is the total degree of indeterminacy (both
internal and external) of the triangular planer
truss shown in the figure below?

O
N
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Q.26

Q.27

Q.28

Q.29

Q.30

Civil Engineering JDLCCE : Junior Engineer MRDE ERSY

What is the total degree of indeterminacy (both
internal and external) of the cantilever plane
truss shown in figure below?

What is the total degree of indeterminacy both
internal and external of the plane frame shown
below?

Hinge Hinge

The degree of indeterminacy of the beam shown
below is
| Hinge
| = ey
(a) Zero (b) One
(c) Two (d) Three
[TNPSC-2018]

The kinematic indeterminacy (degree of
freedom) of the frame given below is:
Hinge

/

A
(a) 4 (b) 6
) 1

(c) 8 (d) 10

If axial deformation is neglected, what is the
kinematic indeterminacy of a single bay portal
frame fixed at base?

(@ 2 (b) 3

(c) 4 (d) 6

STUDENT'S
> ANSWER KEY / ASSIGNMENTS

1. (0 2. (b) 3. (a) 4. (a) 5. (b)
6. (¢) 7. (a) 8. (a) 9. (b) 10. (b)
11. (¢ 12. (d) 13. (c) 14. (d) 15. (a)
16. (b) 17. (a) 18. (b)  19. (b) 20. (o)
21. (a) 22. (b) 23. (d) 24. (a) 25. (b)
26. (a) 27. (a) 28. (b)  29. (c) 30. (b)
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1. @

D;=3m+R-3]
=3x15+3-3x14=6
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— rr=1 rr=1 —
ANAN
c=9
r=2
Dg=3c-r,
=3x9-2=25
5. [
D= m+r-2j
(@) Dg=4+3-2x4=-1
(b) Ds; = 3+3-2x3=0- perfect truss
(c) D= 11+3-2x6=2
(d) D =6+3-2x5=-1
[ 9. [0
Dg=m+r-2j
=10+3-2x6=1
(redundant frame)
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r=1 r=1

Dg=3c-r,
Ds=3x2-2=4(N,)
D= 3j—r,—m”
Dy=3x6-7-5=6(N,)

D= 3j-r,
=3x3-4=5

12. [T

AN AN

Dg=3j-r,-m”
=3x6-4-6=8

2 (Oc: AXc)

| >

but AXg = AX,
AXg=0
D=3
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1. [T
- L
Dy=3j—r,—m”

D =3x6-5-6=7

21. [B)

§ 9
Yy

~——

Internal
hinge
Y

b))

~A—

r=3

AT AT AR
Total r,=7
Dg=3x5-7=8

22. [0

Dg=3j-r,—m"
=3x9-6-10=11

RN I B

Only vertical loading

23. [0

Dy = 4 (number of support reaction
removed to make it cantilever)

Ds=m+r,-2j
20+7-2x10=4

Ds=m+r,-2j
=18+7-2x9=4

Dy=m+r,-2f
=12+4-2x7=2





