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Abstract: The Stockholm Public Library was realized in two distinct phases of construction in the
1920s and early 1930s, and remains a well-known work in twentieth-century architecture, with a
heritage status today. While previous studies have focused on the library’s architectural design, par-
ticularly its lighting, acoustics were also an important aspect of the building’s design and construction.
This study marks the first detailed investigation of the library’s architectural acoustics, with a suite
of standard measurements performed to assess and characterize the library’s historical room and
building acoustics. Reverberation time measurements in the library’s reading rooms yielded results of
about 1.5-2 s for frequencies associated with speech. A significantly longer reverberation time of 5-6 s
was measured in the library’s central rotunda, confirming a prominent acoustic issue in the library,
where appropriate heritage discussions are needed in the future as the library undergoes a major
renovation in the coming years. A comparison of the measured airborne and impact sound insulation
of the 1920s and 1930s reading room ceilings also yielded interesting results. While the materials in
library’s two construction periods are notably different, the airborne sound insulation performance
of the 1920s and 1930s floors or ceilings was comparable and in line with contemporary standards.
Impact sound insulation results from the 1920s and 1930s floors, however, differed significantly, with
the latter displaying a relatively poor performance. Flanking transmission effects related to historical
construction details and deviations from archival plans were investigated and discussed. This work
emphasizes the practical and academic importance of conducting on-site measurements, and the
close mutual development of modern architecture, construction, and architectural acoustics.

Keywords: historical architectural acoustics; library design; historical construction; reverberation
time; airborne sound insulation; impact sound insulation; Gunnar Asplund; Henrik Kretiger

1. Introduction

The development of modern architecture and modern architectural acoustics occurred
in parallel during the twentieth century, with the two fields closely influencing each other.
Today, acoustics continues to be a topic widely acknowledged as an important design
aspect of many types of buildings, which can affect our experience of spaces, productivity,
and ability to concentrate, and the overall social environment of an interior. Yet, as previous
studies have suggested, architectural acoustics remains a highly technical, and, at the same
time, deeply mystical subject for both building occupants and building designers such
as architects and engineers [1]. For centuries, architects and engineers have developed
various visual aids and graphical techniques in attempts to simplify and visually represent
important acoustic effects, especially during a design process [2—4]. This approach has
continued throughout the modern architectural movement of the twentieth century with
several notable examples involving either drawings or scaled physical models [1,3-8]. In
turn, recent historical acoustics studies in the architectural discourse [9] have, for the most
part, focused on room acoustics and the visible features of interior spaces, often using
the available visual materials produced by architects or engineers. Only a few recent
architectural studies, such as those by Fischer [7,10] and Clarke [4], have considered what
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Sabine [11] described as the second problem of architectural acoustics, namely, building
acoustics and how sound or noise is transmitted or insulated between different areas or
rooms of a building.

Within the growing field of historical acoustics, previous work dealing with historical
buildings has similarly dealt almost exclusively with room acoustics [12]. Only a few
acoustics studies can be found on the impact sound insulation [13,14] or flanking transmis-
sion [15] of historical floors. Rather than relying on archival documents and plans, however,
acousticians examining historical buildings typically use on-site measurements or acoustic
simulations, or both [16]. For example, studies have frequently investigated the acoustics
of performance spaces, such as theatres [17-19], opera houses [20], or concert halls [21],
or spaces for religious activities such as churches [22], cathedrals [23-25], mosques [26],
and temples [27]. Room acoustics are paramount in these building types, with previous
work typically examining background noise, reverberation time, and detailed objective
acoustic parameters for music or speech such as clarity (Csg), speech transmission index
(STI), and early decay time (EDT). These studies have often investigated complex acoustic
phenomena in historical environments, and in doing so, have established new insights and
knowledge focused on historical room acoustics.

Libraries, on the other hand, and especially historical libraries, designed with quiet
reading rooms rather than spaces for performance or speech communication, represent a
distinct building type and a unique acoustic environment. Considerations of both room
acoustics and building acoustics are typically needed for historical libraries, where either
of these aspects can play a significant role. Although there are relatively few studies to
be found on library acoustics in the literature, previous research on this specific subject
has commonly focused on contemporary library examples [28-35], or frequently employ a
more qualitative soundscape approach [36—40]. The acoustics of historical libraries have
not yet been systematically researched or closely examined. One reason for this lack of
consideration may be the challenge of investigating historical building acoustics in general.
On-site measurements or simulations and the interpretation of the results can be strongly
influenced by historical construction details, which are often not well known or even
documented. Furthermore, archival plans can often be missing or unrepresentative of the
actual as-built features of a particular building wall or floor structure. The present study,
therefore, makes a novel contribution to the field of historical acoustics with a more holistic
approach, investigating both the building and room acoustics of one of the most important
libraries in the history of twentieth-century architecture.

2. Architecture and Background of the Stockholm Public Library

The Stockholm Public Library is widely considered as a landmark work of architecture,
with national heritage status and protection today [41] (Figure 1). The library was originally
designed from 1919 to 1925 by one of Sweden’s most well-known architects, Erik Gunnar
Asplund, and many aspects of the building’s architecture have already been addressed
in the previous literature, especially in relation to lighting [42-50]. But, quiet reading
rooms (Figure 2) with open shelves for direct access to books and individual study spaces
were an essential part of the library’s design, and the acoustics of the library have not
yet been studied. Furthermore, it is critical to understand how the library was realized
in two separate construction periods: first from 1925 to 1928, with the completion of the
building’s central rotunda and three perimeter wings and reading rooms; and second, from
1931 to 1932 with the building’s final western wing and reading room. Table 1 gives a
brief overview of the volumes and main features of the library’s central rotunda and the
reading rooms that are investigated in this study. The Stockholm Public Library represents
an important example of architecture, construction, and historical acoustics from both
the 1920s and 1930s, and a study of its architectural acoustics is of both practical and
academic importance.
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Figure 1. A perspective section through a 3D point cloud model of the Stockholm Public Library,
showing the taller central rotunda, and the surrounding reading rooms with offices directly above
around the perimeter of the building. Image by P. Fleming and P. Mill, used with permission.

Figure 2. Interior photographs of the Stockholm Public Library’s reading rooms (Facksal) 1, 3, and 4.
Images by P. Fleming, F. Covre, and M. Rovira Torres, respectively, used with permission.

Table 1. Descriptions of the Stockholm Public Library’s central rotunda and the reading rooms
investigated in this study. Note that linoleum flooring is present throughout. Reading rooms 2 and 5
are symmetrical to reading rooms 4 and 1, respectively, and therefore were not examined.

Room

Date of Construction Volume (m?) Architectural Features

Three levels of stepped-back bookshelves

Central Rotunda 1925-28 12,000 Textured, relief-like walls, clerestory windows
Reading Room 1 1925-28 660 Single level of book'shelves, in fI:Ol’lt of walls
Recessed window openings
Two levels of bookshelves, attached to walls
Reading Room 3 1931-32 1080 Cantilevered gallery of reinforced concrete
Rounded transition between ceiling and walls
Reading Room 4 1925-28 2300 Single level of bookshelves, recessed in walls

Recessed window openings

Despite the library’s two construction periods being separated by only a few years,
the techniques and materials from each period are notably distinct, especially in relation
to the building’s acoustics [51]. While very few archival plans were saved from the initial
1920s construction period, Asplund’s published writing in 1928, at the time of the build-
ing’s opening, highlighted the use of cork as an acoustic insulation material between the
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library’s main stair and supporting walls [52]. Moreover, the library’s original construction
specifications from 1924 [53] similarly note the intended use of Cabot’s Quilt or eelgrass
insulation as an acoustic material in the building’s walls and possibly in its floors as well.
While a detailed history of the development of acoustic insulation materials is beyond the
scope of the present study, these materials were commonly used throughout America and
Europe in the 1920s when the library was originally designed and built [54]. Although it
has not yet been possible to verify or document these construction details or insulation
materials in the library’s 1920s construction, they differ from those planned in the library’s
later period of construction in the early 1930s.

The limited archival plans available from the library’s 1931-32 construction tell a dif-
ferent story compared to the archival documents from the 1920s. In the 1930s construction
period, the well-known Swedish engineer Henrik Kreiiger and his office specified relatively
new materials that were only recently patented [51], including for use in so-called ‘sound-
proof floors’ [55]. Rather than Cabot’s Quilt, the library’s floors built in 1931-32 included
Solomite panels of compressed straw as acoustic insulation, with air-cured, cast-in-situ
aerated concrete as a fill material directly above this Solomite insulation layer in the floor
section (Figure 3). As a professor at the Royal Institute of Technology (KTH) in Stockholm,
Kretiger further published two journal articles on building acoustics in 1924 and 1927,
highlighting the state-of-the-art understanding of the field at that time in Sweden [56,57].
At first glance, the use of different construction materials in the 1931-32 construction period
suggests that the building acoustics of the library’s western wing and western reading
room (Facksal) 3 are likely different from the rest of the library built only a few years earlier.
This study, therefore, aims to characterize these differences and better understand how
the library’s historical building acoustics were influenced by novel developments in both
international and local construction materials and techniques.
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Figure 3. Floor sections drawn from archival documents of the Stockholm Public Library, showing
the planned construction during (above) 1925-28 and (below) 1931-32. Image by P. Mill, used with
permission.
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Today, as the library currently undergoes an extended period of maintenance and
renovation, important heritage questions naturally arise that are directly related to the
acoustics of the library. For instance, should a heritage library be renovated to follow
contemporary standards and trends for reading rooms and their acoustics [30,36,37,58],
with spaces that essentially become less quiet and less reverberant, in favor of offering
more acoustic comfort, or even more dynamic, social, and collaborative environments?
While user expectations may somewhat differ for historical libraries in comparison to
contemporary ones [35], the former are still under immense pressure to continually adapt
to new developments in media and technology and emerging social trends [59]. In the
specific case of the Stockholm Public Library, possible alterations of the library’s reading
rooms’ walls and ceiling are quite limited due to their heritage status. In contrast, the
ceiling of the rotunda is an interior surface with less strict protection and is more open to
renovation efforts and possible acoustic alterations. But before the previous renovation
question can be answered or even discussed by practitioners, we first need to understand
the current state of a library’s room and building acoustics. Through a series of on-site
measurements performed in accordance with current international acoustic standards, this
study marks the first detailed investigation of the Stockholm Public Library’s architectural
acoustics. Finally, this work outlines a new multidisciplinary area of study across the more
familiar fields of architectural history, historical construction, and historical acoustics.

3. Materials and Methods

This work begins by first characterizing the basic room acoustics of the Stockholm
Public Library’s central rotunda and reading rooms (Figures 2 and 3 and Table 1). The
background noise and reverberation times of these spaces were measured according to
the international standard (ISO) 3382-2:2008 for ordinary rooms [60]. While these rooms
were originally designed as quiet reading spaces, with open bookshelves to allow anyone
direct access to knowledge without having to speak to a librarian to retrieve a book, only a
preliminary consideration of speech communication and STI is given in this study. Further
measurements and analyses related to speech intelligibility remain open as an area for
future work. Measurements of the library’s background noise and reverberation time,
together with those related to airborne and impact sound insulation, were performed over
the course of several nights from December 2022 until November 2023, from approximately
22:00 to 03:00 during each measurement campaign. Although representative daytime
background noise measurements were also of interest, they could not be arranged due to
the relatively loud, ongoing renovation work inside the library, and due to privacy concerns
of the library visitors.

Figure 4a shows a scaled plan of the library’s first floor at the rotunda and reading
room level, with all measurement source (51, S2, T1, T2, etc.) and receiver positions (1, 2, 3,
etc.) similarly drawn to scale. For further clarity, Table 2 lists the specific receiver positions
for each respective source position. For reverberation time measurements, an interrupted
broadband white noise signal was created with Briiel & Kjeer (Neerum, Denmark) acoustics
equipment, including a Type 4293-L omnidirectional sound source and Type 2734-B power
amplifier, and measurements with a Type 2270 sound level meter. The sound level meter
was calibrated both before and after each series of measurements to confirm accurate results.
While the nightly testing schedule ensured the building was completely unoccupied,
unwanted background noise from the nearby metro line, surrounding urban activities, and
traffic of the city could still be perceived during testing. While background noise from
the general urban setting of the library could not be limited or reduced, measurements
were timed to avoid the intermittent and noticeable low-frequency noise from the nearby
metro line.
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Figure 4. Plans of the Stockholm Public Library’s (a) rotunda and reading room level and (b) upper
office level, showing source and receiver positions for background noise, reverberation time, and
impact insulation measurements.

Table 2. Specific source and receiver combinations used during measurements.

Measurement Source Positions Receiver Positions for Each Source Position
Background Noise - 16-19, 34-57, and 61-100
S1 1-19, 22, 27,28, and 33
S2 1-5,9-12, 19, and 25-33
R b ion Ti S3 1-4, 9-14, and 16-33
everberation Time S4-S6 34-41
S7-S9 42-49
S10-S12 50-57
S13 61-65 and 81-85
Airb Insulati S14 66—70 and 86-90
irborne Insulation S15 71-75 and 91-95
S16 76-80 and 96-100
Impact Insulation T1-T8 42-49
P T9-T16 50-57

The airborne and impact sound insulation of the floor of the library’s upper office
level, located directly above the main reading rooms, were conducted in accordance with
ISO standards 16283-1:2014 and 16283-2:2020, respectively [61,62]. For airborne sound insu-
lation tests, the same acoustics equipment already noted was used throughout. For impact
sound insulation measurements, a Briiel & Kjeer (Neerum, Denmark) Type 3207 tapping
machine served as a noise source according to the relevant ISO standard, with locations on
the upper office level floor shown in Figure 4b. Likewise, Figure 5 shows the plans of the
library’s reading room and upper office levels, with the source and receiver measurement
locations for airborne sound insulation testing. For the measurement locations inside the
reading rooms, the same reverberation time results were used for both airborne and impact
sound insulation measurements. Rather than repeating the reverberation time measure-
ments, the sound level meter’s Building Acoustics Type BZ-7228 software (version 4.7.6)
could readily reuse the reverberation time results from one investigation to another. In
all cases, raw measurement data were simultaneously recorded as basic audio wav files
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using the sound level meter’s Type BZ-7226 software (version 4.7.6). These recordings are
available together with the general measurement files upon request.
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Figure 5. Plans of the Stockholm Public Library’s (a) rotunda and reading room level and (b) upper
office level, showing source and receiver positions for background noise and airborne insulation
measurements.

As the library’s historical floors are anisotropic with non-uniform properties, ground-
penetrating radar (GPR) measurements from the author’s earlier work [51] were used to
locate the primary steel beams in the upper office level floors or reading room ceilings
of the library. The previous GPR measurements confirmed that steel beams are spaced
approximately every 1.65 m along the length of the reading room ceilings. As shown in
Figure 3, the ceiling or floor sections feature a typical 9 cm thick, lower reinforced concrete
slab between the beams. This basic structure was consistent throughout the two historical
construction phases of the library, while the subsequent fill materials and insulation layers
differed, as noted earlier. An exposed area of the 1931-32 floor on the upper office level
of the library, revealed during the course of the ongoing renovation work, confirmed the
construction materials from the limited archival plans and the accuracy of the previous
ground-penetrating radar data [51]. A comparable area of exposed floor structure has not
yet been seen or documented in the 1925-28 sections of the library, leaving us with only the
GPR data as reliable, although unconfirmed, measurements for the older areas of the library.
In light of the library’s anisotropic historical floor structure, tapping machine positions with
an orientation of 45 degrees with respect to the beam direction were followed throughout,
according to the ISO 16283-2 standard [62]. As discussed later on, additional attention was
paid especially to flanking transmission through the steel beams of the library’s historical
floor and ceiling structures.

4. Results
4.1. Room Acoustics: Background Noise and Reverberation

Background noise measured in the rotunda at positions 16-19 (Figure 4a) over intervals
of 30 s resulted in overall sound pressure levels of 35.6 dBA and 50.1 dBC. Figure 6 shows
the frequency spectrum of the combined measurements. Although not shown, these
background noise measurements in the rotunda also included a high-frequency noise
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component in the 16 kHz and 20 kHz one-third octave bands. This high-frequency noise
could not be subjectively perceived at the time of conducting measurements in the library,
but can still be heard in amplified recordings of the measurements and was likely caused
by electronic equipment inside the rotunda. In the library’s reading rooms, similar overall
background noise levels were also measured during both impact and airborne transmission
tests. Figure 7 shows the background noise frequency spectra for these reading room
measurements. The small, southeastern reading room 1 featured the lowest background
noise levels. Background noise levels in the medium-sized, western reading room 3, and
largest, northern reading room 4, were slightly higher, as expected, due to their closer
proximity to the busy Odengaten street on the north side of the library building. As
previously noted, the urban traffic noise from the surrounding streets outside the library
was subjectively deemed as the main source of background noise during nightly testing.
While background noise measurements were not feasible or permissible during the day
when the library is open to the public, it is expected that daytime exterior sources are
even further pronounced when more people and traffic are active around the lively urban
area surrounding the library. Although such exterior noise sources may help to partially
mask the perception of interior sources, this exterior noise was unavoidable for subsequent
measurements in the unoccupied building. In a few limited cases, this situation led to
relatively high levels of low-frequency background noise while performing subsequent
reverberation time measurements.
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Measurements of the reverberation time inside the library’s central rotunda yielded
results of around 5-6 s for the frequencies commonly associated with speech, between the
400 Hz and 1.6 kHz one-third octave bands (Figure 8). The measurements also displayed a
noticeable reduction to about 4.5 s for the reverberation time in the low-frequency range of
160-250 Hz. While the absorption of the rotunda’s walls and ceiling of lime render and its
linoleum floor on concrete are relatively constant with respect to frequency, the reason for
this reduction is not known with certainty. Recent renovation work, however, has revealed
a relatively large air-backed cavity around the entire perimeter of the rotunda wall surface,
where the wall curves inward, away from the rotunda’s main masonry wall, and transitions
to the base of the upper clerestory windows [51]. Previous acoustic research has shown
that band-limited sound absorption in a similar low-frequency range is a characteristic
of such cavity-backed membrane surfaces [63]. On the other hand, at higher frequencies
above 4 kHz, the dissipative properties of air become dominant and gradually shorten the
rotunda’s reverberation time, as expected due to the large volume of the room.
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Figure 8. Rotunda reverberation time frequency spectrum.

Figure 9 shows the spatial distributions of individual reverberation time measurements
in the library’s rotunda. A 5 m critical radius is shown as a circle around each source
position, based on the guidelines in the ISO 3382-2 standard [60]. While a distinct flutter
echo and increase in loudness can be subjectively noticed from one’s footsteps when
walking across the center of the rotunda, the individual reverberation time measurements
overall show relatively minor variations from one location to another. In the case with
source position S3 near the perimeter of the rotunda, the measured data, however, did
show slightly longer reverberation times at the center of the space. This pattern most likely
corresponds to the expected fundamental mode of the sound field of a typical circular
hall [64]. Yet, as the rotunda’s textured, relief-like wall surface helps in scattering reflections,
the effect of focused reflections from the overall circular geometry of the rotunda seems to
occur only when the source and receiver positions are both localized near the center of the
space. More detailed impulse response measurements and analyses, like those completed
in other historical acoustics studies [65,00], are needed to investigate this effect in greater
detail, including an energy analysis of the time history data. It is still important to note that
this focusing effect would have been most apparent in earlier decades when the library’s
main U-shaped lending desk was located directly in the center of the space. In the present
day, however, there is a smaller cluster of lending desks located in the northwest quadrant
of the rotunda, well away from its center, to avoid these localized acoustic issues. The
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excessively long reverberation time in the space, which roughly correlates to a poor STI
value of 0.3 based on estimates and correlations from recent research [67], remains the
primary hinderance for speech between librarians and visitors, but also a unique acoustic
characteristic of the space overall.
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corresponds to increasingly longer measured reverberation times.

In contrast to the long reverberation time inside the rotunda, measurements from
the library’s reading rooms (Figure 10) showed much lower results. In both the smallest,
southeastern reading room 1 and largest, northern reading room 4, reverberation times of
about 2 s were measured for the 400 Hz-1.6 kHz frequency range. This result is somewhat
expected as these two reading rooms were designed and constructed in the 1920s with the
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same materials. They are also proportionally quite similar when comparing their overall
volumes with the areas of their windows and bookshelves. In contrast, the reverberation
time of the medium-sized, 1931-32 western reading room 3 was slightly reduced at 1.5 s
across a wider frequency range. This reading room features noticeably more window area
relative to its volume than in the older reading rooms from the 1920s; the presence of a
gallery level with a second level of bookshelves and proportionally more absorption surface
area is likely responsible for the room’s shorter reverberation time. As this specific reading
room 3 has recently been designated as an “active zone’ in the library, for more collaborative
work and interactions, the room’s acoustic character, with a slightly lower reverberation
time, is the most suitable reading room in the library for its present-day use as a more
contemporary and social space.
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Figure 10. Reverberation time frequency spectra of the southeastern, western, and northern reading
rooms 1, 3, and 4, respectively.

The measured reverberation times in the Stockholm Public Library overall are still
quite long compared to other historical and contemporary libraries reported in the litera-
ture, especially in the case of the library’s central rotunda. For example, the similarly large
Redmond Barry Reading Room in the State Library in Victoria, Australia, has the same
estimated volume of 12,000 m? as the Stockholm Public Library’s central rotunda [33]. The
central atrium of the contemporary National Library of Technology in the Czech Republic,
opened in 2009, also has a similar volume of 14,400 m3 [35]. Yet, these examples from
the literature are both characterized by noticeably shorter reverberation times of about
only 2.5 s, or half or less than that of the measured 5-6 s in the rotunda of the Stockholm
Public Library. Furthermore, the overall 1.5-2 s reverberation times of the Stockholm Public
Library’s reading rooms are also roughly twice as long than the recommended guidelines
of 1-1.2 s for libraries in UK schools [68]. A previous acoustics study examining the 1959
Sheffield University Main Library measured even shorter reading room reverberation times
of 0.3-0.4 s, although the authors noted that these values were indeed rather short [29].
While the Redmond Barry Reading Room in the previous Australian example was refur-
bished in 2004, it is not clear if its recently measured reverberation time reflects the original
acoustical environment from its construction in 1899. Nonetheless, the Redmond Barry
Reading Room still serves as a relevant example of how a large historical library space
can offer a relatively comfortable acoustical environment for visitors, in line with a recent
contemporary library and present-day visitor expectations.

4.2. Building Acoustics: Airborne and Impact Sound Insulation

The results for airborne sound insulation for the northern and western reading rooms
are shown in Figure 11, with the relevant single number quantities and spectrum adaptation
terms from ISO 717-1:2020 summarized in Table 3 [69]. For airborne insulation performance,
the two different floor types from the 1920s and 1930s yield relatively similar results across
the measured frequency spectrum, with weighted standardized level differences, Dyt .y,
of 64 and 61 dB, respectively. When considering the extended results shown in Table 3
with the standard ISO/TS 19488:2021 ratings for the acoustic classification of dwellings,
the airborne results for both reading rooms are in line with the expected performance for
Class B construction [70]. In comparison to contemporary construction standards, the 1920s
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reading rooms and 1930s western reading room, therefore, provide a good level of airborne
insulation from the office spaces directly above, on the upper level of the library. Apart
from their different construction materials, the slight difference between the two cases may
be due to the slightly increased depth of 35 cm for the overall floor section of the 1920s
construction (Figure 3), compared to the 33 cm depth of the 1930s floor.
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Figure 11. Airborne sound insulation results for the ceilings above the northern and western reading
rooms 4 and 3, respectively.

Table 3. Airborne sound insultation single number quantity results and spectrum adaption terms for
the ceilings above the northern and western reading rooms.

Room Datw C Cir Cs0-3150 Dat50
Northern Reading Room 4 64 —2 —6 -2 62
Western Reading Room 3 61 -1 —4 -1 60

Impact sound insulation results for the library’s northern and western reading rooms
are similarly shown in Figure 12. For lower frequencies below 160 Hz, the two different
ceilings or floor constructions above the reading rooms display comparable performances.
This result is expected considering that the overall mass, span length, and stiffness of the
floors are similar despite their different (non-structural) construction materials. At the
200 Hz one-third octave band, however, the results from the 1932 ceiling construction of
the western reading room 3 begin to display a noticeably higher impact sound pressure
level. With increasing frequency, the difference in the standardized impact sound pressure
level between the 1920s and 1930s construction becomes further pronounced, reaching a
substantial difference of nearly 15 dB at 1 kHz. Based on these measured spectra, Table 4
gives the relevant single number quantities and spectrum adaptation terms from ISO
717-2:2020 [71]. These results for the impact sound insulation of the library’s reading
room ceilings correspond to Class C and F for the northern and western reading rooms,
respectively. As Class C denotes an acceptable standard for contemporary construction,
this rating means that occupants in the library’s older 1928 reading rooms should not be
disturbed by impact noise from the offices above, providing the library staff in the offices
are considerate of those in the reading rooms directly below them. Class F on the other
hand, is used in the relevant ISO standard for categorizing existing construction with
impact sound insulation problems [70]. In the case of the library’s 1930s western reading
room 3, the compressed straw and aerated concrete construction materials themselves are
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likely not solely to blame for this poor impact insulation performance relative to the older
1920s case. Rather, the construction details and the use of a compressed straw Solomite
layer and aerated concrete fill material between the steel beams in the floor or ceiling need
further consideration. As will be discussed in greater detail later, the Solomite’s potential
effectiveness as an insulation layer is likely compromised by flanking transmission effects
through the structure’s steel beams themselves.
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Figure 12. Impact sound insulation results for the ceilings above the northern and western reading
rooms 4 and 3, respectively.

Table 4. Impact sound insultation single number quantity results and spectrum adaption terms for
the ceilings above the northern and western reading rooms.

Room L'nTw Cr Cy,50-2500 L'nt;50
Northern Reading Room 4 46 -6 -5 41
Western Reading Room 3 60 -9 -9 51

5. Discussion
5.1. Reverberation in the Library’s Central Rotunda

The relatively long reverberation time of 5-6 s measured in the central rotunda was
identified earlier in this work as a distinct feature of the library, yet it is also an obvious
hinderance to speech and communication in the building’s main center space. This mea-
sured reverberation time is also about twice as long as those reported in the literature for
other libraries. Considering the historical context of the library, however, as the first large
open-shelf library in Sweden, the whole concept of an open-shelf library meant that any
library visitor could directly access books and knowledge from open shelves, rather than
having the speak to a librarian and have a book retrieved from ‘closed’ or protected shelves
or areas. The library’s interiors were designed for direct access to books and quiet study
and reading spaces, rather than as rooms conducive for speech communication.

Subtle attempts to accommodate evolving user expectations and provide more acoustic
comfort in the library’s central rotunda have already been made in the past. A basic mineral
wool material about 50 mm in thickness was introduced in the rotunda bookshelves, on the
areas of the wall behind the books themselves. It remains unclear when such measures were
completed, or whether they have had any noticeable effect or improvement in lowering the
rotunda’s noticeably long reverberation time. Most of the shelves are still filled with books,
and this mineral wool material includes a thin outer finish layer that has been painted.
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A recent 2018 consulting report prepared for the City of Stockholm similarly identified
this long reverberation time issue in the rotunda, based on preliminary simulations with
CATT-Acoustic software (https:/ /www.catt.se) in lieu of measurements [72]. Although
the report is not publicly accessible, it noted a potential strategy of introducing acoustic
absorption material on the rotunda ceiling, which could approximately reduce the rotunda
reverberation by half [72]. Based on the measurements performed in this study, such a
change could lead to a more moderate result of about 2.5-3 s for the rotunda’s reverberation
time. This potential change would certainly alter the acoustic character of the space and
likely make it more acoustically comfortable for visitors, while also raising an important
heritage issue for future discussion that would include both acoustic and visual considera-
tions. On the one hand, such measures would make the rotunda less acoustically distinct,
relying less on an excessively long reverberation time to encourage silence through visitors’
own self-restraint [73]. On the other hand, alterations could somewhat improve overall
communication and acoustic comfort in the space, especially for small presentations and
stage performances that now currently take place in the rotunda’s southeastern quadrant.
These potential acoustic alterations and benefits still need to be carefully weighed alongside
a detailed proposal for the reversible introduction of absorption materials on the rotunda
ceiling. The appearance and visual impact of such materials should also be considered, and
in an ideal case, designed appropriately.

5.2. Impact Sound Insulation of the Western Reading Room 3

Flanking transmission was already noted as an important aspect of the impact sound
insulation problem identified with the ceiling or floor above the library’s 1930s western
reading room 3. Figure 13 shows the results of additional measurements with different
tapping machine locations localized around or directly on top of a beam above the western
reading room 3. In this case, the tapping machine location was incrementally changed by
20 cm in the direction perpendicular to the floor beams, while the receiving position of the
sound level meter in the reading room below was held constant, with a location directly
below the beam. In these trials, alternative secondary flanking transmission paths are also
held approximately constant, such as the airborne paths through nearby elevator shafts
or stairwells, or through the reading room windows and the facade of the building. The
suspected primary flanking transmission path through the steel beams of the library’s floors,
however, can be investigated, as the local position of the tapping machine is incrementally
shifted over the top of a beam. For the 1930s construction, Figure 13 shows a local maximum
in the measured equivalent sound pressure level when the tapping machine is located
directly above a steel floor beam. Similar results, however, were not seen in preliminary
measurements on a beam above the older 1920s northern reading room 4. While the as-built
historical construction of the 1920s northern reading room 4 has not yet been physically
exposed or documented, the exact construction of the library’s older floors and a more
detailed explanation of their superior insulation performance against impact noise remains
as an open issue for the future.

When considering the 1930s construction details shown in Figure 3, the Solomite layer
of compressed straw was likely specified in the wrong place in the floor section. Specifying
the Solomite as a continuous layer above the aerated concrete and above the upper flanges
of the steel beams would have likely led to much better impact insulation between the upper
cement subfloor and the structural beams and lower reinforced concrete slab. Furthermore,
as a small area of the library’s 1930s upper floor was recently exposed and documented
during the library’s ongoing renovation work, the actual floor construction above the
western reading room 3 revealed a much thinner layer of aerated concrete (Figure 13)
than that indicated in the details of the original construction plans (Figure 3) [51]. This
as-built construction condition resulted in a considerably thicker cement subfloor, which
was likely unintentionally supported more so on the upper flanges of the steel beams, and
less so on the large area of aerated concrete and Solomite between the beams. Impact
noise, therefore, has a clear flanking transmission path through the floor’s steel beams,
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effectively bypassing the Solomite insulation layer, resulting in the floor’s poor impact
sound insulation performance overall. With this problem now identified, however, and
the library currently planning to undergo more intensive renovation work in the coming
years, there is still potential to introduce a new insulation layer and subfloor in place of the
existing cement. Such measures may noticeably improve this single outstanding issue in
the library’s historical building acoustics.
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Figure 13. Preliminary flanking transmission measurements with different localized tapping machine
positions around a floor beam above the 1930s western reading room 3.

6. Conclusions

The on-site measurements performed in the Stockholm Public Library for this study
have characterized the basic historical room acoustics of the library’s reading rooms and
central rotunda according to contemporary international standards. More importantly,
the airborne and impact sound insulation of the library’s 1920s and 1930s historical floor
construction, directly above the northern and western reading rooms 4 and 3, respectively,
have also been investigated. Room acoustic measurements confirmed results of about
1.5-2 s for the reverberation time of the library’s reading rooms, but also an extremely
long reverberation time of 5-6 s in the library’s central rotunda. These reverberation
times are approximately twice as long as those reported in studies of other libraries or
in guidelines for contemporary libraries. While further measurements are needed to
investigate flutter echo and focus effects inside the library’s circular rotunda, the results
achieved so far can still begin to inform future heritage discussions for either renovating
the library’s rotunda in the coming years, or preserving its historical acoustic character
as it remains today. The results from airborne sound insulation measurements further
showed that the library’s distinct 1920s and 1930s floor construction, above the reading
rooms, offers similar performances and they are in line with contemporary construction
standards. Impact sound insulation results, however, differed significantly between the
1920s and 1930s floors, with the older case offering an acceptable level of acoustic insulation
in comparison to contemporary construction standards. A relatively poor impact insulation
performance was confirmed for the 1930s floor construction, despite the additional presence
of a special acoustic insulation layer of Solomite or compressed straw in the 1930s floor
section. Detailing issues and actual construction deviations from the original construction
plans are likely responsible for significant flanking transmission effects and the overall poor
impact insulation performance of the library’s 1930s floors. Lastly, this issue emphasizes
the close relationship and the mutually dependent development of modern architecture,
architectural acoustics, and construction in the 1920s and 1930s.
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