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7 CONCLUSIONS 

In this Master Thesis dynamic analysis and field data measurement were used in order to identify a 
complex structure. An office building with a coupled ramp, both steel frame structures, served as a 
real case study in which to apply diagnostic techniques. The case study suffers vibration due to a bus 
overpass which produces comfort problems in the building. 
 
After inspections and study of available information on the structure and sub-systems, parameter 
studies were carried out on all structural elements which affect vibration characteristics. Sensitivity 
analysis on those parameters were documented. 
 
What at the beginning seemed to be a clamping ratio problem of uniaxial mixed floor beams 
oscillating in gravity direction, turned out to be a three-axial frame problem, involving the three-
dimensional vibration of the whole structure. The floor beams do show low Eigenfrequencies under 
existing mass and load distributions, but heavier weighs the connection to the ramp. This ramp has its 
first Eigenmode with a frequency of 11,1 Hz. 
 
While this frequency is an Eigenfrequency for the ramp, it is the excitation frequency for the building 
structure. As the frames have many Eigenmodes, due to its elements and mass distribution, there is 
an Eigenmode with the correspondent frequency near to the excitation frequency. The correspondent 
modal shape matches with the excitation deformation, as to say displacements and rotations, in the 
named first building frame. Thus, a resonance problem is documented in acceleration registries and 
frequency-domain analysis. 
 
Basically the vibration problem has to origins. The first is the connection ramp with building which 
transfers vibration from excitation to the building. The second origin of the problem is the structure 
itself. Metallic frames with 17,23 metres between columns usually lead to low Eigenfrequencies. While 
in other structure typologies it may be difficult to raise the global stiffness, in a building which later 
will be closed on all sides, actually the solutions are well-studied. Assuming the floors as rigid bodies, 
which actually might be erroneous because of the total length of 84,5 metres, there are to create 
membranes in the other two directions as well. This can be realised by bracing a bay (crossing one 
field) or by connecting a bay to a rigid body such as a concrete wall. Concrete hoistways connected to 
the building´s structure could be a solution too. 
 
With this data subjected to mathematical treatment, three dynamic measurement campaigns were 
carried out on structural elements and on the global structure. A structural model was created, based 
on  validated geometry data; material characteristics and boundary conditions were adapted in order 
to obtain vibration characteristics in structural elements equal to the measured results. Once these 
elements were coupled, the global structural model´s vibration characteristics were investigated via 
measurement and data analysis algorithms, such as Fast-Fourier-Transformation. 
 
Computational results like Eigenfrequencies, excitation frequency, nodal displacements, etc. were 
compared to results of dynamic measurement data analysis, showing good accordance between both 
of them. 
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Some retrofitting proposals were calculated and valued according to feasibility, efficiency and cost 
estimate. To raise the stiffness or to disconnect ramp and building´s structure are cost-intensive, but 
actually most difficulties occur because of serviceability problems during and after adaption works. 
 
The most effective retrofitting is to separate ramp and building. Of course this would not raise any 
stiffness of floors, frames or the whole building, but the excitation which now disturbs would be 
excluded. Once this adaption is done, there is no long-term restriction on the building´s use. 
 
To change the link connection between ramp and building from clamped to pinned was considered 
little helpful, the excitation keeps showing great influence on the building, and neither the ramp´s nor 
the building Eigenfrequencies change. On the other hand, the solicitation on the ramp´s transversal 
profiles would raise about 25 per cent.  
 
To raise the stiffness of the first frame, the most affected, is a more economic solution. This would 
mean to change the frame, crossing floors 1, 2 and 3 with prestressed cables and an intermediate 
column. As a result, the Eigenfrequencies change completely. The first mode now has a frequency of 
about 0,9 Hz, after this adaption works it would raise up to 5,6 Hz. Now the 8th mode has a 
frequency of 11,4 Hz, near to the excitation frequency of 11,1 Hz, afterwards the 3rd mode would be 
about 11,8 Hz, but with displacements notably smaller and with horizontal floor movements coupled, 
as to say the relative horizontal displacements between floors would be nearly zero. 


