
Master’s Dissertation
Structural

Mechanics

PETER PERSSON

ANALYSIS OF VIBRATIONS
IN HIGH-TECH FACILITY



Denna sida skall vara tom!



Copyright © 2010 by Structural Mechanics, LTH, Sweden.
Printed by Wallin & Dalholm Digital AB, Lund, Sweden, June, 2010 (Pl).

For information, address:

Division of Structural Mechanics, LTH, Lund University, Box 118, SE-221 00  Lund, Sweden.
Homepage: http://www.byggmek.lth.se

Structural Mechanics
Department of Construction Sciences

Master’s Dissertation by

PETER PERSSON

Supervisor:

PhD Kent Persson,
Div. of Structural Mechanics

ISRN  LUTVDG/TVSM--10/5164--SE (1-73)
ISSN 0281-6679

Examiner:

Associate Professor Delphine Bard
Div. of Engineering Acoustics

ANALYSIS OF VIBRATIONS

IN HIGH-TECH FACILITY























































































42 6. MODELLING RESULTS

6.2.5 Divided �oor

A study was made to investigate the in�uence of a divided �oor with a 4 m wide
walking/driving way at the outer boundary that is separated from the laboratory
�oor. In Figure 6.13 the divided �oor is shown. Three analyses were made with
various loading positions for both the original �oor structure as well as the divided
�oor structure, according to Figure 6.12 and Figure 6.13.

Table 6.1: Load positions.

Load position Distance from the outer boundary
1 1 m

2 2 m

3 3 m

As shown in the Appendix the displacements obtained by investigate the in�uence
of a divided �oor essentially have the same frequency response as for the original
�oor geometry. In Figure 6.14 it is shown that the solution that will generate the
lowest displacement amplitudes depends on the load position. Since the �oor is
divided, the vibration waves are propagating through the soil. The reason that the
displacement amplitudes can be higher in the divided �oor is that the �oor is getting
lower bending sti�ness due to the reduced �oor area.

Figure 6.12: Load positions for the original �oor.
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Figure 6.13: Load positions for the divided �oor.

The study of using a divided �oor was also combined with that of having 600 pillars.
In Figure 6.15 it is shown that the solution that would generate the lowest displace-
ment amplitudes is depending on the load position. This is the same behavior as
shown in Figure 6.14.

It was concluded that it is not a bene�t to have a divided �oor since walking and
other human activities not have a �xed load position.

6.2.6 General conclusion

It was concluded that the main in�uence on the vibration levels at the magnet
foundations of the storage ring are the properties of the soil. Both the damping
ratio of the soil and the in�uence of pillars have a signi�cant in�uence of the vertical
displacement of the magnet foundations.
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Figure 6.14: Maximum displacement amplitude with the in�uence of a divided �oor.

Figure 6.15: Maximum displacement amplitude with the in�uence of a divided �oor
with pillars.
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6.3 Transient loading

6.3.1 Human walking

Human walking may be described as a dynamic load and should be considered in
building design to meet the serviceability condition. In this case it is the displace-
ment of the magnets that determines the requirement. Vibrations induced by human
walking are depending on the "crowd e�ect" i.e. how many persons there are walk-
ing. In this study a simpli�ed case of the walking load was applied by only consider
one person walking. The walking load was modeled as a transient moving load with
time varying amplitudes. The amplitude of a gait cycle of two footsteps is shown
in Figure 6.16. The time period is 0.55 s which results in a gait cycle frequency of
1.8 Hz.

Normally, the loading should be applied on two discrete circles, one representing the
heel and one the forefoot, [7]. However, since the foot size is so small compared to
the �oor extension, the foot load was modeled as a concentrated force instead of two
discrete circles.

The walking pattern was constructed from a study of the walking pattern for
150 men. Figure 6.16 and Table 6.2 shows detailed gait parameters from the mea-
surements in [8].

(a) Gait cycle, [7]. (b) Detailed gait parameters, [8].

Figure 6.16: Gait cycle and gait parameters.
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Only the parameters L1 and L2 in Table 6.2 was considered here since the loading was
applied on a straight line, because of the �oor extension. The lengthwise distance
was set to 65 cm according to Table 6.2.

Table 6.2: Detailed gait parameters, [8].

Parameter Value [cm]
l1 26.5
L1 65
L2 65
d1 5
d2 5
d3 2.2
D1 10
D2 19

6.3.2 Walking load

To simulate the walking load as realistic as possible, it was applied as a transient
moving load. Analyses were made for two load patterns on the concrete �oor cor-
responding to tangential and radial walking patterns. The duration of the analyses
of the walking patterns was 7 s.

The tangential walking pattern was positioned 10 m from the outer boundary of
the concrete �oor as shown in Figure 6.17. The radial walking pattern started at
the outer boundary of the storage ring tunnel and was directed towards the outer
boundary of the �oor, as shown in Figure 6.18.

6.3.3 Results

The time dependent vertical displacement amplitude for the nearby evaluation points
in the storage ring tunnel are presented for the tangential walking pattern in Figure
6.19 and for the radial walking pattern in Figure 6.20.

From the results of the tangential walking pattern, as shown in Figure 6.19, it
was found that the displacement amplitudes follow the load amplitudes but with
a smoother response and a phase lag between the load and the response due to
the damping in the structure. As expected, the peak values of the displacement
amplitudes are constant due to the constant distance to the evaluation points. The
evaluation point where the highest peak was located altered as the load was moving.

From the results of the radial walking pattern, as shown in Figure 6.20, it was found
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Figure 6.17: Position of the tangential walking pattern.

Figure 6.18: Position of the radial walking pattern.

that the displacement amplitudes follow the load amplitudes but with a smoother
response and a phase lag between the load and the response due to the damping
in the structure. The di�erence of the radial from the tangential walking pattern
was that the load was moving away from the evaluation points. As can be seen in
Figure 6.20, the displacement is decreasing with time due to the load was moving
away from the evaluation points.
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In order to relate the results to the requirements the RMS-value was calculated.
The RMS-value of the total vertical displacement was calculated for the one-second
period of the simulation time that resulted in the highest RMS-value. This calcu-
lation was done with a code in the computer program Matlab that makes a sweep
in time and present the value of the second with the highest RMS-value of the total
displacement. The RMS-value of the total displacement includes both the static
and the dynamic part of the displacement. The static part may require a weaker
requirement than the dynamic part, therefore the RMS-value for the dynamic part
was also calculated. The RMS-value was calculated for all frequencies even those
below 5 Hz where weaker requirement of 260 nm instead of 26 nm is required. Table
6.3 shows the di�erent RMS-values for the di�erent walking patterns. Table 6.4
shows the static de�ection for the di�erent walking patterns.

Table 6.3: RMS-value of the vertical displacement.

Walking pattern Total Dynamic

Tangential 12 nm 4 nm

Radial 105 nm 18 nm

Table 6.4: Static de�ection of the vertical displacement.

Walking pattern De�ection

Tangential 11 nm

Radial 103 nm

In Table 6.3 and Table 6.4 it is shown that the static part is much bigger than the
dynamic part. Even though the static part may be less important, the dynamic
part of the radial walking was close to exceeded the requirement of 26 nm. The
resulting RMS-value for the total displacement for the radial walking exceeded the
requirement of 26 nm. It was concluded that walking loads, especially from groups
of people, must be considered in the design process.
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Figure 6.19: Plot in time domain for tangential walking pattern.

Figure 6.20: Plot in time domain for radial walking pattern.
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Discussion and Suggestions for

Further Work

It was discovered from the parameter study that the material parameters of the soil
greatly in�uences the vibration levels of the �oor. Since there is a lack of knowledge
regarding the material parameters for the soil there is a need for determining those.
There are especially two parameters for the soil that control the soil and thus the
structure; the Young's modulus and the damping ratio. The Young's modulus is
given in the geotechnical report but it should not be used for detailed design. For the
bedrock there is no information about material parameters. The material parameters
are needed to get a reliable output that can be compared with the requirements.

The smeared approach that was used to determine the equivalent sti�ness of the
soil when considering the pillars was an approximation. How good the results from
this approximation are depending on several things like the bending wave length
and the position of the pillars. To get more reliable results discrete pillars would be
introduced discrete pillars in the model.

In the parameter study, the harmonic load was only applied at one location. The
loading position should be varied because the relation between the thickness of the
�oor and the displacement of the evaluation points depends of the distance between
the load position and the evaluation point.

To ensure that the strict requirements are ful�lled, more realistic loads must be
considered. Such loads are for instance working machines, tra�c from inside the
building such as forklifts and outside such as tra�c from nearby roads. Also a
group of people walking must be considered. A FFT should also be done for the
displacements in the time domain to see the frequency content of the walking load.
It may be shown in the frequency domain that some peaks are below 5 Hz and may
therefore be excluded from the calculations of the RMS-value.

51
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If the tra�c load from the nearby highway are to be analysed the Linac and the
storage ring must be considered in the same model since the Linac could work as a
barrier for the vibrations from the tra�c due to its position between the ring and
the highway.

Besides from the opportunities given in the parameter study dampers can be used
as a solution to reduce the vibration levels. For one example the in�uence of rubber
mats could be investigated.
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Appendix A

Plots of frequency sweeps

Plots of frequency sweeps for varying parameters according to the parameter study
in Modelling Results.
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56 APPENDIX A. PLOTS OF FREQUENCY SWEEPS

Young's modulus of concrete

Figure A.1: Displacement vs frequency, Young's modulus of concrete is 35 GPa.

Figure A.2: Displacement vs frequency, Young's modulus of concrete is 40 GPa.
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Figure A.3: Displacement vs frequency, Young's modulus of concrete is 50 GPa.

Figure A.4: Displacement vs frequency, Young's modulus of concrete is 60 GPa.



58 APPENDIX A. PLOTS OF FREQUENCY SWEEPS

Damping ratio of concrete

Figure A.5: Displacement vs frequency, damping ratio of concrete is 1 %.

Figure A.6: Displacement vs frequency, damping ratio of concrete is 2 %.
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Figure A.7: Displacement vs frequency, damping ratio of concrete is 4 %.

Figure A.8: Displacement vs frequency, damping ratio of concrete is 6 %.
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Damping ratio of soil

Figure A.9: Displacement vs frequency, damping ratio of soil is 1 %.

Figure A.10: Displacement vs frequency, damping ratio of soil is 5 %.
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Figure A.11: Displacement vs frequency, damping ratio of soil is 10 %.

Figure A.12: Displacement vs frequency, damping ratio of soil is 20 %.
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Thickness of the concrete �oor

Figure A.13: Displacement vs frequency, �oor thickness of 500 mm.

Figure A.14: Displacement vs frequency, �oor thickness of 700 mm.
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Figure A.15: Displacement vs frequency, �oor thickness of 1000 mm.

Figure A.16: Displacement vs frequency, �oor thickness of 1400 mm.
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Figure A.17: Displacement vs frequency, �oor thickness of 2000 mm.

Figure A.18: Displacement vs frequency, �oor thickness of 2500 mm.
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Pillars

Figure A.19: Displacement vs frequency, without pillars.

Figure A.20: Displacement vs frequency, 150 pillars.



66 APPENDIX A. PLOTS OF FREQUENCY SWEEPS

Figure A.21: Displacement vs frequency, 600 pillars.

Figure A.22: Displacement vs frequency, 3500 pillars.
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Pillars and �oor thickness

Figure A.23: Displacement vs frequency, �oor thickness of 500 mm, 150 pillars.

Figure A.24: Displacement vs frequency, �oor thickness of 700 mm, 150 pillars.
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Figure A.25: Displacement vs frequency, �oor thickness of 1000 mm, 150 pillars.

Figure A.26: Displacement vs frequency, �oor thickness of 1400 mm, 150 pillars.
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Figure A.27: Displacement vs frequency, �oor thickness of 500 mm, 600 pillars.

Figure A.28: Displacement vs frequency, �oor thickness of 700 mm, 600 pillars.
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Figure A.29: Displacement vs frequency, �oor thickness of 1000 mm, 600 pillars.

Figure A.30: Displacement vs frequency, �oor thickness of 1400 mm, 600 pillars.
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Divided �oor

Figure A.31: Displacement vs frequency, original �oor, load position 1.

Figure A.32: Displacement vs frequency, original �oor, load position 2.
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Figure A.33: Displacement vs frequency, original �oor, load position 3.

Figure A.34: Displacement vs frequency, divided �oor, load position 1.
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Figure A.35: Displacement vs frequency, divided �oor, load position 2.

Figure A.36: Displacement vs frequency, divided �oor, load position 3.
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Divided �oor and pillars

Figure A.37: Displacement vs frequency, original �oor, load position 1, 600 pillars.

Figure A.38: Displacement vs frequency, original �oor, load position 2, 600 pillars
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Figure A.39: Displacement vs frequency, original �oor, load position 3, 600 pillars

Figure A.40: Displacement vs frequency, divided �oor, load position 1, 600 pillars
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Figure A.41: Displacement vs frequency, divided �oor, load position 2, 600 pillars

Figure A.42: Displacement vs frequency, divided �oor, load position 3, 600 pillars




