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Abstract. In this article the sound insulation indRy of partitions is analysed.Sound partitions ardtIftigm various
materials: bricks, ceramsitdocks, clay blocks, which differ in their compdait, structure, and mass. Walls from
the mentioned materials were constructeluitdings that were under examination. Sound &isoh index‘es of the
partitions were determined by measuring the inmiadf sound under natural conditions, in the bodd where the
partitions were constructed. Sound insulation inBgxwere also estimated using the law of weight amernational
standart LST EN ISO 12354 — 1. Experiments wergezhout in newly constructed buildings and in arsbreduc-
tion chamber that was constructed in Vilnius Gedasitechnical university. The sample under exanoinatas set
in the partition between sound transmitting andnslorecieving rooms, which were isolated from sumdings. The
calculated and measured results were comparedcarrédasons of mismatches were studied.

Keywords: law of weight, building acoustics, noise, soursliation index.

1. Introduction being considered while the homogeneity of the nter
not defined. Therefor a question is raised wetherrhe-

Sound is a serious problem, that encompasseshalf sp thod of estimating sound insulation indey R valid for

res of human life and work, therefore generaticth spread various partitions of a building (Rasmussen 2005).

of sound has to be reduced (VaiSis and Jantigs\2008, Scientists of Coimbra university have performed re-

2009; Balttnaset al. 2010). Various sources of sound cansearch on partitions made from two layers of steahc-

not be completely eliminated, so acoustic matetialee to  rete and glass and have come up with a concludioat

be used to reduce it (Rasmussen 2010; Wikithl.2006;  sound insulation index R when calculated according to

Baltrénas and Puzinas 2009). Acoustic material is a rahter international standart ISO 12354 — 1 in low frecies

which can absorb the energy of sound. Materiakp@rty was higher than the actual sound insulation indey

of sound reduction is especially important to fiartiof  which was measured in sound reduction chamber (Tade

buildings. Sound insulation index,RdB) describes the et al.2004).

capability of the partition to reduce sound thaspseading Although the materials chosen by the researchers we
through the air (Grubliauskas and Butkus 2009; Butnd re smooth and even, sound insulation indexes tlegie w
Grubliauskas 2008). estimated and measured did not match (Tadel 2007).

When designing a building it is important to know On the ground of the conclusion, that was madehiey t
what is the sound insulation index of the chosenema researchers, a presumtion should be examinedulatgd
rials. This index can be determined by measuringpyor and measured sound insulation index‘'es of matetils
calculating. The sound insulation index of the jtiart is  are not solid should have great errors (Cediél. 1997).
calculated using the law of weight (Stauskis 2008) On the purpose to determine wether methodics are re
international standart ISO 12354 — 1. liable for the experiment such partitions were enosilicat

When calculating sound insulation indey, Bsing  brick, ceramsite block, ceramic block and wooden Tthe
the law of weight, the result depends on the foilmy  density of silicat bricks is 1750 kgfmceramsite blocks —
the speed at which the sound is transmitted dens$igyr, 662 kg/ni, ceramic blocks — 850 kgfpinewood log — 400
density of the material the partition is built frosurface  kg/nt. Bricks and blocks were set using building mixture
density and the frequency of sound. At the same tim  wooden logs were rigged and battened down.
structure of the material, the form or the rougknefsthe The purpose of the work is the following: 1) to-cal
surface or critical frequency is not considered. culate the sound insulation index of partitionsltbiuom

When calculating sound insulation indey, Bsing ceramsite blocks, ceramic blocks and pinewood kitys
international standart ISO 12354 — 1, critical freqcy is  frequencies of 1/3 octave, using international IBX354
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— 1 standart and the law of weight; 2) to compheedb-  Hz; ¢, — critical frequency calculated accordingly:
tained results with those measured under natunadico 5

tions or in the sound reduction chamber; 3) toysethe (% =Co/(18cL 1)), HZ Ny — common factor of attenua-
mismatch of the data and the possibilities to perfthe-  tion, which is determined under laboratory condisips

oretical calculations of sound insulation index pafrti-  — the factor of radiation of free-bending waves;- the
tions built from different materials. factor of forced transmission,whitch is calculatesing

(8) formula;ly, I, — lenghts of the edges of a rectangular
2. Methodology elementm.
2.1. The calculation of theoretical sound insulation Common factor of attenuation is calculated accor-
index Ry, ding to the data of laboratory research (Craik 3987

The factor of forced wave radiation, when the vaifie
Theoretical sound insulation index,Fbased on the |, is greater than that &f is calculated using (6) formula:
law of weight, is calculated according to (1) fotenu

(Ballagh 2004; Stauskis 2007). o, :O,S(In(ko \/@)_ ,\); o, <2; ©)
1m . .
(ZOIg——Sj (@) A is calculated using (7) formula.
pc
. I, )1, 5, 1
here:f — the frequency of sound, Hz— the surface density N=-0964-| 05+—= o In-= o =i (7)
of the partition, kg/ p —the density of the material the parti- 1 1 1 A4Tliloks

tion is built from, kg/r ¢ —the speed of sound in air, m/s.
Theoretical sound insulation can also be calculatetiere:k, — the number of a wave, rad/i,=21f /c, .

according to international 1ISO 12354 -1 standamalciG The factor of free wave radiation is calculatechgsi
lations using this standard can be used to préugctreti-  Maidanik equations (Maidanik, 1962) ((8) and (9nfiai-
cal sound insulation index and can be made acapidin |ae). The operation of the BASTIAN programme isoals
(2) formula (Gerretsen 1979). based on these formulae:

R=-10lgT, (2

2
1 f T (I, +l

0 =—F— ?02=4|1|2(—j 103= 8:: 2/.(8)
here:r — transmission coefficient. 1-f ./ f Co 0

Transmission coefficient is calculated according to

(3), (4) or (5) formulae, depending on the readiiaguency. 2(1 1
When the frequency is higher than the critical freq fiy = ]‘j (— j 9)
ency (f > f.), ris calculated using (3) formula: AP
If 2f; < f.<f,thenio=0y;
(ZPO J 0" @) If 2t < 1. andf < f., then:
; 1unsTe
2T[fm 2fnt0t (l +| )
TR
When the frequencies in calculation are approxima- 2 e
tely equal to critical frequencyf(= f,), t is calculated (1—)\2)In2+2)\

using (4) formula:

412 E—)\Z o

2_ 2
(2"0 J LA (4) 8c2i-2x?)
2rfm ) 2Ny d,= ;
f 214 1 ,AV1-A2

When the frequency is lower than critical frequencyjare: = f.

(f < f.), zis calculated using (5) formula: fe
If 2f, < f,<2f,then:d, =
o= PoCo ? - +(|1+|2)2 ic_z _ 5) If f<f,<f./2ando>0,, then0=02, buto<2.
nfm TR A If 2f,,>f.>f ando,<o;, theno=0,,
If 2f,, > f., f >f, ando,<03, theno=0,,
here:t — transmission coefficientn’ —the density of the If 2, > f, ando=0; thenos<2.

construction surface of the element, k§/fn- frequency, These formulae are suitable for calculating théofac
of radiation of plates, which are enframed on thad:i-
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tion of infinite screen, that is usual in laboragsr Howe-  with at least 0.5 m from the walls being kept tmidv
ver, construction elements of buildings are oftefre  reflection of sound dominating.
med using rectangular elements, which can conditiera While measuring the level of sound in the sound-tra
raise the efficiency of radiation in lower thartical  smitting room, the positions of the microphone tedloud-
frequency, from 2 (marginal mode) to 4 (angular g)od speaker are constantly changed. At least two pasitfor
times. From the data of the latest sources othenuftae  the loudspeaker are used and ten for the micropthepen-
are also known, by using which radiation factore ba ding on the size of the room. If the room is smaan 50
determined. n, the loudspeaker is placed at three positionsthanchic-
Taking other types of waves, correspondent tora thirophone is placed at at least ten positions witisiceration
wall and/or higher frequencies into consideratiapply-  to requirements of the distances.
ing a higher frequency than the critical, the laftequ- While measuring the level of sound in the recieving
ency is changed into effective critical frequencging room, the average level of sound is determinedgutie
formula (10) which is based on Ljunggren's (Ljunggr average value of all the measurements. Also the tim

1991) work: lenght of sound reverberations is measured. Iteéasu-
red nine times and an arithmetical average is ddrifhe

_c . strech of the partition and the size of the rooenaalcu-

p ‘%' lated too. Microphones should be positioned attlefis

0.7 m between the microphones; 0.5 m between drey ot
If f<fp, then: position of the microphone, boundary of the roomaor
diffuser; 1.0 m between any other position of therox
feerr = fo 4psi+ 1+(4psiJ : (10)  phone or the source of the sound.
CL V CL The assumed sound insulation index, Rf the
sound in air is estimated by calculating the dezupfa-

If 121, then: rithm of the falling power of the sound on thetjiam in

f 3 examination L in proportion with the power of sound

foet =2f| — | - that was put through the samplgetb power of 10. This
fo value is denoted R and is expressed in decibels using
(11) formula:
here: f, —the frequency reading of sound attenuation, S
Hz, t — thickness of the element, mj; — the speed of a R, =L, -L, +10lg—, (12)
longitudinal wave in a material, m/s. A
A= 01631V (12)

2.2. Determination of sound insulation index R, of air T ’

by measur ementsunder natural conditions
here:L; — average level of sound in the sound transmit-
When carrying out acoustic measurements of th&ng room, dB;L, — average level of sound in the sound
buildings partitions specific conditions of the exinent  recieving room, dBS— strech of the wall in examination,
are followed. The measurements are done in roortteeof M’ A — an equivalent strech of sound absorption in the
same size and shape. If the rooms are not the semme sound recieving room, fnV —volume of sound recieving
the bigger one is used as a sound transmitting raodn  room, ni; T —time lenght of the echo in the sound recie-
the smaller one as a sound recieving room. In bigge Ving room, s.
oms, diffusers are set to form a diffusional field the
furniture acts as a diffuser measurements areechout ~ 2.3. Evaluation of the insulation index R,, of sound in
at one third of octave range, but can also beexhwut at  air in the noise reduction chamber
the range of octave frequencies. “White" noisessdufor
the measurements in the sound transmitting room (th  Research on the acoustic properties of a matesal a
level of sound is aproximately the same at all diwg  carried out in VGTU department of environment peete
cies). Prior to measuring, the diffusive properidéghe tion. General length of the camera is 4.2 m, widtB.5
sound field are checked, where the level of sounmsha M, height — 3 m. All of inner surface (walls, grolcei-
third of octave range can not differ more than 6 dB ling, partition) make up 70 fall of which is covered in
During measurements the generated sound has to 825 m thick carved acoustic foam rubber slicete(iral
so strong that in the sound recieving room, belirel  of cutting — 0.15 m.). General image of the labamais
construction under examination, the level of sopres-  shown in Figure 1.
sure would be at least 10 dB higher than the lef/blac- The noise reduction chamber is made up from two
kground in every range of frequencies. That is eigig ~ rooms separated by a double wall, and a nearby room
important when the elements under examination ggssewith measuring equipment. The first room is caltad
great sound insulation properties. sound transmitting ,noisy* room, the second room —
Locations for the loudspeaker are chosen, in such $pund recieving ,silent* room. The rooms with respe
way as to make the sound field as diffusive asiptess €ach other and to the outer structure are isolaiil
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rockwool. This construction allows to reduce thdiract
permeability of sound between echoing rooms besid
isolating the rooms from outer noise and thus myiimgy
background noise. In the partition that separatesro-
oms there is a 1 fropening in which 1.0 x1.0 m sample
is firmly set.

e500

2000

Jo

20

Fig 1. General image of the noise reduction chamber from
the top (A — sound transmitting room, B — soundecig
room, C — sample under examination)

The sound is emited from the source which cannof

be closer to the wall than 0.7 m.. One microphangla-
ced in the ,noisy" room, where the source of thergbis,
the other is placed in the ,silent” room. Microplesnare
placed at a hight of 1.5 m from the ground surfaicthe
room, at 1.2 m distance from the sample. The measur
ments are repeated three times. The level of sosuda-
tion of the material under examination is determitgy
the difference in the levels of sound, which wereasu-
red in the ,noisy” and the ,silent rooms, betweehick
the sample is firmly set (JanuS&uis et al. 2008).
Equipment used for acoustic measurements:

diator 2260" (Figure 2);

two microphones Bruel&Kjaer 4189;

microphone calibrator;

amplifier of power Bruel&Kjaer;

all-directional twelve-walled loudspeaker Bruel&i€ja
OmniPower Type 4292 (Figure 3).

Fig 2. Real time sound spectrum analyser ,Bruel & Kjaer
mediator 2260*
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real time sound spectrum analyser ,Bruel&Kjaer me-

e

Fig 3. All-directional twelve-walled loudspeakéBru-
el&Kjaer Omni Power Type 4292”

3. Theresults
The results of the measurements under natural con-

ditions and theoretical calculations of the pantitconst-
ructed from ceramic blocks are showrfigure 4.
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Fig 4. Sound insulation indexes of a partition made from
ceramic blocks—&— - sound insulation index calculated
using 2 formulé—e— - sound insulation index measured
under natural conditions



The biggest mismatch between measured and calcullwer than estimated theoretically. In frequendiesm

ted results was attained with clay block partitiofow fre-
guencies, from 50 to 150 Hz, where estimated esiiffe-
red from the measured ones up to 20 dB. Resudtshikse
are attained in low frequencies, because low frecjas are
best reduced by high mass and thick constructialss,
low frequency sound travels through sourroundingstac-
tions better at low frequencies, which is the reasby me-
asured values are lower. At the frequency fromtd62000
Hz, the difference between measured and calcutatedts
were up 2 dB. When the frequency was high, fron0260
6300 Hz, the results differed up to 16 %. The diffee
between measured and calculated data was attascadde
the properties of material under examination diden@actly
match the properties that were taken into condiderashen
calculating. The density of the materials may bfedint as
well as the surface density. Also, a portion ofgband may
travel through the surrounding constructions.

The results of the measurements under naturaltmor i
and calculations of the sound insulation index qigition
constructed from 520 mm thick bricks are showriguife 5.
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2500 to 8000 Hz the measured and calculated reditts
fered up to 8 dB.

The results of partition made from 15 cm wide waode
logs measurements under natural conditions andlastin
zed chamber research of sound level differengg Bnd the
calculations of sound insulation are shown in Fédhr

Whith wooden log partition in place, the measured
and calculated results differ the most, as compavidul
other material measurements and calculations. Ehis
determined by the fact that wooden log partitiomadg
solid, it is made from separate shaped and miledrh
wide rectangular pinewood logs, which are attactwed
each other by pressing them together and layingitew
between. Between the logs various gaps form, whreh
not considered when calculating. Newerthelesst aari
be seen, when the sound insulation level is catedla
using the law of wheight (1) formula, it is aboutd8
higher to octave than the one estimated usingof@dla.
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Fig 5. Sound insulation indexes of a partition made from

bricks: —e— - sound insulation index measured under natu-

ral conditions —&— - sound insulation index calculated
using (2) formula

In low frequencies, from 50 to 500 Hz, the mismat-
ches were 16 % or 12 dB. In frequencies from 630 to

2000 Hz, the measured results were up to 13 dB 18 %
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Fig 6. Sound insulation indexes af a partition made from
wooden logs:—— - sound insulation index calculated
using (2) formula—— - sound insulation index calculated
using (1) formula—e— - standardized difference in sound
level measured under natural conditic—&— - standar-
dized difference in sound level measured in nogshic-
tion chamber

As it can be seen from experiments that were chrrie
o(ht and their comparison with results obtained fizaicu-



lating using law of weight and international stamalahe 4. Conclusions
measured and calculated results have similar vaibere-
fore when calculating the sound insulation level of gipa 1.Theoretical calculations of sound insulation carabe

tion, preliminary sound insulation level can bedicted. complished in two ways: using the law of weight or

The results of a partition made from 100 mm thick using international standard; although calculations
ceramsite blocks examination and theoretical catmn using international standard are more accurate@s m
are shown in Figure 7. properties of a material are taken into considenati

As it can be seen from Figure 7, in low frequencies2 The calculated results of a wooden log partitionndo
from 50 to 100 Hz, the difference btween measureti a match the measured ones, because a wooden partition
calculated results are up to 10 dB. In low freqiesic  is not monolithic and micro-gaps reducing soundsins
from 125 to 500 Hz, the difference between measured lation form between the |Ogs_ Also a wooden |0gipar
and calculated results was the |0W€St, which wetevéd- tion is more eas”y made to vibrate by the power of
en 2 and 10 % or up to 5 dB. In high frequenciesnf  sound and thus emit the sound to the other roors Th
1000 to 8000 Hz the difference between measu_red andcan not be taken into consideration when Ca|CLga'[in
calculated results were 23 % or up to 12 dB. IhHi@- 3 \jismatches between measured and calculated results
quencies from 1250 to 10000 Hz, the mismatches Were ;.o 41s0 obtained because the sound partially passe
up to 4 dB. through surrounding constructions and not directly
through the construction under examination.

75

References

70

Baltrénas, P.; Puzinas, D. 2009ird uosto teritorijos ir gyve-
namosios zonos triukSmo sklaidos modeliavimas taika
program CadnaA [Modeling of noise dispersion in the
seaport territoy and residential zone using Cadne# p
gram].Journal of Environmental Engineering and Lands-
cape Management7(3), 148-153.

Baltréenas, P.; Petraitis, E.; JanuSéws, T. 2010. Noise level
study and assessment in the southern part of Baysev
Journal of Environmental Engineering and Landscape
Management18(4), 271-280.

Butkus, D.; Grubliauskas, R. 2008. Investigation oisa level
in Trakai city during day. IfProceedings of th&th Inter-
national Conference Environmental Engineering, May 2
23, 2008 Vilnius, LithuaniaVilnius: 85-92.

Craik, R. J. M. 1987. The noise reduction of fangaths.Ap-
plied Acoustics22: 163—-175.

Craik, R. J. M,; Craik, T. R. T.; Nightingale, J. A.9IR Steel,
Sound transmission through a double leaf partitiotin
edge flankingJ. Acoust. Soc. AmM01(2): 964—969.

Gerretsen, E. 1979. Calculation of the sound trassiom bet-
ween dwellings by partitions and fanking strucsudsp-
plied Acoustics12: 413-433.

Gerretsen, E. 1994. European developments in pi@dimo-
dels for building acousticé\cta Acustica2: 205-214.

Grubliauskas, R.; Butkus, D. 2009. Chamber investigaand

65

60

55

Sound insulation index, Rw

50

45

40

35

30 ~

25 T T T T T T T T T T T T T T T T T T T T T . . . .
evaluation of acoustic properties of materidisurnal of
o o oo wn O o O o o o o . . .
n o N © 4 & & n © n © © Environmental Engineering and Landscape Management,
— 0~ oM 0D N H O O
— ~ (28] [Ta] =]

17(2): 97-105.

LST EN 12354-1:2004. Statyhinakustika. Statini akustini
charakteristily jvertinimas pagalyj elemeng charakteris-
tikas. 1 dalis. Ore sklind&io garso izoliavimas tarp pa-
talpu. [Building Acoustics — Estimation of acoustic per-

Average geometric frequencies, Hz

Fig 7. Sound insulation indexes of a partition made from
ceramsite blocks—e— - ceramsite block partition sound o
formance of buildings from the performance of elatae

|nsulat|_on |nd_ex c_alculated using (2) formi—#— . Part 1: Airborne sound insulation between roomshius,
sound insulation index measured under natural tondi 63

. smussen, B. 2010. Sound insulation between dwelling
The mismatches between measured and calculat&j"l Requirements in building regulations in Europeplied

results are about 10 %, higher values have beamadk Acoustics 71: 373-385.

when measuring sound insulation. Rasmussen, B.; Rindel, H, J. 2005. Concepts for atiahu of

sound insulation of dwellings — from chaos to coisss?
ForumAcusticum1-12.

48



Stauskis, V. JStatybir akustika[Building Acousticg 2008. nal of Environmental Engineering and Landscape Man-

Vilnius: ,Technika“, 268p. agement16(2), 97-103.

Tadeu, T.; Antonio, J.; Mateus, D. 2004. Sound latgan pro-  VaiSis, V.; JanuSevius, T. 2009. Modelling of noise leveli n
vided by single and double panel walls — a comparisf the northern part of Klagma city. Journal of Environ-
analytical solutions versus experimental resuftpplied mental Engineering and Landscape Manageméii(3),
Acoustics65(1): 15-29. 181-188.

Tadeu A.; Pereira, A.; Godinho, L.; Antonib,2007 Prediction  Willich, S. N.;Wegscheider, K.; Stallmann, M.; Keil. 2006.
of airborne sound and impact sound insulation plediby Noise burden and the risk of myocardial infarcti&uoro-
single and multilayer systems using analytical espions pean Heart Juornal27(3): 276—-282.

Applied Acoustic8(1): 17—-42.

Vaisis, V.; JanuSevius, T. 2008. Investigation and evaluation
of noise leveli n the northern part of Klaga city. Jour-

49



