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ENVIRONMENTAL CORRECTION FACTOR K2
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The environmental correction factor K2 is defined in various ISO international standards which require the valuation of this element; in particular to detract it from the sound pressure level measured in a generic room.

The concept is that the K2 factor is taken away from the practical measurements in order to bring the results back to a theoretical free field, removing in this way the effects of the room.
One of its most important applications regards assessing the noise produced at a workplace by a machine.
As a matter of fact, for each machinery in a factory it is required to measure how loud the sound level is at the workplace; the ISO standards specify to remove the environmental effect by subtracting this “magic” number K2 from the value measured at the workplace with your SLM (sound level meter).

In this way it is possible to measure the noise of the machinery independently of the acoustical properties of the room in which the machine is operating. For example, in a room with a good absorption, the noise level will be smaller compared to a very reverberant room with the same exact machine inside.
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The difference between the sound pressure level in the semi-reverberant (or truly reverberant) field and the SPL which has been measured in the same position in a free field is, by definition, K2.
In conclusion K2 is a quantity that expresses how much the closed environment pushes up the SPL which you have measured at the same distance from the source in the free field.
We can compute K2 by doing the difference between the formula of the semi-reverberant sound field and the free field:
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spherical surface passing for the listening position, surrounding the source at the distance d from the center of the source
Q = 2  is the directivity of a source placed over a reflecting plane
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is the enveloping surface area (hemisphere)    

T60 = reverberation time of the room

V = volume of the room
This formula provides the “theoretical K2” value.
We can use this formulation whenever the Sabine’s hypothesis are met; the two necessary conditions are:

1) the distribution of absorption must be more or less uniform on all the surfaces of the room

2) the shape of the room must have the longer dimension (length) that should not exceed 3 times the shorter dimension (height) 
For example in a very long corridor the formulas are not accurate enough and become wrong.

EXPERIMENTAL RESULTS
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In most factories Sabine’s hypothesis are NOT respected, so the Sabine’s formula and the semi-reverberant field formula don’t work. 
First of all these buildings are wide but not tall enough (they can be up to 200m long, 100m wide but only 6-8m tall) so the three dimensions are not comparable. 
Secondly the rooms aren’t empty but filled with structures and conveyors. As a result the sound is not free to propagate normally. 
The two situations that we have analyzed cause systematic variations from the theoretical form, in these rooms sound propagation doesn’t follow the simple decay which we have seen in the previous lesson.
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In this situation we can check what really happens with a simple measurement system made of:
· an omnidirectional sound source, typically a dodecahedron, that radiates a perfect spherical wave

· a normal SLM (sound level meter)

By repeating the measurement moving at an increasing distance from the source we obtain an experimentally measured curve and we can see if it follows the theoretical decay or not.
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We discover that the theory is wrong; the curve does not have the shape predicted.
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· close to the source you should employ a value of K2 bigger than the one predicted by the theory
· very far from the source you need to reduce the K2 factor because the theoretical value is too large

· the maximum difference is around 10 m

These variations can be seen in various factories we have analyzed such as Thessaloniki (very reverberant), Fredericia (very dry), Patrasso and Pelfort (intermediate cases)
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Now we can make a chart of these four situations plotting the value of K2 in relationship with distance.
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[image: image23.png]Nome V) | hm) [Tyt (9 | Koperim (ABA) | Kapine (ABA)
Thessaloniki | 48836 8.3 2.60 240 0.48
Pelfort 72000 11.92 2.45 1.45 0.48
Patrasso 32000 8.0 3.10 2.75 0.51
Fredericia 27575 7.62 0.81 1.45 0.40





As we can see in the chart shown above, even though Patrasso isn’t the most reverberant case of the four, it gives the largest real K2 factor. This happens because Patrasso is the shortest building of our analysis.

In conclusion we can state that:
· In many industrial “large and short” buildings the environmental effect measured at the workplace is much larger than what theory predicts

· Often the owner of the factory acts against the supplier of machinery, in the wrong assumption that they are too noisy, whilst the cause of the high SPL value is mostly due to the building, and not to the machine
· This can be ascertained only performing a direct measurement of the environmental correction factor K2 at the workplace

· Whenever K2 is very large, it can be expected that the SPL will reduce significantly thanks to an environmental treatment based on sound absorption. 
Often absorbing panels are placed on top of ceilings with a maximum theoretical reduction of 1dB of SPL, but in practice the reduction can be 4 or even 5 dB.
FARINA/FORNARI FORMULA

The Farina/Fornari formula gives a new estimation of K2 based on a new empirical view. It’s important to say that it is indipendent from theory.

The formula was obtained by fitting the experimental results measured in dozens of industrial workshops.
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In which 



= enveloping surface (S’)

T = reverberation time

H = room height

Comparing this formula with the traditional one, it is easily discovered that the difference between the two arises from the term in round brackets at the denominator, that represents an APPARENT VOLUME . 
This volume does not depend on the horizontal dimensions of the room, but only on the height of the room and the distance of the receiver form the source’s center (or the extension of the enveloping surface S’, in case of machines which cannot be enclosed in an hemispherical surface, due to their irregular shape).

So this method estimates an effective volume that introduced in the traditional formula provides a new estimate of K2 which is in much better agreement with experimental results than the original theoretical value.
The previous cases are in very good agreement between the theoretical value predicted by Farina/Fornari formula as we see in the following charts:
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EVALUATION OF EFFECTIVENESS OF ROOM TREATMENT

This new formula can be used for assessing the decrease of sound pressure level obtainable with room treatment (adding absorption to the room)

Let’s consider a typical building with these values:
[image: image31.png]Parametro Valore u. di misura
Volume Totale V 70.000 m’
Altezza media h 7 m
Tempo di riverbero iniziale 3 s
Tempo di riverbero trattato 0.7 s





We can calculate the value of K2 using the Farina/Fornari formula before and after the room treatment. As we can see in the following chart the F.F. formula shows a relevant sound reduction due to room absorption treatment.
For at ten meters we get a reduction of 5.5dB(A) instead of 1.7dB(A) as forecasted by the Sabine’s Formula.
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Our analysis concludes with the following results:
· Employing the “traditional” formula for the environmental correction factor causes significant errors in “large and short” buildings, as most factories are.
· Nowadays the new EN 415-9:2009 standard allows for correct experimental estimation of the “true” value of the environmental correction factor
· The direct measurement of K2 is easy and straightforward
· Alternatively, K2. can be estimated quite accurately thanks to the Farina/Fornari formula
· In these buildings, often an absorption treatment produces much better results than what predicted by the traditional formulation
K2, also named DLf,�Is the difference between the total SPL value and the free-field SPL value
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