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Legal Framework
Introduction to DPCM 5/12/1997

The general principles concerning the protection of external and internal environments from acoustic pollution were laid down, in the Italian regulation, by Framework Law (Legge Quadro) n. 447 of 10/24/2005.
With regard to construction industry, the law prescribed the emanation of a decree establishing passive acoustical requisites for buildings and requisites about internal noise sources. 

In compliance with this directive a DPCM(1) was issued: the DPCM 5/12/1997, bearing the title  “Specification of acoustical passive performances of buildings”.
The decree is composed of 4 articles and an annex (Annex A).  
Annex A is the only technical part of the document and it concerns both the performances to be considered and the details about their measuring.
NOTES 
(1) DPCM stands for Decreto del Presidente del Consiglio dei Ministri or Prime Minister’s Decree
Annex A

Annex A is instrumental in the experimental determination of the building performances; its use is essential during the campaigns of acoustical measurements that are mandatory before (and occasionally even after) the selling of a building.
The first part of Annex A contains physical quantities of reference and offers definitions. Thereafter the whole original part of the document is reported. 

Anyway, for any practical use, all the content of the text can be summarized in 5 acoustical requisites for buildings, that will be discussed extensively in the next chapter: 

· Facade sound insulation (D2m,nT,w)
· Apparent sound reduction index of internal partitions (R’w)   
· Normalized tapping noise level (L’n,w)
· Maximum “slow” SPL of discontinuous equipment (LASmax)
· Leq of equipment in continuous operation (LAeq)
[image: image3.png]ALLEGATO A
Grandezze di riferimento: definizioni, metodi di calcolo e misure
Le grandezze che caratterizzano i requisiti acustici passivi degli edifici sono:
1. il tempo di riverberazione (T), definito dalla norma ISO 3382:1975;
2 il potere fonoisolante apparente di elementi di separazione fra ambienti (R), definito dalla

norrna EN ISO 140-
5:1996;




[image: image4.png]3. lisolamento acustico standardizzato di facciata (D2mT ), definito da

D2mnT =D2m + 10 log T/TO

dove:
D2m=L1.2m - L2 e la differenza di livello;

L1,2mé il livello di pressione sonora esterno a 2 metri dalla facciata, prodotto da rumore da traffico se
prevalente, o da altoparlante con incidenza del suono di 45° sulla facciata;

L2 &l livello di pressione sonora medio nell'ambiente ricevente, valutato a partire dai livelli misurati
nell'ambiente ricevente mediante la seguente formula:
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Le misure dei livelli Li devono essere eseguite in numero di n per ciascuna banda di terzi di ottava. Il
numero n & il aumero inero immediatamente superiore ad un decimo uel volume nell'ambiente; in ogni
caso, il valore minimo di n é cinque;

T & il tempo di riverberazione nell' ambiente ricevente, in sec;

T0 & il tempo di riverberazione di riferimento assunto, pari a 0.5,




The second part of Annex A contains two tables: Table A defines 7 categories of buildings; Table B reports the limit values of performance for the 5 mentioned acoustical requisites combined with the 7 categories of buildings.
The English translation of the content of the two tables together with the original text of this part of the document are reproduced below.

	Category
	Description

	A 
	Buildings used as residences or similar

	B
	Buildings used as offices or similar

	C
	Buildings used as hotels, pensions or similar functions

	D
	Buildings used as hospitals, clinics, sanitariums or similar

	E
	Buildings used as schools of any grade or similar

	F
	Buildings used as places of recreation, worship or similar

	G
	Buildings used as retail stores or similar


Table A – Classification of the inhabited environments
	Table A Categories
	Parameters (5 acoustical requirements)

	
	≥
	≥
	≤
	≤
	≤

	
	R’w(1)
	D2m,nT,w
	L’n,w
	LASmax
	LAeq

	D 
	55
	45
	58
	35
	25

	A, C
	50
	40
	63
	35
	35

	E
	50
	48
	58
	35
	25

	B, F, G
	50
	42
	55
	35
	35


Table B – Limit values
[image: image5.png]TABELLA A - CLASSIFICAZIONI DEGLI AMBIENTI ABITATIVI (art. 2)

categoria A: edifici adibiti a residenza o assimilabili;
categoria B: edifici adibiti ad uffici e assimilabili

categoria C: edifici adibiti ad alberghi, pensioni ed attivita assimilabili;
categoria D: edifici adibiti ad ospedali, cliniche, case di cura e assimilabili;
categoria E: edifici adibiti ad attivita scolastiche a tutti i livelli e assimilabili;
categoria F: edifici adibiti ad attivita ricreative o di culto o assimilabili;
categoria G: edifici adibiti ad attivitd commerciali o assimilabili

TABELLA B: REQUISITI ACUSTICI PASSIVI DEGLI EDIFICL, DEI LORO COMPONENTI E
DEGLI IMPIANTI TECNOLOGICT

Categorie di cui Pararetri
alla Tab. & Rw(*) | D2mnTw Lnw LisSrax Léeq
1D 55 45 58 35 25
2.5,C 50 a0 3 35 33
3E 30 3 58 35 3
1B,F,G 50 7] 55 35 35

(*) Valori di Rw riferiti a elementi di separazione tra due distinte unita immobiliari

Nota: con riferimento all edilizia scolastica, i limiti per il tempo di riverberazione sono quelli riportati
nella circolare del Ministero dei lavori pubblici n. 3150 del 22 maggio 1967, recante i criteri di
valutazione e collaudo dei requisiti acustici negli edifici scolastici




It has to be noted that while Table B reports minimum values for  Facade sound insulation (D2m,nT,w) and Apparent sound reduction index of internal partitions (R’w), it prescribes maximum values for  Normalized tapping noise level (L’n,w), Maximum “slow” SPL of discontinuous equipment (LASmax) and Leq of equipment in continuous operation (LAeq).

An additional parameter to be considered (not directly related to this decree) is the Reverberation time for classrooms. This parameter appeared as part of a regulation that dates back to 1967, (Circolare del Ministero dei Lavori Pubblici n. 3150) and was substantially neglected in the public works for schools during the following decades. Poor acoustical performances of classrooms may have played a role in the worsening of the learning capabilities of students.  A more recent and reliable parameter, useful in defining the quality of acoustics in classrooms, is the Speech Transmission Index (or STI), a quantity already considered in foreign regulations.
NOTES 

(1) Values referred to separation elements between two different building units 
Acoustical Requisites
Facade Sound Insulation
Facade Sound Insulation (D2m,nT,w) relates essentially with the evaluation of windows insulation.  This requisite prescribes general limits that are independent from the acoustical classification of an area.
The measurement is performed using a loudspeaker and two microphones. The loudspeaker is placed on the ground; the first microphone has to hang at a distance of 2 meters from the facade; the second microphone is placed inside the building. 
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Fig. 1 – loudspeaker positioning
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Fig. 2 – a dodecaedron loudspeaker and an external microphone




The so-called Standardized Facade Sound Insulation (D2m,nT) is evaluated computing the Sound Pressure Level (SPL) difference D2m between the external and the internal microphones, corrected with a specific term that takes into account the reverberation time inside of the room. 
The formula to be applied is the following:

[image: image8.wmf]2m,nT2m

0

T

D=D+10log

T

æö

ç÷

ç÷

èø


(1)
where 

· D2m=L1,2m-L2  is the SPL difference measured between the external microphone L1,2m and the internal one L2;

· L1,2m is a single point measurement taken at a distance of 2 meters from the facade with an angle of incidence from the loudspeaker of 45°.

·  L2 is an average of a number of measurements made inside the room: 
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. Here Li are measurements performed in a number n of points. n is the integer number just above 1/10 of the room’s volume, in cubic meters. In any case, the minimum value for n is 5.
· T is the reverberation time inside the room to be normalized with a reference reverberation time T0.

· T0 is the reference reverberation time equal to 0.5s.

It is easy to note that adding more absorption to the room, the L2 SPL lowers dramatically, thus increasing the value of the insulation. 

The correction term 
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  re-equilibrates here equation (1), bringing into account the reverberation time. In this way, even when the room is empty (and thus the reverberation is large), the final standardized D2m,nT  assumes the same value that it would have reached if the room was completely fitted with furniture.

  The regulation requires in fact a very good quality of windows (especially for schools and hospitals), regardless of the room acoustic performance.
Several mistakes are to be reported in the original text of the DPCM: 

· The ISO 3382-1975 standard (reverberation time) was subsequently updated in 1997 and in 2008;
· The DPCM does not specify that the volume of the receiving room has to be expressed in cubic meters;
· The quantity denoted D2m,nT is defined in UNI EN ISO 140-5 as “normalized” facade insulation (and not “standardized”);
· The UNI 8270 standard, defining the single-number rating of facade insulation, has been superseded by UNI EN ISO 717/1. 
Finally, following the indication of EN ISO 717-1:1997 standard, it is necessary to make the single-number rating obtaining a weighted normalized facade insulation D2m,nT,w. The procedure to be implemented is the following:
· The ISO 717 reference spectrum must be moved down, with 1dB steps, over the measured spectrum of D2m,nT.

· At each step, the sum of unfavorable deviations is computed (an unfavorable deviation occurs when the measured value, at a frequency band, is below the corresponding vale on the reference curve).

· When the sum of unfavorable deviations becomes smaller than 32, the reference curve is properly positioned.

The weighted normalized facade insulation, D2m,nT,w is defined as the value of the reference curve at the frequency of 500 Hz.
The example thereafter shows how a reference curve is moved down until it is possible to read at 500Hz the weighted sound insulation which is the single number value to be compared with the values in Table B of Annex A.
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Fig. 3 –weighted normalized facade insulation
Apparent Sound Reduction Index of Internal Partitions
Apparent Sound Reduction Index of Internal Partition (R’w) considers the wall that separates two different “property units” (autonomous portions of a building, generally apartments). 
The measurement is performed using a loudspeaker and two sound level meters. Two rooms in two distinct apartments are separated by an internal partition. The loudspeaker (an omnidirectional source) and the first sound level meter are placed into the room of one apartment; the second sound level meter is placed in the adjacent room of the other apartment.  
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Fig. 4 –positioning of loudspeaker 
and sound level meters.
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 Fig. 5 – omnidirectional loudspeaker and sound level meter.




The Sound Insulation (D) is defined as the difference in dB, between the spatially and temporally averaged values of the SPL in the two rooms: 
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(2)
where:

· L1 is the average SPL in the transmitting room

· L2 is the average SPL in the receiving room

The value of the Apparent Sound Reduction Index of Internal Partitions R’ is given by the following formula:
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(3)
where:

· D is the Sound Insulation

· S is the area of the wall separating the two rooms
· A is the equivalent absorption area of the receiving room. It is obtained with the Sabine formula: 
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. Here V is the volume of the receiving room, in cubic meters; T is the reverberation time measured inside the receiving room according to ISO 3382. The measure can be performed using firecrackers, balloons, pistol shot or a loudspeaker.
Having measured the reverberation time T and knowing the volume V of the room it is possible to deduce the absorption area A.

Following the indication of EN ISO 717-1:1997 standard, it is necessary to make the single-number rating obtaining a weighted Apparent Sound Reduction Index of Internal Partition R’w.
Here’s an example of the curve  that it is possible to obtain:
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Fig. 6 –weighted apparent sound reduction index 
Mistakes are to be reported also in this part of  the original DPCM: 

· The apparent sound reduction index R’ is defined by the EN ISO 140-4:2000 (and NOT by EN ISO 140-5:1996, as incorrectly written in the DPCM). 

· The UNI 8270 standard, defining the single-number rating of facade insulation, has been superseded by UNI EN ISO 717/1.
Normalized Tapping Noise Level 
Normalized Tapping Noise Level (L’n,w) relates with the sound caused by steps coming from an upper floor and generally produced by wooden sandals or other similar kind of footwear.  
 The measure is performed with a machine called “normalized tapping machine” containing steel hammers which falls in a pseudorandom way on the floor. These “normalized” machines, in compliance with special standards, produce the same identical vibrations. A sound level meter is placed in a room below the floor and tracks the transmission of noise.
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 Fig. 7 –positioning of tapping machine and sound level meter
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 Fig. 8 –tapping machine


Normalized tapping noise level (L’n) is the average tapping noise level corrected by a term taking into account the equivalent absorption area of the receiving room, with reference to a standard absorption area A0:
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(4)
where:

· Li is the average tapping noise level.  It is the average SPL measured inside the receiving room when the standardized tapping machine is operating inside the adjacent room.
· A0 is equal to 10 m2
· A is the equivalent absorption area of the receiving room. It is obtained with the Sabine formula: 
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. Here V is the volume of the receiving room, in cubic meters; T is the reverberation time measured inside the receiving room according to ISO 3382. The measure can be performed using firecrackers, balloons, pistol shot or a loudspeaker.

Having measured the reverberation time T and knowing the volume V of the room it is possible to deduce the absorption area A.

Again, due to the correcting term 
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 there is no benefit adding absorbing material in the receiving room. The floor is here the critical element. Only if its structure is good the standard, being (at least for special buildings like churches) quite strict, can be met.
 Following the indication of EN ISO 717-1:1997 standard, it is necessary to make the single-number rating obtaining a weighted Normalized Tapping Noise Level L’n,w.
Here’s an example of the curve  that it is possible to obtain:

[image: image23.jpg]L'n (dB)

65

60

55

50

45

40

35

30

“Isolamento Calpestio™

Indice di valutazione del livello di rumore di calpestio di solai normalizzato (L'n,w = 60 dB)

60

v

50 63 80

100

125

160

200

250

315 400 500 630
Frequenza (Hz)

800

1000 1250 1600 2000 2500 3150 4000 5000

—— Curva di riferimento norma 1SO 717-2 —— Curva del livello di rumore di calpestio normalizzato rispetto all'assorbimento acustico





Fig. 9 –weighted normalized tapping noise level 
Mistakes are to be reported in this part of  the original DPCM: 

· The normalized tapping noise level (L’n), is defined by the UNI EN ISO 140-7:2000 standard, instead of EN ISO 140-6:1996, as written in the DPCM. The latter is for laboratory measurements, whilst the DPCM is referring to “in situ” measurements.

· The UNI 8270 standard, defining the single-number rating of normalized tapping noise level, has been superseded by UNI EN ISO 717/2.
Maximum “Slow” SPL of Discontinuous Equipment
Maximum “slow” SPL of discontinuous (LASmax) relates with plumbing noise. Plumbing noise are caused by the intermittent use of WCs.  The regulation requirements are relatively easy to meet; good quality equipment is anyway needed.
The measures are as usual performed in the adjacent apartments to the one in which the equipment is operating.

The “general limits” of 35 e 25 dB(A) contained in the descriptive part of the DPCM are just a “lapsus calami” and are valueless.
The noise produced by common (condominial) equipment are NOT subjected to the differential limits given by DPCM 14/11/1997 “Determinazione dei valori limite delle sorgenti sonore”
Leq of equipment in continuous operation
Leq of equipment in continuous operation (LAeq) relates with heating, ventilation, air-conditioning (in short: HVAC).  The regulation requirements are relatively easy to meet; good quality equipment is anyway needed.

The measures are as usual performed in the adjacent apartments to the one in which the equipment is operating.

The “general limits” of 35 e 25 dB(A) contained in the descriptive part of the DPCM are just a “lapsus calami” and are valueless.
The noise produced by common (condominial) equipment are NOT subjected to the differential limits given by DPCM 14/11/1997 “Determinazione dei valori limite delle sorgenti sonore”
Real World Applications
Best Practices for Internal Partitions, Floors and Facade Insulation
Internal partitions: double walls
It is possible to obtain good internal partitions typically using double walls. Two separate walls are to be built with a cavity between them; the cavity has to be filled with a sound absorbing material like mineral wool.

[image: image24.jpg]



Fig. 10 –an example of double wall
Floors: floating slabs

It is possible to build a floating slab. Following this solution, the material that is laid upon the concrete slab (wood, ceramic, linoleum, carpet etc.) is enveloped by a thick soft layer made of rubber or polyurethane foam or compressed polyester fiber. 
The floor is not in direct contact with the structure; the slab is completely clad by the soft layer, therefore the floor is left free to vibrate under the action of a tapping machine; vibration is not anyway transmitted to the structure. If geometrical anomalies interrupt the soft layer of the floor, a  “bridge” is created allowing the vibration to be transferred to the rest of the building. 
This behavior can very possibly jeopardize the chances of an apartment of meeting the acoustical requirements for tapping noises. 
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Fig. 11 –a scheme of floating floor (from ANIT magazine)
Facades: continuous gaskets
Windows are, together with floors, the elements of buildings that are more likely to contribute to failures in the compliance with acoustical requirements. 
Usually, interrupted gaskets weaken  the acoustical performance of windows. 

The gaskets, the rubber seals, should not be interrupted in correspondence of the mechanical part of the window; if they are interrupted the sound can pass through. 

Windows like that are no more compliant with current regulations. In the real world case reported thereafter both interrupted gaskets and continuous gasket are presented. 

Although the material and the design is identical the first one appears to be completely out of specification while the second is compliant.
This is the case of an interrupted gasket.
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Fig. 12 –interrupted gasket window
This is, at the contrary, the case of a continuous gasket.
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Fig. 13 – continuous gasket window

Facades: good sealing around the frame of the window
Dealing with how well a window is mounted, it has to be stressed the importance of the sealing between the frame and the wall.   If a frame is not properly sealed a lot of sound energy may be dispersed around the window. 
It is necessary to inject self expanding polyurethane foam around the frame in order to ensure a correct sealing. Thereafter are presented two graphs describing the acoustical performance of a window before and after the application of a sealing. Only after the operation was done, the window became compliant with regulations. 
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 Fig. 14 – Bad sealing around the frame of the window.
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Fig. 15 – Good sealing around the frame of the window.

Psychoacoustic Effect
If a building is designed with wrong technical choices and people is allowed to enter and live into it, complains inevitably start (for example because of a bad quality of internal partitions insulation). If that happens, even if the problem is fixed and the correct performance of elements is re-established, the complains may not cease. This phenomenon is known as the “psychoacoustic effect”: once an unpleasant feeling due to noise is detected by a person, even if the cause that originated it is removed, the sensation of uneasiness remains.  
These design mistakes brought to several court cases forcing building companies to offer heavy reparations to customers;  they have thus to be avoided since the beginning. 

Thereafter a case of a customer complaining about the noises coming from a neighboring flat is presented. 
The measured R’w at that moment was 45dB. 

After the rebuilding of some walls the R’w increased to 53dB.

Still the customer continued to feel uncomfortable with the noise and continued to complain.
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Fig. 16 –rebuilt partitions
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Fig. 17 – weighted apparent sound reduction index
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