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With increasing efforts to lower the carbon footprint of the construction sector, demand for economically 

efficient and high-quality wood construction solutions has grown. However, wooden constructions often 

suffer from problems related to their acoustic performance. One of the key issues is the relatively poor 

impact sound insulation of wooden floor constructions particularly at low frequencies. This hinders the 

applicability of wooden floor constructions in acoustically demanding environments such as apartment 

buildings. Another major factor is the dispersion of sound insulation measurement results, even between 

nominally identical floor constructions. The aim of the PuuHyVä project is to improve the economical and 

material efficiency of wood-based floor constructions and improve the design methods of said 

constructions. As a sub-project of PuuHyVä, field measurements of impact and airborne sound insulation 

of several floor constructions were done. The buildings where measurements were carried out were finished 

between 2017-2024, with one site being still under construction. The purpose of this paper is to analyse the 

results of these measurements, and via Monte Carlo simulations, their measurement uncertainty. 

1 Introduction 

One of the key methods of reducing the environmental impact of the construction sector is replacing carbon intensive 

materials (such as concrete) with materials with a smaller carbon footprint, for example wood and other bio-based 

materials. However, the acoustical performance of wooden constructions is a factor that limits their application [1]. This 

is particularly true for wooden floor constructions and their impact sound insulation, which often is the quantity that ends 

up determining the necessary structural layers [2]. Another factor is the significant dispersion of sound insulation 

measurement results [1], even when examining nominally identical floor constructions [3–6]. 

In this study, the uncertainty of individual sound insulation measurements of wooden floor constructions is examined 

using a Monte-Carlo approach. The Monte-Carlo method is used to estimate the value of a quantity when its variables 

receive random values over a given domain. A single Monte-Carlo simulation involves calculating the value of the 

quantity by selecting a random value for each of these variables from their respective domains. By simulating a number 

of different iterations, a probability distribution of the original quantity of interest can be derived [7]. Here, the quantities 

of interest are the single number quantities of airborne and impact sound insulation of wooden floors, which are 

determined using the reference curve methods of the ISO 717 series [8,9]. The Monte-Carlo method is well suited for 
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estimating the deviation of these quantities. A similar study was carried out for concrete floor constructions by Kylliäinen 

et al. [10]. 

This study and the measurements of impact and airborne sound insulation were carried out as part of the PuuHyVä -

project, whose aim is to study wood and wood-hybrid floor constructions and their performance, including sound 

insulation. The purpose of this study is to examine the uncertainty of these measurements. Due to the limited amount of 

measurement data, and since there are a wide range of different wooden floor constructions (e.g. CLT, box slab, joist 

supported, wood-concrete hybrid etc.) with varying characteristics, it is not the goal of this study to examine the 

measurement uncertainty of wooden floor constructions in general. Instead, the focus will be on the measurement 

uncertainty of these individual in-situ measurements, which may or may not be indicative of problems with wooden floor 

constructions at large. 

2 Materials and methods 

2.1 Measurements of impact and airborne sound insulation 

For this study, measurements of airborne and impact sound insulation were carried out for four different floor 

constructions in four different buildings.  Each of the floor constructions was a wood or wood-hybrid floor construction. 

The structural layers of these floors are presented in Tab. 1. 

Table 1: Properties of the measured floor constructions. 

A B C D 

School / nursery school Residential building Residential building Residential building 

- Floor covering 

- Pumpable floor screed 

- Floor gypsum board 15 

mm 

- Floor gypsum board 15 

mm 

- LVL-rib slab 474 mm 

with mineral wool 100 mm 

between joists 

- Resilient steel channel 25 

mm c/c 300 mm 

- Gypsum board 15 mm 

- Gypsum board 15 mm 

- Floor covering 

- Concrete 50 mm 

- Resilient EPS layer 30 

mm 

- CLT 180-220 mm 

- Wooden battens 50x50 

mm c/c 600 

- Resilient steel channel 25 

mm c/c 300 mm 

- Gypsum board 15 mm 

- Gypsum board 13 mm 

- Floor covering 

- Cement screed 40 mm 

- Resilient layer 30 mm 

- OSB board 18 mm 

- LVL joists 51 x 260 mm 

c/c 400 mm 

- Wooden battens 25x100 

mm c/c 400 mm 

- Elastomer vibration 

isolators > 30 mm 

- CLT 80 mm 

- Floor covering 

- Cement screed 40 mm 

- Resilient layer 30 mm 

- CLT 160 mm 

- Air cavity 125 mm with 

mineral wool 50 mm 

- Concrete slab 200 mm 

 

 

The measurements of airborne and impact sound insulation were carried according to the ISO 16283 standard parts 1 and 

2 [11,12]. However, to facilitate the Monte-Carlo analysis an increased number of sound pressure level (SPL) and 

reverberation time measurements were carried out. The minimum required number of measurements for impact sound 

insulation involves choosing four tapping machine positions in the sending room and two measurements of impact sound 

pressure level per tapping machine position [12]. In this study, six tapping machine positions were used with four SPL 

measurements per tapping machine position. For airborne sound insulation, the minimum number of measurements 

requires two speaker positions in the sending room. Then, using fixed microphone positions, five measurements of sound 

pressure level per speaker position are taken both in the receiving and sending rooms [11]. In this study, the number of 

SPL measurements per speaker position was increased to six in each room. 

For both impact and airborne sound insulation the reverberation time and background noise level of the receiving room 

are measured. The minimum number of measurements involves a single speaker position with six measurements of 
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reverberation time [11,12] and a single background noise measurement. In this study, the number of reverberation time 

measurements was increased: two speaker positions were used, with 10 measurements per speaker position. 

2.2 Monte Carlo simulations 

To examine the deviation of the sound insulation measurement results, several Monte Carlo simulations were carried out. 

Each simulation involved taking a set of measurement results that corresponds to the minimum required number of 

measurements according ISO 16283-1 [11] for airborne sound insulation or ISO 16283-2 [12] for impact sound insulation. 

For example, in the case of impact sound insulation, a minimum of 8 SPL measurements is required. With the number of 

measurements carried out, 19 440 viable combinations of SPL measurements could be selected. For airborne sound 

insulation, the number of viable combinations of SPL measurements was 1296. For reverberation time the number of 

viable combinations was 20. 

The standardized level difference DnT and standardized impact sound pressure level L’nT were calculated for each Monte 

Carlo simulation according to the default procedures of ISO 16283-1 and ISO 16283-2 [11,12]. The single-number 

quantities DnT,w and L’nT,w were also determined according to ISO 717-1 and ISO 717-2 [8,9]. The single-number 

quantities were determined using the default procedure to a precision of 1 dB. Standard deviations were calculated for 

both the 1/3-octave band values of DnT and LnT as well as the single-number quantities. 

In some of the measurements, even more measurements were carried out than what was required for the Monte Carlo 

simulations. In these cases, the additional measurements were disregarded to make the simulations for all the floor 

constructions comparable. For example, if five impact sound pressure level measurements instead of four were taken per 

tapping machine position, only the first four were used in the Monte Carlo simulations. 

For floors B and D some of the reverberation time measurements lack a result at the 50 Hz 1/3-octave band, and thus the 

Monte Carlo simulations for these floors produce result sets where the 50 Hz result cannot be calculated. For floors B and 

D, therefore, the average of DnT and L’nT could not be calculated at 50 Hz. The minimum and maximum simulated values 

are still presented in all cases. 

3 Results 

The measurement results calculated using the default procedures of ISO 16283-1 and ISO 16283-2 are presented in Fig. 

1. 

  

Figure 1: Airborne and impact sound insulation results using the default procedure for the entire data sets. 

The results of the Monte Carlo simulations for airborne sound insulation are shown in Fig. 2. The simulation results for 

impact sound insulation are shown in Fig. 3. Figures 2 and 3 show the minimum and maximum values across all 

simulations, the arithmetic average of the simulated results and the standard deviation of the simulations. 
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Floor A Floor B 

  

Floor C Floor D 

  

Figure 2: Airborne sound insulation, results of the Monte Carlo simulations. The grey lines show the minimum and 

maximum simulated values. The solid black line is the arithmetic average of the simulated results, and the bars show the 

standard deviation. 
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Floor A Floor B 

  

Floor C Floor D 

  

Figure 3: Impact sound insulation, results of the Monte Carlo simulations. The grey lines show the minimum and 

maximum simulated values. The solid black line is the arithmetic average of the simulated results, and the bars show the 

standard deviation. 

The average of the simulated single number quantities and their standard deviations are shown in Tab. 2 for each floor 

construction alongside the measurement result determined according to the default procedures of the ISO standards 

using the entire data set. 

Table 2: Measured and simulated single number quantities. 

Floor 

DnTw L’nTw 

Measured Simulated Measured Simulated 

Average STD Average STD 

A 64 dB 63.9 dB 0.6 dB 52 dB 51.6 dB 2.4 dB 

B 58 dB 57.7 dB 0.5 dB 40 dB 40.4 dB 2.4 dB 

C 56 dB 55.5 dB 0.5 dB 44 dB 44.1 dB 0.3 dB 

D 64 dB 63.7 dB 0.5 dB 43 dB 42.6 dB 0.6 dB 
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4 Discussion 

From Figs. 2 and 3 it is apparent that the deviation of the airborne sound insulation simulations is significantly lower than 

the deviation of the impact sound insulation simulations. From Fig. 2, the dispersion of airborne sound insulation 

simulations is largest in the low frequencies (< 200 Hz). For floors A and B, the dispersion of the simulation results grows 

again above 1000 Hz. 

In the case of impact sound insulation (Fig. 3), major dispersion can be seen in the low- and mid-frequencies. Öqvist et 

al. [5] found previously that, for nominally identical wooden joist floors, the dispersion of impact sound insulation 

measurements grew with increasing frequency. In their study, different room layouts and small structural changes affected 

the dispersion of the results. Here, the mid-frequency deviations appear to be caused by the choice of tapping machine 

position. From the measurement data it was clear that there were large differences in measured SPL values between the 

tapping machine positions, particularly so for floors A and B. Floor A is a joist supported floor (Tab. 1), and thus 

anisotropic. For joist supported floors, the force excitation produced by the tapping machine can be affected by whether 

the tapping machine is placed on the floor joists or between them [13]. Floor B however is a CLT floor with a floating 

concrete floor (Tab. 1). The tapping machine excitation for a CLT floor should be less affected by the position of the 

tapping machine than for a joist floor [13]. Additionally, the floating concrete slab of floor B can be considered isotropic. 

It is therefore likely that an error in the construction of the floating floor is the cause of the mid-frequency dispersion for 

floor B. Constructions C and D both have either a mechanically disconnected massive concrete slab or a CLT slab on the 

underside of the floor, which is likely the reason these floors don’t have the same mid-frequency dispersion as floors A 

and B. 

In the low frequencies a source of uncertainty could be the non-diffusivity of the room sound fields. It has been previously 

found, that room dimensions have an effect on the measured sound insulation between rooms due to non-diffuse behaviour 

at low frequencies [6,14–17]. The Schröder frequency [18,19] describes the frequency above which a room’s sound field 

can be considered diffuse. The calculated Schröder frequencies for the receiving rooms were 121 Hz, 175 Hz, 196 Hz and 

171 Hz for floors A, B, C and D respectively. For the simulations of airborne sound insulation, the Schröder frequencies 

roughly coincide with a decrease of the dispersion of simulated results (Fig. 2). For impact sound insulation, for floors A 

and B it is difficult to say if the dispersion starts to decrease around the estimated Schröder frequency due to the mid-

frequency dispersion from floor anisotropy and potential construction flaws. However, for floors C and D the decrease in 

dispersion above the Schröder frequency is visible (Fig. 3). 

The deviations of the single number quantities DnT,w and L’nT,w are presented in Tab. 2. The averages of the simulations 

are close to the measured values. The standard deviations are smaller for DnT,w than for L’nT,w, which is in line with the 

results from Figs. 2 and 3. For DnT,w, the standard deviations of the simulations are 0.5-0.6 dB, and for L’nT,w 0.3-2.4 dB. 

5 Summary 

A series of airborne and impact sound insulation measurements were carried out for four different wood or wood-hybrid 

floor constructions. The floor constructions consisted of a LVL rib-slab floor, a CLT floor, a rib-slab and CLT hybrid 

floor and a CLT-concrete hybrid floor. Three of the measurements were carried out in residential buildings, and one in a 

school building. In order to study the uncertainty of these measurements, a Monte Carlo analysis was conducted, and the 

dispersion of the simulated results was examined. 

The results of the Monte Carlo analysis show that the dispersions of the simulations of airborne sound insulation were far 

lower than those of impact sound insulation simulations. Impact sound insulation simulations suffer from large dispersion 

both in the low- and mid-frequency ranges. The low frequency deviations are likely due to non-diffuse sound fields in the 

receiving rooms. In the mid-frequencies, the dispersion of the impact sound insulation measurements appears to be due 

to the choice of tapping machine positions. Certain positions produced far lower sound pressure levels in the receiving 

room. The effect was particularly prevalent for the anisotropic rib-slab floors. For the more homogeneous CLT and CLT-

hybrid floors the dispersion at mid-frequencies was significantly lower than for the rib-slab floors. 

The dispersions of the single number quantities DnT,w and L’nT,w are in line with the 1/3-octave band simulation results. 

The standard deviation of the simulated DnT,w values was 0.5-0.6 dB, while the STD of the simulated L’nT,w values was 

between 0.3-2.4 dB. 
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