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ABSTRACT: The paper addresses results of an international effort in further developing a novel friction 
damper device for a reduction of induced vibrations in structures. A description of the device, results of 
small-scale experiments and results of full-scale shaking table tests are presented. The result of the 
investigations shows that the effectiveness of the device is determined not only by the friction material but 
also by the location as well as the way of its placement. The devices have a stable energy dissipating 
behaviour. They are flexible in the application, since they only need limited spaces. The device can be 
installed easily or readjusted after installation. The damping capacity of the device can be easily increased by 
adding additional friction layers. The friction damper device proves to be an efficient and economical device 
for a reduction of dynamic response of structures. 

1 INTRODUCTION  

Excessive vibrations of a structure can occur due to 
accumulation of energy induced by a source in the 
structure like production activities in a factory. The 
source can also be outside like a heavy truck or 
high-speed train that travels in a densely populated 
area. Even if the vibration is not strong, long-term 
vibration pollution can severely affect human health. 

There are many possibilities to reduce the 
vibration of structures. As an example we consider 
the Millennium Bridge. The bridge is well known 
for its original and elegant “blade of light” design 
(Fig. 1). When it opened on June 10, 2000, the 
bridge experienced excessive movement due to 
accumulating loading caused by pedestrians. Their 
synchronizing footsteps strongly amplified the 
initially small sway motion of the bridge. In order to 
control the level of the vibration and to have a 
desired degree of comfort for the pedestrians, one 
can stiffen the bridge by adding additional structural 
members. This will increase the stiffness of the 
bridge, and move its natural frequencies from the 
range that will be excited by the pedestrians. One 
can also increase the damping of the bridge by 
installing supplementary damper devices to increase 
the energy absorbing ability of the bridge during its 
movement. One can reduce the load effect by 
limiting the number of people or by artificially 
modifying their walking patterns using flower 
corners in the path. One can also combine these 

three possible solutions. The first solution will 
significantly alter the design, since a much stiffener 
bridge is required. The third solution will hinder the 
free flow of the pedestrians. In Figure 1 and 2 the 
chosen second solution can be seen. Tuned mass 
dampers are placed below the bridge deck, and 
viscous dampers at certain locations as shown in 
Figure 2. While the tuned mass dampers are for 
controlling the excitation at the bridge frequencies, 
the viscous dampers are mainly for suppressing the 
strong lateral movements.  

Another possible reduction measure is friction 
device. Because of the high energy dissipation 
potential and the simplicity in installation and main- 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. The London Millennium Footbridge viewed from the 
north. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Viscous dampers at the south abutments of the 
bridge. 

 
tenance many friction devices have been used in 
buildings around the world. Experimental 
investigations, e.g. Pall and Marsh (1982), Aiken 
and Kelly (1990), Fitzgerald et al. (1989) 
Constantiou et al. (1991), Grigorian and Popov 
(1993) or Nims et al. (1993) were already 
performed. Most of the investigations were devoted 
to developing the theory.  Recent developments on 
analysis and design of structures with friction 
dampers are described by e.g. Colajanni and Papia 
(1997), Dorka, Pradlwarter and Schueller (1998), Fu 
and Cherry (1999). 

In this work the results of an international joint 
effort in further developing a novel friction damper 
device are presented. 

2 DESCRIPTION OF THE DEVICE 

The basic configuration of the damping device 
consists of three steel plates pre-stressed together by 
a steel bolt (Fig. 3(a)). Between the steel plates there 
are two circular friction pad discs made of 
composite material. In order to have constant pre-
stressing force several disc springs are used. 
Between these springs and the two external steel 
plates hardened washers are placed so that an 
uniformly distributed pressure can be achieved. The 
energy absorbing potential of the device can be 
easily increased with almost the same space 
requirement by adding additional friction pads. 
Figure 3(b) shows a seven-plate damping device. 
Figure 4 shows the composition of a five-plate 
friction device.  
 Figure 5 shows a possible installation of the 
device in a three-strorey frame structure. The center 
plates are connected to the girder by a pin. In order 
to activate the energy absorbing mechanism of the 
device the horizontal plates are connected to the 
columns by using steel bracing members. The pre-

stressing of the members prevents them from 
buckling. When the structure vibrates torsion 
between the horizontal and the center plates takes 
place. The friction at interface between the 
composite material and the steel plate resists the 
torsion (Fig. 4), thus a portion of the induced energy 
is dissipated. The resistance due to the device 
hinders the lateral movement of the storeys. 
Consequently, if no further energy is induced, the 
vibration of the frame structure becomes smaller and 
smaller with each relative rotation between the steel 
plates. With the pre-stressing force of the bolt and 
the arrangement of the damper devices in the 
structure we can control the degree of the resistance 
of the relative rotation at the devices. The simple 
mechanism allows an easy handling and installation.  
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Figure 3(a) and (b). Possible configurations of the damping 
device. 
 



Figure 4. Composition of the damping device. 
 

 
Figure 5. Activation of the energy absorbing mechanism of the 
device. 

3 LABORATORY TESTS 

Figure 6 displays laboratory cyclic test of a 
damper device with a basic configuration at the 
Technical University of Denmark in Lyngby. 
Various parameters were considered like the 
displacement amplitude, the frequency of the 
excitation, the bolt clamping force and the number 
of loading cycles. In the cyclic test the effectiveness 
of several frictional materials were also investigated. 
The best material capable of sustaining up to 400 
cycles without any property degradation was chosen 
for the further extensive investigations where the 
damper devices were installed in a 1/3-scale portal 
frame model. Complete details of the experimental 
investigations are given by Mualla (2000). 

The hysteresis curves in Figure 7 indicate that 
within the considered frequency range between 2 Hz 
to 7 Hz the amount of dissipated energy per cycle 
was almost frequency independent. The damping 
energy per cycle was proportional to the excitation 
amplitude. 
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Figure 6. Laboratory test 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. Hysteresis curves of the damper devices. 
 
 
The laboratory tests were accompanied by 

extensive numerical investigations. Since the 
hysteresis behaviour of the damper devices is 
determined almost only by the excitation amplitude, 
the Coulomb law can be used in the numerical 
model. The summary of the numerical investigations 
is given by Mualla and Belev (2001).  

In order to refine the damping behaviour of the 
device additional viscous material can be placed 
between the steel plates as indicated in Figure 8. The 
advantage of this composition is that for lower 
excitation the viscous damper is activated, and for 
strong excitation the friction damper will be active. 
The device is therefore effective in broader range of 
excitation. Figure 9 shows the development of the 
hysteresis loops due to different excitation 
amplitude.  

 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 8. Friction and viscous damper device 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
Figure 9. Hysteresis curve due to the viscous-elastic material 
and the friction force 

4 FULL-SCALE SHAKING TABLE TESTS 

In order to verify the effectiveness of the damper 
devices in a full-scale structure shaking table tests 
were performed during the first half of the year 2001 
in the national centre for research on earthquake 
engineering in Taipei, Taiwan. The three-storey steel 
frame structure had a storey height of 3m and a bay 
width in the direction of shaking of 4.5m. Figure 10 
displays the set up the full-scale investigation. Two 
damper devices in each storey were installed in 
plane of the shaking direction. The brace members 
consist of 20mm diameter round steel bars pin-

connected to the damper plates and the frame joints. 
The column and girder cross sections are H200 x 
200 x 8 x 12 and I200 x 150 x 6 x 9 in mm, 
respectively. The columns are fixed at the base, and 
the joints of the column and girder are fully welded. 
The columns will bend about the weak axis of the 
cross section during the shaking, and the frequency 
of the natural vibration in the shaking direction is 
1.0684Hz. To simulate the roof and floor weights 
concrete blocks were used. The total mass of the 
frame structure including the auxiliary base 
perimeter frame was 38.3t.  
 

 

 
Figure 10. Elevation of the shaking table test. 
 
Displacement and acceleration were measured by 
displacement transducers and accelerometers 
attached to base and each floor level. Strain gages 
were also mounted at same locations in the columns, 
bracing bars and girders. Two transducers were 
mounted on each damper device to measure its 
relative rotations. The total number of all channels 
used was 82.  
 The size of the shaking table is 5m x 5m. The 
facility can simulate a ground excitation up to 3g. 
Altogether 14 cases of ground excitations with the 
maximum ground acceleration ranged from 0.05g to 
0.3g were considered (Table 1). 
 



Several combinations of the different sliding 
resistance of the devices (Fig. 11) along the height 
of the frame structure were investigated. Each time 
of a combination several shaking intensities are 
considered (Table 2). Mf is the rotational friction 
resistance of the device. During the all tests none of 
the frictions pads or other device components was 
replaced. 

 
T able 1. Considered excitation and intensities 

Case          Ground excitation                       Intensity [g] 
1 0.05 
2 0.10 
3 0.15 
4 0.20 
5 0.25 
6 

El Centro (US), 1940 
Imperial Valley 

0.30 
7 0.10 
8 0.05 
9 0.125 

10 

Kobe (Japan), 1995 
Takatori 

0.15 
11 0.05 
12 0.10 
13 0.15 
14 

Chi-Chi (Taiwan), 
1999 

TCU052 

0.20 
 
Table 2. Considered device strength Mf and excitations 

            Mf (kNm)                             Excitation intensity (g) 

El Centro 1.60            1.90            -- 
0.05          0.20          0.30 

Kobe 1.06            1.65            -- 
all intensities 

Chi-Chi 1.34            2.50           2.6 
0.15 

 
Table 3. Effectiveness of the friction damper 

 
The consecutive tests with an increasing peak 

ground acceleration were performed without 
readjusting the bold clamping forces. Table 3 shows 
the maximum response displacement at each storey 
without and with damper devices. The considered 
El-Centro ground excitation had the peak ground 
acceleration PGA of 0.3g. The shaking table tests 
showed that a reduction of the structural vibration up 
about 80% could be achieved.  

Figure 12 shows the time histories of the roof 
displacement in case of a shaking intensity of 0.2g. 

 
Figure 11.  Close view of the damper device at the middle of 
the girder with measurement instrumentation 
 

 
Figure 12. Reduction of the roof displacement due to the El-
Centro NS-ground excitation with PGA of 0.2g. 
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Figure 13. Roof displacement histories in case El-Centro with 
PGA of 0.2g. 
 

The results of the large-scale experiment are used 
for a verification of the finite element model. The 
braces are modeled by tension-only links with initial 
pre-stressing force. Based on the approach proposed 
by Schneider and Amidi (1998) for the column panel 
zone modeling, bilinear rotational springs were 
introduced to account for the shear deformation of 
the column flanges at the connections between the 
beam and column when the columns bend about the 
weak axis. 



 
Figure 14. Vibration control of centrifugal machines. 
 
The modal damping ratios for the first and second 
vibration modes were set to 1.5% and 0.5%, 
respectively. Figure 13 shows that with the current 
numerical model the experiment response can be 
predicted. 

5 APPLICATIONS 

Figure 14 shows the control of two centrifugal 
machines in a multi-storey structure by using the 
damper devices in reality. The two machines 
produce resonance-like vibrations during their start 
and stop. At those moments all floors of the building 
experience strong perceptible vibrations. Since the 
adjacent machines vibrate differently, the relative 
vibration between them is used to activate the 
friction forces in the devices. The solution shows 
that the damper devices are flexible in the real 
applications. 

Figure 15(a) and (b) show the damper devices in 
reality. Three- and five-plate damper devices are 
used. Figure 16(a) and (b) show another application. 
The power plant experiences disturbing vibrations 
during its operation. With the damper devices they 
were drastically reduced. 

6 CONCLUSION 

A novel friction damper device is introduced. The 
device consists of steel plates pre-stressed together 
by a steel bolt. Between the steel plates friction pad 
and viscous material can be inserted. The 
effectiveness of the device is confirmed not only in 
the laboratory tests and full-scale shaking table test; 
it is also confirmed in the applications. 
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Figure 15(a) and (b). Friction damper devices for a 
simultaneous control of  two centrifugal machines. 
 
The effectiveness of the device is strongly 
determined by the bolt clamping force and by the 
arrangement of the devices in the structures. Since 
the damper devices are simple, they can be applied 
in various configurations. 



Further development of the device will be 
performed, so that they can act most effectively in 
various vibration controls. 
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(b)  

Figure 16(a) and (b). Application of damper devices in a power 
plant in Denmark. 
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