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The Relationship between the In Situ Flanking Sound
Reduction Index and the Laboratory Measured
Flanking Normalized Level Difference

Jeffrey Mahn and Markus Miiller-Trapet

ABSTRACT

From Gerretsen’s 1979 Applied Acoustics paper through four series of standards
including ISO 12354 and ISO 10848, a significant amount of effort has gone into creating
a standardized prediction method that uses standardized laboratory measured values to
predict the apparent sound reduction index to demonstrate compliance with regulations.
The terms and equations in the prediction method have evolved over time as researchers
have evaluated the results of the prediction method, especially in the case of lightweight
constructions for which statistical energy analysis is not well suited. To reflect the
changes to other equations in the prediction method over the past forty years, this paper
suggests an update to the relationship in ISO 12354-1 between the in situ flanking sound
reduction index and the laboratory measured flanking normalized level difference. The
suggested changes are of importance for Type B elements such as timber and steel framed
walls and floors for which the prediction of flanking transmission according to ISO 12354
requires the measurement of the level difference in laboratory flanking facilities.
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Introduction

In Canada, lightweight timber and steel framed walls and floors are popular building
elements for intertenancy walls in multitenancy buildings. These include steel and mass
timber high-rise buildings where lightweight, non-loadbearing steel or timber framed
walls are typically specified for the interior walls. It was to evaluate the transmission of
structure-borne noise through these lightweight elements that the National Research
Council Canada (NRC) constructed the first dedicated flanking facility in the world in
1993.1 In the years since the testing in the facility began, the NRC has published the data
measured in the flanking facilities in several research reports to support the calculation
of the flanking sound reduction index in lightweight building constructions to
demonstrate compliance with the acoustic requirements in the provincial, territorial or
national building codes.
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The National Building Code of Canada and some of the provincial Codes have adopted the
Apparent Sound Transmission Class (ASTC) Rating as part of the acoustic requirements
for multitenancy buildings. The ASTC rating is comparable but not equal to the apparent
weighted sound reduction index and is to be calculated using the prediction method
outlined in ISO 12354-12 and explained in ASTM metrics in the Research Report RR-331:
Guide to Calculating Airborne Sound Transmission in Buildings,3 now in its sixth edition.
To perform the calculations, the measured normalized flanking level difference D;, ¢ ;; 15
measured in the flanking transmission loss facilities according to the ISO 10848%-7 series
of standards needs to be converted into the in situ flanking sound reduction index R;; iz,
as described in ISO 12354-1.

In a 1984 paper about the prediction method, Gerretsen® discusses the conversion of the
sound reduction index R and the vibration reduction index K;; made according to
standardized laboratory measurement methods to in situ values to predict the flanking
transmission loss in actual buildings. The relationship between the laboratory and in situ
values for the sound reduction index and the vibration reduction index were presented
in Equation 22 of the paper as:

R* = Rygp — 10log -5 )
Tslab
* Ts,isitu _ Ts,j,situ
K = K;; SIOg_Ts,ref 510g—TS‘Tef (2)

where the * indicates an in situ value, T, is the structural reverberation time,
Tsrer = 0.1y f,/f and f, = 500 Hz. Gerretsen then substituted these in situ values into
the flanking sound reduction index defined in Equation 24 of the paper to be:

R +R}

Ry ="+ K —1010g%+1010g§—z 3)

to derive Equation B2 of the paper which shows the relationship between the flanking
sound reduction index in the field situation Rps and the normalized flanking level

difference:

Rey = Dy +1010g 2422 + 10 log =22 + 10 1og—T;fS"f“” 4)

where Dy, ; is defined as the product information, the term [z is the common junction
length between the flanking elements, [, = 1 m is a reference length, S; is the area of the
separating element, S, =1 m2 and 4, is the reference absorption area of 10 m2. The term
l;ap Was not defined in the 1984 paper, but ISO 12354-1 describes [;,; as a laboratory
value as a reference for the junction length lz¢. ISO 12354-1 further states that the value
of [;4p is usually 4.5 m for horizontal flanking elements like ceilings and usually 2.5 m for
vertical flanking elements like facades. Metzen and Schumacher? have noted that the
reference length [, is 2.25 m for walls, 4.5 m for floors and 5 m for roofs.
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Equation 4 is identical in form to Equation F.4 of ISO 15712-110 and it is the same in form
as Equation 16 of ISO 12354-1:

Ssl
Rij = Dnijsicu + 10log=1-1%2 (5)
Aolu
if the terms with the structural reverberation times are neglected and the D,, ; term in

Equation 4 is the in situ value as specified in ISO 12354-1. Equation 21 of ISO 12354-1 is
similar to Equation 16 of ISO 12354-1, but it uses single number ratings instead of data
in one-third octaves:

Ssl
Rij,situ,w = Dn,f,ij,situ,w + 10log > l?f] (6)
Aoll]
It is suggested in this paper that the relationship between the R;; and the D, ¢ ;; terms in

Equations 16 and 21 of ISO 12354-1 should be reconsidered. To demonstrate the
recommended changes, this paper begins by using statistical energy analysis (SEA) to

derive the relationship between D, (;; and the R and D, ;; terms and the element
dimensions. The relationship between R;; 51, and Dy, ¢ ;; is then derived.

Derivation of the Normalized Flanking Level Difference

Consider the set of four rooms shown in plan view in Figure 1. There are several flanking
paths between rooms 1 and 3, but for simplicity, only the flanking path from room 1
through walls 4 and 5 to room 3 as shown by the arrow in Figure 1 will be considered for
the derivation.

Figure 1: Plan view of the four rooms used to determine the flanking level difference
D1-4-5.3.
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The SEA model of the subsystems and the power flow between the subsystems is shown
in Figure 2.

A

l Wia W,s Ws3

B
Ll Ll

1 4 5 3

Twa TWa  Lws ]

Wia Wia Wsq Wsq

Figure 2: The SEA model of the subsystems included in the flanking path 1-4-5-3.

The term W, is from an external noise source which is exciting subsystem 1, W;; is the
power flow from subsystem i to subsystem j and W;; is the power that is lost from
subsystem i that does not return. The power balance for the subsystems may be written
as:

Wi+ Wy = Wiy + Wiy
Wiy + Wy = Wyy + Wys + Wy (7)
Wys + Was = Wiy + Wiz + Wsy
Wsz = Was + W3y

Rewriting in terms of energy E where W;; = E;wn;;, n; = X 1;; + Niq, ;5 is the coupling
loss factor between elements i and j and 7; is the total loss factor yields:
%
j = —Eyng + E1my
Einig + Esnsy — Eqny = 0 (8)
EqNas + E3nzs — Esns = 0
Esnss — Ezns =0

If it is assumed that the energy flow for subsystem 4 only comes from subsystem 1, the
energy flow for subsystem 5 only comes from subsystem 4 and the energy flow for
subsystem 3 only comes from subsystem 5, the equations can be arranged such that:11

Einia = Eqny 9)
Esngs = Esns (10)
Esnss = Esns (11)

Rearranging in terms of the energy ratio yields:!!

10log= = 10 log 1= (12)
3

N14M45753

The energy in an acoustic space can be written in terms of the time and spatially averaged
mean-square sound pressure (p?), the volume of the space V, the speed of sound in air ¢,
and the density of the air p, such that:
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E =% (13)

Substituting Equation 13 into Equation 12 yields the sound pressure level difference
between subsystems 1 and 3 due to the path 1-4-5-3 such that:

Di_4y_5_3 = 10log (pl) =10log—4—+ 1010g i -+ 1010g"3v3 (14)

N14753

where (p2;) is the time and spatially averaged mean-square sound pressure in the
receiving room (subsystem 3) due only to the structure-borne sound transmitted along
the flanking path through subsystems 4 and 5. The total loss factor for a subsystem is
given by:

2.2

M=t (15)

LT
where T; is the reverberation time of subsystem i. Substituting for 75 yields:

Di_4s_3 = 10log—2— +1010g175 +1010g22V3

16
MN147s3 ( )
It is assumed that subsystems 4 and 5 are made of the same material and have the same
thickness. It is also assumed that the walls are thin enough that longitudinal and
transverse waves can be ignored.l? The radiation from a wall to a room, assuming
resonant transmission only is:

PoC
Ny = ﬁoﬁ,res (17)

where m, is the mass per unit area of subsystem 4 and o, is the resonant radiation
efficiency of subsystem 4. Using the reciprocity relation for coupled resonant systems,
the coupling loss factor from a room to a wall can then be approximated as:12

PoCESaf
N14 _'gﬁ;%;%i?' 4,res (18)

Therefore, assuming that 753 = 17,6 which means that the construction of wall 4 in
room 6 is identical to the construction of wall 5 in room 3:

Ma  _ (2)( 8 fimyVy )( 2mfmy ) (19)
N14753 [Ty pocc%54fc404,res PoCo04,res

The assumption that 53 = 1,46 has implications if this coupling loss factor is applied to
Type B walls that are not symmetric in construction or if different linings are applied to
Type A walls in different rooms of the building. Rearranging terms yields:

)2__1010g(ggiﬁﬁn&£”)4—10]og(Wf8n) (20)

2n4Saf €5 Co

10log—2— = 101log (Za;m;

N14753

The transmission loss for resonant transmission is given by:13
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Ryres = 101l0g (ﬂ)2 —10log ("—ﬂ) 21

2p 2n4Saf  ¢o
And therefore:
e _ Vif 8m
1010 —— = Ry o + 10 log(54 CO) (22)

Which is the first term in Equation 16. For the second term in Equation 16, the coupling
loss factor between two walls (in this example, subsystems 4 and 5) connected along a
line is given by:12

ColasVas
= 2
M4s w2 /f\[fcaSa ( 3)

where y,s is the structure-to-structure transmission coefficient. The total energy in a
plate can be expressed as:

E = mS(v?) (24)

where (v?) is the time and spatially averaged mean-square velocity. Following from
Equations 10, 15 and 24:

By _ M4 Sa(vs) — ETEZ f/fcaSa (25)
Es  msSs(vd)  fTs  colasVas
Rearranging yields:
2.2m% ms (v2) Ss
= — 5 26
Vas cB.a Ma (VZ) l4sTs (26)
where:

o = co L (27)

is the bending wave phase speed.* The equivalent absorption length is introduced?
which describes all of the absorption at the plate boundaries by using a single length. The
absorption length is the ratio of the power absorbed by the plate boundaries to the
intensity incident on them.1> The power absorbed is:

2.2wE

Waps = T,

(28)

where E is the plate energy. Assuming the vibratory field is diffuse in the plate, the
intensity incident on the boundaries is given by:

_ Ccg4E

Iinc - E (29)

Page 6 of 17



where ¢, is the group speed which is assumed to be equal to two times the bending speed
which is the case where f < f; /4 and f; is the cross-over frequency where the bending
wave phase speed equals the shear wave phase speed.1* The ratio yields:

Wabs __2.2m%s;

=q; = (30)

i
Iinc Tsicp,i

However, as Hopkins15 notes, the definition of c; in Equation 27 includes a single critical
frequency which is not well defined for non-homogeneous plates. Therefore, f. was later
replaced by f..r = 1000 Hz in ISO 12354-1 and the equivalent absorption length would

be defined in the standard as:
__22m%s; ’fref
ai = CoTs,i f (3 1)

Rewriting Equation 26:

_ ms(@d) as cps
Vas = my(vZ) las Cpa (32)
Rewriting in terms of dB yields:
—101logyss = Dy 45 + 1010g% + 1010gl;—z (33)

Where D, 45 is the velocity level difference. Equation 33 is consistent with Equation 13
of Gerretsen’s 1994 paper.8 Earlier definitions such as in Gerretsen’s 1979 paper1¢ had
not yet included the [;; term.

Substituting Equations 15 and 33 into 10 log:—5 yields:
45

2
10log 2= = 1010g%%{f45" — 1010gyss (34)

Substituting in Equation 27 for cg, Equation 30 for a and Equation 33 for —10logy,s
yields:

10log”> = 1010g“>* > + D, 45 + 101og 7 + 10log - (35)
45 5

5 CB4 5CB5

Lastly, substituting Equation 22 and Equation 35 into Equation 16 yields:
D453 = Rares + Dyas + 10log ™ + 10 log =2 (36)
5 5

where the sound absorption area of a room is defined as:

A=22T0=2% (37)

co T T
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Normalizing the level difference by a reference absorption area 4,:
Ao
Dpi-4-5-3 = Ryres + Dyas + 1010g2—: +101log 2 (38)
Following from Gerretsen?’, it is assumed that reciprocity can be applied such that:

Dn,1—4—5—3 = Dn,3—5—4—1 (39)

Therefore, substituting D), ;_4_s_3 and D, 3_5_,_, into Equation 39 yields the direction-
averaged level difference:

b _c) ( mad, )( msAo ) 4
wAs > 0g< Ta,resdasMsSs ) \Ts,resds4MaSy (+0)

Rewriting in more general terms:

Ri+

Dn,f,ij ] + DVU + 1010g

o (41)

where:

Dy ij+Dy ji

Dyij =—=;

(42)

This reciprocity relationship between the transmission coefficients y;; and y;; was shown
by Kihlman!8 based on a relationship that included the wave numbers.

Equations 17 and 19 of ISO 10848-1 could potentially be used to compare Equation 41
with the flanking normalized level difference defined in ISO 10848, noted as Dy, ¢ ;; 10g4s-

However, Equation 19 of ISO 10848-1 is missing the contribution from the improvements
due to linings AR; and AR;. This is corrected in Equation 20 of ISO 10848-1 which relates

Dy, rij 10848 to the normalized direction-average vibration level difference D, ;; »:

R+R1

+AR; + AR; + Dy gy, + 1010g 2

an ij,10848 — (43)

lijlo

where:

Dyijn = Dvu + 1010g\/ﬁ (44)

and where S, is the area over which the surface velocity is measured. If it is assumed
that the surface velocity is measured over the entire area of the element, then S,,, = S and:

R+R]

+AR; + AR; + D,y y; + 101log (45)

an ij, 10848 =

m

The difference between Equation 45 and Equation 41 is that Equation 45 includes the
improvement due to linings on the elements AR; and AR;. The AR terms were not
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included in Gerretsen’s 1979'® or 1986!7 papers so the terms are not part of the early
derivations of the modeling approach, but the terms were later added in the standard
EN 12354-1:2000.1°

The D, ¢ ;; values are typically measured according to ISO 10848 for constructions that
include Type B elements rather than Type A elements which meet the assumptions
required for SEA to be applied. If D, ;;; is measured in the laboratory or the field for
Type A elements, it is reasonable to expect that a lightweight lining such as a layer of
gypsum board attached to wood or metal battens with thermal insulation in the cavities
between the battens will not have an appreciable effect on the m values. However, in
the case of Type B elements such as wood or steel framed walls or floors, the addition of
a lining can change the m values. The degree of the change will depend on the
properties of the lining relative to those of the Type B elements. Furthermore, if the lining
is also anisotropic such as the addition of hardwood plank flooring over a plywood
subfloor, then the effect of the lining on the transmission of structure-borne noise also
depends on the orientation of the lining relative to the floor joists.> Therefore, while the
Dy, ¢;j values are measured in the laboratory, any linings should be attached to the
elements during the measurements and are therefore part of the measured D,, f;; values
for Type B elements and improvements due to linings are not included in the equations.

However, it is important to include the effect of linings in the equations for R;; in the case
of Type A elements which will require the improvements due to linings to be included.
Therefore, Equation 41 is updated to include the improvements due to linings for Type A
elements:

Dy ijitype s = —2 + AR; + AR; + D + 10 log 22 (46)

m

In the case of Type B elements where the D, ¢ ;; 7ype g Should be measured with the linings
already attached, the relationship remains the same as in Equation 41:

Ri+R;
Dy sijType s = ]+D1,U + 10log (47)

m

Alternatively, rewriting Equation 46 in terms of D,,;; , and assuming S,, = S yields:

Dy fii.Type 4 = R+R’+AR +AR; + Dyy;p + 101l0g-22 (48)

lijlo

for the laboratory situation which matches Equation 20 of ISO 10848-1 and Equation G4
of ISO 12354-1 with the exceptions that Equation 48 is explicitly for Type A elements in
the laboratory situation due to the inclusion of the AR terms.

The Flanking Sound Reduction Index

Returning to the situations shown in Figure 1 and Figure 2, the flanking sound reduction
index is expressed as:20

Ry 455 =10log—2elss ¥ 4 1010g (49)

N14MasNs3 V1
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where Ss is the area of the element that is common to both the source and the receiver
room.!> Rewriting this equation in terms of D,, ¢ 45:

S
Ri_4-5-3=Dpjsas +10 logﬁ (50)
or in more general terms:
S
Rij = Dn,f,ij,Type A + 10 logﬁ (51)

Therefore:

Rij ==+ AR; + AR; + Dyy; + 10log (52)

] \/’ﬁ
This equation is identical to Equation 15 of ISO 12354-1 using the detailed method for
Type A elements. Alternatively, Gerretsen'® has demonstrated a different method of
deriving the flanking transmission coefficient which is defined as the ratio between the
radiated sound power via a flanking path and the sound power incident on the common
element which results in the same equation after reciprocity is applied.

Conversion to in-situ values

As described in ISO 12354-1, the conversion to in situ values is based on the structural
reverberation times of the elements in the laboratory and in situ conditions such that:

- lijsitu - v Qisitujsitu lijiab
Dv,ij,situ = KL] — 1010g— = — = Dv,ij,lab + 1010g— + 101o gl (53)
V Gisitu@jsitu v @ilab@jlab ij,situ

where the value a is defined in Equation 31. Equation 10 of ISO 12354-1 does not state
if I;; is the laboratory or the in situ junction length, but here it is assumed to be the in situ

value. Equation 53 differs from the equations originally discussed by Gerretsen in 1984
where the K;; term was not yet invariant and therefore, needed to be converted to an

in situ value.

The in situ sound reduction index is calculated from the laboratory measured value
according to:

Rgity = Rigp — 10 lOg Tasitu (54)

s lab

Substituting Equation 53 and Equation 54 into Equation 52 yields:

_ Ri,lab+Rj,lab Ts,isitu SJsttu
Rij,situ - -5 log -5 lOg + ARL situ + AR] situ + Dv ij,lab +
2 Tsilab S] lab
v Fisitudjsit lab Ss.si
10 Jog Y\ istuisttu 10log 2= ijlab 10]log —3sLn (55)
v @ilabQjlab lijsitu VSisituSjsitu

where AR, = AR}y, according to Equation 8 of ISO 12354-1. Likewise, if the Ry, and
the D, ;j sir, terms are substituted into Equation 46 for D,, ¢ ;; then:
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_ Ri,lab+Rj,lab Tststtu s;sttu -
Dn,f,ij,situ - —5lo g -5 IOg + ARl situ + ARj,situ + Dv,ij,lab +

2 s i,lab 51 lab
10 log Yostudisitn | 4 pg-44ab 4 10 ]og—22 56
& v QilabQjlab g lij situ g\/si,situsj,situ ( )
Therefore, the relationship between the in situ terms is given by:
Rii o = Do viv + 10 logSSsitu 57
ij,situ — Yn,f,ij,situ 0g A ( )

o

Equation 57 is applicable to both Type A and Type B elements and is similar to
Equation 16 of ISO 12354-1 with the exception of the [,,;,/l;; term which is no longer

included and the S is defined as the in situ area whereas it is not explicitly defined as
such in Equation 16 of ISO 12354-1.

According to Section 4.2.3.3 of ISO 12354-1 in the case when structure-borne noise
transmission is dominant (there is no airborne flanking transmission through openings
in the elements or through the ceiling plenum), then D, ¢ ;j sity = Dnfij1ap- However,
substituting in Equation 46 for D, ¢ ;; ;4 into Equation 55 yields:

_ SS,situlij,lab szsztu S]Sltu
Rij,situ = Dn,f ijlab + 1010g— 510g 510 +

olij,situ szlab TS] lab
SilabSj,lab Aisitulj situ
10 log-Lklabiilab 4 4 |ggy disttudysitn (58)
\/ SisituSj,situ 1/ Ailab%j,lab

The last term of Equation 58 can be written in terms of the areas and the structural
reverberation times of the elements such that:

Sisitu Sj,situ

Tsisitu Ts,j,situ

1010 m_ 10]0g—_ 510g Ts,ilab +510g Ts,jlab +
m Silab Sjlab Ts,i,situ Ts,jsitu

Ts,itabTs,jlab
SisituSjsitu
10 log \olstusysitu (59)
\SilabSjlab

This results in:

Rijsitu = Dusijiap + 1010 g“”“—”’“b+ 10log =42 Tsitab 10log > Tsjlab (60)

olij,situ s i,situ S] situ

which is similar to Equation B2 of Gerretsen’s 1984 paper and Equation 16 of
ISO 12354-1 with the exceptions that the D, f ;; term is explicitly stated as the laboratory
value, the area of the separating element is explicitly stated as the in situ value and the
structural reverberation times are not neglected. For Type B elements, the last two terms
of Equation 60 may be neglected due to both the typically high internal loss factors® and
the small differences between the laboratory measured and in situ structural
reverberation times for these elements resulting in:
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Sssituli j,la
Rijsitu = Dnyfijiap + 10 log S tiet (61)

olij,situ

The consequence of the differences between Equation 57 and Equation 60 is the
relationship:

Dn,f,ij,situ = Dn,f,ij,lab + 10 logm + 10 lOgM + 1010gM (62)

lij,situ Ts,i,situ Ts,j,situ

for Type A and Type B elements and therefore the equality between D, ¢;;q, and
Dy, i situ Stated in Section 4.2.3.3 of ISO 12354-1 is not correct. For Type B elements, the
last two terms of Equation 62 may be neglected.

Case Studies

Consider Example L.2.2 found in Appendix L of ISO 12354-1 for a wall / wall junction
which was part of a study in the eight-room flanking facility at the NRC. The in situ
dimensions of the common and flanking elements are presented in Table L.14 of
ISO 12354-1, but the laboratory dimension [;; ), is missing from the example. However,
the value can be found in Research Report RR-33621 to be [;; 45, = 2.5 m. Table L.15 shows
the laboratory measured D, f;jiqp and the corresponding R;j g, values which are

described as calculated according to Equation 16 of ISO 12354-1. While Equation 16 is
cited, the calculation of the R;j g, values for Example L.2.2 of ISO 12354-1 actually

follows Equation 61 of this paper using the laboratory measured D, ¢ ;; ;45 and junction
length such that:

Sssitulijiab (10.44 m?)(2.5m)
SSsituiijlab _p o+ 101
nrijtab ¥ 10108 | A G O AT m)

Rijsitw = Dn,yijiap +10log——=
olij situ
= Dnfijiap + 0.3

Alternatively, if the D, ¢;; values given for the example were measured in situ as part of a
field study to calculate the weighted apparent sound reduction index, what value for [;; ;45

should be used in Equation 16 of ISO 12354-1 since this situation only pertains to in situ
values? Ifitis assumed that l;; ;45 = l;j sit, then Equation 16 becomes Equation 57 of this

paper. The differences between the field and in situ values of D, f ;; are small (0.2 dB) for

Example L.2.2 since the laboratory and in situ dimensions are similar, but the differences
between the field and in situ values of D,, f ;; would be larger for dissimilar laboratory and

in situ junction lengths.

To demonstrate this, consider two rooms, one-above-the-other in a lightweight steel-
framed construction as shown in Figure 3. Junctions 1, 3 and 4 are all cross-junctions
between a lightweight cold-formed steel joist floors and cold-formed steel stud walls.
Junction 2 is a T-junction.
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Figure 3: Junctions between the lightweight steel framed walls and floors for the example

The floor is constructed from 254 mm high joists spaced 406 mm on center with 89 mm
thick sound absorbing material in the inter-stud cavity. The subfloor construction is a
corrugated steel deck 0.76 mm tick with 14 mm deep corrugations. A 32 mm tick gypsum
concrete floor deck was poured on the steel deck and 10 mm thick laminate was installed
on a 3 mm thick foam pad over the subfloor. The ceiling is one layer of 15.8 mm thick
fire-rated gypsum board supported on resilient channels spaced 305 mm on center.

Walls 1 and 3 are constructed of 152 mm cold formed steel studs spaced 406 mm on
center with 152 mm thick sound absorbing material in the inter-stud cavities. There are
two layers of 15.8 mm thick gypsum board supported on resilient metal channels spaced
406 mm on center.

Walls 2 and 4 are constructed of 92 mm cold formed steel studs spaced 406 mm on center
with 89 mm thick sound absorbing material in the inter-stud cavities. There are two
layers of 15.8 mm thick gypsum board directly attached to the studs.

The junction lengths from the laboratory and the in situ situation are shown in Table 1.
The in situ dimensions are based on the Ontario Building Code?? which allows for
bedrooms to be as small as 7 m2. It is reasonable to assume that builders will specify
bedrooms of this size and that acousticians will rely on data from the NRC’s four-room
flanking facility to calculate the flanking sound transmission for these rooms.

Table 1: The laboratory and the in situ values for the junction lengths [;;.

Junction | lijiap (M) | lijsitu (M)
1 5.20 2.65
2 4.65 2.65
3 5.20 2.65
4 4.65 2.65
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The example uses the simplified method for the calculations and the weighted values for
the normalized flanking level difference and the in situ flanking sound reduction index
are shown in Table 2.

Table 2: The weighted values for the normalized flanking level difference and the
in situ flanking sound reduction index.

Junction | Path Dn{gﬁvgiab Ri{gg)ﬁu Dn'f(gg)'siw
Ff 63.0 64.4 65.9
1 Fd 67.0 68.4 69.9
Df 70.0 71.4 72.9
Ff 71.0 72.4 73.9
2 Fd 69.0 70.4 71.9
Df 66.0 67.4 68.9
Ff 63.0 64.4 65.9
3 Fd 67.0 68.4 69.9
Df 70.0 71.4 72.9
Ff 71.0 72.4 73.9
4 Fd 69.0 70.4 71.9
Df 66.0 67.4 68.9

The Dy, 5 ijwiap Values in the table represent those measured in the flanking facility. The
R;j wsitu Values are calculated from the D,, ¢ ;; 145 Values using Equation 64 of this paper.
The Dy, ¢ ijwsitu Values are calculated from the R;j,, i, Values based on Equation 57 of
this paper, but written in terms of weighted values such that:

Ss,situ
Rij,w,situ = Dn,f,ij,w,situ + 1010g5‘;1—0t (63)
The difference between the laboratory and the in situ D, 5 ;; , values for this example is
2.9 dB which is not small enough to be ignored.

Conclusions

Based on the derivation of the relationship between the R;j g, and Dy ;j, it is
recommended that the Equation 16 of ISO 12354-1 for use with Type B elements using
the Detailed Method should be replaced with Equation 61 of this paper. The change
would in agreement with the calculations already used in Example L.2.2 of ISO 12354-1.
Likewise, it is recommended that the weighted flanking sound reduction index found in
Equation 21 of ISO 12354-1 for use with Type B elements using the Simplified Method
should be replaced with:
_ Ss,situlij,lab
Rij situw = D fijiapw + 10log—=——— (64)

Aolij,situ
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The comparable equations that would be presented in RR-331 for use in ASTM standards
would be:

Ss,situli jla
TLijsitw = Dnfijiap + 10log =000 (65)

Aoly j,situ

for the Detailed Method and

. l..
STCij situ = Dnyijiabw + 1010g55'mu—u'lab (66)

Aoly j,situ

for the Simplified Method where Dy, ¢ ;; 145w is calculated following the procedures of the
standard, ASTM E413.23

In addition, it has been shown in this paper that the relationship between the in situ and
the laboratory values of D,, ¢ ;; is based on the ratio of the laboratory and in situ junction
lengths between elements i and j and the ratios of the laboratory measured and in situ
reverberation times of the elements i and j. It is therefore recommended that
Equation 62 of this paper which shows the relationship between Dy, ¢ ;; siry, and Dy, £ i 1ap
should replace the text of Section 4.2.3.3 of ISO 12354-1 which currently states that in the
case of dominant structure-borne sound transmission, D, ¢ ;; <ir, can be taken as identical
to the laboratory situation.
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