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This paper discusses the design, realisation, and acoustical performance of double doors in music rooms
within the newly opened building complex of the Karol Szymanowski Academy of Music in Katowice,
Poland. Several design aspects are examined, including the location of each door in relation to box-in-box
walls, the design of inner and outer floating floors, and the consequences of changes in seal type selection
on sound leakage. The acoustical performance of individual doors and the double-door system is analysed.
Construction details of sound-absorbing surfaces in the intermediate space between the doors, as well as
methods for detecting sound leakage, are also discussed.

1 Introduction

Music education buildings are among the most acoustically demanding types of educational facilities, because they must
provide both suitable internal listening conditions as well as effective protection against disturbance from adjacent rooms
and circulation spaces. This is particularly important in facilities containing small music practice rooms, where different
instruments may be played simultaneously and where users may be exposed to high sound levels for long periods [1].
Early research by Lamberty [2] showed that music practice rooms should be treated as a distinct room type, with design
requirements that differ from those of ordinary teaching spaces and depend strongly on the intended musical use, room
proportions and user expectations. Subsequent studies confirmed that the acoustic quality of small music rooms cannot
be reduced to a single parameter. In addition to reverberation time and background noise, the perceived suitability of such
rooms depends on room volume, surface treatment, modal behaviour, diffusion and protection against airborne sound
transmission from neighbouring spaces [3, 4]. Cunha et al. [4] demonstrated that, in small music classrooms, sound quality
assessment should include not only room-acoustic conditions but also airborne sound insulation between rooms, since
acoustic disturbance from adjacent spaces may directly affect teaching, learning and musical practice. These findings are
particularly relevant in higher music education buildings, where individual practice rooms are used intensively and often
simultaneously.

The broader context of educational acoustics also supports the need for carefully defined design criteria. Rasmussen and
Guigou-Carter [5] showed that acoustic regulations for schools vary considerably across European countries in terms of
descriptors, target values and scope, even though they generally address reverberation, background noise and sound
insulation. Practical design guidance reaches similar conclusions: in Building Bulletin 93 (BB93), music rooms are treated
as spaces with increased acoustic requirements, and the need for enhanced sound insulation and protection from noise
ingress is explicitly recognised [6]. More recently, ISO 23591 introduced differentiated acoustic quality criteria for music



rehearsal rooms and spaces, emphasising that such spaces require specific design approaches related to use, music type
and acoustic function, rather than the application of generic classroom assumptions [7].

Against this background, entrance doors in small music rooms should be regarded not as secondary fittings, but as
acoustically critical elements of the enclosure. This is especially true in rooms designed according to the box-in-box
principle, where the overall performance depends not only on the sound insulation of walls, floors and ceilings, but also
on the continuity of structural separation and the airtightness of all junctions and openings. In practice, the door system
may become one of the weakest elements of the enclosure and may therefore determine what level of airborne sound
insulation is achieved in the finished room. For this reason, the present study examines the design, execution and acoustic
performance of music practice rooms with sound locks equipped with double-doors in the newly opened complex of the
Karol Szymanowski Academy of Music in Katowice, which was designed acoustically by the authors.

2 Scope of the study

The music practice rooms in the new complex of the Karol Szymanowski Academy of Music in Katowice were designed
as box-in-box rooms, in which the inner acoustic enclosure was structurally decoupled from the main building structure.
This solution comprised independent wall, ceiling, and floating-floor systems, limiting both airborne sound transmission
and the transfer of structure-borne vibrations. The entrance zone to each room was designed as a typical sound-lock - a
system of two successive door separated by an air gap. An outer door was located on the corridor side and an inner door
was aligned with the room’s internal cladding. A small intermediate space was formed between them, with its walls lined
with sound-absorbing material.

The design requirements for the analysed rooms specified that the impact sound level transmitted from adjacent rooms,
as well as from the storeys above and below, should not exceed L;,,, < 30 dB. With regard to airborne sound insulation,
the requirements were R;, = 70 dB for walls and floors between music practice rooms and R, = 60 dB for partitions
separating practice rooms from corridors. Such stringent requirements meant that the entrance zone, including the doors,
became one of the critical elements determining the overall acoustic performance of the design.
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Figure 1. Typical practice room at the Karol Szymanowski Academy of Music in Katowice — plan view showing the
location of the outer door (marked as 1), inner door (marked as 2), and the intermediate space between the doors
(marked as 3).



Figure 1 shows the plan of a typical music practice room with box-in-box construction, indicating the locations of the
outer and inner doors and the relationship between the inner and outer enclosures. Figure 2 presents a cross section through
the entrance zone, illustrating how doors are connected to the wall, ceiling, and floating-floor. These drawings indicate
that the acoustic performance of the doors depends not only on the properties of the doors themselves, but also on their
position relative to the two enclosures and on the details of their junctions with the remaining components of the box-in-
box system.
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Figure 2. Typical box-in-box practice room — section through the room showing the location of the outer door (marked
as 1), inner door (marked as 2), and the intermediate space between the doors (marked as 3).

The scope of the study included field measurements of airborne sound insulation for selected doors, performed in
accordance with EN ISO 16283-1 [8]. Measurements were carried out separately for the inner door, separately for the
outer door, and for the double-door system with both doors closed simultaneously. The measured data were then assessed
in accordance with EN ISO 717-1 [9], using the single-number quantities applicable to airborne sound insulation,
including R’,, and the spectrum adaptation terms C and C,.. In addition, results previously obtained for a mock-up
solution, which served as a reference implementation of the investigated system, were analysed. Selected construction
issues identified during the acceptance stage were also assessed, in particular the effect of the perimeter airtightness of
the doors and the change in the location of the floor expansion joint in the entrance zone of the room.

3  Results of measurements and construction-related observations

3.1 Single doors and the double-door system

For ten selected music practice rooms, field measurements of airborne sound insulation were carried out separately for
the inner door, separately for the outer door, and for the double-door system with both doors closed simultaneously. On
this basis, the obtained single-number ratings of double door (R’ double) Were compared with the arithmetic sum of the
sound insulation values of the two individual doors (R’w door1 + R’w.door2)-
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Figure 3. Relationship between the arithmetic sum of the field sound insulation ratings of two individual doors
(R’ w.door1; R’ w,door2) and the sound insulation of the double-door system with both door sets closed simultaneously
(R’w,double)-

The measurement results showed that an increase in the sound insulation of individual doors leads to an increase in the
sound insulation of the entire double-door system; however, this relationship does not correspond to simple addition. As
shown in Figure 3, the relationship between the sum of the sound insulation ratings of the two individual doors and the
sound insulation of the double-door system is approximately linear. For the analysed set of 30 measurements (10
measurements for double doors and 20 measurements for individual doors), it can be described by the following formula:

R\’/v,double ~ 0.72 x (R\,N,doorl + R(/v,doorz) +12 dB' (1)

where Ry, qouple 18 the resulting sound insulation of the double-door system, and Ry, goor1 and Ry, qoorz are the sound
insulation values of the individual doors. The obtained relationship is statistically significant (r =0.988, R? = 0.976,p <
0.001) and linear. It should be emphasised, however, that this relationship is empirical in nature and should primarily be
treated as a practical engineering approximation for similar double-door systems. At the same time, the values obtained
with both doors closed simultaneously were lower than the simple sum of the parameters of the two individual door
partitions.

3.2 Mock-up and on-site measurements

An important part of the analysis was the comparison between the results obtained for two sets of double doors on the
mock-up test stand and those measured after installation of all doors in the building. The mock-up tests were carried out
for the partition between the corridor and a music practice room, in which two entrance doors were installed: one on the
corridor side and one on the room side. Both doors had a declared sound insulation rating of R,, = 42 dB. Measurements
were performed both for the double-door system with both doors closed simultaneously and for each door tested
separately. For the double-door system, after several test measurements a final value of R;, (C; C;) = 65(—1; —5) dB
was obtained, while for the individual door on the corridor side the result was R, (C; C;) = 41(—1; —5) dB. For the
individual door on the room side, after the installation of a rigid door threshold, a value of R,,(C; Ci) = 41(—2; —6)
dB was also obtained. These results confirmed that the double-door concept itself was correct and had the potential to
meet the high acoustic requirements, provided that installation and adjustment were carried out properly. The tests also
revealed a significant influence of the threshold detail on the final measurement result. In the variant in which carpet was



used in the threshold zone instead of a proper solid threshold, the sound insulation of the individual door on the room side
decreased to R;,(C; C.) = 30(0; 0) dB due to ineffectiveness of a drop seal on the carpet. This shows that even a local
construction detail may determine the effectiveness of the entire system and lead to very large differences in the achieved
sound insulation.

However, during on-site acceptance, the results for doors analogous to those tested in the mock-up were clearly inferior.
The obtained values were initially below the level expected on the basis of the earlier tests, even though solutions of
similar construction had been used. In practice, several adjustment iterations were necessary, including correction of the
door leaf alignment, adjustment of the hardware, and improvement of the perimeter sealing. Example sound insulation
characteristics for several door adjustment iterations are shown in Figure 4, where the sound insulation rating improved
from R}, (C; Cy) = 23(0;0) dB for the 1* iteration to R},(C; C;.) = 36(—1; —2) dB in the 3" iteration. During the
successive adjustments, a simple leakage detection method was also used, consisting in generating noise in the room and
identifying the locations of the strongest sound leakage along the door perimeter; it was also checked whether any audible
change occurred when the door leaf was pressed manually. From a practical point of view, this proved to be one of the
most effective methods supporting the adjustment process, as it made it possible to directly identify the zones requiring
correction. This indicates that, in the case of partitions with high acoustic requirements, geometric control of installation
alone may be insufficient, and functional verification under conditions close to real use is also necessary.
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Figure 4. Measurement results for the same door for three adjustment iterations, including an additional check with
manual pressing during the second iteration.

The observations showed that the critical factor in achieving high sound insulation was the perimeter airtightness of the
doors, and in particular the effectiveness of the compression seals between the door leaf and the frame. Only after very
careful adjustment, it was possible to obtain results close to the expected values. At the same time, an operational problem
became apparent: the setting that ensured high airtightness made the doors difficult to close completely. It was necessary
to press the door leaf firmly in order for the lock to engage properly and provide the required compression of the seals
along the entire perimeter. From the point of view of everyday use, such a solution was unacceptable.



These results indicate that the choice of sealing type is of fundamental importance for reconciling acoustic and functional
requirements. In the analysed case, the acoustic design required the use of magnetic seals, which could reduce the problem
of uneven compression and improve door airtightness without excessively loading the closing mechanism. However, at
the construction stage, the solution was ultimately rejected due to the relatively low prevalence of magnetic sealing
systems in the Polish construction industry and the associated increase in implementation costs. The experience gained
during the acceptance stage showed that, under very high acoustic requirements, even small installation deviations or
local leakages may lead to a significant reduction in the sound insulation of the entire system.

In the frequency characteristics of doors with insufficient airtightness, local reductions in sound insulation were observed
in selected frequency bands. Of particular importance was the occurrence of a distinct dip in the curve around 2 kHz,
interpreted as the effect of a local leakage in the system. After adjustment and improved sealing, the curve became more
even and the single-number rating increased. The comparison of the characteristics before and after adjustment therefore
provides a useful diagnostic tool, allowing assessment not only of the scale of improvement but also of the frequency-
related nature of the identified problems.
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Figure 5. Sound insulation measured for the inner door, the outer door, and the resulting sound insulation of the double-
door system. In the 2 kHz band, a local decrease is visible in all three characteristics.

An additional phenomenon observed during operation and adjustment was the effect of the small volume of the space
between the doors on the closing process. When the distance between the two doors was small, closing the second door
was hindered due to the compression of air in the enclosed intermediate space. The resulting air cushion increased the
resistance during closing and made it more difficult to achieve proper compression of the seals. One possible way to
reduce this effect would be to introduce an additional pressure-equalising space, allowing air to escape while the second
door is being closed.



3.3 Effect of expansion joint location, flanking transmission and airtightness of inner
door leaf

The measurement results and observations made during the acceptance stage indicated that the final performance of the
double-door system was determined not only by the sound insulation parameters of the doors themselves, but also by the
way they were integrated into the box-in-box system and by the design of the construction details in the entrance zone.
Particularly sensitive elements proved to be the junctions at the door frames, the interfaces with the floor layers, and the
continuity of the structural separation between the corridor, the intermediate space between the doors, and the actual
practice room.

One of the significant problems identified during construction was a change in execution concerning the location of the
floor expansion joint between the corridor and the practice room. In the original design (see Figure 6, left diagram), two
expansion joints were planned — one between terrazzo floating floor (n° 3) and reinforced concrete element (n° 4), and
second between reinforced concrete element (n° 4) and inner box floating floor (n° 5).

During construction, however, the General Contractor modified original design and eliminated reinforced concrete
element (n° 4) which extended terrazzo floating floor (n° 3) into sound lock. This change created an additional sound
transmission path that had not been taken into account in the original design. Impact sounds generated in the corridor
could pass under the outer door leaf into the sound lock, where the floor fragment then radiated acoustic energy into that
space in the form of airborne sound. As a result, only one set of inner doors remained on the further transmission path
into the room interior. This means that moving the expansion joint not only weakened the structural separation between
the corridor and the room, but also changed the sound transmission mechanism: from a path associated with impact noise
and structural vibrations on the corridor side to secondary airborne radiation in the intermediate space between the doors.
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Figure 6. Diagram of the floor detail in the entrance zone to the practice room; original design (A) and version modified
by General Contractor (B), showing the location of the outer door (marked as 1), the inner door (marked as 2), the
expansion joint, and the schematic impact sound transmission path in modified version (B) from the corridor side to the
intermediate space between the doors (into the sound lock).

4 Conclusions

The analyses carried out confirmed that the double-door system in music practice rooms can provide high sound
insulation; however, its actual performance depends not only on the parameters of the individual doors, but also on the



quality of installation, the perimeter airtightness, the geometry of the intermediate space between the doors, and the
construction details of the entrance zone. Based on field measurements, it was found that the relationship between the
arithmetic sum of the sound insulation of two individual doors and the sound insulation of the entire system is
approximately linear and, for the analysed dataset, can be described by the approximation Ry, gqouple =

0.72 x (R\’/v,1 +R"N,2) + 12 dB. This relationship is empirical in nature, but it may be useful as an engineering
approximation in the design of similar systems.

The mock-up tests showed that a properly executed doble-door system can achieve very high sound insulation, amounting
in the analysed case to R),(C; C) = 65(—1; —5) dB, with the individual doors achieving values of R,,(C; Cy) =
41(—1; —5)dB and 41(—2; —6) dB. At the same time, the system was shown to be highly sensitive to local construction
details: changing the threshold from solid one to flexible carpet reduced the sound insulation of one of the individual
doorsto R;,(C; C,) = 30(0; 0) dB. During on-site acceptance testing, achieving high sound insulation required multiple
adjustment iterations and very careful improvement of the door sealing, while the most effective method supporting the
adjustment process proved to be the localisation of leakage paths using noise under real operating conditions.

The analysis of construction details further demonstrated that the acoustic effectiveness of the entrance zone depends on
maintaining design consistency throughout the entire box-in-box system. Relocating the floor expansion joint into the
intermediate space between the doors created an additional sound transmission path, while the small volume of that space
made it more difficult to close the second door because of the air-compression effect. This means that in buildings with
very high acoustic requirements, doors should be treated not as stand-alone products, but as components of the entire
building-acoustic system, whose effectiveness depends on design, execution, and adjustment.
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