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Abstract

An experimental study of sound insulation and vibrations of lightweight steel framing
floors due to different floor construction set up were performed. Floors with 3m, 5m and
7.2m span were tested. The impact and airborne sound insulation for 3m span floor were
measured based on ISO 140 in lab condition. Vibration tests were carried out on all three
different spans. The vibration transmission loss of the structure was determined from the
surface vibration measurements. The fundamental natural frequency and damping of the
structure was obtained from the mobility measurements. The results of the experiments
from sound insulation tests for 3m span lightweight steel framing floor show that this
type of floor has very good acoustic performance. The comparison of the measurements
of the vibration transmission loss from 3m, 5m and 7.2m show that the floors also have
good vibration reductions in longer spans.

Introduction

The interest for buildings lightweight steel framing housing is rapidly increasing. The
advantages of the building system in lightweight steel framing are economically and
environmentally compared to traditional building systems in timber and concrete. The
benefits of lightweight steel framing include reducing the construction process time, a
high strength to weight ratio, the ability to accurately control the element dimensions, and
an ability to recycle and reuse. A further benefit is its ability to achieve long-span
solutions, due to the inherent strength and stiffness of steel itself. In order to meet market
requirements, Plannja have developed a lightweight steel framing floor for possible use
up to 7.2 m span.   The intention with these tests is to test the acoustic behaviour of the



floor and also the vibration behaviour to see to what span the floor can be used at and to
try to find ways to increase damping for better floor comfort.

In this study the sound insulation for 3m span in different construction set ups was
investigated based on the ISO 140 – 3 and ISO 140 – 6 standards. The vibration
characteristics for 3m, 5m and 7.2m span in different set up conditions were determined
with the mobility and surface vibration measurement methods. The sound insulation and
vibration tests were compared at different construction settings.

Test specimen

The test structures consisted of three different floor types that are shown in figure 1.
Floor type 1 is a 3m span steel-framing floor, where 3 elements (3m long and 1.2m wide)
are joined  . Floor types 2 and 3 are 5m respectively 7.2 m span steel-framing floor,
where 2 elements (1.2m wide) are joined.    All floors  have a similar type of structure.
The load bearing profiles are   300mm c-profiles for floor type 1 and 2, and 350mm for
floor type 3.

1. 2x13 mm Gypsum board

2. Profile sheet, Plannja P45-0,72

3. 300 -350 mm load-bearing profile

4. 95 to 165 mm mineral wool

5. Acoustic profile cc600 or cc450

6. 2x13 mm Gypsum board



Fig. 1. Section of the lightweight steel floor.

Experimental condition for sound insulation tests

Figure 2 and 3 below illustrate the different supports for sound insulation tests. The test
subjects are basically identical. There are some modifications of the structure and the
support that are shown below from condition 1-8. Condition 1 has the basic 3m light
weight framing floor and the other conditions are modifications based on condition 1.

1. A 3m span steel-framing floor, covering a 10.8 m2 open area, with L-beam support
lying free. There is a 100 mm wide and 15mm thick soft rubber under the support.
There is 165mm-mineral wool between the profiles. A profiled sheet is screwed on the
top of the beams and 2 gypsum boards on the surface are screwed to the profile. 2
gypsum boards from the ceiling are suspended with special acoustic profiles c/c = 600
mm.

a) Without carpet, b) with carpet and, c) with parquet.

2. Same as condition 1 except: 5mm thick soft rubber under the support, 95mmmineral
wool. With carpet.

3. Same as condition 2, except that the gypsum boards on the surface glued to the profile
and together. With carpet.



4. Same as condition 2 except, thegypsum boards in the ceiling is suspended with
profiles c/c 450 and additional 35mm isolation between ceiling and lower surface of
profiles. With carpet.

Fig. 2. Specimen with support in condition 1-4.

5. Original support lying free on a wooden frame, 5mm thick soft rubber under the
wooden frame.  95mm mineral wool between the profiles. A profiled sheet screwed on
the top of the beams and 2 gypsum boards on the surface glued to the profile. 2
gypsum boards from the ceiling are suspended profiles c/c 450 mm. Additional 35mm
mineral wool between ceiling and lower surface of profiles.  With carpet.

6. Same as condition 5 except support screwed to the wooden frame, without soft rubber
under the wooden frame.

7. Same as   condition 6 except:

a) To simulate furniture and people etc, 200 kg extra weight put in the middle of the
floor.

b) One extra floating floor on top of the floor (resilient layer is cork).

8. Same as condition 6 except some extra dampers connecting the ceiling to the beam.
With carpet.



Fig. 3. Specimen with support in condition 4-8

Experimental conditions for vibration tests

Figure 4 shows the test support for 5m and 7.2m span floors.

Fig. 4. Supporter for vibration tests.

Tests conditions for 5m span floor

1. A 5m span steel-framing floor with original lip screwed to a heavy steel support.
Support bolted to the ground. The 95mm-absorption material inserted between the
beams. A profile sheet screwed on the top of the beams and 2 gypsum boards on the
surface screwed to the profile. 2 gypsum boards from the ceiling suspended with
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z
y



special profiles c/c 600 mm. Some    dampers connect the ceiling to the beam. The
dampers have three points contact that are 32 mm long.

2. Same as condition 1, except no dampers.

3. Same as condition 1, except more extra dampers connect the ceiling to the beam., the
dampers have 4 points contact 32 mm long.

4. Same as condition 3.

5. Same as condition 3, except, the dampers have 4 points contact (2 parts) and 16mm
long.

6. Same as condition 5 except, original lip  lying free on the steel support. Support bolted
to the ground.

7. Same as condition 6, except there is a 15mm thick soft rubber under the lip.

8. Same as condition 7, except there is a 10mm thick mineral wool under the lip.

9. Same as condition 8, except original lip screwed to a heavy steel support.

Test conditions for 7.2m span floor

1. A 7.2m span steel-framing floor with original lip screwed to a heavy steel support.
Support bolted to the ground. 95mm mineral wool between the profiles. A profiled
sheet screwed on the top of the profiles and 2 gypsum boards on the surface screwed
and glued to the profile. 2 gypsum boards from the ceiling suspended with special
profiles c/c 600 mm. There are no dampers.

2. Same as condition 1, except some extra dampers connect the ceiling to the beam, the
dampers have 4 points contact (2 parts) and 60mm long.

3. Same as condition 2 except some extra dampers connect the ceiling to the beam, the
dampers have 4 points contact (2 parts) and screwed to the beam

Sound insulation test

Impact sound insulation and airborne sound insulation measurements were based on the
ISO 140 – 3 and ISO 140 – 6 standards. The sound insulation tests were performed on the
3m span floor with eight different modifications. The frequency range of these
measurements was 50Hz to 5kHz. The test floor area is 3 ×3.6m2. The reduction index of
the impact sound insulation and airborne sound insulation were based on the ISO 717 – 1
and 2 standards.



Vibration test

In order to know the vibration transmission loss for the lightweight floors, averaging
surface vibration measurements were performed on both sides of the floor (top and
bottom) while applying the standard tapping machine on the top of the centre of the floor.
Since the vibration transmission loss is closely related to the sound insulation of the floor,
the vibration transmission loss can be used as a reference of the sound insulation of the
floor. The 18, 24 and 32 measurement points were randomly chosen from the both side of
the floor for 3m, 5m and 7.2m span floors. The measurement at each measurement point
was the auto-power acceleration spectrum at a frequency range 0 to 4kHz. The result of
the average surface vibration from each side was the averaging RMS auto-power
acceleration spectra of all measurement points at that side. The results of the surface
vibration measurement were also converted to the third octave bands 25 to 4kHz.

One important criterion to evaluate the vibration properties of a floor is the human
perception due to a transient impact to the floor. The perception is related to the vibration
magnitude and vibration duration. To evaluate the vibration duration of the floor, the
floor surface vibration decay time could be measured. The decay time is mainly
dependent on the structure damping and the resonance frequencies. The measurements of
the decay times in the floors were performed on applying a sledgehammer, a heel drop or
a ball drop on the top of the centre of the floor along z direction (see figure 4) in order to
excite the weakest point of the floor. The accelerations on both sides of the floor along z
direction, along x and y directions of main beam and along x direction on the support
were measured in time domain. The sampling frequency was 8kHz.

The measurements of the floor point mobility and FRF (frequency response function) can
be applied to determine the floor fundamental natural frequency and damping. The FRF
testing were carried out on the 3m, 5m and 7.2m span lightweight floors by hitting a
sledgehammer on the top of the floor along z direction and by measuring the excitation
force and accelerations responses from the both sides of the floor along z direction. The
accelerations responses along x and y directions of main beam and along x direction on
the support were also measured. The frequency range of interest was 0 to 100Hz. The
sampling frequency was 400Hz. The coherence of the each response point was also
checked.



Test Results

Sound insulation

The test results of the impact sound insulation and airborne sound insulation for the 3m
span floor from condition one to eight are shown in the table below. The index of Ln,w 50-

5000 and Rw 50-5000 are based on the new ISO recommendations.

Table 1. Results of sound insulation for 3m span lightweight floors.

Index of impact sound Index of airborne soundCondition
Ln,w Ln,w 50-5000 Rw Rw 50-5000

Without carpet 51.2 50.7
With carpet 46.6 49.2 65.2 61.21. 165mm

absorption
With parquet 45.3 48.3

2. 95mm
absorption

With carpet 49.7 51.9 63.7 58
3. use glue to
surface board

With carpet 47.7 49.7 64.2 60.5
4. suspension
cc450

With carpet 47.2 49.5 65.2 59.3
5. Plannja support With carpet 47.2 49.7
6. use screw to
Plannja support

With carpet 48.6 51.3
Extra

weight 48.6 51.6
7. same as 6. With

carpet Extra
floating

floor
45.7 50

8. extra damper With carpet 49.5 52.2

Average surface vibration

The comparisons of the average surface vibration results from both sides of the floor for
the 3m, 5m and 7.2m span lightweight floors are shown in figures below. The frequency
range of this measurement was from 0 to 4.096 Hz with the resolution of 1Hz and the
results are converted to 1/3-octave bands at the frequency range 25Hz to 4kHz.



Autopower acceleration level
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Fig. 5. Comparison of the surface vibrations of the Plannja steel framing floors.

The results of the vibration reduction from the 3m, 5m and 7.2m span lightweight floors
under different condition were shown in figure 6. It can be seen that the vibration
reductions are about 5 to 45 dB in the frequency range 40 to 4k Hz. At frequency ranges
below 40Hz there are almost no vibration reduction.

Vibration reduction
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Fig. 6. Comparison of the measured vibration transmission loss.

Vibration decay time

The results of vibration decay time (vibration duration) of the Plannja 3m, 5m and 7.2m
span lightweight floors under different condition were show in table 2 below. The
vibration duration measurements were performed at 0 to 4kHz bandwidth and estimation
of the decay time were roughly counting at a relatively scale.

Table 2. Results of vibration decay time for lightweight floors.

Floor type Condition Decay time from the top
of the floor(s)

Decay time from
the ceiling(s)

3 m span 1. 0.30 0.90
1. 0.25 0.45
2. 0.33 0.75
3. 0.25 0.45
4. 0.25 0.55
5. 0.25 0.40
6. 0.35 0.55
7. 0.30 0.25
8. 0.30 0.45

5 m span

9. 0.24 0.65
1. 0.25 0.70
2. 0.25 0.807.2 m span
3. 0.30 0.90

Natural frequencies and damping of the structures

The lowest natural frequencies and structure-damping factor were obtained from point
mobility and FRF measurements. Table 3 shows the lowest natural frequencies and the
damping factors of the Plannja 3m, 5m and 7.2m span lightweight floors under different
conditions. Table 4 shows the lowest natural frequencies and the damping factors from
the ceiling of the Plannja 3m, 5m and 7.2m span lightweight floors under different
conditions.



Table 3. Results of lowest natural frequencies and structure-damping factor for the top of
the lightweight floors.

Floor type Condition Lowest natural frequencies (Hz) Damping factor (η)
3 m span 1. 40.25 0.13

1. 17.50 0.17
2. 17.25 0.16
3. 17.50 0.21
4. 17.25 0.20
5. 17.00 0.22
6. 16.25 0.15
7. 17.00 0.29
8. 16.50 0.39

5 m span

9. 18.50 0.42
1. 12.25 0.10
2. 12.25 0.127.2 m span
3. 13.00 0.10

Table 4. Results of lowest natural frequencies and structure-damping factor from the
ceiling of the lightweight floors.

Floor type Condition Lowest natural frequencies (Hz) Damping factor (η)
3 m span 1. 13.00 0.27

1. 11.00 0.18
2. 9.75 0.25
3. 11.75 0.23
4. 11.75 0.17
5. 11.50 0.17
6. 11.25 0.17
7. 9.25 0.40
8. 8.25 0.21

5 m span

9. 10.00 0.15
1. 7.00 0.14
2. 8.25 0.127.2 m span
3. 9.25 0.11

The calculations of the damping factor were based on half power bandwidth method. The
method is for rapid approximation of the natural frequency and damping factor. In case
there is mode overlapping, the calculation of the damping factor will not be accurate.

Discussions and Conclusions

The results of sound insulation tests for the 3m span lightweight steel framing floor show
that the structure has very good acoustic performance. The indexes of impact sound
insulation are around 46 to 51dB and of airborne sound insulation are around 64 to 65dB.



The different settings and mountings of the 3m span lightweight steel framing floor result
in sound insulation differences about 5 dB.

1). Comparison of the results of the sound insulation at condition one. It can be seen that
the use of the carpet or parquet will improve the impact sound insulation at higher
frequencies by about 1 to 2dB. The use of the carpet or parquet gives almost no
difference to the airborne sound insulation.

2). The volume of the absorption in-between the beams influences both impact sound
insulation and the airborne sound insulation. The change of the absorption thickness from
165 mm to 95 mm, increases the impact sound reduction index by 2dB and reduce the
airborne sound reduction index by 3dB.

3). Comparison of the use of screws and glue at the surface boards (2 gypsum layers)
shows that glue will improve the impact sound insulation slightly but has little influence
on the airborne sound insulation.

4). By increasing of stiffness of the ceiling suspension and insertion of the one extra layer
of absorption between the ceiling show there is a little effect on impact sound insulation.
The increased stiffness of the ceiling suspension may reduce the impact sound insulation
and the extra layer of the absorption may improve the impact sound insulation.

5). A modification of the support, extra L-beam support or Plannja designed support,
show similar sound insulation results. Theoretically, though the design of the floor
support influences the sound insulation of the floor. In real buildings, the design of the
contact between the floor and wall is of crucial importance for the sound insulation.

6). Adding an extra beam (weight approximately 200kg) on the middle of the floor seems
to give little influence on the impact sound insulation.

7). Adding an extra floating floor on the top of the floor improves the high frequency
impact sound insulation considerably.

8). A damper is tested that acts in several ways: It increases the stiffness as well as the
damping of both the ceiling suspension and of the floor. The damper has little effect on
the sound insulation. There could clearly be seen a vibration damping effect on the
ceiling, but only a small effect on the surface vibrations of the floor.

The measurements and comparison of the vibration transmission loss from the 3m, 5m
and 7.2m floors show that those types of floor have similar dynamic properties. The
vibration transmission loss of the 3m, 5m and 7.2m floors indicates that the sound
insulation of those floors is similar and will mainly depend on the sound radiation
properties. It can be seen that the vibration transmission loss start from around 31.5Hz
and increases with frequency. At frequencies below 31.5Hz there is either amplification
or no vibration transmission loss.

The vibration decay time measurements on the 3m, 5m and 7.2m floors show that the
vibration duration at the floor surface is shorter than at the ceiling. The duration time of



the floor surface very between 0.24 to 0.33 seconds for the 3m, 5m and 7.2m floors under
various conditions. The small variation of the duration time of those floor surfaces
indicates that the total loss factor of those floors is almost the same. A more accurate
analysis may need to apply a filter analysis method, for instance third octave band filter,
to vibration decay times signal in order to obtain the structure reverberation time at that
certain bandwidth. The structures total loss factors in that frequency band then can be
calculated. The duration time of the ceiling shows big variations for the 3m, 5m and 7.2m
floors under varied conditions. That is mainly due to how the ceiling is connected to the
beam, the stiffness of the suspension and the effect of the damper.

The mobility measurement results have shown that lowest natural frequency of the floor
with the change of the span and dampers and the very design of the support. There may
be some measurement errors due to how the structures were supported. Ideally, the test
structure should be measured while the structure is in a freely supported condition. The
lowest natural frequency for the 3m span floor is 40Hz, for the 5m span floor 17Hz and
for the 7.2m span floor 12Hz. The differences of the damping factor for the 5m span floor
are due to influence by the damper and the condition of the support. The 7.2m span tests
show that the damping factor change is small when the condition of the floor support is
kept the same and the dampers are modified. This indicates that the floor support has a
big influence on the floor damping factor. Therefore, it is very important to design a
suitable edge support that gives more damping to the structure and less flunking
transmissions.

More detailed measurement results can be found in the test reports in the appendices.
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1. Vibration and sound insulation investigation of Plannja 3m span steel sheet light
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2. Appendix of Vibration and sound insulation investigation of Plannja 3m span steel
sheet light weight floor (15 pages)

3. Vibration investigation of Plannja 5m span steel sheet light weight floor (8 pages)

4.  Appendix1 of Vibration investigation of Plannja 5m span steel sheet light weight
floor (9 pages)

5. Appendix2 of Vibration investigation of Plannja 5m span steel sheet light weight floor
(9 pages)

6. Appendix3 of Vibration investigation of Plannja 5m span steel sheet light weight floor
(3 pages)

7. Vibration investigation of Plannja 7.2 m span steel sheet light weight floor (9 pages)

8. Appendix1 of Vibration investigation of Plannja 7.2m span steel sheet light weight
floor (9 pages)
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floor (16 pages)
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