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This paper presents some acoustic challenges dealt with in connection with the renovation of Bergen 
courthouse and shows the work on optimising the room dimensions of music rehearsal room in the new 
Grieg academy in Bergen.   

1 Introduction 

As Statsbygg’s acoustical engineer I have had the pleasure to work with the renovation of “Bergen courthouse” since 
2021 and the Grieg academy since September 2025. I would like to share with you some of the acoustic challenges that 
we have faced within these two very different projects. 
Bergen courthouse was built in 1933 by the famous architect Egill Reimers and is a building of high historical value with 
strict preservation requirements. Statsbygg’s requirement specification was written back in 2010. The renovation work is 
ongoing as we speak. The main challenges have been to preserve the old and original doors, windows, flooring and some 
of the ceilings without compromising with the acoustic requirements. The slabs are slim T-beam decks with Rabitz plaster 
ceilings beneath making it challenging to achieve the desired level of vertical impact sound insulation between the court 
rooms. Many of the court rooms are historical which in some cases means that not even the ceilings can be changed in 
any way, leaving the acoustic engineer left with the walls for sound absorbing materials. 
The Ministry of Education and Research in Norway gave the “GO” signal to Statsbygg in 2021 to build a new building 
for the music institute in Bergen called the Grieg Academy. An architecture competition was announced in 2022, which 
the Nordic Office of Architecture won in cooperation with Veidekke and Norconsult. The Grieg Academy project has 
just finished an optimization period. The collaboration with the University in Bergen (the music institute) has been close 
throughout the whole process. The building is planned to be taken in to use at the end of 2029 (October).           

2 Facts about Bergen courthouse and some pictures 

The courthouse has seven floors including the basement, and has about 30 courtrooms, ceremony room for weddings, 
office areas, prison cells and a great central hall. Four of the courtrooms, the ceremony room, the central hall and the 
stairways are worthy of preservation by law. The total gross area of the building is 13 677m2. The central hall is “the 
heart” of the building with a long reverberation time, and limited possibilities of introducing sound absorbing material 
due the strict preservation restrictions. Figure 1 shows a picture of the central hall to the left and the old court room 
“Lagmannsrettssalen” to the right. Figure 2 shows a cross section of the courthouse model. 
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Figure 1: Picture of the central hall to the left, and the old court room “Lagmannsrettssalen” to the right. 

Figure 2 shows a vertical cross section through the courthouse. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Cross section through the courthouse. 

New large court room 
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3 Facts about the Grieg academy in Bergen (part of the university). 

The Grieg academy is part of the faculty of art, music and design at the university in Bergen, and is spread over five floors 
including the basement. The Grieg Academy is not only a house for music performances and rehearsals, but also a house 
for learning, music production and research. The total area including technical rooms in the basement is 8987 m2 BRA / 
9415m2 BTA. The building houses three halls for music performances, recording studio, numerous rehearsal rooms and 
ensemble rooms. The house is planned to be a meeting point between the students and the city. The three performance 
halls (chamber hall, concert hall, black box) are centered in the building as shown by the numbering 4, 5 and 6 respectively 
in Figure 3.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Figure 3: Volume disposition in the Grieg Academy building. 

4 Acoustical challenges at Bergen courthouse. 

4.1 Room acoustics in the central hall and courtrooms worthy of preservation by law.  

Rambøll measured the reverberation time in the central hall back in October 2021 and the reverberation curve is shown 
in Figure 4 (Ref. Rambøll rapport C-rap-001, 22.12.2021, [1]). No wonder the Student Song Association has a tradition 
to sing here every year on the National Day of Norway, but for everyday use as a courthouse with a lot of traffic through 
the hall it is far too reverberant when it comes to requirements for a design for universal accessibility (low speech 
intelligibility for hearing disabled). Due to the strict requirements of preservation, it is not just to add a lot of sound 
absorbing materials to the hall. The inner facades of the hall should not be changed in any way, but it was allowed to add 
approximately 124m2 of acoustic plaster on the ceiling borders of the glass roof. Figure 5 shows the calculated 
reverberation time in the 3D-model software program Odeon. The calculated result is taken from the Cowi report C-200-
80-001 dated 26.01.2026 [2] and it shows the good effect of the acoustic plaster, decreasing the reverberation time from 
about 5 seconds to about 3 seconds in the mid frequency range, and thereby getting close to the national requirement  
(NS 8175:2012 [3]) of 0,2 times the room height = 2,8 seconds. 
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Figure 4: Measured reverberation time in the existing central hall. 
 

 
Figure 5: Calculated reverberation time (continuous line) in the central hall with acoustic plaster on the ceiling borders. 

The upper dotted line is the Norwegian requirement in NS 8175:2012 [3].  
The lower dotted line is recommended reverberation time in “Byggforsk byggdetaljblad” 527.311 [4]. 

As with the central hall, the old courtroom “Lagmannsrettssalen” has strict requirements when it comes to preservation 
of the room, and the rich ornamental ceiling should not be changed in any way (ref. picture in Figure 1). This left the 
acoustician to solve the room acoustical requirement with sound absorbing materials on the walls. The wall absorbers of 
80mm thickness of mineral wool were hidden behind an openly woven textile with a historical correct colour (satisfies 
sound absorption class A).  Figure 6 shows the calculated reverberation time in the 3D-model software program Odeon. 
The calculated result is taken from the Cowi report C-200-80-001 dated 26.01.2026 [2], and it shows that the 
recommended reverberation time is satisfied. The recommended requirement corresponds to the requirement for 
maximum reverberation time for video conference room in the Norwegian regulations (NS 8175:2012, [3]). 
 
 
 

Measured reverberation time 

Calculated reverberation time 

Recommended in “Byggdetaljblad” 527.311 

Norwegian regulation requirement NS 8175  
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Figure 6: Calculated reverberation time (lower curve) in the court room “Lagmannsrettssalen”  

with 94m2 of wall absorbers. 

5 Acoustical challenges at the Grieg Academy. 

 
5.1 Very strict requirements to sound insulation in the low frequency range 

Statsbygg who will be the owner of the new building wrote a requirement specification way back in 2010 where one of 
the strictest requirements is a sound reduction index of 65, 70 and 75dB where the measured sound reduction should not 
dip below the reference curve all the way down to 31,5Hz. To satisfy such strict requirements, the 70dB and 75dB walls 
have to be built with a concrete core. As a starting point Norconsult has (as Veidekkes hired acoustician) suggested the 
following construction of the 75dB wall: 

• 3×12,5mm “normal” gypsum boards 

• 98mm isolated studs 

• 20mm gap 

• Min. 200mm concrete, 300mm concrete between the concert hall and the black box. 

• 20mm gap 

• 98mm isolated studs 

• 3×12,5mm fermacell gypsum boards 

• 12,5mm “normal” gypsum board  
 

Calculated reverberation time 

Requirement (1,26sec.) 

Recommendation (1sec.) 
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The calculated sound reduction index in the software program Inul is Rw + C50-5000 = 90dB. The calculated sound reduction 
index curve (upper line) shifted 5dB for expected difference between laboratory and field measured values is shown in 
Figure 7.  

Figure 7: Calculated sound reduction index curve for 75dB requirement  
compared to an extended reference curve down to 31,5Hz. 

 
The music rehearsal rooms will be built after the box-in-box principle with heavy floating floors and cantilevered gypsum 
ceilings (2-4 layers of gypsum depending on the sound reduction requirement). Statsbygg has specified that the resonance 
frequency of the floating floor should not exceed 20Hz. Based on this Norconsult’s acoustician has suggested the 
following build-up of the floating floor:  

• Sylomer bricks of 50mm height, cc 600mm, 20-30mm mineral wool between the bricks 

• 22mm flooring particle board 

• 70mm concrete 
 
  

Reference curve 100-3150 Hz 

Extended reference curve 
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5.2 The importance of the rehearsal room dimensions 

In Statsbygg’s requirement specification written in 2010 you will find the following statement: “All rooms for music 
should have room dimensions that is recognized for music activity, such as the golden ratio.” Later research has however 
shown that “The golden ratio” is not so feasible after all, as discussed in Jens Holgers Rindel’s paper “Preferred dimension 
ratios of small rectangular rooms” [5]. In this paper Rindel discusses how a musical instrument couples acoustically to a 
room, and how a good room should support the musical sounds as well as possible.  
Rindel suggests frequency spacing index (FSI) as an acoustic quality criterion of a music rehearsal room. The FSI is the 
normalized relative variance of the intervals between the low frequency room modes when arranged in order of increasing 
frequency. The FSI for the first 25 room modes ψ(25) is applied in Rindels paper as a quantitative measure of the room 
acoustic quality at low frequencies. In a real room with length l, width w and height h, the lowest possible FSI is 1.3 
obtained for the following aspect ratios: w/h = 1.20, l/h = 1.45 and l/w=1.21. This is the same as one of the optimum 
ratios found by Meissner in 2018 [6] using a different criterion, namely the smoothness of the frequency response. The 
lower the FSI, the better distribution of the low frequency modes of the room (lower normalized relative variance of the 
intervals between the low frequency room modes). Nearly optimum aspect ratios for a music rehearsal room are the case 
for room dimensions that results in FSI below 1,6. The aspect ratio of the rooms length to the room width is the most 
important ratio, and the traditional “rule-of-thumb” is that the ratio l/w = 2 should be avoided. Based on Rindel’s work 
Statsbygg therefore came up with the following new quantitative interpretation of  “room dimensions that is recognized 
for music activity” for the rehearsal rooms at the Grieg Academy: 

• Frequency spacing index ≤ 1,8  

• Length-width ratio should be within 1.15–1.45 

• The width-to height ratio should be greater than 1.1 
Norconsult’s acoustician was therefore asked to go through the architects’ suggested geometries of all the rehearsal rooms 
to check that they were within these recommended aspect ratios. The first review revealed that quite a lot of the rehearsal 
rooms were too long and narrow, giving FSI in the range of 2-3. The acousticians, in cooperation with the architects, 
therefore redesigned the rooms’ geometries, making them wider and therefore ended up with some fewer rehearsal rooms 
but of a far better quality. Figure 8 and 9 shows an example of how the room geometries were redesigned in this process, 
showing the room geometries before and after redesign respectively.  

 

Figure 8: Rehearsal rooms’ geometries before checking the aspect ratios up against Statsbygg’s given quality criteria. 
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Figure 9: Rehearsal rooms’ geometries after redesigning according to feedback on the aspect ratios. 

All in all, the redesign resulted in wider and larger rehearsal rooms, going from 48 to 45 rehearsal rooms on floor 4. The 
cost of fewer rehearsal rooms is worth paying for having rehearsal rooms of higher room acoustic quality. 

6 Summary 

The two very different projects of Bergen courthouse and the Grieg academy have both shown the importance of good 
cooperation between the project’s acousticians, the architect, the users, the building contractor and the proprietor, to 
secure high acoustic quality of the buildings without compromising to historical values or geometrical limitations.       
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