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Limity hluku A v_nocni dobé

WHO (Guideline value 1995, 1999)
LAeq,T =45 dB v chranéném venkovnim prostoru staveb (outside bedrooms)
LAeq,T =30 dB v chranéném vnitfnim prostoru staveb (indoors)

EU

DK 1991, D 1998, PL 2007: LAeq,T =45 dB pro tidke osidleni ,,neighbouring
properties®, 40 dB pro mista husté osidlena ,,residential areas* nebo specialni
ochrany ,,institutions, week-end houses, gardens or recreations*

DK 2006: LAeq,T =44, 39 dB pti 8 m/s v 10 m, resp. -2 dB pi1 6 m/s v 10 m

GB: LA90,10min = 35-40 dB (podle po¢tu byti ,,dwellings*, kWh, doby. a
hladiny exp.), 45 dB pro ,,insidera®, doporuceni 5 dB nad hluk pozadi
USA (Local or State Noise Ordinances)

Wisconsin LAeq, T = 50 dB, Michigan 55 dB, California 60 dB pro malé¢ VTE

W

CR

LAeq,T =40 dB v chranéném venkovnim prostoru staveb
LAeq,T =30 dB v chranéném vnitfnim prostoru staveb



Limit hluku A

kombinace absolutniho a
relativniho limitu (v
zavislosti na hluku
pozadi)

GB ETSU-R-97
F, NL, NZ, AUS
USA

DK
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Example of night-time noise criterion
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Example of day-time noise criterion




Infrazvuk /- nf zvuk
infrazvuk 0 — 20 Hz, nf hluk 20 < 160 (200

nose level L [dB)
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,Limity” infrazvuku / nf zvuku

neni limit
doporudena hodnota v CSN ISO 7196 LG=90 dB,
v Dansku LG=85 dB

hladiny prahu slySeni pro jednotliva frekvencni
pasma v CSN ISO 226

smeérne kiivky (criterion curves) - hladiny
akustickéeho tlaku ve tretinooktavovych
frekven¢nich pasmech ji1z od 8 Hz

hladiny prahu slySeni LPS v priloze €. 1 k natizeni
vlady €. 148/2006 Sb.



Hluk s tonovymi slozkami
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ton = hladina v 1/30kt.
pasmu o 5 dB vysSsi

v nf oblasti se
porovnava s prahy
slySeni frekvenci
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Lteq,T [dB]
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Porovnani s prumyslem

MM1 pozadi —— MM1 1VTE —a— pramysl, 50 m od budowy —e— primysl, pracovisté prdmysl, pozadi



Lteq,T [dB]
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DEFRA, Dti, Geoff Leventhall

nf hluk VE ve Velkeé Britanii (5 ze 126 VP)
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DELTA

Infrazvuk a nf hluk neni hlavni problém

Busy city street, outdoor

Truck passing. 2m

On bridge over motonvay

Light industrial area with truck 50m

Light industrial area

Motorway, 225m, outdoor

3.6 MW wind trbing, 250m, outdoor

Suburh area, outdoor

3.6 MW wind wrhine, G00m, outdoor

3.6 MW wind turbine, 1800m, outdoor

3.6 MW wind turbine, 2600m, outdoor

Inside car. Rock on the radio

Inside passenger car, 80 km/h

Inside stopped IC3-Tain, idle

Inside runming IC3-train

Inside passenger car, idle

Qilired bumer, 1m indoor

Truck, idle. Measured in office next to.

Dishwasher, 0.6m

Busy city street indoor

3.6 MW wind turbine, 800m, indoor

Refrigerator, 0.5 m. indoor

40 50

Loa e [dB re 20pPal



Pripadove studie (case study)

Amanda Harry: Wind turbines, noise and
health

Barbara Frey, Peter Hadden: Noise
radiation from wind turbines installed near
homes: effects on health

Nina Pierpoint: WT syndrome

Dick Bowdler, Mike Stigwood: kritika
ETSU-R-97



Epidemiologicke studie

Eja Pedersen: Human response to WT noise

Frits van den Berg, Eja Pedersen: Project
WINDFARMperception

Torben Holm Pedersen: Noise Annoyance
Model



Eja Pedersen

VE rusivéjsi nez jin€ zdroje hluku

® Wind turb.
2 20 -

°c S Shunting
b~ Aircraft
f ------- Industry
-:E:’ 10 Road

S N O N B Sl BN LEEELY Railway




40

[ ) D
o Ole = C ville =
ACC CI10
100
—A—wt's no benefit 495% CI
—O—wi's all
S0 -
—x—air Miedema
a8
;E*- road Miedenma
= 060 —+—nail Miedema
<L
0
D
= A4 -
= 4(
20 - I
x s
N pm—
() __;Z'E ! +'_|—+-—-——I"——+ T ¥ T

45 50 55 60
Lden m dB(A)




Korelace typu zvuku a obtezovani

Correlation with Study | Study Il
noise annoyance n=223 n=296
Swishing 0.718*"  0.590™
Whistling 0.642™"  0.381™
Pulsating/throbbing 0.450""  0.387™
Resounding 0.485""  0.321™
Scratching/squeaking 0.398"™  0.290™
Tonal 0.335"" 0.122
Low trequency 0.292""  0.109
Lapping 0.262""  0.162"

“p<0.01; "p<0.05.




Technicke studie

Helge Aagard Madsen: Low Frequency
Noise from MW wind turbines

DELTA: Low frequency noise from large
wind turbines

Frits G.P. van den Berg: Effects of the wind
profile at night on wind turbine sound



Porovnani upwind a downwind VE
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Vlivy na nf hluk
rychlost vétru (otacky VTE)

vzdalenost rotor - stozar

SIEMENS 3.6 MW TURBINE -- 145 m downstream

}

L]
T

o
o,
g
&
;.
7
E
(=1
=
|.'_:
&
o

1Y lr" | &
4 |.--iu-'.!- llliﬁ,, | b

Sound prassure leval [dB]

16 20 25
FREQUENCY [Hz]

15 20
FREQUENCY [Hz]




Vlivy na nf hluk
rychlost vétru (otacky VTE)

vzdalenost rotor - stozar
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Frits G.P. van den Berg

acrodynamicky hluk VE
meteorologie: vySkovy profil rychlosti vétru

rozdilnosti profilu v denni a noCni dobé

lokalita Rhede (Némecko - Holandsko)
— 17 VE Enercon E-66 1.8 MW, 98 m, LwWA =103 dB
— nejblizsi zastavba 400 m
— hlukova studie 43 dB (2 dB pod némeckym limitem,
spliuje holandsky limit ~ rychlosti vétru)
— rozdil od méfeni standardné 0.1 - 1.2 dB, zvySeni o 2 az
5 dB pii1 stabilnich atmosférickych podminkach (swish)



Vyskovy profil rychlosti vetru
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DELTA

Problém muze byt amplitudova modulace

081118 003 - Fast Logged
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15:41:05 15:41:06 15:41:07 15:41:08 15:41:09 15:41:10 15:41:11 15:41:12 15:41:13 15:41:14 15:41:15
— LAeq
Cursor: 18.11.2008 15:41:08.000 - 15:41:08.100 LAeq=59.2 dB LAF =58.1 dB LAImax=61.0 dB
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Lteq,T [dB]

VE Vestas V90 - 2.0 MW
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Lteq,T [dB]
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Lteq,T [dB]
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Lteq,T [dB]

VE Vestas V90 - 2.0 MW
MV4

80 \
75 \
. \
60 \
55
0 8 /,/“\ \

40 \

* \ N

10 —o

25 \V/‘H’\\
N

20
\0\4
15 A\

10 0\‘\4

t

X X ¢ X = -

6.3
12.5
315

MM4 pozadi —— MM4 VE —LPS




e

RSN 2%
RSN
RS
R

94
ORRER

m 80-85

15:30:00 m 75-80
15:25:00
15:20:00 m70-75
15:15:00
:00 0 65-70

1 60-65
0 55-60
0 50-55
04550

Y 2R
N

k- 14:20:00
Qs.'

¢ u L 14:15:00 m 4045
D v.i 5 e R S 14:10:00
QSRS ‘ R LRI :10:
R RRRIRRS NAZZZZ= 14:05:00 m 3540
BOREIRER TS WA=y
ORI (L2 14:00:00
LR 5‘,(’&3:‘%‘3“"3‘“ COBNS | 135500 h : 13035
e O NS ST Nl 13:50:00 ¢as [hh:mm:ss
TR e ‘ P 5= 13:45:00 g 25-30

SIS

‘ L
XK ; 8 S22 13:40:00

\"\gj..gi:" 13:35:00 m 20-25
SR TR PINEEE 13:30:00
R oot Y 132500 m 1520
pVOSENY: > P 13:20:00
& \\\\\\3..::::.’ 13:15:00 m 10-15
PONSEES 13:10:00
A"\)f;:‘%:? 13:05:00 05-10

PO
L 130000
oeee 12:55:00

- 12:50:00
39w P22 124500
SN8gg SL2 194000
T838x TS 12:35:.00
S x o
ft [Hz] The®



SR
SR
S

12:56:00
12:52:00
12:49:00
12:46:00

. (X
N AT T AT
ARG LT AL A2 7528

S

7 77 15:30:00
LT AT T T 15:24:00
TR 15:18:00
AT 19.
T 15:112:00
15:07:00
15:04:00
14:58:00
14:54:00

14:51:00

14:46:00

14:38:00

14:32:00

14:29:00

14:25:00

14:21:00

14:17:00

14:11:00

14:04:00  ¢as [hh:mm:ss

13:59:00

13:53:00

13:34:00

13:31:00

13:22:00

13:17:00

13:13:00

7L 7

-~ - <>
-.~"
AL '~~
PR A ZA 7

13:08:00
13:03:00

m 80-85
m 7580
= 70-75
0 65-70
0 60-65
0 5560
0 50-55
0 45-50
m 4045
m 3540
o 30-35
m 25-30
m 20-25
m 15-20
m 10-15
0510




Fyziologicke studie

H. Moller, C. S. Pedersen: Hearing at
low and infrasonic frequencies

Geoff Leventhall: A Review of Published
Research on Low Frequency Noise and
its Effects



Vypoctove studle Rhede NL




Pohlt_lvv teren




Odrazwv teren

: | | E f I W[/

" i ] == i 2 - == r o] = - 3

1 | ' 1 . I

: : ] : :

y : ' i : . |1 g A

i i i i 8 ' ) =

v : ! ' -- I i [

: : : : : ; AL f

a z z | I

: : : : : : [ R
2000-------- Crrrrrrmesrssszeescs ffrmmrrrz=szerzaves j -------------- Bt e e A : =

i E E i ; : i 1 !

! ! ! ! : : [ i

| | s | : | i e

j e a e ' : | AL

! : : : |/

1000

A




Porovnani systemu vypoctu

standard Hluk+ jiny parametr Nluk+ dL
odrazivy 43.0 pohltivy
10st., 70% 43.0 15st.,50%
Hluk+ H43.0 LimA
LimA
3D, s vrst. 42.2 2D, bez vrst.
GO 42.2 G 0.5
GO 42 .2 G1.0
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Up- and downwind propagation

Figure 1
lllustration of wind influence on sound propagation:
Upwind of the source a shadow zone (hatched) occurs.




Vypocet hluku VE

specialni metodika neexistuje
postupuje jako u prim. zdroji (CSN ISO 9613-2)
v souladu s CSN EN 61400-11 je tieba zjistit

(max.) emisni hladinu LWA z méfeni nebo
vyrobcem garantovanou hladinu LwA

je tieba zvazit pohltivost terénu
je treba zvazit reliéf terénu
je tieba zvazit realnost redukce vykonu



Vypocet hluku VE

Problemy
neznama nebo podhodnocena emisni LwA
pohltivy terén v zimnim obdobi (3-4 dB)

prevyseni terénu (vertikalni profil vétru) = nahote fouka,
dole nefouka

méfene x vypoctove hodnoty ve vétSich vzdalenostech,
nékdy vypocet ,,nefunguje*

,,SsWwish* — pruchod listu rotoru kolem stozaru
soub¢h vice VE v blizkych lokalitach

nerealna redukce vykonu (vSechny VE farmy na absolutni
minimum)

hodnota tolerance (nejistoty) vici limitu



Situace: stav 5 - 3 VE, VE S-03 plny vykon, VE 5-02 a S-04 operacni mod Il -2 dB

LT

.

Y "lu
”.'lil?ly:

g

il

b




Zavery

systém limith v CR je piisnéj$i nez v EU(WHO)
mereni infrazvuku a nf hluku v chranéném venkovnim a

vnitinim prostoru budov neprokazala vyznamny vliv
infrazvuku ani nf hluku

jak objasnit fungujici lokality?
peclivé posuzovani hlukoveé studie, zejména pohltivosti
problémy:

— kvantifikovatelné: tonalita, soubéh VE, redukce vykonu

— obtizn€ kvantifikovatelné: ,,swish* — tolerance 2 dB

— ,,nekvantifikovatelné®, topograficky a meteorologicky podminéné:
® zastavba v udoli nebo za kopcem (u zastavby nefouka)
* s vySkou VE problémy rostou (van den Berg)
® s vySSim poctem VE problém soubéhu pulzi AM



Dekuji za pozornost
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