








Euronoise 2006, Tampere, Finland Christian Simmons 
 

 
Fig. 4. Sum of negative mean deviation and 1,28 times the standard deviation between calculated and 
measured reverberation times, s. (23 cases). Legend, see fig. 1. 

This difference is assumed to be explained by the measurement conditions in the laboratory 
according to ISO 354, where the laboratory is equipped with sound diffusors to make sound 
arrive at the absorbers from all angles. In typical classrooms, a larger proportion of sound tends 
to be incident at large angles or even be parallel to the absorber. Their sound absorption is then 
not as efficient. Resonant absorbers are less efficient and tend to function more equally in the 
laboratory as compare to the field.  

4 SAFETY MARGINS 
The results presented above confirm, that the calculation method in the European standard EN 
12354-6 may give satisfactory results on the average. To obtain calculation results, that by a 
given probability (90%) would comply with measured values, some safety margins should be 
applied during design of absorbers for a specified space. Some margins are proposed, based on 
the figures 3 and 4, rounded to the nearest 0,05 seconds. 
Table 1. Safety margins – rooms with limited sound diffusing properties: 

 
Table 2. Safety margins – rooms with a favourable sound diffusing properties: 

 
The margins proposed should be sufficient to correct for both systematic and random variations 
between calculated and measured reverberation times in classrooms and similar types of space, 
provided the data for the sound absorbers have been determined correctly in the laboratory 
according to ISO 354. The uncertainty of compliance with a required value is less than 10%, if 
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a deviation of 0,2 sec at 125 Hz and 0,1 sec at frequencies 250-4000 Hz are accepted. These 
margins have been calculated based on data from rooms with approximately 0,6 seconds 
reverberation time. In other types of space, the margins may differ, but similar tendencies may 
be expected.  

The tables 1-2 should be possible to use as generic data, where no other information exists. 
They may be replaced by other documentation in case the manufacturers can prove other data 
to be more representative for their products as applied to specific types of space. 

5 LABORATORY TESTS IN A CLASSROOM, A WORK SPACE AND AN OFFICE 
A special test facility has been established at the Swedish testing and research institute (SP, 

Borås), where an empty space 11,6m x 5,7m x 3,5m was equipped with furniture and sound 
absorbers in a variety of combinations. The aim was to test the efficiency of each absorber 
under field conditions in a classroom, a work space (half size) and an office (quarter size). The 
sound absorption of each set of absorbers was also determined in the reverberation chamber 
according to ISO 354. A summary of the results will be presented at the conference. 
Preliminary results show four important tendencies: 1) the measured reverberation time 
exceeds the calculated in all cases, 2) the influence of furniture was surprisingly high (which 
can not be explained only by the few porous parts of the chairs), 3) the difference in 
reverberation time between products based on mineral wool and plasterboard absorbers was 
almost negligible, 4) the strength of sound as well as the attenuation of sound with increasing 
distance hardly differed at all between different types of absorber (less than 1 dB, at high 
frequencies). This study indicates that most types of absorber work satisfactory in realistic 
rooms, independent of their absorption rating (EN ISO 11654). 
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ABSTRACT 
The classification system according to the ISO 11654 standard1 is frequently used in 
Sweden to prescribe an amount of sound absorption in common spaces. Typically, the 
minimum coverage of the ceiling is prescribed, where any sound absorber with the stated 
sound absorption class (A-D) is accepted. The coverage is often given as a percentage of 
the ceiling area, for its ease. However, there are evident risks that the resulting 
reverberation may differ considerably from the requirements when this apparently simple 
procedure is applied. Graphs and tables of this paper illustrate this problem. The ISO-
classification would be more useful if it as well considered sound absorption at low 
frequencies (125 Hz) and narrowed the tolerances within each class. An alternative 
procedure is suggested, based on calculations of sound absorption and reverberation 
times in octave bands 125-4000 Hz according to EN 12354-6, that returns a table of 
specific products that fulfill all requirements. 

                                                
a
 info@simmons.se 

1. INTRODUCTION 
The Swedish sound classification standard SS 25268 states acoustic requirements on 
common spaces in buildings, such as classrooms, pre-schools premises, offices, hospitals 
and hotels. It expresses requirements on room acoustics by two means.  
 The quantitative requirement is the reverberation time T, from which an appropriate 
sound absorption area A shall be calculated according to the European standard EN 
12354-6, with due respect to building materials and furniture. Whether the room 
boundaries are made from lightweight gypsum boards or heavy materials makes a 
substantial difference to the sound absorption at low frequencies and hence the need for 
additional absorption by e.g. an acoustic ceiling. Furniture increases diffusion at mid- and 
high frequencies, which may be considered as an extra amount of absorption in the room 
(if there are sound absorbing materials in the room). If so, the Sabine formula and the 
calculation scheme of EN 12354-6 return valid results, within acceptable tolerances1. The 
requirement includes a tolerance of 0,1 seconds in the range 250-4000 Hz and 0,2 
seconds in the 125 Hz band.  
 The qualitative requirement of SS 25268 gives recommendations for the design of the 
room. In case of sparse furniture and parallel surfaces, the standard warns for excessive 
reverberation times and poor acoustics caused by flutter echoes. The standard advise the 
diffusion to be improved, or sound absorbers to be re-allocated to both ceiling and walls, 
rather than to increase the amount of sound absorption (or blame the products used for 
deficiency).  
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 In spite of these requirements, it is still frequent that requirements on sound 
absorption is stated only as a minimum “coverage factor”, expressed as a percentage (%) 
of the ceiling area, to be covered with any product with a stated sound absorption class A-
D according to ISO 11654. In this paper, it is demonstrated some consequences that may 
follow from the large variance between products within the same sound absorption class.  
 In the last section of this paper, an improved procedure is suggested, to facilitate 
adequate design of sound absorption of common spaces, which consider natural 
absorption by materials and furnitures. The solutions fulfill requirements on reverberation 
times and give comfortable room acoustics for speech etc. A spreadsheet with data for a 

variety of sound absorbers and building materials is available for free download.1 
 

2. COVERAGE OF CLASSIFIED SOUND ABSORBERS 
In order to analyze how reverberation time requirements may be translated to a “coverage 
of a ceiling” with sound absorbers, a database of commercial sound absorbing products 
was established. Products from large manufacturers were entered to a database, e.g. from 
Danoline (Knauf Danogips), Ecophon (Saint Gobain), Parafon (Paroc), Roxull (Rockwool), 
Gyptone (Gyproc), Herakustik (Heraklith) and Träullit (Tepro). Both porous absorbers 
(mineral wool, wood fiber etc) and perforated hard absorbers (plasterboards) were 
analyzed. Each product may be entered at several distances from the slab floor, with 
sound absorption values taken from laboratory measurements accordingly. In all, about 
500 combinations were included in the database.  
 The graphs and tables below show the coverage of all sound absorbers of the 
database, according to their measured sound absorption coefficients in octave bands as 
well as to their given sound absorption class according to ISO 11654. The coverage was 
calculated according to EN 12354-6, according to the expressions in clause 3. The room 
boundaries and furniture was assumed to contribute with a moderate “basic room sound 
absorption”, expressed in Table 1 as the coverage of the ceiling area (in percentage %).  
 

Table 1: Basic sound absorption of a common space with both lightweight and heavyweight 
materials as well as some furniture, typical for an office or a classroom. 

 Sound absorption area (m2) per m2 ceiling area 

Octave band [Hz] 125 250 500 1000 2000 4000 

Room boundaries only 0,1 0,1 0,1 0,1 0,1 0,1 

Room boundaries and furniture 0,2 0,25 0,25 0,25 0,25 0,25 
 

As demonstrated in figure 1 below, the coverage may vary between 70% and 800% for 
products mounted close to the slab floor. The scatter of calculation results in figure 1 
demonstrates the unpractical effect of allowing a large variance between products that 
belong to the same sound absorption class according to ISO 11654. For products mounted 
at 200 mm distance to the slab floor, the scatter of coverage within each class (on the right 
side of the figure) is reduced compared to the “thinner” solutions on the left side of the 
figure. This is explained by the increased sound absorption at low frequencies at 200 mm. 

3. ACCURATE TABLES OF AMOUNT OF SOUND ABSORBERS 
The building industry requested a simple design scheme (tables) for an appropriate 
selection of sound absorbers with respect to a reverberation time requirement, expressed 
by their sound absorption class (A-D) and coverage of the ceiling (%). In order to meet this 
request but still obey to the requirements in octave bands of SS 25268, both tables and an 

interactive spreadsheet1 were established.  
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Figure 1: Minimum coverage (%) of a ceiling with 500 sound absorbers of class A, B or C according 

to ISO 11654. The requirement is in this case T=0,6 seconds 250-4000 Hz, 0,8 s at 125 Hz. Left 
part, absorbers class A, B and C mounted close to the slab (typically 20-50 mm). Right part, 

absorbers are mounted at 200 mm distance. Coverage factors larger than 150% are marked with a 
-sign. Yellow field means that both ceiling and parts of the walls must be covered. Red means 

unfeasible application. The room is furnished with diffusing items. The ceiling height is 3,1 m.
 

The spreadsheet (cf section 5) calculates the amount of each absorber in the database, 
with respect to the boundaries of the room as well as the amount of furniture. The pre-set 
values are given in table 1. The spreadsheet was used to define tables that translate a 
reverberation time to the need for sound absorption under given prerequisites. The tables 
2 and 3 give a broad overview of all products of the database. The tables 4 and 5 display a 
narrow selection of the best products within each class. 
 
The requirements of SS 25268 are 

1. The average reverberation time of the 250-4000 Hz octave bands must fulfill the required 
reverberation time T 

2. Within one or more octave bands in this range, the result may deviate 0,1 second from T 
3. Within the 125 Hz octave, the result may deviate 0,2 second from T 

 
This means, the coverage factor of a sound absorber (cf) must be sufficient to fulfill 

cf125 = [
0,16 h

T + 0,2 room,125]/ absorber,125    in the 125 Hz octave band  (1) 

cfi = [
0,16 h

T + 0,1 room,i]/ absorber,i  in each octave band i 250-4000 Hz  (2) 

cfaverage = [
0,16 h 5

T room250

4000
]/ absorber250

4000
  average of octave bands 250-4000 Hz (3) 
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Table 2a: Coverage of classified sound absorber vs. reverberation time of a furnished space.  
Intended for rooms without requirements at 125 Hz. Room absorption from Table 1, row 3 

Coverage of ceiling with sound absorbers (% of ceiling area), 

with products of class A-C (ISO 11654) 
For rooms with T+0,2 sec requirement at 

125 Hz, the highest coverage of table 2a 

and 2b apply. A B C 

Available products that fulfill T req (%): 10 perc 90perc 10 perc 90perc 10 perc 90perc 

Typical absorption Reverberation  

time T (s) Room height (m) 

0,85 0,6 0,70 0,5 0,65 0,4 

 2,7 72% 102% 88% 123% 94% 154% 

0,4 3,1 87% 124% 106% 148% 114% 186% 

 3,5 102% 145% 124% 174% 134% 218% 

 2,7 55% 78% 67% 94% 72% 118% 

0,5 3,1 68% 96% 82% 115% 89% 144% 

 3,5 80% 114% 98% 137% 105% 171% 

 2,7 43% 61% 52% 73% 56% 92% 

0,6 3,1 54% 76% 66% 92% 71% 115% 

 3,5 65% 92% 79% 110% 85% 138% 

 2,7 27% 38% 33% 46% 35% 58% 

0,8 3,1 35% 50% 43% 60% 46% 75% 

 3,5 44% 62% 53% 74% 57% 93% 

 2,7 17% 24% 20% 29% 22% 36% 

1,0 3,1 24% 33% 29% 40% 31% 50% 

 3,5 30% 43% 37% 52% 40% 65% 

 2,7 10% 14% 12% 16% 13% 21% 

1,2 3,1 15% 22% 19% 26% 20% 33% 

 3,5 21% 30% 26% 36% 28% 45% 

 4 29% 40% 35% 48% 37% 61% 

 2,7 2% 3% 3% 4% 3% 5% 

1,5 3,1 7% 10% 9% 12% 9% 15% 

 3,5 12% 17% 14% 20% 15% 25% 

 4 18% 25% 21% 30% 23% 38% 

 

The third row of tables 2a and 2b estimates the availability of commercial sound absorbers of 
the database that may fulfill the requirement when covering the ceiling as listed in its left 
hand column. 10% of the database within a sound absorption class typically means that 1-3 
products from at least 2 manufacturers fulfill the T-requirement. 90% means that most 
products of this class would fulfill the requirement if they cover the larger area listed in the 
right hand column. 
 The typical absorption value stated in table 2a is predominantly from the 250 Hz octave 
band when the product belongs to class A or B. For the C-classified products, other octave 
bands may determine the class and the coverage needed. 
 Since the rules of ISO 11654 do not consider the 125 Hz octave band, it was necessary 
to look into the sound absorption at this band and calculate the coverage needed. The 
results are given in table 2. Some plasterboard products with a large empty space to the slab 
floor (plenum) might have good sound absorption at low frequencies but need additional 
absorption at high frequencies to meet all requirements. For these products, table 1 may be 
used to determine the coverage. Other products may have high sound absorption in the 
range 500-4000 Hz, but less absorption at 125 and 250 Hz, typical for thin mineral wool 
absorbers. For these products, the required coverage according to table 2 is considerably 
stricter than table 1. Hence, both tables must be used to find an appropriate coverage. 

 The ISO-classification would be more useful if it as well considered sound absorption 

at low frequencies (125 Hz) and narrowed the tolerances within each class. 

4/8



Table 2b: Additional requirement for furnished rooms with requirements at the 125 Hz octave band. 

Sound absorption @125 Hz <0,15 0,2 0,3 0,4 0,5 0,6 0,7 0,8 

Class A-C from ISO 11654 

% of products fulfilling T+0,2s 

A, B, C 

(90%) 

   A, B 

(10%) 

C 

(10%) 

  

Reverberation  

time T (s) 

Room height 

(m) 

        

 2,7 347 260 173 130 104 87 74 65 

0,4 3,1 418 313 209 157 125 104 90 78 

 3,5 489 367 244 183 147 122 105 92 

 2,7 278 209 139 104 83 70 60 52 

0,5 3,1 339 254 170 127 102 85 73 64 

 3,5 400 300 200 150 120 100 86 75 

 2,7 227 170 113 85 68 57 49 43 

0,6 3,1 280 210 140 105 84 70 60 53 

 3,5 333 250 167 125 100 83 71 63 

 2,7 155 116 77 58 46 39 33 29 

0,8 3,1 197 148 99 74 59 49 42 37 

 3,5 240 180 120 90 72 60 51 45 

 2,7 107 80 53 40 32 27 23 20 

1,0 3,1 142 107 71 53 43 36 30 27 

 3,5 178 133 89 67 53 44 38 33 

 2,7 72 54 36 27 22 18 16 14 

1,2 3,1 103 77 51 39 31 26 22 19 

 3,5 133 100 67 50 40 33 29 25 

 4 171 129 86 64 51 43 37 32 

 2,7 36 27 18 14 11 9 8 7 

1,5 3,1 61 46 31 23 18 15 13 11 

 3,5 86 65 43 32 26 22 18 16 

 4 118 88 59 44 35 29 25 22 

 

4. TABLES OF COVERAGE WITH THE BEST ABSORBERS 
The tables 2a and 2b may be too complex for practical applications, and an attempt was 
made to establish simpler tables. The tables 3a and 3b display coverage of sound 
absorbers for each class as in tables 2, but only the best products within each sound 
absorption class were used to determine the coverage. Clearly, the recommended 
coverage then applies only to this selection of products and not to all products of a given 
sound class. This has to be stated in architectural prescriptions etcetera. 
 At the right hand column of table 3a, the minimum absorption factor at 125 Hz is 
tabulated, assuming 100% coverage of the ceiling. 

  

5. SPREADSHEET WITH COVERAGE FOR EACH ABSORBER 
It was made clear during the calculation work, that the large variance of sound absorption 
within each class makes it difficult to state a functional requirement that leaves the choice 
of product open and yet secures an appropriate amount of sound absorption to meet the 
required reverberation time. The database of sound absorbers and the calculation 
expressions (1-3) were therefore made accessible for anybody to download. The intention 
is that the architect or the acoustic consultant enters the appropriate data for the room 
boundaries and the furniture, or at least some assumed properties that fit the intended use 
of each type of room. This applies to classrooms, offices, hospital premises etcetera.  
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Table 3a (top) and 3b (bottom).  

Coverage of selected (best) products from each class A-C, at two mounting distances.  
Top: with requirements at 125 Hz, in furnished rooms. 

Bottom: Without requirements at 125 Hz, in furnished or unfurnished rooms. 

Best products, in furnished rooms, incl. requirements at 125 Hz    Cover. 100%

Rev.time   Room height       Suspended min 200 mm                      Suspended <100 mm                     => min. abs

Best products, with/without furniture, no requirement at 125 Hz

Rev.time   Room height  Furnished rooms Unfurnished rooms

 
The figure 2 illustrates the result of such a choice, and some sample products that may 
then be appropriate. The spreadsheet may be sorted with respect to coverage, mounting 
distance, manufacturer etcetera. Instead of prescribing a coverage with a given sound 
absorption class, the specification is based on a reverberation time and a few examples of 
feasible products that meet the requirements. Whenever alternative solutions are 
considered, they may easily be compared on exactly the same premises as the original 
solutions. This means that optimal sound absorbing solutions may be chosen for the all 
types of room condition. The design of furniture, diffusion etcetera should also be 
described clearly, to improve speech intelligibility and avoid problems, e.g. flutter echoes. 
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Figure 2: Minimum coverage (%) of a ceiling with specific sound absorbers, based on their sound 
absorption in octave bands according to ISO 354 (lower part of the table). The requirement is in this 

case chosen to T=0,6 seconds 250-4000 Hz, 0,8 s at 125 Hz. Left column displays the coverage. 
Right column show the sound absorption class according to ISO 11654. The room is furnished with 
diffusing items, room absorption specified in row 4. The ceiling height is 3,1 m, specified to the right. 

 

 

6. CONCLUSIONS 
It has been demonstrated that the large variance of sound absorption accepted within the 
limits for each sound absorption class according to ISO 11654 makes the classification 
system less practical. The idea is to state a functional requirement (sound absorption 
class) that leaves the choice of product open and yet secures an appropriate amount of 
sound absorption to meet the required reverberation time. However, it is safer and more 
economical to calculate the amount of specific products according to EN 12354-6, with 
respect to the boundaries and furniture. A database of sound absorbers and the 
calculation expressions (1-3) are accessible for anybody to download.2 This allows the 
architect or the acoustic consultant to enter appropriate data for the building materials and 
the furniture, and choose among a variety of products, with the appropriate coverage 
tabulated. This design procedure is applicable to classrooms, offices, hospital premises 
and similar.  
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