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ABSTRACT

This paper focuses on synagogues and in the acahstiacterization to the main worship area ofli&3
Mekor Haim synagogue (Oporto, Portugal), the largesolume in the Iberian Peninsula. Reverberation
Time (RT), Rapid Speech Transmission Index (RASIFK the equivalent noise level of background taffi
noise, were measured on the floor where the Tarabad (and where men have their seats), and doghe
floor where women have their seats. The analyséseafesults are done as a comparison with vatuesf

in other studies regarding Catholic churches andgques with similar volume. The main results foural a
average RT (500-1k Hz) of 4.6 s, average RASTI .87 (and 0.31 on the men’s and women’s floors
respectively, average sound pressure level of vagkg noise of 54/59 dB on men/women’s floors (36/3
dBA) and NC-31/32 or NR-32/33 at the men/womergsfs. Suggestions for improving the acousticsisf th
synagogue are presented that can make the RT valukerease to about 2 s with the correctionsigpki
place only at its dome.
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1. INTRODUCTION

Being Judaism the oldest of the major monotheistitgions, it is natural that the synagogue
architecture predates the church and mosque acthits. After the destruction of the Temple of
Salomon, the use of musical instruments in Judairship places was forbidden. Besides voice, only
the Shofar(wind instrument made by the horn of any animatept bovine) was allowed to be used
between theRosh Hashanahand theYom Kippur In many synagogues musical instruments or
electrical sound reinforcement are still not allaé].

Perhaps the most important at a Judaic worship mbmseto be able to hear and understand the
reading of the Torah. The traditional solution taka this possible was to place Bienah(place from
where the Torah is read) at the center of the gidioor, raised up to eight steps above the flddr [

2. THE MEKOR HAIM SYNAGOGUE

2.1 Characterization

The Mekor Haim Synagogue (Street Guerra Junqueiro, Oporto, Pabtumuilt in 1938, is the
largest in the Iberian Peninsula (Figures 1 andrgg worship place for men is on ground floor, and
the one for women is on thé'floor (mezzanine).

The men’s worship place has an area of 222ami a ceiling that reaches 14.06 m at the highest
point of the room's dome. At the mezzanine theirgiheight is 4.35 m. The women’s worship place
has an area of 112nceiling height of 5.68 m). The volume of the whigsspace is 2399 n

The floor is made of wood and there are some camaditways on the ground floor. On this floor
the walls are covered with wall-tiles, and the an#l with marble up to 1.73 m above the floor. Above
this height, the walls and the pillars are madpaihted plastered concrete. On the women’s fldw, t
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walls are covered with wall-tiles up to 2.80 m abdtie floor. The pillars and the other parts of the
walls are of painted plastered concrete. On the widlls there are five large windows that fill the
entire ceiling height of the women'’s floor, andraasl part of the men’s floor (Figure 2). The cegin
and the dome are also of painted plastered concFaTorah Ark is made of stone and plaster, with
wooden doors (Figure 2). In each floor there are thwors for connection to the lobby, made of glass
with wooden frames, and a central partition madéhefsame materials (Figure 1).

The chairs and thBimahare made of wood. On the ground floor, the chatiesunder the balconies
in a total of 72 seats with 14 seats of chairs @thnear the corners. On the balconies there are 110
seats.

There is no HVAC equipment or a sound reinforcensstem.

Figure 1 and 2 — Mekor Haim Synagogue, Oporto,Ugai{2]

2.2 Acoustic Characterization

2.2.1 Reverberation Time

All the RT measurements were made with the accesssdio the lobby and to the street, closed.
The Ark’s doors were also closed (Figure 2).

The RT was measured at 11 points (8 on the grolouit)fwith the presence of only two persons
(Figures 3 and 4) for octave band frequencies (b2&k Hz) with a B&K 2260 sound-level meter and
a B&K 4224sound source.

As seen in Tables 1 and 2, the average RT is simifaboth floors (3 to 5 s) but higher when
compared with the recommended values for rooms &vBpeech intelligibility is important (1.0 to 1.5
s). The average RT measured or predicted (for 2Bipancy) in this synagogue, is much higher than
the ideal recommended values for synagogues (Table

Figure 3 — Location of the sound source (F) and of Figure 4 — Location of the sound source on the
the 8 measured RT points on the men’s floor  ground floor (F) and of the 3 measured RT points on

the women'’s floor (mezzanine)



Table 1 — Measured RT average values on the gribomd(M - men) and on the mezzanine (W - women)

Frequency (Hz)
125 250 500 1k 2k 4k
RTaveragel(M /W) 3.4/3.3 44/43 46/46 4.6/45 7838 28/29

RT (s)

Table 2 — Comparison of the ideal average RT (3084) with the measured and predicted RT

Situation RT measured (s) RT ideal (s)
Empty room (measured) 4.6 1.3-1.7 [5]
Room with 2/3 occupation (predicted) 2.9 1.4 [6]

2.2.2 RASTI

On the RASTI measurements, the receiver was 1.2bave the floor (position of seated people)
and the sound source was on Bimah (where the Torah is read). There were 12 measyrirsitions
(9 on the ground floor) (Figures 5 and 6) with #areadings at each point with a B&K 4225 and 4419.

On the ground floor the average RASTI is 0.p@dr speech intelligibility, almodbad). The points
that get better speech intelligibility are thoseiaied in the center of the synagogue and in liith w
the source (Figure 5 and 7), and as one moves &waythe center, the value decreases. There is one
exception, the RASTI value at position 9 that ighter that the value at position 8 (mainly due thi
point is close to a corner and there are reflestihrat slightly enhance the value).

On the mezzanine, despite its very bad RASTI awveradue, it is possible to verify that position 2
(central mezzanine) has a RASTI value above theagee The value at this point is equal or greater
than at some of the points on the ground floor (Feg7).

W WF

Figure 5 — Location of the sound source (F), and of Figure 6 — Location of the sound source on the
the RASTI measuring positions and equal RASTI ground floor (F) and of the measured RASTI

lines, on the ground floor positions on the mezannine
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Figure 7 — Measured RASTI values at various pasitiand averages in the synagogue



2.2.3 Background noise

For the measurements of the background noise slewet| only the noise generated by road traffic
was considered since the synagogue does not ha€Hystems.

The background noise measurement (63 to 8k Hz)mede at five positions (three on the ground
floor) using a sound level meter B&K 2260.

The global sound pressure level on the room isB75# dB on the men’s floor and 59 dB on the
mezzanine). The global sound level on the roonvidBA (36 dBA on the men’s floor and 37 dBA on
the mezzanine).

There is a 5 dB difference between the backgrounslensound pressure level values on the ground
floor and on the mezzanine, due to the ten windtva$ cover almost all the walls on the women’s
floor.

To evaluate the level of annoyance caused by tbkdraund noise, analyses were made using the
Noise Criteria (NC) and Noise Rating (NR). Althoutftese methods are used to analyze noise from
mechanical equipment or HVAC (which does not ekighis synagogue), this analysis is performed to
assess how the background noise compares witheitenmmmended values for rooms where speech
intelligibility is important (Table 3). These valsishow a non problematic background traffic noise.

Table 3 — Comparison between NC and NR valueserSynagogue with ideal valugs, §
Parameter Mekor Haim synagogue (measured) Ideal

Noise Criteria / Noise Rating 31-32/32-33 <30

3. COMPARISON WITH OTHER CHURCHES AND MOSQUES

3.1 Comparison with Catholic Churches with similar volume

The results in the synagogue were compared witkrgtbbtained in Catholic churches. For that,
some Portuguese churches with volumes between 48d®360 mwere selected as “similar” to the
Mekor Haim synagogue (2399*n7, 8]. In Figure 8 the average RT values (50ik-Hz) for each
church are presented in terms of their volume caegbavith the synagogue.

Unlike in the churches, in the Mekor Haim synagogussical instruments are not allowed, so there
is no need for hight RT values, that are more slgtdor music, for organ music for example, or for
religious chants. However, almost all the churchage average RT values less than the one in Mekor
Haim synagogue, when it should be the oppositeufiei@).

The average RASTI values measured in each churdhirathe Mekor Haim synagogue are in
Figure 9. The all-church average RASTI value is5Q Higher than the 0.34 in the synagogue.

All churches have an average RASTI value greaterqural to 0.40 (the synagogue value) except
Mértola church with 0.34. In the churches, only ¢8anta Clara) can be considered to hagead
speech intelligibility. There are three churchesigdicordia, S. Bento de Castris and S. Pedro de
Roriz) that have aacceptablespeech intelligibility, while on the rest the sphéntelligibility is poor.
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Figure 8 — RT average values (500-1k Hz) in thén@at churches and in Mekor Haim synagogue



RASTI

Figure 9 — Average RASTI values in the Catholicrches and in the Mekor Haim synagogue

3.2 Comparison with Mosques with similar volume

In mosques, as in the synagogues, there is no maslg speech. So, low RT values and high
RASTI values are desirable [9]. In the mosqueseherlso a separation between men and women but
it is possible to have some electrical sound recdment system (SRS), which may, in certain way,
improve the speech intelligibility on the women’'sea. The presented values (mosques) were
measured without the use of SRS.

Of the several mosques studied for comparisonii9} those with volumes between 1560 and 2500
m® were chosen because they are close to the synagogaiume (2399 .

Abdou divided his studied mosques in groups acecay th their volume, presenting the average RT
values of each group [9]. In this paper only mosgirtem groups C and D (volumes: 1500-2000 and
2000-3000 ) were considered.

Figure 10 shows the differences among RT valueshan mosques and in the Mekor Haim
synagogue. In mosques, the higher RT value is nbtefor the frequency band of 125 Hz, while at this
synagogue the highest value belongs to the frequbéands 500-1k Hz. Despite the very similar
volumes and construction materials, the RT valugsalwior along frequency bands is quite different,
with the values in the mosques decreasing withufeegy. In this synagogue there is a decrease dn hig
frequencies mainly caused by the great volume @rdom. The difference of the average RT values is
due mainly to the mosques floor covered by thidlpess, and to the mosques and synagogue different
ceiling heights.

Figure 11 presents the average RASTI values in gaahp of mosques and in the synagogue. All
the mosques have a RASTI value equal or greater €hd0 with only 38% with goor speech
intelligibility (62% have amacceptablespeech intelligibility). In total, the mosques kaan average
RASTI value of 0.46 while this synagogue has a lowadue (0.34).
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Figure 10 — Average RT values in the mosques attikidMekor Haim synagogue [2,9]
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Figure 11 — Average RASTI values in the mosquesimidiekor Haim synagogue [2, 9]

4. ENHANCEMENT OF THE SYNAGOGUE ACOUSTIC BEHAVIOR

The background noise (road traffic) is noticeabiside the synagogue due to the low sound
isolation of the large windows. However, as notgdhe NC/NR values, it is not intrusive.

In the synagogue the main problem is the high Rilies (and low RASTI values) and is here that
corrections should work. In order to keep the aegdtural look of the interior, are excluded frone th
outset all the side walls that are covered withluiéds.

The dome is a very problematic element and, adirlyg on it by increasing its sound absorption, it
would be possible to minimize the sound reflectiangl consequently reduce the RT.

Three solutions were considered for the acousticection of the synagogue. One solution is a
cellulose system, lik&-13 [10], projected onto the surface of the dome arithaut any specific
finishing. A second solution is a variant of thestione with a hand finishing and an appearanceeclo
to the existing before the correction (lisenaKretg10]). One last solution, and that allows a smooth
finish, consists of mineral wool panels subsequebd#rred with a mineral mass in order to obtain a
continuous surface (likBaswaphor{10]).

The application of the solution&13 andSonaKretdan the entire dome would have an approximate
cost of 6500 to 7500 €, while the solution typaswaphon(40 mm thick) would be about 14000 €.

A prediction of the RT values after the interventmn the dome (empty room and 25% occupancy) was
done considering those three types of solutionguife 12 shows the variations of the RT values for
four options (two oK-13, one ofSonaKreteand one oBaswaphoin
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Figure 12 — Measured / predicted RT values accgrtirapplied solution the dome and occupancy rate



5. CONCLUSIONS

The average RT value in the Mekor Haim synagogu@ g#is much higher than the ideal for rooms
where speech intelligibility is important (1.0 tcb1s). This is due mainly to the volume, shapehef t
room as to the very sound reflective constructicatamals.

The RASTI on both floors ipoor (0.37 and 0.31), being worse on the women’s fldte speech
intelligibility is not so bad in the center of tkgnagogue.

The sound pressure level of background noise (tittic) has a global value of 57 dB (37 dBA),
and there is a difference of 5 dB between the mantéswomen's floors, which is worse in this laséon
due to its ten large windows.

The measured NC/NR values (NC-31/32 and NR-32/8&1@n/women floors) are very close to the
recommended maximum for this type of rooms.

Comparing its acoustic behavior with Catholic chhes and mosques with similar volume, the
outcome was similar in both cases. This synagogasemts much higher RT values than in churches
and mosques, and a much lower RASTI value, thiarisacoustic behavior worse than these places of
worship.

To correct the acoustic behavior of this synagoguggestions were presented that can provide a 2
s improvement on the average RT value, treating tird dome. These improved RT values are still not
at the ideal RT value of 1.0 to 1.5 s. It wouldrteeessary to intervene in other elements of theroo
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