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The Podesta Hall is the largest and most luxurious part of the architectural complex located in Piazza Maggiore in Bologna amd owns an

ancient past. Currently, however, during special events that take place inside, the scoustic is poor and sccessibility is nol optimized 1o ensure

easy fruition for the disabled. This paper investigates a method that could improve the acoustic of a Hall in which the aesthetic coald not

e changed. Using simply wooden vertical panels, acoustical plaster. seats and low frequency absorbers attached to & temporary structure, it

has been possible lo improve ST1 index and 150 33821 parameters as Cho and reverberation time, This simple and removable intervention,

mixed o the browder analysis of paths and solutions for all the visitors, also for those on wheelchair or blind, can be used in a bot of historical

buikbding. It respects structures and surfaces, guaranteging, at the same time, the fruition and the enjoyment of spaces for all the avdiences.

Keywords: Acoustics, Removable intervention, Temporal Design, Universal design, Inclusion.

Introduction

The architectural complex composed of the Palace of the
“Podesta”, “Re Enzo™ and the “Capitano” is located in one of the
most appreciated squares of Naly and owns an ancient past. Cur-
rently, however, ils environments are nol accessible o the public,
except during special events such as food and wine festivals, con-
gresses and cultural initiatives, mainly concentrated in the Podesti
Hall, the largest and most luxurious part of the complex. In spite of
its nanural, historical predisposition to aggregation, being the first
fulcrum of the administrative and legal life of the city of Bologna,
during the aforementioned events, one of the great problems is the
lack of a suflicient acoustic in the Hall. Hence the idea o design
an appropriate solution to make one of the most prestigious and
refined environments in the city, a place of better communication,
culture and entertainment, The acoustical intervention provess be-
gan whit a soltware simulation.  Using simply wooden vertical
panels,mounted on wheels, acoustical plaster, seats and low fre-
quency absorbers altached to a temporary structure, 150 33821
parameters Cho and reverberation time reached right values for the
speaking, moreover STI index became “excellent” through the first
rows of the parterre and “good” in the others. Moreover, the acous-
tic intervention divided the Hall in three different parts, backstage,
parterre and services area o improve the organization of the enclo-

sure. This approach leads 1o a broader analysis: the improvement
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of the acoustic aspect is related 1o accessibility and enjoyment of
the spaces for the audiences. The resull is the public opening,
the respect for disabled and the compliance with the current fire
regulations. Hence, mobile platform and LOGES system (factile-
plantar paths applied on the foor) have been studied and used in
order to guarantee the fruition of the complex and the Hall for all,

included people on wheelchair and blind visitors.

Figure §: The Padesta Hall in Bobegna,

2. Measurement

The Podesta Hall has a rectangular 61 = 13, 30 m shape. The
floor is in marble, surrounded by a 1, 90 m height frame of the
same material. Above the frame, the walls are covered by plaster,

frescoed by A.De Carolis in the early twentieth century. For this



reason, they are smooth and devoid of majestic decorations and
stuccoes, with the exception of numerous pillars protruding from
the wall, creating a beawtiful architectural effect. Three sides have
large windows, for a total of 12, which have an automatic curtain,
made of a low absorbing plastic material. The vault of the Hall is
ina common white plaster, unless the ventilation plant is actually

made of drilled holes in the plaster).,

Table I: Charscteristics of the Hall. 5 is the sum ol all the surfuces of the hall.

Feature Symbol | Value
Width (m) W 13,30
Lenght (m) L 6,00
Height {m) H 12,30
Volume () Viran 100
Total surface (m”) 5 3600
Mumber of seats [4] n 480

On the day aof the measurements, the Hall was unoccupied and
lacking of any kind of fumniture and seats. Only five operators and
the essential instruments were inside. The omni microphones ar-
ray was set as a rectangular grid, where each receiver was 8 meters
distant from the closer, exception for a central row which, obvi-
ously was 4 meters from the two sides of the rectangle., In order
o avoid measuring potential modes, the grid was no centred in
the room, but slightly moved towards a side. All the microphones
were 1.2 meters height from the Hoor, where ears of a seated lis-

teners normally are, 2,
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Figure 2: Source (7 = ™ symbol) and receiver 1™ & 7 symbol) positions in plan.

An omnidirectional source (dodecahedron radisting a ESS
signal) was emploved and moved twice, in positions 551 and
552, on the central row. The latter was near one of the two short
sides of the hall to simulate the position of one hypothetical
orchestra and 1o have a greal gap, in meters, from the last receiver,
in order W study how Sound Strenght, G, varies with the distance
from the source. However, 150 3382-1, 2] defines that source
positions should be loecated where the natural sound sources in the
room would typically be located and a minimum of two source
positions should be used. The height of the acoustic center of the
noise source should be 1.5 meters above the Hoor.

A second measure was done placing the microphones along a

circular path with radius | meters and centred on 551 3, where
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Figure 3: Setting for nodse source calibration in situ. Receivers has been placed |
maiers from the source placed in 851, following & circalar path around the source.

The purpose was to obtain waves at a fixed distance and not
much effected by surface reflections, in direct field, useful 1o cal-

culate sound strength parameter G as:

G = Grl'l’.{ﬂrﬂ:uu:l - c""r'd.{lﬂm:l {dB:I
Gr:.'l.l{ll}lu:l = ‘::rcl'.l:ru'ial. Im) — 20 {dB.]
G= c;rl.'l,inwru:l i Grd.lmru. Im) T 20 {dB:I
iy
where:

Cel (meas). 15 the relative Sound Strenght measured in the hall,
in each microphone position 2;
CF el fsitn, 1)~ 15 the relative Sound Strenght measured inside the

same hall, but 1 meter from the noise source 3.

2.1 Resulis

The results.shown in table 2, present the acoustic parameters,
in octave frequency bands, measured inside the Podesth Hall in
Bologna.

The reverberation time measured in Podestd Hall is, as pre-
dictable, too high for both musical and lecture events. The hard
surfaces of the Hall reflect the waves and a greal reverberation,
due also at the enormous volume of the enclosure, occurs. Tag
mean values, averaged over all the source position for each octave
frequency band, are listed in 4.

In graph 5 measured sound strenght, after source calibration,
and predicted values from Barron [3] and Sabine [11] theories
are illustrated. From Sabine curve it clearly appears that, due
to the geometric shape, volume and materials of the Hall, the
diffuse component is prevalent over the direct one. The sound

decay concerns only few meters from the source, where direct



Table 2 Acoustic parameters measired inside Podesia Hall, Two sowrce position S50 and $52 have been analysed. The subscripts M indicates the mididle frequencies, S0
- UM} He, "3 represent values averaged over the cemmal octave bands, 5000 - 1000 - 20088 Ha,
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Figure 4: Tag mean vilues avernged over all the source-receivers coupbes For each
Mmequency band. The gruph shows the typical rend of reverberation time due o big-
ger values ab low fregquencies and smaller values ot high fregquencies of absorplion
coellicient, but the peak recorded al medium frequencies is nol advaniageows.

field occurs; 5-6 meters Far from the source, it becomes linear due
to greal reverberation.

The same trend could be observed from Barron’s curve. The
absorption of the enclosure is so low that even in the bottom of
the hall G values are similar as those close o the noise source.
Measured values of G follow mainly the trend theorised by Sabine

appearing quite uniform through the hall,
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Figure 5: The graph show G parameter measured. the direct sownd componeni pre-
dicted fmom Bamron revised theory and how much the parameter ©F Lot e, measured,

contribute te neach the total level of sound strenghl, IV proves thal the current sound
field is reverberanl, cause O Tade componenl is very similar wothe todal level.

In current conditions it is quite impossible to organize even a
simply speech because the acoustic in the Hall is poor.
First of all, the reverberation time has 1o be reduced, Various solu-

tions could be used e.g. baffles hanged on the ceiling, absorbent
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| curtains or panels attached on the walls. However, in the case of

Podesta Hall. the historical aspect must be considered in the acous-
tical design. The walls have been Mrescoed in the last century by A,
De Carolis. so no one absorbent material can be attached. Curtains
currently installed have low absorption coefficient for each octave
band. changing them could be very expensive and it could modify
the aesthetic aspect of the room, Mevertheless, the vault could be
treated with an acoustical plaster cause it lost is historical value,
Since 1969 it is covered by a common white plaster, cause frescos
of De Carolis have been damaged and removed,

Gireat absorption of the energy radiated in the space could be also
obtained from the right choice of the removable seats. Due o its
greal extension, the Podestd Hall could host a parterre counting
480 seats [4]. Taking account of the fire safety regulation [5], the
seats have to be organized in three different parts composed by 16
seals par row, for a maximum of 10 rows. Each pant should be
distant, from the closest, at least 1,20 melers in order to guarantee

the correct outflow of audience,

2.2 Low frequencies absorber

Given that acoustical plaster, seats and clothes of audience have
greal absorption in middle and high octave bands, in order o re-
duce energy in low frequencies the physics of membrane absorbers
could be used. In this study particular plastic pipes have been in-
vestigated whose membrane, due o a sound pressure dilference
on the inside and the outside, vibrates reducing energy focused in
lower bands as 125 and 250 Hz [6].

As struciural support, of the membrane absorbers, it could be
simply employed a removable lightweight metallic american truss,
that could be also used to support the lighting and the line aray.
The size of the installation would result in being comained, in or-

der to not influence too much the acsthetic of the Hall,

2.3 Partition of the space and Clarity improvement

The words pronounced, as the notes of a music played, would
not be distinguishable from each others if Clarity parameter [2]

would not be +1d8 < Cso [11].  Vertical wooden panels,



Tahle 3: Absorption coeflicients o and scatiering wssigned to the materials inside "Odeon” in order i simulate the resubls of intervention. Al the values have been chosen

T existing lables, |7, 10,9, 8, 6].

Layer description Scatlering v absorption coefficient
125 Hz 250Hz 500Hz 1000 Hz 2000Hz 4000 Hz

stage hardwood 0,10 0,32 0,43 0,12 0,07 0,07 0,11
seals unoceupied 0,70 0,70 0.76 0.81 0,84 0.84 0.81
vaull acoustic plaster 0,10 017 0,36 0,66 0,65 0.62 0,68
wooden panels hiardwood 0,05 0,32 0.43 0,12 0,07 0.07 0,11
wooden diffusers hardwouod 0,70 032 0.43 012 007 007 0.11
ashorber pipes plastic 0,10 0.6 .65 .52 0.4 0,23 0,10

mounted on wheels, which dimensions could be chosen 1o be eas-
ily transported with a litte truck (panels 2, 50 = 0, 60 m ), could
be used 1o make two little wall, as shown in figure 6. The ones
behind the last row would have a high scatter coefficient to betler
diffuse the sound. Panels would subdivide spatially the Hall taking
additional advantages. First of all, a backstage could be realised
in order to create an area reachable only by the stafl through the
Eastern entrance of the Hall. Moreover an area for the audience
could be set on the opposite side of the room, in which people
could enter from the Westem door,

In the middle, the parterre area would, thus, be enclosed among
these two removable wooden walls. 1ts dimensions could change
in function of the number of seats expected, proving that this in-
stallation could be very flexible. The use of wooden panels, could
also increase first reflection |[11] from the stage and focus the
sound as much as possible in the audience area, as shown in figure

9.
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Figure 6; Partition of the space among backstage, parterre, awbence mea The di-
mrersions of installaion wre Bexible as function of the number of seals expecied,

24 Discussion

The intervention simulated. with Odeon software, lead to an im-
provement of the acoustic of the Hall, reducing the reverberation
time and increasing, on the contrary, Clarity and STI index [1].
As illustrated in figore 8, after the intervention the reverberation
time would become similar to an ideal range of its values, thought
for the speech intelligibility [12]. Even il it is not perfectly equal
to this range, this resull could be defined satisfying. The volume

of the Hall is very large and the intervention is restricted (o few
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devices in order to not modify the Hall as much as possible. Also
simulated values of Csp and STI index confirm thal intervention

would be effective,
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Figure T: Inervention strategy in order to improve the acoustic inside the Hall, Veri-
cal wooden pancls allows 10 demancase parerme anca and 1o focus the first reflections
of souml. The loudspeaker radiate the energy mainly toward the audicnoe incneasing
clﬂril_l.- and 'rull.rI]i.ggihiIiU-. while seats, scowsical plaster and low absorbers reduce
the reverberation time of the Hall.

The graph 8 shows that the solutions presented in this paper
are able o both greatly reduce the reverberation time within the
room and o atribute it higher values at low frequencies than the
medinm and high ones: a typical trend that could be found in a
concert halls. In additiond this trend provides a good level of bass
ralio, useful in conferring sound richness, The capacity 1o reduce
Tao at low frequencies is entrusted to low absorbers, which inter-
vene in a fairly narrow of bands without affecting high frequen-
cies. In this simulation the pipes were extended 10 = 20 melers,
to enclose the lirst block of seats and part of the second, figure 7,
but these dimensions could be modified according to the number
of seats needed and available funding.

Dividing the space into three parts, lead o an improvement of
Clarity. As shown in figure 9, parameter Crg, suitable for describ-
ing the amount of first reflections inside the Hall, becomes positive
only in the parterre area. This proves that, in addition 1o an aes-
thetic eflect, the use of wooden vertical panels, 2,50 meters high,
allows the first reflections, in the audience area, Lo increase, espe-
cially in the rows Far from the stage, and not to disperse the sound
into all the volume. This result was also achieved thanks to the
help of a line array, hanged on the american truss, which can emit

the sound along a main direction (related 1o s directivity),
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Figune #: The graph shows that wsing scoustical plasier, seats and low absorbers, Thy
is redwced i all the octove bands and it becomes similar to the ideal range [1L] Tor
the leciures. These values ane referred o wnocewpicd Hall,

{h) STI spatial distribation simulated in the Hall

Figure % Cry a parameler simubated with " Ocdeen” sofltware, afler tee CALD installs-
teom havie been crested. The source employed hiss been a line amay, hanged 3 melers
ahovie the stage on the american russ Inside the partere amd on the stage, the pa-
rameter peached e desirable value [10] for a Jecture. STI index became good in U
miapority of e seats, excellent in the Arst rows close W the stage. As resull, all the
peophe would understund the words propounced during the leciure as opposed o the
current situation.

Table 4: Conmparison between current values amd simulated ones "M indicate middbe
Frequencies, SO0 - DD He, while “37 refers to the values averaged over 500 - (KD -
2000 Hiz.

| Tyo.ar (s)  Cros (dB)  STI (average)
Current 9,19 52 0,36 (Poor)
Ideal range =30 N > +1dB  Good-Excellent
Result 1,72 +4.8 01,68 (Good)

Due 1o the intervention on the acoustic of the Podesta Hall, more
cultural and musical initiatives could take place and, with them. a
higeer Mow of users. Al this point, it is imporiant to pay the right
altention to aspects and dynamics of fruition, Lo guarantee Lo all

people the same quality of visil.

3. The hall for all: the Universal Design

Inclusion is a way o live, o feel and to perceive the reality that
surrounds us and that it concretizes with thoughts, languages and
actions in the contexts of life of people. Space becomes, therefore,

an inclusion factor, because, according o s accessibility level,
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it can include or exclude disabled people: through some spatial
characteristics, such as the presence of barriers or some types of
architectures, sociely consolidates the exclusion of a category of
people. To prevent it from becoming a source of discrimination,
it is necessary to act on ils design because “space has o adapt to
people, not the opposite™ [13].

In architectural terms, the concept is very simple: (o build paths
that can be for everyone, This is the purpose of Universal Design:
movement for human rights, related (o development and architec-
ture, which demands creating environments and consumer goods
for the largest variety of users,

The name “Universal Design” was born in 1985, thanks to the
American architect Ronald Mace: he described it as design of
products and environments for everyone as much as possible with-
out any need of adaptation, without distinction of age, sex, and
ability. From the words of Mace itsell: “The buill world does not
fit perfectly o anyone, Sometimes we have problems with the
space we live in or the products we use. And designers are used
to think of a mythical normal group, but in fact this group does
not exist. Each individual is unique and, as a group, also the hu-
man species appears quite different” [14], Designing accessibility
means not only looking at the aesthetic aspects, but to pay atten-
tion o the human being and his needs, respecting his “diversity-
unigueness”™ [15].

In 1997 the logic of universal design was explicit in seven basic

principles:

fair use.

flexible use.

simple and intuitive use,

perceivable information.

fault tolerance.

containment of physical effort.

measures and spaces Tor approaching and wsing.[ 16]

Ialian legislation, about public and private spaces, conceplu-
ally allows and suggests o own the principles of the universal de-
sign that coincide with the people pursuit of opportunities and the
strengthening of individual freedom.

In fact, DM, 236/89 and D.PR 503/96 identified criteria of de-
sign for accessibility, visibility and adaptability for dilferent envi-
ronments and indicated technical standards that respond to differ-
ent performance regquests. DPR 503/96 { Article 4), about historic
buildings and arcas, shows the need o make accessible paths o

people with low motor and sensory ability.



Figure 11: The inclusion begins with language: the braille system allows blind peoph:
to get every kind of information,

3.1 The restoration: the courtyard and the internal

paths

Hence, treated the acoustic aspect inside the “Salone del
Podesia”, there will be the need to restore the inner courtyard, lo-
cated al the ground foor, between the “Palazzo del Podesta”, of
“Re Eneo™ and “del Capitano”, in order to make the floor smooth
and homogeneous,

This operation will improve its look and, at the same time, make
the experience more enjoyable and comfortable for all. First, spe-
cific diagnostic analysis should be used 1o find out the nature of
the material and subsequently clean it with controlled blasting, us-
ing sand under controlled pressure. Then, the restoration will be
complete by restoring gaps with ethyl silicate, the most suitable
for this type of intervention,

For people on wheelchairs, new interior paths would allow the use
of elevators and the main access. For those who are completely
or partially blind, there will be, at the beginning of each path and
room, the appropriate directions o guide them Lo the spaces of the
structure: tactile maps, color signals, and so on,

Finally, for deal visitors, there will be panels to show informa-
tion o allow them to enjoy completely the visit. The first problem
faced in the design of the internal paths of the complex., once con-
ceived as accessible to all, is the distinction between the environ-
ments accessible to ourists and those that are not. All the rooms
used by AlmaWelcome employees inside the building are all on

the top floor. Then it is necessary to make the complex’s using
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simple and enjovable for both groups without interfere with each
other.

The key to the solution lies in the elevators, There are two of them:
both recently built, just to respect the laws previously mentioned,
are located one on the east side, towards Piazza Re Enzo, while
the other faces directly on the inner courl, So, in a perspective of
inclusion, the idea is (o make the beginning of the path to visit the
main entrance, on Piazza del Netiuno, because of its useful ramp.
Once inside the court, wheelchair users will have access Lo the lift,
located beyond the sandstone pit. while other visitors will be able
to proceed along the monumental staircase. At the same time, the
last floor will be accessible o the employees thanks o the east

entrance, without crossing the flow of lourists,
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Figure 12 Internal paths: visitors and employvees,

Figure 1% Internal paths: wheelchairs and fire exits,

The visitors to the first Aoor through the staircase will walk
through the lodge and, before accessing the “Salone del Podesta”,
will find on the left a desk with wardrobe service Tor the storage of

clothes and objects in the back room. Those who have used the el-



evator will be on the north side of the complex, but will simply go
over the desk dedicated 1o them. Then they will follow a short “L"
path, crossing two rooms, and, at the end of i, will find the steps
with a lift platform to access the Salon, Once visited the great am-
bient, the path will continue through the lodge, or returning to the
elevator, ending the visit 1o the Hall of the Acts.In fact, the two
rooms W be accessed from the Hall on the east side are included in
the project of valorization with two different destinations.One of
them, the largest, becomes an integral part of the visit path as Gifl
Shop / refreshment area; the other one, having direct access o the
Salon, will be an instrument store and dressing room for musicians
on particular events such as cultlural initiatives, once improved the
acoustic of the Salon,

The last foor, almost entirely occupied by AlmaWelcome olfices,
will host, in a separate project, workshops for children in the Hall
of King Enzo.
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Figure 14: Proposed functional diagram for the new spaces.

The problem with the blind visitors is the most complex one.

The complexity lies mainly in the fact that the lechnigues for com-
municating information to people with visual disability are stll
subject to study, refining, and research.
First, we have 1o understand what o communicate 1o the blind
visitor, We have to select the information, opting for a simple and
immediate language, W bring it back to the appropriate wols such
as factile maps, Here is the lavout of tactile signage:

— entry point: at one side of the ramp, there will be a tactile-
plantar path (the LOGES system) that guides the visitor o
the inner courtyard, in correspondence of a low [requency
acoustic signal indicating the entrance;

~ entrance of the courtyard: there will be a map containing
essential information about the intermal courtyard and the
shape, in plan, of the space in which the user is moving (it

will be like a square). Finally, the indication of the steps, on
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the left, to reach the first floor, described with a section up 1o
the Hall of the Acts and Podesta Hall;

— on the Moor of the courtyard: it will be applied o the ground
a special gum path that leads to the steps and to the elevator,
on the opposite side of the courtyard, allowing the visitor to
choose the most appropriate way o reach the top Moor;

~ the Hall of Acts: there will be the name of the room and
a section with details, such as its particular shape, then, 1o
the right, the presence of the lodge and, al the end of it, a
wardrobe on the left and the entrance of the Salon on the
front;

— entrance of the Hall: there will be the name of the salon, the
plant, and the section to indicate its beauty and fnally one
brief description of its frescoes;

— exit of the Hall: the gift shop will be indicated over the steps
and, on the left, the lodge and the end of the visit, in the Hall
of Acts. Obviously, there will be also the indication of the
toilets, over the gift shop.

>
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Figure 15: Secomt Noor: the LOGES system,

For deal people a series of panels placed inside the complex
will report information about the construction, its spaces and the
historical-artistic details that characterize it. This could be helpful
also for less impaired visitors, For users with cognitive disabil-
ities, a much simpler and more comprehensible communication
channel will be probably represented by figures.

The idea, at least in embryonic form, is to help them using a lan-
guage such as "comic strip”, which helps this Kind of visitor 1o in-

teriovize immediately, through basic and recognizable forms, the



information.

This solution could have a dual function: o communicate Lo
disabled people, but also to inform, with the use of illustration,
tourists who do not speak lalian or English. In fact, one of the
most insidious barriers is just the language. Hence, thanks to this
solution, a better exchange of knowledge and culture will take

place, helping both types of visitors,

4. Conclusions

Given that reverberation time has been reduced, while first re-
Mections increased. the inelligibility index of speech, STI, became
good or excellent as proved in figure 9, where is illustrated the
value of simulated parameter. This condition allows audience 1o
understand the words pronounced by the speakers. The advan-
tage of this installation is its Aexibility and reversibility. In this
paper only one arrangement has been investigated, even though
they could be various. Just think about wooden vertical panels and
seats. Related to the number of seats needed, it would be casy
to make the parterre smaller because panels are movable, due to
their contained height, Moreover, it is clear that great reduction of
reverberation in the middle and high frequencies is due o acous-
tical plaster, so having lower number of seals, or different kind
of upholstery, would no influence too much Tao. This condition
is essential because release the acoustic aspect of the Hall from
the seats that could vary among the company which produces or
rents them. The structure o, made through some american truss,
could be easily assembled and dismantled and its dimensions are
connected o the shows, Even if the choice of inflated pipes, might
be conflicting with the aesthetic aspect of the Hall, it represent an
intervention elfficient, temporary and completely reversible,
Lastly. this intervention cannot exist without its subseguent use,
Culture, more than anything else, is precious and necessary. This
is why Universal Design was born: 0 guarantee its fruition and
survival.

This is why this broader analysis: inclusion is an important is-
sue, that should follow every intervention, creating connection and

equality between ils users.
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