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General Instructions

—_

. Read all instructions carefully before answering the questions.

. This question paper consists of Eight (8) questions in Five (5) pages.
. Answer any Five (5) questions only. All questions carry equal marks.
. Answer for each question should commence from a new page.

. Relevant charts are provided.

. This is a Closed Book Test (CBT).

. Answers should be in clear hand writing.

. Use of Calculator is permitted.
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. Do not use Red colour pen.
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QUESTION 1
(1) Explain the significance of St. Venani’s Principle in structural analysis. (3 Marks)

(i) A mathematical function “¢” has been introduced to describe a stress field of a very thick
component which has the same boundary condition on any given cross section. The elastic
modulus and Poisson’s ratio of the material are 20GPa and 0.2, respectively. The function is
given as below '

@ =x*y + 4x?y3 — y5

(a) Show that this mathematical function is a possible stress function. (3 Marks)
(b) Determine all stress components. (4 Marks)
(c) Determine strain components. (4 Marks)

(iif) Write short notes on “Null Method” and “Out of Balance Method” in experimental stress
measurements using electrical resistance strain gauges. (Note: Draw Wheatstone bridge circuit)
' (6 Marks)

QUESTION 2

(i) Discuss the difference between elastic neutral axis and plastic neutral axis using clear sketches.
(3 Marks)

(i) Consider a three-span continuous beam as shown in Figure Q2. Two concentrated loads “WL”
and “2WL” act on spans, AB and CD, respectively. Further, a uniformly distributed load “W”
acts on span BC. Flexural rigidity of the beams is shown in the figure. The plastic moment
capacify of beams is M,
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Figure Q2
a) Draw three different collapse mechanisms. (3 Marks)
b) Determine the load factors for above collapse mechanisms. (6 Marks)
¢) Determine the most probable failure mechanism. {4 Marks)
d) Propose a suitable cross section for the beam and justify your selection. (4 Marks)




QUESTION 3

(i) Explain with clear sketches that stress is not a vector quantity.

(3 Marks)

(ii) The stress tensor at a point of a particular stress field in Cartesian coordinate system is given

below

d)

5 0 0
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Determine values of & and § , and draw the stress field.
Determine the stress invariants.
Determine the principal stresses.

Determine the maximum shear stress.

(3 Marks)
(4 Marks)
(4 Matks)

(3 Marks)

(iii) “The above stress field is not a plain stress field”. Defend this statement with logical arguments

QUESTION 4

(3 Marks)

(1) Explain the reason that statically indeterminate structures are more preferred over statically
determinate structures in real world structures.

(4 Marks)

(ii) Consider the continuous beam shown in Figure Q4. Flexural rigidity of members is equal to EL
Uniformly distributed load (W) is acting on member AB and a concentrated load (L) is acting
on the member CD at E.

a)
b)
c)
d)

Determine the degree of statical indeterminacy of the beam. (3 Marks)
Draw a released structure.. (3 Marks)
Determine the flexibility matrix for the drawn released structure. (4 Marks)
Determine bending moments at B, C and D. {6 Marks)
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QUESTION 5
(1) Briefly explain the procedure of the displacement method of structural analysis. (4 Marks)

(ii) Consider the frame structure shown in Figure Q5. Flexural rigidities of members are EI Find the
free nodal displacements at B and C using the displacement method. You can neglect the axial
deformation. (10 Marks)
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(iif) Using above results, determine the bending moments at A and B. (6 Marks)
QUESTION 6 -

(i) Briefly describe following definitions used in the membrane theory of thin shells.
(a) Shell normal
{b) Normal section
(¢} Principal radii of curvature (3 Marks)

(i) A sphetical dome with radius ‘@’ is supported with a uniformly distributed surface load ‘B on
its plane as shown in Figure Q6. The sheil thickness is */.
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(a) Derive expressions for meridianal and hoop stresses in the sphere. (9 Marks)
(b) Show that the practical limitation of angle ¢ is 51.8°, (5 Marks)

(iii)  If the roller supports were changed to fixed supports, discuss the changes in structural
response of the shell. (3 Marks)
(No need to analyze and only qualitative answer is sufficient)

QUESTION 7
(i) Describe conceptual difference between elastic design and plastic design of beams and frames.

(3 Marks)

(i} A two-bay frame structure is loaded as shown in Figure Q7. Dimensions and plastic moment
capacity of members are given in the figure.

(2) Determine number of independent failure mechanisms 4 (3 Marks)
(b) Draw failure mechanisms. ' ‘ (3 Marks)
(¢) Determine load factors for each failure mechanism. (7 Marks)
(d) Determine the most probable failure mechanism. (4 Marks)
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QUESTION 8
i) List three assumptions used the analysis of thin plates with small deflections. (3 Marks)
(i1) A solid circular thin plate with a radius “” is subjected to a uniformly distributed load “g”.
The plate has symmetrical boundary condition at the edge.
(a)  Obtain a general expression for the plate deflection. {6 Marks)
(b)  Ifthe plate is fixed at the edge, determine the expression for deflection, (4 Marks)
(c)  Obtain the maximum deflection of the plate. (4 Marks)
(iii)  If the plate is thick, describe the changes in deflection-obtained above. (3 Marks)

114 3

Note: A circular plate of radius “¢” loaded with uniformly distributed load “qv, the deflection “w” is
given with standard notation as

dw q
4 -1
Viw = % drlrdr dr)” D
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Table 1 . Formulas for Beams
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