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Question number 1 is mandatory; answer any 1 full questions from Q2 and Q3. And answer any 1 full questions from Q4 and | MARK
Q5 S
Determine the fixed end moments for the beam shown in Fig.1.a. [10]
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List the differences between Stiffness matrix method and Flexibility matrix methods used for the analysis of

structures
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Derive an expression for strain energy store in a prismatic element subjected to pure bending.

Any action which cause stress in a body induces strain energy. In the previous section, we have
derived the expression for strain energy due to the action of direct force either tension or compres
sion. There are other actions. viz. bending. shear and torsion also produces strain energy. The
strain energy due to bending is derived as follows. (Fig. 6.2)

An initially straight beam is subjected to a uniform bending moment as shown in the Fig. (6.2). Duc
to the application of the bending moment, two normal sections in the straight beam are deformed as
(1) = (1) and (2) — (2). Let &S be the curved distance and 80 be its subtended angle at the centre
of curvature O as shown in the figure. As moment can be replaced by equal and opposite forces

4 (a)




pl.(,priulc Jever arm, external work is expressed in terms of the

above said fore '
ue to external loads can be expressed as es. Strain

with ap
energy d 1
= i z e (6.7

0

D~ &S

e sum of the products of the external forces and their respective displacement in their

i If th : . lace
e f action gives the internal work or the strain energy. The logical reasoning is extended as

own lines 0
85U, = -;-MS 0 63)

where U, is the strain energy due to bending. |
If R is the radius of curvature of the element due for the action of M,

R6O = &S (6.9)
From Eqgns. (6.8) and (6.9): s
1
==M— (6.10)
oUs =M%
From theory of bending, the curvature is expressed as
2 = 2 (6.11)
| R EI
Thus,
M*8S 5
Up = (6.12)
5t =2%r
On integration, we obtain the total strain energy due to the bending as
2
v= [2L 6.13)
2EI

In the above two sections, the strain energy due to direct forces and bending was discusseq ang
relevant expressions were derived. These expressions will be used to determine the deflectiopg
frames and beams in this chapter. It is recommended for the readers to know about strajp ener0
due to shear as well as due to torsion. The strain energy due to the above structural actiopg e
available in standard references.

4 (b)

A simﬁly‘sup‘pofted beam of span ‘I’ is subjected to a point load ‘P’ as shown in fig 4.b, Find the strain
energy stored in the beam and the deflection under point load by using strain energy method.
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Fig.4.b
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SOLUTION

ZV 0; VA+VB—

YM=0; Pa Vel=
3 Pa
. V= -
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[ Va="7
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'In the length of AC, the moment at a distance x from A is —l—x Hence, the strain energy for this

{portion is
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Hence, the total strain energy
U = Usc+Usc
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Determine the vertical deflection at joint E in a pin jointed frame shown in fig 5.a by using strain energy
method. Take cross sectional area of each member as 1000 mm? and E as 200 kN/mm?
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Jﬂfﬂllfil,g all the forces horizontally
ResO
Feg @
A )
YH=0;
Fpgcos® —Fcg =0 -
3 DE
ing all the forces vertically
ResolVIE Yv=0; Fpgsine—10=0 10kN

Using sin® = 0.447 and cos 0 = 0.894;
Fpg = 22.37kN

Fcg =20kN




EH =0; Fpp—22.37cos0=0
Fpp =22.37 x 0.894 = 20 kN
YV =0, Fpc—223Tsin0=0 N

Fpc = 22.37 x 0.447 = 10kN F @
Joirt C
FJC
ZH:'U'; —FgccOSQ—FmCOSB-I-ZO:O h\@ 20
0.894F,c +0.894Fpc = 20 0

YV=0;, +Fsin0—Fpcsin@—10=0  F,
0.447Fyc — 0.447Fpc = 10

10kN

Solving the above equations
Fye =22.37KkN, Fgc =0

2237 kN
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D 1500 | o | *
2],
In a framed structure U = 3, ;—E and
1 _PL
hence from Eqn. 6.15; A= WE % 3
5906.8
= =295
AE = 10% 200 225 mm
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