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Abstract: Regulatory acoustic requirements for hospitals exist in several countries in Europe, but
many countries have either no or few regulatory limits or only recommendations. The purpose of
limit values is to ensure optimal acoustic conditions for the patients under treatment and for the
personnel for the various tasks taking place in many different rooms, e.g., bedrooms, examination and
treatment rooms, corridors, stairwells, waiting and reception areas, canteens, offices, all with different
acoustic needs. In addition, some rooms require special considerations such as psychiatric rooms and
noisy MR-scanning rooms. The extent of limit values varies considerably between countries. Some
specify few, others specify several criteria. The findings from a comparative study carried out by the
authors in selected countries in various geographical parts of Europe show a diversity of acoustic
descriptors and limit values. This paper includes updated criteria for reverberation time, airborne
and impact sound insulation, noise from traffic and from service equipment for hospital bedrooms.
The discrepancies between countries are discussed, aiming at potential learning and implementation
of improved limits. In addition to regulations or guidelines, some countries have hospitals included
in national acoustic classification schemes with different acoustic quality levels. Indications of such
class criteria are included in the paper.

Keywords: hospitals; acoustic requirements; airborne sound insulation; impact noise; reverberation
time; service equipment noise

1. Introduction

Acoustic conditions in hospitals are important for patients under treatment as well
as for the staff. In hospitals, rooms have different acoustic needs and acoustic regulations,
and/or acoustic quality classes or other guidelines which exist in several countries but
are missing in other countries. Good acoustic conditions are important for patients’ sleep
and recovery as well as for the personnel’s work conditions, thus reducing mistakes. For
all, including visitors, good acoustic conditions help to support comfort and a relaxed
atmosphere. The purpose of this paper is to compare acoustic requirements for hospitals in
selected countries in Europe, aiming at potential learning between countries and improving
regulations. The selected countries and related regulations are Denmark [1], England [2],
France [3], Italy [4,5], Norway [6], Portugal [7], Spain [8] and Turkey [9].

In many countries, regulations set minimum acoustic requirements to ensure a good
acoustic quality and protect citizens from noise, whose detrimental effects in health are
well documented [10-12]. Among non-auditory effects, long-term exposure to noise causes
annoyance, cognitive impairment, sleep disturbance, cardiovascular disease, and metabolic
outcomes. Moreover, it has been proved that noise also impacts mental health [13,14]. In
healthcare the acoustic environment is of greater relevance as noise has an effect on the
recovery of patients. The most frequent effect of noise in hospitals is sleep disturbance [15].
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Lack of sleep and fragmented sleep slow down patient restoration and alter physiological
parameters such as heart rate, blood pressure and the glucose metabolism [16]. On the
other hand, hospital personnel usually report annoyance, mental distraction and stress due
to noise, which may reduce the productivity [15].

The acoustic environment of hospitals has been assessed in several studies [17]. Some
studies based on questionnaires [18-21] reported that the most disturbing sources of noise
were voices, both for staff and patients. Operational noises such as footsteps, carts in the
corridor, and intermittent noise from medical devices such as monitor alarms and beepers
were also found to be sources of annoyance. The study by Lam et al. [19] revealed that
personnel perceived the overall acoustic quality of hospitals as less suitable than patients
and visitors did. Lo Castro et al. [22] demonstrated that the acoustic environment in several
hospitals was reported as largely noisy by the personnel and was correlated with the
concentration loss.

A review paper [17] on noise in hospitals collected data on sound pressure levels
measured in several hospitals and revealed that in most of the cases, measured sound
pressure levels exceeded the WHO noise levels [23], which are commonly considered as
the reference to determine whether a certain sound pressure level is harmful or not.

Many countries have building regulations and/or guidelines which contain minimum
criteria which apply to certain construction elements, e.g., walls, floors, facades, etc. or
spaces, and are used as design criteria to build and retrofit buildings.

This paper compiles and compares acoustic regulations for hospital bedrooms and is a
follow-up on previous studies about hospitals, such as reverberation time regulations for
corridors and stairwells in hospitals [24] and acoustic regulations and classes in the five
Nordic countries for hospital bedrooms [25].

This paper is an updated and extended version of the paper presented at the Inter-
Noise Conference held in Washington in August 2021 [26].

2. Materials and Methods

In most countries in Europe, acoustic regulations now exist for housing and schools
and in several countries also for other building categories, such as hospitals. In addition, or
as an alternative, some countries also have guidelines or acoustic classification schemes.
Acoustic regulations and classification criteria are typically about:

Airborne sound insulation between rooms;
Impact sound insulation between rooms;
Facade sound insulation or indoor traffic noise;
Service equipment noise;

Reverberation time or sound absorption.

Building acoustic criteria are specified by a descriptor, a limit value and a reference to a
standard and sometimes to specific conditions, e.g., frequency range and/or test conditions. In
Europe, most countries refer to ISO field measurement and rating standards, typically [27-34].
Traffic noise may be determined according to EU Directive 2002/49/EC [35]. At the design
stage, the acoustic performance can be estimated using prediction methods, e.g., [36,37], with
relevant acoustic input data.

Although many different acoustic limit values are needed for the different rooms in
hospital buildings, it was decided to compare regulations for hospital bedrooms, which is a
basic room type in hospitals and considered useful as a starting point for further future
comparisons. This paper focuses on such hospital bedrooms, and Figure 1 illustrates the
acoustic requirements analysed in this paper for the selected countries.
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Figure 1. Acoustic requirements for hospital bedrooms analysed for selected countries in Europe.

When choosing countries for the study, it was decided to have various geographical
parts of Europe presented, also considering the authors’ language skills and the availability
of relevant documents. Consequently, most countries in the Eastern part of Europe (from
Finland in the North to Greece in South) were not included. Furthermore, only countries
with completed, published regulations or guidelines were included in the study, thus
omitting drafts. The study was not funded, and although it could have been interesting to
include more countries, this was not feasible, and new aspects would not be anticipated.

In Table 1, the selected countries are listed in alphabetical order. For Italy, limit values
are split up into public and private hospitals since regulations are different according to the
2022 decree [5].

Table 1. Acoustic regulations for hospitals—Overview countries selected for a comparative study in
Europe (November 2022).

Comments on Acoustic Classes and Relation to

3 *
Country BR ACS ACS Quality Classes Building Regulations
Denmark [1] N/A N/A
England [2] N/A N/A
France [3] N/A N/A
For public hospitals, sound insulation regulations are
Italy . . found in [4,5] and described in [39], annexes A (superior
(public) (451 (39 Superior and basic class) and B (good performance), being mandatory for
public hospitals.
Ital For private hospitals, limit values are found in [4]. The
ay [4] [39] Superior and basic Acoustic Classification Scheme [39] (superior and basic
(private) . ) .
class) is voluntary for private hospitals.
Norway 6] [38] A B,C,D For acoustic regulations, BR [6] refers to ACS [38],
Class C, as mandatory minimum performance.
Portugal [7] N/A N/A
. Classification according to [40] is voluntary. No reference
Spain [8] [40] A,B,C,D,E,F in BR [8,40].
Turkey 9] 9] AB,C,D,E,F For acoustic regulations, BR [9] refers to ACS [9], Class C,

as mandatory minimum performance.

BR = Building Regulations (regulatory requirements); ACS = Acoustic Classification Scheme; * Upper class first; N/A:
Not Applicable. Note: Even in case of the same class denotation, descriptors and limit values vary between countries.
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From Table 1, it appears that two of the selected countries, Norway and Turkey, refer
to Class C in the national acoustic classification scheme as the acoustic regulations. This
way makes it quite easy to get an overview of the acoustic requirements for hospitals, since
all limit values, including those presented in Section 4 (Tables 2-6), are found in Class C in
the classification documents [9,38], respectively.

In general, regulations are mandatory and acoustic classification voluntary, unless
referred to in the regulations.

3. Analysis of National Acoustic Regulations for Hospitals

The structure of regulations, scope and verification procedures vary widely from one
country to another depending on their needs, culture and customs.

Also varied descriptors are used and differ from one country to the other.

The following paragraphs explain the most significant features of the regulations of
the selected countries.

3.1. Denmark

The Danish building regulations and the related guidelines are found in [1]. As for
most other countries, the acoustic criteria are about airborne and impact sound insulation
between rooms, indoor noise from traffic, service equipment noise and reverberation
time (or sound absorption), and they are included in the guideline for chapter 17 about
acoustic conditions. The chapter starts with a general introductory statement requiring
that buildings shall have satisfactory acoustic conditions in terms of health and comfort,
considering the use.

A high number of specific, mandatory limit values exist for housing, schools (incl.
other educational buildings) and kindergarten [1]. For these building categories, the
number of limit values were extended considerably in 2008 and several limits were made
stricter. For hospitals, there were no specific limits or recommendations before 2008, but in
2008 a few basic criteria for hospital bedrooms and a few other room types were introduced
as suggestions for design values. However, in 2017, it was realized that hospitals are
complex buildings needing a much more extensive set of acoustic limit values. Finally, in
January 2020, new limits for several room types were introduced, although unfortunately
still only as suggested design values.

Compliance with limits is related to in situ tests carried out according to corresponding
ISO test methods [41], but the extent of enforcement and documentation is not known for
any of the above-mentioned building categories.

In Denmark, the activities related to planning and construction of new hospitals as
well as extensions and renovation have been very extensive over the past decade, and a high
level of activity will continue for many years until the hospitals are completed. Denmark
has five regions with specific responsibilities; one of these is construction and operation of
hospitals. However, for several aspects, cooperation and sharing of experiences are done
between the regions. Concerning performance requirements for new/renovated hospitals,
one of the regions, Region Midtjylland, has developed and published design guides for
various hospital rooms and facilities, see [42], each design guide up to approx. 70 pages
covering many technical areas, one of them being acoustic conditions. The design guides
include both legislative requirements (must be followed) and recommendations, which are
however not just simple, soft hints, but stricter in the sense that they must be complied
with or explained “Folg eller forklar” (Follow or explain). If recommendations are not
followed, it must be explained why not and this explanation approved by the project group.
The region also requires verification of relevant performances, including the airborne and
impact sound insulation as well as reverberation time.

Descriptors and limit values for hospital bedrooms are found in Section 4. For other
room types in hospitals, see [1]. Tolerances are described in the Guideline, where it is
indicated that a 1 dB unfavourable deviation is normally accepted for individual tests
of airborne and impact sound insulation, if the average value for all tests of the same
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construction types comply with the limit. For traffic noise, a 1 dB deviation is normally
accepted. For service equipment noise a 2 dB unfavourable deviation is normally accepted
for individual tests, if the average of all measurements for the equal installations complies
with the limit. For reverberation time the tolerances allowed are described in Table 6.

3.2. England

Building regulations [43] in England apply exclusively to schools and residential
buildings. Nevertheless, the “Health Technical Memorandum HTM-08-1: Acoustics” is
provided by the Department of Health as a design guidance document for hospitals and
healthcare facilities [2]. These guidelines set recommended acoustic design criteria for
hospitals including airborne and impact sound insulation between rooms, limits for sound
pressure level inside rooms due to outdoor noise and mechanical services, room acoustics
and vibrations. They also provide schematic details of construction joints, calculations
methods and examples of calculations. Finally, a checklist with the most important acoustic
issues is given.

Another important feature is that it covers many types of rooms: hospital bedrooms,
operation theatres, examination rooms, speech and language therapy rooms, laboratories,
etc. In general, it is a very complete and comprehensive document which serves as guidance
for developers, designers or consultants.

In the case of airborne sound insulation, the value of standardized sound level differ-
ence, D1, aims at ensuring privacy and protection against noise from adjacent rooms; for
that purpose, all rooms are assessed depending on the privacy requirements of each room,
the expected generation of noise and the sensitivity of each space. For instance, single
bedrooms, which are one of the objects of this paper, are assessed as:

e  The privacy requirement is “confidential: raised speech would be audible but not
intelligible, and normal speech would be inaudible”;
The expected generation of noise is “typical”;
The sensitivity as a receiving room is “medium: room generally needs to be free from
noise of other rooms”.

Multi-bed rooms, rooms for children and elder people are assessed differently. De-
pending on the type of rooms that are adjacent, their expected generated noise and its
sensitivity, different required values of Dy, are provided.

As for impact sound insulation, L'y1 < 65 dB is the criteria for rooms that are one
above the other, no impact insulation criteria is set between rooms on the same floor.

To protect the indoor from outdoor noises, the descriptors used are equivalent A-
weighted Sound Pressure Level Laeq,1n daytime and night time (23:00-7:00) and maximum
A-weighted Sound Pressure Level L oy ¢ for short-term noises. In addition, there are
criteria for rain noise. It is also specified that outdoor noise should be measured on site
before starting the design.

For service and equipment noise, reference to the noise rating curves (NR) in the
octave band range from 63 Hz to 4 kHz is the recommended criterion. It also sets vibration
performance criteria, root mean square (RMS) acceleration for continuous sources, and the
vibration dose value (VDV) for intermittent vibration.

Regarding reverberation control, the approach is prescriptive, a class C absorber
according to ISO 11654 [34] covering at least 80% of the ceiling must be used in rooms.
Whenever a class A or B absorber is installed, less area is required.

Finally, these guidelines recommend a testing program before construction, comprising
airborne and impact sound insulation and NR for mechanical services and indoor noise
levels. Tolerances are not specified in the guidelines [2], but it is specified that in the
event of a failure to meet the acoustic criteria, remedial work must be undertaken. Small
individual failures may be allowed e.g., 1 dB or 2 dB, as long as these failures are not
systematic throughout the building.

Since it is non-regulatory, all the criteria are recommended and may be introduced in
the contracts with designers and builders.
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3.3. France

Acoustic requirements for hospitals and health care facilities in France are set in [44].
Compared to most other countries in this study, the structure of acoustic building regu-
lations in France is quite complex, as it is composed of several laws and decrees issued
by different ministries and departments which deal with the protection of noise in the
building environment. Nevertheless, the joint document [3] links all the laws concerning
acoustic requirements in buildings and also contains guidelines on how to apply acoustic
requirements to different kinds of buildings.

As with most of the countries in this study, the French regulation sets out the require-
ments on airborne and impact sound insulation, as well as facade sound insulation, limits
for service and equipment noise and criteria for room acoustics.

Descriptors used are A-weighted standardized sound level difference Dyt o = DT + C
and weighted standardized impact noise L'y1,y for airborne and impact sound insulation.

With regards to impact noise, in the French regulations concerning hospitals there is
no mention of whether impact pressure levels apply between corridor and bedrooms and
there is no mention of whether impact requirements apply vertically or horizontally. In
Table 3, it is assumed that requirements apply in both.

With regards to facade sound insulation, the minimum requirement is
DnrAtr = Darow + Cir 2> 30 dB, but depending on the exposure to outdoor noise the require-
ments are increased. When a hospital building is affected by aircraft noise, requirements
for facade sound insulation vary from 30 to 47 dB. For areas where road or rail noise is the
predominant noise source, facade sound insulation requirements vary from 30 to 45 dB.
To obtain the corresponding sound insulation value of each room in a building, designers
must know which type of infrastructure (airport, road or railway) is affecting the building.
In the case of road and railway traffic, the distance of the building, as well as the presence of
noise barriers or other obstacles, such as buildings, determine the minimum requirements
for facade sound insulation. The guideline [3] contains worked examples on how to apply
facade requirements to different buildings.

In the case of noise from building services, the descriptor used is La n,7 which is
equivalent to Lagmaxnt and measured with ISO 10052 [29]. Different limits are set for
common or individual equipment. There are also limits for noise produced by water supply
and drainage systems of hospital bathrooms.

Regarding room acoustics, reverberation time is the average of the octave frequency
bands of 500, 1000 and 2000 Hz as indicated in Table 6.

France has published very comprehensive guidelines [45] on measurements compris-
ing many aspects, such as test methods, examples, the choice of rooms to perform mea-
surements, report template, etc. There is a 3 dB tolerance for sound insulation and sound
pressure levels from building services due to the uncertainty of the measurement method.

3.4. Italy

In Italy acoustic requirements for hospitals are different for private and public hos-
pitals. For both, the Ministerial Decree of December 1997 [4] gives mandatory limits for
impact (L'n,w) and airborne (R’y) insulation, facade sound insulation (Dom n7,w) and equip-
ment noise (LA smax, LA eq) but for public buildings the Ministerial Decree of 23 June 2022 [5]
applies and sets out stricter limits, which correspond to the limit values defined by the
standards UNI 11367 [39,46,47] and UNI 11532 [48]. At the current time the fourth part of
the standard UNI 11532, which will deal with acoustic requirements of internal spaces of
hospitals, has not yet been published.

The standard UNI 11367 [39] describes the acoustic classification of buildings and
includes annexes A and B that refer to the acoustical quality of hospitals and schools (with
base and superior classes) and are voluntary for private hospitals and mandatory (with
reference to the superior class) for public hospitals. These annexes give limit values for
the normalized sound insulation, Dy, between adjoining bedrooms and between corri-
dors and bedrooms, the normalized impact sound insulation, L', v, between overlapping
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bedrooms and limit values for sound pressure levels of equipment noise. According to
UNI 11367, equipment noise, distinguished between continuous, Lic, and discontinuous
operating, L;3, must be corrected for the reverberation time and for the background noise.
Continuous equipment is where the sound pressure level measured with the “fast” dy-
namic characteristic has oscillations not greater than 5 dB for the whole duration of the
operating cycle or of the operating time (i.e., heating, cooling, ventilation systems). The
sound level from service equipment must be measured in a room different from that of the
sound source according to the requirements given by annex D of UNI 11367:2010 (adapted
from ISO 10052 [29] and ISO 16032 [30]).

For continuous operating equipment, Lic = L eq + K1 + Kp;

For discontinuous operating equipment, Liq = LA smax + K2;

where K; = correction for background noise; K, = —10log(T/Ty); T = average reverberation
time in the room between 100 and 3150 Hz; T = reference reverberation time given by:

Ty =0.5s for V < 100 m>;

To = 0.05 (V)* for 100 < V < 2500 m?;
T =2.5s for V > 2500 m°.

With reference to reverberation requirements, there are no limit values for private
hospitals and for public hospitals it is necessary to refer to annex C of UNI 11367 [39]
(Reverberation Time, Clarity and Speech Transmission Index).

Testing of acoustic performances is mandatory and a report by an accredited laboratory
shall be issued. There is no tolerance for measured values.

3.5. Norway

The Norwegian building regulations are found in [6]. It is stated that acoustic re-
quirements can be met by ensuring compliance with sound class C in the Norwegian
Standard NS 8175:2012 [38], which is a classification standard with four acoustic quality
classes A-D for various types of buildings, including, e.g., dwellings, schools, kindergarten,
healthcare buildings and offices in separate chapters and with general joint information
about procedures and test conditions in the introductory chapters. Class C describes the
mandatory minimum performance for new builds, and there are two higher classes, A and
B, for better acoustic quality, and one lower class.

The first version of NS 8175 was published in 1997. The current version of NS 8175
is the 5th version, published in 2019, see [38], and not yet referred to in the building
regulations, although seemingly applied in practice. In the 2019 version, references to
test and rating methods have been updated and several changes made throughout the
document. A comparison of hospital bedroom class limits with the other Nordic countries
is found in [25].

Examples of classification limits for sound insulation between hospital bedrooms are
the following for classes A-D (in descending order) in the most recent version from 2019:

e  Airborne: R’y, > 52,52, 48, 44 dB (note that class A and B limits are the same);
e Impact: L'nw < 53,55, 58, 63 dB.
Acoustic requirements for hospital bedrooms in new hospitals are found in Section 4.

For other room types in hospitals, see [38]. Tolerances are not indicated in [38], except for
reverberation time, see note in Section 4.

3.6. Portugal

The Portuguese Regulations on building acoustics [7] apply to different kinds of buildings
(residential buildings, office buildings, schools, etc.) and also to hospitals. It sets minimum
requirements for airborne, impact and fagade sound insulation, limit values for noise from
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building services and room acoustics. Concerning outdoor noise and noise from building
services it refers to the Portuguese Noise Law [49], which is the transposition of Directive
2002/49/EC relating to the assessment and management of environmental noise [35].

Different rooms are considered in these regulations: operating theatres, consulting
rooms, examination rooms, offices and wards.

Descriptors used are Dy, and L'y7 4 for airborne and impact sound insulation.

Regarding impact noise, in Portuguese regulations concerning hospitals there is no
mention of whether impact pressure levels apply between corridor and bedrooms and
there is no mention of whether impact requirements apply vertically or horizontally. In
Section 4 it is assumed that requirements apply in both cases.

Regarding facade sound insulation, Doy, nTw is used. Sound insulation must be at
least 28 dB for sensitive areas, which are residential, school or hospital areas where Lge,
must not exceed 55 dB and L, must not exceed 45 dB according to [49]. For mixed areas,
the sound insulation of a fagade must be at least 33 dB; mixed areas include different land
uses, such as commercial and office areas and Lge, must not exceed 65 dB and L,, must not
exceed 55 dB. However, no requirement is given when outdoor noise exceeds the outdoor
limit values established in [49] for mixed and sensitive areas. When the facade of a hospital
room has a translucent area greater than 60%, Dy nTw + Cir is used.

Regarding noise from building services, there are limit values different for intermittent
and continuous equipment. The descriptor L, 7 is based on L AegnT but penalties for tonal
components must be assessed with a maximum value of 3 dB.

Reverberation time is also set out for rooms with a volume greater than 100 m? and it
is a function of the volume of the rooms. The reverberation time corresponds to the average
of the values of the octave frequency bands of 500, 1000 and 2000 Hz.

Regarding the verification procedure [50], testing is mandatory and is requested by
municipalities before the occupation of the building. An acoustician must issue a report
based on in situ tests performed by an accredited laboratory. There is a 3 dB tolerance for
sound insulation and sound pressure levels from building services and a 25% tolerance for
reverberation time.

3.7. Spain

Document DB HR Protection against noise [8] of the Spanish Building Code sets
minimum requirements for hospital bedrooms for airborne and impact sound insulation
between bedrooms and between a room and other areas, such as corridors, nurse stations,
etc. It also includes requirements for fagade sound insulation. Limits for service equipment
noise are regulated in RD 1367/2007 [51], which is part of the transposition of Directive
2002/49/EC [35] that sets limit values for outdoor sound sources and applies also to the
indoor environment of buildings. However, there are no limits for reverberation time or
indications about a minimum absorption area inside bedrooms.

In Spain, requirements only apply to hospital bedrooms and the regulations do not
include other rooms inside hospitals such as surgical rooms, corridors, examination rooms,
etc. Guidelines for applying Basic Document DB HR Protection against noise [52] include
an example on how to apply limit values to hospitals bedrooms and have recommendations
for consulting rooms. These guidelines also specify that in rooms which are not specified in
regulations, such as nurseries, operation theatres or laboratories, the developer, the designer
or the builder should decide the acoustic conditions and seek the advice of an acoustician.

Descriptors used are Dy o and L'yt for airborne and impact sound insulation. Dyt A
is calculated using the procedure in [8] with reference values for airborne sound that differ
from the ones in ISO 717:2020 [28]. Results of DT a are similar to DyT+ + Cio0-5000 and the
Spanish Building Code permits the use of this expression for comparisons.

Regarding facade sound insulation, Doy 7 Atr is used, which is calculated using the
procedure in [8]. Results of Doy n1 At are similar to Dom nTw + Cir,100-5000- The minimum
sound insulation required depends on the daytime equivalent sound pressure level Ly of
the area the building is located. The aim is to ensure a maximum sound pressure level
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inside a hospital bedroom of 30 dB due to outdoor noise. Designers usually consult public
noise maps available at the Information System for Noise Pollution [53] to choose the
minimum requirement that applies to each fagade.

As for noise from building services, descriptors, Lk 4, Lk e and Lk, for day, evening and
night, are based on the L g, and corrections for low frequency, tonal and impulsive noise are
applied with a maximum of 9 dB. Of these three descriptors, Ly ,, is the most restrictive.

RD 1369/2007 [51] includes the measurement and assessment method. Descriptors
Lk 4, Lx e and L , apply to any source and there is no distinction made between continuous
sources and intermittent ones.

Spanish regulations also include some specifications for detailing and workmanship.
Spanish guidelines include a wide variety of examples of details, good workmanship
recommendations and workmanship checklists that apply also to hospital bedrooms.

In situ testing is not mandatory in all Spain, nevertheless some regions and local
authorities request in situ tests before the occupation of new buildings, including new
hospitals. There is a tolerance of 3 dB for sound insulation tests.

In September 2021, a new acoustic classification scheme [40] was approved that
includes hospital bedrooms. This classification system includes acoustic classes from A
to F. Sound insulation requirements of the Spanish Building Code fall in category D. This
classification scheme is voluntary.

3.8. Turkey

The acoustic requirements and acoustic classification for buildings in Turkey are found
in the Regulation on Protection of Buildings Against Noise [9], published in 2017, and
an amendment [54], published in 2018. The requirements include six performance areas:
fagade sound insulation, airborne sound insulation of partitions, impact sound insulation,
indoor background noise levels, service equipment noise levels and reverberation time. All
building categories are included, and six acoustic quality classes A-F are defined.

The sound insulation requirements are determined based on the noisiness and the
noise sensitivity of rooms. The regulation includes a list of all types of buildings and room
functions and corresponding classes of noisiness and noise sensitivity.

The descriptors and classification system are in line with ISO/TS 19488:2021 [55].
According to the Regulation, all new buildings shall comply with Class C performance,
and Class D performance is required for retrofit projects of existing buildings when the
building or its function is subject to an alteration. Information on the methodology for
performance assessment and classification can be accessed from [56].

What is unique for [9,54] is that regulations and acoustic classes are described in
the same documents, that all types of buildings are included, that acoustic quality classes
include lower classes and that the issue of acoustic requirements for retrofitting of buildings
is addressed.

Acoustic requirements for hospital bedrooms in new hospitals are found in Section 4. For
other room types in hospitals, see [9,54]. Concerning tolerances, a 2 dB unfavourable deviation
from the requirement is neglected in measurement results. For further details, see [9,54].

4. Analysis of Limit Values Given by Different Countries

In the Tables 2—6 below are found acoustic regulations for normal hospital bedrooms
in the selected countries. The limit values concern airborne and impact sound insulation
(Tables 2 and 3), fagade sound insulation (Table 4), service equipment noise (Table 5), and re-
verberation time (Table 6). For further details, see explanations in the tables and the references.

It must be noted that the limit values included in this paper should not be applied
directly, as the original regulations must be consulted, since the scope and important
application details are found in the original documents listed in the Reference section and
in related national guidelines. Furthermore, checks for updates should be made.

As seen in Tables 2 and 3, most of the selected countries have sound insulation
requirements or recommendations for hospital bedrooms, but two countries (England and
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Italy) do not have limits for horizontal impact sound insulation. Comparisons of limit
values show differences of more than 10 dB between countries. Of the limits shown in
Tables 2 and 3, Turkey is the country with the strictest requirements for horizontal airborne
and impact sound insulation. For vertical sound insulation, slightly stricter values apply
for public hospitals in Italy than for Turkey.

Table 2. Acoustic regulations for hospital bedrooms ()—Airborne sound insulation. November 2022.

Requirement [dB] ?

Country  BR Rooms @ Comments
Horizontal Vertical
Between bedrooms
’ (2
Denmark  [1] Corridor to ((ﬁ,w E ;4)?)) ) (R'w >51)@
bedroom W=
Values for single bedrooms.
Between bedrooms D > 47)® Requirements for other bedrooms are
England [2] Cg)r;idor to (ani"‘éo*_ 35 dB) (DnTw > 47) @ ioundrc‘li 11(1:11 [2], e.g., bedrooms
edroom = or ren.
Recommendations for door sets.
Between bedrooms
>
France [3] Corridor to gnT’W : g ~ 4215 DnTw > 42
bedroom nT,w =
BR [5] refers to superior class of
Ttaly [45] Bet‘gerrr‘itc’lifrtzoms D7 > 50 P annex A in ACS [39]
(public) ! bedroom Dnrw > 30 nTw = BR [5] refers to good performance
of annex B in ACS [39].
Ital Between bedrooms No regulations for private hospitals,
ay [4] Corridor to None None but criteria from ACS [39] may be
(private) - :
bedroom applied voluntarily.
Between bedrooms ,
Norway [6] Corridor to Iliw E ;Li R’y > 48 BR [6] refers to Class C in ACS [38].
bedroom W=
Between bedrooms
Portugal [7] Corridor to g“T’W E ;Lg Durw > 45
bedroom nTw =
Horizontal: For walls containing
Spain [8] BehAéeOerrl:il;Z(;lrt(z)oms Dnrw + C100-5000 = 50 D e > 50 doors leading to corridors:
F bedroom Ra 250-30 1005000 = Ra = Rw + Cyp-5000 = 50 for the
wall, and > 30 for the door set.
Between bedrooms
>
Turkey [9] Corridor to gnT’W : g > gé Dprw +C > 52 BR [9] refers to Class C in ACS [9].
nT,w =

bedroom

@ Overview information only. Detailed criteria and conditions are found in references. @ Limits in (brackets) =
Recommendation. ® Corridor means there is a door between the hospital bedroom and the corridor. If there is no
door, stricter limits may apply.



Buildings 2023, 13, 578

11 0f 22

Table 3. Acoustic regulations for hospital bedrooms ()—Impact sound insulation. November 2022.

Country BR

Rooms

Requirement [dB] ?

Horizontal

Vertical

Comments

Denmark [1]

Between bedrooms
Corridor to bedroom

(L'nw < 58) @
(L'nw < 58) @

(L'nw < 58) @
(L'nw < 58) @

Between bedrooms (L'ntw < 65) @
England 21 Corridor to bedroom None
Between bedrooms L'hrw <60 L'hrw <60 . .
France [3] Corridor to bedroom Lntw < 60 'nt < 60 See comments in Section 3.3.
Italy Between bedrooms L'nw <53
(public) [4,5] Corridor to bedroom None L'nw < 53 BR [5] refers to Annex A of ACS [39].
Italy [4] Between bedrooms None L'nw <58 For private hospitals, limit values are
rivate Corridor to bedroom L'nw <58 iven in the Decree 5/12/1997 [4].
P , )
Between bedrooms L'nw <58 , .
Norway [6] Corridor to bedroom I < 58 L'nw <58 BR [6] refers to Class C in ACS [38].
Between bedrooms L'nw <65 L'nw <65 . .
Portugal [7] Corridor to bedroom L'y < 65 L' < 65 See comments in Section 3.6.
Spain 8] Between bedrooms L'ntw < 65 L'arw < 65
p Corridor to bedroom L'nTw < 65 L'nrw < 65
Between bedrooms L'hrw <54 , .
Turkey [9] Corridor to bedroom Lnr < 54 L'nrw < 54 BR [9] refers to Class C in ACS [9].
M Overview information only. Detailed criteria and conditions are found in references. @ Limits in
(brackets) = Recommendation.

Table 4 shows fagade sound insulation required for hospital bedrooms. Whereas Italy
has facade sound insulation limits independent from outdoor noise, all other countries
have increasing limits with increasing outdoor traffic noise levels. In Denmark, England,
Norway, and Turkey, the requirements are expressed directly as A-weighted equivalent indoor
sound pressure levels, implying stricter sound insulation limits for higher traffic noise levels.
France, Portugal and Spain express their requirements as facade sound insulation with limits
depending on the outdoor noise levels. For further details, see Table 4 and the references.
Table 4. Acoustic regulations for hospital bedrooms ()—Facade sound insulation. November 2022.

Country BR Requirement [dB] @ Furnished ® Comments
Denmark [1] (Lgen (indoor) ©® < 33) @ +

L daytime < 40) @

(Lacqn y . ()2) Limits for single bedrooms. Limits increase 5 dB for
England [2] (LAeq,1n night < 35) + multi-bedrooms.

(LAmax,f, night < 45) @

Required Dy A r Varies from 30 to 45 dB,
depending on the type of road and its distance to

France 31 Dot a2 30 N/A the fagade. Requirement corrected depending on the
existence of noise barriers, adjacent buildings, etc.
Italy @) Fixed facade sound insulation limit independent
(public) (451 Domnrw 2 45 N/A of the outdoor SPL.
Italy [4] D > 45 @ N/A Fixed fagade sound insulation limit independent
2mnT,w —

(private) of the outdoor SPL.




Buildings 2023, 13, 578 12 of 22

Table 4. Cont.

Country BR Requirement [dB] @ Furnished ® Comments
i <
Norway  [6] I ;P’A'M;‘S(;I;(%E?gz)&)?’g 45 + BR [6] refers to Class C in ACS [38].
p,AEmax, 23 =
DomnT,w = 28 dB or >33 dB depending on the
Portugal 7] Domnrw 2 28 N/a type of area the hospital is located [49]
. B Valid for Lyay < 60 dB. For Ly, < 65, <70, <75
Spaln [8] D2m,nT,Atr NDZm,nT,w + C’tr,100—5000 >30 N/A or >75 dB, limits 32, 37, 42, 47 dB apply.
Turkey 9] L eq (indoor) < 34 N BR [9] refers to Class C in ACS [9].

Day-evening-night period applied.

M Overview information only. Detailed criteria and conditions are found in the references. @ Limits in
(brackets) = Recommendation. (3) DK: Day 07-19 (default), Evening 19-22, Night 22-07. Lge, is defined in
END (2002) [35]. The Danish Building Code refers to Lge, as the only limit and valid for roads and railways
separately. ) The superior limit given by the Decree 23 June 2022 [5] (public hospitals) is lower than that
given by the decree 5 December 1997 [4]. Therefore, the same limit applies both to public and private hospitals.
® +: Requirements apply to furnished rooms. N/A: Not applicable, e.g., if requirements are expressed as airborne
sound insulation.

Limit values for service equipment noise are found in Table 5. Measurement methods
are found in the building regulations. It is seen that different descriptors are applied, which
make comparisons more complicated. In general, all countries rely on a descriptor based
on the A-weighted equivalent sound pressure level Laeq. The standards referred to are
basically either ISO 10052 [29] or ISO 16032 [30], but then additional methods apply for
low-frequency noise and correction for pure tones, impulses and intermittent noise. Some
countries apply different limits and procedures for continuous sources, e.g., ventilation
systems, and other sources with changing noise emission during the operating cycle.

Table 5. Acoustic regulations for hospital bedrooms M —Service equipment noise. November 2022.

Country BR Requirement [dB] @ Furnished @ Comments
Denmark [1] (Laeq < 30) @ +
England [2] (NR < 30)@ +

Noise produced by communal equipment
or individual equipment inside the room.

< < o
France [3] Loar < 30L,aT <35 Not specified Noise produced by plumbing and
drainage systems in adjacent rooms.
Equivalent SPL from service equipment
Italy Lic <280 e with continuous operation.
(public) (451 Lig<340) Not specified Maximum SPL from service equipment
with discontinuous operation.
Equivalent SPL from service equipment
Italy L Aeq < 25 o with continuous operation.
(private) 4] Lasmax < 35 Not specified Maximum SPL from service equipment
with discontinuous operation.
<
Norway [6] Lpar <28 + BR [6] refers to Class C in ACS [38].

Lp,AF,max <30
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Table 5. Cont.

Country BR Requirement [dB] ? Furnished @ Comments
For building services producing a
continuous noise.
For building services producing
Larnt <30 e . . .
Portugal [7] / Not specified intermittent noises.
Lagnr <35 :

’ LarnT = LA eq (standardized to the
reference reverberation time) corrections
for background noise and tonal noise.
Limit value Ly = La eq,1 + corrections for

. Lkd‘Lke§35 o . L. .
Spain [8,51] T, o5 Not specified background noise, tonal, impulsive and
kn = low frequency noise.
L <30 BR [9] refers to Class C in ACS [9]. The
Turkey [9] L Aeq = <34 + two limits are for continuous and
ABmaxnT = intermittent noise, respectively.
@ Overview information only. Detailed criteria and conditions are found in references. @ Limits in
(brackets) = Recommendation. @ The descriptors are explained in Section 3.4. The stricter limit between
those given by [4,5] applies. @ +: Requirements apply to furnished rooms. Not specified: Regulations do not
specify if requirements apply to furnished rooms.

Table 6 shows reverberation time requirements for hospital bedrooms. Of eight
countries, six have limits for T, but with different frequency ranges, one has a limit for sound
absorption, and Spain has no limits. In some countries, reverberation time requirements
depend on the room volume, indicated as V' in Table 6.

Table 6. Acoustic regulations for hospital bedrooms ()—Reverberation time. November 2022.
Country BR Requirement [dB] @®® Furnished @ Freq[.HI;;imge Comments
Denmark [11 (T <0.6)@ + 125-4000 ®
No T limit, but a minimum absorption
area equivalent to a class C absorber,
England 2] See comment N/A 250-4000 ISO 11654 [34], for 80% of the floor area
is recommended.
Volume < 250 m®. A typical bedroom
s esti 3
France 3] T, <08® + 500-2000 © for two beds is estlmated to <60 m>.
For rooms with a bigger volume, see
reference [3].
Italy i
< . .
(public) [5] T, <1.2:(0.32:1g(V) + 0.03) Not specified 250-4000
Italy None N/A N/A No limits values.
(private)
Norway [6] T<06® + 125-4000 ) BR [6] refers to Class C in ACS [38].
Only limits for multi-bedrooms.
Portugal [71 T <0.15-V1/3 + 500-2000 © Volume > 100 m°.
No limits for smaller bedrooms
Spain [8] None N/A N/A
Turkey [9] T<0.5 + 250-2000 © BR [9] refers to Class C in ACS [9].

@) Overview information only. Detailed criteria and conditions are found in references. @ Limits in (brackets)
= Recommendation. ® V: Room volume, m3. ® +: Requirements apply to furnished rooms. Not specified:
Regulations do not specify if requirements apply to furnished rooms. N/A: Not applicable, e.g., if there is not
a requirement in regulations. ®) Denmark: Max. in each 1/1 octave band. For 125 Hz, +20% accepted. © T is
defined as the average for the frequency bands indicated. 7 Norway, NS8175:2019 [38]: Max. in each 1/1 octave
band. For 125 Hz, +40% accepted. For 250-4000 Hz, deviations up to +20% accepted, if the mean value for those
frequencies does not exceed the limit value.
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5. Results of the Comparison between Recommended Values

As shown in Tables 2-6, acoustic requirements of hospital bedrooms are expressed by
different national regulations with a multitude of indicators. For this reason, the comparison
between different values is possible only with some assumptions.

In the following paragraphs, the hypotheses assumed for the conversion of indicators
are summarized.

5.1. Airborne Sound Insulation between Bedrooms and between Bedrooms and Corridors

For sound insulation between bedrooms (horizontal and vertical), two countries
(Denmark and Norway) use the rating of apparent Sound Reduction Index Ry, three
countries (England, Italy and Portugal) use the rating of normalized sound insulation
Dnrw, two countries (France and Turkey) use the same parameter plus the spectrum
adaptation term, Dy, + C, and one country (Spain) uses the spectrum adaptation term
C100-5000, Dnt,w + C100-5000-

R’ and Dyt are descriptors that express the in situ airborne sound insulation. Dy
depends on the room volume of the receiving room, which means that the bigger the
receiving room volume, the higher the result of D, and the easier to fulfil the requirements.
See Equation (1).

For sound insulation between bedroom and corridors (horizontal), two countries (Den-
mark, and Norway) use the rating of apparent Sound Reduction Index, R’y,, two countries
(Italy and Portugal) use the rating of normalized sound insulation Dy T4, and two countries
(France and Turkey) use Dyt + C.

In the case of Spain and England, the approach is prescriptive for the sound insulation
between rooms and corridors where there is a door. Both countries include a laboratory
descriptor for the door set, Ry in England and Rp ~Rw+Cigp-5000 in Spain, which also
requires a minimum Rp ~ Ry + Cjgo-s5000 for the partition between the corridor and
bedroom with a door.

The conversion between the different parameters mentioned above is based on the
following equation, taken from ISO 16283-1 [27].

Dnr =R’ + 101gM =R + 101gM dB (1)
To-Ss Ss

where V is the volume of the receiving room (m3), T is the reference value of the reverber-
ation time (0.5 s) and Ss is the surface of the partition (m?).
The conversion presented in Figure 2 is therefore based on the following assumptions:

e 0.32.V = Sg (corresponding to the case of two bedrooms separated by a common
partition of area Ss and 3.1 m wide). In this case, Dy,1 equals R'y;
e Cyp0-5000 =C=—-1dB.

English and Spanish requirements for partitions between bedrooms and corridors are
not shown in this graph as they are expressed as laboratory sound reduction index, and the
conversion is not straightforward.

5.2. Impact Sound Insulation between Bedrooms and between Bedrooms and Corridors (Horizontal
and Vertical)

Four countries (Denmark, Italy, Norway and Portugal) use the rating of normalized
impact sound pressure level, L', w, and four countries (England, France, Spain and Turkey)
use the rating of standardized impact sound pressure level, L';T,.

The conversion between different parameters above mentioned is based on the follow-
ing equation, taken from ISO 16283-2 [27].

0.16-V
ATy

Ly =1L — 10lg( ) — L', —10Ig(0.032-V) dB ©)
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where V is the volume of the receiving room (m3), T is the reference value of the reverber-

ation time (0.5 s) and Ay is the reference value of the equivalent absorption area (10 m?) in
the receiving room.

55
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B Rooms 40
35

% Corridor to room
30
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20

70

65

W Horizontal -
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45 45
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Figure 2. Comparison between limit values for airborne sound insulation between bedrooms and
between bedrooms and corridors.

The conversion presented in Figure 3 is therefore based on the assumptions that the
bedroom volume V = 40 m?.

L, (dB)

65

55
53

%

(Denmark) (England)  France Italy Italy Norway  Portugal Spain Turkey

(public)  (private)
Country

Figure 3. Comparison between limit values for impact sound insulation between bedrooms and
between bedrooms and corridors.

5.3. Fagade Sound Insulation

The aim of facade requirements is to ensure that the sound pressure levels transmitted
from outdoor sources, such as traffic noise, are not too excessive so that they could com-
promise the health of patients. With this idea, the regulations in some countries are more
direct and give limits for sound pressure levels (Denmark, England, Norway and Turkey),
but the descriptors used in each country are measured in different time periods (day, night,
Lgen)- On the other hand, other countries use the facade sound insulation requirements. In
particular, Italy and Portugal use the rating of the standardized facade sound insulation,
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DomnT,w, and two countries (France and Spain) use the A-weighted standardized facade
sound insulation, Dym nT Atr = DomnT,w+Ctr, but in Spain uses Cy; 100-5000. Moreover, Italy
does not differentiate the limit values for facade sound insulation according to the outdoor
noise level.

Due to the variety of descriptors for sound pressure levels obtained in different time
periods and the different descriptors used for airborne sound insulation against traffic
noise, it is not possible to have a reliable comparison between the limit values used in
different countries for protection against outdoor noise. See Table 4.

5.4. Service Equipment Noise of Continuous Operating Systems

For continuous operating equipment noise, all countries refer to the equivalent
A-weighted sound pressure level but three countries (Italy, Norway, Portugal) normal-
ize the measured value to the Reverberation Time and four countries (Denmark, England,
Spain and Turkey) have no normalization to Reverberation Time.

In Spain, France and England the same limits and descriptors apply independently
of the fact that the source is continuous or not. England recommends the values of Noise
Rating 30 for equipment noise.

In France, the descriptor for service equipment noise is La smax nT, independently of
source; continuous or not. Values are different for plumbing and drainage systems outside
the bedroom and for other systems, such as ventilation.

In Spain there are three limits: day, evening and night, which are based on Laeq,
corrected by tonal, impulsive and low frequency components. In Portugal, corrections due
to tonal noise are also applied.

Figure 4 shows a comparison of service equipment regulations between countries
and includes limits for continuous sources and intermittent ones. The conversion between
different indicators may be based on the following assumption:

For England, noise equal to values of NR30 between 31.5 and 8000 Hz;
A=Ay=10m?

T=Ty=05s;

No impulsive, tonal or low frequency noise corrections are included in Figure 4.

For France, it is assumed that for continuous sources, Laeq is equal to LA smaxnt- The
limit expressed in Figure 4 is the required maximum sound pressure level for centralized
services and services inside the room, except for drainage and plumbing systems.

For Spain, Ly ,, the most restrictive value that applies at night is represented in Figure 4.

5.5. Service Equipment Noise of Discontinuous Operating Systems

For discontinuous operating equipment noise, four countries (Italy, Norway, France
and Turkey) refer to the maximum A-weighted sound pressure level, Ls max; measured with
“slow” time weighting in Italy and France and “fast” time weighting in Norway and Turkey.

The conversion between different indicators is based on the same assumption above
described. It is also assumed that Ls smax measured with “slow” time weighting equals
LA Fmax measured with “fast” time weighting, although for quick intermittent sounds,
LA Fmax measurements will result in higher values and therefore, requirements expressed
as LA Fmax are stricter.

For Italy, the limit for discontinuous sources corresponds to that given by the decree
of December 1997 because in the case of the hypothesis assumed (T = Ty = 0.5 s), this limit
is stricter than that of the Decree of June 2023.

5.6. Reverberation Time

Six countries (Denmark, France, Italy, Norway, Portugal, Turkey) give limits or recom-
mended values for Reverberation Time of bedrooms, and England recommends a minimum
absorption area equivalent to a class C absorber [34] for 80% of the floor area.
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Figure 4. Comparison between limit values for equipment noise.

The limit La max expressed in the table for France corresponds to the requirement for
drainage and plumbing systems, which are intermittent sources.

The frequencies considered in the verification of Reverberation Time are different for
different countries, see Table 6. Limits for the frequency range 500-2000 Hz are easier to
fulfil than for a wider frequency range down to 250 Hz or even 125 Hz, since the sound
absorption is typically much lower at the low frequencies than for higher frequencies.

Since Italy and Portugal limit values are function of the bedroom volume, to compare
values it was necessary to refer to a room volume of 40 m>.

Concerning England, a bedroom of 40 m3,2.70 m high and with 80% of the ceiling
covered by a class C absorber was considered to obtain the value of T = 0.8 s.

Figure 5 shows the comparison between limit values for reverberation time according
to these assumptions.

0.80 0.80
0.65
0.60 0.60
I I I ] ]

(Denmark) (England)  France Italy Italy Norway  Portugal Spain Turkey

(public)  (private)
Country

Figure 5. Comparison between limit values for reverberation time.
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6. Discussion and Conclusions

Acoustic design is essential to the quality of hospitals, as it is well known that “un-
wanted sound” has detrimental effects in health. In this sense, a good layout that avoids
noisy areas from being adjacent to hospital bedrooms and other quiet areas is the best way
to maximize comfort and privacy. In addition, it is fundamental to set the appropriate
acoustic design criteria for each type of room.

Acoustic regulations for hospitals aim on one hand at providing comfort and wellbe-
ing for the patients, which is essential for recovery, and on the other hand at providing
good working conditions for the staff. For these reasons, various limits for airborne and
impact sound insulation, indoor traffic noise, service equipment noise and reverberation
time are relevant and exist in national regulations or recommendations in several countries.
Since it is known from comparative studies of housing, schools and offices, cf. e.g., [57-62],
that acoustic requirements vary considerably between countries, it was found relevant
to compare acoustic limit values for hospitals also, again aiming at mutual learning be-
tween countries.

Limit values depend upon the room types. As a first step to know more about hospitals,
it was decided to compare acoustic limit values for hospital bedrooms in eight countries in
Europe. In hospital rooms, the protection from disturbing indoor sources of sound, such as
voices in other rooms, carts in the corridors, ventilation noise, etc., is essential for the well-
being of patients and personnel. In this study, it has been noticed that certain requirements
related to the protection of noise from indoor sounds are missing in some countries,
specifically horizontal impact sound insulation and reverberation time requirements.

For all types of limits, both descriptors and limit values vary between countries. For
airborne and impact sound insulation, differences between countries are more than 10 dB,
and for two countries there are no requirements for horizontal impact sound insulation.
For traffic noise, a detailed comparison would require a very extensive study of national
regulations and guidelines and this is not within the scope of this paper, since descrip-
tors and methods of evaluation are different from one country to the other. For service
equipment noise, some countries have different limit values for continuous sources (such
as ventilation noise) and discontinuous sources (such as flushing water). For reverbera-
tion time in hospital bedrooms, both frequency ranges and limit values vary, but what
is especially important to notice is that only Spain and Italy for private hospitals do not
have such requirements for hospital bedrooms, confirming that the comfort of patients and
staff—including communication—is highly dependent on the builders” and contractors’
choice of design values for reverberation time.

The findings from the current study of hospital bedrooms show that an exchange of
experiences between countries would be useful, aiming at improving and optimizing acous-
tic requirements for hospitals. It is recommended and intended to continue comparative
studies of more hospital room types to achieve a wider view of which requirements are
appropriate for other important facilities in hospitals.
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