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Field measurements of flanking sound reduction using sound intensity
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Flanking sound reduction is of great importance for the sound reduction achieved in a given situation.
However, measurement data for flanking sound reduction D,y is seldomly available for the specific
constructions that are to be used or evaluated in a building project. By using the measurement standards
ISO 10848-2 and ISO 15186-2 the flanking sound reduction can be measured with sound intensity in a field
situation. The results obtained can be used to validate product requirements, to evaluate constructions and
as input for prediction calculations. This article presents results from measurements of the intensity
normalized flanking level difference D, g1, and investigates the use of measured data for prediction
calculations using the ISO-12354 standard.

1 Introduction

The flanking sound reduction D’ is a familiar parameter for acousticians. But the intensity measured equivalent D’y ¢
seems to seldomly be mentioned or used for assessments of flanking sound reduction requirements. The parameter D’y ¢1,
the Intensity normalized flanking level difference, is defined in the standard NS-EN ISO 10848-2 [7]. The scope of the
standard is for type B building elements, when the junction between flanking element and partition wall is of small
influence and the flanking element has a low structural reverberation time. Measuring D’ ¢; is suggested for laboratory
situations where sound transmission through the construction of the test facility has a substantial influence on the test
result. This case is valid for most field measurements, where the intensity method can be used to measure sound power
radiated from the flanking element alone.

1.1 Definitions

The equation for D, ¢; can be derived from the definition of apparent sound reduction index R’ [1], where W is the sound
power incident on a separating element, W is the sound power radiated by the test element (partition between source and
receiving room) and W3 is the sound power radiated by flanking elements:
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For the flanking element, only W3 is taken into consideration in the receiving room. The first bracket in the equation is a
simplified expression for the incidental sound intensity on the separating partition between source and receiving room,
taken from diffuse field theory [1]. The second bracket is an expression for the normalized sound power radiated from
the flanking element. The equation derived for D’y is in fact the same as for the Intensity element normalized level
difference, D1, as defined in ISO 15186-1 [8].
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L,y s the average sound pressure level in the source room.

Z,n_f is the average normal sound intensity level over the measurement surface enclosing the flanking element in the
receiving room.

Sy 1s the total area of the measurement surface enclosing the flanking element in the receiving room.

Ay is the reference equivalent sound absorption area, in m?; 4o = 10 m>.

As stated in the ISO 15186-2, the correction term K, also called the waterhouse correction, is to be applied to the sound
intensity sound reduction values to be compared to the lab measured equivalent in the ISO 140 series and other standards
for sound insulation measurements. The correction term considers the boundary effects of energy density in a room [2].

K = 10lg (1 + %) 3)

8V,
Sy 1s the area of all the boundary surfaces in the receiving room.
V, is the volume of the receiving room.

A is the wavelength at the band mid-frequency.

The different sound transmission paths for a flanking element and the separating element are shown in Figure 1. The
flanking path Ff is measured in a laboratory situation to evaluate the parameter D’ ¢, and in a field situation to evaluate
the parameter D’ ¢ for elements defined as type B elements.
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Figure 1: The different flanking paths, as defined in ISO 12354-1. As stated in ISO 12354-1, the transmission path Ff is usually
dominating for lightweight constructions.

2  Measurement procedure

Measurement procedures for sound intensity field measurements of sound isolation are described in the standard
15186-2 [8]. For the results presented here a Bruel & Kjar 2270 has been used, with intensity probe 3595 and a 12 mm
spacer. The intensity probe 3595 has a phase matched 1/2"” microphone pair Bruel & Kjer 4197. The measurement system
is calibrated with Bruel & Kjer 4297. The frequency range of the measurement setup depends on the difference between
the pressure level and the intensity level, the Pressure-Intensity Index. Generally, the frequency range has been found to
be adequate for the evaluation range 100 — 3150 Hz. The best range of difference between the pressure level and the
intensity level is obtained in the range 250 — 5000 Hz.

The normal component of intensity has been measured by scanning elements with the probe approximately 10 — 15 cm
from the surface of the element, using vertical and horizontal scanning movements.



3 Measurement situations

The following chapters present measurement results for four different building elements: Facade elements, office ceiling
systems, hollow core concrete slabs and thin concrete ribbed slabs.

3.1 Facade elements

The following measurements were performed to validate the project requirement D’ s> 56 dB for the facade elements.
Evaluation was done of the solution used for the mullion connected to the partition wall, where the requirement between
rooms was as sound reduction of R’y, > 48 dB, and of the facade element as a whole. The measured values shown are for
situations where the fagade elements were continuous past the partition walls.

Using sound intensity, the sound radiated from the different parts of the facade element in the receiving room was
measured. The design of the mullion connected to the partition wall took a starting point in measurements performed in
a laboratory for another fagade system, so assessment of the requirement was necessary. In this case the solution used
was a steel sheet and heavy bitumen on one side of a mullion with dimensions 190 x 80 mm. The measurement result in
Figure 2 shows that the requirement of D, ¢w> 56 dB is met.
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Figure 2: Verification of the design principles for a mullion in a facade element, aiming to meet a sound requirement of
D’npw > 56 dB. The correction term K. is applied to the intensity measured result to compare with the lab measured result.
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Since the requirement was valid for the whole facade element, the different parts of the fagade element were investigated
for another situation where the requirement for sound reduction of R’y > 48 dB was not met. The transoms at the top and
bottom of the elements were not treated, while the glazing was of upgraded quality with laminate 66.2-16-6-16-6 in the
tested elements. The receiving room was well dampened with a sound absorbing ceiling in the measurements performed
on flanking facade elements.

Figure 3 shows the ranking of the Intensity normalized flanking level difference for the mullion at the partition boundary,
the transom at the bottom of the element, the mullion at the end of the element and the glazing in the facade element. The
glazing has been found to have a significant effect on flanking transmitted sound, which is in accordance with other
publications about flanking sound reduction for curtain wall systems [3]. As a whole the facade element is found to have
a flanking sound reduction of D’ s1= 46 dB.
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1. Mullion at the partition boundary
2. Transom at the bottom of the facade element
3. Mullion at the end of facade element, in the receiving room
4. Glazing in fagade element, in the receiving room
Figure 3: Ranking of flanking sound reduction Dy 1 for the different parts of a facade element which was continuous past the partition
wall. The correction term K. is applied to the intensity measured results for comparison with lab measured results.

3.2 Office ceiling systems

The intensity method is well suited for measuring flanking sound in modular office systems. Typical ceiling products
have values of Dy, in the range 41 — 46 dB and are sufficient for use in rooms where requirements for sound insulation
are up to about R’y, = 44 dB [4]. In the examples shown below the ceiling has a requirement of Dy sy = 43 dB, and wall

skirting is built with two 30 mm thick mineral wool panels. Light fittings, cooling- and ventilation system elements were
fitted into the ceilings.
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1. Ceiling with D, s, = 52 dB including 2 x 30 mm mineral wool panel wall skirting
2. Ceiling with D, ,, = 43 dB with incomplete wall skirting
Figure 4: An example of flanking sound reduction Dy s1 measured for ceiling systems with requirement Dnfw = 43 dB for the ceiling
panels. The correction term K. is applied to the intensity measured result to be comparable with lab measured results.

The measured values with complete wall skirting are slightly lower than the estimated Dyt values from the supplier,
which were up to Dy sw = 56 dB for the solution used in the first measurement. The technical elements fitted into the
ceiling are thought to have an influence on the measured results in this situation.

3.3 Hollow core concrete slabs

The intensity method is also tested on flanking hollow core concrete slabs, even though this building element is not of
type B defined in ISO 12354. However, the HC slab may be defined as a type B element over parts of the frequency



range. It is assumed the sound transmission paths Fd and Df cannot fully be neglected as is the case with lightweight
flanking elements.

This type of concrete slab is often used in dwellings in Norway, where the sound requirement is a sound reduction index
of R’y > 55 dB or R’y +Cso-5000 > 54 dB in the newer standard NS 8175:2019 [11]. Calculations using ISO 12354 often

yield a dominating flanking sound transmission path via the concrete slab over a light partition wall, when a floating floor
is used.
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1. HC slab continuous over light partition wall
2. HC slab supported by steel beam over light partition wall

3. HC slab mounted lengthwise with light partition wall

4. HC slab supported by 250 mm concrete partition wall
Figure 5: Ranking of flanking sound reduction Dy 1 for a hollow core slab 265 mm with different mounting conditions. The correction
term K. is not applied to the intensity measured results for concrete slabs.

As seen in Figure 5, the measured flanking sound reduction varies significantly due to the different mounting conditions
for the HC slab. In all the measured situations, the sound requirement of R’y +Cso_s000 > 54 dB was obtained. The
partition wall was upgraded in situations where flanking sound reduction was predicted to be of influence.

3.4 Solid walls and thin concrete ribbed slabs in existing buildings

For surveying existing buildings that are to be transformed or rehabilitated, the intensity method can be used to obtain
information about the flanking sound conditions for new partition walls or new requirements that are to be fulfilled. In
the example below, new partition walls with requirements R’, > 44 dB are to be placed on a thin concrete ribbed slab,
with a masonry flanking wall on one side of the partition wall.
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Figure 6: Measured flanking sound reduction Dy 1 for a masonry wall and concrete ribbed slab. The correction term K. is not applied
to the intensity measured results for concrete slabs.



4  Use of measurement results for prediction calculations

The measured values of D, r1 are combined with the measured apparent intensity sound reduction index for the partition
walls, R’;. With these input values a simplified calculation is done for R’y using formula 18 in ISO 12354-1 [9], to be
compared with the in-situ measured R’ [10].

The correction term K. is calculated from the receiving room dimensions and has been found to be neglectable for
frequencies from about 500 Hz and upwards. It is found that application of the correction term K. in some cases has
produced a systematic overestimation of the weighted sound reduction index, whilst its omission produces a small
systematic underestimation [2].

In the calculations shown below, only the sound reduction for the dominating flanking element and the partition wall are
included. The assumption is made that other flanking sound transmission paths are neglectable.
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Figure 7: Comparison of calculated sound reduction R’w, from the performance of elements, with in-situ measured R’w.
1. Between rooms with flanking facade element, as presented in chapter 3.1. 2. Between rooms with flanking ceiling system, as
presented in chapter 3.2.

The conformity between measured and calculated R’y is high, especially for the ceiling system. For calculations of R’y
between rooms with a flanking fagade system it is suspected that there are other flanking elements that influence the
measured result, but the weighted sound reduction index is found to be of the same value as measured. In both situations
the correction term K. gives a slight overestimation of the sound reduction index.
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Figure 8: Comparison of calculated sound reduction R’v, from the performance of elements, with in-situ measured R’y. 1. Between
rooms with flanking Hollow core concrete slab, as presented in chapter 3.3. 2. Between rooms with flanking concrete ribbed slabs, as
presented in chapter 3.4.

The calculations where concrete slabs are the flanking elements show less conformity and underestimate the measured
sound reduction R’y, in both cases. It should be noted that the measurements with flanking concrete slabs were performed
in rooms without sound absorptive ceilings, and that this can be a source of error due to the reverberant fields influence



on the measurement results [S5]. The concrete slabs cannot be fully classified as type B elements, and structural
connections with the partition wall can also be a source of error.

5 Conclusion

Use of the intensity method to evaluate flanking sound transmission in lightweight elements such as office ceiling systems
and fagade elements has been found to give good conformity when using the measured results to calculate the sound
reduction index R’y. For these types of building elements, the method is therefore useful to assess requirements for
flanking sound reduction, to verify design concepts and to evaluate solutions for improving flanking sound reduction for
weak elements.

In accordance with other literature [2], the addition of the waterhouse correction in prediction calculations with intensity
measured values has been found to give an overestimation of the sound reduction index with 1 — 2 dB for lightweight
elements. The correction term K. results in higher sound insulation values in the lower frequencies, where measurement
uncertainty is at its highest. For the purpose of prediction calculations using intensity measured values, it is suggested to
omit K. to avoid overestimations.

The use of intensity measurements on flanking concrete slabs is useful to compare the different mounting conditions but
is found to underestimate prediction calculations of the sound reduction index. Further investigation into the possible use
of intensity measured data for type A flanking elements will be necessary to be able to give reasonable predictions of the
sound reduction index. For these type A elements, it is relevant to use the vibration reduction index [6] for evaluation of
flanking sound transmission.
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