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Problem 1 : Matrix method (45 min )

In figure 1 a beam structure is presented. Part AD is a so-called Euler beam and part DBC
is a shear beam. The beam is loaded at midspan with a concentrated load F' as indicated.
The influence of axial deformation can be neglected.
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Given: =8 m; h=0.8 m; F= 22 kN: k = 1000 kN: EI = 6400 kNm?

Figure 1 : Beam structure

Questions will deal with the discrete solving technique also known as MatrixMethod.

Questions:
a) Respond to the following proposition:

In general, a shear beam can be modelled with an ODE in terms of the transverse
displacement field.

b) Derive, based on the ODE or shape functions, the element stiffness matrix for the shear
beam which is required in this problem.

¢) In case the MatrixMethod is applied to model this structure, sketch the “model” with its
degrees of freedom and all parameters needed in the description. Clearly label all

unknowns in your model and specify the element definitions used.

d) Set up the system to solve the unknowns and present this in matrix notation. Clearly
show all relevant intermediate steps involved.

e) Solve all the unknowns and find the displacement of point D.

Bonus
f) Find the horizontal reaction force at B.
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Problem 2 : Basic cases (45 min )

A simple beam structure is presented in figure 2. The beam with only axial and bending
deformation is supported at B with a horizontal roller. At A the beam is fully clamped. Any
deformation due to shear can be neglected.

3,0m

Al 4,0m

Given : g = 80.8 kN/m; EA = 27000 kN; EI = 4000 kNm?

Figure 2 : Beam
Questions:

a) Derive the governing differential equations needed to model this structure and give the
general solutions(s) for the displacement field(s) and clearly show the unknowns in
your model. You are free to define your own coordinate system.

b) Specify all boundary conditions and use these to specify the equations needed to solve
your unknowns.

c) Solve the unknowns and find, based on this result, all support reactions and show how
these reactions act on the beam.

d) Sketch the moment-, shear force and normal force distribution for the beam. In case you
could not obtain results you may assume a shear force magnitude of 150 kN at B.

e) Find the horizontal displacement of the roller at B.
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Problem 3 : Arches (45 min )

A parabolic arch is presented in figure 3. The arch is loaded with a distributed load. The
load distribution is linear as can be observed from figure 3. The load acts vertical and is
expressed as load per unit length measured along the x-axis. The maximum load ¢, occurs
at the right end of the span. The axial deformation of the arch will be neglected..
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Given : [ = 10 m; f= 2.5 m; g, = 50 kN/m; EI = 25000 kNm?

Figure 3 : Arch structure

Questions:

a) Describe in a few lines the load carrying capacity of this arch and explain the two
principle techniques to solve the force distribution for arches. Clearly explain the
limitations of the technique(s).

b) Find for the presented arch the expression for the moment distribution as a function of
x. If needed use the formulas presented on the formula sheet which is attached to this
exam. You are free to use any method you think is best suitable for this particular case.

c) Sketch the moment distribution and include deformation symbols and values at
characteristic points. Compare this moment distribution with the distribution which
occurs for a straight beam with similar support conditions and bending stiffness. For
this latter situation you are allowed to use a rough estimate of the moment distribution.

d) In case the support at B will have a prescribed horizontal displacement u. How could
you find the moment distribution. Describe all relevant steps but do not solve this.
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Problem 4 : Beam on an elastic foundation (45 min )

A segment of an aqueduct with a water depth of 3.5 m is based on an elastic foundation
with stiffness & as indicated in figure 4. This (educational) structure has a constant wall
thickness of 0.5 m and the specified bending stiffness EI. The concrete used has a density
of 24 kN/m?>. The total width of the aqueduct is 20.5 m.

This problem focusses on the base slab of the aqueduct. For that we model a 1.0 m segment
in longitudinal direction of the aqueduct with the presented cross section. The base slab will
be modelled as a beam on an elastic foundation and the width of the aqueduct is sufficient
to obtain at mid span a deflection which is equal to the particular solution. Any influence of
the possible axial deformation is neglected in this problem.
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Given: [=1025m;h=3.5m;¢=0.5m; EIl =1500x10° kNm?: k =%E[ KN/m?

Figure 4 : Aqueduct on an elastic foundation
Questions:
a) Model the base slab of this structure and clearly specify all loads on it.

b) Give the general solution for the base slab which you will use to find the force
distribution in the slab. Clearly explain possible simplifications.

c) Specify all boundary conditions needed to solve the unknowns.

d) Solve the unknowns and sketch the displacement field and specify relevant values at
characteristic points.

e) Sketch the shear force distribution in the slab. Specify the maximum value of the
shear force at its location in the graph.
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support reactions and rotations at the beam ends

settlements

area theorems

figures to be used for the moment-
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