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Stability and Determinacy of Structures

Stability and Determinacy of a Rigid Body

Consider a rigid body supported by a number of supports. Two reactions are not
sufficient to ensure the stability of a rigid body when they are collinear, parallel or
concurrent. This case is called statically unstable because of insufficient number of
support elements.

Examples:

1. Collinear Reactions:
The reactions, in this case, cannot resist external load that has a component
normal to the line of reactions.
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2. Paralle] Reactions:

The reactions, in this case, cannot prevent the body from lateral sliding.
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3. Concurrent Reactions;
The reactions, in this case, cannot resist the moment about concurrent Point (o).

Remarks:

In cases (1) and (2) above, equation of equilibrium Y, Fx = 0 is not satisfied, while
for case (3) the condition 3 Mo = 0 is not satisfied.



Elements of Reactions and Stability

1. At least 3- elements of reaction are necessary for stable equilibrium of a body.

Examples:
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The satisfaction of the 3-equilibrium equations: Y Fx=0, Y Fy=0and } Mo=0 for
loads and reactions acting on the body guarantees that the body will not move
horizontally, vertically or rotate. The system is said to be “Statically Stable and
Determinate”.

2. If there are more than 3-elements of reactions, as in the cases below, the body is said
to be more stable. Since the number of unknown elements of reaction is more than
the number of equations for static equilibrium, the system is said to be “ Statically
Indeterminate”.
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3. When the lines of reaction are all parallel as in the figure below, the body is said to
be unstable as it is subject to lateral sliding. The inadequate arrangement of supports
will cause “External Geometric Instability”.
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Theory of Structures

Stability & Determinacy of Structures

(Solved Problems)



BEAMS

Discuss the stability and determinacy of the beams shown below:

1)
r=3+1+143=8, ¢=0, c+3=3
8>3 ,r>¢c+3

Hence, the beam is stable and statically
indeterminate to the 5" degree

2)
r=1+3=4, ¢=2, ¢+3=5

4<5 r<c+3

Hence , the beam is unstable.

3)
r=2+1+14+2=6, c=1+2=3, c+t3=6
6=6, r=c+3.

.. The beam is stable and statically determinate,

4)
r=6,c=1,¢c+t3=4
6>4, r>c¢c+3
« « The beam is stable and statically indeterminate
to the 2™ degree

———
Fig.(1)
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TRUSSES

Discuss the stability and determinacy of the trusses shown below:

1)
b=27, r=3, j=15, b+r= 30, 2j= 30

ie., btr=2j
Hence the truss is stable and determinate.

2)
b=15r=4,j=8, brr=19, 2j=16
btr>2j, 19>16

Hence the truss is indeterminate to the 3™ degree.

3)
b=14, r=4, j=9, btr= 18=2]
The truss is unstable internally.

4)
b=7,r=3,j=5, btr=10=2
The truss is stable and determinate.

5)
b=22, r=4, j=13, btr=26=2j
The truss is stable and determinate.

6)
b=9, r=3, j=6,b+r=12=2j
The truss is statically stable and determinate.

Fig(1)
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RIGID FRAMES

Discuss the stability and determinacy of the frames shown below:

1)
b=8,r=9,¢=0, =8, 3b+r=33, 3j+c=24
3btr>3j+c, 33>24 N I _,L
Frame is stable and indeterminate to 9™ degree. Fig.(1)

2) i
b=9, c=0, j=10, r=8, 3b+r=35, 3j+c=30
3b+r>3j+c, 35>30 J}r
Frame is stable and indeterminate to 5™ degree. Fig.2Q)7%r .+~

3) ? |
b=6, c=3-1=2, j=6, r=6, 3b+r=24, 3j+c=20 l
3b+r>3j+c, 24>20 %

Frame is stable and indeterminate to 4" degree. Fig.(3)

4) 7 ‘é
b=2, r=3,¢=0,j=3,3b+r=9, 3j+c=9 _ - F
3b+r=3j+c, 9=9 &L=
The frame is unstable externally, since the roller X
support may slide downward. ) Fig (4)

5)

Since the frame can be cut to form 10 stable and
determinate parts by 34 cuts in the beams, the frame
is statically indeterminate to 3 x 34 = 102 degrees

by A T JJT;L
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Fig.(5)
6)
r=35 b=9 j=8, c=0, ,ﬂ‘ ..
3b+r=32, 3j+c=24, 3b+r>3j+c, 32>24
The frame is statically indeterminate to g degree. Fig.(6)



7)

r=6, b=4, j=5, c=0
3b+r=12+6=18, 3j+c=15
3b+r>3j+¢, 18>15

The frame is indeterminate to 3™ degree.

8)
r=6,b=4, j=5,¢c=2
3b+r=18, 3j+c=17, 18> 17
The frame is indeterminate to 1°.

9)
r=4, b=5, j=6,c=3
3b+r=19, 3j+c=21, 19«21
The frame is unstable

10)
r=11,b=6,j=7,¢=0
3b+r=18+11=29, 3j+c=121
3b+r>3j+c,29>21
The frame is indeterminate to 8°.

11)

r=4,b=2, j=3, c=1
3b+r=10, 3j+c=10
3b+r=3j+¢, 10=10

The frame is stable and statically determinate.

12)
r=9,b=7,j=8,¢=0
3b+r=30, 3j+tc=24
3b+r>3j+c, 30>24
The frame is indeterminate to 6°.

Fig(7)
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13)
Cut beams as shown, since all supports are fixed.
No. of beams cut= 8
The frame is indeterminate to (3x8) = 24°

14)
Cut all beams of frame, since all supports are fixed.
No. of beams cut = 21
The frame is indeterminate to 3x21 = 63°

15)
r=3,b=9,j=8,c=0
3b+r=30, 3j+c=24, 30>24
The frame is indeterminate to 6°

16)
r=6,b=5,j=5,¢=0
3b+r=21, 3j+c=15, 21>15
The frame is indeterminate to 6°

17)
r=8,b=8,=8,c=0
3b+r=32, 3j+tc=24, 32>24
The frame is indeterminate to 8°

18)
r=10,b=14,j=12,¢=0
3b+r=42+10 =152, 3j + ¢ =36, 52> 36
The frame is indeterminate to 16°
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Problem Sheet (2) — Structures
Analyze each of the frames shown below and draw A.F.D., S.F.D. & BM.D.
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