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Key concepts in applied acoustics

e Basic to understand acoustic standards regulating building acoustics

Frequency domain
Decibel
Frequency filters

Frequency bands and single value descriptors

e Sound isolation and sound transmission — more of a building acoustics thing

e Sound absorption — more of a room acoustics thing
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Rationale

* We look at Swedish standards

* We look at regulated acoustics parameters

* We analyse them — their meaning, how they are measured, how they are handled
* Meaning and definition?
e How are they measured?
e Relation between laboratories and field measurements?

* How is acoustic planning affected?
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Kravsatta ljudparametrar

Referens till BBR (bostader)

Referens till SS 25267:2015, Byggakustik — Ljudklassning av utrymmen i byggnader-
Bostader.

Referens till SS 25268:2007 + T1:2017, Byggakustik — Ljudklassning av utrymmen i
byggnader — Vardlokaler, undervisningslokaler, dag- och fritidshem, kontor och hotell.

| dessa tre dokument finns det fem kravstallda ljudparametrar:
— Luftljudsisolering (ljudnivaskillnad)
— Stegljudsisolering (stegljudsniva)
— Ljudtrycksniva fran installationer och hissar
— Ljudtrycksniva fran yttre ljudkallor och trafik
— Efterklangstid

* Miljobyggnad (efterklangstid ingar ej)
LUND

UNIVERSITY
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Sound transmission

e Sound transmission
— Airborne
— Structure-borne
e Transmission paths
— Direct transmission (D)

— Flanking paths (F))

Q) o § e
»ﬂ/

(a) Airborne sound transmission. (b) Impact sound. : M/\_ff
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Sound transmission

11

. Incident wave power

[1, Reflected wave power
[I; Transmitted wave power

II, Power reduction due to absorption

|
< l

I1

r

Conservation of energy: Hi — Hr -+ HI —+ Ha o)
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Sound transmission

11.

i ‘ > Ht
Hr
Ha
Transmission coefficient: r =11, /11, -]
Absorption coefficient: a =11, /T, -
Reflection coefficient: p =11 /1T, -]

T+p+ta=1
P LUND

UNIVERSITY
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Sound transmission

11.

l

< [
Hf"
Ha r =11, /11,
. I1, 1
Sound reduction index: R =10-log| — |= 10-10g(—) [dB]
(reduktionstal) 11, 4

UNIVERSITY
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Reverberation time / Efterklangstid

Pl o) 137244

e Reverberation time has to do be absorption in a room

— Key quantity in room acoustics

 However plays a central role in building acoustics too, influencing sound
transmission and sound isolation. QUNSL
LUND
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https://youtu.be/dWNV_JFolLg

Reverberation time / Efterklangstid

Not necessarily coincident with listener feeling

Values dependent on ussage

— Ex: general auditorium: 1.5 - 2.5 sec.

Calculation (Sabine’s law)

RT(f) =T (f)=0.16—" = 0.16— "

A (T) | zzcn(f)si

V: room volume / A g effective absorption area /@ : individual
absorption coefficients / S: surface of each element with &

Time for sound to decrease 60 dB from initial level

Typical loudest crescendo
of orchestra.

100 dB

60 dB drop used to
define the standard
reverberation time.,

Y

Typical room
background level.

40 dB

Ty / Tsp?

LUND
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Reverberation time / Efterklangstid

Arbetsmiljoverket, Buller och bullerbekampning (H003)

Ljudtrycksniva [dB]

60 dB

| efterklangstid

f
i
f
f
f
|
|
|
]

Tid [s]

Figur 18a. Efterklangsfirloppet i ett rum med ljudreflebterande viggar (ling
efierklangstid)

Ljudtrycksniva [dg]

60 dB

: efterklangstid |
.

Tid [s]

Figur18b. Efterklangsfirloppet i ett rum med liudabsorberande viggar (kort
efierklangstid)
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Sound reduction index

Ea2, V2
Ed1, V1 WlZ

* .
Wl 1

e S is wall surface in square meters, V room volumes.
e T4 is the transmission coefficient in diffuse field.

e A is the absorption areas of room 1 and 2.

o Wiy =7alg1S; Wa = 14lg2S.

e [; = % is the diffuse field intensity / e.g. impinging on the wall

- E = ¢4V, where ¢, is energy volume density and E is total energy in the room.

LUND
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Sound reduction index

Ea2, V2
Ed1, V1 W12

;"FL W4 f%{
Wi s

e Conservation of energy: input power = dissipated power + transmitted power

— Inroom 1: W11 + W21 = 771(1)E1 + W12

- Inroom 2:/0 + le = 7]2(1)E2 + W21

A . . .
e N = ;‘)—V (related to Sabine and reverberation time)

&ac Pg

£ A . .
. ;ﬂ =1+ # ,,where the relation between energy - pressure is [; =
dz d

° . . _ _ Az NG
Expressed with decibel,(L,; — Ly, = 101log (1 + Srd) LUND

UNIVERSITY
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Sound reduction index

e Ly — Ly, =10 log\(>{\+ :TZ), common simplification which leads to:
A
o Ly =Ly + Ry +10l0g(%2)

e A, is measured via Sabine, A, = 0.16%

UNIVERSITY
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Sound reduction index

Lle VZ

e We have seen the relations between different quantities involved with sound
transmission through a wall (a partition)

e We went from dealing with sound power and absorption areas to dealing with sound
pressures and reverberation time — big simplification

e Underlying assumption: we have a diffuse field —i.e. we can use that expression for
diffuse intensity

— Single modes have no effect on results — no spatial dependency W)
U\\.._'_'_ 2./\
e We have a measurement procedure! LUND
UNIVERSITY
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Sound reduction index

Ea2, V2

e Measurement procedure: R(f) = L1(f) — L,(f) + 10log (O.lin Tzo(f))

e Loudspeaker and microphone positions are defined in the corresponding ISO
standard.

e Measurement of reverberation time also

e Special Low Frequency procedure for rooms < 25m3

— To mitigate for failure of diffuse field assumption

UNIVERSITY
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https://youtu.be/imHvRBOMg84

Airborne sound — Nomenclature

* |R(f): sound reduction index (laboratory)

Lab measurements

* |R,: weighted sound reduction index (laboratory)

o |R’(f) : apparent sound reduction index (in-situ)

In-situ (SS 25268)

e |R’,: weighted apparent sound reduction index (in-situ)

e |D,7(f): standardised level difference (in-situ) To-sita (better correlated with

* |Dprw: weighted standardised level difference (in-situ) human P;gcgggg%thanR ’

e Cgya15: Spectrum adaptation term

e C,: spectrum adaptation term due to traffic noise
Statement of results: R, (Cso.3150, Cir) / Ry (Csp31507 Cor) / Dg (Cop.3150 5 Cer)

“Rule of thumb”: Difference between lab and in-situ ~4 dB!

NOTE: There are more single-number indicators, but they are not included here to not make it even more complicated (see I1SO 717-1:2013)
NOTE2: “to normalise” means “to scale” with a reference area of 10 m?, whereas when ”standardising” a reference T, of 0.5 s is used
NOTES3: In the course, for the sake of simplicity, D,; will not be used, we will stick to R and R’ s
NOTE4: a prime (') next to R/R,, is used to distinguish between in-situ and lab measurements respectively. Lu N D
UNIVERSITY
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Luftburetljud - luftljudisolering

* [R(f): reduktionstal (labb)
* [R,:vagt reduktionstal (labb)

Lab measurements

o |R’(f): reduktionstal i falt / i byggnad (in-situ)

In-situ (SS 25268)

* [R’,:vagtreduktionstal i falt /i byggnad (in-situ)

e | D, (f): standardiserad ljudnivaskillnad (in-situ) Tosita (better correlated with

* |Dyr: vdgd standardiserad ljudnivaskillnad (in-situ) human ngczlggg%thanR ’

e Coya150: Spektrumanpassningsterm

e C,: spektrumanpassningsterm trafikbuller

LUND

- UNIVERSITY
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Measurement sound reduction index (ll)

e Example of (lab) measured curve:

— High values = Better insulation = “Quieter”

R [dB]
S 60
R(f)=L(f)-L,(f)+10log| ——
A)) s
50 |
. 45 |
NOTE: For in-situ measurements, the curve
would be R’(f) instead, since it would account for 40 ._.,""""\.\ Ul
flanking tranmission. In Sweden nowadays D, (f) | /," -
and D, are used instead of R’(f) for in-situ 35 X ’,r
measurements, to correlate better with human 0 I ~d \v/
perception. In this course, however, we will stick ':'
to R(f) and R’(f) and thus R, and R’,,. 25 | ',’
( f ) 20 (¢
_ 60
DnT(f)_Ls(f)—LR(f)+10Iog( j N
| 0.5 63 125 250 500 1000 2000 4000
D, (f): level difference Frequency [Hz]
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ISO Evaluation of sound reduction index (I)

e Reference curve (ISO 717-1)

60
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ISO Evaluation of sound reduction index (I1)

“[...] the reference curve is shifted in steps
of 1 dB towards the measured one, until

70
the sum of the unfavourable deviations is 0 Y
as large as possible, but not more than 32 _ %@;
dB *7 S0 - _ -~
@ 40 -2
=
o
“[...] an unfavourable deviation at a 30
particular frequency occurs when the result 20
of measurements is less than the reference 10
value” ,
O\ \O\ \O\ \O IOI \O\ \O\ \O\
o o le} o ™ o o o
“[...] the value, in dB, of the reference curve Frequency [Hz]

has at 500 Hz, after shifting in accordance
with this procedure, is R,,”

*for measurements in 16 one-third-octave band. If measurements are performed in 5 octave bands, the sum should not exceed 10 dB.
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Spectrum adaptation terms

e Defined in ISO 717-1: take into account different source spectra
- G, A-weighted urban traffic noise spectrum

- Cg3150: frequency adaptation term

0
13 NOTE: large negative values
15 indicate poor airborne insulation
- -20 at low frequencies
Q .25
-30
-35
40 _ (Li—Ri)/10
0 C, =—10log| >"10 -R,
P88848383288R3883838R388 i
T AN NN SN OO NOOWm,—-H O O
e NN < N
[Hz] 19
Cyo_a150 = —10l0g| D>"10H 10 1R
e C 50-3150  emmmm Ctr 50-5000 50-3150 9 — w
i=
C =X,,-X, and
C X- | X“ 6.12)
r =Xaz2 " Xw Statement of results:

/7
where X, | is the normalized difference in the A-weighted sound pressure level between °* R w (C50_ 3150/ Ctr)
the sending and receiving room, the source spectrum being pink noise. Correspondingly, e R (C - C )
X, is the normalized difference in the A-weighted sound pressure level between the w \~50-3150 7 “tr
sending room (or in the free field in front of a fagade) and receiving room, the source
spectrum being road traffic noise. The symbol X, stands for the single number calculated
using the reference curve (e.g. Ry, or R'y,).

Vigran (2008)
M. Barbagallo | 1jud i byggnad och samhille | V'TAFOT /| 4 May 2020
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Spectrum adaptation terms

Rw=36 dB Rw=36 dB

C-1 C-3

Ctr _4 Ctl’ '11 = _l_gnsssm‘i;sion Loss (dB)
55 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 . 1 1 1 . :I_Ig:inswusn;rt

Sound Reduction Index (dB)

B Auto Scale
E Show Flanking Limit

63 125 250 500 1000 2000 4000
Frequency (Hz)

)
‘/"hl.n.n. <
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Datasheets and reality

Innervaggar med sta

3.1.1:104B Datablad Gyproc XR 450

NN

Behind a R'w there is a full spectrum!
Weaknesses and strength of the
spectrum cannot be inferred from R'w!

1
1 ! 60
OOSBESEEAEN © Tenimision loss (69
; —— f =t . | Fow 42 dB
| | 55 Flanking Limit
@ @ @ @
50
g
45 5
Gyproc XR 70/70 (450) H-H M70 p—
1. Kantprofil Gyproc AC 76/40 ACOURemIc Hanvisning tlll typdetal] Al
(i golv, vaga och tal) Anslutning mot tunga konstruktioner | 311201-206
2. Regel Gyproc XR 70, ¢ 450 mm Anslutning av vagg mot betongplatta 311207
3. 12,5 mm Gyprae Habito Gipsskiver Anslutning av vgg mot haldack 311-208
4. 70 mm mineralull Anslutning av végg mot massiv betong-| 211208 35
vaga - B
Gyproc XR 95/95 (450) H-H M35 Ytternbren 311:212-214
1. Kantprofil Gyproc AC 95/40 ACOUnomic Fhim L5218 E)
(i golv, vagg och tak) Anslutning mot ungertak 311220 226
2 Regel Gyproe ¥R 95, ¢ 450 mm Anslutning mot yttervégg 311:240-243 .'J
3. 12,5 mm Gyproc Habito Gipsskivor Anslutning mot betongpelare 311245 |
4. 95 mm mineralull Dilatationsfog 25 -1
Teleskopansiutningar
Flanktransmission i Gyproc Trabjslkiag | 311261-262
20
Anmirkning
S = |sover Lltimate densitet lagst 18 kg/m® alt
stenull med densitet minst 28 kg/m? 15 a ? E E E
10
Systemegenskaper
Systemegenskaper fér dvriga Gyprac skivar se funktionsnycklar samt kodnyckel far skivor | kap 21
] o Max Vagg- 5
- R R\ * Cogsise| Brand- L
Vaggtyp e R wvagghajd | tiocklek
(d8) (dB) Klass iy (R E Auto Scale
Gyproc XR 70/70 (450) H-H M70 44 EI30 5250 95 I T T T T T T T T T TR T TR T T T N - P
Gyproz XR 70/70 (450) H-H 570 44 El 60 3400 o5 0 . Show Flanking Limit
Gyproc ®R 95/95 (450) H-H M35 44 EI30 6000 120 63 125 250 500 1000 2000 4000
Gyproc XR 95/95 (450) H-H 595 44 El 60 4000 120

Frequency (Hz)

128 Gwproc Handbok @

From INSUL

UNIVERSITY

M. Barbagallo | 1 jud i byggnad och sambdille | V' TAF01 / 4 May 2020



Same Rw but different R(f)

60

Sound Reduction Index (dB)

N B o

63 123 250 500 1000 2000 4000
Frequency (Hz)

@ Transmission Loss (dB)
Fw 38 dB
Flanking Limit

9 enkelvagg Rw 38

@ dubbelvigg Rw 38

e ke A

B Show free field result
B Auto Scale
Ml Show Flanking Limit

Behind a R'w there is a full spectrum!
Weaknesses and strength of the spectrum  rom insuL
cannot be inferred from R’'w!
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Combined reduction index

Facade
R, R, ... individual reduction indexes
52: Window area S:total area, i.e. S=5,+5,+...
S1:Wall area

Combined reduction index:

R =-101log é(slloRl’10 +5,10°7% 1))

LUND

UNIVERSITY
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Leakages

e Power of the opening (leakage)
S)
S

e The reduction index of the wall then becomes

1, =11, -

R=-10-log "Mt | _10.10g) Lt 421 | =
L1, I, S
~R/10 S|
RwithLeakage — _10 ) |Og(10 + Ej

M. Barbagallo | 1jud i byggnad och samhille | V'TAFOT /| 4 May 2020
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Example: influence of leakages

Sealing of windows is of crucial importance

T 45
3 mm 30m 3 mm 2 s 1
— LA [
] < £ 35 PamR i AAN
0 T
© 30
£ TN ol
// N\ 1 é 25 A_{./r o | Lo
/ ) Al | o ;‘J
o 20 Ya
/ 2 15 "@\{0- —— Otatat fonster
_/| 10 —=s— Tatningslist vid 2 ]
/ 5 —‘—Té:]nizngslistvidl 1
OC
_// / / 0 1
O O O O O O O o
©O © IHh O M O O O
- d4 N < © O ©
— -
Frekvens (Hz)
NOTE: Example of leakage detection LU ND

UNIVERSITY
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https://www.youtube.com/watch?v=xWUubf0F404

Diagr6

		100		100		100

		125		125		125

		160		160		160

		200		200		200

		250		250		250

		315		315		315

		400		400		400

		500		500		500

		630		630		630

		800		800		800

		1000		1000		1000

		1250		1250		1250

		1600		1600		1600

		2000		2000		2000

		2500		2500		2500

		3150		3150		3150



Otätat fönster

Tätningslist vid 2

Tätningslist vid 1 och 2

Frekvens (Hz)

Reduktionstal (dB)
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Blad1

				Otätat fönster		Tätningslist vid 2		Tätningslist vid 1 och 2

		100		21		18		23

		125		20		17		15

		160		15		15		20

		200		17		14		22

		250		17		16		24

		315		22		22		26

		400		22		23		25

		500		25		29		35

		630		28		34		38

		800		29		35		38

		1000		29		36		39

		1250		26		35		37

		1600		24		34		38

		2000		25		35		41

		2500		26		36		42

		3150		29		35		41
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Otätat fönster

Tätningslist vid 2

Tätningslist vid 1 och 2

Frekvens (Hz)

Reduktionstal (dB)
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Airborne sound insulation — example

Upplevd storning vid olika luftljudsisolering

Viigt Normalt | Hégristat | Skrik TV, radio, Musik fran
reduktions; samtal samtal musikan- stirre musik:
tal i bygg- léigegning anldiggning
nad, R', (mdttlig nivd)| i hemmet
40 dB Kan Uppfattas | Hors Hors Hors

uppfattas
44 dB Kan horas| Kan Hors Hors Hors

| uppfattas -

48 dB Hérsinte | Kan horas | Kan horas | Hors Hérs
52 dB Hors inte | Kan horas | Kan horas | Kan horas Hoérs
56 dB Hors inte | Horsinte | Kan héras | Kan horas Hors
60 dB Hors inte | Horsinte | Horsinte | Hors inte Kan horas

Figur 2:12. Exempel pd hur stérningar av olika aktiviteter kan upplevas beroende
0 aktuell luftljudsisolering. Storningskénsligheten liksom storningens karaktdr kan
dock variera utanfor siffrorna i tabellen.

LUND
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Airborne sound insulation — example

Tabell 4.3
Subjektiv uppfattning av ljud vid olika ljudisoleringar.

Ry Dire Sorl | Normalt tal, Normalt tal, Hograstat Hagtalarljud, Diskodunk
kontorsmaskiner | kontorsmaskiner | samtal mattlig niva
i lugn miljé

35

40

44

48 Rod — hirs

52 vit — hérs inte

60 Gra — kan haras men stér inte under normala omstindigheter

Kalla: Bullerskydd | bostader
och lokaler, Boverket

UNIVERSITY



Sound classes (Sweden)

* Ljudklass A: the soundclass corresponds to very good acoustic
conditions

* Ljudklass B: it comprises slightly better acoustic conditions than
soundclass BBR. Certain individuals can still, in some cases, be
disturbed. This sound class are the minimum requirements if good
living environment is requested

* Ljudklass BBR: this is the minimum requirements in Swedish
buildings

e Ljudklass D: corresponds to noise conditions that are intended to be
applied when sound class C cannot be achieved, e.g. in connection
with the refurbishment

LUND

—— UNIVERSITY
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Standard — airborne insulation

Lagsta vagda standardiserad ljudnivaskillnad, D, 1, 50 | dB
och SS 25267:2015 (utdrag)

enligt BBR

Ljudklass

Typ av utrymme A B BBR

Fran utrymmen utanfér bostad till utrymme i bostad 60 56 52

| foljande fall géller dock:

- frdn utrymme fér narings- och serviceverksamhet samt gemensamhetsgarage (avser D, 50) 60 60 56
- frén loftgéng 2, trapphus eller korridor med dorr eller fonster (avser Dy 100) 522 482 44

- dock dar hog bullerniva kan forvantas mer an tillfalligt (avser Dy, 100) ° 56 52 48

Mellan rum i samma bostad géller:
Skiljekonstruktion utan dorr (avser Dy, 100) 40 35 -
Skiljekonstruktion med dorr till minst ett sovrum i bostad med fler &n 2 bostadsrum (avser D1y 100) 30 - -
Fran hygienrum till sovrum i samma bostad géller:
Skiljekonstruktion utan dorr (avser Dyry, 100) 44 40 -
30 - -

Skiljekonstruktion med dorr (avser Dy, 100)

Fran utrymme utanfér bostad dar ljudnivan kan forvantas vara lag, exempelvis avskilt vaningsplan med entrédorr till hogst fyra bostader och hogst 0,5 s

efterklangstid, accepteras Dy, 100 = 44 dB.

M. Barbagallo | 1jud i byggnad och samhille | V'TAFOT /| 4 May 2020
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Airborne sound insulation — example

Fran R Till D
Volym/area (rumsdjup) (m)| Oka R'w med (dB)
e 0,0
z2 01
33 02
34 0,4
i5 05
36 06
27 o7
8 08
39 1.0
40 11
41 12
4.2 1,2
432 14
4.4 1.5
45 16
46 1.7
47 1.8
48 19
50 20
51 21
52 22
Kalla: Bullerskydd | bostader 53 23
och lokaler, Boverket 5.4 24
55 25
57 26
%] 27
6,0 28
70 25
80 41
100 51

UNIVERSITY



Standard — airborne insulation

Lagsta vagda reduktionstalet, R’,, i dB enligt BBR och SS
25268:2007+T1:2017 (utdrag)

Tabell 15 — Lagsta viagda reduktionstal i byggnad, R°,,,
for undervisningslokaler: skolor, forskolor och fritidshem

Fran annalr utrymme Fran R?m'dor
o8] 5
Ljudklass Ljudklass
Typ av utrymme A B c D A B c D
18a  Till utrymmen far gemensam undervisning 48 | 44 | 44 | 40 | 44 | 40 | 40 | 30

exempelvis klassrum, lektionssalar
16b — dock till utrymmen for undervisning eller elevarbete | 44= [ 442 | 44= | 40= | 40 | 40 | 40 | 30
I mindre grupper

exempelvis grupprum, hemvist
15¢ — dock mellan stora utrymmen fér undervisning i 40 | 35 | 35 | 30 | — - - -
grupper

exempelvis utbildningslandskap

15d  Till utrymmen fér enskilt arbete eller samtal 40 | 35 | 35 - | 35 (30| 30 -
exempelvis expedition, bibliotek

15e — dock till utrymmen med krav pa mattlig 48 | 44 | 44 | 40 | 400 | 350 | 350 | 30
sekretess eller avskildhet

exempelvis yrkesvagledare, personalrum,
konferensrum

15f — dock till utrymmen med krav pa hig sekretess 52 | B2 | 48 | 48 | 44 | 44 | 40 | 40

exempelvis rektor, studierektor, talklinik, kurator,
psykolog, skolhdlsovard

15g Till utrymmen far 1ivila eller pedagogisk 48= [ 443 | 44a | 40= | 35 | 30 | 30 -
verksamhet i forskala® 11 T T T T

exempelvis T-grupprum, samfingsrum, allrum, ateljé,
11 lekrum, snickarrum

18h  Till 1-hygienutrymmend L1 eller utrymmen forvila | 44 | 44 | 44 | 40 | 35 | 30 | 30 | -
exempelvis we, vilrum, duschrum
15i — dock mellan hygienutrymmen 35 [ 35 ] 35 - - - - -

2 For skiljekonstruktion med dom fran annat utrymme for undervisning godtas 5 dB lagre varden.

B Far skiliekonstruktion med storre glasparti bredvid dorr som ger god uppsikt om vad som sker utanfér

godtas 5 dB lagre varden

¢ 1 Inom farskoleavdelning, till ett rum som anvands for bamens vila, kan ljudisoleringen for vagg med dorr
véljas enligt kravet fran korridor. F&r dvriga rum inom forskoleavdelning galler kravet endast vagg utan dom 11
¢ 1Inget krav pa ljudisolering galler for vagg med dérr till we avsedd for bamens bruk inom férskola 11

UNIVERSITY
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Impact sound insulation

 |mpact sound insulation is the ability to isolate rooms from impacts
e A specific kind of impacts

* |tis evaluated by measured the impact sound pressure level
* Not aratio like R but an absolute level

By using a standardised machine to produce impacts we have a standard
measurement procedure that allows to comparison between results and
requirements and between different constructions

 All measures to improve impact sound insulation are therefore dependent on this
way of evaluated impact sound insulation!
e We measure R by sending out white/pink noise — white/pink noise comprise all frequencies

e We measure impact sound by using a specific sound source — not all kind of impacts are well
described by this source. One builds own experience though.

LUND

UNIVERSITY
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Measurement impact sound insulation (I)

Impact sound level:

Ln(f)zLR(f)+1OIog(A(f)j

10

ISO Tapping Machine

4|‘l:l_l'| L (f): normalised impact sound level [dB]

« v = La(f): SPL in the receiving room [dB]

| O A(f): absorption area in the receiving room

Microphone

NOTE: Tapping machine and microphone positions are
defined in the pertinent ISO standard.

Video 1: Video 2

e |SO Tapping Machine

— Standardised: 1 hit per 0.1 s

— 5 steel cylinders which alternatively hit the floor

UNIVERSITY
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https://www.youtube.com/watch?v=lctdT_8Wvo8
https://youtu.be/a8FPC9J6rIo
https://youtu.be/4WUlmcADyPc

Impact sound - Nomenclature

e | L (f): normalised impact sound level (laboratory)

Lab measurements

*| L,,:weighted normalised impact sound level (laboratory)

* | L’.(f): apparent normalised impact sound level (in-situ)

In-situ

| L, weighted normalised impact sound level (in-situ)

e | L’ (f): apparent standardised impact sound level (in-situ) To-situ (better subjective
- u ctavi

o | L’ ., weighted normalised impact sound level (in-situ) cottelation than L)

* (502500 SPECtrum adaptation term
Statement of results: L’ ;,(C;so.2500) / L' u(C50-2500) / LnwAC50.2500)
”Rule of thumb”: Difference between lab and in-situ ~4 dB!

NOTE: There are more single-number indicators, but they are not included here to not make it even more complicated (see ISO 717-2:2013)
NOTE2: “to normalise” means “to scale” with a reference area of 10 m?, whereas when “standardising” a reference T¢, of 0.5 s is used
NOTE3: L; provides a straightforward link to the subjective impression of impact sound insulation and is used as indicator in Sweden for field
measurements. In the course, however, and to facilitate comparisons, we will stick to L, and L’

NOTE4: a prime (") next to an L indicator is used to distinguish between in-situ and lab measurements respectively

UNIVERSITY
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Stegljudsisolering - stegljudsniva

e | L (f): standardiserad stegljudsniva (/abb)

| L,,:vagd standardiserad stegljudsniva (labb)

Lab measurements

e | L’ (f): normaliserad stegljudsniva i falt / i byggnad (in-situ]

In-situ

| L, ,:vagd normaliserad stegljudsniva i falt / i byggnad ()

* | L’ {f): standardiserad stegljudsniva i falt / i byggnad (in-situ)

| L', :vagd standardiserad stegljudsniva i falt / i byggnad (in-si

In-situ (better subjective
correlation than L)

* 502500 SPEKtrumanpassningsterm

/5

LdND
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Remember...

... Laboratory vs. Field situation (flanking transmission comes into play)

[
W

[REF] Vigran(2008)

ISO 717-2:2013 ISO 717-2:2013
ISO 10140-3:2010 ISO 16283-2:2014
T

SS-EN12354-2:2000
Prediction of I’, from individual acoustic performances (L., )

UNIVERSITY
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Measurement impact sound insulation (1)

e Example of measured curve:

— High values = Higher sound transmission = ” Noisier”

70

60 /_//\
50 \

)
S,
= 40 \
30
20
10
O T T T T T T T T T T T T T T T
o o o o (@) o (@] o
o O Lo o (99 o o o
— — N <t (o) o (o] p]
—i —i (9\}

Frequency [HZz]

e,
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Diagr3
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Blad1

		100		54		62		57

		125		55		62		57

		160		57		62		57

		200		57		62		57

		250		60		62		57

		315		61		62		57

		400		63		61		56

		500		59		60		55

		630		58		59		54

		800		56		58		53

		1000		55		57		52

		1250		49		54		49

		1600		43		51		46

		2000		40		48		43

		2500		37		45		40

		3150		34		42		37





Blad1

		



Frekvens  (Hz)

Stegljudsnivå  (dB)



Blad2

		





Blad3

		






ISO Evaluation of impact sound insulation ()

e Reference curve (ISO 717-2)

Frequency [Hz] Ref. value [dB]

70 100 62

125 62

o 60 """--\\ 160 62

E 50 e 200 62

3 40 N 250 62

o 315 62
(&)

5 30 400 61

ks 500 60

2 20 630 59

10 800 58

1000 57

0 1250 54

S @ § § § § § § 1600 51

- - « 2000 48

Frequency [HZ] 2500 45

3150 42

o
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ISO Evaluation of impact sound insulation (Il)

“[...] the reference curve is shifted in steps

of 1 dB towards the measured one, until 70
the sum of the unfavourable deviations is o
S
as large as possible, but not more than 32 o0 ===
%7
dB D' 40 \k
< X
30

“[...] an unfavourable deviation at a 20
particular frequency occurs when the result
of measurements exceed the reference 10
Va/ue” 0 — T T T T T T T T T T T T 1

(@] (@] o (@] Qo o (@] (]

o © Lo o ™ o (] o

. Frequency [Hz]
“[...] the value, in dB, of the reference curve
has at 500 Hz, after shifting in accordance
with this procedure, is L, ,”
“\ 354
*for measurements in 16 one-third-octave band. If measurements are performed in 5 octave bands, the sum should not exceed 10 dB. LU N D

UNIVERSITY
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Spectrum adaptation term

e DefinedinISO 717-2

C,50.2500+ IMproves correlation with subjective response at low frequencies

2500

C, 50_2500 =10 Iog[ZlOL”"(”’mJ -15-L1,,,
50

Statement of results:

Lln'l; w (CI,50—2500 )
7’
L n,w (Cl,50—2500)

Ln,w (Cl,50—2500)

NOTE: large positive values indicate poor impact insulation at low frequencies

LUND
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Standard — Stegljudsisolering

Hogsta vagda standardiserad stegljudsniva for bostéader, L1, 5, 1 dB
enligt BBR och SS 25267:2015 (utdrag)

Tabell 7:21a Lagsta ljudnivaskillnad respektive hégsta stegljuds-
niva i bostider nar sdrskilt [judisolerande atgarder inte

behdver vidtas.
Ljudnivaskillnad | Stegljudsniva
Dn[“.ﬁo mellan Ln'i',w.Sﬂ
utrymmen [dB] | iutrymme [dB]
Fran utrymme utanfér bostaden till 52 56"
utrymme i bostaden
| féljande fall galler dock:
fran narings- och serviceverk- 56 52
samhet och gemensamma
garage till bostad
mellan bostader, utan direkt- 52 62
forbindelse, inom sarskilda
boendeformer for aldre”
mellan bostader inom cvriga 56 56
behovsprovade sarskilda
boendeformer dar higa
ljudnivaer férekommer”
fran trapphus och korridor till 52 62
bostad
Lnrmso Vigd standardiserad stegljudsniva [dB], ett farkortat skrivedtt for Lore

+ G zp-asnp ENligt S5-EM 150 717-2:2013. Om anpassningstermen
Ci,z0-2500 &r negativ ska den sattas lika med noll.

S
LUND
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Standard — Stegljudsisolering

Hogsta vagda standardiserad stegljudsniva for bostéader, L1, 5, 1 dB

enligt BBR och SS 25267:2015 (utdrag)

Typ av utrymme Ljudklass

A B BBR

Fran utrymme utanfor bostad till utrymme i bostad 48 52 562

| féljande fall géller dock:

- Fran utrymme for narings- och serviceverksamhet samt gemensamhetsgarage till bostad 44 48 52

- Fran loftgang, trapphus eller korridor till bostad forutom entréplan 58 62 62

Fran loftgang, trapphus eller korridor till bostad i entréplan ® 48 52 62

Inom bostad med fler an 2 bostadsrum till minst ett bostadsrum 68 - -
Fran gemensam uteplats, exempelvis balkong eller terrass till bostad 62 62 62

vardena i Tabell 7.

a. Fran hygienrum och forrad till bostad kan nivan frAngas om det kan verifieras att stomljud fran installationer ej 6verskrider

b. Galler fran trapphus eller korridor i entréplan eller motsvarande dar betydande gangtrafik kan antas forekomma mer an tillfalligt,
exempelvis vid postfack eller hiss, eller i borjan av en lang loftgang eller korridor.

>

LUND
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Standard — Stegljudsisolering

Hogsta vagda standardiserad stegljudsniva for vardlokaler, L, i dB
enligt SS 25268:2007+T1:2017 (utdrag)

Tabell 4 - Hégsta vigda standardiserad stegljudsniva, L . for vardlokaler

Fran utrymme med lag | Fran utrymme med hog
sfegljudsbelastning stegljudsbelastning
Lntw L'nTw
[dE] [dB]
Ljudklass Ljudklass

Typ av utrymme A B c D A B c D
4a Till utrymme for patienternas sémn och vila, 60 | 64 | 68 | — | 56 | 60 | 64 | 68
samt till utrymme fér gemensamma samlingars
exempelvis patientrum, vardrum, jourrum, samiingssal
4b  Till utrymme far aktivt vardarbete eller sarskilda 64 | - - — |60 | 60 | 64 | -
krav pa starfrihet®
exempelvis undersdkning, behandling, forlossning,
OP-sal inkl. stadjande ytor, sjukgymnastik, vifrum,
konferensrum, uthildning
4c  Till ovriga utrymmen dar manniskor vistas mer 68 | — - - | 64 | 64 | G8 | —
an tillfalligt
exempelvis expedition, kontor, expedition med
samtalskapacitet, laboratorium, dagrum, vantrum,
personalrum
4d  Fran och till annan verksamhet 64 | 640 | 6B | — | 60k | BO® | 68BF | —
#  For ljudklass A och B ska aven L ntw+C s0-2500 Uppfylla stallda kravvarden.
®  Kravet avser normaliserad stegljudsniva, L' .

LUN
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Remember...

e There is an on-going discussion on how well current requirements on impact sound
describe impact sound in lightweight (wooden) buildings.

UNIVERSITY
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Remember...

[ Wood ] [ Concrete ]
\“ ,,l'
\ 1"

L@ [dB]

80 1 LS Grey lines — example for /i
\ /
\ Concrete slab: i

75 + \ /

A /Sl
\ 4 !
A\ Il II
\ a) without floor covering,” y
) 7 i
\ b) with floor covering_ /= a)
‘\ i - - I,
X -

20 4

b)
100 Hz

M. Barbagallo | 1 jud i byggnad och sambdille | V' TAF01 / 4 May 2020

3150 Hz
Analysed frequencies (norms)
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T
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Remember...

 There is an on-going discussion on how well current requirements on impact sound
describe impact sound in lightweight (wooden) buildings.

* [tis aserious subject involving:
e Measurement techniques (low frequency measurements are difficult)

e Definition of requirements
e Social impact
e Economic impact

e Development of counter-measures

e Development of modelling techniques

LUND
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Remember...

e Structure-borne sound is a larger phenomena than impact-sound
* Impact-sound is structure-borne sound

* But an impact sound measurement does not describe all structure-borne
phenomena

LUN
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Remember...

Tabell 4.6
Subjektiv upplevelse for olika stegljudsnivaer for I3tta konstruktioner med god stegljudsdampning vid laga
frekvenser (C, ..., hogst 4 dB).
L. Lugn Lugn Snabb gang/ | Snabb ging Gymnastik
L, gangtrafik gangtrafik spring med spring med krafliga
med mjuka med mjuka skor klackskor dunsar etc.
skor klackskor
64
&0
o6
52
45 rdd — hirs
44 Vit — hors inte men kan fomimmas
40 gra — kan héras, men stir inte under
normala omstdndigheter
Tabell 4.7
Subjektiv upplevelse fir olika stegljudsnivaer for tunga konstruktioner.
L,, Lugn Lugn gang | Snabbgang | Snabbgang’ | Bamieks Bamilek! Gymnastik
L gangtrafik trafik med spring med spring med hopp hopp kraftiga
med mjuka klackskor mijuka skor klackskor “normal”® "avancerad” | dunsar etc.
shor
654
60
o6
52
48 rod — hors
44 vit — hirs inte men kan fémimmas
40 gra — kan héras, men stdr inte under nomala omstindigheter

UNIVERSITY
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Remember...

Marginalerna ar valda sa att
risken for enstaka undertramp |
en matning ar cirka 10%.

Tabell 4.5 Praktisk sakerhetsmarginal
Rekommenderade vid dimensionering {mot
sdkerhetsmarginaler for kontrolimatning i fardig Ry Fy+Cysmm Loy Low+ Cizosm
dimensionering, tung bryggnad) .
stomme™. Mot krav i enskilda rum 2 3 2 3

Mot krav pa medelvarde av 1] 1 a 1

matningar i flera rum

Kalla: Bullerskydd | bostader
och lokaler, Boverket
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Flanking — in situ measurements

T <9ad b‘?bbv‘ﬂﬂ“’ bqqa ‘°\>(>P<I<?°'£L
7Pap > 4daepobd Pap b 44 eipon
\VAVAVAVAVAVAVAVAVAV AVAVAVAVAVAVAVAV. \/
Mellanliigg
Figur 54 Exempel pi flanktransmission, platta pa mark.
a} b}

= =

Figur 53 Knutpunkter vid sammansatta konstruktioner, a) iir diliz medan bh) dr bra.
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Lack of harmonisation

Table 2

Overview of ISO 717 descriptors for evaluation of sound insulation in buildings.

ISO 717:1996 descriptors for

evaluation of field sound insulation

Airborne sound insulation
between rooms
(IS0 717-1)°

Airborne sound insulation of
facades®
(IS0 717-1)P

Impact sound insulation
between rooms
(ISO 717-2)°

Basic descriptors (single-number quantities)

Spectrum adaptation terms (listed according to intended main applications)

Total number of descriptors

R,

Dy w
Drt'l‘,w
None

C
Cso0-3150
Ci00-5000
Cso-5000
3x5=15

R,
Dn,w
Drt'l‘,w
None

C Cer
Cs0-3150 Cir.50-3150
C100-5000 Crr. 100-5000
Cso-5000 Cir.50-5000

3x9=27

’
LH‘W

Lf

nT.w
None

G
Ci.50-2500

2x3=6

* For facades, the complete indices for R, Dyw, D,r 4 are found in 1SO 717.

P For simplicity, only 1/3 octave quantities and C-terms are included in the table, although some countries allow 1/1 octave measurements for field check.

[REF] Rasmussen(2010)
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Lack of harmonisation

Table 2

Airborne sound insulation between dwellings — Main requirements in 24 European

countries.®”

Table 3

Impact sound insulation between dwellings - Main requirements in 24 European

countries.*?

Country Descriptor® Multi-storey housing Row housing Country Descriptor® Multi-storey housing Row housing
Req. (dB) Req. (dB) Req. (dB) Req. (dB)

Austria Dot =55 =60 Austria Lirw <48 <43
Belgium Dunrw =54 >58 Belgium i <588 <50
Czech Rep. R, =52 =57 Czech Rep. L;w <58 <53
Denmark R, =55 =55 Denmark L <53 <53
Estonia K, >55 >55 Estonia L, <53 <53
Finland R, =55 =55 Finland L’n:wf <53f <53f
France Dyprw +C =53 =53 France Ligw <58 <58
Germany' R}, =53¢ =57 Germany’ Ly <53 <48
Hungary R, +C =51 =56 Hungary L’n,w <55 <45
Iceland R,° =520 =55 Iceland A <58" <53
Ireland Dnrw =53% =53 Ireland L’nr,w <62 None
Italy R, =50 =50 Italy L., <63 <63
Latvia R, =54 =54 Latvia Ly <54 <54
Lithuania Dyurw or R}, =55 =55 Lithuania e <53 <53
Netherlands ~ fy? =0 =0 Netherlands s > +5 >+5
Norway RS =55" =55 Norway T <53 <53
Poland R, +C =508 =52 Poland L <58 <53
Portugal’ Dy =50 >50 Portugal L, <60 <60
Slovakia R, >52 =52 Slovakia Ly <58 <58
Slovenia R, =52 =52 Slovenia L;:w <58 <58
Spain Durw + Croo-5000 =50 =50 Spain L;T‘w <65 <65
Sweden &, % sy =53 =53 Sweden L}, + Ci50-2500 <56 <56
Switzerland Dy, +C =52 =55 Switzerland L+ G <53 <50
UK* Darw + Cer =45 =45 UK! Lirw <62 None

[REF] Rasmussen(2010)
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Lack of harmonisation

e On the other hand we have different countries with different building techniques
and different traditions (e.g. shoes or not shoes at home)

% s
T s
et
LEETIS-
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Ljudnivaer fran installationer

e Luftljud + stomljud.

e Installationer, hissar, tekniska anordningar — i drift mer an tillfalligt.
 Endast de anordningar som brukaren inte kan styra sjalv omfattas av ljudkrav.
* Ha koll pa ljud med hérbara tonkomponenter och av impulsiv karaktar.

e |grazoner ar FOHMFS 2014:13 en bra referens och man kan ateranvanda BBR som
malvarde t.ex. vid 1ad- och luckstangning.

A
=
z

X J

5 %

a5 A
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Standard — Ljudnivaer fran installationer

Hogsta sammantagna ljudniva i bostader fran installationer och hissar
enligt BBR och SS 25267:2015 (utdrag)

I Ljudklass
Typ av utrymme Storhet [dB
yp Y [dB] y | B | BBR
Kontinuerliga och bredbandiga ljud, exempelvis flédesljud fran luftdon och radiatorer
| utrymme for sémn, vila eller daglig samvaro A-vagd ekvivalent ljudniva, Loaeqnt 222 262 30
A-vagd maximal ljudniva ®, Loa emaxnt 272 | 312 35
C-vagd ekvivalent ljudniva, Lyceq - - 50°
| utrymme for matplats och matlagning, hall eller A-vagd ekvivalent ljludniva, L eqar 31 35 354
i utrymme for personlig hygien A-vagd maximal ljudniva ®, Loa rmaxnt 36 40 40d
C-végd ekvivalent ljudniva, Lceq - - -
| trapphus, korridor, utrymme for kladvard, A-vagd ekvivalent ljudniva, Ly eqn 40 45 -

forvaring eller motsvarande utrymme dar man
vistas tillfalligt

Ljud som innehéller tydligt hérbara variationer, impulser eller toner, exempelvis fran WC och tvattmaskin

| utrymme for sémn, vila eller daglig samvaro A-vagd ekvivalent ljudniva, Loaeqnt 172 212 25
A-vagd maximal ljudniva ®, Loa emaxnt 272 | 312 35
| utrymme for matplats och matlagning, for A-vagd ekvivalent ljudniva, Loaeqnt 26 30 30d
personlig hygien samt i hall A-vagd maximal ljudniva ®, Loa emaxnt 36 40 404

| trapphus, korridor, utrymme for kladvard, A-vagd ekvivalent ljludniva, L eqar 40 45 -

forvaring eller motsvarande utrymme déar man
vistas tillfalligt

a. dB hdgre vérde godtas i utrymme for matlagning sammanbyggt med utrymme fér daglig samvaro.
b. 10 dB hogre maximalniva accepteras for ljudhandelser som kan forvéantas intraffa hogst fem ganger per dygn,
dag- eller kvallstid, och som inte kan férvantas intraffa nattetid, klockan 22-06
c. Avsteg kan godtas om ljudnivaer vid frekvensbanden 31,5 Hz till 200 Hz enligt Folkhélsomyndighetens regler
inte 6verskrids, se Tabell 8.
d. Avsteg kan godtas i hall samt mindre utrymmen for personlig hygien som &r avsedda att anvandas under
kortare tid, men inte dar avkopplingsfaktorn ar vasentlig, exempelvis utrymmen med tillrécklig plats for badkar.
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FOHMFS — Ljudnivaer inomhus

FoHMFES 2014:13

Folkhilsomyndighetens allminna rad
om buller inomhus

Riktvirden

Dessa riktvirden bor tillimpas vid bedomningen av om oldgenhet for ménni-
skors hilsa foreligger. Savil virdena i tabell 1 som tabell 2 bor beaktas vid
bedémningen.

Tabell 1. Buller

Maximalt ljud Ly 45 dB
Ekvivalent ljud L Aeq__Tz 30dB
Ljud med horbara tonkomponenter Lf,‘eq__T2 25dB
Ljud fran musikanliggningar LI,‘W__T2 25 dB

" Den hogsta A-viigda ljudnivan.
2 a * - . o . . .
= Den A-viigda ckvivalenta ljudnivan under en viss tidsperiod (T).

LUND
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Standard — Ljudnivaer fran installationer

Hogsta ekvivalent ljudtrycksniva i bostadsrum fran ljudkallor inomhus

och utomhus, utom fran trafik, L, i dB enligt SS 25267:2015 & FOHMFS
2014:13 (utdrag)

Ljudklass Storhet Lot [F1]
) 315 | 40 | 50 | 63 | 80 100 | 125 | 180 200
A Ekvivalent ljudniva, L., [dB] 52 45139 | 38| 36 34 32 30 | 28
B och FOHMFES 2014:13 Ekvivalent ljudniva, L., [dB] 56 49 | 43 1 42 | 40 38 36 34 | 32
60
50 \\
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Tersband (Hz)

—&— Uppmatt Lp FOHMFS 2014:13/ SS 25267: B & C

—e—SS 25267: A
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Pressure / Intensity

. *
Sound Inténsity Sound Pressure

Amplitudes are the same / Directions are the
difference (easier to troubleshot with SI)

LUND

UNIVERSITY
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Pressure / Intensity / Power

2
Ly =10 logi£-
_ Sound Po
Receiver <t———> Prliaes\:i;re Do=2x 0= N/ 1
=20uPa
Sound
ﬂ Path <G————> Intensity ]
/_\ Level Li=10 logio—
Io
L=1pW/m’
Sound W
Source <G=——=> Power Lv=10 logio—
Level A
Wo=1pW
Briiel & Kjaer =55+

www.bksv.com, 2 BEYOND MEASURE
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Pressure / Intensity / Power — WHY?

 There is a noisy sound source — indoor or outdoor

* A partition needs to be designed to isolate an indoor environment from that noisy
source and fulfil requirements.

* Facade
e Wall

* This design process uses the concepts of sound power, sound pressure and sound
reduction index respectively accounting for:

* The acoustical properties of the source under study.

* The sound pressure generated by the source outside and inside the indoor
environment under study.

* The acoustical properties of the partition under design.

=
z
/.f
) =
s, 5
. iy
Oh.gpiit
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Indoor sound propagation

 Equation to evaluate indoor sound pressure level from a source in the same room

with known sound power level

L, =L,+10lg (4-:?—3 +4'“A'“}] [dB]

[Formel 31]

e e e
avstind absorption

diir

L, = ljudtrycksnivin i dB pd avstindet r frin killan.

L, = killans ljudeffekenivi i dB.

r = avstindet frin ljudkillan i meter.

¢ = begrinsningsytornas genomsnittliga absorptionsfaktor (= A/S).

A = rumsabsorptionen i m?2S.

S = begrinsningsytornas sammanlagda storlek i m?

Q = en si kallad rikeningsfaktor som beror pi ljudkillans placering.
( har viirdet:
1 om ljudkillan ir placerad fritt i rummet (sfirisk utbredning).
2 om ljudkillan 4r placerad mot ett plan (exempelvis golv).
4 om ljudkiillan ir placerad mot tvi plan (exempelvis golv och vigg).
8 om ljudkillan ir placerad mot tre plan (i ett horn).

Arbetsmiljéverket, Buller och bullerbekampning (HO03) LUND

UNIVERSITY
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Ljudnivaer fran installationer

Ljud
Ljudeffektniva enligt EN 12 102 (LW[A,)7
Ljudtrycksniva i uppstallningsrum (LW\]}8

dB(A) 40-55
dB(A) 36-51

varmepump

|

diztant field

Ergireering ToolBox com

L,=Ly+10log(Q/(4mr’)+4/R) (1)
where
o = received sound pressure level (dB)

L, = sound power level from source (dB)
_ Q = directivity coefficient (typical 1 for receivers in the middle of the room)
' R = room constant (m? Sabin) = Absorption area

n=3.14....

r = distance from source (m)

Ljudtrycksniva i mottagarrum pga ljudniva fran installationer

Sakerhetsmarginal?

J— /
Lp,mottagarrum - Lp,installation — R — +10 lo810 A

UNIVERSITY
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https://www.engineeringtoolbox.com/sound-pressure-d_711.html
https://www.engineeringtoolbox.com/sound-power-level-d_58.html
https://www.engineeringtoolbox.com/directivity-coefficient-sound-d_67.html
https://www.engineeringtoolbox.com/phi-constants-d_1241.html

Indoor sound propagation, example

 |sitnoisyin a bedroom that shares a partition with a teknikrum?
e Estimate SPL in teknikrum from SWL of a machine
e  Estimate sound reduction index of the partition

e Calculate SPL in bedroom thanks to SPL in teknikrum and R of partition

M. Barbagallo | 1 jud i byggnad och sambdille | V' TAF01 / 4 May 2020
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Measurements techniques, sound from service
equipment in buildings

e SS-EN 10052 (survey) and 16032 (engineering)
e Measure the sound field in the centre of the room and in the corner
e SS-EN 16032 wants to measurements in the centre and one in the corner

e SS-EN 10052 wants one in the centre and one in a corner but the former
shall be weighted twice

e SS-EN 16032 requires a detailed investigation of which corner shall be used

314 SS-EN 10052 (excerpt)

service equipment sound pressure level
the average sound pressure level in the room obtained by the procedure described in 8.3.3 indexes 1 and 2
relate to the position of the measuring points

R
L. =10lg (%xm‘“'-"' “ +§x10’m’ ”’] dB (14)
where

Ly is the weighted sound pressure level at position 1 being the comer position

L,z  is the weighted sound pressure level measured at the position 2 being in the reverberant field of
the roam.

Index x relates to frequency weighting used (x = A or C). oA
- Index y characterizes there the temporal weighting (y = F, 5 or equivalent continuous level L) & /_5

2) =
e
¥, By
Ot
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Ljudnivaer fran trafik och yttre ljudkallor

Dimensionerande ljudniva inomhus fran trafik och andra ljudkallor
utomhus, ljudniva inomhus i dB enligt BBR & SS 25267:2015 (utdrag)

Utrymme

Storhet

Ljudklass

A

B

[BBR

Ljudisolering bestams utifran faststéllda ljudnivaer utomhus sé att féljande ljudnivaer inomhus inte déverskrids

I utrymme for sémn, vila eller daglig samvaro Dygnsekvivalent A-vagd ljudniva, LoaeqnT 22 26 30
Nattekvivalent ljudniva, Lgn 18 22 -

Maximal A-vagd ljudnivd, L.a rray ot 37 41 45

| utrymme for matplats och matlagning eller i utrymme for Dygnsekvivalent A-vagd ljudniva, LoaeqnT 27 31 35
personligt hygien Maximal A-vagd ljudniva, Lo, gray o7 -

Det finns dock riktvarden pa ljudnivaer fran trafik som ska uppfyllas utomhus!

Ej enligt Miljobyggnad utan enligt myndigheter och darmed detaljplan.

M. Barbagallo | 1jud i byggnad och samhille | V'TAFOT /| 4 May 2020
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Sound power — Outdoor noise / Yttre ljudkallor

e Sound emission

— Sound power continuously emitted from a sound source

e

QO

Q=1: Full sphere
Q=2: Half sphere
Q=3: Quarter sphere
Q=4: Eighth sphere

Lw =Lp + ‘1010g <41(12r2 >

Source: www.sengpielandio.com

Outdoor! Only direct sound. E.g. A cooling unit. L, = Lw — ‘1() log< Q )

UNIVERSITY
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Fasadimensionering

e Kravinomhus fran trafik/yttre ljudkallor

e Man behover ljudniva vid fasad

! S
e R = Lfasad — Lirav inomhus + 1010819 (Z) —3;

Lfqsqq @r ljudniva vid fasad (dimensionerande, ekvivalent eller max)
Lirav inomhus ar gallande ljudkrav inomhus

S ar ytan i det rummet

A ar absorptionsarea

-3 ar sakerhetsmarginal (pa vaggen, pa fonster eller pa hela konstruktionen? Man ska

bestamma sig...)

10log;g G) ~ 101logq, (%), V ar rumsvolym och 0,5 s efterklangstid antagits

<
z
.&F
) £
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0551
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Verifiering

e Verifiering genom matningar (5% Atemp) eller besiktningar (20% Atemp).

e  Verifiering med besiktningar ar svart med ljud...

e Se gillande matstandard i SS 25267:2015 / SS 25268:2007+T1:2017

e  Luftljudsisolering
e  Stegljudsisolering
e Ljudnivder inomhus fran installationer

e  Ljudnivder inomhus fran trafik och andra yttre ljudkallor

/
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Thank you for your attention!

mathias.barbagallo(@construction.lth.se
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