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Acoustics are one of the main components that constitute the functionality of the

sacred building. Designing a church is a real challenge because the interior must be
adapted to various acoustic requirements. However, one must bear in mind that one
of the goals to be achieved in a religious interior is fo create the sense of the sacred.
The aim of this paper is fo investigate acoustic conditions in a contemporary Catholic
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church with a view fo deftermining the sound quality of the interior.

he design of a sacred building requires
—|_not only visual considerations but also

needs to take account of the acoustic
aspect. Designing church acoustics is an in-
disputable challenge as the interior needs
to combine extremely different acoustic re-
quirements. Tradition and guidelines pro-
vided by church documents highlight the
importance of organ music, but the liturgy
is also inextricably linked to speech. How-
ever, the optimum reverberation time for
organ music exceeds two seconds while it
should be less than one second for speech.
The combination of such radically different
requirements in one interior calls for a pre-
cise balance between the acoustic design
for speech and for organ music.

It must be remembered, however, that
a sacred interior should provide a religious
ambience - the sense of the sacred - in the
sound sphere, which is related to appropriate
reverberation time in the interior. It is part of
the tradition of religious architecture to have
a distinctly reverberant interior, which cre-
ates a sense of being in a space immediately
associated with the liturgy.

Numerous studies and papers on church
acousticsinclude anarray of publications spe-
cifically devoted to modern Catholic churches
[1-3]. The issue of the reception of acoustics
was discussed in the context of an atmos-
phere of prayer in a sacred space [4] and
arange of observations as to the reception of
a religious interior in relation to its reverber-
ation properties was presented [5]. Based on
the investigation conducted by the author

[6-7] as well as studies available in the liter-
ature [8-9], it can be concluded that the issue
of acousticsisamajor problemin sacred build-
ings. The main concern is reverberant noise,
i.e. undesirable strong reverberation, sounds
that cause interference with verbal communi-
cation. The problem of acoustics in a church
does not only refer to the creation of condi-
tions suitable for speech and organ music; the
aspect of the sense of the sacred in the sonic
sphere is also important. Thus, the question
arises inregard to the reception of the sacred
in the sonic sphere: when is the object per-
ceived as sacred in terms of acoustics? Then
there is also a question of whether meeting

acoustic recommendations will ensure the
reception of the sacred in the sonic sphere.
An acoustic study was conducted in a church
exemplary of religious facilities typically situ-
ated in multi family housing estates to deter-
mine its functionality in the sonic sphere and
todiscuss theissue of the sacredinrelation to
acoustics.

In search of appropriate

reverberation in churches

The sense of the sacred in the sonic sphere
is strictly dependent on the reverberation
of the interior. As part of the project for the
Church of the Most Holy Trinity in Fatima,

Fig. 1. Sw. Jerzy Church in Poznan - view of the building; source: author



Fig. 2. Sw. Jerzy Church in Poznar - view of
the interior; source: author

acoustic project was also made for the twin
chapels located under the church [5]. In the
first of them, i.e. the Chapel of the Blessed
Sacrament, a great deal of sound-absorbing
materials were applied and thus short rever-
beration time RT5.1o, = 0.8 s was achieved.
In reference to the second, i.e. the Chapel of
the Resurrection, it was decided not to intro-
duce any acoustic arrangement, and the tra-
ditional sound-reflecting materials were
applied. This design resulted in reverbera-
tion time RT5y0.400 = 2.8 s. Visually, the two
chapels remained very similar to each other.
Next, believers were asked which chapel they
liked better, and the answer was that the
Chapel of the Resurrection was definitely
more pleasant, while there was “something
wrong” with the Chapel of the Blessed Sacra-
ment (the respondents were unaware of the
acoustic arrangement). The reverberation in
the chapel without an acoustic arrangement
gave the effect of the acoustic environment
of a small church. However, the reverbera-
tion time obtained after the acoustic arrange-
ment created an acoustic climate typical of
interiors intended for speech, thus depriving
the place of an ambience typical of a sacred
facility.

Another example of the search for optimal
acoustic conditions and of the ambiguity in
determining them is noticeable at Duke Uni-
versity Chapel. This university chapel, builtin
1930-1932 in the neo-Gothic style, with its
internal volume of ca. 28 000 m®, was origi-
nally finished with absorptive porous ceramic
tiles (Akoustolith). The surface covered with
it was ca. 2 300 m® The reverberation time
for 500 Hz was 3 seconds. In 1969, a deci-
sion was made toinstall a new pipe organ and
also to increase the reverberation time. The
acoustic tiles were coated with a sealant, and

the value of RT5, = 6,75 s was obtained after
putting four layers of the sealant. The first
two layers allowed reverberation time RT,
toreach 4.0 s, but the value turned out to be
insufficient for the designers who aimed to
ensure acoustic conditions found in the larg-
est Gothic cathedrals. The initial reverbera-
tion time RT.,, = 3 s was compliant with the
contemporary requirements (Fig. 4.); how-
ever, in this specific case, speech clarity was
impaired because only the newly built instru-
ment was taken into account and the cre-
ation of an interior for the needs of organ
concerts was a priority. The sound amplifica-
tion system obviously needed to be replaced
because it did not serve its purpose in such
areverberantinterior [10].

Investigations

A specific example will show how the
issues of reverberation and a religious ambi-
ence are putinto practiceinthe sound sphere.
A contemporary church, Sw. Jerzy Church,
built in 1992-1999 in Poznan and located
in a housing estate of blocks of flats, was
selected. The internal volume is 4 000 m®
(note: internal volume of an average contem-
porary churchin ahousing estate of blocks of
flatsis ca. 3 500-7 500 m®). This aisle church
was designed by Wtodzimierz Wojciechowski,
Bogdan Celichowski and Wojciech Kasprzy-
cki. It is a garrison church dedicated to the
police forces of Wielkopolskie province, and
has been the only religious church for the
police in Poland. Figure 1. shows the out-
side of the church while Figure 2. shows its
interior.

The acoustic investigations were car-
ried out using an omnidirectional sound
source, and the DIRAC programme with
the Briel & Kjeer ZE-0948 USB sound card.
The e-sweep signal was generated, and the
measurements involved parameters that
are regarded in the literature as primary to
assess acoustic properties of a sacred inte-
rior: RT, T,, Cgp, Cso, STI. A gunshot was
an additional sound source, and a control
measurement was carried out in selected
points. The measured acoustic parameters
were compared with values recommended
for churches. The sound source was placed
in front of the altar. The microphones were
located in selected points in the pews at the
height of 1.1 m. Figure 3. presents a view of
the hall with themarked sound source “S”
and measurement points, which are marked
with numbers. The background noise level
in the facility under investigation did not
exceed 35 dB. All the investigations were
conducted while people (believers) were
absent. The assumed measurement meth-
odology is compliant with the recommenda-
tions for investigations in churches [11-13].
Thus obtained results may be compared
with the recommended values.
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Fig. 3. View of the church with the marked sound
source and position of the measurement points;

source: author

Results of the investigations

Reverberation is defined quantitatively
by reverberation time, i.e. the basic parame-
ter used to assess the acoustic quality of an
interior. Itis, to ahigh degree, correlated with
many acoustic parameters used to assess
specific acoustic aspects of an interior. The
results of the investigations were compared
with the recommendations available in the
literature.

Figure 4. depicts a graph illustrating
the recommended reverberation time for
churches depending on their internal volume
[14]. The dark grey colour represents recom-
mended reverberation time for churches with
frequent organ music performances. The
light grey colour represents reverberation
time for churches where speechis dominant.

The results of the reverberation time
measurements are shown in Figure 5. The
average reverberation time RT= 2.6 s, while
the recommended value is RT = 1.3-2.7 s.
The value of mid-frequency RT is even
higher and amounts to RTsqq4000 = 2.9 S.
For churches of this internal volume, the rec-
ommended reverberation time RT for inte-
riors with a pipe organ is from 1.7 s to 2.7 s.
If the interior accommodates an electronic
instrument and speech prevails, the rec-
ommended RT value is from 1.3 s to 1.7 s
(Fig. 4.). In the investigated church, RT falls
within the upper range of the recommended
values, but because there is no pipe organ,
reduction of RT is recommended.

Center time Tsis used to assess sound clar-
ity of music. Figure 6. shows frequency char-
acteristic of center time; mean T, = 182.6 ms,
while the recommended T,= 70-120 ms [15].

Clarity Cgyisalsoused to assess the sound
quality of music and defines ability to differ-
entiate between details of a received piece
of music. Clarity Cg, was averaged for 0.5; 1;
2 kHz [16]. Also, following the guidelines for
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Table 1. Comparison of the parameter Cg

Cgp [dB]
Firstrow Recommended Lastrow Recommended General recommendations

18

0.1
34 <3

05 )

15 3t08 33 3t08 Organ music

) 3.9

1.0

4.3

investigations of religious buildings [1], Cg,
was determined for the first and the last rows
(Table 1).

In the interior under investigation, clar-
ity reaches values from 1.5 to-4.3 dB.
The results show that in some measure-
ment points, the values are favourable for
organ music. According to the guidelines
for churches, Cg values for the first and the
last rows should be from 3 to 8 dB [15]. In
the investigated church, the mean value for
the first row is 0.7 dB, which is by no means
the optimal value, but it is still not much
below the recommendations. The value of
this parameter is less favourable for the last
rows, where itis—3.3 dB.

Clarity Cy, is employed to evaluate speech
intelligibility, and itis defined analogously to
Cgo- Measurements are used to calculate the
weighted value of clarity Cg,. Octave bands
0.5;1;2; 4kHzare multiplied by the weighting
factor thatis equal to 0.15; 0.25; 0.35; 0.25
foreach bandrespectively, and thus obtained
results are added up. When Cy, ranges from
-7 to -2 dB, it indicates poor speech intelligi-
bility, while C5 < -7 dB indicates bad speech
intelligibility [16]. In the investigated inte-
rior, Cgq is from 0.03 to -7.4 dB. In particular,
acceptable values are reached in the meas-
urement points located in the first rows while
the points that are far from the sound source
display poor or bad speech intelligibility.
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Fig. 4. Range of optimum reverberation time for
churches; source: [14]

Another parameter that allows assess-
ment of speech intelligibility is STI. For the
front rows, both for the female and the male
voice, it reaches the value of 0.48, which
means fair speech intelligibility, while the
back rows register the value of 0.39, which
means poor speech intelligibility.

Conclusion

The sense of the sacred is intertwined with
appropriate interior reverberation. The rec-
ommended reverberation time values in
a Catholic church (Fig. 4.) range from values
appropriate for speech (RT=1.0s;V =300 m"
to values acceptable for organ music
(RT=3.55;V=30000m>). According to stand-
ard PN-B-02151-4, ininteriors intended exclu-
sively for speech, the expected reverberation
time should be even shorter (from RT =0.6 s
for classrooms with internal volumes up to
V =250 m?) [13]. For organ music, considera-
bly longerreverberationtimeis often expected
thanthe recommended RT = 3.5 s for churches
with the largest internal volume. The exam-
ple of the Duke University Chapel adaptation
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Fig. 5. Frequency characteristic of average reverberation time RT; source: author
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Fig. 6. Center time Ts in the frequency function; source: author




referred to above is an apt illustration of this;
only RT values exceeding 6 s were considered
appropriate for the reception of organ music.
However, such an extreme example of interior
adaptationis not suitable to ensure the proper
functionality of a sacred building. In churches,
reverberation time reduction is essential, and
itis conditioned by the key verbal function of
the liturgy.

The example of the twin chapels in the
Church of the Most Holy Trinity in Fatima
shows that the sense of the sacred is related
to the persistence of sound in an interior,
which is associated with longer reverber-
ation time. In the Chapel of the Blessed
Sacrament,  RTs51990 = 0.8's,  which
is optimal for speech, does not ensure
asense of the sacredinthe sonic sphere. There-
fore, it will not be optimal to design a sacred
interior to obtain shorter recommended RT
values (the light grey range on the graph in
Fig. 4. Even if the interior houses no organ,
it is better to choose values from the recom-
mended ranges for churches with organs (dark
grey range on the graph—Fig. 4.).

In the investigated Sw. Jerzy Church,
RT = 2.6 sis close to extreme recommended
values. Since the interior has no organ, reduc-
tion of the reverberation time to RT = 1.7-1.9
s would be recommended. Although organ
music is never performed in the interior, reduc-
tion of reverberation to the value recom-
mended for churches with a predominantly
verbal function (i.e., around 1.3 s) will not pro-
vide asense of the sacred in the sonic sphere.

A distinctly reverberant interior that
builds a sense of space unequivocally asso-
ciated with the liturgy is part of the tradi-
tion of sacred architecture. Thus, excessive
reduction of reverberation time not only has
a negative effect on the reception of organ
music but also is not conducive to creating
an acoustic ambience, ascribed to, in cultural
terms, aninterior with a liturgical function.
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Abstract: Acoustics are one of the main com-
ponents that constitute the functionality
of the sacred building. Designing a church is
areal challenge because the interior must be
adapted to various acoustic requirements.
However, one must bear in mind that one of
the goals to be achieved in a religious inte-
rior is to create the sense of the sacred. The
aim of this paper is to investigate acoustic
conditions in a contemporary Catholic church
with a view to determining the sound quality
of the interior. Acoustic investigations were
conducted in Sw. Jerzy Church in Poznan. An
ominidirectional sound source, the DIRAC
software and the Briel & Kjeer ZE-0948
USB sound card were used. The e-sweep sig-
nal was generated and parameters that are
referred to in the literature as basic were
measured to assess the acoustic properties
of the religious interior. The acoustic param-
eters were then compared to the recom-
mended values. The most important param-
eter used in the assessment of the sound
quality of a sacred interior is reverberation
time RT. A lot of contemporary churches
exceed its recommended value, the result
of which is reverberant noise. The RT value
in the investigated church falls within the
recommended range but because the inte-
rior houses no pipe organ, the value should
be lowered. Shorter reverberation time will
ensure better speech clarity while the sense
of the sacred will be retained. Designing
a religious facility should take account of its
acoustics as early as at the conceptual stage;
one should remember that aural impressions
will influence the reception of the acoustics
of the interior.

Keywords: church acoustics, sacred build-
ings, reverberation time, reverberant noise

Streszczenie: SACRUM W SFERZE DiWII—;-
KOWEJ - BADANIA AKUSTYCZNE WSPOt-
CZESNEGO KOSCIOtA. Akustyka jest jed-
nym z gtéwnych elementéw funkcjonalno-
$ci obiektu sakralnego. Projekt akustyczny
kosciota jest wyzwaniem, poniewaz wnetrze
musiby¢ przystosowane do réznych wymagan
akustycznych. Jednoczesnie nalezy pamietad,
ze we wnetrzach sakralnych wazne jest uzy-
skanie wrazenia sacrum w sferze dZzwiekowe;j.
Celem pracy jest zbadanie warunkdéw aku-
stycznych we wspétczesnym kosciele kato-
lickim, aby okresli¢ jakos¢ dzwiekowa wne-
trza. Badania akustyczne przeprowadzono
w koSciele pod wezwaniem $w. Jerzego
w Poznaniu. Zastosowano wszechkierunkowe
zrédto dzwieku, program DIRAC wraz z karta
dZwiekowa Briel & Kjeer ZE-0948 USB. Gene-
rowano sygnat e-sweep i wykonano pomiary
parametrow uznawanych w literaturze za
podstawowe do oceny wtasnosci akustycz-
nych wnetrza sakralnego. Zbadane parame-
try akustyczne odniesiono do wartosci zale-
canych. Najwazniejszym parametrem w oce-
nie jakosci dZzwiekowej wnetrza sakralnego
jest czas pogtosu RT. Wiele ze wspotczesnych
kosciotow ma znacznie przekroczong wartos¢
tego parametru, co skutkuje hatasem pogto-
sowym. W badanym kosciele otrzymany czas
pogtosu RT miesci sie w gornym zakresie war-
tosci rekomendowanych, jednakze ze wzgledu
na brak organdw nalezatoby zmniejszy¢ jego
wartos¢. Krotszy pogtos pozwoli na uzyska-
nie lepszej zrozumiatosci mowy przy zacho-
waniu wrazenia sacrum w sferze dZzwiekowe;j.
W projektowaniu obiektu sakralnego wazne
jest, aby juz od fazy koncepcyjnej projektu
mie¢ na uwadze jego akustyke, pamietajac
ze wrazenia dZwiekowe bedg wptywaty na
odbidr architektury wnetrza.

Stowa kluczowe: akustyka kosciota, obiekty
sakralne, czas pogtosu, hatas pogtosowy
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