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Experimental work to increase the 

damping in a  resilient ceiling

Summary

In order to find solutions th
series of small-scale experim
types of "extra dampers" usin
by shearing, seems to be effe
properties simulated by a FE
good agreement but has a low

1. Introduction

Lightweight floors show an 
terms of high level of prefa
quality with accuracy to size
properties, often suffer from 

The purpose of this report is
ceiling. The experiences shou

2. Experimental arrangem

The experiments are conduc
resilient ceiling. It consists o
of plasterboard. The ceiling j
floor. Since the arrangement
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at can increase the damping of a lightweight steel joist floor, a
ents on a piece of resilient ceiling is performed. Two different
g a visco-elastic material are tested where one of them, working
ctive. The measured material properties are compared with ideal
-model. The stiffness of the used visco-elastic material shows
er damping constant than ideal. 

increasing interest since the technique possesses advantages in
brication generating a dry product, quick installation and high
. The drawback is that lightweight floors, due to their dynamic
annoying vibrations. 

 to see how different solutions affect the damping in a resilient
ld later on be used in experimental work with complete floors. 

ent 

ted with a small-scale model containing a 0.9x1.2 m2 piece of
f two ceiling joists, 450 mm in between, together with two layers
oists are fastened to wood beams placed freely on the laboratory
 is not completely free from movements it might influence the



result. However, all experiments are performed with exactly the same outer conditions, which
makes qualitatively comparisons possible.

In each test, an electromagnetic shaker vibrates the structure and the acceleration is measured
at six positions with accelerometers placed according to Figure 1. The frequency range goes
up to 50 Hz with a resolution of about 0.03 Hz. The transients have also been measured, using
an impact hammer. In the latter case the upper limit of the frequency range is 100 Hz.

Fig. 1. Sketch of the experimental set-up showing the location of t
(1-6).

3. Results

Three different kinds of experiments have been carried o
stiffness of the ceiling joist and aims to verify theoretical va
Different locations of the mounting screws have been used, s

Fig 2. Dimensions of the ceiling joist. The position of the mounti
mm.
he shaker (S) and the accelerometers

ut. The first is about the spring
lues from a finite element model.
ee Figure 2.

ng screws is noted as a/b, e.g. 10/20



The second kind of experiment focus to add damping to the construction. A visco-elastic
material, located at the two short edges is placed between an extra piece of sheet metal and
the ceiling joist, is used. More details are found in Figure 3. 

Fig. 3. Damper number 1. Two strings of visco-elastic material are placed between the ceiling joist
and an extra piece of sheet metal, 250 mm in length. The damping material is working through

bending movements.

The third kind of experiment is also about adding damping. Here the visco-elastic material is
working through shearing.  An angle piece is placed next to the ceiling joist, one at each end,
according to Figure 4. 

Fig. 4. Damper number 2.  A piece of visco-elastic material is placed between the ceiling joist and an
angle piece.

3.1 Various positions of the ceiling joist's mounting screws

The notion "Frequency" in forthcoming tables refers to that resonance of the system, where
the ceiling act as a rigid body oscillating vertically only, i.e. the system can be modelled as a
lumped mass connected to a spring. The results are presented in Table 1. 

Visco-elastic
material

Angle piece



Table 1. The effect of changing the position of the ceiling joist's mounting screws. The thickness of
the ceiling joist is 0.5 mm.
Experiment

identification
no

Screw pos.
(mm)

Frequency
(Hz)

Damping
ratio
(%)

Ceiling joist
Stiffness
(kN/m)

Damping
constant
(Ns/m)

1 10/20 9.0 1.0 37 13
7 15/30 12.0 1.1 66 19

As a comparison, a used finite element model gave a ceiling stiffness of 36 kN/m using the
condition 10/20 mm for the screws.  

3.2 The effects of adding extra damping, damper 1, bending

Table 2. Experiments with damper number 1. The amount of visco-elastic material as well as the size
of the extra piece of sheet metal is varied. The screw position is 10/20 mm and the thickness of the
ceiling joist is 0.5mm. n=number of strings, t=thickness, w=width, l=length.

Experiment
identification

no

Extra
sheet
metal
(mm)

visco-elastic
material
n*t*w*l
(mm)

Frequency
(Hz)

Damping
ratio
(%)

Stiffness of
the damper,

KD
(kN/m/joist)

Damping
constant of the

damper, CD
(Ns/m/joist)

1 - - 9.0 1.0 - -
2 0.6 2*2*10*250 11.2 2.5 21 28
3 0.6

screwe
d

2*2*10*250 11.5 2.6 24 31

4 1.5 2*2*10*250 14.5 3.9 61 70
5 1.5 4*2*10*250 14.1 3.4 54 57
6 0.6 4*2*10*250 12.1 2.9 29 38

3.3 The effects of adding extra damping, damper 2, shearing

Table 3. Experiments with damper number 2. The amount of visco-elastic is varied. The screw
position is 10/20 mm and the thickness of the ceiling joist is 0.5mm. t=thickness, w=width, l=length.

Experiment
identification

no

visco-elastic
material

t*w*l (mm)

Frequency
(Hz)

Damping
ratio
(%)

Stiffness of the
damper, KD
(kN/m/joist)

Damping
constant of the

damper, CD
(Ns/m/joist)

1 - 9.0 1.0 - -
8 3*15*80 15.9 6.5 79 138
9 3*15*30 13.7 7.5 49 136
10 6*15*30 14.1 9.4 54 172
11 12*15*15 10.5 6.3 14 84
12 12*15*30 11.1 8.1 20 119
13 12*15*60 12.1 9.4 30 154



3.4  Response in time- and frequency domain

Time response
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Fig. 5. Reverberation during the first second after an impact. The response is measured in 
position six.
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Fig. 6. Frequency response function of some conducted experiments. The curves are avera

from six measured points each.
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4. Desirable material properties according to a finite element model

Simulations of adding extra damping to a complete steel joist floor section, 1.2x7.2 m2, have
been carried out with an earlier presented FE-model (the "beam-model") [1]. The extra
damper is modelled as a visco-elastic material containing a spring element in conjunction
with a viscous damper connected to each ceiling joist. Good results is obtained using a
damper stiffness KD =20-30 kN/m and a damping constant CD = 250-375 Ns/m, yielding a
ratio between stiffness and damping of about 1/80. Figure 7 shows the simulated response.
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Fig. 7. Simulated response at the top surface, in the centre of the floor section, when additional
dampers are introduced. The light blue curve acts as a reference, i.e. without any extra damping.

5. Experimental results into the FE-model

In the experiments yielding the highest damping ratio, the visco-elastic material has a spring
constant KD of about 20-30 kN/m and a damping constant CD of about 100-150 Ns/m. 
Compared to theoretical values according to previous chapter, the stiffness of the visco-elastic
material is about the same order while its damping constant should be twice as high. The
difference between alternate values of damping constant is most noticeable for the first three
oscillation cycles. In Figure 8, the stiffness is approximately the same (�20 kN/m) for the blue
and yellow line while the damping constant differ 100 Ns/m. When a certain level of the
damping constant is reached, the reverberation time is hardly affected at all.

----  Reference

___ KD=10kN/m
       CD=125Ns/m

___ KD=20kN/m
       CD=250Ns/m

___ KD=30kN/m
      CD=375Ns/m

___ KD=50kN/m
       CD=625Ns/m



Time response
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Fig 8. FE-model of a complete floor section with experimental values from the small-scale tests used
for the damper parameters, except for the yellow curve having a relation KD/CD=80 corresponding to

the ideal case. The response is at the top surface of a floor section.

6.  Mode shapes

For conditions according to experiment no 1, without extra dampers, complementary
measurements have been performed. In total, the response is measured in eighteen points,
equally distributed over the surface. Figure 9 shows the average response where the three
selected peaks have dynamic data according to Table 4. The corresponding mode shapes are
presented in Figue 10.
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Fig. 9. Average frequency response of 18 measured points.
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Table 4. Data of the three selected resonance peaks.

Frequency (Hz) Damping Ratio
(%)

6.5 1.7
9.0 1.0
14.5 0.6
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Fig. 10. Mode shapes of the tested structure.

sions

measurements the stiffness of the ceiling joist has been calculated. The result shows
ement with them obtained from a FE-model.

s of extra dampers have been tested. Type 2, which work by shearing seems to be
re efficient than type 1, working by bending. The reason of the malfunction
g damper 1 is probably that the motion in the visco-elastic material is too small to
sipation.

E-model has been used to get guidance in what stiffness and damping constant that
riate for the visco-elastic material to work well in a complete floor. A comparison
the ideal material properties according to the simulations and the experimental



measurements give by hand that the used visco-elastic material has a stiffness that
corresponds well to the ideal while the damping constant could be higher.
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