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The acoustic performances of buildings made of heavy structures and elements can be predicted from the
performances of elements involved using standard series 12354.

When designing a lightweight based building, the prediction model has to be reconsidered.

This paper shows different calculations of airborne and impact sound insulation with a new proposed theoretical
method. Calculations are compared to final measured results.

Other measures from Dvij are presented in order to discuss how to analyze properly a lightweight based

building.

1 Introduction

In the European standard EN 12354 series, a method for
predicting building acoustic performances from the
performances of building elements is proposed. The method
has been validated for heavy building elements but has to
be reconsidered for lightweight elements.

The prediction method for lightweight constructions
used in the following calculations is proposed by CSTB.

2 Prediction method

The prediction of the flanking paths is described in
some public scientific papers [1]; it is briefly recalled
below. Following EN 12354 prediction model [2],[3] for
airborne and impact sound insulation, the flanking sound
reduction index Rij and the flanking impact sound level
Ln,ij from element i in the source room to element j in the
receiving room can be expressed as:
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Where

e R*i and R*j are the sound reduction indexes,
referring to resonant transmission only, of the
elements considered,

e Dvs,ij is the vibration level difference between
elements i and j, when element i is mechanically
excited,

o S the element surfaces (Ss for the element separating
the two rooms considered),

e Ln,ii the normalized impact sound level of element i.

An expression for the correction of measured sound
reduction index R values that includes both resonant and
forced transmissions is based on the radiation efficiencies
of the element obtained with an airborne excitation, denoted
ca, and a structural excitation, denoted os. It is given by:
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3  Building description

The prediction model is applied to lightweight
structured row-houses. Predicted and measured airborne
sound insulation values will be compared in each case
study.

Airborne and impact sound insulation is evaluated in
different situations with theoretical calculations and will be
compared to the final measured values.

3.1 Rooms for the acoustic studies

The different rooms considered for measurements and
calculations are described. The following cases were
investigated in terms of acoustic performance.

Case Study 1 - Airborne insulation on ground floor in
horizontal setup: the two rooms (relatively large emission
room of about 25 m® and a relatively small reception room
of about 15 m’) are separated by a double separating wall
with a concrete floor.

Case Study 2 - Impact sound insulation between two
rooms in vertical setup: the two rooms (large emission and
reception rooms of about 50 m’) are separating by a
lightweight wooden floor with a suspended ceiling.

Case study 3 - Airborne sound insulation between two
rooms in horizontal setup on the first floor: the two rooms
(relatively large emission room of about 25 m’ and a
relatively small reception room of about 15 m’) are
separated by a double separating wall with a lightweight
floor.

3.2 Building Elements

Figures 5 to 7 show building construction details for the
elements that compound the rooms considered for the
predictions.
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Figure 1: Elements composing the Floor and Double
Separating Wall Junction
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g hammer excitation for walls. The vibration fields were
. EXTERNAL LAVER measured with 12 accelerometer position and located over
the whole element in order to estimate the total energy.
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Figure 2: Elements composing the Floor and Single
Wall Junction
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Figure 3: Elements composing the Floor and Facade Measured Dij T JUNCTION - Fagade - Bullding 17

Junction
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4  Input data for prediction method

4.1 Elements acoustic performances

The laboratory performance of building elements (sound
transmission index and impact sound level if needed) of
double separating wall, internal wall, floor and recovering
systems has not been tested in laboratory. A laboratory
result from a similar element has been used in each case.

The only laboratory measurement results available were
limited to the frequency range 100-5000 Hz; no predictions
were made below 100 Hz.

ovj a8

4.2 Radiation efficiency

The correction factor for R* is based on element

radiation efficiencies for airborne excitation and structural Figure 5: Measured T junction Floor-Fagade. Paths 1-3.
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Measured Dvij T JUNCTION - Double separating wall
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Figure 9: Measured T junction Floor-Half Double
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Figure 10: Measured T junction Floor-Half Double

separating wall. Paths 1-4.
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CASE STUDY 1: Airborne sound Insulation in horizontal

e Direct Path: Double separating wall (Figure 1).

e Floor path is not important because of high

insulation values since the concrete is decoupled

with an expansion joint.
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separating wall. Paths 3
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Figure 6: Measured T junction Floor-Fagade. Paths 3-4
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Figure 8: Measured T junction Floor-
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e Ceiling path is not important because of high
insulation values since the lightweight floors
mounted with a suspended ceiling are independent.

CASE STUDY 1: Airborne Sound Insulation. Predicted and measured values.
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Figure 11: Case Study 1. Airborne sound insulation

Comparison of predicted

and measured values

The results from predicted insulation results using Dvij
from measurements are compared to measurement values.

Table 1: Global indexes for horizontal airborne sound

insulation
DnT,w+C in dB

Direct path: 56
Separating Wall

Flanking Path: 81
Fagade

Flanking Path: Wall 77

Estimated with Dvij 56
Measured values

Measurement 58

- The direct path is dominant over the flanking paths.

- The Laboratory performance RA of the double
separating wall has not been tested in laboratory. A
laboratory result from a similar wall has been used.
Differences at mid-high frequencies may be due to this

approximation.

- The precision of the theoretical method is 2 dB on
the safe side compared to the measurement.

CASE STUDY 2: Impact sound

Insulation in vertical setup.

e Direct Path: Lightweight wooden floor mounted
with a suspended ceiling (Figure 2).
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CASE STUDY 2: VERTICAL IMPACT SOUND INSULATION. Predicted and
measured values.

—4— Direct Path: Floor T
—m— Flanking path: Facade | |
—a— Flanking path: wall R
—l— Flanking path: wall
—&— Measurement

Freq Hz

Figure 12: Case Study 2. Impact sound insulation
Comparison of predicted and measured values

Table 2: Global indexes for vertical impact sound

insulation
L’nT,w in
dB
Direct Path: Floor-Floor 56
Flanking Path: Floor-Fagade 23
Flanking Path: Floor-Wall 37
Predicted result 56
Measurement 56

-> The direct path is dominant over the flanking paths.
-> Compared to the measured results, the L’nT

predicted index is a good approach.

- The laboratory performance Ln of the floor wall has
not been tested in laboratory. A laboratory result from a
similar floor has been used. Differences at mid-high
frequencies may be due to that approximation.

- The result of the theoretical method is close to the

measurement value.

CASE STUDY 3: Airborne sound Insulation in horizontal

setup.
e Direct Path: Double separating

e Ceiling and floor paths are not

wall.

important because of

high insulation values since the lightweight floors

mounted with a suspended ce

iling are independent.
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CASE STUDY 3: HORlzonTALMRBORm::I:S:sD INSULATION. Predicted and measured 5000 HZ. The differenees observed at mld-hlgh frequencies
Rl Syt A A N B S S B U B B may be due to this approximation.
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- The direct path is dominant over the flanking paths.

- The laboratory performance RA of the double
separating wall has not been tested in laboratory. A
laboratory result from a similar wall has been used.
Differences at mid-high frequencies may be due to this
approximation.

- Compared to the measured results, the DnTA
predicted index is not a good approach since the C factor
applied in the measurement is very far from the C factor
used in the prediction. This difference can be due to the
reception room which is a bathroom.

- Differences at low frequencies may be due to the
volume of the reception room which is lower than 25m’.

6 Conclusion

When predicting airborne and impact sound insulation
with the performances of the building elements for different
case studies, the direct path is dominant over the flanking
paths.

The laboratory performance RA of double separating
wall and Ln from the floor has not been tested in
laboratory. Laboratory results from similar systems have
been used; but they are limited to the frequency range 100-
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