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Airborne sound insulation

* ASI means how well the constructions between
rooms 1 and 2 are implemented w.r.t. the sound
transmission of airborne sounds.

 Physical quantity in building is standardized SPL
difference, D, [dB]. It depends on

1.

VIS

Sound reduction index, R [dB], of the separating
construction (SC) in laboratory, when all flanking
sound is suppressed

Joints around the SC

Sound leaks in the SC

Flanking transmission passing the SC

Other airborne paths

* In the same space, D, >R, if V>32 m’:
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R-D,,=10-log,, (ﬂj

LABORATORY

Rooms are mechanically separated
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rooms are rigidly attached
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1 [dB] SPL in room 1
, [dB] SPL in room 2

. Sp[m3] area of SC
* A, [m?] absorption area of room 2

* T, [s] reverberation time of room 2
e Ty=0.5s

T.
D,,=L, L, +10-log,, (—2]
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Impact sound insulation

It means how well the constructions between
rooms 1 and 2 are implemented w.r.t. the SPL
produced by tapping machine in room 2.

* Physical quantity in building is standardized
impact SPL, I’ [dB]. It depends on

1. Normalized impact SPL of the separating
construction (SC) in laboratory, L, [dB], when
all flanking sound is suppressed

2. Joints around the SC,

3. Flanking transmission passing the SC

* Inthe same space, L, >L, 1, if V> 32 m’:

LABORATORY
Rooms are mechanically separated

BUILDING
rooms are rigidly attached

Test construction

1

* — 1

. e :
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L =L,+10-log,, (%)
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e L, [dB] on dénitaso vastaanottohuoneessa 2
* A, [m?] on vastaanottohuoneen absorptioala
* T, [s] on vastaanottohuoneen jilkikaiunta-aika

* T,~0.5sjaA,=10m?



Regulations

Sound insulation in buildings is regulated by a acoustic
environment decree involving at least one apartment
and another apartment of any use

Additional target values can be found from the acoustic
environment instructions (2018) for schools, offices,
health-care buildings, etc.

Voluntary target values are also found in SFS 5907:2004.

The regulated values in buildings are presented by a
single-number quantity, weighted sound level difference
DnT,w‘

* During years 1998-2017, a single-number quantity
weighted sound reduction index, R’ ,, was used and it still
concerns buildings licenced before 2018.

The component properties tested in laboratory are still
reported with R|,. The use of different symbols in in
buildings and laboratory facilitates the communication.

Decree 796-2017 of the Ministry of the Environment
on the acoustic environment of buildings. 24
November 2017, Helsinki, Finland.

e https://www.finlex.fi/fi/laki/alkup/2017/20170796
* In Finnish.

Ministry of the Environment (2018). Instructions
on the acoustic environment of buildings, Helsinki,
Finland.

e http://www.ym.fi/download/noname/%7B2852D
34E-DA43-4DCA-9CEE-
47DBB9EFCB08%7D/138568

* In Finnish.




Decree (mandatory)

Room type

Between residential dwellings and

Smallest allowed
D nT,w [dB]

55

between accommodation rooms

From stairway to abovementioned

spaces

39

Instruction (mandatory unless otherwise decided)
Smallest allowed D ,t,,, [dB]

Room type

General teaching room Y

Music teaching room
Teaching room in day-care center
Meeting room

Nursing room such as operation room, reception

d
room, therapy room, rest room 09

Patient room i hospital or health center”

Exercise room

Office room 9

Between two separate companies in an office buildi
Working room of social worker, psychologist, health
nurse or student advisor in a school

To the surrounding
spaces in general

44
60
44
48

48

48
57

40
52

48

To another similar room

b), when they are
separated by a door

42
52
42
42

42

42
48

40

42

To the stairway when it
is separated by a door

34
44
34
34

39

34
42

30

39



Total sound insulation, R, , ‘

1
/: Ceiling: Ss, Rs
Supply, S=10 m*: Dy !

- T >
@ Window: .
S, R Wall:
Door: 2 v S4, R4
S3,
R3 Wall: S1, Ri e

/
>s

. . - l
¢ S [m?] is the area of component 1 R, =10log,, Z $ 10K/
* R, [dB] 1s the SRI of component 1 I




3.1

Door 10M x21M.
Glazing "M x 14M.
Door Rw36dB.

Glazing Rw47dB.

Total sound msulation?

2. S

R, =101Ig

> 5,10 "R




Sound insulation inside buildings

Sound transmission paths: I R 1

Direct sound through the separating element

Structural transmission via flanking paths e
* floor, ceiling, walls . 4

e columns and flues
(VI N
Air paths A\ [P N

e via windows or doors : / '

AL N el e

HVAC

e via duct walls
* via ducts

Slits



Modeling of airborne flanking transmission — 13 paths

* One direct path (Dd).

* Four first order flanking / / \ AN
paths (Ff) / / \ \
* Four second order flanking
paths (Df) R b Rt

* Four third order flanking
paths (Fd) ’ R edw

* The separating partition has
an area S

’ R Dd,w

* The separating partition has
four joints of lenght / — joint o
is the line connecting the %

flanking surfaces and the
partition

Separating partition



EN 12354-1 simplified method for
calculating the apparent weighted

airborne sound reduction index R’ .

* K [dB] is the coupling loss factor
e [;[m] is the length of the joint under question

* Direct path: Ry, =R __+AR,,

* R, Ry and R;[dB] are the laboratory values of

the concrete structures in laboratory

* AR}, [dB] is the improvement of R, obtained

with a lining wall in laboratory conditions.
S, [m?] is the area of the separating wall

» either the height or the width of separating construction

, R, +RfW S
* Flanking paths: Ry, =— > —+ ARy, + Ky + 10lgl—s
RF w + Rd w fSS
Ry =— =+ ARy, + Ky +101g—
2 ,
R, +R
Ry, = D’W2 L2+ AR, + Ky +101g%

* All 13 paths:

f

4 4 4
R, =-101g 107"/ 1 1107 /10 4 N o o1 4 3 g e /10
2R

F=f=1

10



Coupling loss factor K of a joint

K;; [dB] K; [dB]

Rigid 4 — K3 Rigid T joint — K,

cross ==Kz ---Kiz
30 | Joint ;

T

1 3 / )

/ /
' (] / m'1=m'3 /

20 ~m=m / 20 2

m'2=m'4 _2 / /
10 ~‘~~-‘----__’(__4—"_—"' 10 ~“\\~ 4/ —; “"

e P
-
-10 -10
0.1 1 10 0.1 1 10
m'2/m'1 m|2/m|1

RULE OF THUMB: If m’ ,=m’,=m’y=m’ ,, X-joint isolation is 9 dB and T-joint isolation is 6 dB.
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Measured K.. for 35 | Ruuvausjako:
. . e J Screw spacing:
a timber joint 30 +
— 25 T
C
.II'_ Excitation =20 +
Screw 30° Vi = )
| _ 15 M’E\f
Elastomer 6 mm raner
Open box wood slab | R 10 + -0~ Adreton - Infinite o
V.
'm C b 5 A—150 mm
L = ®-75 mm
Cross o —+—+—+—+—+—+—+—+—+—+—+—+—+—+—++++—
Laminated I I I I I I I I I I I I I I I I I I I
: SNOOUNOOODINOOODODOODOOOOOOoOOO
timber NORXOAVOUN—OSSMNOONOODNOO
——— AN NN NOOOANOON—OO
. . —r—— AN <N
K;; measuremen ISO 10848 in three screw spacings f [Hz]
Excitation with tapping machine in structure 1 2
. 3 : : Z2|ES;
Velocity v measurement in structures 1 and | I.. ay= }
. . : : @ : ) T ico.[=
Reverberation time impulse excitation using ~ Kj; =Dy, ;; +101g | "N St
. where
hammer a;a
Ts is the structural reverberation time (3.8) of the element j, in s;
fjj is the direction-averaged velocity level difference between elements i and j, in dB; S; is the surface area of the element j, in m%;
lij is the junction length between elements i and j, in m; co is the speed of sound in air, in m/s;
a;, a; are the equivalent absorption lengths of elements i and j, in m. f isthefrequency iz

fref is the reference frequency, in Hz (frer=1 000 Hz).



Example of strong flanking via floating floor

A double wall was built
above a 60-mm-thick
floating floor plate

The laboratory value of the
double wall was 65 dB R, .

Measured value was 52dB
R’ . The target was 60 dB.
Coincidence frequency of
the floor plate was 400 Hz.
Strong flanking both below
and above 400 Hz.

Cutting the plate resulted
in 62 dB.

80

70

60

| e Strong flanking (52 dB)

===-No flanking (62 dB)
]

Strong flanking

N e

No flanking

on Vo [ [ S
\O (@\| e) (] S
— (e\] v (]
—

fHz]

RIL 243-1-2007

2000

4000

13



Steel reinforced concrete
slab 180 mm

* It 1s typical that the field
value 1s 3-5 dB lower than
the laboratory value due to
structural flanking.

80

70

\

e | aboratory (60 dB)

- = = Building (56 dB)
N I N I A A M

|

I
V@)
N
—

|
I
S S S
" S S
@\l W S
—

f[Hz]

2000
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Effect of slits on SRI — office door

50
* Measured values of a typical office door Ina bliilding,
) ) norma
* sound insulation class 25 dB installation (24
* 33dBR, 40 dB)
e Small slits are usual due to improper ey /| ===Inabuilding,
WorkmanShlp . 20 o2 ) .E\((/ tape-sealed (30
) : v s dB
* Therefore, the classification for doors and = L~ \/\ ol )
mobile walls (SFS 5907:2004) involve a 5 = /\/ I y
. = In laboratory,
to 8 dB safety margin. 20 P normal
installation(33
Table A.1 Door sound insulation classes and their requirements \\ dB)
—
Sound insulation class Required minimum values achieved in Yt L In laboratory,
laboratory measurements, R,, tape-sealed
25 30 installation (36
30 37 dB)
35 42 0
45 53 — Q




Effect of slits on SRI R, =10lg n ‘1901+S2 —
S, -107810 1 g 107/

* S, [m?] is the area of structural component 70 =

. -.\55 [ R R
* R, [dB] 1s the SRI of structural component 4‘\ -a—R1=70 dB
\\
* S, [m?] is the area of slits and holes 60 = —-R1=50dB
— \ —+—R1=30dB
* S5, N\
* R, [dB] 1s the SRI of slits and holes S0 B J\\&\
* First approximation: R,=0 dB (independent on 20 N\
frequency) is applied in the exercise. =) \\
* Frequency dependent models include the dimensions oFag gl L Wi
of the slit: SRI of the slit is negative at frequencies I T T e
where the slit depth is the multiple of half wavelength \u
20 N
1 N\
R
10 e e 10 ]
The SRI of 50 A\
a slit of = ’ \
depth 45 § 03 0 ‘
mm with B S 2 =2 25 = == - = 2
varying S ey o wmmn e 8 & & ° -
i 121 e o
3 21223 Hongisto (2000) J Sound Vib
O I B B B B B AL B AR |

125 250 500 1000 2000 4000 8000
Frequency, Hz




Localization of sound leak using intensity method

* Sound intensity
level was measured
at a distance of 15
cm from the door
surface at a grid of
5x20 points

 Strong radiation of
the lock around 500
Hz

e Lock was improved
by a ”sound trap”

R [dB]

50

10

e Original lock (36 dB)
-==-ISO 717-1 at 38 dB
— Improved lock (38 dB)

20

0
0

10 20 30 40 %0

il
|
|
|
|

180

100

0
0 10 20 0 40 2

Hongisto et al. (1997) Noise Con Eng J

Il 430 - 46.0
I 200 - 43.0
B 37.0 - 400
B 340 - 370
B 31.0 - 340
28.0 - 31.0
25.0 — 28.0
22.0 - 25.0
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Airborne flanking via

* SRI through the duct path, R, [dB] can be roughly
ducts estimated by
R,=D+D +D,+D,
* Flanking is noticeable when the partition is
better than 35...45 dB R, * D, [dB] is attenuation of the terminal in room 1

* Product values are not available in terminal speficications
so one needs to use D,=D,.

* D, [dB] is the total attenuation of silencers in the duct
* D, [dB] is the attenuation caused by the duct divisions

 Flanking is prevented by a silencer

* Flanking increases with increasing duct
size because the impedance of the hole

increases with decreasing size (branches)
* D, [dB] is the terminal attenuation towards room 2
common duct * Product values D, are applied from product specifications
____________

------------ » Aggregate SRI between two rooms separated by a
partition and flanking duct is

S, +5S,

T l R, =10-lo
’ S0\ g 107l +S, 107"

* S [m?] is the physical area of the duct towards room 1
room 1 room 2 * S, [m?] is the physical area of the partition

* R, [dB] is the sound reduction index of the partition '8



Airborne flanking via ducts — Laboratory testing

 terminal (such as range hood) is installed
to both rooms

 terminals are connected by a duct

« common duct is terminated by a silencer
in both ends to avoid reflections

common duct
_>

room 1 room 2




Airborne flanking via ducts — A measurement result

Duct components from room 1
to room 2:

room 1 Kaiuntahuone 1

90° bend in 125 mm duct
125 mm duct 600 mm /i
125 to 160 mm transformer

g

Al

T-branch from 160 to 250 mm i
250 mm duct 3000 mm
T-branch from 250 to 160 mm
125 mm duct 600 mm

90° bend 1n 125 mm duct

Kaiuntahuone 2

room 2

Undamped - open duct ends, no
terminal

Damped — duct ends are
covered with steel plug

90

80

70

60

50

[dB]

=40
Q

30

20

10

#

it

—A— Damped - measured
—O—Undamped - measured

—@— Undamped - predicted
A O

f[Hz]

Hongisto V, Haggblom H,
Tyoterveyslaitos, 2009. p. 29

4000

20



Transmission of airborne sound to and from the duct

* Ly, [dB] 1s the sound power level * L, [dB] is the SPL in the room [dB]
inside the duct * Ly, [dB] is the sound power level
* L, [dB] is the SPL in the room inside the duct

outside the duct » A [m?] is the absorption area of the

* R [dB] is the sound reduction index room
of the duct wall

* S, [dB] is the surface area of the
duct in the room

S
L,,=L, —R+101gS, —6 L,,=Ly,—R+10lg 2’:91 +3
— | e ~—
/ N

VDI 2081



Sound reduction index R of duct walls

110 110
I I T |
. dB dB
Thf: values can be qseq to G square steel duct. _ el Round SFee] duct.
estimate the transmission Wl beknese Wall thickness
through the duct walls. M~ o5-1.0mm V- o.5-1.0mm ]
o 80 o 80
wn 70 wn 70
> >
3 60 2 60
Hel Ke)
1 50 1 S0
g 40 '(<7 & 40 .
< ,@ -
g 30 - Y 49 ANNN
C \ C \ <
S NN -5 Q
T g NN T o NN\
' NN NSNS S
AN
10 10
0 0
-10 -10
63 250 1000 4000 63 250 1000 4000
125 500 2000 8000 Hz 125 S00 2000 8000 Hz

Laine, Suomen LVI-Liitto r.y.



Flanking 1 in a row house - identification

* Living sounds could be heard between living rooms
although they were far from the partition wall

* Requirement 55 dB R’ . Measured result 53 dB.
* Sound path could not be identified by ears.

* Sound power level radiated by each surface was
determined using sound intensity method.

* Bolded value means reliable data
* Floor was the main sound radiator at 125 — 1000 Hz.

The original situation

Surface 125Hz 250Hz 500Hz 1kHz 2kHz 4kHz
I 1. Floor | 52.8 56.4 68.5 50.9 16.0 21.0
2. Back wall 45.7 47.9 -58.1 -42.2 -27.9 17.3
3. Kitchen wall -49.8 -526 -62.1 -45.8 -24.4 5.7
4. Entry wall -51.4 -54.1 -62.9 -45.8 25.7 19.6
5. Fagade -46.3 -50.3 -59.7 -421 -22.5 -7.1
6. Ceiling 49.2 43.7 -58.7  -38.9 32.6 23.2
The final situation
Surface 125Hz 250Hz 500Hz 1kHz 2kHz 4kHz
1. Floor 52.7 50.8 52.4 -31.4  -26.2 15.9
2. Back wall 50.8 48.9 53.0 40.2 29.0 19.8
6. Ceiling -43.8 44.5 53.4 42.2 37.0 27.3

dwelling 1 dwelling 2
—I

>

> —

[ 11 ?—t @
j j entry
street door
124

Hongisto (2001) Appl Acoust
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Flanking 1 in a row house - solution

8 mm laminate floor (7.6 kg/mz)
3 mm foam blanket

(a) Or1g1nal floor. ﬁ):S 00 / /— 160 mm concrete slab* (375 kg/mz)
Q[) 5.0 qOA 52 D}O LS ve.Pro qugjg
A 4 4 Q Q n 47 O 224 4 O AV qvv;‘ 15 4 0
4 Q 4 O OQ () N VAR s 4 Y% 2?4\ 4
RSN Paw o ln 0% Puv 00D
(a) '
14 mm board parquet floor 5 ]- S
4 mm cork grain blanket 36.7 kg/m ‘fb _ — _
3 mm steel '
} 9 mm plywood lath 273' m
(b) New floor in another 9 mm air cavity
— 160 mm concrete slab *

dwelling. f,=175 Hz.
Hongisto, Appl Acoust 2001

ﬁ
/i

I

) DU, Y Ny ) [N
L A’/ ;
\ \

7 N S ‘O T 7 '/// =7 v ‘A 7
QQA Ou, 01 ol 2y 35\//0 4 AQVAQDQQV 04 Aqv[)gg
AAAAQ 1@04 AV Av PAAAAvav Aq v Avd
ZAQAQOEO ADQ < & DA v SO v 4 ° A

AN A Ar] QAqu QQV AO q“v/\ OAA Aquj QQQV \
\ \

(b)
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Flanking 1 in a row house - Results

Hongisto, Appl Acoust 2001

80 70

A —Original, 53 dB R’
——A-51dB

—0—B-49dB

—e—A-53dB
—o0—B -56 dB

* B — Renovated floor in
dw.2,56 dB R’

C —ISO 717-1 reference

~
o
Il
(o))
(@)
|

>

. o
[at] ©
= <
x =
X o
[O) >
(O]
.-g o 50 -
curve at 53 dB S 60 - 2
. = 0
* Dip at 500 Hz S @
'8 L40A
1 o
disappeared S S
© 50 1 c
c >
5 3 30 -
dwelling 1 dwelling 2 -
welling Q Q, welling g40 §
£ 40 |
s U lmppl Ugel 271~ £20
® . §e;
< 17 SNIIER % .q’:‘)
1ving lEm ESO% 810*
f 5 £
5.4 I ] (@)
\ 07 20 1T T 1T T T T T T T T T T T T T°71 O r—rr—r—r—1Tr1T—7T T T "1T""T T "T T "T"°7T
N 3-6m '\@M ©O O O O O © © O O O O O O O O O O o
X = ; 1 S 88 83 8 8 S 28 28 83 B 8
I s A\ T = ° & F T Ty e =228s

Third octave frequency band f (Hz) Third octave frequency band f (Hz)



Flanking 2 in a row house — identification

Hongisto, Appl| Acoust 2001

(@]
o

* A — Original situation. Requirement 55 dB was not

—e—A-53dB
—0—B-55dB
C-62dB

achieved.
* B — Improved situation

* C - Like A but the door was covered by 50 mm
mineral wool and 22 mm chipboard to identify the
sound path

* D—-ISO 717-1 reference curve at 53 dB

N
o
I

(o)}
o
I

Apparent airborne sound reduction index R' (dB)
A
o

dwelling 1 s ™ dwelling 2
= =
0O O
{0 THT UF
|lse 7/} NS
=
living room ‘ / ) ® 30 -
54 m —
L
| Zh U 20
TS ) 2888882888
s \ ® 7 - - N ¥ © & ©® B o
[T1 [ ~ ~ N <
A 4 H S A

entry Third octave frequency band f (Hz)



Flanking 2 in a row house — solution

Additional measurements

e E —Door alone

* F — Like E but the door was covered by 50
mm mineral wool and 22 mm chipboard to
identify the sound path

dwelling 1

I

™ dwelling 2
=

s U lgel Us

3 I W [88
L= ©)
l1v1ngroon} )
5.4 m
Ny @
Z;‘fé il ®
MV-*3.6m4* @ ||
X I® [ TT 7—@ [T T [ 1

| entry

(o]
o

Hongisto, Appl Acoust 2001

(o)) ~
o o
| |

Apparent airborne sound reduction index R' (dB)
(&)
o

—an—F -56dB

1600 Hz

40 - resonance
30 4 . T
0" .'I
20 T T T T T T T T T T T T T T T T T
o o o o o o o O o
o (o] (o) o ™ o o O (]
-~ ~ N < ©O© O O u o
~ «~ N <
Third octave frequency band f (Hz)
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Flanking 2 in a row house — solution
Hongisto, Appl| Acoust 2001

(a) Original door structure. Dilatation door frame

resonance at 1600 Hz. timber frame
6.2 mm aluminium veneer (7 kg/rn2 )
/ Y 56 mm EPS-isolation board (2 kg/m2 )

68 mm

(b) Improved door structure.

(2)

12 mm MDF-plate (9.5 kg/nt)

NN g
|
|
|
|
|
%

(b)

28



Impact sound flanking in a row house — Kitchen flooring

Impact sounds produced
in the kitchen could be
heard in the neighboring
dwelling.

Both dwellings were on

the same concrete slab
160 mm, which was not

cut between the dwellings.

A — Original floor. Tiles
glued directly to the
concrete slab.

B — Improved floor.
Flexible underlayment
between the tiles and
concrete slab.

C —ISO 717-2 reference
curve

>

W

3

NHIes

living room

Ul

[}

> —

Hongisto, Appl| Acoust 2001

70

© O O O O O O o o
O © L O M O O O o
~ - N ¥ © ©o ©o u o
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Sound insulation demand of facades against road noise

Decision ofgovernment 993/92

* Facades shall be dimensioned so that the Day time  Night time
regulated values for indoor noise level, o722 a2y
=15 =9
L, . are not exceeded
T . ) . Regulated values outdoors L eqr [dB] L eqr [dB]
* Outdoor noise level L, ., is estimated, o .
. i Residential areas, recreational areas, health care
measured or predicted accommodations 55 50
« the level without the reflecting effect of ~ Newareas 55 45
. Educational areas 55 -
the house under question . : :
) o Residential areas for holiday seasons, camping areas,
e If the level 1s measured within 10 mm protected natural areas 45 40
distance from the facade, 6 dB is reduced Regulated values indoors L eqr [dB]
from the measured value to obtain the Living, patient and accommodation rooms 35

value without the effect of standing wave Education and meeting spaces 35
Service and office rooms 45

e Level difference that the facade must

pI'OdUCC' NOTE.If the noise includes impulsive or narrow-band character, 5 dB is added to the
) measured or predicted value before comparing tothe tabulated values.
b AL=LA e - L
9 q’u

* when the use of the building is known

A,eq,s

* L, ¢qsis the regulated indoor noise level

30



Dimensioning of facade and its components

(Ministry method)

p—

3. Required total sound insulation R ;. [dB]:

Required level difference AL [dB] 1.e. demand:
2. Required total sound insulation R, .4 [dB]: R

*  Requirements concern the single-number quantity R +C,,

4. Requirement for windows and doors, R (. ; [dB]:
5. Requirement for the wall R

6. Requirement for small element D, 5 . [dB]:

[dB]:

A,tr,seind

tr,vaad

RA,tr,kok > R

S/Sy
K (dB)

Correction factors:

1.0 0.8 06 05 04
-2 -3

25 20 16 13
5 4 3 2 1 0 -1

(=SS
K5 (dB)

0.10 0.13 0.15 0.20 0.25 0.30 0.40 0.50
6 -5 -4 3 3 2 -1 0

S [mz] area of the facade i the room

Su [mz] is the floor area of the room

25 [mz] is the total area of windows and doors in the facade

Ymparistoopas 108, ymparistoministerio

RA,tr =Rw'l'ctr

AL = LA,eq,u o LA,eq,S

=AL+K;+7

tr,vaad

RA,tr,ikk 2 Rtr,vaad + K2

RA,tr,seinc'i = Rtr,vaad +3
Dn,e,A,tr 2 Rtr,vaad +35

Event-based environmental noises such
as railway or airport noise: mean of the
maximum levels L, ... should not exceed

the requirement for L, ., i more than 10 dB.
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Alternative method, RT 084.30 (1975)

Facade elements are not always available with precisely
desired values given by the Ministry method

RT method 1s applied to check the outcome with the true
values.

The level difference AL, ; caused by component 1 is:

ALA,Z' = Rw,i + Ctr,i —-7-10- loglo (5_:)

* S, [m?] is the area of component "
* Sy [m?] is the room’s floor area
Level difference produced by all N components of the

facade, AL, ., 1S
N
AL, =-10-log, (Zlo“fu/mj
i=1

The value shall exceed AL of the facade stated in previous
slide

32



Band Day Night Hearing
f 07-22 22-07 threshold LZeq [dB]
Facade study - Purpose 4 o o 100
B
80
. 20 79 74 78.5
* In Finland, the sound pressure level (SPL) 25 69 64 68.7 60
of low-frequency environmental noise 3:(-)5 g: ig 5591'5
indoors shall not exceed the regulated 2o o a4 "y 40 N|
values of the Table 63 47 42 37.3 20
e The SPL d by envi I noi DR (G S o
e caused by environmental noise 00 P 28 P o
inside a dwelling at low frequencies is 125 41 36 22 L2 Z8 888
calculated by subtracting the outdoor- — 39 34 1 Hy
200 37 32 14.3 S[Hz]

indoor level difference (DL) of the fagade
from the outdoor SPL. During area
planning stage, it is usually not possible to
measure the fagcade DL of every dwelling

of the inspected area. * Our purpose was to provide experimental

 Therefore, politically accepted estimations information on the DL of typical facade
of DL need to be US?d, that are most constructions in Finland and to present feasible
probably exceeded in most fagade estimation of DL that can be used to assess the
constructions. indoor SPL.

* There is very little data available of the DL
of facade constructions during the last
decades as reviewed in Ref. [2].

 This is a summary of Kerédnen et al. (2019).

Kerénen, J., Hongisto, V., Hakala, J. (2019). Building and Environment 156 12—-20.



Facade study — Methods

» 26 facades were measured in 13 buildings, within 5 — 5000

Hz

* The buildings were versatile (old/new, heavy/light, w/wo
windows)

¢ Within 50 — 5000 Hz, R’,5 was determined by ISO 16283-
3

S
R,45 — Ll,S - LZ + 10 . l0g10 <Z) — 15

* L, [dB]is SPL at 10 mm distance from the facade

« Within 5 — 200 Hz, level difference was separately
measured to corners (C) and middle areas (M).
Reverberation time was not measured

DLCn,f — Ll,s — LZ,Cn,f — 6
DLMn,f — Ll,s — LZ,Mn,f — 6

Kerdanen ym. 2017 Akustiikkapaivat
Keranen et al. 2019 Build Environ
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Facade study — Main results

und level difference Sound level difference

. . . Corners of the room Middle area of room
Airborne sound insulation

45
ISO 16283-3 a)
40
35
30
'5'25
=
e 20
Qs
10
5
0
-5
0 1
S O wn O n O O O O O O
vi o0 AN O — O O wn O n O
— AN N N oA O — O
— AN N N
f[Hz] , ,
) = /= maximum = /= maximum
= /= maximum mean mean
mean - -
: —&— (7th percentile —&— 67th percentile
—_—— ﬁiﬁgﬁﬁemﬂe —o— §4th percentile —o— §4th percentile
= O= minimum = O= minimum

Keranen et al. (2019)



Facade study — Results of DL

* DL, values (corners) in red, DL,, values (central zone) in black
* No room modes below 20 Hz (values overlap)
¢ DL and DL, differ a lot within 20-200 Hz, not only within 50-80,

where LF procedure is suggested in ISO 16283-3

9A

9B

1A
40
A
=30 1 NI
= INLAY
<0 ] A,
YR
10
0 +rrrrrrrrrTTTTTT
men2MRRYE
SIS =8
S [Hz]
50
3A
40
0 A

7
W\
PR

Keranen et al. (2019)
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Facade study - Application

e The statistical estimate can be used to
estimate indoor SPL of environmental noise
when the facade sound insulation is unknown  tw

* SPL of environmental noise L, ; . [dB] on

the yard is predicted or measured in 1/3- /\q\
octaves.

« SPL indoors L_, . [dB] is obtained by Pl Lozin < Lyzout - DL

p,Z,in

I-p,Z,out

Lp,zin = Lpzout — DLs

e DL_ [dB] represents the level difference that is
exceeded in 84 % of Finnish facades (Table).

* L, 7 18 compared to regulated values

/ [Hz] | 5 63 &8 10 125 16 20 25 315 40 50 63 80 100 125 160 200

DL,[B]| 6 6 6 6 7 7 8 8 9 10 12 13 15 17 19 21 23

Keranen et al. (2019)
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