Teyv. Xpov. Emot. 'Exd. TEE, te0y. 3 2010 Tech. Chron. Sci. J. TCG, No 3

135

Hewpopatikny Atgpevvnon
Hyopovotikov Ikavotitov Oupav

TEQPTIOX 1. MIOYAAKOX
Avaminpotig Kadnyntic Zyoing Apyitektovov EMIT

Hepiznyn

H ovveyawg avlovouevny évioon tov mepifailoviog nyntikod me-
diov, 1000 010 ECWTEPIKO, OO0 KOI OTO ECMTEPIKO TWV KTIPIMV,
omoITel THY OOENUEVH NYOUOVOTIKN 1IKAVOTHTO TV OLOYWPIOTIKDOV
TETOOUATOV, OOTE UEGO. GTOVS YWDPOVS OLOPIWGHS VO, ETLKPATODY
ovvOnKes axovotikns aveons. Lia va emtevy el avto yperdletor va
KOTOOKEDATTOVY TOPTES, 01 OTOIES VO TOPOVTIGLOVY DYWHAES TIUES
orafuiouévov deixty nyopsiowons R . Xy mapovoo epyacio ele-
tadovtor meipopatika £E1 mOPTEG, MOV EIVAL KOTOTKEVOOUEVES ATTO
0vo whakeg poprooavidag (M.D.F.) ue emévovon popudirog. Ot 6vo
TAGKES EVOVOVTAL ECWTEPIKG. UE OPILOVTIES TPOPEPTES ATO LLOPIO-
oavido, (voforay) kai ato, evOi104ETO. d1GKEVO. TOTOOETEITOL YOAOPE,
valofeppoxag. Or mdpteg avtég Exovy R ueyoddtepo amd g ov-
vnOiouéves mopteg, alla oyt ikavomomtikd. H mpoabikn poliwv
HoAvfoov avéaver Ty nyopovwTiky 1KOVOTNTO, KOI Aoufdavoviol
mépreg ue 1kavomomries ipés R . H mpdoletn oppdiyion ue 1ok
HOOTIYN TO00 0TO KATW UEPOS, OO0 KOl TEPIUETPIKG. TV eLeTa00E-
VIV SoKIUI®V, dgv Edeile meEIpauaTIiKG aOENoN THS NYOUOVWTIKIG
IKOVOTHTAS TOVG. AVTO GHULOIVEL OTL 1] OPYIKH OPPAYICH TV OPUDV
v dokiuiwv frav emopkns. Emiong, eletalovior epyaothpioxd
TPELS OITAES TOPTES, TOV TPOEKDWOV IUE GOVODATLODS OO TIG OTAES
wopteg, mov eletaatnrav. O1 NiwAés moptes mapovoialovy mwold
owniég tués oo R

1 EIZATQI'H

‘Evoc amd tovg onuoviikdtepovs mTapiyovteg yio Tnv
avetn o1afiorn 6Tovg S1a(popovS YMPOVG ival Kot 1) 6TAOUN
NYNTIKNG EvTaong péca 6” avtovg. AteBvag éyovv kabopiotel
0l OVEKTEG GTAOES MYMTIKNG EVTACTNG, AVAAOYO LLE TN XPTION
TOV YMPOV.

H enidpaon tov emtepucov BopvPov ce kdbe ydpo
e&apTaTOL O TV NYOUOVOTIKY IKAVOTNTO TOV TOPEUPOA-
AOLEVOL SLO®PLOTIKOD TETACUATOS. AVTA TO, SOY®PLOTL-
K@ metdopata givar cuvnBog cvvheTa Kol amotehovvTot
amd Lo TOYOTOoUo Tov TEPIAAUPAvVEL éva 1] TEPIGCOTEPQ.
avotypoTa.

2TIC E0MTEPIKEG TOLYOTOUES TO Gvorypa gival cuviBmg
pio ToptTae. X’ ot TNV TEPINTMON 0 JEIKTNG NYOUEIDOTG
Tov ovvleTov Sraymprotikoy methopatog, R, e&aptérol
and tovg deikteg Myopeimong R kot R 1ng toyonotiag
Yropinbnxe: 28.12.2006 Eyve oextij: 6.4.2010

KaL NG TOPTAG, AVTIoTOiY™G, Kabdg Kot and tov A6yo S /S
oV guPadov g moptTag, S TPOg TO GLVOAKO eUP0dO TOV
ovvbetov dloywplotikod metdopatog, S [1]. MdaMota, o
deiktng R, eivar 1600 peyadvtepog, 6co pueyarbrepor eivar
ot deikteg R xor R kar 660 pixpdtepo eivar to epfado
S_. Zuvenmg, ue S€50UEV TV KATAGKELT] TG TOT(OTOtiog
KOl TO GVOlypo TNG TOPTAG, 1 CUVOALKT] MOLOVOTIKY 1Ko
VOTNTA TOV S10Y®PIOTIKOD TETACUATOG e€apTdTol amd TV
avtioToym g ndPTaC.

Emeidn ot cvvmbiopéveg mopteg €xovv pikpd deiktn
Nyopeimong, cvviBwg R < 30 dB, n eridpacn tovg o
GUVOAIKY] TYOLOVAOTIKY] KAVOTNTO TOL GUVOETOL Sloywpt-
OTIKOD TTETAGUATOG gival SLOUEVIG KOl LAMOTO Eival TOGO
dvuopevéotepn, 660 peyaAvtepn efvar ot tov R [2,3]
[pakTiKd, o€ apKETEG TEPMTAOCELS, AVAAOYA LE TIG GUVOT-
Keg Tov e@TEPLKOV BopOPOL Kat TN YPNOT| TOL YDPOL, YPEL-
alovton ToOpTEG pe peyoldTepes TG deikTtn nyopeioongs. To
010 ovpPaivet, emiong, 6tav ypelaleTol va Tpoctatevdei To
AOPPNTO TNG CLUVOLUMOG 1) TNG TNAEPOVIKNG EMKOVOVIOG
péoa 6” vav yopo [4].

H nyopovotikn wavdtnta g moptag, €KT0G amd TO
VAIKO KOl TOV TPOTO KOTUOKELNG TG, £0pTATOL KOt amd TO
TEPIUETPLKO GPPayiopa TV apudv g [5]. To mo gvdiwto
onpeio g elvar 610 KAt PEPOS, OOV M TOPTO OKOLUTTE.
GTO TATWOLA.

O Soeta et al. diepgvvnoay T AKOVOTIKEG IOLOTNTEG TNG
NYOUETAO0ONG HEGO amd TOPTEG, LETPAOVIOG KOl VTOAOYi-
fovtag YpovIKOLG Kol YOPKOVG TOPAYOVTES TOV MNYNTIKOD
nediov [6].

KoAn mpopreyn g MYOUOVAOTIKNG IKAVOTNTOG Y0 TIG
TOPTEG, Ol OMOleg OmMOTELOVVTOL OO dVO GTPMGELS, AdpPd-
vetor omd ) Bewpia Tov Sharp [7], dtav vdpyel nyoamwop-
POPNTIKO VAIKO GTO S1AKEVO HETAED TOV GTPOCEDV Kol 0o
v avrtictotyn t@v Cummings kot MacHolland [8] 6tav dev
VILAPYEL NYOOTOPPOPNTIKO LAKO.

H enidpaon g nyopetddoong HEGO amd TOVG APUOLS
OTN GUVOAKT| NYOLOVAOOT| TNG TOPTAG TEPLYPAPETAL OO TO
povtédlo tov Jones [9], evd to povtédo tov Comperts [10]
OTOSI0EL IKAVOTIOINTIKG TNV NYOUETAS00T HECH amd OmTA0VG
dopukovg appode.
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2 XYMBOAIXMOI S
R,=L;—L,+ 10hoy—* 3.1
A
R, o deiktng nyopeiwong Tov cdvbetov Sraywpiott-
KOV TETAGLOTOG A= 0-17,63V 32
R

R 0 deiktng nyopeimong g Toyomouiog
R o deiktng nyopeimong g moptog
S 70 eUPadd g ToOpPTOG

S 70 GLVOMKO gUP0dd TOL GVVOETOV dLY®PIOTIKOD
TMETAGLOTOG

L, mnicoddvapn otadun xwpikig péong nyntikng mie-
OMG GTO dMUATIO NYNTIKNG EKTOUTNG

L,  moavtiotoyn otdfun nynTikng tieong o1o d®pdTio
MNTIKAG Aymg

A 1 100d0vOun ETPAVELD XOOTOPPOPTONG TOV d®-
patiov ynrikig Aymg

V 0 06YyKOG TOL d®UATIOL NYNTIKAG ANYNG

T 0 XPOVOG OVINYNONG TOL dMUOTIOL NYNTIKNG A1j-
yne

R 0 deikng nyopeimong yio TG S0pOPETIKEG TOPTES

R o otaBuopévog deiktng nyopeimong tov cuvieTov
S ®PIOTIKOD TETACUATOG

3 XXEAIAXMOX TOY HEIPAMATOX

H dwdikocio SOKIUNG TG NYOLOVOTIKNAG IKAVOTNTOG Yo
nopteg meprypapetat avaivtikd oto EN EAOT 370.3 [11]
KoL AVOQEPETAL GLVOTTTIKA Topokdte. H e&etaldpevn mopta
éxet epPadd pkpodtepo and 1o gpPadd Tov AVOlYHOTOG pe-
Ta&0 TV 000 afovomv dokinc. T tov Adyo avtd mpénet
010 Gvorypo vo tomofetnBel e01kd SloOPIoTIKO TETAGHO
LE OPKETA UEYOAN MYOHOVOGN Kot 6° ovtd va, tomobetn el
N v e&étacn nopta. O Myog mov petadidetot péca and o
YDOPIGHO AVTO KOl OO OTOLONTOTE GAAT EUEST) StadPOUT|
TPEMEL VAL EIVOL OUEANTEOG GE CVYKPLOT| LLE TOV YO TOV LETOL-
dideton amevbeiog pésa and v TOPTA.

O deiktng nyopeimong, R, g noptag otig epyootn-
PLOKEC OOKIUEG OOV EMIKPATEL O1GyVTO MYNTIKO TEDIO,
npocdiopiletar amd ) 6y.(3.1), evd 1 160dHvaun ETLPAVELD
NYOATOPPOPNONG A TOV SOUATIOL NYNTIKAG AYNG TPOGIL0-
piletar amod ) oy.(3.2).

Xty mopoboa EpYAcio. TPOGOIOPIGTNKE TEIPAUATIKA 1)
NYOUOVOTIKY CUUTEPLPOPA o€ £E1 amAEG KOl TPELS OUTAEG
TOPTEG, OTNV TPOCTADEIN VO KATACKEVAOGTEL [io TOPTAL pE
VYNAN MyopoveTikn wavotnta. Eniong, £yive éheyyog oye-
TIKAQ L€ TNV NYOUOVOTIKT] ETAPKELN TNG TEPLUETPIKNG GPPA-
YIONG TOV OPUOV.

Ot amAég TOpTeg TOL peheTnONKOY, Tapovslalovtal oToV
nivaka 1, evd ot dumhég mopteg glvar cuvdvoouol omd Tig
Tapanive aniég mopteg (mivakag 2).

Emiong, eAéyyBnie n NyooteyavoTnTa TG TEPYLETPIKNG
oOPAYIONG TOV OPU®V HETOED TOV POAAOV KOl TNG KAGOG.
I'a Tov Adyo avtod otig mopteg I, 11, 11, IV, V kau VI, tomo-
BetnOnKe TPOGHETN TEPUETPIKT] GPPAYION OO EOIKT| QUTTO-
QPOKTIKT LOOTX0 0 dVO GTAd1OL.

310 TpdTO 6TAd0 ToToBETHONKE HOVO GTO KATM TUNHO
g moptag (dokipa I, IT7, ", IV', V" kar VI') kot 6710 680-
TeP0 o€ OAN TV TepipeTpo ¢ moptag (doxipa 177, 117, TIT7,
IV, V" ko VI™).

Mivaxag 1. Zovortixi weprypopn axiov Qvpav.

Kartaokevn): 2 dpoteg oTpaoelg
Emwpaveiakés dwootdoeis: 1170 x 2430 mm Azndota-
on uetaéd orpdcewv: 46,00 mm
Kataokevn ka8s goirov: Edikn poplocavida
(M.D.F.), méryovg 6,0 mm

I.  Eocwtepikn enévdvon kabe goilov: Poppdika md-
xovg 1,0 mm.
Atdikevo: Opilovtieg tpafépoeg TAdtovg 18,0 mm
amd poprocavida (vopomdv) ava 20,0 mm kot voro-
BapPaxag (50 kg/m?)
Zuvolkd Tayog euALov: 60,00 mm
Zuvolkr) emwe. mukvotnta: 26,1 kg/m?

Kataokevn: Towa pe ndpta 1

Emoaveiokéc dwnotdoeic: 1oieg pe nopta I Andota-
II. on petaéd otpdoewv: 51,00 mm.

Zuvolkd Tayog euALOL: 65,00 mm

Zvvolkr) emwe. moukvotnta: 29,3 kg/m?

Kataokevn: Towa pe noprta 1

Emoaveiokéc dwnotdoeic: 1oieg pe nopta I Andota-
III. on petaéd otpdoewv: 66,00 mm.

Zuvolkd Tayog evuAiov: 80,00 mm

Zvvolkr) emwe. mukvotnta: 33,0 kg/m?
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Katackevn: 1o pe woprta 1

Emoaveiakéc dwnotdoerc: 1ot pe nopta I Andota-
IV.  on petaéd otpdoeov: 81,00 mm.

Zuvolkd Tayog euALoL: 95,00 mm

2uvoMkn em@. Tokvotnta: 38,2 kg/m?.

Katackevn: 1o pe woprta 1

Emwpavelaké dwuotdoeis: Toteg pe mopta |

Amndotoon petaéd otphoenv: 70,00 mm

Katackevn 1% otpdong: EEmtepid £1d1kn poploca-

vida (M.D.F.) mdyovg 5,0 mm, evdidpeca poéivfdog

mhyovg 2,0 mm Kot E6OTEPIKE LOPLOGOVIdA TAYOVG
V. 5,0 mm.

Koaraokeur 2% otpmong: Tow vikd pe 1" otpoon,

oAl pe Tyn 6,0 mm, 1,0 mm kot 6,0 mm, avti-

oToiyWG.

Enévdvon: @oppudike méyovg 1,0 mm.

Adxevo: YoroBappoxag (50 kg/m?®)

2UVoAKO TTayog eUALOL: 95,0 mm XvVoMKY| ETLQ.

QOUEVES iBOVOEG Y10 TOV TPOGOLOPICUO TG NYOLOVAOTIKTG
KOVOTNTOG SLOOPICTIKOV TETUCUATOV KOl OTOYEIOV dla-
YOPOTIKAOV TeTAcHATOV [11].

310 dvotypo peta&d tov dHo aBovodv, GTIS 0TToles £yvay
01 SOKIUEG, KOTOOKEVAOTNKE SLOMPLOTIKO TETAGIL TOL OTO-
teleitol amd po oTpdoT amd TEGGEPLS YOWOSOVIOESG TAYOVG
15,0 mm n kaBgpud, didrevo mayovg 45,0 mm, debtepn oTPO-
o1 Oo TPELG YLYOOoUVIdES Le TO 1010 Thy0g, 6£vTEPO S1AKEVO
nayovg 45,0 mm Kot TPiTn OTPOOCT OnO TPELG YOWOOOVIOES.
To dwywplotikd TéTaoua et GLVOAKO ayog 270,0 mm kot
R, = 68,0 dB (oyfipa 1), dote 0 fxog mov petadidetar uéca,
amd avTd Vo VoL UEANTEOS GE GUYKPLOT LE TOV 1)XO OV
petadideton péca amd v mopta. Ko ota 600 didkeva €xet
tomofetnOel, yohapd, otpdpa voroPdappako mokvotntag 50
kg/m3. Kot ot 800 mlevpéc 100 SoymploTikon TETAGUOTOS
&yovv emyypiotel pe acPeotoroviapa mdyovg 15,0 mm.

Mivaxag 3. deiktng nyopcimwons yio toiyo amé yvyooavioes e
valofoupfora oro didxeva.

mokvotnta: 64,6 kg/m? Xvyvotnta og Hz Agiktng nyopeioong R
Katackevn: 1o pe wopta 1 100 45,7
Emwpavelakéc dwuotdoeis: Toeg pe mopto |
Amndotaon petaéd otpdoewv: 100,00 mm 125 53,9
Kataokevn 1% otpaong: Edikn poprocavida
(M.D.F.) mdyovg 16,0 mm. 160 55,1
VI. Kataokeun 2% orpmong: EEwtepicd M.D.F. ndyovc
6,0 mm, evéidpeco poAvpdog mhyovg 1,0 mm Kot 200 54,0
E0MTEPIKA Ploplocavida mdyovg 6,0 mm.
Adxkevo: YoroBappoxag (50 kg/m?) 250 58,3
2uvoAKd TTayog eOAAoL: 129,0 mm
Zvvolkr) eme. mokvotnta: 72,3 kg/m? . 315 58,7
400 62,0
ivaxag 2. Xovortixy mwepiypagn oiriwv Gupav.
500 67,1
VII.  Xvvdvaouéds: Mopteg IT ko 1
Ambdotaon petaéd tovg: 175,0 mm. 630 67,5
Zvvolki) emp. mokvotnta: 55,9 kg/m? (29,8+26,1)
800 67,3
VIII. Zuvdvacpog: Mopteg IT kon 1T
Andotoon petaéd tovg: 155,0 mm. 1000 72,2
2uvoMkn em. Tokvotnta: 62,3 kg/m? .(29,3+33,0)
1250 75,1
IX.  Zuvdvaopog: Mopteg I ko VI
Amdotaon petaéd tovg: 106,00 mm. 1600 73,8
Zvvolki) eme. mokvotnta: 93,9 kg/m? (29,3+64,6)
2000 74,7
4 EPTAXTHPIAKA ITEIPAMATA 2500 76,1
3150 79,0

H deoyoyn tav doxudv €ywve oto Epyactipio Hyo-
teyviag Tov E.M.IToAvteyveion Kot oTig KaTdAAnAa dtopop-
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Zynua 1. deiktns nyopeiwons oe oyéon pe T ooYVOTHTO Y10. TO 010~
XWPLOTIKO TETOOLLO.

210 HECO TOV METACLATOG KOl GTO KAT® UEPOS TOL £)EL
apebel avorypa e Tig Sl0oTACES TV SOKILIOV Kot KOTo-
OKELAOTNKE TEPIUETPIKN VAV KAGA, OTNV OToid OvVOpTY|-
Onkov Stadoykd, amd eOIKOVG PEVTEGEDES, Ol TOPTEG TOL
eetdoTnKOY.

EhooTike mapépBuopa
aTeyavaTroinang

Turmkd mpeRad) amo Sukeio

Synua 2. Aewrouépeia 006viwens oe opilovia toun e KGoog Kol
700 POALoV yia TV TopTOL 1.

Ehaotixd rapiufuapa
OTEYONOTIDINGTS

Turnkd mpefadi ars fuhtia
— ] Memoek |

ynua 3. Aewtopépeio. 000viwans o€ opiloviia Toun e KGoog Kol
700 POALov yo Tig wopreg 11 kou 111

Ehaoms nopiifusia
Tumikd TpeRal and Eukdia aTEpEvEniEng
== . --——| meei

W— _:\'_]'_:Z:
~80/60] .
e ﬁ/ \\
Sah

ynua 4. Aertopépeio. 000viwang oe opiloviia Toun e KGoog Kol
700 PvAdov yo g wopreg IV, Vo VI

To xkbt® PEPOG TOV EVAAOV AKOVUTOVGE GTO OAMEDO.
H oteyavonoinon peta&d kdoog kot QOAAOV £yve pE TNV
KOTOOKEDT] KOTAAANA®V 080VIMGE®DY Yo TNV KOAOTEPT
EPAPLLOYN TOL PUAAOV GTNV KAGH, OTIC 0TTOiEG TOTOOETNONKE
eAaoTikd Tapéppouopa oteyavomoinong. (oxfuoto 2,3,4)
370 KOT® HEPOG TOV PLAAOD VILAPYEL CVTOLOTT XDVELTY| O~
pPOQpPAYN, 1) OTO10 KOAVTTEL TO TOUVO KEVO OVALESH G 0VTO
Kot 1o danedo. (oyniuata 5,6)
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AuTOpaT XWVEUTH
aepogpayn

ZyNHa 5. AeTTOUEPEIO. AVTOUOTHS GEPOPPOYHS TE KOTAKOPOPH TOUN
700 PvALov o g mopteg I éwg kou V.

| N |

I

Autdpat
yuveurr
aEpoppayn
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2o 6. AeTTOUEPEIQ QVTOUOTHS CEPOPPOYNS TE KOTOKOPLPH TOUN
700 PvAlov yio. v wopta VI

Ievikd, n Tomobétnon kabe ndptag Eyve pe tpdémo 660
70 SuVaTOV TAPOHOLO LE TNV TPAYUATIKT KOTOGKEDT], OTMG,
emiong, €ywve mPooekTik) eEOUOimoN TV GUVONK®OV TG
TEPUETPIKNG oPpayong . Kot otig dvo aibovoeg doki-
pHav givarl ovaptnpéve amd v opoen KatdAAnAa cTotyeio
nYodidyvong omd Pepvik@pévn avikoAint Evieia yuo
dnpovpyia dtdyvToL MYNTIKOL TTEdiOV PECH OTIG 0iBoVTES.

TN Tov Tpocd1opIod TOV 1IG0dVVAU®Y CTOOUOV YoOpL-

K péong nyntikng wieong L, kot L, o1ig aibovoeg nyntikng
EKTOUTNG KOL YNTIKAG AYNG, avTioToLYO, (PNOLULOTO|01-
K& ™G MYNTIKO onpo 00pvPog TopayOIEVOS 0O TN GLGKELT|
tayelag ovéAivong investigator 2260D pe BZ 7204 g Bruel
& Kjaer. To qymtkd ofjpo dwefifalotov pécm tov evioyutn
2716 g Broel & Kjaer 610 moykatevbouviikd peydpovo
4296 g Broel & Kjaer, to omoio ftav tomobetnuévo g
KaTAAANAO Tpimodo Hésa oty aifovca NYNTIKAG EKTOUTNG.

O mopoydpevog Nxog Nty otafepds Kot glye oLVEXES
@aopa 6° OAN TNV TEPLOYT] GLYVOTNT®V 7oV evdlapépel. H
NYNTIKN 10Y0G TOL CNHOTOG NTAV GPKETA UEYOAN, BOTE 1
T g otébung L, va eivor nepiocotepo and 10,0 dB pe-
YoAOTEPT 0o T 6TAOUN TOV BopvPov PaBovg oe kKabe (Dvn
CLYVOTHTAV KOl Yo, OAEG TIC dteEoyBeioeg dokipéc.

To peydowvo tomobetOnie dtadoyikd Kovtd otig dHo
yovieg ¢ aibovcag MYNTIKAG EKTOUTNG, Tov Ppickovtal
AmEVOVTL At TO OOKIIO KOl GE OTOGTACT LEYUADTEPT OO
1,0 m and 115 empaveleg mov opilovv v aibovoa.

O npocdiopiopdg Tov ynTikdy otabudv L kot L) &ywve
UE TN YPNOWOTOINCT TOL TEPIGTPEPOUEVOD HUIKPOPOVOL
3293 g Broel & Kjaer kot ™ Swfifacn tov nyntikod
onuotog oto Investigator 2260 D g Broel & Kjaer. T'a
10V TPOGS0PIGHd TOV Xpdvov avtinong T, otnv aibovca
NYNTIKNG ANYNG YPNOLLOTOOMKE TO 1610 GVGTILLO NYNTIKNG
EKTOUTNG, TO omoio Tomobernfnke otnv aibovca MyNTIKNG
Myng. F'a ) Aym tov Mo GNUOTOG KoL TV EKTIUNoN
tov T, ypnowonomdnke to 310 cvoTHA NYNTIKNAG ANy,
OTMG KOl TPONYOLUEVWG,.

5 AIIOTEAEXMATA - XYZHTHXH

O Tyég tov delktn Myopeimong, R mov avtictoryovv
OTIC TOPTESG KOl TTPOEKVLYOV OO TIG EPYACTNPLOKES SOKIUES
o€ TPITookTaPikég (DVeES GUYVOTNTOG Kot Yiol OAN TV TEPLO-
YN CLYVOTHTOV TOV EVOLUPEPEL, AVOLYPAPOVTOL GTOV TIVOKOL
4 y10 T1g amAég Ko TIG OuAEG TOPTEG, GTOV Tivaka 5 Yid Tig
TOPTEG LETE TNV TOTOHETNON TNG EWOIKNG ATOPPUKTIKNG oL
OTLY0C 0TO KATW PEPOG Ko GTOV Ttivaka 6 Yo TIg TOPTES LETE
TNV ToToBETNON TG EWIKNG LOCTIYOG TEPIUETPIKA.

O mepopatikég Tipég tov R kdBe moptog omodidovron
YPOPIKE GE GLUVAPTNOTN LE TN CLYVOTNTA GTO GYNLLA 7 Y10 TO
dokipto I, oto oynua 8 yia 1o dokiwwo II, oto oypa 9 ya to
doxipto III, oto oynua 10 ywo to dokipo IV, 610 oynua 11
v 7o dokipo V, oto oynpa 12 yo to dokipwo VI, oto oyn-
pa 13 yu to dokipo VII, oto oynua 14 yo to dokipo VIII
kot oto oyfue 15 yio o doxipo IX. Eniong, ota oynuota
16 émg 21 divovtol GLYKPLTIKG Ol TEPOUATIKEG TIEG TOL R,
KGOe TETAGATOG e GPPAYION GTO KATM KOl TEPYUETPIKCL,
®¢ akoAovBwg: oto oyfua 16 yuo ta doxipae I, I’ kar I, oto
oyquo 17 yuw to dokipua I, 17 ko I, 610 oyfua 18 yuo ta
doxipa I, II” ko I, oo oynua 19 yuo ta dokiwa IV, IV’
kot IV”’, oo oynpa 20 yuo to doxipia V, V' kot V” kat 610
oymuo 21 ya ta doxipa VI, VI” ko VI,
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o v 0&loAdynon g NYOUOVAOTIKNAG tKovoTnTag KABe 1 TeMKN B€om NG KAUTOLANG AVOPOPAS KOl O OVTIGTOL(0G
mopTag mpocdiopictnre aviiotoyo o ctoduicpévos deiktng  ctabmcpévog deiktng nyopeimong R . O tuég R, yuo Oheg
nyopeiwong R and t chykpion g KaUmdAng Tov SOKIUGY TG TOPTEG OV HedethOnKov avaypdgovtat 6tov mivako 7
LLE TNV KOUTOAN 0vVaQOPAS Y10 TOV 0EPOPEPTO YO, COUPOVE KOl Y10 EVKOAOTEPT] GLYKPLTIKT PEAETT ometkovifovTot pe
pe to mpotumo E.A.O.T. EN ISO 717-1 [12]. LOPON 10TOYPOULUATOV 6T oyfpota 22 Kot 23.

Yta avtiototyo Swaypdppoto divovtar yuo ke mopTa

MMivaxag 4. Epyactypiorés 00kiuég tov Oeiktn nYoUElnons e TPITOOKTOPIKES (DOVES OVYVOTHTOGC YIo. OTAES KO OLTAES TOPTEG.

Am\ég mopteg AuAéc TOpTEG
I II 11T v \% VI VII Vil X
FoegHz R oedB RoedB R oedB RoedB R oedB RoedB Roe dB RoedB R oedB
100 25,8 24,5 23,7 28,2 33,3 26,7 34,5 33,8 40,8
125 29,1 278 29,9 35,8 418 35,3 41,8 432 48,0
160 31,0 31,0 35,3 36,2 42,6 36,3 433 46,5 473
200 28,9 32,1 35,7 36,7 42,4 37,2 45,6 44,7 48,8
250 29,5 342 36,2 374 42,0 40,8 48,3 453 52,1
315 30,4 31,5 37,2 36,5 41,7 41,3 472 474 53,4
400 30,7 31,6 36,3 35,7 41,0 40,4 454 452 53,7
500 31,2 32,5 35,0 352 42,9 41,8 47,9 442 54,2
630 29,6 31,1 32,2 32,7 44,8 423 43,4 46,2 55,4
800 30,9 29,6 31,7 33,3 443 45,1 48,7 51,4 58,3
1000 31,8 31,2 35,8 37,1 45,6 46,5 52,5 53,3 61,2
1250 31,5 33,0 36,5 38,8 44,5 47,0 51,7 54,6 65,2
1600 31,0 35,1 37,6 39,7 432 44,7 52,1 56,3 64,4
2000 29,9 38,7 373 41,7 40,1 44,6 57,2 60,2 64,9
2500 30,4 39,6 37,0 43,6 39,2 46,5 59,1 62,2 68,8
3150 32,0 2,1 412 445 40,3 50,3 65,9 68,3 75,2
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[Mivaxag 5. Epyaotnpiokés dokiuéS Tov Oeiktn Nyoueinons o€ TPITOOKTOPIKES (OVES GUYVOTHTOG YI0. ATAES TOPTES LE TPOOOETH oPpdyion aTo

KOTW UEPOG.
r 1 ar v’ \'4 vr
FoegHz RoedB RoedB R oe dB R oe dB R oedB RoedB

100 24,5 24,3 25,8 28,2 32,6 29,3
125 29,9 25,6 30,7 33,8 40,5 38,7
160 32,8 28,3 32,5 34,7 42,9 39,2
200 31,8 30,5 33,1 35,4 43,5 39,5
250 32,1 335 34,8 36,2 43,1 40,3
315 32,0 29,2 35,9 36,6 42,9 40,8
400 32,6 30,3 33,6 35,8 42,0 38,8
500 334 31,0 32,8 34,0 439 40,6
630 28,1 31,6 32,2 31,7 45,8 42,7
800 29,0 29,1 30,8 34,6 453 443
1000 29,4 32,6 34,0 37,0 46,6 46,3
1250 30,3 32,8 354 38,8 45,5 47,5
1600 32,5 35,6 36,8 39,5 44,1 46,0
2000 344 37,2 42,3 41,2 41,2 453
2500 384 39,0 40,8 43,7 40,4 46,7
3150 41,0 41,9 43,3 45,0 42,6 50,1
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[Mivaxag 6. Epyactnpioxés SoKIUES TOV OEIKTH NYOUEIWONS T€ TPITOOKTOPIKES (OVES GUYVOTNTOGS VIO, OTAEG TOPTES LE TPOTOETH TEPIUETPIKT

oppayion.
I e > v> v vI»
F oe Hz R oedB R oe dB R oedB RoedB R oedB R oedB

100 26,9 23,5 30,1 27,6 31,8 27,5
125 31,3 30,2 32,5 33,6 41,0 36,4
160 34,7 32,8 35,3 35,0 432 37,1
200 31,5 33,6 35,8 36,4 44,1 37,8
250 31,0 34,6 36,3 38,2 42,8 40,3
315 32,4 30,5 33,3 37,5 41,5 41,8
400 33,2 32,9 352 35,9 41,2 39,4
500 31,5 33,6 34,5 33,8 42,7 40,0
630 28,2 30,1 31,6 323 45,5 42,6
800 29,6 31,9 33,4 354 46,1 45,0
1000 30,0 33,2 343 38,1 46,5 46,4
1250 32,2 34,5 36,7 39,4 46,0 47,6
1600 33,9 36,3 372 39,9 442 46,8
2000 36,5 37,9 41,9 42,0 41,1 46,1
2500 38,2 40,6 44.4 44,6 40,5 47,0
3150 41,5 425 46,0 45,7 42,7 50,6

Hivaxag 7. Tiuéc tov atabuiouévon deikTn NyoUeimwons yia Tig TOPTES TOV EEETATTNKAY.

AmAég mdpteg R, T16pteg pe oepdyion 610 R, [16pteg pe mepiueTpikn R,
oe dB KAt PEPOG oe dB oOpayion oe dB
I 31 r 32 I 33
II 34 r 34 11 35
I 36 1nr 36 1 37
v 38 v’ 38 | AV 39
\% 43 \'& 44 v 44
VI 45 vr 45 vIr 45
VII 51
VIII 52
IX 61
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Ao T HEAETN] TOV ATOTEAECUATOV TOV SOKIU®V Yl
TIG amAég mOPTEG mopoTNPEiTol pion ovveyng avénon Tov
otabopévov defktn Myodpeimong tovg, Ry, amd v tium
v 31,0 dB (dokipo I) péypt v tun tov 38,0 dB (Sdoxipo
IV), kaBdg avEavetar 1 ETPAVELOKT) TUKVOTNTE TOVG, OTMG
nwpoPrémetan and tov vopo g palag [13,14]. Qotdoco, 1
avENGN TG NYOUOVAOTIKNG KavOTNTG KGOe TOpTAG LE TNV
avEnon ¢ cuyvOTNTAG EivaL pKpOTEPT OO TNV TPOPAETO-
pevn amd tov 1810 vopo.

AvT6 opeiretar 6TiIg 0plovTieg TpaPEPOES, TOV EVOVOLY
TIG dV0 OTPMOELG KAUBE TOPTAG, Ol OTOIEG AELTOLPYOLV G
NXOYEPUPES.

SuyxpovmG KoL To TNYXAKLO TOV EVOVOLV TIG d00 GTP®-
GELG TEPLUETPIKE, AELTOLPYOLV MG MYOYEQLPEG. ALTO £)el
MG GLVETELN VO, OLEPYETOL HECA OO TNV TOPTA ovEnuévn
TOGOTNTA NYNTIKNG EVEPYELNG GTIV TTEPLOYN TOV UEGOIMV KO
KUPIOG TOV VYNADY GUYVOTHTOV, LE OTOTEAEGLO T LElDON
NG NYOUOVAOTIKNG KAVOTNTAG TNG G AVTEG TIG TEPLOYEG GL-
LVOTNTOV.

Me v mtpocOnkn eOAA®V poAdpdov petald Tov oTpd-
GEWMV TNG TOPTAG AopPAvovTotl VYNAEG TIHES TOV GTAOUGHE-
vou deiktn nyopeionong, peta&d 43,0 - 45,0 dB (dokipa V
Kot Kupimg VI).
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Synupa 23, Zraluiouévog  OEIKTNG  NYOUEIWONS Y10, TOPTES UE
Tpocletn appayion.

Ot dokpég pe TG OmAég TOpTeg Ogiyvouv OTL Ol TOPTEC
aVTEC TaPOVSLALOVY TOAD VYNAEG TWEG TOL GTOOUICUEVOL
deiktn nyopeinong, R , mov pravouvy péypt kar ta 61,0 dB.

To amoteléopoto T@V SOKIU®Y He TNV TPOGHeT oPpd-
yion kéBe TOPTAG GTO KATM® TUMHO TG KOl AKOAOVO®G Kot
meplueTpikd €de1&av undevikn 1 acnuavtn odénon Tov
avtiotoyyov otafuicpévou deiktn nyoueioong (dokia I’
¢og VI” xar I” g IV?™’). Avtd onuaiver 011 1 mepipeTpikn
oppayton kabe moOpPTOG glvar EENIPETIKA IKOVOTOINTIKY KO
dev dnpuovpyel apvnTiKEG EMOPAGES OTNV MNYOUOVMTIKN
wavoTnTé TNE.

6 XYMIIEPAXMATA

Amd TV mapodoa £PELVNTIKY| epyacio. TPOKOTTEL OTL
oL amAEG TOPTEG OV UETPNONKOV TApOoVGLAlovV TIHES TOV

I'edowpyrog L. Iovidkog
Avomnpotig Kadnyntmg

deltn Myopelwong WKPOTEPES TOV OVOUEVOUEVOD AOY®
TOV NYOYEPLVPAOV TOL TAPOLGLALOVTOL GTNV KOTAGKELT] TOVG.
YynAiotepeg Tnég Aopfdavovtat pe v TpochHnkn QUAA®V
HOADPSOV, OTOTE 01 TOPTEG OLTEG EIVOL  IKOVOTTOMTIKES Y10,
TNV KOTOOKELT GUVOETOV Slay®PIOTIKOV TETASHATOV, TO
omoia vo, e£ac@aAilovV ETOPKN NYOUOVAOTIKY TPOCTOCIN GE
SLPOPOvG YDPOVG.

IToAd vymAég Tyég ToL oTOBUICHEVOD dEiKTN MYOUEi®-
ong Aappdavovral, 6Tav KoTaoKevalovial 6To SLoOPLeTIKO
TETAGHO, SUTAEG TTOPTEC.
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Abstract

The continuing raise in the environmental noise around buildings,
as well as in their interior spaces, demands that the partitions have
increased soundproofing ability. For this reason, it is important to
construct doors with high values of weighting sound insulation
index R,

In this paper, the experimental analysis of various doors
constructed with two particleboard sheets (MDF) with Formica
external rendering, are presented and analysed. The two sheets

are internally interconnected with horizontal elements made of

particleboard, whereas the air gap between them is filled with
glasswool insulation. These doors have an R, value, which is
higher than ordinary doors, but still not satisfactory. The addition
of lead sheets has as a result the production of doors with sufficient
soundproofing ability. The additional sealing with specific mastic,
of the lower part and of the perimeter of the examined doors, did
not reveal, experimentally, an increase in their soundproofing
ability. This means that sealing of the gaps between the door and its
frame was adequate. The paper also presents experimental results
concerning double doors, which were derived from the combination
of the simple doors that were measured. These doors demonstrate
very high values of R ,

1 INTRODUCTION

One of the most important parameters of comfort in
the various interior spaces is the level of sound intensity.
Internationally accepted tolerable levels of sound intensity
have been defined, depending on the use of the space. The
effect of exterior noise on a space depends on the sound-
proofing capacity of the existing partition. These partitions
are usually composite and comprise of a wall with one or
more openings. In the case of interior walls, the opening is
usually a door. In this case, the sound reduction index of
the composite partition, R , depends on the sound reduction
indices R_and R _ of the wall and the door, respectively, and
on the ratio of the surface of the door, S , to the total surface
of the composite partition, S [1]. The R, index increases
as the indices R_and R, increase and as the surface S_
decreases. As a result, for a given wall construction and door
Submitted: Dec. 28 2006 Accepted: Apr 6 2009

opening, the net sound insulation capacity of the partition
mainly depends on this of the door.

As common doors have a low sound insulation index
(usually R_ < 30 dB), their influence on the net sound-
insulation capacity of the composite partition is negative,
and worsens as the R_value increases. [2,3] In many cases,
depending on exterior noise conditions and space use,
doors with higher values of the sound-reduction index
are needed. The same applies in the case of spaces where
there is the need for private of conversations and telephone
communications. [4]

The sound-proofing capacity of the door depends, apart
from its materials and construction, on the peripheral sealing
of its slits [5], with their most critical part being the lower,
where the door is adjacent to the floor.

Soeta et al. investigated the acoustical properties of sound
propagation through doors by measuring and calculating
time and spatial parameters of the sound field. [6]

A fairly good prediction of the sound-proofing capacity
for doors, which are composed of two layers, can be achieved
from Sharp’s theory [7], when a sound-absorbing material is
used in the gap between the two layers, and from the theory
of Cumming and MacHolland [8], when no sound-absorbing
material is used. The influence of sound propagation through
the slits on the total sound-proofing of the door is described
by the Jone’s model [9], whereas the Compert’s model [10]
can accurately predict sound propagation through simple
structural slits.

2 PRESENTATION OF THE EXPERIMENT

The testing procedure of the sound-proofing capacity of
doors is described in detail in EN EAOT 370.3 [11] and is
roughly presented below. The door under examination has
a much smaller surface than the opening between the two
testing spaces. For this reason, a special partition with a
fairly large sound-proofing capacity must be constructed
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in order for the door to be placed. The sound, which is
propagated through this partition and through all other
indirect courses, has to be negligible compared to the sound,
which is propagated through the door.

The sound reduction index, R , of the door in laboratory
testing, where there is a prevailing diffuse sound field, can
be defined from eq. (3.1), whereas as the equivalent sound-
absorbing surface A of the sound-reception room can be
defined from eq. (3.2).

In the current paper, the sound-proofing capacity of six
simple and three double doors was defined experimentally,
in order to manufacture a door of high sound-proofing
capacity. The sound-proofing capacity of the peripheral
sealing of the slits, was also tested. The simple doors under
study are presented in Table 1, while the double doors, which
are combinations of the above-mentioned simple ones, in
Table 2.

Furthermore, the sound-proofing of the peripheral
sealing of the slits between the leaf and the frame of the door
was measured. For this reason, for doors I, II, III, IV, V and
VI, additional peripheral sealing made of specific mastic was
placed in two stages. In the first stage only the lower part of
the door was sealed (testing modules 1", IT", III", IV, V" and
VI), whereas in the second stage, the whole perimeter was
sealed (testing modules I"", IT", IIT"", IV"", V" and VI"").

3 LABORATORY EXPERIMENTS

The laboratory experiments were conducted in the
Acoustics Laboratory of the National Technical University
of Athens, Greece in appropriately configured rooms for
the definition of the sound-proofing capacity of partitions
and partition elements. [11] In the opening between the two
rooms, a partition was constructed. This comprised of the
following layers: one layer of four 15 mm-thick gypsum-
boards, a 45 mm-thick gap, a second layer of three gypsum-
boards of the same thickness, a second 45 mm-thick gap
and a final layer of three gypsum-boards. The partition had
a total thickness of 270,0 mm and such total surface weight
that the sound, which is propagated through it, is negligible
compared to this, which is propagated through the door (R
= 68,0 dB, figure 1). Both gaps are loosely filled with glass-
wool, with a density of 50 kg/m*. Both sides of the partition
are plastered with 15-mm thick lime mortar. In the middle
of the partition, an opening with dimensions corresponding
to those of the testing modules was left and a wooden frame
was constructed, from which the modules were suspended
with the help of appropriate hinges. The lower part of the
door leaf was adjacent to the floor. The sound-proofing
between the door’s frame and leaf was achieved with the
construction of appropriate indentations, and inside them an
elastic sound-proofing gasket was placed. (figs. 2,3,4) At the
lower part of the leaf, there was an automatic, recessed wind-

barrier covering the gap that might exist between the leaf and
the floor. (figs. 5,6)

In general, the placement of the door was done in a way,
which was as close as possible to current construction prac-
tices. The same was applied to the conditions of peripheral
sealing. In both testing rooms, appropriate sound-diffusing
elements made of lacquered plywood were suspended from
the ceiling in order to create a diffuse sound field.

For the measurement of the average sound pressure level,
L, and L,, respectively, the noise that is produced as a sound
signal from a fast-analysis device Bruel & Kjaer investiga-
tor 2260D with BZ 7204. The sound signal was transmitted
through a Broel & Kjaer 2716 amplifier to a Broel & Kjaer
4296 all-directional loudspeaker, which was appropriately
placed on a tripod inside the room of sound emission.

The produced sound had a continuous spectrum in all
the frequencies in all the frequency range of interest. The
sound power of the signal was adequately high, in order for
the value of the level L, to be more than 10,0 dB higher than
the level of background noise in every frequency range and
during all the testing procedures.

The loudspeaker was placed consecutively near the two
corners of the sound emission room, which were opposite to
the testing module and at a distance greater than 1,0 m from
the peripheral walls.

The measurement of the sound levels L, and L, was
achieved with the use of a Broel & Kjaer 3293 rotating
microphone and the transmission of the sound signal to the
Broel & Kjaer 2260 D Investigator. The measurement of
the reverberation time, T, in the sound reception room war
achieved when the same sound emission system was placed
in it. For the reception of the sound signal and the calculation
of the T, value, the above-mentioned sound reception system
was used.

4 RESULTS - DISCUSSION

The values of the sound reduction index, R, which
correspond to the doors and were derived from the
experimental testing in third-octave frequency bands and
for the whole area of the frequencies that are of interest, are
recorded in table 4 for simple and double doors, in table 5
for the doors after the placement of the specific mastic at the
lower part and in table 6 for the doors after the placement of
specific mastic peripherally.

The experimental values of R for each door plotted
against the frequency are graphically presented in fig.7 for
module I, fig.8 for module II, fig.9 for module III, fig.10 for
module IV, fig.11 for module V, fig.12 for module VI, fig.13
for module VII, fig.14 for module VIII and fig.15 for module
IX. Furthermore, in figs. 16 to 21, the R experimental values
of each module with specific mastic on the lower part and
peripherally, are given comparatively as follows: in fig. 16
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for modules I, I’ and I, in fig. 17 for modules II, II” and 11",
in fig. 18 for modules III, III” and III"*, in fig. 19 for modules
IV, VI’ and IV, in fig. 20 for modules V, V’ and V”* and in
fig. 21 for modules VI, VI’ and VI”.

For the evaluation of the sound-proofing capacity of each
door the weighted sound-reduction index, R was defined
from the comparison of the testing curve to the reference
curve for airborne sound, according to the E.A.O.T. EN ISO
717-1 standard [12].

In the diagrams that are presented for each door, the final
position of the curve and the respective weighted sound-
reduction index, R are also given. The R values for all
the studied doors are recorded in table 7 and are graphically
presented in the clustered column charts of figs. 22 and 23.

From the study of the testing results for simple doors,
a continuous raise in their weighted sound-reduction index,
R, from the value of 31,0 dB (module I) up to the value of
38,0 dB (module IV), with the raise of their surface density,
as is predicted from the mass law [13,14]. Nevertheless, the
increase in the sound-proofing capacity of each door with the
increase in the frequency is smaller than the one predicted
by the same law. This is due to the horizontal elements,
which connect the two layers of the door and function as
sound bridges. As a result, an increased amount of sound
energy in the area of medium and, mostly, high frequencies
is transmitted through the door, reducing its sound insulation
capacity for these frequency bands.

George J. Poulakos
Associate professor

The addition of lead sheets between the different layers
of the door results in high values of the weighted sound-
reduction index, which range between 43,0 and 45,0 dB
(module V and, mostly, VI).

The testing of the double door reveal that these doors
present very high values of the weighted sound-reduction
index, R , which reach up to 61,0 dB.

The results of the tests with the additional sealing of the
lower part and the periphery showed a zero or negligible
increase of the respective weighted sound-reduction index
(modules I’ to VI’ and I”” to IV”’). This means that the initial
peripheral sealing of each door was satisfactory and did
cause negative effects on its sound-proofing capacity.

5 CONCLUSIONS

From the current study, it can be seen that the values of
the sound-reduction index of the simple doors, which were
measured, were lower than expected due to the sound bridges
that exist in their construction. Higher values can be achieved
with the addition of lead leaves. In this case, these doors are
acceptable for the construction of composite partitions, which
ensure the adequate sound protection of different spaces. Very
high values of the sound-reduction index can be achieved with
the construction of double doors.
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