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Problem 1 : Elementary cases and load carrying systems (45 min )

In figure 1 a cantilever shear-beam with span / is shown. The beam is supported at A and
loaded with a concentrated load F at the free end in B. The effective shear stiffness is a
function of x with constants b and k, as is also indicated in figure 1 (with b and k, > 0) .

Questions will deal with the continuous modelling of this beam but also with the derivation
of an equivalent (discrete) element which can be used in the matrix method. A symbolic
representation of an element between nodes i and j is also shown in the figure.
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Figure 1 : Shear-beam

NOTE:
Only describe the required relations to obtain the governing equations. You do not have to prove obvious
prerequisite knowledge.

Questions:

a) Describe the (continuous) behavior of this beam in your own coordinate system and
specify all required equations/relations to find its displacement field for the presented
load case.

(introduce all the expressions and explain them briefly, do not solve the problem)

b) Find, based upon your answer under a) an expression for the displacement field.

c) Find the relation between the load F and the displacement at its point of application.

d) Describe the element model for the Matrix Method for this particular beam. (so what do
you need to model this problem with the Matrix Method)

e) Derive the element stiffness matrix based upon your element description. Explain all
steps involved.
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Problem 2 : Matrix Method (45 min )

A planar frame structure is shown in figure 2. Only the possible rotations and
displacements at the nodes as well as the moment distribution are of interest in an analysis
based on the Matrix Method ( hint: use this to reduce your element definitions ).

The frame consists of three elements which are rigidly connected at node 2. Node 1 is fixed
for rotation but is allowed to move in the global z;-direction. At node 3 and 4 all
displacements and rotations are constrained. A concentrated load of 60 kN is applied at
node 1 and element (1) is loaded with a constant distributed load of 6 kIN/m as indicated in
the figure. For each element the bending stiffness is shown in the figure. Any axial and
shear deformation of the elements is neglected.
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Figure 2 : Frame structure
Questions:

a) Describe in a few lines the essence of the Matrix Method. You can use this problem as
an example to support your description. Clearly show how the unknowns in this method
are handled.

b) Model this problem with the minimum number of required degrees of freedom per
element and specify for each element the connected degrees of freedom. Specify also
the complete element description (stiffness matrix and the equivalent element load
vector). Pay attention to the possible movements of the nodes and make use of this!

c) Setup the complete system of equations for this model. Clearly show the unknowns in
this system.

d) Solve the system displacement vector and find the support reaction(s) at node 1.

e) Describe in a few lines the limitation(s) of your reduced model.

-0
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Problem 3 : Arch (45 min)

An arch structure loaded with a constant distributed load ¢, is shown in figure 3. The
geometry of this arch can be described with a sine function:

z(x)=—fsin (%j

The arch is supported at the origin with a hinged support and at the other end with a vertical
clamped roller which prevents a rotation and horizontal displacement of the arch. The axial
deformation of the arch is neglected.
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Given parameters: f=15m q = 5 kN/m
1=80m El-arch = 150000 kNm”

Figure 3 : Arch structure
Questions:

a) Describe in a few lines the two solution techniques for arches which were addressed in
this course. Clearly show the limitations and possible assumptions. Also demonstrate
which of the two methods is most favourable for the given problem if the moment
distribution in the arch is asked for.

b) Find for the presented load case, the horizontal reaction at the roller. Use if needed, the
math tools from the formula sheet on page 4 of this exam paper.

c) Find for the presented load case, the moment distribution in the arch. Use if needed, the
math tools from the formula sheet on page 4 of this exam paper.

d) Sketch the moment distribution and specify the value of the moment in the arch at the
end with the roller. Also show with deformation symbols the “sign” of the bending
moment.
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support reactions and rotations at the beam ends

settlements

area theorems

figures to be used for the moment-

properties of plane
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