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As urban development accelerates, the need for correct early-stage acoustic design choices become critical. Even materials 
traditionally considered “non-absorptive”, such as concrete and glass, exhibit small but measurable acoustic effects, in 
rooms where such hard materials dominate. While much data on absorption coefficients is available through textbooks, 
it is essential to acknowledge significant limitations in these sources. Three main challenges stand out: (1) most data 
predates measurement standards, introducing major uncertainties due to insufficient descriptions of materials, test 
methods, and setups; (2) sources often reference each other, reducing the apparent quantity of available data; and (3) 
definitions of absorption units and absorption coefficients are unclear, making it difficult to interpret the reported values, 
simply leading to incorrect use of data. In response to these challenges, FORCE Technology is developing a database of 
absorption coefficients for generic building materials. This database should work as a database for validated absorption 
data. This paper serves both as a benchmark of current knowledge and as a statement on where additional research 
investment is essential.  

1 Introduction 

In well-executed building projects, room acoustic design takes place at an early design planning stage, where decisions 
regarding geometry, surface finishes, and material choices are made. At these stages, acoustic predictions rely heavily on 
calculations that require realistic material input data. While sound-absorptive elements such as suspended ceilings or 
acoustic panels are often well-documented, the majority of surfaces in real buildings consist of hard, generic materials - 
concrete, brick, plaster, glass, and similar finishes - that are selected for other purposes than for their acoustic performance.  

Although only to a limited extent, these materials influence room acoustics through their absorption, diffraction, and 
scattering properties. In spaces dominated by such hard surfaces, even very low absorption coefficients can cumulatively 
affect reverberation time, speech intelligibility, and other spatial acoustic parameters. Consequently, paying too little 
attention to the data used for such surfaces may result in inaccurate predictions and unsatisfactory design outcomes.  

Designers, consultants and software libraries typically look to textbooks and handbooks for absorption coefficients on 
hard materials. However, these data are often reused without critical examination, which through this study has proven to 
be rather problematic due to critical limitations in the reliability of the data. This paper addresses the fundamental 
problems encountered when applying such data and presents a systematic attempt to consolidate and validate available 
sound absorption coefficients. 



   

2 Challenges from available data 

The following subsections outline five principal limitations in widely available absorption coefficient data identified 
through this literature study. These limitations primarily originate from older reference sources but are not confined to 
these. Newer publications - including textbooks, articles and software libraries - continue to rely on and carry forward 
data from these earlier sources. This can be attributed to several factors: 

1) The influence of absorption of hard materials is frequently considered as being of small importance, since 
absorption of such materials is low and the materials are used in buildings for functional or structural purposes 
rather than for their acoustic properties, and 

2) absorption coefficient measurements for generic hard materials are rarely executed or updated, as laboratory 
measurements are comprehensive to conduct and typically not of strong enough interest. 

Consequently, rather than correcting previous inaccuracies, these limitations are inherited in the input data for models 
and calculations, potentially leading to inaccuracies and unreliable results, that can be problematic. 

2.1 Lacking description of test material, test method and test setup 

Many textbooks, notes and articles on room acoustics provide tables of absorption coefficients for a wide range of 
materials. This range of materials covers building materials that are typically used in Danish buildings and that are rarely 
available through manufactures. These tables therefore come in handy when designing buildings using simulation 
programs and the data appears seemingly valid to use as it is tabled in these trusted sources. However, approaching these 
tabled absorption coefficients from a more critical point of view, there is little to no documentation of the laboratory tests 
on which these tabulated absorption coefficients are based [4].  

To begin with, details regarding the test specimens and the laboratory setup are absent. As a reader, one is therefore left 
to infer solely from the material name what the data actually represents. In certain cases, a material name like concrete 
may appear as a sufficient material designation and supplementary information related to surface finish is also not entirely 
absent; for instance, concrete could be listed in tables as oil painted concrete or plastered concrete [4]. However, for 
other generic material categories, such as doors, there is often a lack of description of the surface structure or surface 
finish, with the only information provided in the best case that the door is made of solid wood[1].  
 
Common to both examples – concrete and doors – is the absence of any description of how the measurements were carried 
out, including mounting condition, test setup and test method. All three aspects constitute essential information for 
understanding and interpreting the reported data. As a result, any single data source carries substantial uncertainty 
regarding its validity, reliability and applicability.  

2.2 Identical data 

In some cases, textbooks and notes on room acoustics list identical absorption coefficients for materials that are similar 
but not identical in their material designation. In these cases, and where no reference to the original source or measurement 
is provided, it seems reasonable to assume that such identical data originates from the same reference source. 
Consequently, materials that initially appear to be well-documented through a large number of individual reference 
sources may in fact rely on a much smaller number of actual measurements, thereby reducing their statistical strength.  

Given that the value of these older datasets relies strongly on the number of contributing sources, this represents a further 
significant limitation of the available absorption data for generic building materials and introduces additional uncertainty.  

2.3 Reference sources from before the first standard 

The first ISO standard for laboratory measurements of sound absorption in a reverberation room was published in 1985 
[6]. It has since been revised a couple of times, most recently in 2003, which remains the currently applicable standard 
[3]. Prior to 1985, no standardized method for measuring sound absorption existed.  
 
Nevertheless, many widely used reference sources predate 1985 [1,2,5,7,8,9]. Moreover, due to the “identical data” 
limitation described in the previous section, much of the data cited in sources published after 1985 refer back to these 
older reference sources. Consequently, the absorption coefficients reported in these sources were obtained before the 
establishment of a standardized measurement procedure giving rise to substantial uncertainty regarding the measurement 



   

conditions and protocols under which the data were acquired. When combined with limited documentation and a lack of 
detailed descriptions of the applied test methods, test setups, and room conditions, this results in significant uncertainty 
in the reported sound absorption properties of the materials. 

2.4 Terminology and table descriptors  

In some reference sources, tabulated values are presented without clear specification of the reported quantity, and it is not 
consistently stated whether the values represent sound absorption coefficients or equivalent sound absorption area. In 
other sources, table headers and value descriptors are explicit, yet appear inconsistent with the magnitudes of the values 
reported.  
 
An example of this problem is found in Architectural Acoustics by Vern O. Knudsen (1932), where absorption data for a 
wide range of materials are reported [7].  Pages 198-224 comprise a series of tables identified with individual table 
numbering and headings, all grouped under the section title “Tabulated results on coefficients”. Moreover, the column 
headers of each table state “Sound-Absorption Coefficients”. Ambiguity arises, for example, in Table XIX (pp. 223-224), 
where absorption coefficient octave-band values for “audiences, individual persons, chairs, and other objects” typically 
exceed 2 and up to 7 in value. Such magnitudes strongly suggest that the values represent equivalent absorption area 
rather than absorption coefficients.  

As indicated by this example, the issue is not particularly critical when the distinction can be inferred from the magnitude 
of the values, despite ambiguous table definitions. However, the problem becomes more pronounced when reported values 
are of a magnitude that could plausibly belong to either category.  

2.5 Absorption coefficients reported as 1/3-octave band values 

Finally, some reference sources report absorption coefficients in 1/1-octave bands and others in 1/3-octave bands. This 
does not in itself necessarily introduce additional uncertainty; however, it does limit the amount of available data, as 
absorption coefficients reported in 1/3-octave bands cannot be considered directly valid for application where 1/1-octave 
band data is required.  

Attempts to convert absorption coefficients from 1/3-octave bands to 1/1-octave bands are inherently problematic, as 
energy gets filtered out between bandwidths due to the band-filtering process. As a result, aggregating 1/3-octave band 
data into 1/1-octave bands leads to underestimated and erroneous 1/1-octave absorption coefficients. Such converted 
values therefore do not provide a reliable representation of the true absorption performance of the given material.  

3 The αEAR database 

As a consequence of these limitations in data validity and reliability found through this literature study and reported in 
this paper, it is considered appropriate to compile a database of absorption coefficients for hard generic materials 
commonly used in the build industry. This database relies on transparency and is validated and founded on a combination 
of experience and the statistical strength derived from absorption coefficients obtained from many independent reference 
sources.  

3.1 Method for obtaining 

The 𝛼EAR coefficients are derived as the mean of the collected absorption coefficients, reduced by the two-sided 95 % 
expanded uncertainty. Given the substantial uncertainties associated with absorption coefficient measurements reported 
in many reference sources and recognizing that the primary strength of the dataset lies in the size of the dataset rather 
than in the precision of individual measurements, the arithmetic mean is selected as the central estimator.  

To further account for the inherent uncertainties in the data, the two-sided 95 % expanded uncertainty is subtracted from 
the mean value. This procedure yields a conservative estimate of 𝛼EAR, thereby reducing the risk of overestimating sound 
absorption in practical applications. Consequently, the derived coefficients provide robust and reliable input parameters 
for calculations, ensuring realistic predictions of room acoustic performance with adequate safety margins.  



   

Where identical data has been identified, only one instance of identical data has been used in determining the 𝛼EAR values. 
All excluded references are explicitly documented in the reference tables for each generic material category in order to 
enhance database transparency. 

3.2 Generic materials included in 𝜶EAR database  

The 𝛼EAR database currently contains validated absorption coefficient data for the following materials, categorized as 
generic materials and generic objects: 

 Hard floors (e.g. concrete, wooden floors on concrete, or tiles) 
 Hard floors on studs (e.g. wooden floors on joists) 
 Carpets (e.g. Axminster carpet or needlefelt flooring) 
 Hard walls (e.g. concrete, brick, gypsum without an air gap) 
 Hard walls with an air gap (e.g. gypsum with a cavity behind) 
 Windows (e.g. 3 mm glass; single glazing or double glazing with 10–30 mm spacing) 
 Doors (e.g. solid wood doors) 
 Chairs (e.g. Wiener chairs, wooden chairs, folding chairs without upholstery) 
 Tables (e.g. wooden tables) 

In particular, ceiling constructions have proven challenging, as available data are often product-specific rather than 
generic. Consequently, two general ceiling constructions have been included, based on experience and categorized into 
defined performance categories: 

 Suspended ceiling with mineral wool, Class A, 150–250 mm 
 Suspended ceiling with mineral wool, NRC 0.9, 350–450 mm 

Finally, the database cannot rely solely on traditional building materials; it must also evolve in step with ongoing changes 
in the building industry. An example is the increasing use of glass panels and glass walls in modern office buildings. 
These elements are typically thicker and heavier than standard window glazing and often account for a large proportion 
of the total surface area within a room. As a result, they can have a significant influence on the acoustic environment. 
Consequently, glass panels and glass walls are planned also to be included in the 𝛼EAR database. 

4 Conclusion 

This literature study reveals several fundamental limitations in widely used sound absorption coefficient data. These 
include insufficient documentation of data provenance and methodologies, that, combined with the fact that much data 
predates the first standard for laboratory sound absorption measurements, give rise to large uncertainties in the reliability 
of the data.  

Furthermore, the paper highlights that, although the amount of available absorption coefficient data appears extensive, 
this impression may be misleading, as many data tables reference one another, thereby reducing the statistical strength of 
the dataset. Additional limitations arise from incomplete spectral coverage, with some sources missing octave-band data 
or reporting values exclusively in 1/3-octave bands. Finally, uncertainties in the old reference sources also rise due to 
ambiguity in terminology of reported quantities.  
 
As a respond to these limitations in the currently available data, FORCE technology suggests a conservative and 
transparent method for deriving new absorption coefficients from already available data. The database contains 𝛼EAR 
coefficients that are collected, assessed, and consolidated from both old and newer textbooks and other referenced sources 
to develop a single, validated set of estimated absorption coefficients, for generic building materials commonly found in 
Danish buildings. The 𝛼EAR absorption coefficients rely on the strength in the numbers of existing absorption coefficient 
data and are derived to yield conservative estimates suitable as input parameter for use in subsequent building modelling 
and simulations.   



   

As the database is based on old data, the challenges exposed in this paper are still inherited in the data. Therefore, this 
study represents a reference point for future research that would be beneficial to the industry. Continued investment in 
new measurements of widely used generic materials, conducted following standardized procedures required through ISO 
354[3], is essential to further improve the reliability of room acoustic predictions in the build projecting industry. 

5 Future work 

At its current stage, the absorption database is not fully developed, and the overall strength of the work would be improved 
by the inclusion of additional reference sources for the 𝛼EAR coefficients. The database should therefore be regarded as a 
work in progress. Ideally, the database would be further strengthened by the inclusion of new laboratory measurements, 
potentially obtained through coordinated round-robin testing. 

The underlying rationale for focusing on generic materials within the database is that such materials, by definition, are 
not expected to change significantly over time. However, the building industry is continuously evolving, and new 
materials that become widely used - although not primarily intended for acoustic performance i.e. as an example glass 
walls in nowadays plan offices - should therefore be considered for inclusion in the database in order to ensure its 
continued relevance and applicability.  
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