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predslov

* Priestorova akustika « Stavebna akustika
o Kvalita zvuku v miestnosti o /Zvukoveé izolacie
« objem, tvar, pohltivost
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predslov

« Zvukova izolacia nie je vzdy aj tepelna izolacia
 Zvukova izolacia sa nerieSi materialom ale konstrukciou

* Tepelna izolacia
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Co vyznamné sa stalo v roku 1842 ?
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Co vyznamné sa stalo v roku 1842 ?

Transfer vedy do technoldgie Popisanie vedeckych poznatkov

Monika Rychtarikova
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« Paralelne a nezavisle s Dopplerovym vyskumom sa
vSak postupne rozvijal aj iny pribeh, ktory zo zacCiatku
s Dopplerom vobec nesuvisel...

: . 2
 Hluk od susedov ol %owf%cwmc‘?
ST i EFEBE:

. : | | N |
a akusticka pohoda | AT }"

v bytovych domoch L g SUSY

o } : u/ﬂ Bfmtcy?
“‘:‘—/

& \

Monika Rychtarikova

- o Reauld
Faculty of Architecture, KU Leuven apa Ul for Researc




Hluk od susedov a spoloCenske triedy

« Gramofon

* lacny zdroj hudby v domacnosti

» Rotterdam — mestské zastupitelstvo

« zasadny rozdiel medzi hudbou produkovanou
hudobnikom a pristrojom

- Radio
« zahrnuté medzi zdroje hluku 1920-30

 Den Haag, Leiden, Breda, Utrecht,
Amsterdam, Maastricht, and Groningen

GERMANY

BELGIUM
Maastri
a
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Hluk od susedov a spoloCenske triedy

 Politické diskusie
* medzi praviCiarmi a laviCiarmi
« komunisti, socialny demokrati a lfavicovo orientovanymi

liberali sa postavili proti zakonu o zakaze hlasnej
reprodukovanej hudby..

* Argumentacia

« Konzervativni politici:
“DusSevne pracujuci ludia si potrebuju odpocinut
a kvoli hluku od susedov nemdzu kvalitne spat... ”

* Robotnicka trieda
“Ked’ prideme vecer zo Sichy domov, tak vsetci v nasej robotnickej Stvrti
pocuvaju tu istu stanicu a je nam tak spolu prijemne...”

K. Bijsterveld (2008): Mechanical Sound, MIT press
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Objektivhe meranie hluku

« 1937

 Seéf policie v Amsterdame Bakker a akustik prof. Zwikker
(TU Delft)

* lacny prenosny meraci pristroj na meranie hluku na uliciach
pre policiu

 vreckovy hlukomer Silenta meral iba hodnoty nad 80 dB ©

* 1950

* Prvé provizorne technicke normy s poziadavkami na
zvukovu izolaciu budov

* 1960
» Dilemy tykajuce sa subjektivheho vnimania hluku
« Prof. C.W. Kosten:

‘objektivne meranie je potrebné vzdy doplnit’ aj subjektivnym
hodnotenim”

Monika Rychtarikova

SRV ——
Faculty of Architecture, KU Leuven apa Ul for Research & Inn . SvF



Meranie a posudenie zvukovej izolacie

» 21.storocie
» Jednotné technické normy ISO 140, ISO 717
* Nejednotné kritéria pre jednocCiselné posudenie zvukovej izolacie

« Otazky zaclenenia nizkych frekvencii
f <100 Hz do celkového hodnotenia izolacie
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PreCo doposial neboli tzv. basove tény posudzované ?

Tazké konstrukcie Lahké konstrukcie

* betdn, tehla ... « Sadrokarton, drevo, ...
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PreCo doposial neboli tzv. basove tény posudzované ?

« Zvukovu izolaciu pre f < 100 Hz
* nie je mozné odmerat klasickou metodou podla ISO 140
- velka vinova diZ?ka => neistota merania

* 1000 Hz ~ 33 cm
500 Hz ~ 66 cm
* 100Hz~3,3m
e 50 Hz~6,6 m

Monika Rychtarikova
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Meranie zvukovej izolacie

o Akustické laboratérium
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Meranie zvukovej izolacie

« Sucasna metoda

S
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acoustic
excitation Lpl
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Monika Rychtarikova
Faculty of Architecture, KU Leuven

14

p 5 |d - Horizon 2020 ces
European Union Funding 208 ¢
APA UI for Research & Innovation * * * *




Meranie zvukovej izolacie

| &8
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Meranie a posudenie zvukovej izolacie

* Mody v miestnosti s rozmermi 7 x4 x 3,3 m

Mode (1,1,0) with eigenfrequentie 47.6 Hz Mode (2,1,0) with eigenfrequentie 62.2 Hz Mode (3,1,0) with eigenfrequentie 81 Hz
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» Potreba nove] metddy
* Nezavisle] na velkosti laboratoria
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Mozné rieSenia ©

« Zvacsit objem laboratoria a reproduktora...




Mozné riesenia

« Akusticka holografia
* Meranie zvukovej intenzity

... vplyv miestnosti sme takto nevylucili...
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Mozné riesenia

* Meranie priamo na povrchu konstrukcie

* Accelerometer
* Vyhody: nezavislost na miestnosti
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... a co zatial Dopplerov jav ?

* ... VmedziCase sa zacal pouzivat
* v astronomi
v radaroch
pri komunikacii satelitov
pri zobrazovani v lekarstve, rychlost krvi

* A pri merani vibracii = > Laser Doppler vibrometer

Monika Rychtarikova
Faculty of Architecture, KU Leuven
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... a co zatial Dopplerov jav ?

« Bolo by mozne odmerat zvukovu izolaciu laserom ?

Monika Rychtarikova
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Spojenie dvoch pribehov

« mohol James Bond naozaj odpocCuvat bezdrétovym
snimanim vibracii z okna ?

... anielen z okna... (
Monika Rychtarikova
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Navrh nove] metody

« K dobrému sa veci menia pomaly a postupne.

* Revolucie prinesu vzdy aj vela zlého

acoustic
excitation

Testovana \—“—‘
stena
response i
—)
force
and | _ laser
~~~~~~~ vibrometer
- T Teel
reference S~~o
response r

Vysielacia miestnost’ WD Prijimacia miestnost’
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Laser Doppler scanning vibrometry, Polytec®
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Laser Doppler scanning vibrometry, Polytec®

« An optical system to measure vibrations
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Meranie zvukovej izolacie mikrofonom

S 90.0
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Nepriezvucnost
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Meranie zvukovej izolacie laserom

« Navrhovana metdda

Rychlost

v(x,y,f)

LDV data

Rayleigh

Intenzita

[(x,y,f)
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response i
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force
_ - . laser
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reference S~~a
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Meranie laserom ?

\

\
Zeleny (532.& 520
Cerveny (660 & 635 nix
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Meranie zvukovej izolacie

« Navrhovana metdda
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Laser Doppler scanning vibrometry

* Nas prvy experiment
 Vplyv skrutiek v sadrokartonovej stene na jej
akusticke vlastnosti

Roozen B, Muellner H, Labelle L, Rychtarikova M, Glorieux C (2015): Influence of panel fastening on
the acoustic performance of light-weight building elements: study by sound transmission and laser
scanning vibrometry. Journal of Sound and Vibration 346, 100-116
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Laser Doppler scanning vibrometry

* Vplyv skrutiek v sadrokartonovej stene

Timber frame partition Weighted sound reduction index
Rw (C; Ctr)
1 | screws at the bottom and top only 58 (-3; -7)
2 | one row of screws in the middle, d=123 cm firmly fixed 56 (-2; -7)
3 | three rows of screws, d = 61.5 cm firmly fixed 52 (-1; -4)
4 | seven rows of screws, d = 30.75 cm firmly fixed 48 (-1; -5)
5 | seven rows of screws, d = 30.75cm 1/2 turn loosened | 52 (-1; -8)
6 | three rows of screws, d = 61.5 cm 1/2 turn loosened | 56 (-2; -6)
7 | one row of screws in the middle, d = 123 cm 1/2 turn loosened | 58 (-2; -6)
8 | screws at the bottom and top only, repeat of 1 59 (-3; -8)

Table I. Single values of the sound insulation of the partition with different screw configurations.

glasswool 160 mm gypsum fiber board
p = 12.5 kg/m® m' = 15.3 kg/m?
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Laser Doppler scanning vibrometry

* Vplyv skrutiek v sadrokartonovej stene

area_scan: time = 19995
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Laser Doppler scanning vibrometry

* Vplyv skrutiek v sadrokartonovej stene

Timber frame partition

Weighted sound reduction index
Rw (C; Ctr)

screws at the bottom and top only

three rows of screws, d = 61.5 cm
seven rows of screws, d = 30.75 cm
seven rows of screws, d = 30.75cm
three rows of screws, d = 61.5 cm

N3Ot W N

one row of screws in the middle, d=123 cm

one row of screws in the middle, d = 123 cm
8 | screws at the bottom and top only, repeat of 1

firmly fixed
firmly fixed
firmly fixed

1/2 turn loosened | 52 (-1; -8
1/2 turn loosened | 56 (-2; -6
1/2 turn loosened | 58 (-2; -6

58 (-3; -7
56 (-2; -7
52 (-1; -4

)
)
)
48 (-1; -5)
)
)
)

59 (-3; -8)

Table I. Single values of the sound insulation of the partition with different screw configurations.
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Laser Doppler scanning vibrometry

* Meranie laserom na transparentnych konstrukciach
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Laser Doppler scanning vibrometry

* Meranie laserom na transparentnych konstrukciach
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Laser Doppler scanning vibrometry

* Meranie laserom na transparentnych konstrukciach

Monika Rychtarikova
Faculty of Architecture, KU Leuven
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Nova metdda

Standardna metéda
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Laser Doppler scanning vibrometry

* Na Slovensku
* Ing. Daniel Urban, PhD.
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Laser Doppler scanning vibrometry

« Zdokonalovanie metody pokracuje

Monika Rychtarikova
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Podakovanie

 EU H2020 RISE (n0.690970): Advanced physical-acoustic
and psycho-acoustic diagnostic methods for innovation in
building (FAPABUILD) 2016 - 2020

" The EU Framework Programme
for Research and Innovation
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