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What is this?
Introspective is a brand new magazine offering you a 
re flect ive look inward – an inside look at architecture. 
 

yes okay, but Why should i read it?
Today’s architects are expected to have an almost all-
embracing knowledge base and a holistic approach to 
every thing they do. This magazine is put together with  
the very same approach. It is a holistic melting pot of  
people from different professions, backgrounds, and  
cultures, with the aim of explaining their standpoint and 
sharing their knowledge on interior architecture with you. 
 
 Danoline
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neW auditoriuM at the bahrain ChaMber of CoMMerCe, bahrain

integrating visual and acoustic aesthetics

The new auditorium at the Bahrain Chamber of Commerce 
is a place of learning and understanding. But in order to be 
that it must also be a place of listening. Chief designer Aref 
Sadeq puts it this way:

“Early in the design phase of the Bahrain Chamber of Com-
merce Auditorium, we acknowledged the requirement to 
achieve the highest standards of acoustic performance in 
order to create a state of the art presentation environment. 
But we also understood that we must not sacrifice aesthetics 
in our choice of materials and interior finishes. The interior 
space must look magnificent to make a good first impres-
sion on its guests but must also perform its acoustic function 
as an auditorium.”

This very insight is the first step towards a high standard 
auditorium. Next step is finding a supplier fit for the job.

“We chose Danoline acoustic ceilings and wall panels as 
an integral part of the interior design. We did so because 
the Danoline product range allowed us the flexibility to cre-
ate beautiful shapes and architectural lines while achieving 
our acoustic objectives,” Sadeq explains and goes on to 
further stress the need of integrating acoustics in the design 
process:

“Often architects design an auditorium with traditional aes-
thetics in mind and then, later, add various materials to 
achieve or improve the acoustic requirements. The Danoline 
range of products allowed us to incorporate acoustic mate-
rials directly into the auditorium’s rudimentary structural ele-
ments: ceilings and walls.”
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»We Wanted the highest standards 
of acoustic performance. 
Without sacrificing aesthetics.«
  Chief designer aref sadeq
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refurbishMent of drill hall for training purposes at vordingborg barraCks, denMark

curved organic shapes – that sound good

»the curves from the auditorium 
are repeated in the curved ceiling 
of the the vestibule.«
 Chief arChiteCt kiM bjørn

This training centre is responsible for planning the training 
of soldiers to be sent out on peace-keeping missions. The old 
drill hall was brick-built with tiled roof and bearing concrete 
frames, all together creating one large room. But that was 
then:

“The large room is now turned into training rooms consisting 
of an auditorium for 220 people, two large classrooms that 
can be partitioned by folding walls, two smaller classrooms, 
and administrations offices,” Chief architect Kim Bjørn 
explains. 

The ceiling in the auditorium is made of free-hanging sheets 
overlapping each other. The sheets are equipped with sound 
absorbing gypsum boards, as well as sound and lighting 

systems. Also the curved walls are lined with sound absorb-
ing gypsum boards. In other words, the curved organic 
shape is a key element in the architectural vision. Chief 
architect Kim Bjørn:

“The curves are repeated in the vestibule that divides the 
auditorium and the classrooms. The ceiling in the vestibule 
is a curved ceiling with lighting and ventilation system built 
in. The walls of the classrooms consist of untreated and 
smooth brickwork. The ceilings on the other hand, consist of 
sound absorbing gypsum boards.”
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curved organic shapes – that sound good
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Multi-purpose leCture halls at istanbul bilgi university, turkey

acoustics after the construction?

The new lecture halls at Bilgi University were planned to be 
used in a multi-purpose fashion: For lectures, for presenta-
tions, for meetings, and even as a small cinema for movies 
with surround sound. Türker Talayman from Turkish Team-
Fores Akustik took on the challenge:

“By the time we got involved in the project, all educational 
buildings of the campus were already completed. Needless 
to say, without any consideration on noise control… There-
fore, our first aim was to block sound transmission and then 
create optimum acoustic environment inside the rooms.”

From a technical point of view, TeamFores Akustik planned 
to achieve less reverberant (acoustically dead) rooms in 
order to meet requirements of the university. Thinking that 
the rooms will be used more often as lecture halls, they incor-
porated some amount of reflective surfaces in the front area 
and increased the amount of absorbent surfaces on the side 
walls. The back walls were designed to work as wide band 
absorbers with panel absorbers at the lower parts and per-
forated absorbers on top. In order to trim possible flutter 
echo and avoid standing waves during electro acoustically 
amplified programmes, walls of smaller rooms were angled. 
This also helped to reflect the unabsorbed portion of the 
sound during nonamplified events.
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acoustics after the construction?

Türker Talayman explains in further detail:
“For the sake of unity and installation speed, we specified 
Danoline Designpanel and regular plasterboard, all with 
mineral wool insulation at the back in each hall. Other 
acoustic materials were: heavy traffic carpet, medium uphol-
stered auditorium seating, and T-grid suspended ceiling with 
panels having two different levels of absorption. Reflective 
ceiling panels were used in the front area to reflect some 
part of the acoustic energy towards the audience area, 
whereas absorbent ceiling panels were used in the remain-
ing area.

In multi-purpose rooms with sloping floor, the majority of the 
absorption comes from the audience area. Considering that 
some rooms in the project had limited height and the back 
walls must be highly absorbent in all frequencies in order to 
prevent late reflections returning to the stage area, surfaces 
on side walls required a good balance of reflection, absorp-
tion, and some diffusion. Extensive use of Designpanel 
proved to be a flexible, well balanced, predictable, and reli-
able element to the acoustic solution.”

»all the educational buildings 
Were already completed. 
unfortunately, Without any
consideration on noise control.«
 türker talayMan, turkish teaMfores akustik
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by lene bjerregaard, arChiteCt, Colour researCher, and author of “the Colour diCtionary”.

large surfaces need colour!

Colour is everywhere in our surroundings. It is perhaps for 
that very reason, that we take them for granted and don’t 
think so much about their influences.

For the last 25 years I have researched studies on the influ-
ence that colour has on us, and I have become more and 
more surprised by the results that serious scientific research 
is showing. Recent research shows that wall colours affect us 
both physically, mentally, and behaviourally – and far more 
than most people imagine. Listen to just a few interesting 
examples:

Colour helps you getting better – and sMarter
– At some hospitals in the United States it was shown that 
patients recovered quicker if they were in a room with bright, 

fresh colours, than if they were in rooms that were solid 
white, brown, or dark.

– At a medical convention in Switzerland it was argued that 
surgical patients had less need for pain killers if they were in 
rooms with either light pink or light violet walls, since these 
colours seem to reduce anxiety. Whereas when patients 
were in blue-green rooms, they had a greater need for anal-
gesic medication after surgery.

– For three years a German psychologist studied the influ-
ence of wall colours on children's IQ. It turned out that the 
children's IQ was detrimentally affected if the classroom 
had black, brown, or, quite surprisingly, chalk-white walls. 
The children's creativity was also negatively affected. Con-
versely, those same children had the highest IQ and creativ-
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large surfaces need colour!

»recent research shoWs that 
Wall colours affect us far more 
than most people imagine.«
 lene bjerregaard, arChiteCt, Colour researCher

ity in rooms that were pastel-coloured. And the effect lasted 
for up to 10 minutes after they had left the room.

– The pharmaceutical industry has extensively researched 
which colours are best for specific pills. It has for example 
been shown that patients believe that pale blue sleeping 
pills work better than pink, although the chemical content 
was exactly the same.

therefore Colours have an effeCt
All these examples show that colours affect our lives more than 
we may think. The reason for this is the fact that colour  
is reflected light, i.e. electromagnetic waves of different wave-
lengths. These colour rays affect us through the autonomic 
nervous system and hormone-producing glands in the brain. 
And that’s why we are all affected by colour.

targeted use of Colours in leCture halls
In rooms for the education of adults, care should be taken to 
ensure that most surfaces on the ceiling and the walls are 
bright – preferably a warm, light "cream-white" which is con-
sidered much more "friendly" than a pure white which is seen 
as cold and dismissive. In order to ensure that the room does 
not appear too insipid, other colours can be used on the same 
surface in order to emphasize the natural architecture. I 
assume that adults like children can learn more when there are 

smaller areas of bright fresh colours rather than solid white or 
dark rooms. The colours should not, however, be too strong 
and urgent as it may lead to stress due to overstimulation. 

Around the blackboard area, a different colour can be 
painted as decoration so the audience’s eyes have fixed 
points where they can rest when they need to look away 
from the lecturer. One has a need to occasionally rest the 
eye and focus on listening. 

Conversely, lecturers have a need for a stimulating colour on 
the back wall (i.e. behind the audience). Here, you can 
choose a lively and optimistic colour, for example orange, 
warm yellow, or a fresh bright green  – but too strong or 
"screaming" colours should be avoided. Strong blue and 
dark blue will be soporific, like other dark colours, so they 
should also be discouraged. 

Chairs may however be in dark colours while the tables 
should be bright. Floors can be both light and dark. There 
should be a target for the mood that is to be created in the 
room. Complementary colours which always emphasize 
each other in a positive way can be used to create a good 
balance between the warm and the cold, the quiet and the 
lively, depending on the colour that is dominant.

Read the article in its full length at danoline.com
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by Martin höjer and nils-Åke nilsson, aCoustiC Consultants, tyréns aCoustiCs 

acoustics With 3d-models in bim-format

Auditoriums can be used in many ways. A room’s acoustical 
concept will be highly influenced by its design. We have 
designed auditoriums where more than a thousand people 
can clearly hear one single speaker on the stage. But we have 
also been designing auditoriums where all performances are 
transferred through a PA or a loudspeaker system. 

aCoustiCal priMer – soMe fundaMental paraMeters
The reverberation time T60[s] of a typical auditorium varies 
from about 2 seconds (larger auditoriums) to well below 1 
second depending on the size of the room and its intended 
use. Generally, a room intended for performance over a 
loudspeaker or a PA-system requires a shorter reverberation 
time compared to a pure acoustical performance. The rever-
beration time is normally tuned to the desired value by add-
ing sound absorbent material at appropriate places. For 
auditoriums it is often desired to cluster the absorption to the 
rear part of the hall, whereas the stage side of the hall is 
kept with a minimum of absorbing surfaces. The principles 
are described in the conceptual sketch in figure 1.

hear the sound in a rooM before it’s built
The technical development, driven by the rapidly increasing 
computer capacity, enables new planning methods to 
emerge. BIM is a new concept regarding the planning of 
buildings and stands for “Building Information Modeling”. 
This concept enables assignment of attributes to each ele-
ment of a building in terms of material, weight, price, colour, 
sound insulation, sound absorption, scattering etc.

BIM may not be mistaken for CAD. However, CAD is often 
occurring in association with BIM-planning. In recent times, 
many buildings are being planned directly in 3D/BIM which, 
in addition to some general advantages (like avoiding inter-
ference e.g. between ventilation ducts and electricity cables 
and simplifying construction and time planning etc.), 
increases the possibility of performing rapid acoustical calcu-
lations by using for example the ray tracing technique. In 
addition to results in the form of colour maps and tables, the 

Figure 1. Conceptual sketch on optimal positioning of sound absorbent material 
in auditorium.

current ray tracing programs also enable auralizations to be 
performed, i.e. acoustical visualization of how the position-
ing and the selection of different surface materials affect the 
acoustical performance in a room. Auralization means that 
you can “hear the sound” in a room even before the first 
foundation of the building is raised.

If the BIM- technique is used, all this can be done primarily 
because a 3D-model is already generated by the architect. 

Figure 2. Room model for acoustical calculations of ventilation noise in the project 
”Stockholm Waterfront”. Note the air supply units in the ceiling marked with red.

»3d/bim increases the possibility 
of performing rapid acoustical 
calculations by using for example 
the ray tracing technique.«
 Martin höjer and nils-Åke nilsson, aCoustiC Consultants
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The 3D-model is imported to the ray tracing program after 
which the acoustical (and other) properties of each surface 
material is specified. Due to the increasing usage of BIM-
planning, Tyréns Acoustics have decided to use the software 
ODEON, which gives a superior support regarding direct 
import of 3D-models from e.g. AutoCAD. With the ODEON 
software, we also have the possibility of calculating acousti-
cal parameters not only for auditoriums, but also for other 
spaces such as open-plan offices, arenas, movie theatres 
etc. with excellent precision and at low cost. Examples of 
acoustical parameters that can be calculated are:

  Reverberation time.
  Speech Intelligibility, STI in auditoriums or in public spaces 
equipped with for example spoken fire warnings.

  Sound pressure levels and speech intelligibility from loud-
speaker systems.

  Noise from installations, e.g. the distribution of the sound 
level from all air supply units in an open-plan office.

  Detailed studies of airborne sound transmission, e.g. 
break-out contributions from ventilation ducts.

CalCulation tiMe reduCed by 30 %
The end result is a sound level map in listening positions over 
the entire room floor. The result of the sound level distribution 
in a conference room within the project “Stockholm Water-
front” is shown in figure 2. Some efforts in tuning formats etc. 

Figure 3. Acoustic room model for calculations of the reverberation 
time and speech intelligibility at Visättravallen preschool.

Figure 4. Calculation of reverberation time for the congress hall in the project 
”Stockholm Waterfront”.

Figure 5. 3D-model for calculations within the project ”Norra Latin Conference Center”.

are still to be made in order to fully utilize and refine the 
coupling between BIM and acoustical calculations. 

However, already today we have reduced the calculation 
time for acoustic modeling by about 30 %, by generating 
projects directly in 3D-BIM. Thus, the future methods for 
acoustical planning and calculations are already here; 
they just need to be fine-tuned.

Read the article in its full length at danoline.com
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by jorMa säteri, exCeutive Manager, finnish soCiety of indoor air quality and CliMate

good indoor environment = easier learning

good indoor environMent Makes learning easier
The indoor environment, comprising of visual, acoustic, and 
thermal environments and indoor air quality, has a signifi-
cant effect on learning in lecture rooms and auditoriums. 
Good indoor environment stimulates our senses and makes 
us vigilant for new ideas. Poor environment makes us drowsy 
and unconcentrated reducing our ability to learn. 

This common experience from our own studying times has 
also been proven by scientists in several experiments. The 
indoor environmental quality (IEQ) can affect people’s per-
formance at office and school work. The speed and accu-
racy in performing simulated office and school work tasks, 
or speed of call centre work, have been proven to decrease 
under poor IEQ. A substantial number of studies have found 
that changes in IEQ conditions are associated with, statisti-
cally significant, 2 -10 % changes in work speed. 

fresh indoor air – attentive audienCes
The indoor air is polluted by two main sources: people and 
building materials. The pollutants include bacteria and 
viruses, bioeffulents, volatile organic compounds, alde-
hydes, and particles. On elevated levels these contaminants 
can cause general symptoms (e.g. headache), irritation 
(e.g. loss of voice), and sensation of odour. 

Mixing air supply, ducts from ceiling

Exhaust 
air

Displacement air supply, ducts from floor or ceiling

Exhaust 
air

The pollutants that originate from people have to be removed 
by ventilation. High levels of carbon dioxide have been con-
nected with drowsiness and general symptoms, but the 
cause of this is a mixture of human bioeffuluents (rather than 
the carbon dioxide itself). The minimum fresh air flows in 
lecture rooms and auditoriums should be at least 8 (prefer-
ably 10-15) litres per second per person to prevent any 
impairment of students’ performance. For energy efficiency 
reasons, the air flow rate should be controlled by demand, 
for example using CO2-sensors. 

Building and furnishing materials can also be a significant 
source of pollution. New materials emit volatile compounds 
for months, some even for years, after installation. Formalde-
hyde is one of the most common and most harmful com-
pounds still emitted from building products, furniture, and 
textiles. 

The emissions from materials should be reduced by choos-
ing low emitting materials. Such materials are already avail-
able and there are several labelling systems that give infor-
mation about the emissions. One of the most successful 
voluntary labelling systems has been the Finnish M1-label. 
Similar labelling systems exist also in Germany (AgBB, Blue 
Angel, Emicode) and Denmark (Danish Indoor Climate 
Label). 
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good indoor environment = easier learning

Under floor air supply from plenum

Exhaust 
air

The selection of furniture and textiles is more challenging as 
only few manufacturers have published information about 
the emissions of their products. Designers should actively 
ask for this information and compare it with the criteria set 
for building materials.

right teMperature – satisfied people
Thermal comfort has a dominant effect on overall comfort. 
Optimum learning requires that the temperature is kept 

within the narrow range. Higher temperatures are more 
harmful than lower because they decrease our vigilance 
and enhance the effects of air pollutants. The sensation of 
stuffy or dry air is more common at higher temperatures 
whereas cooler air also feels fresher. 

This poses an extra challenge for auditorium design as the 
warm air rises upwards making the top rows much warmer 
than the front ones. Increasing the room height would allevi-
ate this problem, but usually this is not possible, so the prob-
lem has to be dealt with by air conditioning. 

At the recommended temperature range, people are quite 
sensitive to draught caused by air movement or radiation 
from cooler surfaces. The latter is seldom a problem in lec-
ture rooms and auditoriums, but air distribution is a chal-
lenge. The required fresh air flows, added with the air flows 
needed to take away the heat from people, can become 
very high. As these premises are usually tightly packed with 
people, it is difficult to find good locations for air inlet termi-
nals. Probably, the best solution is to supply the inlet air from 
a plenum under the seats. This strategy brings the air at a 
low velocity near to the breathing zone and lifts the con-
taminants with extra heat towards the ceiling. 
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The problem with this solution is the need for space under the 
seats, and slow reaction to changes in demand (due to mass). 
Therefore, it is best suited for (plenum) spaces under 300 m2. 

audiovisual environMent  
does not ContradiCt With indoor CliMate
Lecture rooms and auditoria are places for audiovisual 
learning and these aspects are, of course, the most impor-
tant issues in design. These issues need much more space 
than what’s available here, so I will not go into details.

Some aspects of the acoustic design may interfere with crite-
ria for good indoor air, for example soft surfaces are difficult 
to maintain clean and they can therefore adsorb particles 
and gases. Problems can usually be avoided if the emissions 
and cleanability of materials are taken into account in 
design. 

The targets for good visual environment in lecture rooms and 
auditoriums do not contradict the requirements set by indoor 
air quality and thermal comfort. Direct sunlight from win-
dows must be avoided and indirect daylight favored. Con-
trollable curtains or blinds are important means of user con-
trol. In this way, it is possible to avoid overheating, glare, 
and reflections at the same time. 

Good indoor environment is the most important design target 
of a lecture room or an auditorium. The messages of the lec-
turer are conveyed by audiovisual means and the perform-
ance of the audience is dependant on the general indoor 
environment. A good design can combine these requirements 
to a stimulating and productive learning environment.
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Mixing 
ventilation
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zone

Stratified 
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Mixed 
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Displacement 
ventilation

Under floor air 
distribution

»poor ventilation decreases 
the performance in tasks that 
require more complex skills.«
 jorMa säteri, exCeutive Manager

Read the article in its full length at danoline.com






