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Sadrzaj predavanja

e akusticka ugoda (akusticki komfor)
* bukaidopustene razine
e akusticki parametri prostora
e optimalne vrijednosti parametara

* primjeri dobre i loSe prakse akusticke obrade prostora

* vizualizacija i auralizacija kao alati u dizajnu prostora
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Dopustene razine

Pravilnik o zastiti radnika od izlozenosti buci na radu (NN 46/08)

Kk LASTER
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. NajviSa dopustena razina buke
R. br. Opis posla L, o UdB(A)
W

1 Najzahtjevniji umni rad, vrlo velika usredotoCenost, rad vezan za veliku 45 40
odgovornost, najslozeniji poslovi upravljanja i rukovodenja

2 Pretezno umni rad koji zahtijeva usredotocenost, kreativno razmisljanje, dugorocne 50 40
odluke istrazivanje, projektiranje, komuniciranje sa skupinom ljudi

3 Zahtjevniji uredski poslovi, lije¢ni¢ke ordinacije, dvorane za sastanke, Skolska 55 45
nastava, neposredno govorno i/ili telefonsko komuniciranje

4 Manje zahtjevni uredski poslovi, pretezno rutinski umni rad koji zahtijeva 60 0
usredotocenje ili neposredno govorno i/ili telefonsko komuniciranje, komunikacijske
centrale

5 Manje zahtjevni i uglavnom mehanizirani uredski poslovi, prodaja, vrlo zahtjevno 65 55
upravljanje sustavima, fizicki rad koji zahtijeva veliku pozornost i usredotoCenost,
zahtjevni poslovi montaze

6 Pretezno mehanizirani uredski poslovi, zahtjevno upravljanje sustavima, upravljacke 70 60
kabine, fizicki rad koji zahtijeva stalnu usredotocenost, rad koji zahtijeva nadzor
sluhom, rad koji se obavlja na temelju zvu¢nih signala

7 Manje zahtjevni fizicki poslovi koji zahtijevaju usredotocenost 1 oprez, manje 75 65
zahtjevno uprav Jal“lje sustavima
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Dopustene razine

DIN 18041 — za prostore namijenjene govoru

Kk LASTER
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Schalltechnische Stoérgerausch- Eignung® fur eine Entfernung: Eignung® fur Eignung® fur die

Anforderungen an pegel Sprecher — Horer Personen mit Wahrnehmung

die Raumnutzung La Horverlusten schwieriger oder-
: be . b fremdsprachiger

m mittlere grossere Texte

| (mindest) < 40 (laut) + - - -

Il (mittlere) < 35 (mittel) + 0 o 0

Il (hohe) < 30 (leise) + + + +

%) "+" geeignet, "o" beNMngt geeigfiet, "-" nicht geeignet

b) Fur eine mittlere Entfernung zwischen Sprecher und Hérer kann Ublicherweise ein Abstand von 5 m bis 8 m, fur

gréssere Entfernungen > 8 m, angenommen werden.

) Auch geeignet fir geringere Entfernungen zwischen Sprecher und Hérer bis etwa 5 m.

Tabelle 1 Einstufung der zulassigen Stérgerduschpegel gemass DIN 18041 (Tabelle 1)
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Sveuciliste u Zagrebu
Arhitektonski fakultet
University of Zagreb
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Dopustene razine

ANSI/ASA S12.60/2010/Part 1 — za Skole

Learning space

Greatest one-hour
average A-and C-
weighted sound
level of exterior-

Greatest one-hour
average A-and C-
weighted sound
level of interior-

Maximum permitted
reverberation times for
sound pressure levels in
octave bands with midband

SOUrce Source frequencies of 500, 1000,
I:ra{:lcgrnmd noise | background noise and 2000 Hz (s)
8] H:'B} ol, T [dB]
Core leaming space with
enclosed volume <= 253 m?
(=10 000 ft) 35 455 35155 06s"
Core leaming space with
enclosed volume = 283 m® and
= 566 m? (> 10 000 ft* and
< 20 000 ft*) 35)}':5 35155 07 =
Core leaming spaces with
enclosed volumes = 556 m?
(= 20 DDO ') and all ancillary
leaming spaces 40/p09 407609 Mo reguirement

a) See 3.1.1.1 and 3.1.1 2 for definitions of cyre ghd ancillary leaming spaces.

k) The greatest one-houwr average A- and ©

#hted interior-source and the greatest one-hour average A- and C-weighted

exterior-source background noise levels are evaluated independently and will nommally cccur at different locations n the

room and at different times of day.

c) See 5.2.2 for other imits on intenor-source background noise level.

dj See 5.2 3 for limits in comiders adjacent to classrooms.
e} See 5.3.2 for requirement that core learning spaces = 282 m” (= 10 000 f*) shall be readily adaptable to allow reduction in

reverteration time o 0.3 5.

f] The design location shall be at a height of 1 m above the fleor and ne closer than 1 m from a wall, window, or fixed object
such as HWAC eguipment or supply or return opening. See A.1.3 for measurement location.
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Average night noise Health effects observed in the population

WHO = Night nOise gUidenneS fOr Europe level over a year
Lpight, ouside ©f 30 dB is equivalent to the no

Up to 30 dB
observed effect level (NOEL) for night noise.

30 to 40 dB A number of effects on sleep are observed from this
range: body movements, awakening, self-reported
sleep disturbance, arousals. The intensity of the
effect depends on the nature of the source and the
number of events. Vulnerable groups (for example
children, the chronically ill and the elderly) are
more susceptible. However, even in the worst cases
the effects seem modest. Lyt ouside of 40 dB is
equivalent to the lowest observed adverse effect
level (LOAEL) for night noise.

40 to 55 dB Adverse health effects are observed among the
exposed population. Many people have to adapt
their lives to cope with the noise at night. Vulnerable
groups are more severely affected.

Although individual sensitivities and circum-
stances may differ, it appears that up to this level
no substantial biological effects are observed.

Above 55 dB The situation is considered increasingly danger-
ous for public health. Adverse health effects
occur frequently, a sizeable proportion of the
population is highly annoyed and sleep-dis-
turbed. There is evidence that the risk of cardio-

vascular disease increases.
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* Parametri za odredivanje akust. osobine prostora (ISO 3382)

Sveuciliste u Zagrebu
Arhitektonski fakultet
University of Zagreb
Faculty of Architecture

Akusticki parametri

Parametar, oznaka (jedinica)

Vrijeme odjeka, T3y, Tyq (S)

Subjektivni osjecaj

odjecnost, glasnk $d

odjeCnest, /Fml
‘Ct =

B

definiranost govora

Vrijeme ranog opadanja, EDT (s)

Centralno vrijeme, T, (s)
Jasnoda, Cg,, Cg, (dB)
Definiranost, Dgq (%)

Pojacanje, G (dB) relativna razina zvuka

)

korelacije IACC

Udio boc¢ne energi'e, osjecaj prostornosti

Interauralni ko@#

o

osjecaj prostornosti

cesto upotrebljavaju i parametri razumljivosti govora:
STI, RASTI, Alcons
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volumen prostorije u m* x 100

° aneme OdjEka, T60 (S) ©4 ceos! 152 3 4 6 B 10 1520 20 40 60 &8010C 150 250
26
Razina zvuka (dB) 24 i
80
Avnuf'\wﬁvf"l 2'2 '.’ Lﬂ-ﬁ

| T e 20 3
b~

60 mjerno — 18 (282t

podrugje (30 dB) o
50 2 e — -
60dB =P -
________ c .
40 o ___‘_../
E |2 L=
@
30 g " i
20 ' ; |
“““““““““““““““““““““““““ o8
10 2
. ce ERE <08t \PRE D
0 — NE ATAL pale I
0 1 2 04 [HPNFERE L arplOOE =
Vrijeme (s) WO P L
02 | pROOV Lt
= I

© Marshall Long: , Architectural Acoustics”, Associate Press 2005.
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Primjeri dobre prakse

— —— T
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Section Section
Balceony
)
Flan Flan
Auditerivm with Baleony Auditerivm without Balcony
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1) EcHe

2) LON& DELAYED
REFLECTIONS

5 B) SHADOW ZONE

N —

© Marshall Long — Architectural Acoustics, Academic Press 2005.

4) FOCUsING
5) FLUTTER EcHO

PLAN
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Sveuciliste u Zagrebu ..
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University of Zagreb .

Reverberationtime (s)

ri . e 125 250 500 1000 2000 4000 8000
‘ \"" p J Octave band center frequency (Hz)

—untreated —plaster 20 mm —plaster+ marble —plaster+ marble + benches
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File Toolbar 3D_Billiard Options Window To &
RIS HDDLIFE OME 9 BTz EEIXBE v L
Surface scattering

None (s=0)
[ Actual
[ Full scatter (S=1)
[J rRadiation rel. to source
Radiation

@ 3D Random
[Jreflectors only

Billard Balls 5000 [2]
Ball size 2,0 5 imm
Dist. per update | 0,10 5|m
Max Refl. order E) :‘1
Max Decay 60,0 /3{ dB
Absorption

[Jshow absorption

Sph

[

erical decay

and | 1000Hz

Colour Scale Geography

Source
PS No description#4 - v
N

[ Restart andl run ]

Restart

. Single step

Run

e,

<IN

Q_ _,_—J/" Path <m>: 0,100
Time <ms>0
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—e— Stare crkve —e— Crkve poc. 20. st. —e— Moderne crkve
Moderne crkve (renoviranje) e Linear (Stare crkve) e Linear (Crkve poc. 20. st.)
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= indeks binauralne kvalitete (BQl)

s dB ms
ﬂ ﬂiﬁiﬂﬂﬂ Parameter: RT,, EDT,p0 BQI Gig Gss ITDG Csos3
{‘ average
‘ average average center
3@}};}, iy Conditions: 125 Hz 0.5-1-2
0,5-1 kHz 0,5-1 kHz of the hall
kHz
Symphonic orchestra
1,8 -2.,1 22-26 0,65 -0,71 1,5-5,5 3,0-6,0 <25 -3,0-0
> 1400 sjedala
Measured hall 2,02 0,53 2,3

- S . 2
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gy Vizualizac Ja parametara nZEBhr

Faculty of Architecture

Akustic¢ki parametar Frekvencija | Tipi€ni raspon | Slanica
Pojacanje G 500-1000 |-2dBdo+10dB |4 dB
Vrijeme ranog opadanja zvuka EDT | 500 - 1000 | 1,0sdo3,0s 1,2s
Jasnoca Cso 500-1000 |-5dBdo+5dB |1,6dB
Definiranost Dso 500-1000 |0,3do0,7 0,43

Slanica Concert | RT¢, | EDT 80y Gma | Cao | ITDG V/N -

Hall (s) | (s) (dB) | (dB) | (ms) |(m*/pers.)

Measured values 120 120 0.72 | 5.7 16 3.74 0.56

Symphonical music

Chamber music

Opera

Speech
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Zakljucak

» akusticka ugoda / komfor jedan od klju¢nih znacajki prostora, posebno tada gdje
je razumljivost govora, kvaliteta glazbe ili niska razina Suma kljucna

* prostorna akustika je kompleksna disciplina i lako je ,promasiti” akusticki dizajn
prostorije ako se radi nestrucno i ,,od oka”

e akusticki defekti su Cujni i Cesto smanjuju upotrebljivost nekog prostora

» elaborati prostorne akustike mogu biti lakse razumljivi i laicima ako se upotrijebe
metode vizualizacije kljuCnih parametara, ili auralizacija zvuka
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