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The Paper consists of 8 questions, Answer 5 questions only

1. The beam given in Figure Q1 has constant EI all over the length.
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Figure Ql.
a. Determineg | the  degree of static inderterminacy [1-Mark]
b. Release the reaction and moment at B and formulate the ﬂex1b1]_1ty maftrix
[8-Marks]
c. _Draw the bending moment diagram for the released structure and determine the
displacement and rotation at B. : [5-Marks]

d. Hence using the flexibility method deten:mne the moment and reaction at A and
B. ‘ _ [6-Marks]

2. A frame structure shown in Figure Q2 has a uniformly distributed lateral load acting
along CD (6 m) and a point load acting at the mid pointof CB (4 m).

4000 kg
- - B
2m 2m
6m , E| 3m

| : = : i -

A
1000 kgfm .

—7/7 D
Figure Q2.
a) _Determine the degree of kinematic indeterminacy [2-Marks]

b) Formulate the stiffness matrix (Use the charts provided with the exam paper)
‘ [B-Marks]
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c) Deterrmne the fixed end moments and support reactions at A and D [10-Marks]

a) Write three properties of a stress tensor. | | [3 Marks]
" b) Stress tensor at a point in a continuum is given by(kN/ mz)
311
o, =1 0 2
1 20
Determine. : :
i) Stressinvariants " ‘ : - [6 Marks]
ii) Show that the principal si:resses are -2 kN/m?2, 1 kN /m?and 4kN / m?
[5 Marks]

b) The state of stress tensor at a point can be written as
o aoc bo
o,=|ac o co
bo co o
where a,b and c are constants and the o is stress Value. It was found that the stress
' LerLe+Le
N RN RN

Determine a, band c _ [6 Marks]

vector vanishes on the octahedrat plane 5=

4 a) Determine the required plastic moment capacity of the beam(Mp) for the loading

.given in Figure Q4(a) ' [6 Marks]
b) Determine the required plastic moment capacity of the beam (Mp) for the loading
given in Figure Q4(b) [6 Marks]
c) Determine the required plastic moment capacity of the beam (Mp) for the loading
given in Figure Q4(c) , (8
' - ' Marks]
o kNfm .
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Figure Q4(c)

5 a) Three conditions are applied in plastic theory at the point of collapse. What are
those? o [3-Marks]
b) The structure given below is to be analyzed using plastic theory. The plastic
moment of resistance of each member is Mp.
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Figure Q5.

i) ‘The study made by Baker, (1949) showed that several failure
mechanisms can be identified such as two beam mechanisms,
three sway mechanisms and three combined mechanisms for
the frame shown in Figure Q5. Draw all the mechanisms

indicating the location of plastic hinges. [4-Marks]

ii) Hence determine the plastic moment for ‘
a) abeam mechanism [3-Marks]
b) asway mechanism [3-Marks]

¢) all combined mechanisms. [7-Marks]

a) Alry stress function is a popular technique that is used to solve elastic -
problems. Many two dimensional elastic problems require the use of polar -
coordinates to develop a solution. The biharmonic airy stress function in polar
coordinates can be written as

2 2 2 2
[6 +1£+ ! 6_]{6__'_1 9 + L9 qu‘e:O.The general solution to the

o’ ror o0 \art rar 12 o6
above was praposed by Michell (1899) which contains many terms. However, for
the axisymetric case the solution can be simplified and written as
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¢ =ay +a, logr+a,r* +a;r’ logr
The stresses can be derived using the followmg expressions
_1op 10% _9% —8[1 a¢)

, O,=—=and &
ror rog:’ 7% ol | g_ or \r o8

r

Show that o, =2a, logr+—+a3 +2a, and oy, —-2a3 logr———+3a3 +2a,
r

[10 Marks]
b) A thick walled cylinder under uniform pressure (Flgure Q6) is to be analyzed

using relationships derived in part (a). The stresses can be assumed as

4 . . ' -
O, = %—+'B and o, =—— + B . Applying the suitable boundary conditions
r r

2.2 2 2
. nr = 1 nwp-—r
determine A and B. Hence show that o, = 12 2(p E ZP 1) -+ p;‘ Zzpz
Bo—nor n—n

[10 Marks]
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Figure Q6.

The Governing equation for plate bending is given by the following expressions

2w 26" N o'w _4q

o ax ot &' D

All the terms have their normal meanings.
a) Write three main assumptions used in deriving the plate bending governing

equation. [4 Marks]

b) A simply supported rectangular plate (Figure Q7) is subjected to a
sinusoidal load
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P . m/ ¢in ™
g = g, Sin 4sm A
If the deflection of the pl'ate can be expressed as @ = Csin 7% sin %

Show that @ is given by the following expression,

o= 9o >-Sin 7% sin % {8 Marks] |

- 1 1 . ' ‘
. Dﬂq(;a-"l'b—zJ ‘

b) The first successful solution for the governing equation for plate bendmg was
proposed by Naveier in 1820.

L If g=g,, = ZZa sm"mx sm'mJ/

m=1 n=1
Show that- any particular co-efﬁcxent (am') is given by the following expression

a. =] j j Qe S )sm( Y\ dedy | 5 Marks]
You can assume that,
Ism( )sm(—-)dy bl2 when n=n’else _[sm( Jzy)sm(ﬁ ﬂy)dy

Hence show that for uniformly distributed load

y a.. = jq when m=1,3,5 and n=1,3,5
7 mn
. And for even number of m and a.. =0 {3 Marks]

S.a) The governing equations for designing double curvature shells under membrane
action are given by the following expressions

&N, s) :
—— —#Nycosg=-P,m
© 6¢
. . NE N
——+—=_P All the terms have thmr usual meanings.
- £ "
Write three main assumptions in the theory of shells [3 Marks]
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Figure Q8

b) A spherical dome shown in Figure Q8 has the radius R . The dome is subjected
toa uniformly distributed load g over its plan area.

i) Show that P = pcos® ¢ and Py = pcosgsing 5 Marks]‘
ii) Show that N, =~ %/ and N, =~ PRCos2¢/ [12 Marks]
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Formulas for Beams
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