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How concerts and museum visitors make display cabinets vibrate
– but not the cultural assets inside by Dr Kerstin Kracht

The environment of a display cabinet is anything but quiet. Concerts in museums, or buses and trains... and above
all the footsteps of museum visitors create a long-term burden of vibrations in the display cases, as new research
has shown.
Museumplein in Amsterdam on the Queen’s Birthday
in 2004: the Van Gogh Museum was rocked by a
music festival. The restorers were concerned about
the Sunflowers and the other masterpieces. Berliner
Lustgarten in September 2009: a dozen Japanese
drummers set the Altes Museum rocking. Would the glass
amphora from Olbia, the largest and best preserved of its
kind, be able to withstand these vibrations? Once a week
in most museums throughout the world: as they make
their tour through the presentation rooms, the restorers,
volunteers or trainees put sculptures, busts and other
“wandering” 3D cultural objects back in their exact places
in the display cases. In all three situations, mechanical
vibrations and shocks are a cause for concern about the
cultural assets. The environment of a display cabinet is
anything but quiet. Concerts in the mostly very charming
museum surroundings are, from a temporal point of view,
only point events – but they are acute events. Buses,
trains, excursion steamers and above all the footfalls of
museum visitors create a long-term burden of vibrations
in the display cases. The mechanism by which oscillations
are created and transferred to become display case
vibrations can be explained as follows:

Music is sound. Sounds are audible vibrations of the air.
Bass tones in particular, with their longer wavelengths,
contain a lot of energy and can be heard far away from
the source. The air is the medium that carries the sound,
which is why it is termed ‘airborne noise’. If the sound
comes up against a wall, the stone or reinforced concrete
is made to vibrate. Via the walls, the oscillations end up
in the floors (this is known as ‘structure-borne noise’).
Reinforced concrete in particular offers little material
damping, as well as being relatively light and elastic; as
a result, the vibrations get conducted particularly well.
Museum visitors who are walking around are – in the
physical sense too – moving masses. According to the
laws of the English physicist Isaac Newton (1642-1726),
force equals mass times acceleration and so the floor will
be made to oscillate. Figure 1 shows the vibrations (at f
= 20 Hz) of a floor in the first storey of a museum. These
vibrations were measured while visitors were moving
around the exhibition space.
The vibrations in the floor caused by the feet are
transmitted to the display cabinet. The entire display
cabinet is excited into a vibration. The intrinsic vibration
modes of the display cabinet play a central role here.

The central part of the candlestick body is at rest (shown
in yellow), whereas the two arms, the head and neck and
the part above the foot (shown in red) are vibrating at
the given amplitude, with a maximum acceleration of 1.1
m/s² at a frequency of 20 Hz.

Fig. 1: Floor vibrations in a circular hall on the first storey of a museum,
with a vibration frequency f = 20 Hz. Copyright Dr Kerstin Kracht

The vibrations in the floor caused by the feet are
transmitted to the display cabinet. The entire display
cabinet is excited into a vibration. The intrinsic vibration
modes of the display cabinet play a central role here.
These natural modes of vibration are excited by the
vibrating floor. Figure 2 shows a natural vibration mode
of a display cabinet with the frequency f = 21 Hz.

Because the damping of steel is virtually zero, the
vibrations of the display cabinet’s feet are transferred
to the base of the object being displayed with almost
no resistance. The oscillations are introduced into the
object via the base it is standing on. Figure 4 shows
the vibrations of the candlestick and display cabinet
caused by the vibrating floor. The display cabinet floor
that the candlestick is standing on is acting almost like
a trampoline.

Fig. 4: Vibrations of the candlestick and display cabinet at 21 Hz.
Copyright Dr Kerstin Kracht
Fig. 2: Vibrations in a display cabinet at f = 21 Hz. Copyright Dr Kerstin
Kracht

All objects always vibrate in a specific way; these are
known as the object’s eigenmodes. A pendulum is a good
example. If it is deflected and then released, it moves
back and forth with a specific oscillation frequency. This
vibration is an eigenmode with its own eigenfrequency.
The appearance or waveform of the vibrations (back and
forth) is called the eigenform.
The closer the excitation frequency from the floor (20 Hz
in this example) is to an eigenfrequency of the display
cabinet (21 Hz in this example), the greater the amplitudes
of the display cabinet vibrations will be. The same applies
to the object that is presented in the display cabinet. In
the example shown here, it is a brass candlestick. Modal
analysis allows the natural oscillations of the candlestick
to be experimentally determined. One of the candlestick’s
eigenfrequencies is 20 Hz. The corresponding eigenform
of that vibration is shown in Figure 3.

Fig. 3: Intrinsic vibration of the candlestick at f = 20 Hz. Copyright Dr
Kerstin Kracht

Large mechanical stresses occur in the transitions from
the yellow to the red areas, which can cause plastic
deformation and ultimately cracks and crack growth.
This must be avoided at all costs.
The display cabinet environment may never be optimal,
but display cabinets offer the possibility of optimizing the
surroundings of the cultural items housed there with an
eye on preventive conservation.
According to the European standard EN 15999-1 (basic
requirements for display cabinets), the task of the cabinet
is to protect the object being displayed against unsuitable
humidity, pollutants, dust and vibrations as well as shocks
and impacts. But how can protection against vibrations
and shocks be achieved, in technical terms? A second part
of the standard (EN 15999-2, “Technical Specifications”) is
currently being developed by a team of experts led by
Stefan Röhrs of Rathgen Research Laboratory in Berlin.
Basically, suitable structural elements can disrupt the
transfer path of the vibrations. There are two transitional
zones where protection for the objects against vibrations
and shocks can be added: firstly from the floor to the
display cabinet feet, and secondly from the display
cabinet floor to the object. These considerations have
been successfully implemented since 2009.

In the article entitled “The origins of the vibrationdecoupled plinth for Nefertiti” in Display Today (pp. 166 ff.,
ISBN 978-3-86859-116-3), Olivia Zorn – Deputy Director
of the Egyptian Museum and Papyrus Collection at the
Staatliche Museen in Berlin – described a conservation
measure: a custom-made special structure that ensures
almost vibration-free storage of the “Beauty”. A team
of engineers from TU Berlin, including Dr Kerstin Kracht,
designed the vibration decoupling system based on
vibration measurements made in the North Dome hall
of the Neues Museum. Museumstechnik Gesellschaft für
Ausstellungsproduktion mbH in Berlin then produced the
display cabinet that put the decoupling concept into
practice.
Various measurements subsequently proved that
vibrations that would have affected Nefertiti without
decoupling were reduced by more than 90% as a result
of the measures taken.
All the figures can also be seen in animated form at:
www.restauro.de
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