
 

 

 

 

  1 

ESTIMATING THE SABINE ABSORPTION COEFFICIENT OF 
FIBROUS MATERIALS FOR VARIOUS BACKING CONDI-
TIONS 

Cheol-Ho Jeong 

Acoustic Technology, Department of Electrical Engineering. Technical University of Denmark, Denmark 

email: chj@elektro.dtu.dk 

Since absorber manufacturers cannot provide the absorption coefficients for all possible mount-

ing conditions, acousticians have difficulties knowing the absorption characteristics of their own 

configurations. This paper aims to predict the Sabine absorption coefficient for various mount-

ing conditions by extracting the air flow resistivity of the test specimen and the frequency-

dependent effect of the chamber on the measured absorption coefficients. Two homogeneous fi-

brous absorbers are measured for experimental validation, showing good agreements between 

the predictions and measurements. 
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1. Introduction 

Fibrous ceiling absorbers are often backed by an air cavity depending on required low frequen-

cy acoustic demands because they generally have insufficient absorption at low frequencies when 

mounted directly on a rigid surface [1]. The overall depth of the ceiling system including the ab-

sorber is found to vary from 20 to 100 cm in 17 Swedish classrooms [2]. However, the absorption 

characteristics of commercial products are presented for a few mounting conditions in their product 

database, as ISO 354 absorption measurements [3] for various mounting conditions can easily take 

a lot of time and effort. Therefore, the aim of this paper is to predict the absorption property of ho-

mogeneous fibrous materials for many air backing conditions from absorption measurement data 

performed with a given backing condition. Such a numerical procedure is a good compromise be-

cause users can predict the absorption of any air backing conditions chosen for their own purposes. 

The Sabine absorption coefficient [4], αSab, is the statistical absorption coefficient deduced 

from reverberation time measurements via the Sabine equation in accordance with ISO 354. The 

calculation of αSab is based on the diffuse field assumption. However, actual measurement condi-

tions violate the diffuse field assumption, particularly when a highly absorbing specimen is in-

stalled, due to a non-uniform surface absorption distribution [5]. αSab is also known to vary with the 

specimen size due to diffraction by the specimen edge [6-8]. Many round robin tests reported a poor 

inter-chamber reproducibility, indicating that αSab depends largely on the reverberation chamber [9-

11]. Some chambers systematically overestimate, while others underestimate the absorption coeffi-

cient. Therefore, translating αSab between test chambers is a nearly impossible task without knowing 

the exact diffuseness conditions. In this regard, the main scope of this study is limited to predictions 

of αSab for other mounting conditions, as if the same material is measured in the same chamber. The 

most practical application of the suggested method is to predict the absorption coefficients for other 

air backing or other thickness cases with known absorption data for a given mounting condition. 

Several conversion methods between acoustical properties have been suggested [12-14]. [12-

14]Recently Jeong proposed a method to inversely estimate the surface impedance and flow resistivity 

from αSab based on an equivalent fluid model to estimate the random incidence absorption coeffi-
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cient [13]. A similar conversion method was used to investigate the reproducibility of the converted 

random incidence absorption coefficient using a frequency-independent room factor [14]. This 

study introduces a new frequency-dependent diffuseness factor to extract the flow resistivity of the 

test specimen from an arbitrary mounting condition.  

2. Porous absorption model 

Throughout the study, the material production variability is assumed to be negligible. The basic 

assumption is that one can accurately predict αSab with two independent corrections: a finite size 

correction and room’s diffuseness correction [14]. The former correction can account for edge dif-

fraction from a finite specimen, whereas the latter can account for the inter-chamber variation in 

αSab shown in the round robin tests [9-11]. The room’s diffuseness correction can include many fac-

tors, e.g., room geometry and diffuser setting, mounting and frame around the sample, and meas-

urement method, etc.
14

 The main challenge concerning the diffuseness correction is that there are no 

well-established methods to compensate for the individual diffuseness condition, and therefore a 

frequency-independent correction was initially suggested in Ref. [14]. This frequency-independent 

correction, however, is a crude approximation because the diffuseness varies with frequency and the 

absorption characteristic of the specimen. In this study, a frequency-dependent diffuseness correc-

tion is suggested based on recent round robin data [10], which is assumed to hold good for porous 

materials.  

The frequency dependence of the inter-chamber variation in αSab is extracted from a recent 

round robin test, where 2 porous specimens were measured in 13 reverberation chambers.
10

 The 

mean and standard deviation (STD) of αSab are calculated from the 13 measurements in each third 

octave band in Figs. 1(a-b). The inter-chamber STD indicates how much the chamber biases the 

absorption measurement, on average. STDs of two quite different porous absorbers differ largely at 

low frequencies in Fig. 1(b) [10, 14], mainly because αSab differs a lot in Fig. 1(a). When STD is 

normalized by its mean αSab, the relative standard deviations (RSDs) for the two absorbers become 

quite similar in Fig. 1(c). These two RSDs are averaged and named RSD(f), which serves as a pre-

defined frequency-dependent trend of the chamber’s influence on the measured absorption of po-

rous absorbers. With this newly suggested correction, the flow resistivity as a material property of 

the sample is extracted (Step 1 in Sec. 2.1). Then, the absorption coefficient for another mounting 

condition is predicted via Miki’s model and the same diffuseness correction based on the extracted 

flow resistivity information (Step 2 in in Sec. 2.2). 

 
Figure 1. (a) αSab averaged over the chamber,

10
 (b) Inter-chamber STD of αSab, (c) RSD of αSab. 

2.1 Step 1: Extracting the flow resistivity based on an equivalent fluid model 

The flow resistivity, σ, is one of the most important material parameters to estimate the absorp-

tion of fibrous absorbers. The best known equivalent fluid model is the model of Delany and Bazley 

[15], with a number of modifications available.
16

 In this study, the model of Miki [16] is consistent-

ly used, which was constructed based on Delany-Bazley’s data in a limited frequency range be-
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tween 0.01σ and σ. Once the characteristic impedance, Zc and the propagation constant, kt are com-

puted by Miki’s model, the surface impedance for oblique incidence is expressed as [17]  
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where θ is the incidence elevation angle, k is the wavenumber in air, kx is the normal component 

of the transmitted wavenumber kt (kx  2 2 2sintk k   ), and d is the absorber thickness. For a rigid 

backing, Z|x=d = ∞. For an air cavity backing, Z|x=d =  / cot( cos )o o o x o oj c k k k d  , where do is the air 

cavity depth.  

To predict αSab, a size- and room- corrected absorption coefficient, αsize&room, was suggested 

[14, 18], which assumes a frequency-independent effect of the chamber on the measured absorption 

as follows:  
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Here,  ,rZ f   is the average radiation impedance of a finite specimen over the azimuth angle
18

 

and αroom is the frequency-independent room factor. A new frequency-dependent correction is intro-

duced as 
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Here,        /size sizeRSD f f RSD f f     means the normalized, predefined, frequency-dependent 

effect of the test chamber on the measured absorption, with   being the average over the frequency 

of interest. Therefore, αdiff is interpreted as a single-valued overestimation or underestimation by the 

test chamber based on the frequency-dependent correction, which is an equivalent concept to αroom 

in Eq. (2). To find the optimal σ and αdiff (or αroom), the error function to be minimized is defined as 

the summation of the absolute difference between αSab and αsize&diff (or αsize&room) over the frequency 

range as follows: 
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One can directly minimize the error function as performed in Ref. [14] or simply explore the er-

ror distribution for a typical range of σ and αdiff. The latter approach is chosen in this study to clearly 

visualize the error distribution. 

2.2 Step 2: Estimating αsize&diff  for other mounting conditions 

Once the flow resistivity value that minimizes the error function is found, αsize&diff for another 

mounting condition is predicted according to Eq. (3). First, Zc and kt are estimated by Miki’s model, 

and then a new surface impedance is estimated by Eq. (1). Note that the correct backing impedance, 

Z|x=d, for the new mounting condition should be computed.  

3. Ecophon Industry Modus 

Ecophon Industry™ Modus was a 10 cm thick glass wool absorber with a density of 26.5 kg/m
3
. 

Its flow resistivity was measured to be 12.9 kNsm
-4

 according to ISO 9053 [19] by Matelys and 

10.9 kNsm
-4 

by Ecophon. Two mounting conditions were measured in a rectangular reverberation 

chamber of a volume of 214 m
3 
with six panel diffusers (Chamber 1): Rigid backing (Rigid) and 10 

cm air cavity backing (Cavity). The measured absorber size was 10.8 m
2
. The 1/3 octave bands used 
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for the optimization range from 125 Hz to 5 kHz, as the 100 Hz band is excluded due to a low value 

of its flow resistivity and the respective limitation of Miki’s model. 

Four contour plots of the error function are shown in Fig. 3. From Rigid1 condition, (σ, αroom) 

are found to be (16.4 kNsm
-4

, 0.045) with the frequency-independent correction, whereas the opti-

mum parameters, (σ, αdiff), are (12.6 kNsm
-4

, 0.040) with the frequency-dependent correction shown 

in Figs. 3(a-b). In Figs. 3(c-d), the optimized parameters from Cavity1 condition are (σ, αroom) = 

(26.4 kNsm
-4

, 0.085) and (σ, αdiff) = (9.6 kNsm
-4

, 0.050), respectively. Note that the optimized val-

ues are global minima in the typical σ and αdiff range in Fig. 3. The σ prediction with αdiff agrees bet-

ter with the measured σ of 12.9 kNsm
-4

 or 10.9 kNsm
-4 

than that with αroom. Based on the optimized 

sets of (12.6 kNsm
-4

, 0.04) and (9.6 kNsm
-4

, 0.05) extracted from Figs. 3(b,d), αsize&diff and αSab are 

compared in Fig. 4. The absolute differences between αsize&diff and αSab per frequency band for Rig-

id1 and Cavity1 condition are smaller than 0.04.  

Considering the fact that the flow resistivity values of fibrous materials vary from 2 kNsm
-4

 to 

200 kNsm
-4

 [20], the present study investigates a relatively low flow resistivity example. There are 

several cautions when applying the proposed prediction. First, some absorber manufactures present 

only the practical absorption coefficient, αp, averaged in the octave band, approximated in steps of 

0.05, and truncated in order not to exceed unity. Therefore, the correct shape of the absorption coef-

ficient may not be preserved in αp, and thus αSab is preferred to αp. If absorber manufacturers can 

provide the flow resistivity, the flow resistivity does not need to be optimized. Second, absorption 

predictions for absorbers having higher flow resistivity values are expected to be less accurate. For 

example, Miki’s model is not sufficiently accurate below 0.01σ [21], which amounts to 500 Hz for a 

flow resistivity of 50 kNsm
-4

. Accordingly, some low frequency absorption data should be discard-

ed for the optimization process, which includes the most notable and useful difference between the 

two different backing conditions. Another porous absorber example with a high flow resistivity can 

be found in [22]. 

4. Conclusion 

This study deals with a simple numerical prediction method of the Sabine absorption coefficient 

for homogeneous fibrous materials from one to other mounting conditions. From the measured Sab-

ine absorption data for a given mounting condition, one can extract the flow resistivity of the test 

specimen and the frequency-dependent diffuseness correction term, and then re-calculate αsize&diff 

for other mounting conditions. The fibrous absorber example shows that the prediction error is no 

larger than 0.04.  

 
Figure 2. Sabine absorption coefficients of Ecophon Industry

TM
 Modus. 
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Figure 3. The error function in Eq. (4) by varying the flow resistivity and diffuseness factor. 

(a) Rigid1 with αroom, (b) Rigid1 with αdiff, (c) Cavity1 with αroom, (d) Cavity1 with αdiff. 

 
Figure 4. A comparison between αsize &diff and αSab for Industry

TM
 Modus.  

(a) Conversion from Rigid1 to Cavity1 (σ , αdiff)=(12.6 kNsm
-4

, 0.04),  

(b) Conversion from Cavity1 to Rigid1 (σ , αdiff)=(9.6 kNsm
-4

, 0.050). 
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