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3 parameters of sound

3 GUOLKEC TIAPALETPOL TOU NXOU

The ear 1s sensitive to 3 different parameters of sound :
To auTi gival euaioBnTo o€ 3 dIAPOPETIKES TTAPANETPOUG TOU fXOU

* Sound level

H nxnTikn TTieon
* Frequencies
O1 ouxvoTNTEC
* Timbre

H xpoia

A MANENIZTHMIO OEZZIANIAY TMHMA APXITEKTONQON MHXANIKQN



Sound level pressure
H nxntwkn mieon

The ear 1s sensitive to variations of acoustic pressure (Pa or Pascals). It is
very sensitive since the report/ratio of the acoustic pressure between the
"first audible sound" and a painful sound is 1 million (10°).

To auri gival euaiocBnTo OTIG DIAKUPAVOEIG TNG nxnTikNAG TTieong (Pa
N PASCALS).

To auTi YTTOPEI VO AKOUOEI JIa TTOAU JIKPN NXNTIK TTIECN TTEPITIOU
20mP. Eivai To 6pio TG aKOUOTIKOTNTAG

(auditory threshold Py = 20mPa ou 2.10-5 Pa)

To auTi PTTOPEI ETTIONG VA OKOUCEI NXOUG 1I0UVATOUG HEXP!
20 Pa. Eivai To 6pio Tou Trévou( threshold of pain P = 20Pa)



Sound level pressure
H nxntwkn mieon

Source of sound RMS sound pressure
Pa
Theoretical limit for undistorted sound at 101,325
1 atmosphere environmental pressure
1883 Krakatoa eruption
Stun grenades
rocket launch equipment acoustic tests
threshold of pain 100
hearing damage during short-term effect 20 x
jet engine, 100 m distant 6-200
jackhammer, 1 m distant / discotheque 2
hearing damage from long-term exposure 0.6 .
traffic noise on major road, 10 m distant 0.2-0.6 ;IEBZ?/T(ES?U%OV
moving automobile, 10 m distant 0.02-0.2 >
TV set — typical home level, 1 m distant 0.02
normal talking, 1 m distant 0.002-0.02
very calm room 0.0002-0.0006
quiet rustling leaves, calm human breathing 0.00006
7

auditory threshold at 2 kHz — undamaged human ears 0.00002



Sound level pressure
H nxntwkn mieon

As the human ear can detect sounds with a very wide range of amplitudes,
sound pressure is often measured as a level on a logarithmic decibel scale.
The sound pressure level (SPL) or Lp is defined as

Ma va peiwbei n moavr TToooTNTA TIMWY, N NXNTIKN TTIECN YETPIETAI O€
Mia AoyapiOuikr kKAipaka (decibel).
H nxnTikn trieon (SPL) A Lp eivai:

' 2
. p- . P
L,=10logyy | —5 ) =20 log;y | — | dB
p J 1081 (pmf2> 0810 (prd)

where pis the root-mean-square sound pressure and pref is a reference sound pressure. Commonly used
reference sound pressures, defined in the standard ANSI S1.1-1994, are 20 pPa in air and 1 yPa in water.

Without a specified reference sound pressure, a value expressed in decibels cannot represent a sound
pressure level.



Sound level pressure
H nxntwkn mieon

Source of sound RMS sound pressure sound pressure level
Pa dB re 20 yPa
Tr;?:zz;::elrzngni/oi:ounnr::r:?; e:essc:j:: * LR L
1883 Krakatoa eruption approx 180 at 100 miles
Stun grenades 170-180
rocket launch equipment acoustic tests approx. 165
threshold of pain 100 134

hearing damage during short-term effect 20 approx. 120
jet engine, 100 m distant 6-200 110-140
jackhammer, 1 m distant / discotheque 2 approx. 100
hearing damage from long-term exposure 0.6 approx. 85
traffic noise on major road, 10 m distant 0.2-0.6 80-80
moving automobile, 10 m distant 0.02-0.2 60-80
TV set — typical home level, 1 m distant 0.02 approx. 60
normal talking, 1 m distant 0.002-0.02 40-60
very calm room 0.0002-0.0006 20-30
quiet rustling leaves, calm human breathing 0.00006 10
auditory threshold at 2 kHz — undamaged human ears 0.00002 0




Sound level pressure
H nxntwkn mieon




Sound level pressure
H nxntwkn mieon
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Frequencies
2UXVOTNTEC

For humans, hearing is limited to frequencies between about 20 Hz
and 20,000 Hz (20 kHz), with the upper limit generally decreasing with
age.

To aurTi gival euaioBnTo o€ £va PeyaAo OUVOAO CUXVOTHTWV

Mtropei va akouoel TTOAU XAPNAEG ouxvoTnTEG (UTTAOOUG XOUG)
(20Hz) ka1 TToAU uwnA£g ouxvoTnTeG (0&eic fxouc)(20 000 Hz).
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http://en.wikipedia.org/wiki/Hertz
http://en.wikipedia.org/wiki/KHz

Frequencies
> UXVOTNTEG

This great field of sensitivity is divided into packages of frequencies which
are ordered in a regular way for the ear. They are, for example, the
octaves. When one passes from an octave to another, one has the auditive

feeling that the frequenciesof sound has been doubled.

AuTO TO peyalo Tredio euaioBnaiag dlaIpeiTal 0€ (UVEG
OUXVOTNTWV TToU JIATACOVTAI JE EVAV KAVOVIKO TPOTTO YIa
TO auTi. Eival, yia mapddeiypa, ol (uveg oKTaRag 1 ol
(WVEG €VOG TPITOU OKTARAG.




Frequencies
2UXVOTNTEC
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Frequencies
2UXVOTNTEC
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Frequencies

4
2UXVOTNTEC
Mapadesiyuara
- electric generator 100-120hz
- LA from the phone 440 Hz
- human voice 300-4000 Hz

- Clavecin (10 KAaBeoév) 63-18 000 Hz




Frequencies
2UXVOTNTEC

Taéivounon rwv nxwv

- bass sounds - UTTGOOUG AXOUG - XAMNAEG OUXVOTNTEG 20-353 Hz

- medium sounds -HECAIEG OUXVOTNTEG 353-1414 Hz
-trebble sound - 0&€ic AXOUG - UYPNAEG CUXVOTNTEG 1414-16000Hz



Fletcher et Munson, 1933

O1 kaptrUAEgg Toug Fletcher kai Munson
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dB(A)

A noise level expressed in decibel (dB) is not really representative of the
human feeling because the ear is not very sensitive to the very low or
very high frequencies (physiological reason).

H nxnTik trieon Tou ekppaletal o€ decibel (dB) dev cival
TTPAYMATIKA QVTITIPOCWTTEUTIKY TOU avOpWITTIVOU aloBruaTOC
€TT€I0N TO AUTI BEV €ival TTOAU €uaioBNTO OTIC TTOAU XAUNAEG 1
TTOAU upnAég auxvotnteg (Fletcher and Munson)



dB(A)

The noise level must thus be weighted by a coefficient depend on the

frequency of the emitted sound, in order to "penalize" the low registers and
the treble ones compared to the mediums.

[Mp€trel TOTE VA €@APUOLETAI Eva QIATPO OTIG TIMES VTECIUTTEA TTOU
QVTITIPOCWTTEUEI TO PUOIKO QIATPO TOU AUTIOU.

Eival o1 KAPTTUAEG OUVTEAECTWY BapuTnTag oTABUNG NXNTIKNAG
méong dB(A)

dB(A)
Octave (Hz) 125Hz 250Hz 500Hz 1kHz 2kHz 4kHz 8kHz

Pondération A (dB) -15,5 -8,5 -3 0 +1 +1 -1



Sound scale in dB(A)
HxNTWKN KALpLaKo

situation « ...

Activities dB(A) Effects

Plane Takeoff 120 Shock, short-term deafness

Noise level limits for work 85 8H exposition*

From 30m to highway (4000 veh/h) 80 Vegetative disorders, disturb nervous

Busy street 70 Difficult comprehension of a conversation

Low trafic in town, noise inside room, vaccum 60 Disorders of the drowsiness, insomnia

cleaner

Residential area, calm restaurant or office 50

Class room, very calm apartment, 35 Zone of the sleep ; Time of recovery for
the ear

Very calm apartment, rural area far away 30

from noisy sources and without wind.

Very insulated room 20 Oppression feelings

Absolute calm, level never found in « real 10 Deaf room

* Exposition time divided by 2 si +3dB(A)




MINAKAX 1.6
SYTKPIZH EIMIOYMHTQN TIMQN ME TA AIA®OPA KPITHPIAS

YIIOKEIMENIE

XPHSH XQPOY |L,- dB(A)| NR-dB | NC-dB | RC-dB AISOHTH

AiBovoa GUVAVALDY,
1ehOdQAUATOS, GTOVVTLO
n(oYQagnong M
EXTTOWITTHG OULALOG,
ueydhes ouvedQLants
aibovoeg, ueydra
BéaTo0, VITVOdWMUATLAL
g OV TTEQLOYT

20-30 10-20 10-20 15-20

TTOA) NoU70Z yoos
STOUVTLO THAEOQO.OMS,
OTOVVTLO NYOYQAgNONG,
WrQE ouvedQLUX AL
aibovoeg dLdaorariog
BBrLoORES, dWUATLO O
Eevod0yEla, xOTOWKLES,
voooroueLaxol BGhauoL,
Stevbuvtind youpeia

30-35 25 25 25-30

KaOuwotird, aibovoa
TTOAMOTTADV X ONOEWY,
unQég aibovoeg
OVOREPEWY, 35-40 30 30 30
dLdaorariog,
BuBrLOO®ES, YoupELD,
VOGOROUELOKOL BdhapoL RS aE

EQyaotoua (avahoyo
UE TIG eQYUOLED),
£0TLOTOQLU., UTTO.Q
Eevodoyelmv

40-45 35 35 35

EQyaomiota (avaioyo
UE TLS €QYOOLES), X MDQOL
VITOOOYNG, ®TLQLAL 45-50 40 40 40
0£QOOQOWLMY, )
XOTROTHUATA Métoua & e

Kageveia, eoTLaTO0L,
voueia og avortd 50-55 40 35-45 35-40
AOQO

KouCiveg,
OOVTTEQUAOHET, 55-65 50-55 50-55 50 (S
TTAUVTHQLL.

15 AS2107-1977 Office Buildings. CIBSE Guide. Beranek(1971). ASHRAE Handooow e =
vinodg Ktiguodounodg Kavoviouog agb.12



SoL
H1

ININAKAX 1.7

ENAEIKTIKEZ XTAOMEZ HXHTIKQN HIEZEQN

P(Pa) dBL( 'X) € ENAEIKTIKH [TEPITPA®H ITHI'QN
200 140 5 Kuwnioog jet o¢ amdotaon 20m
112 135 h)
63,2 130 d
35,6 125 5 OotoGvoU
20.0 120 4 Suvavhieg rock xovtd ota 1yelo,Aoru xiviTioa jet o oooTaon 25m
11,2 115 4 Kévtoo dtaoeduong »ovid ot yelo
6,32 110 4 XM00g @EOQLXOV NAEXTEOTOQUYWYOV LEVYOUS 7mQLS ELOWMA LETQU!
356 105 4 Ntio®o
2,00 100 3 AgQO0(UQU 08 0TO0TC0T 1m
1,12 95 3 TQOWTETC O€ YOO OOXLUMY
0,63 90 3 BoQUPMOES £QY00TCOLO
0,36 85 3 Baud 00w zuxhogoota o€ amdotaon wegimov 10 pérQuv
0200 30 ) Mnxaxbotdota, éuvarn o.LfLMa o€ a:téorugn evAg UETQOV
X(MQOL GUYXEVTOWOTIS XOLVOY
0,112 15 2 Z0vnBeg e0TLTOQLO
0.063 70 2 O0QUPMOES YOUPELD
0,036 65 2 Kavovir owhio o€ adotaon evog térQov




SoL
H1

0,020 60 | ‘Hovyo vougeio

0,0112 55 1 Kavovixn outhio: oe amdotaom evog Hétoov

0,0063 50 1 ‘Hovyoeotiotdolo

0.0036 45 I OwLoTe TeLoy (Tn Viyta)

0.0020 40 l ‘Houvym piphobiun,

0,0011 35 0 0010 00)TeQLX0V %0TOLAL0G 00 BORLPO 0dUKNG *UKAOOQLNG
0,00003 30 0 ‘Hovyo vvodwudtio oty eSoym
0,00036 25 0 Kavoviri avamvor ¢ ardotaon evog LETeov
0,00020 20 0 Studio myoyodhgmong
0,00011 1S 0
0,00006 10 0 AviroTroc Bakopog uetoroemy
0,00004 5 0
0,00002 0 0 0010 txofig




Addition - INpboBeon - Lp




Addition - [MpooBeon - Lp

n Lp;

LD, =10 x1og(y 10 )
i=1

Mapdadeiyua
30dB(A) ® 60dB(A) ® 70dB(A) ® 70dB(A)

30 60 70 70

Lp,,., =10xlog(10° +101 +10'° +101°)

Lp, , =10x1log10° +10° +10" +107)
Lploml = 7392dB(A)



Addition - [MpooBeon - Lp

YPOQIKr MEBOOOC

Majoration en dB g ! :
2 ajouter au niveau le plus élevé
+3 +3
+25 +25
+2,1
+2
+1,8
+1,5 +1,5
+1,2
+1 +1
+08
+0,6
+0,5 +0,5
+0,4

Ecart en dB entre les 2 niveaux

Fig. A.2 — « Addition » de deux niveaux sonores.



Addition de niveaux sonores
[1p00OeoN NXNTIKWV ETTITTEOWV

YPOQIKr MEBOOOG
30dB(A) ® 60dB(A) ® 70dB(A) ® A@A)

AdB(A) = 30 ® AdB(A)=0
=+0 =+3

| |

60 dB(A) ® 73 dB(A)

\/

AdB(A) = 13

= +0,2

|

73,2 dB(A)




Timbre
n Xpola

& XPOL& n [xrid] 024 : lee.omréxpwon: H ~ TNG EMOEPUISAC / TOU TTPOTWTTOU TOU EIVAL UTTOKITPLVN.
B. TO YVWPLOUX EVOC AXOU TTOU UG ETTLTPETTEL VX TOV SLAKPIVOUME XTTO évay GANO TTOU €XEL TNV (Sl
OEUTNTX KL EVTaON. 2. (UTE.) YLX EVVOLO TTOU SLATUTTWVETHL HEXAAOV UTTOLVIKTIKA TP GUECQ:
Ebwoe 010 Adyo TOU TTOALTIK ~. TX Aytax TOU EXQV ULX ~ XTTELANG / ELPWVEIXG.

Ady.: 1a: apx. xpota- 1B, 2: onud. yaAA. ton]

http://www.greek-language.gr/greekLang/index.html|



Na Bupdote

* 1 (éva) dBA) cival n O pIKpr povada avTIANTITH atmd To AUTi ... OTN
Bewpia, 01O EPYAOTAPIO.

* ouvNBwg, aloBavouacTe PiIa aAAayr TG NXNTIKAG TTiEONS €av EIval ion
pe 3dB (A)

- 60 dB(A) @ 60 dB(A) = 63 dB(A)

* MNa va éxoupe TNV aiocbnon 611 n NXNTIKA Trieon €xel dlapeBei oTa 2,
TTPETTEI VA TNV MEIWOOUNE Katd 10 dB(A)



