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ABSTRACT 

In Akureyri in northern Iceland a Cultural House is being built. Here the “large hall” has about 
500 seats. First priority is classical music and the hall is the home of the Symphony Orchestra of 
Northern Iceland (about 50 musicians). There is an orchestra pit and the hall has variable 
acoustics for musicals and even for theatre performances with a fly tower.  There is also a music 
school in the house and a smaller multi-purpose hall with about 200 seats.  Acoustic consultants 
are Akustikon ab in Sweden and VST in Iceland (now VST – Rafteikning). 
 
The acoustics of the halls was designed with the help of the computer model Ray Calc, and some 
results are presented below.   
 
In the music school the practice rooms are classed in two categories - with different demands on 
sound insulation.  The highest demands are for the percussion room and rooms for group 
practice.  The house will be ready in September 2009. 
 
 

 
 

Figure 1. A new Cultural House in Akureyri in Northern Iceland 
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1 THE CONCERT HALL 

In this hall the first and main priority is to design for the best possible acoustics for classical 
music, played by a medium sized orchestra (about 50 musicians).  The second priority is to 
produce good acoustics for spoken language (theatre), with and without the use of microphones, 
and this also includes musicals. 

In order to reach this goal different design measures have been taken - based on calculation 
results from a computer model of the hall.  The software used was primarily the program 
RayCalc from Akustikon AB in Gothenburg, Sweden. 

In the following some results of the acoustical calculations are presented, based on the final 
design shown on architectural drawings.  

 

 
Figure 2. The Computer Model 

 

Several parameters for room acoustics have been calculated for several source- and receiver 
positions.  The parameters shown here are valid for medium range frequencies, approximately 
400 – 2000 Hz.  

Below are the results for the source- and receiver positions shown in Figure 3. 
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Figure 3. Source- and Receiving Positions 
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1.1 Acoustics for Classical Music  

1.1.1 Sound Distribution  

Figures 4 and 5 show the distribution of Clarity, C80, over the hall.  One important design factor 
is that these values are as even as possible for all source positions on the stage.  This will benefit 
the balance between different groups of instruments, e.g. that the wind-instruments will not 
overshadow the string-instruments.  

Values in the interval 0 to -1 are considered to be very favourable for classical music. 

 
s t s a lfin . ru m : s t s a lo d . b e r, ru n d . k a l(Z  9 0 °,  2 . 0 / -3 . 0 / 1 . 2 )

C l a r i ty

  7  d B

  4  d B

  1  d B

 -1  d B

 -4  d B

 
Figure 4.  Clarity C80 from string-instruments 

 
s ts a lfin .rum :s ts a lod .ber, rund .k a l(Z 90°, 2 .0 /-7 .0 /1 .2 )

De u t l i ch ke i t
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 5 0  %

 3 3  %

  8  %

 
Figure 5.  Clarity C80 from wind-instruments 

 
Figures 6 and 7 show the Lateral Energy Factor, LEF2.  This parameter is very important for the 
feeling to be surrounded by sound.  The values of this parameter should be above about 0,2. 
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Figure 6.  Lateral Energy Factor LEF2 from string-instruments 
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Figure 7.  Lateral Energy Factor LEF2 from wind-instruments 

 

 

1.1.2 Other Parameters 

Tables 1 and 2 show the results for the receiver positions M1 – M7 (see Figure 3). 

 

 
Table 1.  From S1 to M1-M7 
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The calculated values for C80 and LEF2 are, as previously stated, favourable for classical music.  
The same can be said about other parameters.  Ts, (Schwerpunktzeit) about 125 ms, EDT (Early 
Decay Time) about 1,9 s and a relatively even distribution in sound level (Ltot 45 – 48 dB) over 
the receiving positions in the hall and a suitable sound level on stage (M1 about 60 dB).  All 
sound level parameters are relative of course.  

 

 
Table 2.  From S2 to M1-M7 

 

1.1.3 Echograms 

In the following figures several echograms are shown.  

 

 
   Figure 8.  S1 - M1 
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   Figure 9.  S2 – M1 
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   Figure 10.  S1 – M1 

 

 
   Figure 11.  S2 – M2 
 

 
   Figure 12.  S1 – M3 
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   Figure 13.  S2 – M3 

 

 
   Figure 14.  S1 – M4 

 

 
   Figure 15.  S2 - M4 
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   Figure 16.  S1 – M5 

 

 
   Figure 17.  S2 – M5 

 

 
   Figure 18.  S1 – M6 
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   Figure 19.  S2 – M6 

 

 
   Figure 20.  S1 – M7 

 

 
   Figure 21.  S2 – M7 

 

The average value of the reverberation time according to these calculations is 2.05 seconds. 
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1.2 Acoustics for Theatre etc.   

By using mobile textiles below the ceiling and parallel to the walls, the reverberation time can be 
shortened considerably to make the hall more suited for spoken language and the use of 
loudspeakers etc. 

Figure 22 shows some average parameters, and also an average echogram when all the textiles in 
the hall are in use and the stage also has the theatrical textiles mounted. 

 

 
 

   Figure 22.  Maximum Damping in the Hall. 
 
D50 about 52% and an average reverberation time about 1.1 s are very favourable values 
for theatre activities.  The damped hall will also be very well suited for conferences and 
for music played through loudspeakers. 
For musicals etc. a somewhat less damped hall would probably be preferred, and in 
general the calculations show that the hall will be flexible to a large degree. 
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2 THE MULTI-PURPOSE HALL 

This smaller hall is intended to be used for many different kinds of activities, and 
therefore it is of the highest importance to have the acoustics as flexible as possible. 
Movable curtains below the ceiling and parallel to the walls are used to obtain this.  
The calculated results for the maximum and the minimum damping are shown below. 
The high and the low boundaries for the reverberation time (about 1 – 2 s) should make 
the hall very well suited for most of the activities in question. 

 
  Figure 23.  The Multi-Purpose Hall:  The Computer model 

 

 

 

 
  Figure 24.  The Multi-Purpose Hall :  The Lowest Damping. 
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  Figure 25.  The Multi-Purpose Hall:  The Highest Damping. 
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3 “ THE RIVER”  

The sk. river is primarily a traffic space for pedestrians, but different activities are also 
planned here, such as different kinds of exhibitions etc.  There will also be a reserved 
area for restaurants and/or coffee-shops. 
Here the main task was to put in sufficient damping.  Very little surface is available in the 
ceiling as it consists mainly of windows.  The main damping comes from a large wall 
area, specially designed with mineral wool behind a wooden grid, and some additional 
damping comes from horizontal ceilings in the restaurant areas.  Originally this was 
designed as acoustical plaster (on top of a stiff mineral wool), but on later stages this was 
changed into a more traditional damping ceiling. 
By using these measures the calculations show an average reverberation time of about 
1.5 sec.  
This reverberation time can be considered as being very favourably short in such a large 
space. 
 

 
  Figure 26.  The River:  The Computer Model 
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  Figure 27.  The average reverberation time in “The River” 
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4 CRITERIA FOR SOUND INSULATION AND NOISE 

The culture house Hof also includes a music school.  It is probable that the most sensitive 
activities regarding sound disturbance will be a music rehearsal or a theatre rehearsal in the main 
hall at the same time as there are activities in the music school.  It has often been stated that 
rehearsals are even more sensitive to disturbances than the final concert or the final theatre show. 
 
Therefore it is very important to have the structures as much separated as possible - to minimize 
the direct structural connection between the music school and the main hall. 

4.1 The Main Hall 

4.1.1 Airborne sound insulation  

Between the hall and spaces where high sound levels are expected the demands are set as high as:  
R ẃ + C50-3150 = 75 dB.  These are rooms such as group rehearsal rooms and percussion rooms, 
but the same demands are also expected to be valid for general practice rooms in the music 
school, which are in a structurally separate building. 
 
Between the main hall and the corridors in the first and second floors and between the main hall 
and the library the demands are:  R´w + C50-3150 = 65 dB. 
 
In the ground floor the demand is R´w + C50-3150  = 65 dB between the hall and the entrance hall in 
front of it, and the same demand is made between the “River”-space and the main hall. 
 
All sound sensitive doors in the hall are defined as 35 dB doors.  (Laboratory value at least Rw = 
38 dB.) 

4.1.2 Impact sound insulation  

Impact sound level in the hall from spaces where high sound levels are expected the demands are 
set as:  Lń,w = 40 dB.  These are rooms such as group rehearsal rooms and percussion rooms, but 
the same demands are also expected to be valid for general practice rooms in the music school, 
which are in a structurally separate building. 
 
The same demand is also made between the main hall and the corridors in the first and second 
floors and also between the “River” and the main hall L´n,w  = 40 dB.   
 

4.1.3 Background noise level  

The demand for background noise level is LA = 25 dB(A) and LC = 45 dB(C) and L125 = 35 dB.  
All these criteria must be fulfilled. 
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4.1.4 Structural/acoustical solution 

The demand for sound insulation is met by a structural separation of the music rooms from the 
hall, as much as was possible because of stability.  This was possible for the slabs on the first 
and the second floors, but not for the slab on the ground floor and not for the roof slab either. 
 
In addition to this the music rooms are separated with a concrete wall from the corridor next to 
the hall and they are made as box-in-box rooms with a heavy floating floor.  The floating floor is 
made of concrete and it rests on plywood on elastic pads (type Sylomer) – with mineral wool in 
the cavity.  The walls are double plasterboard walls or single plasterboard walls in front of a 
concrete wall.  The ceiling is elastically suspended plasterboard below a concrete slab. 
 
The floor in the “River” and the floor in the corridor next to the hall is made of a heavy floating 
floor on top of mineral wool. 
 
The background noise of the ventilation is kept low by using multiple silencers in addition to 
plenum chambers.  The air-inlets beneath the seats are low-noise. 
 
 

4.2 The Multi-Purpose Hall 

4.2.1 Airborne sound insulation  

Between the hall and spaces above it and beside it which are general practice rooms, a corridor 
and restrooms.  Here the somewhat optimistic demands are set as high as:  R´w + C50-3150 = 70 dB.  
Between the hall and offices on the first floor the demand is Rẃ = 65 dB.  
 
Between the hall and the technical room on the ground floor the demand is R´w + C50-3150 = 55 dB.  
The doors at the end of the hall are 35 dB doors.   
 
The design of the doors into the “River” has been on the one hand large hinged doors with the 
practical sound insulation limited to about R´w = 40 dB, which is not a high demand.  The other 
solution would be mobile walls in the door openings, and then the demands could be made as high 
as Rẃ = 48 dB. 
 
The traffic noise at the facade has been calculated, and the result gives that sufficient sound 
insulation would be R´w + Ctr = 38 dB for the windows and doors in the facade wall.  A double 
construction was considered but it was considered to be too complicated and expensive.  This 
would give sound insulation as high as R´w + Ctr = 48 dB. 

4.2.2 Impact sound insulation  

Impact sound level in the hall from spaces above it and beside it which are general practice 
rooms, a corridor and restrooms, are set to:  L´n,w = 45 dB.  The impact level from the offices on 
the first floor the demand is limited to L´n,w  = 50 dB.   
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4.2.3 Background noise level  

The demand for background noise level is the same as in the main hall:  LA = 25 dB(A) and LC = 
45 dB(C) and L125 = 35 dB.  All these criteria must be fulfilled. 

4.2.4 Structural/acoustical solution 

The demand for sound insulation is met by box-in-box music practice rooms with a heavy 
floating floor.  The floating floor is made of concrete and it rests on mineral wool.  The walls are 
double plasterboard walls or single plasterboard walls in front of a concrete wall.  The ceiling is 
elastically suspended plasterboard below a concrete slab. 
 
The floor in the “River” is also made of a heavy floating floor on top of mineral wool. 
 
The windows are designed as double-glazing with one pane laminated by using two 6 mm panes 
with a 2 mm damping layer in between, and the other one a 8 mm single pane.  Distance between 
the panes 16 mm.  This gives R´w + Ctr = 38 dB. 
 
The background noise of the ventilation is kept low by using multiple silencers, but no plenum 
chambers are available here.  The air-inlets are low-noise. 
 

4.3 The Music School 

4.3.1 Airborne sound insulation  

Between normal music practice rooms the demand is R´w + C50-3150 = 60 dB.  Between the music 
practice rooms and the corridor the demand is set to R ẃ = 40 dB. 

Somewhat stricter demands are set for the percussion room and the group practice rooms.  
Between those rooms and adjacent rooms both horizontally and vertically the demands are set to 
R ẃ + C50-3150 = 65 dB.  Out to the corridor double doors are recommended giving somewhat 
higher sound insulation than for the general practice rooms, Rẃ = 48-55 dB. 

4.3.2 Impact sound insulation  

Between normal music practice rooms the demand is L´n,w = 48 dB.  Between the music practice 
rooms and the corridor the demand is set to L´n,w = 53 dB.   
The same demands are set for the percussion room and the group practice rooms. 
 

4.3.3 Background noise 

The background noise in the practice rooms is limited to LA,eq = 30 dB(A) and LC,eq = 50 dB(C).  
Both demands must be met. 
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4.3.4 Damping and diffusion  

A basic damping in the music practice rooms is provided by an absorbing suspended ceiling, and 
in addition a curtain is made available for the teacher to give extra damping when needed.  Also 
on two perpendicular walls there are sound diffusers to break up a potential horizontal sound 
field in the rooms. 
 

4.4 The Demands 

These demands have been set in accordance with experience from previous works on other halls 
and music schools.  They are also partly based on the demands for “Class A” in the Norwegian 
standard NS 8175-1995:  “Lydforhold i bygninger.  Lydklasser for ulike bygningstyper.” 


