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Topic 1 : MatrixMethod
part 1.1 : Theory (25 min)

In fig. 1 a shear beam element with shear stiffness k is shown loaded with a linear
distributed element load. This element has only two degrees of freedom which are the
transverse displacements at both ends of the element.

Figure 1 : Shear element with distributed load

Questions will deal with the discrete solving technique with the MatrixMethod.

Questions:
a) Derive, with a method of your choice, the element stiffness matrix.

b) Derive, with a method of your choice, the required expressions to model the distributed
load.
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Topic 1 : MatrixMethod
part 1.2 : System (30 min )

A shear beam is loaded with a concentrated load F at mid span and a linear distributed load
q(x) as indicated in fig. 2. The shear beam is supported such that no rotation of the cross
section can occur. The distributed load g(x) increases from 15 to 30 kN/m and the
concentrated load is 75 kN. The total span of the beam is 4 m.

This problem is modelled with the MatrixMethod and to reduce complexity, any axial
deformation is neglected.
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Given : k =1000kN;a=2m; F =75kN; g, =15 kN/m; ¢, =30 kN/m;

Figure 2 : Shear beam
Questions:

a) Setup the system of equations for this model. Clearly show the unknowns and knowns in
this system.

Hint:  In case you have difficulties with part 1.1 just use your sound engineering judgement for the
element description.

b) Solve all unknowns and sketch the deformed beam with its maximum displacement.

c) Find the shear force directly to the left and to the right of the concentrated load F.
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Topic 1 : MatrixMethod
part 1.3 : Element behavior (25 min)

In the frame structure of fig. 3 the nodal degree of freedoms are u, w and ¢ which represent
the displacement in the global x and z direction and the rotation around the y-axis. The
displacements of node 2 are given as (0.05; 0.10; 0.005). At node 1 the structure is fully
clamped.
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Given : units kN, m; ¢ = 12 kN/m;
Figure 3 : Frame structure

The element between node 1 and 2 has an element stiffness matrix in the local coordinate
system:

1000 0 0 ~1000 0 0

0 240 -600 0 240 -600

0 —600 2000 O 600 1000

—~1000 0 0 1000 0 0

0 240 600 O 240 600

0 —600 1000 O 600 2000
Questions:

a) Find the element force vector for the element between node 1 and 2 and clearly
show the direction of these element forces.

b) Sketch the moment distribution in kNm for this element and specify the values at
characteristic points including deformation symbols or signs.
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Topic 2 : Combining basic cases (50 min )

The shear beam in fig. 4 is linked to a cable at point D. The horizontal force in the cable is
denoted with H and is given as 8000 kN. The shear beam with shear stiffness k is supported
at B and C. The shear beam is constructed such that axial loads can be taken without axial
deformation. The depth of the shear beam is /4. The concentrated load is applied to the shear
beam at D. In fig. 4 the structure is drawn in its original (unloaded) position. Assume a
rigid cable which fits in the deformed position.
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Given:a=3m;:b=5m; h=0,8 m; F=22kN; k= 1000 kN; H = 8000 kN
Figure 4 : Shear beam with cable

Questions:

a) Describe in a few lines the load carrying capacity of this structure and define the
unknowns in your strategy to solve the displacements and forces.

b) Derive all equations needed to obtain the unknowns.
c) Solve the set of equations and present the displacement at D.
d) Sketch the distribution of the vertical force in the cross section along the x-axis.

e) Find all support reactions and clearly show the actual direction of these reactions.
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Topic 3 : Beam on an elastic foundation (50 min )

A beam with bending stiffness EI on an elastic foundation k is sketched in fig. 5. The beam
is loaded with a concentrated load. At the point of application of the load the beam is
supported with a foundation pile. The pile-beam connection can be regarded as a hinge.
The stiffness of the pile (including soil influence) is simplified as a spring with stiffness k.
In fig. 5 an influence zone 2a is specified.
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Given: F =100 kN; EI =2500 kNm®; k = 27" kN/m*; k, = 1000 kN/m;

Figure 5 : Beam on elastic foundation, supported with foundation pile.
Questions:

a) Describe in a few lines the load carrying capacity of this system and how you can
model this problem with the classical displacement method. You do not have to
derive the ODE’s for intermediate cases but you have to explain relevant data and
equations.

b) The influence zone a most likely will need some attention during engineering.
Explain briefly why and can you estimate the length of a?

c) Setup all necessary equations to solve this problem based on your outlined strategy.
Strong advice : express all equations in terms of F, £, k and k D

d) Solve the unknowns and sketch the displacement field for the specified values. Put
the values of the displacement for x =0 and x = a in the graph.

e) How would you judge the effectiveness of the foundation pile and quantify this with
a number. Clearly explain your definition of “effectiveness”.
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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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