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Athree bar truss ABCD is pin-supported at B, Cand D as shown in Figure Q1(a). Itis
subjected to a concentrated load of 50 N at A. Allmembers have axial rigidity (AE) 10° N.
It has been decided to analyze this truss using Finite Element Analysis.

i) Write element stiffness matrices of each truss member in global coordinate system. (6 marks)
i) Write global stiffness matrix for the truss by assembling individual stiffness matrices. (4 marks)
i)  Apply boundary conditions and find the nodal displacement at point A. (10 marks)
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Hint:

For a pin-jointed truss member of length L, cross sectional area A and elastic modulus E
(Figure Q1b), the relationship between nodal forces and displacements is written as,
where,
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where C = Cos0, S =Sin@

U = Horizontal nodal displacement
V = Vertical nodal displacement
Fux = Horizontal nodal force

Fqy = Vertical nodal force
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a) Describe the fundamental difference between the beam element and bar element

used in Finite Element Analysis. (4 marks)
b)  Acantilever beam is subjected to two point loads as shown in Figure 2(a). Itis

required to analyze this beam using Finite element analysis using two beam

elements AB and BC. Flexural rigidities of AB and BC are 3El and 2El, respectively.

You can consider El as 25 kNm?.

i)  Write the individual stiffness matrices for elements AB and BC. (6 marks)
i) Usingtheresultsin (i), assemble the global stiffness matrix of the system. (4 marks)
iii)  Write load- displacement relationship for the system. (6 marks)
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Figure Q2(a)

Hint:
The stiffness matrix for an elastic beam element of length L and flexural rigidity El shown
in Figure Q2(b) is given by,
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A continuous beam ABCD is subjected to a loading arrangement as shown in Figure Q3(a).

Flexural rigidity of members is 25 kNm? and is supposed to be analyzed using Finite
Element Analysis.

i) Findthe equivalent nodal forces and moments at four nodes of the beam. (6 marks)
i) Using force stiffness relationship, solve the structure. (14 marks)
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Hint:
For a given beam element, the equivalent nodal forces and moment due to a
concentrated load P acting at the centre and uniformly distributed load of intensity
W are given as
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Figure Q3(b)

a) Explainfollowing technical terms used in Finite Element Analysis.

i) Discrete modeling. (2 marks)

i)  Gauss Quadrature. (2 marks)

iii)  Gauss Siedel iteration technique. (2 marks)
b)  Findthe shape function for abeam element. (4 marks)
c) Describe properties of shape functions considering abeam element as an example. (5 marks)
d) Obtainthe element stiffness matrix for a beam element. (5 marks)

© The City and Guilds of London Institute 2016 4



a)  Whatdo you understand by ‘Constant Strain Triangle’ used in two dimensional

finite element analysis? (4 marks)
b) Asteel plate of 4 mm thickness is subjected to in—plane loading of 2N/cm and

supported by a pinand a roller support as shown in Figure Q5. Considering that

the plate is consisting of two constant strain triangles,

i) Write strain-displacement matrices. (4 marks)
i) Write stiffness matrix for the whole plate. (4 marks)
il  Determine nodal deflections. (8 marks)
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Figure Q5
a) Whatis meant by homogeneous isotropic materials? (4 marks)

b)  Draw stress-strain diagrams of following material idealizations and explain
their characteristics.

i) Linearly elastic perfectly plastic. (3 marks)

i) Perfectly plastic. (3 marks)

iii)  Liner elastic linear plastic. (3 marks)
c) Describe why itis necessary to satisfy displacement compatibility relation in Finite

Element Analysis. (7 marks)
a) Describe whatis meant by validated finite element model. (6 marks)
b) Describe different situations where three dimensional finite element modeling

is required. (6 marks)
c) Describe basic concepts of applying finite element modeling in dynamic analysis. (8 marks)
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