











Acoustical characterlzatlon:

The mass per unit area of this single howmogeneous wall 1s 450 kg/mz. Its
critical frequency iz lyling between 90 and 130 Hz. depending on the value
of the speed of longltudinal waves used for the calculation of the ariti-
cal freguency. The lowest resonance frequency has been calculated assuming
a cquare with dimensions of 2.1% m. Its value is 62 Hz (simply supported)
or 115 Hz (clamped).

4.3.3. The ‘middlewsight’ wall

The construction (ref.4.%):

The middleweight wall was made of sand lime blocks type B32 with a thick
ness of 102 mm. Again, the zame team of bricklayers huillt the wall in each
laboratory. To aveld sound leaks the same procedure was followed as with
the heavy wall. This wall teo was plastered on one side in the same thick

238,

heoustical characterizarion:

The mass per unit area of this wall 18 approxlmately 225 kg/mz. its orl
tical fregquency ls lying between 195 and 270 Hz, depending on the speed of
longitudinzl waves used in the caleulation. The lowest resonance freguency
of this wall with an area of 10 m2 assuming a square, is 30 Hz (simply

supported) or 93 Hz {clamped).

4.4. The tests performed on the lightweiaht wall

For the precision experiment described in ref.4.3 the llightwelght wall
haz been mounted in the centre of the test opening as preoscribed by 150
140/111 (ref.2.11).

The participating laboratories were requested to perform 8 complete tests
according to 130 1407111 under repeatabllity conditions. fome variations
in the position of the loudspesker and the absorption or diffusivity of
the rooms were allowed. Unfortunately. it turned cut that these instruc
tions had net been understood clearly. Firstly. some laboratories had per
formed more tests because they considered one test to be the average of
two meagurements in opposite directions. Seceondly, some laboratorles had
not determined the reverberation time in the receilving room for cvery test

anew, To cope with these troubles we decided to consider a test result to
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£19.4.2. The heavy wall.
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be a complete measurement in one direction. Table 4.2a gives a survey of
the measurements, wherea# table 4.2b presents the number of loudspeakers

and loudspeaker positions used in the precision experiment.

Table 4.2a. Measurements carrlied out on the lightweight wall (from refs.
4.2 and 4.3)

lab. |opecator {wall position naANLE LG number of
diraccion teses
A [ 0 near 4 34 1
1-3 1
) 0 near 4 34 1
-3 1
c cantre 34 1
4-3 1
R centre 34 5
43 9
B [ 0 near 5 45 2
a4 z
E 0 near 3 L) H
54 ]
C LLULEE ] 48 2
b=4 2
B amnliro 4-5 g
5-4 8
& c ¢ near 1 21 1
1-2 1
c centre 12 i
21 1
o < O near 2 ) i
1 1
o THOLLY -1 L
- }
o senkce 13 44
21 q*
B c 0 near I 3 1
z1 1
c centre 12 1
21 1
E centre 21 [
. 2.
F (= Q near 2 1-2 1
21 i
¥ 0 fear 2 12 E
2-1 2
[ ol gy 1-3 1
2-1 1
P fEnTre 1-2 &L
2-1 L]
H = U near 1 Lz 1
) 1
[ O near 3 [ 1
=1 1
[ qontee -3 1
-1 1

0 neac | means: wall at one end of the test openlng near rosm L
measuring direction 3 4 meansi coom oLy wource toow, toum 4 s recelving
Toom;

* mesns: theus messurements have been vsed (o the precision wxperiment.



Table 4.7b. Number of loudspeakers and loudspeaker posltions used in the
precision experiment (from ref.4.3).

laboratory A B C ¥ [ ¥

number of

loudspeakers: 2 1 1 2 1 1
number of

Loudspeaker

positions: 2 1 1 4 5 3

tn this part of the investigation the precision experiment has also been
carried out with the wall in the centre of the tezt opehing (ref.4.4).
Again the laboratorles were requasted to perform 8 complete tests accor-
ding te 180 140/1Y: under repeatablility conditions. This tiwme 1t had been
tndicated that a wmeasurement of the sound reduction index in one Airection
would be considered as one test. The measuring direction was not prescri-
bed. Table 4.3 presents the essential data of the measurements as Lo the
precision experiment.

apart from the measurements carried out by each laboratory wlth respect to
the preciszion experiment we also determined the sound reduction index of
the heavy wall in almost every laboratory (ref.d4.7).

We used two methods. Firstly, in each laboratory the sound reduction index
was determined by means of the pressure method in two measuring direc-
tions. Secondly, the intensity techniquée has been used in each laboratory.
an hehalf of these measurements the amount of sound abdorption in the re-
ceiving room had to he increased. Table 4.4 glives a survey of our measure-

ments on the heavy wall.
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Table 4.3. Measurement data of the precislon experiment on the heavy wall
(from ref.4.4).

laborataty a B [ v |= ¥ G
number of tests:

. direction 1-2 e B 8 8 5 g
. direction 2-1 3

. direction 4-5% 4

. direction 5-4 4

reverberation

measurements: 8 & 8 8 ) 2} 3]
diffusing

elements:

. BOUrce roomd 2 3

. receiving room: 2 25 3

Table 4.4. Survey of conventleonal and intensity measurements carried out
by laboratery € in the particlpating laboratorles {(from ref.

4.7},
Lok, mpdlic 10 (meaturing  (wall connected | number of
methad dlrection |l pote [CELIFE TP
A v z1 K3 1
12 1
I 2B 1
B [3 a4y a 1
EL] 1
1 a4 1
L] 1
cl " 12 4 i
[4] 1 12 i 1
2z P [ ! A
31 B
L] 1 [ 1
AR 1
» H [ ! 1
2 |
1 13 1
1 1
¥ i 12 1 1
21 i
1 1 1
[ 2 Al A2 Al 1
R2-A1 1
1 AY-ARZ 1
P moAns! conuentional (pressurc) measuremments

T means: intensity measuremenls
* maAns: not Connected to elcher room L oor room 2 (see fig.4.4)
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Cl-position

LN

dimensions in mm E Cz-position

tig.4.4. Ground plan laboratory C.

Both conventional and intensity measurements have been carried out in the

pariod between the 4th and the 12th day after the wall had been erected.

For heavy walls the total loss Factor may be different in each laboratory.
Thisz loss Factor may be ehecked by measuring the reverberation time of the
wall as a function of fraguency. This has been performed in each laborato-
ry by exclting the wall with a hammer and recording the decaying accelera-
tions of the bending waves in the wall., The accelerations have been measu-

red at several points in the direction perpendicular to the wall.

4.6, The tests performed on the widdlewelght wall

in this part of the investigation the 'middleweight' wall has not been
wounted in the centre of the test opening for reasons of reducing the
niche effect (ref. 4.5). Therefore, in each laboratory the object i3 plaged
in the test opening in such a way that the ratio of the depths of the
niches on both sides of the wall is 1:2. However, the wall was allowed to
have a4 connection to only one transmlssion room, The depths of the niches

resulting from these conditions are given in table 4.5.

As to the precizion experiment this tiwe the laboratories have been in-
structed to perform 10 complate tests according to ISO 140/311L under ré-
peatability conditions. The tests had to be divided equally over the twe
measur iny dlrections. Qur intention was to see i€, when the average of
measurements in two directions was considered being a single test result.

this would yield a better repeatability and/or a better reproducibility.
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Table 4.5. Niche depths on both sides of the middleweight wall (from refl.

4.9}

lab. niche depth (m)

room 1 room 2
A 0.57% 0,26
[ 0,190 0,70
D Q.240 0,10
E 0,22 0.10
¥ 0.22% 0,495
G Q.08 0.10

Unfortunately this instruction led to misunderstanding in two of the labo
ratories. In laboratory E only 8 tests had been performed, of which 5 in
the usual direction and 3 in the opposite directlon. 1n laboratory ¢ 10
tests were carried out. However, & of them in the usual direction and 4
in the opposite diraction. Table 4.6 presents the measurements and some

other relevant data.

A second precision experlment carried ocut on the middlewelght wall concer-
ned the precisicn of the intensity method (ref.4.8). Therefore in each la
boratory we determined the sound reductlon index of the wall 5 times in
one measuring direction, using the intensity technigue. Some varlations
in source and microphone position were applied. These intensity measure
ments have been carried out without adding extra absorption material to
the receiving room. In some laboratories this may lead to a highly reac
tive sound field in the receiving room, thug causing errors. Rs usual the
reactivity index iz determined when perforwing an intensity measurement.
in some laboratorles a limited number of intensity measurements has been
carried out with extra absorption material in the receiving rocom, to mea
sure the #ffect oh the sound reduction index.

From the First precision experiment on the middleweight wall we selected b
tests in each laboratory. The measuring direction of these selected measu
rements had to be the same as used in the intensity measurements. These S
test results of measurements in one measuring direction may be censidered
to be a third precision experiment in part 3 of this investlgation. In
this way the precision of both test methods as well as the average results
of both test wethods can be compared for the same number of tests. A sur
vey of the measurements In this second and third precislon experiment is

given in table 4.7.
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Table 4.6. Mgasurements carried out on the mlddlewelight wall with respect
to the precision experiment {(from ref.4.5).

number of @ laboratory
A jC D E F |G
tegts;
. direction 1 2 5 19 s |v |5 |6
direction 2-1 5 5 5 3 5 4
loudspeakers 2 1 1 1 1 1
loudspeaker
positions 2 1 2 1 1 1
diftusing
elements:
roon 1 - 3 2 - 2
room 2 : 4 25 |2

Table 4.7. Survey of pressure and intensity measurements concegning the
second and the third precision experiment in part 3 of the in-
vastigation (from ref.4,.8).

operatar measur ing wall connec- extra method numbér
lab. direction ted to room absory- of
tion tests

I A 2-1 2 - F 5

& 2-1 2 - 1 B}
[ C 2-1 2 - P 5

C 2-1 2 - I 5

C 2-1 2 + I 5
L. I#! 1-2 1 - P =]

s -2 1 1 5
B E 2] 2 B &

C 21 2 I 5
[ B 1-2 1 P 9

4] 1-2 1 - I 2

[ -2 1 4 1 1
G [ Bl-A2 Al - P 5

& Al-AZ Al b

[ Al-AZ Al + 1 1




CHAPTER 5. RESULTS anR DISCUSSION

5.1, Introduction

In this chapter the results of the investigation will be discuszed on the

basis of the four themes already mentloned in chapter 4:

1. the effects of the properties of a transmission suite on the results
of sound insulatlion measurements:

2. the precizion of the conventicnal test method, investigated on three
test objects;

3. comparison of the results of conventicnal and intensity measurements:

4, comparison of the preciszion of the conventional and the intensity me
thod.

The first theme will be discuzsed in §5.2. Thiz discussion will be res-
trigcted to the niche effect and the effects of equal voluwmes. different
edge conditions and, briefly. the measuring directlons. The effect of the
leudspeaker position will not be treated separately as it has not been in-
vestigated systematically, but the effect plays a part in the results of
the precision sxperiments. The same is true For the effect of diffusing
elements. The effect of a different test methed is discussed in §5.4 and
§5.5 together with the third and the fourth theme. The precision experi

ments concerning the conventional method will be treated in §5.3.

5.2. The effects of the properties of a transmisslon suite on the resulty

of tound insulation measurements

5.2.1. The niche effect

The investigatlon concerning the niche effect has been carried out in part
1 of the investigatien in the laboratories A, B, C. D. E. ¥ and H (see
§4.4). In each laboratory the sound reduction index of the lightweight
wall has been datermined for two wall positions: the centre of the test
opening and at one end of the test opening (fig.3.1). For each wall posl
tion the sound reduction index has been determined in two measuring direc

tions.
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the sound reduction index of the lightweight wall averaged over the two
measyring directions, will ke denoted Rc when the wall iz in the centre

of the test opening and Ro when the wall 1z at one end of the test open-
ing. In fig.%5.1 RC is compared with RO for each laboratory; also the
standard deviatlons of RC and RO atre shown. A nlche effect can be ob
served clearly o the results of Lhe meazurements in laboratovies A, B and
F., For these lahorvatories Ro is larger than Rc for frequencies below

500 Hz which is approximately the lowest critical frequency of this wall.
In thls frequency region the difference RD~RC is larger than expected

from the standard deviations of RD and RC. This effect is confirmed

by the lnvestigations of other authors (refs.3.2. 3.3 and 3.5).

in laboratory B Ro is also larger than Ec in the frequency range

above 500 Hz. Again the difference ls larger than expected from the
standard devliations. By moving the wall away from the centre to one end

of the test opening the total less [factor may have changed. Measurements
to confirm this have not been carried out.

The results in the laboratories €, D and £ show ne niche effecrt. The dif-
ference Ro”Rc has more of less the same value as the standard devia-

rion. In laboratory € the sound reduction index RC 1z somewhat higher

than Ro for frequencies above 500 Hz. maybe because of a change in the
total loss facter as a consequence of meving the wall.

This effect for frequencies above 300 Hz can alsoc be observed in the re
sults of laboratory H. However, in that case during the last measurements
an inoreased humidity of the wall was obzerved, which may have resulted in
a different loss factor and a slight variation in the value of the surface
mass. In this laboratory a niche effect was not recognlized. There are in
dicarions for R_ to be lowar than R but this does not occur in the
whale frequency rangs below 500 Hz and it 15 not significant.

Those laboratorles ln which a niche effect has been observed, have the
following characteristics in common:
a deep test opening: a depth of 0.6 m or more:
the shape of the test opening 1z rectangular;
identical niches exist on both sldes of the test object when the chject
is in the centre position:
there is & nlche at all Four wall boundarles.
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5.2.2. The effect of equal volumes of source and recelving room

In only two laboratories the volumesz of source and recelving room are
equal i.e. laboratories A and F, although they have a different type of
SYRMeL Y.

To see 1f an effect of equal volumes 1z relevant measurements with rooms .
with uhequal volumes should be carried out, for lnstance by 4lminishing
the volume of one room with at least 10%. This has not been done in this
investigatlon.

hnother way to disturb the perfect symmetry in laberatories A and F is to
move the object within the test opening. Az zeen in §5.2.1 this may result
in a dlfferent sound reduction index which may be attributed to the niche
effect.

The effect of aqual volumes can be demonstrated in scale medels in which
niches can be aveided and the volumes can he made exactly equal. Michelszen
({re€.2.5) showed the effect by means of such scale models. Figure 5.2 pre
sents some results of our 1:4 scale model experiments showing also clearly
a similar effect. The sound reduction index is increased whep the perfect

gywmetry iz disturbed by reducing the volume of one of the rooms.

5.2.5. The effect of the measuring direction

Theoretically (ref_3.11) the sound reduction index of an object mounted
between two transmission rooms with different volumes should be higher
when the small room iz acting as the source room.

The laboratories B, ¢, D, B, ¢ and H have rooms with different volumes.
In all parts of the investigation sound insulation measurements have been
carried out in two measuring directions. The number of replicate measure
wents for the two measuring directions is small for the lightwelght wall
and the heavy wall {(zee tablesz 4.2a and 4.3). More tests have heen perfor-
med on the middlewelght wall for both measuring directions: in each labo
ratory the sound reduction index of the middlewelght wall has been deter-
mined 5 times for each direction. If there exists an effect of the measu
ring direction then thiz might be observed in the results of the measure
ments on the middlewelght wall., Table 5.1 presents the differences be
tween the average sound reduction index in one direction and the average
sound reduction index in the opposite direction as a function of frequen

cy. The average has been taken over 5 single tests.
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Table 5.}. The effect of the measuring direction on the sound reduction
index of the middlewelight wall.

laboratories

a e D B F G

ViV Vani VarVy V=Vy W=y Vo=V
freq. k21-R12 | Rz1-Riz [ Ri2-R2y | Ra1-Riz | Rix-Epl Rz Ry
(Hz) (dB) (4B) (dB) (ds) (dB) (aB)
100 -2.5 2.4 0.4 1.6 -3.7 -0.7
125 2.2 5.9 -1.8 ] -l.2 -1.8
160 -0.2 1.3 -1.8 -0.8 1.8 0.2
200 -2 1.8 0.1 -0.% 2.8 1.2
250 0.9 0.5 1.3 -0.3 -1.6 -0.4
31% 0.1 0.8 0.5 0 -1.8 - 0.5

400 -0.7 0.3 0.3 0.4 -0.3 -1
500 -0.6 0.2 0.4 -0.7 0.2 -0.5
630 0 0.1 0.2 0 -0.2 0.2
800 0,2 0.2 0.3 -0.9 -0.3 0.1
1000 0.7 -0.1 0.5 0.1 -0.3 0.4
1250 0.2 0.4 1.3 -0.3 0.4 0.4
1600 0 0.7 .77 -0.6 -0.6 0.8
2000 0,% 0.2 0.8 -0.1 =0.7 0.1
2500 1 0.4 0.6 0.3 -0.5 0.9
3150 0.9 0.3 0.6 -0.7 -0.8 0.6

R21-R1? means the difference of the sound reduction index in the direction
room 2 to room L and R in the dlrection room 2 to room 1.

The standard deviations belonging to the average sound reductlon lndices
are given by table 5.2, %t can be zesn from both tables that randon ervers
as indicated by the standard deviations might as well be responsible for

the difEferences as an eventual eéffect of the measuring direction.

in literature another effect related to the effect of the measuring direc
tion has been mentioned. As shown in §3.2.5 Michelszen proved experimental
ly that the measuring direction can affect the sound reduction index when
in the identical transmission roows the amounts of absorption are quite
dlfferent.

We did not perform investigations under these conditions.
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Table 5.2, Standard deviations in dB of 5% measurements on the middleweight
wall for each measuring direction in each laboratory.

laberateries
3 o] 4] B ¥ G

freq.(Hz) | 271 §1- 2 21 ]1-2 2-1 [1-2 2-1 {1-2 2-1 |1-2 2-1 [1-

100
125
160
200
250
3th
400
500
630
80O
1000
1250
16090
2000
2500
3150
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2-1 means room 2 is source room., room 1 is receiving room.

3.2.4. The effect of different edqe conditions of the tezat object

When we increase the tota)l less Factor of a building element irs sound re
duction index for frequencies above the critlcal frequency will Increase.
The total less factor can be calculated from the reverberatleon time of the

object:

n=-2.2/7 (6 .T) (5.1)

where: 1 - the total loss factor
E = the centre Erequency of the frequency band concerned
T = the reverberation time of the object. being the time after
which the acceleration level of the object has dropped €0 4B
starting at the switching off of the excitation signal.

In literature values of the internal loss factor of 0.01 to 0.02 are glven

for masonry.
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We determined the total loss factor of the heavy wall and the middlewsight
wall as a function of frequency. Octave bands have been used instead of
1/3-pctave bands. Theoretically for these objects the power flow to the
adjoining structures cannot be neglected and it will be different in sach
laboratory. table 5.3 glves a survey of the total loss factors oF the hea
vy wall. determined in zach laboratory.

Table 5.3. Total loss Factors T(E) of the heavy wall, weasured in each
laboratery as a function of frequency.

lab. | m{125}) n{250) | m(500) | w{(1000) | wm{(2000) | n(4000) Bl

A 0.018 0.01% 0.013 0.010 0.008 0,007 0.012
B 0.028 0.015 0.013 0.012 0.0l 0.006 0.014
ci* {0.073 0.044 0.029 0.028 0.016 0.008 0.033
c2** 1 0.016 0.018 0.010 0.008 -- -- 0,013
1] 0.068 0.05% 0.028 0.022 0.016 0.01% 0.03z2
E 0.093 0.068 0.044 0.028 D.pz22 0.011 0.044
F 0.018 0.014 0.013 0.012 0.010 0.006 0.01z
G 0.020 0.019 0.029 0.022 0.016 0.0l 0.0z

* = test object on concrete frame with ne connection to either room 1

or room 2
%% = test obYject connected to room 1.

In this connection the ratios of the masses per unit area of the adjeining
structures to those of the heavy wall are given in table 9.4. Also the
junction type is indicated. Acgording to Cremer/Heckl an L- junction will
reflect more vibrational power than a sudden change in thickness, assuming
a rigid connection between the object and the adjeining structures. This
means that the power flow to the adjoining structures will be lower [or

an L-junction. It can be seen from table 5.3 that on the basis of the loss
factors the B different edge conditions for the heavy wall can be divided
intc two categorlies:

a. laboratories A, B, CZ, F and G:

L. laboratories Cl, D and F.

in category a the loss factors are smaller than those in category b. This
may be explained partly by table 5.4 from which it can be seen that in ca
tegory & the mass per unit area of the adjeining structures on the average
is bigger than in category b. This results in a bigger jump in impedance
in category a and hence less power flow to the adjoining structures. assu

ming a rigld connectien.

e



Tahle 5.4. Ratio of the mass per unit area m, of the adioining structu
res to the mass per unit area my of the test object., The ty-
pe of the junction (see %2.2.4) jt is alsec indicated: jt=1
weans change in thickness; jt1=2 wmeans an L juncrion,

test ohject

lah. lower edge upper edge ‘left side right side
m,/mg | 3.t ma/mg 3.t m,/my | 3.t mg /i, |5t
A 2.3 1 2.1 ! 2.3 1 2.3 1
B 1.8 1 1.8 1 1.8 H 1.1 2
[ 1.% 1 1.5 1 1.% 1 1.5 1
Canw 1.% 2 1.9 4 1.5 1 1.2 1
5] 1 L 0.8 2 1 i 1 1
B 0.7 2 2 1 1.5 1 1.5 1
3 1.4 L 1.9 1 1.9 1 1.9 1
< 1.3 2 0.8 2 1 2 l F4

3.0 neans junction type
* test object on concrete frame
¥ test object connected to room 1.

This connection plays an lmportant part, Although all the measurements
have been carrled out in the period between the fourth and the twelfth day
after the wall had been erected, the speed of drying of the wall may have
been differsot in each laboratory. Thiz may have affected the rigldity of
the connectlon, and so the edge losses.

There will usually be a difference in the edge conditions between upper
and lower edge, because of the welght of the object. This difference will
ba influenced strongly by the way the ocbiect is eracted. Thus a vigid con
nection cannot be assumed in each laboratory and at each edge of the wall.
For inztance, the edge losses in laboratory ¢ should have been larger he-
cause of the ratio of surface masses, However. the bricklayers informed
us that they had been glven the wrong dimenslons of the test opening so
they had to improvise which may have reduced the rigidity of the connec-

blon. tThis may have resultad in smaller edge losses.

in Jaboratory © a test object can be placed in a concrete Frame which has
no connection to either source or receiving room. 1n this laheratory mea-
=yrements hHave been perfobmed on two heavy walls. The First one (€l in ta
b 5.3) was built on tha concrete frame. The second one (02 in table 5.3)

was connected to room 1 (see fig.4.4),
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The highest less factors were found with the first wall. As the concrete
frame has the same surface mass as the walls of the coots we expect rhe
difference in impedance jumps in Cl and €2 to be caused only by the geocme
trical differences {juntion type 1 in the caze of €1 and type 2 for the
C2-situation, =see §3.2.4), and the presence of [lexible porous rubber lay-
ers which might invelve frictional losses in the Cl-situation.

A second difference between Cl and C2 concerns the flanking transmission:
it may be neglected for the Cl-situation whereas for (2 the measured sound
reductlon index will be slightly reduced hecause of [lanking transmission.
The average results for hoth wall positlons are shown in £ig.5.3. As would
be expected wall position Cl yields the highest values of the sound reduc
tion Index in the Erequency range above the critical frequency which is
100 Hz. Calewlations on the basis of a simple theoretical model (ref.l1.6)
show an increase of 2 to 3 d8 in the sound reduction index when the total
loss fagtor is inereased by a factor of 3. This is in reasonable accordan
ce with f1g.5.3.

The importance of the edge logsezs 1s lllustrated once wmore In £1g9.5.43.
which for each laboratory presents the laboratory averaged sound reduction
index ?I'qs a function of freguency compared with the average sound re
duetion index m {see §53.4). As can be seen combining this flgure with ta-
kle .3 a big loss factor will cause 7: to be larger than m, while for

a small loss factor i;_will be smaller than m.

A similar effect can ba demonstrated from the measursments carried out on
the middlewelght wall, although the effect is not so pronounced as it was
for the heavy wall and it 1s smaller than sxpected. Table 5.9 glves the
logs factors calculated from the reverberation time,

Table 5.5. Total loss Eactors m(f) of the middleweight wall measured in
each laboratory as a function of frequency.

lab, (125} n{250) n{300) 7({1000) 7(2000) T
A D.115 D0.056 |[0.929 - = 0.067
(=
D 0.137 0.059 0.029 - - 0.0e8
E 0.048 0.065 0.029 .- - 0.047
F b.oL9 0.013 0.021 0.015 0.008 0.0615
G 0.035 0.044 0.029 0.01% 0.008 0.026

-- because of the weak excitation signal and the short reverbsration ti
me the loss factor could not be measured.
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For sach laboratory the average sound reductlon index ;; 1= compared
with the average sound reductlon index m in E1¢.5.5%. The correlatlon bet

ween the value of the loss factor and the test results is not as satisfac-
tory as for the heavy wall. 1n laboratory A the average sound reduction
index 7; is lying 2 48 below the values of m for Erequengies abeove 200

Hz. the critical Efreqguency. although a blg loss factor was meazured. For
the other laboratories the differences between ?z_and m are smaller than

wxpected from the loss factors.

The results of alrkorne sound insulation weasurements in laboratories in
Belglum and The Netherlands may be affected by the properties of the labo-
ratorigs. The blggest effects are:

1. the niche effect:

2. the effect of diffevent edge conditions.

ad.l. For the lightweight wall used in the investigation the measured

sound reduction index depends to a high extent on the position of
the wall in the test openlng. Thils effect was demonstrated in the
Erequency region below 500 Hz, the lowest critical frequency of the
wall. In this frequency regien the lowest values of the sound reduc-
tion Index are obtalned when the wall iz placed in the centre posi-
tion. By moving the wall away from the centre poslition to one end of
the tezt opening variationz on the sound reduction index up to 10 db

have been measured.

ad. 2. Az mentloned before, different edge conditions cause diffurent edge
losses. For both the heavy wall and the middleweight wall different
edge losses, l.e. Flow of vibratleonal energy from the test object to
the adjoining structures. could be expected theoretically from one
laboratary to another. we measured differences in the sound reduc-
tion lndices as big as 4 dB for frequencles at and above the criti-
cal freguency of the objects. A correlation has heen found between
the measured values of the loss factors and the sound reduction in-

dlces In accordance with theory.
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To reduce these effects, some recomnendatlons are given:

* The position of the test object should be prescribed in internatlonal
standards; wore precisely, the ratio of the depthe of the niches on both
gides of the wall should differ frem 1. For glazing, this ratio has al
ready been standardized to a value of 1:Z. The hlgher the critical fre
quency of the test object, the more important this standardization is.

* Both shape and mass of the test opening should be standardized in future
requirements in order to normalize the edge losszes. l.e. the enerdy Elow
from the test object to the adjolning structures. For new fransmission
suites the effect ¢f different edge conditions should be reduced in thls
way. For existing transmlssion suites ir might be considered to correct

the test results for instance normalize them to a standard loss factor.

—-57-
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_The precision of the conventional test method

5.3.1. The lightweight wall

5.3.1.1. The averaqe sound reduction index m:
Figure 5.6 shows the varlationz in the average sound reduction index ?;

for each laboratory, This flgure glves us a rough measure of the reprodu-
cibility R. As can be seen from this figure the biggest variations occur
in the low frequency range.

For each laboratory the average sound reduction index ?: is compared
with m in £ig.5.7, Table 5.6 presents the -;:—\rﬂlue:s of the single-number
quantities Hw' HA and Rm (=ee §2,4.3) [or each laboratery together

with the m value of these quantities. The standard deviations §, are al-

i
s¢ given in this table.

Table 5.6. The laboratory averaded sound reduction index ?;. the average
sound reduction index m of the single  number guantities Ry,
Rp and Ry and the standard deviations 54 for each labora-
tory concerning the lightweight wall.

Ry, (dB) Kp (dB{A)) Rp{dB)
lab. | VT 5 Wi 54 i 51
A 26.72 0.51 24,19 0.55 23.71 0.56
B 26.78%+ | 0,98 24, 91%+ & 1,08 24.71 Q.72
[ 26,23 0.15 26 & 0.18 26.23 0.12
D 2664 0.44 25.17 0.26 24 B4 0.31
E 26.72 0.49 25.25 0.43 24.81 0.48
¥ 271,50 0.23 25.53 0.36 24.76 0.37
in 2717 25.31 24.84

** outrlier

2.3.1.2. The repeatability r:

The repeatablility r as calculated on the hasis of the results of the mear
Surements on the lightweight wall is glven in fig.5.8 as a function of
frequency. This figure also contains the reference curves For the repeata-
bility from 180 140/10 and 150/7¢C- 43/5C-2-N-267.
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The repeatability exceeds the reference curve of 150 140/1t in the fre
quency range 630 to 1250 Mz by & maximum of 0.9 4dB. The reference curve 314
150/ TC-43/5C0-2-N-267 is exceeded for the frequencies above 630 Hz. Table
%.7 shows the repeatablility of the single-number quantities Rw' Rh and

Rm and compares them with the reference values of IS0/TG¢-43/5C-2 N 379,

Table 5.7. The repsatability of the single-number quantities Ry, Rp
and By concerning the lightwelght wall.

r (4B} reference
value (ref.3.28)

By, 1.10 1 de
Ry 1.10 1 aB
Fm 1.44 1 as

hs the repeatability r ic determined by the magnitude of the standard
geviations in each laboratory these values are summarized in table 5.8,

in this table the standard deviationsz can be compared to the ‘within labe
ratory standard deviation' 8-

Tt can be seen from this table that the standard deviatlons do not differ
much from one laboratory to another, with the exception of those of labo
ratory B. In this laboratory the standard deviations are much higher es-
peclally in the midfrequency range frem 315 to 1000 Hz. This leads to the
largest number of sutliers which are left out of the calculation of the
repeatability according to the rules in ISQ 5725.

It may be concluded From the definition of the repeatability r (see 3.4.2)
and from the reference values that if in the midfrequency range the repea
tabllity should be smaller than 1 9B, the avecage standard deviatien for
the laboratories should be smaller than 0.3% dB. Comparing this value with
the calculated standard deviationg 1ln each laberatory this seems to be a

severe demand.
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Table 5.8, The standard deviations 84 in dB for each laboratory and the
‘within- laboratery standard deviation' Sp concernlng the
iightwelght wall.

freq. (Hz) Sp = e Sp Sg Sp Sy
100 1.74 Z.10 1-22 1.73 1.00 2.12 1.80
129 .60 1.05 1.19 1.37 0.68 1.85 1.34
160 1.32 1.42 1.18 1.13 1.35 1.38 1.33
200 1.03 1.7 1.08 0.42 0.92 1.63 1.32
250 0.89 1.28 0.32 D.41 0.63 1.01 0.92
315 1.10 1.36 0.50 0.52 0.96 0.31 0.94
400 D.62 1.99**% | 0. 42 0.37 0.65 0.49 0.52
500 0.52 1.80%+ | 0,42 0.41 0.55 0.63 0.53
630 0.39 1.79%% [ 0.96% | 0,37 0.59 0.37 0.%6
B0 0.64 1.66%% | 0,22 0.51 0.63 0.3 0.50
1000 0.31 1.79%% | 0015 0.46 0.65 0.43 0.42
1250 0.89 0.80 0.37 0.63 0.75 0.29 0.67
1600 0.71 1.0z 0.29 0.67 0.49 0.32 0.69
2000 0.74 0.55% 0.44 0.5% 0.93 0_38 0.6]
2500 0.56 0.61 0.71 0.57 0.83 0.42 0.61
3150 0.8 0.70 0.22 0.74 0.87 0.33 0.65
** outlier * straggler

5.3.1.3. The reproducibility R:

keference values for the reproducibility R are given by 150/TC-43/5C-2-N-
267 and 150/TC-A43/8C-2-N- 379, Both docuients state the same reference va-
JULTH

The caleulared reproducibility R for the lightweight wall is compared te
these ceference values in £19.5.9. The reference curves are exceeded for
the third-octave hands of 100. 160, 630 and 1250 Hz. In the Former two
Erequency hands the niche sffect will of course play a part and perhaps it
is the maln ¢cause for the discrepancy.

Although the reference curve is exceeded ln some [requency bands the cal-
culated reproducibllity for the single number guantities Rw' Rn and

Rm Eulfil the requirements of I5G/TC- 43/5C- 2- M- 379 as can be seen in ta-
ble 5.9.

Tn table 9,10 a survey of the difference (;;-m) is glven ag a function
of frequency for each laboratory. Agaln some outliers are indicated for

laboratory B in fhe mldfrequency range.
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Table 5.9. The calculated reproducibility R of the single-number guanti
ties Ry. Rp and By concerning the lightweight wall,

R(dE) reference
value {ref.3.28)

Ry 2.16 3
Ra 2,99 3
R 2,52 3

Table 5.10. The difference (in 4B) of the laboratory average yi and the
average sound reduction index m for the lightwelight wall for
each laberatery.

freq.(nz) | ypm |[Yam Yerm  |¥pm |[¥gm | Yew
100 -5.45 0.54 -0.31 4.73 Z.0% -0.52
125 -3.38 2.03 0.84 1.68 -0.61 -1.15%
160 -3.41 3.00 -1.5% -1.24 1.42 -2.32
200 -1.38 | ~1.92 2.99 1.02 2,10 | »0.3%
250 0,92 | -1.64 3.69 0.51 0.49 0.14
315 -1.17 0.02 0.73 | -0.39 0.65 0.30
400 -0.65 1.16%% 0.15 -0.80 -1.66 1.30
500 -1.08 -0.17*F 0.78 -0.50 -1.06 1.41
630 -0.10 -0.42*%% 2.43% [ -1.,13 -1.1% -0.01
800 0.05% 0,514+ 0.45 -0.83 -0.72 0.68
Lo00 0.02 | -0.30%* 1.04 0.88 |-1.09 0.5%
1250 -0.30 -0.83 1.9% -0.69 -0.09 0.5%
1800 ~0.56 0 1.51 -0.86 -0.46 0.35
2000 -0.29 -0.28 1.8% Q.01 -0.09 -0.60
2500 -0.1% -0.43 1.46 0.14 0.10 -0.44
3150 0.34 ~-0.88 1.04 Q.08 -0.0% a.1%
** = putliler ¥ = ztraggler
5.3.2. The heavy wall
5.3.2.1. Tha average sound reduct ndex_m:

In the same way as for the lightweight wall fig.5.10 shows the laboratory
average sound reduction lndex ?: for each laboratory as a functien of
frequency. Ag wsual the largest discrepanciss occur at the low frequen

¢ies. A separate comparison between the laboratory averages'?z and m wak
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shown in £ig.%.4 when dealing with the effect of different edge conditions
(zee §5.2.4). The laboratory averages ?I'and the average sound reduction
index m concerning the single-number guantities can be found in table
5.11. The standard deviatlons S, are glven too.

Table 5.11. The laboratory averadges ?I, the average sound reductlion in
dex w and the standard deviations 34 congerning the single
number quantities Ry, Rp and Ry for the heavy wall (all
quantities are expressed in 48).

Ry, {dB) Rp (dB(A)) Ry {dE)
lab. | ¥y 84 ¥ =51 ¥i g4
A 55.35 0.5%6 49.09 0.5% 52.20 0.53
B 56.11 0.75 50.33 0.92 54.36 0.54
C 56,89 0.79 50.50 0.98 54.60 0.%6
o 57.56 0.17 51.79 0.2l 55.08 0.28
E 58.02 0.29 52,17 0.3% 55.08 0.32
F 54.77 0.37 47.71 0.51 52.61 0.34
G 56.37 0.43 48.96 0.37 54,20 G.43
U8 56,44 50,09 54.02

5.3.2.2. The repeatability r:

A comparison of the repeatability and the reference values is shown in
fig.5.11. This time the reference curves are excesded in a large number
of third-octave bands. The reference curve of 150 140/11 is exceeded in
the frequency region of 350 to 000 Hz whereas the second reference curve
is exceeded for the frequencies above 400 Wz. The difference Detween the
repeatablility and the reference values never excesds 0.92 db.

For each laboratory the standard deviations of the measurements on the
heavy wall are given ip table 5.12.

The value of the 'within-laboratery standard deviation’ Sr is givuen in
the last column of this table.

This tabla more or less shows the same result as table b.8, Again in labo

ratory B gome outliers can be observed.
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Tabel 3.12. The standard deviations S35 of the measurements on the heavy
wall for &ach laboratory compared with Sy, the gquare root
of the 'within-laboratory varliance; all quantities in 4B,

freq. (Hy) Sa Sg - 5p Sg S 8g Sy
100 a.92 5.00%% [0.99 1.91 0.89 2.14 1.56 1.48
125 1.32 1.49 0.90 0.77 0.59 .85 1.20 1.06
160 0.48 3.35%% [1.13 0.69 0.719 1.67 1.40 1.10
200 0.90 1.69 1.80 0.43 Q.38 1.24 0.83 1.16
250 0.8% 2.21%% 10,75 0.79 0.72 1.07 1.10 0.8%
L) 1.01 0.73 0.67 | 0,71 0.61 D.82 0.94 Q.79
400 0.88 1.47 1.39 0.37 0.38 0.%3 0.73 0.92
500 0.67 .30 0.53 0.%8 0.29 0.42 (.88 0.63
630 0.86 0.90 0.50 0.30 0.37 (.48 0.7% 0.63
800 Q.80 0.46 0.59 0.33 0.63 0._67 0.52 0.59
1000 0._46 0.69 0.69 0.68 0.33 1.10 0.52 0_68
1250 0.64 0.39 0.28 0.41 0.39 0.32 0.48 0.42
1600 1.02 Q.85 0.21 0.47 0.72 0.36 1.04 0.73
2000 L.1& 1.38 025 0.41 0.49 0.32 1.07 0.85
2500 0.69 0.94 0.28 0.39 0.48 0.135 0.96 0.64
3150 0.51 1. 68%% |0, 80 0.22 0.41 Q.50 0.88 D.62
** = outlier * = ztraggler

For the heavy wall the calculated repeatability r as to the single-npumber

quantities exceeds the reference values (see table 5.13).

Table b.13. The repeatabllity r concerning Ry, R and Ry of the
heavy wall.

r (dB) reference
value (ref.3.28)

Ryy t,50 1 ds
Ep 1.74 1 dB
M 1,29 1 48

5.3.2.3. The reproducibility R:

&=z can he scen from £ig.5.12% the reproducibility onlty fulfils the reguire-
ments of 180/TC- 43/5C 2-N-267 in the third octave bands 160, 200, 250 and
3l5 He. The blggest difference between the reproducibllity and the refe

rence values is 3.89 dB at 125 Hz. From these calculated values of the re-
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producibility it may be concluded that for this type of test object the
difference between two single test results obtalhed in different laborato
ries will not be more than 10 dB at the low frequencles.

At the mid- and high frequencies the reference curve is exceeded to a less
extent: L or 2 dB. A3 a consequence it seems only logical that as to the
single-number quantities the reference values for the reproduciblity ave
exgeeded by the calculated reproducibility (see table 5.14).

Tabel 5.14. The reproducibility R concerning Ry, R and Ry for the
heavy wall in comparison with the reference values.

R{d®) reference
value (ref.3.28}

Ry, 3,57 3 aB
Ra 4,78 3 ds
R 3,53 3 4B

Of course the reproducibility will depend on the repeatabllity varlance
Sf. apart from this the different edge condlitions will affect the re-
producibilicy.

For instance, in laboratory A the curve of the laboratory averageﬁfz 1s
lving below the curve of the average m in almost the whole frequency ram
ge. To Lllustrate thiz table 5.15 presents the differences between the la-
boratory average iq and the average m for cach laboratory.

1t also has to be mentioned that the test cbjects were not exactly iden-
tical in the different laberatories, because of varlations in the guality
of the masonry. This will alsc have had an effect on the reproducibillity.
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Table .15, The diffarence in dB between the laboratory average ﬁand
m for each laboratory as a functien of frequency.

freg.(Hz) | Yam |[¥ypm yoom  |¥pm [Yew | Yem | Ygm
109 -1.5%6 0.98%% [ 2,23 241 1.68 0.82 [ ~5.58
125 =217 9.18 Q.50 2.58 1.15% -6.33 -0.30
160 1.23 3,92%% 1.1% 0.86 2.30 -2.10 -0.98
200 D.10 0.03 -1.72 2.32 2.21 3.74 0.77
250 LT 1,16+« | 1.03 073 1.83 | -1.81 | -0.%4
315 4.30 ~-0.9% -0.63 0.83 2.22 -0.64 -1.10
400 2.12 -0.80 -0.06 1.13 2.26 -1.29 0.8%9
00 -2.33 -1.08 1.32 0.95 1.1% ~0.54 0.%4
630 2.15 -0.94 0.19 0.%9 1.46 -0.08 0.51
8OO L.44 | -0.87 0.50 0.32 0.30 0.70 1.5%
1000 -1.61 | -0.83 1.44 0.89 | -0.82 0.02 0.94
1250 -2.6% -0.18 1.57 0.96 -0.31 -0.40 1.01
1600 1.93 -0.58 0.97 0.54 G.49 =1.20 1.72
2000 2.16 0.34 1.59 0.38 0.66 -2.26 1.47
2500 -2.53 0.54 0.98 1.30 040 § -1.68 1.03
3150 -2.79 D.9%%*% | 0.96 0.86 0.64 | -0.95 1.27
** = outlier * - straggler

5:3:3..the piddleweight wall

5.3.3.1. The average sound reduction index m:

In this part of the investigation twe precision experiments have been car-

ried out on the zame test object concerning the conventional test method:

1. from each laboratory 10 test results are used for the precision experl
ment; each test result is the result of a zingle sound insulation mea
surement in one measuring direction;

2. from each laboratory % test results are used for the precislon experi-
ment; cach test result is the average of two sound insulation measure-

ments on two opposite weasuring directions.

Fig.%.13 presents the varlation of the laboratory averages 7;. For the
single test results the laboratory sverages yi have already becn compar-
wd with m Cor each laboratory separately in view 1o the total loss Factor
tsee £ig.5.%). The average sound reduction index m and the laboratory ave-
g ?; regatding the =single- number quantitles Rw, RA and Rm are
presented in table b.16a for the single test results and in takle 5.16b

for rhe averaged test results, Considering the standard deviations of the-
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s& quantities one can ohserve a systematically lower standard deviation

For the averaged test results as could be expected.

table .16, The laboratory averages yq. the standard deviatlons 51 and
the average sound reduction index m concerning the middle-
welight wall.

a. 5ingle test results:

By, (4B} Rp(dB(n}) Ry (4B}
lab, | ¥y S5 Yi 8y N 5y
LS 46,91 0.44 40.72 0.48 43.94 0.40
4 47.56 0.66 41.50 1.14 46.17 0.57
|#] 4B8.96 0.51 42.93 0.54 4% .95 0.68
B 49,55 0.30 43.87 0.37 47,21 0.29
3 47,20 0.18 41.09 0.47 45,47 Q.36
G 48,48 0.43 42.17 .88 46.03 0.25
mm 48.06 41.98 45,75

b. averaged test results:
lab. | yj S¢ E7) 5 Yi 5
[ 47,00 0.39 40 .86 0.41 44.00 0.39
< 4,66 0.31 41.68 0.46 56.50 0.26
o 49.04 0.28 43.04 0.39 46,12 0,28
|1 49.56 0.30 43.99 0,28 47.30 0.17
3 47,26 0.1% 41.28 0.35 45.50 0.19
G 48 ,5% 0.38 42.39 0.59 46.0% 0.25
[ 458 .06 42.07 45 .80
| S

5.3.3.2. The repeatability r:

In fig.5.14a the calgulated repeatablility r is given for the single test
results whereas Fig.5.1l4b presents the same quantity for the averaged test
rasults, in both Eigures as a fungrion of fregquency. Both graphs also show
the reference gurves. The repeatability r with respect to the single-num-
ber guantilies for the single test results as well as for the averaged

test results can he tound in table 5,17,



Table 5.17. The repeatability r concerning Ky, Rp and Ry [or the
middleweight wall when using 10 single test results and when
using 5 averaged test results.

r single test r averaged test reference value

result (dB) results (d4B) (dB) (ref.3.28)
Ry 1,27 0,89 1
Ra, 2.02 1,20 1
Rm 1.30 0,80 1

As to the single test results the reference curve of IS0 140/11 1 exceed
ed at 100 and 315 Hz and from 630 to 1600 Mz, The maximum difference 1s
0.82 dB at 1600 Hz. Thiz is confirmed by the standard deviations of the
single test results which are compared with the values of g, for each
laboratory in table 5.18a. The frequencies at which the standard deviation
is bigger than 5, are distributed randomly over the participating labo-
ratories, although in laboratory G the values of Sr are exceedad in more
frequency bands than in any other laboratory.

By calculating the repeatability on the basis of the averaged test results
the reguirements of both I50 140/11 and ISQ/TC-43/5C 2-N-267 are met in
every frequency band. The standard deviatlons of the averaged test results
when compared with the values of Sr illustrate this clearly {(see table
5.18b).

Apparantly a blg standard deviation in one frequency band in one laborato
ry is compensated for sufficiently by small standard deviatiens in other
laboratories. This time the largest number of frequency bands in which the
values of sr are exceeded is found in laboratory A.

A condensed way to show the increase in precision by considering the aver
age of twa s2ingle wmeasurements in opposite measuring directions as one

test result i=s shown in table 5.17.

5.3.3.3. The reproducibilicy R:

¥or the middlewsight wall two calculations of the reproducibility have
been made. The flgures $.1%5a and 5.15b present the reaults concerning the
single test resultz and the averaged test results respectively. For the
single test results as well as for the averaged test results the referencs

value at 125 Hz 1s exceeded to a large extend: 3.27 <{dB and 2.79 dB respec
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Table 5.18a. Standard deviations g4 for the 10 single test results and
the values of 8y calculated from them concerning the midd-
leweight wall (all quantities in dm).

Ereq. (Hz) Ha - 8y, |sg& S 8o 5.
100 1.79 2.32 1.497 1.46 2.32 2.18 2.0%
125 1.50 3.70%% 1 1.55 0.62 2.06 1.62 1.57
160 1.18 1.08 1.54 0.80 1.15 1.30 .21
200 1.76 1.31 0.78 0.72 1.79 2.32 1.58
250 0.65 0.49 0.99 0.61 1.02 0.72 0.7
315 0.70 0.66 0.97 0.50 1.17 0.50 0.80
400 0.928 .58 0.66 0.31 0.73 0.95 0.75
500 1.02* |0.39 0.56 0.43 0.132 0.71 0.62
630 0.36 0.31 Q.29 0.29 0.42 0.7%% | 0,44
800 0.70 0.33 0.61 0.76 0.5%9 0.23 0.57

1000 0,56 0.22 0.6% 0.23 0.53 0.5%9 0.%0
1250 0.47 0.30 0.83 0.28 0.47 0.65 0.54
1600 0.63 0.487 0.63 0.35 0.%0 i1.02 0.6%
2000 0.63 0.50 0.57 0.1% 0.57 0.78 0.57
2300 0.8% 0.61 0.%& 0.21 0.40 1.07 0.70
3150 0.76 0.49 0.55 0.44 0.55 0.95 0.66
' = B tests ** = putlier * = straggler.

Table %.18b. The standard deviations 54 for the 5 averaged test results
on the middleweight wall and calculated from them S5y (ail
quantitiez In 4B).

freq.(nz) | s 8¢ 8p sp 8 5 gr
'____'
Loo 0.90 1.43 1.09 ! 0.46 1.07 | 0.84 1.0%
125 0.71 1-79 | 1.01 0.17 1.79 1 1.29 1.32
160 p.62 |0.51 |0.60 | 0.66 |0.40 |0C.88 [ 0.62
200 0.96 |0.91 | 0.49 | 0.62 | 0.61 | 2.25%+| 0.76
250 0.41 0.36 0.52 0.17 0.40 0.24 0.39
315 0.51 0.38 0.44 0.35 0.57 0.34 0.45%
400 0.77 |0.29 |0.54 | 0.25 |0.48 |0.00 |0.48
500 0.85** | 0.26 | 0.47 0.31 0.24 | 0.08 0.30
630 0.30 0.28 10,19 0.36 0.32 | D.49 0.33
800 0.70%* [ 0.20 | 0.40 | 0.2% |0.30 |0.15 | 0.28
Luo0 0.43 0.1l | 0.47 | 0.10 [0.36 |0.13 0.33
1250 0.4 |0.18 |0.48 | 0.25 |0.31 |0.29 |0.3%
1600 0.30 0.14 G.41 0.10 0.24 0.19 0.26
2000 0.54 lo.z6 0.3 0.1z |o0.30 {0.33 |0.37
2500 0.63* 0.36 [ 0.35 |0.06 |0.18 [0.14 Q.36
3150 0.42 0,29 10,28 (0,15 | 0.22 |0.0% 0.28
= 3 tesls " v 4 tests ¥* = gutlier * = straggler
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tively. The measurs in which the reference values are exceeded at other
frequencies is lower: 1 or 2 dB.

Although the reproducibility is better for the averaged test results, i.e.
the values of the reproducibility R are smaller for the averaged test re
sults, the improvement ls not as blg as was the case for the repeatabili
ty. Thiz seems logical because of the still remaining differences in the
properties of the participating laboratories such as edge losses, quality
of the masonry, etc. As the 'within- laboratory varlance’ 1s only a part
of the reproducibility variance a decrease of the withln-laboratory varl
ance will only have a limited effect on the reproducibility.

Again this iz summarized by means of the reproducibility of the single
number gquantitieg, shown in table 5.19. Only a small improvement ooccurs
when the averaged test results are used in the calculation of the reprodu
glhility instead of the single test results. Az & result of this the re
producibility of Rw just fulfils the requirements.

Table 5.19. The reproducibility R as to Ry, Rp en Ry concerning the
widdleweignt wall for the single test results as well as for
the averaged test results.

R single test E averaged test reference value
results (4B) results (4B) (ref.3.28) (aw)
Ry 3,09 2,93 3
En 3.78 3,30 3
Fn 3,23 3.6 3
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5.3.4. Conclusions of 4.3,

The investigallon concerning the precision of the standardized test method
has heen carried out using three test objects of which the sound reduction
index Rm differs quite explicitely:

the lightweight wall : R - 25 dm
- the heavy wall : Rm = 54 B
- the middleweight walil: Rm = 46 dB.

The repeatabllity r and the reproducibility ® have been determined four
times according to 180 5725
for the lightweight wall on 8 single test results:
- for the heavy wall on 8 single test results:
- Ffor the middlewelight wall on 10 single test results:

- For the middlewsight wall on % averaged test results,

The precision requirements concernlng the repeatability are stated in 180
140/11-1978 as a function of frequency. this standard iz under revision

by 1is50. The working drafts alszo present reference values for the reprodu
cibility R, apart from the requirementz for the repeatablility. In the se-
venth worklng draft reference values for single-numer quantities ave added
for the repeatabllity als well as for the reproducibilitu.

The reference values are not the same in all documents mentioned above
(see table 3.20). Therefore statements about the réepeatability meeting the

requirements should be made in relation to the document used.

At to the lightweight wall the calculated repeatability fulfils the requl-
rements at mest frequencles, The frequency reglon in which the reference
values are exceeded depends on the ceference curve chosen:

L 140/1 ) 1918 : Erom 6£30 to 1600 Hz:

TR/ TS A3/5C 2 N 26T above 630 Hz;

L0/ e 43750 2-N- 379 above 1250 Hz.
The repeatabllity r concerning the single number gquantlties exceeds the
reference values of 1 db for both Rw. RA and Hm. The reference va-
lues in the midfrequency range frem the same IS0 document are 1.5 4B or
higher. One may wondetr whether the caleulated repeatabllilty r should meet
the regquirements for every third-octave band o as to obtain a repeatabi-

1ity for single number quantities smaller than 1 4B.
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Table 5.20. The reference vélues for the repeatability r.

Ereq. I80-140/11 IS0-TCA3/SC2 IS0~ TC43/5C2N319
(HZ) 1578 Nz&7, June' B0 June'85 (cef.3.26)
(ref.2.10) (ref.3.27)

L

(=]

=
S RF A B o RS RS WD CA LR R
Lt o ol A S R SR S N E Y
MR N O OO SO OQ
B RO R A D B b LN
[V T T LR ' N R T e ]

As to the heavy wall the calculated repeatabllity exceeds the reference
values for most freguencies. The frequency range in which the reference
curves are exceeded does not depend much on the reference curve chosen.
The repeatability for the single-number quantities exceed the reference

value for both R , B, and R .
W A m

As to the single test results of the middleweight wall in a number of fre
quency bands the repeatablility r is larger than the reference values, When
calculating the repeatabllity on the basls of averaged test results, as is
common practice in lahorateries B and F. the requirements for all three
documents (refs.2.10. 3.27 and 3.28) have been met., The same 18 true for
the repeatabilities of two of the single number guattities which then are
both smaller than 1 dB._

The definlitions of the slngle-number guantities lead to a systematic dlif:
ference in the precizion with which the quantities can be determined. The
standard deviationz of RA are blgger for all objects used leadlng to

higher values of the repeatability whereas the standard deviations of Rw
tend to be the smallest. If the low and midfrequency regieon is playing an

important part in the determination of EA and the mwid- and high frequen

wl7—



cy tegion dees the same for B, then it might be considered to state dif-
ferent reference values Eor RA and Rw, for instance 1.5 and 1 dB res-

pectlvely.

For all precision experiments the calculated reproducibility exceeds the
reterence values but not for all test objects in the same measure and not
in the sane number of third-octave bands.

This is 1llustrated in table %.21.

As to the 3ingle number quantities the results are a bit more positive.
¥or the lightweight wall the refetence values are not exceeded.

¥or the heavy wall and the wmiddlewelght wall (as to the single test re-
sults) the calculated reproducibility does not meet the requirements netl
ther for R, nhor for R, and R

For the middlewelight wall a3 to the averaged test results the reference
values are exceeded to a less extent for RA and Rm: they are met for

Rw. Conslidering the calculated reproduclbllity of the single-number
quartities one can again cbserve the highest values of the reproducibility
R for Rn' Different reference values for dilferent single- number gquanti-
ties might alse be considered.

Table 9.21, The nuober of frequency hands in which the reference curves
for the reproduclbility have been exceeded {(the total number
of frequency bands is 10).

the lightwelght wall 1 6

the heavy wall 112
the middleweight wall:

aingle test results : 11

. averaged test results: 10

The concluzions of §5.3 can be summarized as follows:

* ps long as single test results are used to determine the repeatability
and the reproducibility, the reference values are not met in each fre-
quernay hand.

*Lr s possibie that the repeatability or the reproducibiliry concerning
the zingle number quantities fulfil the reguirements. although the fre-

guency dependent reference values are exceeded in some frequency bands.
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* The values of the repeatability and the reproducibllicy are lowered when
using averaged test results instead of zingle test results: in this way

the requlrements ¢an be met more eazily.

Some recommendations may be glven:

* o improve the precision of the standardized ‘pressure’ method of 150
140/111, the meazuring procedure should be prescribed more strictly.
This may preferably lead to the use of averaged test results in test re

ports.

»

Different single-number guantities should have different reference va

luez for the repeatability and the reproducibility.

*

Also in view of the precision of the standardized test method the stan
dardization of both the position of the test object in the test opening
and the shape and mass of the test opening should be recommended.

5.4. Comparison of the results of conventional wmeasurements with the re-
sults of intensity measurements

In the investigations ceoncerning the heavy wall and the middlewelght wall

(see §4.5 and §4.6) the sound reduction index of both test objects have

been determined using the conventional ‘pressure'’ method as well as the

intensity methed.

in the tests on the heavy wall two aspects were emphasized:

- a comparison of the results of both test methods for each measuring 41
rection;

- the influence of the measuring direction on the results of Intensity
measurements.

These aspects have been studied in each participating laborarory at & low

reactivity of the sound field in the recelving room. As shown Ln rable 4.4

only one intensity measurement has been carrled out for each measuring di

rection.

In the tests on the middleweight wall different aspects wetre acgentuared

(table 4.7):

- the waterhouse correction;

- the influence of the reactivity.
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For these purposes the sound reduction index of the middlewelght wall has
been determined in only one measuring direction i.e. with the wall connec-
ted to the zource room. Fer each test method 5 single tests have been per

formed in every partlicipating laboratory.

5.4.1, The tests performed on the heavy wall

the difference between the results of pressure and intensity measurements
may depend on the measuring directlon.

We will distinguish the two directions by the following descriptions:

- the object is connected Lo the source eoom;

- the object 1s connected to the receliving room.

5.4.1.1. Tests performed with the wall connected to the source roou:

The results of both test methods concarning this weasuring direction are
shown in:
figure 9.16A for laboratory A;
figure 5.168 for laboratory B:
Eigure 5.16F for laberatory C:
flyure 5.161 for laborataery b:
figure 5.16m for laboratory G.
All figures have a few things in common:
for low frequencies, approximately below 250 Hz, the intensity measure-
ments yield the lowest values of the sound reduction index:
for frequencies between 250 and 1000 Mz the results of the two test me-
thods agree rather well:
for frequencles above 1000 Hz the intensity technlgue yields the highest
values .
An exceptlon can be observed in the results of laboratory B where the cur-
ve of the intensity measurement iz lying below the other curve for nearly
every frequency.
For the measuring direction concerned one would expect the results of the
two test methods Lo ayree well as in the receiving room the same amount of
sound power is measured with both methods {.e. the sound power radiated

From the rest object.
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Besides we found that the reactivity index only exceeds the value of 10 dB

for a Eew frequencles in a few laboratories:

- in laboratory B at 3150 Hz:

— in laboratory © &t 125 Hz.

An extra measurement has been carried out:

- in laboratory ¢ another heavy wall had heen built on the concrete frame
{the ¢l-situation in §5.2.4).

The resultE of the measurements as to thls wall positlion are shown in fig.

5.168. The same common characteristics as those mentloned above, when the

wall 45 connected to the source room. cen be observed in this flgure.

5.4.1.2. Tests performed with the wall connected to the recelving room:

For this measuring directlon the sound reduction index of the heavy wall

has not been determined in each lahoratory.

The results of the measurements for the laboratorles concerned can be

found in:

- figure 5.16C for laboratory R:

- figure 5.16G for laboratory C:

- figure 5.16J7 for laboratory D;

- figure 5.16L for laboratory F.

Also from the results of these measurements some common characteristics

can be congluded:

- for low [requencies Ehe intensity measurements yleld the lowest values
of the sound reduction index: this effect occurs approximately at fre-
quencies below 250 Hz although this frequency iz varying from one labo-
ratory to another; in laboratorles © and C large variations in the sound

reduction index occur at lew frequencies;

. for frequencies above approximately 250 Hz the curves resulting from in-
tensity measurements are lying above the curves [rem the préssure mea-
surements; differences of up to 5 dB can occur;

- the reactivity index exceeds the value of 10 dB only feor a few frequen-
cles:

in laboratory B at 125 and 160 Hz;
. in laboratory F at 160 Hz.

Although the number of measurementz in this paragraph is very limited we

can conclude that the intensity measurements yield higher valuesz of the

sound reduction index for mest frequencles. This may be explatned from the
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difference in nature between the two test methods. When using the intensi-
ty technigque the szound power radlated from the test object is determined
whereas by using the pressure measurements one determines the total sound
power radiated inte the receiving room frem all its surfaces. This means
that the sound power directly transmitted through the test object i mea—
sured by the intensity technique while this pewer plus the power trans-
mitted along flanking paths i3 determined by the pressure measurements.
For the heavy wall, of which the mass per unit area is about equal to that
of the adjoining structures. the flanking transmission cannot be neglec-
ted. This results in higher values of the measured sound reduction index

when the intensity technique iz used.

5.4.1.3. The effect of the measuring direction on the results of the in-

tensity measurements:
Intensity measurements 1n two measuring directlons have only been carried

out in laboratories B, © and D.

The results of these measurements are given in:

- figure %.16D for laboratory B;

~ figure 5.16H for laberatory C;

- figure 5,18K for laboratory D.

These figures show that the lowest values of the measuvred sound reduction
index are obtained when the object 13 connected to the source room. This
occurs for nearly the whole frequency range but is mostly pronounced for
frequencles above 500 Hz. For frequencles below 500 Hz the effect is not
significant. In laboratory B the results of the measurements in the two
directions agree from 2350 to 500 Hz while for frequencies below 250 Hz
large variatlons in both curves occur with on the average hlgher values
for the direction in which the test object is connected to the receiving

rocm.

A similar effect can be vbserved in the results of the measurements in la-
boratery ¢. For frequencies above 250 Hz the direction at which the wall
is connected to the recelving room ylelds the highest values whereas for
frequencies below 250 Hz the effect 13 again not significant because of
large variatiens in bhoth curves.

In 55.4.1.1 and §5.4.1.2 we already mentioned the frequencies at which the

reactivity index concerning these measurements exceeds the value of 10 48.
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The following explanation of the influence of the measuring directlon can
be given.

when the test object is connected to the source room it is receiving socund
eneryy directly from the source room and vibrational energy Erom the flan-
king structures of the source room.

wWhen the test object is connected to the recelving room it is only recel-
ving sound energy directly from the source room. Then vibrational energy
is flowing from the vibrating object to the adjoining structures in the
receiving rooim. Thus the level of vibraticns in the test object iz lower
than when the wall 1s connected to the source room.

For hoth measuring directions only the sound power radiated by the test
object into the recelving room is determined when using the intensity
technigque. This results in higher values of the measured sound reducticon
index when the object is connected to the receiving room.

5.4.2. The tests performed on the middleweight wall

5.4.2.1. Comparison of the results of pressure and intensity measurements:
As summarized in table 4.7 for the measuring direction at which the wall

was connected to the source room the sound reduction index has been deter-
mined five times with each test methed. No extra absorption material had
been added to the receiving rooms.

The averaged sound reduction indlces of both methods are shown in:

- fiqure 5.17A for laboratory A:;

= Fiqure 5.17B for laboratory C:

- Elgure 5.17F for laboratory D:

- flgure 5.17G for laboratory E;

— figure 5.174 for laboratery F;

- figure 5.17L for laboratory G,

with the reactivity indices to match:

- Figure 5.17D £ar laboratory A:

= figure 5.17E for laboratory C;

- figure 5_.17% for laboratories D and B;

- [igure 5.177 for laboratory F:

- Eigure %.17N for laberatory G.
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From these figures a common property can be observed:

- Eor frequencles below approximately 500 Hz the intensity technique
yields lower values of the measured sound reduction index; for labora-
torles € and D this frequency reqgion is extended to 1000 Hz.

There 15 no clear connection between this property and the value of the

reactivity index. wor laboratories A, C and F the common property colnci-

des with a reactivity index larger than 10 4B while for labeoratories o, E

and @ the reactivity index hardly exceeds the value of 10 dB. Besides, at

frequencies above 1000 Hz for this test object the intensity technidgue
yields only higher values of the measured scund reduction index in labo-

ratories A and G.

Ac in coma laboratories the reactivity of the scund £leld in the receiving

room was rather high, it was decided to carry out extra measurements after

increazing the absorptlon in the recelving room. This was dene in labora-
tories ¢, F and G. Only one extra test was performed in each of these la-—
boratories using the intensity technique.

The rezults of these extra weasurements are glven in:

- figure 5.17B for laboratory €@

~ figure 5.1TMH for laberatory F:

— figure 5.17L for laboratory G.

and the reactivity indices to match in:

- figqure 5.11E for laboratory C;

- Eigure 5.17J for laboratery F:

~ flgure 5.1T4 feor laberatory G.

By increasing the absorption in the recelving room the reactivity index

in laboratories C and ¥ was reduced to values smaller than 10 dB for the

entire frequency range. However., the effect of the reduction of the reac-

tivity index on the weasured sound reduction index is not equal for hoth
laboratories. In laboratory ¢ (£ig.5.178) the sound reduction index in-
creased for frequencies below 1000 Hz. As a consequence the differences
between the results of both test metheds became smaller. Contrary to this,
in laboratory F hatrdly any change in the measured sound reductlon index
can be noticed. Only at 100 Hz and 125 Hz the measuréed sound reducrion in-
dex is increased slightly after increasing the absorption (Elg.5.17H).

In laboratory G the reactivity index was already smaller than 10 4B becau-

se the walls of the receiving room are made of non-plastered porous con-

crete blocks. The addition of extra absorption material reduced the reac-
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tivity index still further {fi4.5.17H). The effect of it on the measured
sound reduction index is shown in £19.5.17L. The sound reduction index is
reduced between 200 and 400 Hz instead of being increased as in laboratory

C. However, the differences are small.

5.4.2.2. The Waterhouse correction:

The Waterhouse correction has been applied to the sound pressure level in
the receiving room. Consequently the sound reduction index resuiting from
pressure measurements is reduced gspeclally for low frequencies.

The corrected sound reduction indices are shown in:

- figure 5.17A for laboratory A:

- figure 5.17C for laboratory <:

- figure 5.17F for laboratory D:

- fiqure 5.17G for laboratory E;

- flgure 9.17K for laboratory F:

— Eigure 5.17M for labgratory G.

These flgures show that application of the Waterhouse correctlon to the
pressure wmeasurements reduces the differences betwsen the results of pres-

sure and intensity measurements.

5.4.3. Conclusions of §5.4

The conclusionz of section 5.4, when confined te laboratory measurements.

can be summarired as follows:

* The sound reduction index of an object cbtained from intensity measure:
ments i in reasenable agreement to the sound reduction index determin-
ed by the conventional pressure measurements, When flanking transmis
sion occurs we only get this agreement when the object 1s comnected to
the source room.

* The hest agreement between the results of beth test methods is obtained
when the reactivity of the sound field in the receiving room is low
j.e. when extra sound absorbing material 1is added to the recelving
room.,

% The differences between the results of both test methods tend Lo be
frequency dependent: for low Erequencies the lntensity methed ylelds
lower values of the sound reduction index whereas Eor high Ereguencies

the intensity method yields higher values.
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* *The differences between the results of both test metheds can be reduced
by applylng the Waterhouse correctlon 1o the results of the conventilon—
al measurements Ll.e. to the sound pressure level in the receiving rocom.

* The sound reduction lndex obtalned frowm intensity measurements depends
aon the measuring direction especially when flanking transmiszsion cannot
be neglected. Then lower values are obtained for the dlrection at which
the object 1s connected to the source room,

* 'The connection between the value of the reactivity index and the diffe-
rences between the results of both test methods is not ¢lear yet but
values of the reactlvity index larger than L0 dB should be avolided.

From these conclusions we give some recommendationsg:

* In future measurlng procedures concerning the use of intenslty wmeasure-
ments in laboratory sound insulation measurements, the measuring direc-
tion and the character of the sound field in the recelving room should
be prescribed too.

* The wWaterhouse correction should be applled to laboratory sound insula-
tion measurements: the IS0 standards concernlng laboratory airborne and

impact scund insulation measurements should be madified.

5.5. Comparison of the precision of the conventional method with the pre—

¢ision of the intensity method

Here we shall deal with a comparizon of five tests for sach test method
performed on the mlddlewelght wall in one weasurling direction L.e. the di-
rectlon at which the wall iz connected t¢ the sSQurce rocm.

3.3.1. The sverage sound reduction index m

The laboratory average ?I obtalned from flve pressure measurements in
ane measurlng direction is szhown in fig.%.188 for each laboratory.
Fig9.5.188 =zhows the laboratory averages ?:;'obtained Erom Eive Intensity
measuremenis. Both Figurez glve an indication of the reproducibility of
the test methods. Apazt Erom the usual rather large variations in the la-
boratory averages 7; at the low frequencies alsg an pnusyal large varia-
tion at the midfrequencles and the hlgh fregquencies cah be observed, At
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first sight the varlatlons in Yz'resulting from both test methods do not
differ much.

In £ig.3.18C the average sound reductiof index m resulting from the pres-
sSure meastrements is compared with the average sound reduction index mi
obtained from intensity meazurements. This figure shows the same charac-
teristics as those mentioned in §5.4: for frequenciez helow 500 Hz the in-
tensity technlque yields lower values of the sound reduction index whereas
for frequencies above 500 Hz the two cutves do not differ wmuch.

In the figures 5.19 the laboratory average FZ; is= compared with m for

#ach laboratory separately concerning the intensity measurements. These
figures resemble the fig.5.5 where the same presentation iz given for the
pressure measurements, The effect of different edge conditions iz showt in
about the same way as in fig.5.5 except for the results of the intensity
measurements ln laboratory © (£fi9.5.198). For this laboratory the diffe—
rence between the laboratory average Y;‘and the average m is larger for
the intensity measurements than for the pressure weasurements. As discuss-
ed in §5.4 this may bé caused by a high reactivity of the sound field in

the receiving room.

In table 5.22 the laboratory averages }I'and the average scund reduction
index m congerning the zingle-number guantities Rw' RA and R are

m
given for five single pressure measurements as well as for five single in-

tensity measurements. Besides, the standard deviations are given.

5.5.2. The repeatability r

In the flgures 5.20A and 5.20B the repeatabllitles r calculated on the ba-
515 of the results of the pressure and the intensity measurements are com-
pared with the reference curves of I30 140/11 and IS0/TC-43/85C-2-N-267.
The repeatability r concarning the presgure measurements exceeds the refe-
rence curves at 400 and %00 Hz and from 700 to 1600 Hz. In table 5.23a the
standard deviation of the pressure measurements is glven as a function of
frequency for each laboratory. It can be compared to the value of sr,

the square root of the repeatabllity variange.

The repeatabllity determined from the resultz of the intensity measure-
nents exceeds the reference curves at 100 Hz, 400 Hz, BOC Hx and 1000 Hz
(£1g.5.208). The standard deviations of the results of the intensity mea-
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Table 5.22. The laboratory averages yi and the average sound reduction
index m concerning the single-number quantities Ry, Rp and
Rpm calculated from the tests on the middlewelght wall, with
standard deviations.

a. 5 single pressure Measuraments

Ry (dB) Ry (dEB) Ry (dB)
lab. ﬁ By -'y_5_ By y_.l 84
A 46,88 0.56 40.53 0.58 43,97 0.48
[+ 47.00 0.30 40.%4 0.63 45.9% 0.1%
b 49,08 0.69 42,99 0.69 46.23% 0.52
E 49,44 0.19 43.70 0,24 47.06 0.13
F 47.18 0.13 41.18 0.43 45.21 0.32
[+ 48 .60 0.36 42.44 0.88 46.07 0.14
m 48,03 41.90 45,76

k. % single intensity measurements

Ry (dB) Rp(dB) Rm(dB)
lab. | Vi1 54 11 $1 ¥4 54
R 44,70%% | 0.97 37.52 0.84 42.93%+ | 0. M
[ 42,98 0.44 35,40 0.48% 43 .24 0.23
D q47.42 0.34 40.05 0.63 44 .87 0.23
E 47.46 0.23 40.10 0.28 45.43 0.30
F 44 _54 0.35 35.55 0.%9 43.53 0.28
G 46.40 0.29 3%.02 0.70 45.04 0.27
my 45.76 38.11 44 .42

*% & outlier ¥ = stragyler

The average sound reduction indices m of Rw. Rh

pressure measurements are 2.3, 3.8 and 1.3 dB larger than those of Rw.

and Em obtained from

Rn and Rm obtained from intensity measurements respectively.

-109~



r can:
£l
e _‘__\'_;—-—
125 23u ®0g 1000 Eogn  4auo
— e 1 {Hi)
Faw G 20A T REFEATABILITY W) THE COMVEMTLOHAL METHOD

DETEHMINID FROM 5 SIHCIT TESTS OM THE
MIDDLEME [GHT WALL, COMPARED WITH REFEREMCE CUNVLE

—_—
RIFCREWCE CuRve
KLFLREMEL GURVE OF

QF 150 140/011 (raf. 2,10}

dny

1% ang w00 1000 2000 4poa
—== f (H1)
Fin.3.20CTHE HLFIATABILITY OF THE COHYEHYIOHAL HITHOR AHD

OF THE I[MTEHSITY METHOOD, BOTH
L OH THE MIRODCEMWE IGHT WALL

THE REFEATAIIINLITY
FROM 5 SIHCLE TEX

L2T]-B1

INN/TE 43450 2 HEEZ (rat. % 77)

'a}

Fig,5. 2

L4

Fig.n.20n0

(ug}

e

Lbno

A

a0R 1000
—_— T Kel

F314 acna

08 THE REFEATANILITY OF THE IHTENSITY METHOD
OETERMIMED FROM S SIRGLE TESTS OH THE
FIDDLLME LGHT WALL , GCOMPAKED F0 THE REFEREWCE Gumwvi

ri

REFEREHCE GUMWT OF ]SO 240701 (ref,2,10)

HLILREMCE GURVE OF 1%u0/T6 43/5C 2 HIET (ref,
{duy
1 A
/ ~
—-_ Ay »
ey
W\Mm__g x o =
15 ama L] 1944 000 LLT-]
e f (HE2
THE REPRODUCIULLITY DF THE COWVEMTIONA! METHOD AND

Of ‘THE [HTEWSITY METHAD, Buiir
OM THE MIGDUEWETGHT HALL

WHE REPRQDUGIBILITY
FRGM 5 SIHCLL TERTS

”
B
REFEREMCE CuRve

OF IS0/TE 43/SC 2 H2GT Craf. 3.7

= Sy ot S0 R
1E3 &30 sco teon 2nae 400¢
———————== f (Hz3
Tia.%. 21 THE STAHQARC DEVIATIUNS UF THE  SOUHD REDUCTIGH

TN K USING

THE

INTENSITY MEYHOD (W TUEL CASE OF

A BARE RECEIVING ROOM AMD MITH FXTRA ARGNRPT[OH

5,

g,

ELEY

RLCOIVING ROOM
EXTRA AULURITION ANGEDR

-110-



surements are given in table 5.23b together with the values of 5.
The repeatability r of both test methods are compared with one another in
f19.5.20C. This figure shows lower values of the repeatabllity determined

from pressure measurements for frequencies below 500 Hz. For Erequencies

above 500 Hz the intensity measurements yield lower values of the repeata

billty.

Table 5.23a. Standard deviatlons and S, the square root of the repeata-
pility varlance of the results of filve single pressure measu
rements on the middleweight wall {all quantities in 4B).

freg.(Hz) | % S¢ Sp S By e Sy
100 1.48 1.23 1.60 1.59 1.62 2.32 1.67
125 1.45 2.45 1.36 0.81 2.38 1.31 1.73
160 1.69% 0.87 1.34 0.60 0.60 1.50 1.18
200 2.07%%1 0.78 0.74 0.39 Q.58 1.06 0.74
250 a.47 0.44 0.91 Q.72 0.5%7 D.72 0.66
315 Q.79 0.60 0.99% 0.57 0.64 0.42 n.69
400 1.16 0.77 0.80 0.09 0.23 1.33 0.85
»00 1.40% | 0.36 0.62 0.33 0.33 1.01 0.79
630 0.26 0.30 0.36 G.28 0.59 1.03** | 0.37
800 0.85 0.29 0.485 0.62 0.64 0.22 0.63
1000 0.47 0.18 0.83 .17 0.%7 0.863 0.57
1250 0.60 0.22 0.84 0.29 0.29 b.82 0.57
1600 0.71 0.23 0.72 0.18 0.36 1.06 0.62
2000 0.72 0.50 0.58 017 0.52 0.92 0.62
2500 0.93 0.4% 0.59 0.11 .27 D.28 0.64
3150 0.89 0.48 0.61 0.13 0.30 0.82 0.60

% straggler: ** outlier
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Table 5.23b. Standard deviations and Sp, the square root of the repsata-
bility variance of the results of five gingle intensity mea—
sutements on the middlewelght wall (all gquantities in 4B).

Ereq.{Hz) S o Sp Sg Sy 5g Sp
100 1.5%6 2.69 1.48 2.63 1.29 2.55 2.12
125 1.37 0.58 0.66 2.79% | 1.33 1.1 1.59
160 1.37 0.99 0.30 0.40 0.93 1.10 0.93
200 1.80 1.31 0.92 0.58 0.37 2.61* 1.48
250 0.86 0.68 6.32 1.01 0.69 0.46 0.71
315 1.53* |[0.93 0.49 0.40 0.75% 0.82 0.90
400 1.45 L.22 0.58 0.34 0.86 1.56 1.10
500 1.63%% [ Q.31 0.25 0.50 L.00% [ 0.50 0.57
630 0.43 0.19 0.28 0.85%*| 0.19 0.23 0.28
800 D.66 0.88 0.37 0.75% 0.35 ¢.30 0.60

1000 0.64 D.75 0.1z 1.05+ 0.25 0.28 0.61
1250 0.2% 0.35 0.33 0.5%% 0.63 0.38 0.44
1600 0.47 0.27 0.13 0.20 0.58 0.l¢ 0.35
2000 0.50 0.26 0.27 0.08 0.58 0.33 Q.37
2500 0.50 0.37 0.27 0.21 0.40 0.30 0.36
3150 0.40 1.12 n.1a 0.53 0.82 0.17 0.71

* stragqler;: ** outlier

As to the single-number gquantities Rw. Rh and Rm the repeatability r
of both test methods is glven in table 5.24.

Table 5.24. The repeatabllity r concerning By, Rp and Ry of the con-
ventlonal method (a) and the intensity method (b) determined
for each tesat method from 5 single tests in each laboratory.

r{dB): a r{dB): b reference values {(dgB)
{ref.3.28)
Ry 1.20 0,94 1
Ry 1,72 1.94 1
Rm 0,75 1,10 1

It canndt be concluded neither from f£14.5.20C nor from table 5,24 that one
of the two test methods yields systematically lower values of the repeata-

bllity ¢,
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In laboratory € the serie of five intensity measurements has been repeated
aftar the additlon of a large amount of absorption wmaterial in the recei-
ving room resulting in lower values of the reactivity index (fig.5.17).
The standard deviations of the results from this serle are compared with
those of the First serie in fig.5.21. Tt shows that the reduction of the
reactivity of the scund field in the receiving rooi does not affect the
standard deviations very much, except perhaps for frequencles below 400
Hz. In thlz frequency region the reactivity index is lowered beneath 10 dB

as a result of the extra absorption material.

5.5.3. The reproduciblility R

The reproduciblility R concerning the pressure as well as the intensity
measirements is shown In Elg.5.20D0 together with the reference curve from
150/ TC-43/80-2-N-267. The reference curve is exceeded for most frequen-
cles. This is the case for both test methods. The reproducibhility concer-
ning the pressure measurements only meets the requirements at 160, 200,
250, 315 and 1000 Hz whereas the reproducibility as to the intensity mea-
suremetits agree with the reference values only at 160, 1000 and 2500 Hz.
It seoms loglcal that the repreduclibility of the intensity measurements
does not differ much from the reproducibllity of the pressure measure-
wents. This might be explained as follows.

From the definition of the reproducibility B (eq.3.12) we see that it is
calculated from the repeatability varilance Sr and the between-labora-
tory varlance 55. Firstly, the repeatabilitles of both test methods

have about the same value (£ig.5.20C) and from eq.3.11 so do the repeatar
bility variances of the two methods. Secondly, the between-laboratory va-
riance is determined by the properties of the transmission sultes.aha
should not depend on the test method chosen.

The peaks of the repeatability r of the intensity measurements at 200 and
400 Hz lead to peaks in the reproducibility of the intenzity measurements
at the same fredquencies.

we may conclude that under the condltlons of thls lnvestlgation the inten-
sity technique does not yield a batter reproduclbility. One might conslder
the reproducibility of the cohwentional method as belng slightly better.
Thiz 1= confirmed by the reproducibility concetning the single humber
quantities as shown ln table 5.25.
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Table 5.25. The repreducibility R concerning the single-number quantitles
Ry Bp and By of pressure measurements (a) and intensity
measurements (L) determined from 5 tests for each methed on
the mlddlewelght wall

K{dB) (&) K{dB)}(b) reference values
(dan) {(ref.3.28)

Ry 3.41 5.60 3
Rn 4.09 5.74 3
Ri 3.03 2.83 3

5.5.4. Concluslons of §5.5.

The precision of the two test methods for the determination of the sound
reduction index has been compared. The comparison concerned five single
tests for each test method carried out in the same measuring direction on
the same object in six laboratories. The pressure measurements have been
carried out under reproducibllity conditlons. The intensity measurements
have been carried out by the same operators ln each laboratory so reprodu-
cibility conditions according to IS0 572% were not relevant. In this way
the variations in the measured sound reduction index due to different ope-
rators are left out.
The conclusiens can be summarized as follows:
¥ The repeatability r of the intensity method iz slightly higher than the
repeatability of the conventional wmethod. at least under the conditions
of this investigation. Thiz is illustrated hest by looking at the re

peatability concerning the single-number quantities.

*  The reproducibility B of the intensity methed is higher than the repro-
ducibility of the conventional method under the conditlons of this in-
vestigation. The reproducibilities of the single-number quantities il-

lustrate this clearly.
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The results of the intensity measurements show the same characteristics
as the results of the pressure measurements as to the effects of diffe-

rent edge conditions, etc.

The sound reduction index cbtained from intensity measuresents is
smaller than the sound reduction index obtained from pressure measure-
ments. Especlally when the reactivity index of the sound field in the
receiving room is large, differences of 2 or 3 dB can occur between the
results of the two test methods concerning the single-number quanti-
ties.
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Sutiiialy

This thesis describes an experimental investigation on the influence of
the properties of sound transmission rooms on the results of airborne
gound insulation measurements. This investigation took place in six Dutch
and two Belglan laboratories.

The transmission rooms in these laboratorles all differ in size, shape and
construction, as a result of the rather wide wmargins of the requirements
for these rooms.

1t i5 known from literature that the results of alrborne sound inculation
measurements ot bullding elements may depend on the properties of the
trangmission rooms. It is important to know these effects and, if posal

ble, to reduce them In view of the acoustical qualification for building
elements and the export trade.

Although test reports From different Dutch and foreign laboratories appear
in The Netherlands, a comparative investigation hasz never been carrled out

in Dutch laborateories, ¢ontrary to West-Germany and Seandinavia.

Chapter 1 illustrates the important part played by the zound reduction in-
dex of building elements in nolse abatement by wmeans of three practical
cases.

In chapter 2 a short hiztorlcal survey of Dutch transmlsslon rooms (§2.2)
15 followed by the requirements from IS0 140 for these roows (§2.3). These
requirements show rather wlde marglns for the desianing of these rooms.
Twe methods for determining the alrborne sound insulation of building ele-
ments are explalned briefly in §2.4; firstly the standardized 'pressure’
method from IS0 1407111 and secondly the non-standardized 'intensity' me-
thod, both applied in the freguency range 100..... 3200 Hz.

This chapter ends by introducing some =zingle-number guantities Eor the
sound reduction index. These quantities are often used to formulate acous-

tical requirements in bullding codes.

The causes which affec¢t the results of laboratory alcborne sound insula-
tion weasurements are explained in chapter 3. Firstly a short survey of
literature of the effects caused by the propertles of the transmisslon
rooms is glven in §3.2. Secondly the discrepancy between the results of

the two test methods found by other authors iz shown In §3.3.
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Thirdly a method to determine the preclsion of a standard test wethod is
given in §2.4. The statistical model from 150 5725 for determining the re-
peatability and the reproducibility of a test method by Inter-laboratory
tests L1 introduced.

A summary of preclsion experiments concerning the standardlzed 'pressure’

method carried cut in West-Cermany and Scandinavla concludes thls chaptar.

Chapter 4 deals with the organization of the investigation, described in
this thesis. Three test objects were selected. They were used to investi-
gare the effects mentioned in §3.2.

Four precislon experiments according to IS0 5725 were carried out using
the three objects with respect to the standardized 'pressure’ method. The
two test methods were used In each laboratory to determine the sound re-
duction index of twe test objects. Finally the precisions of the two test
mathods were compared from measurements on ohe test object,

in 54.2 the participating laboratories are described whereas in 54.3 and
$4.4, 54.% and §4.6 the test objects and the tests are dealt with rezpec-
tively.

In chapter 5 the results of the investlgation are treated.

Two important effects were caused by the properties of the transmission
rooms (§9.2).

Firstly the so-called niche effect may cause differences in the measured
sound reduction index of as much as 10 4B for frequencies below the criti-
cal frequency of the test object. It is recommended that the recommenda-
tion of 180 for the central position of the object in the test opening
is bhanged in order to reduce thls effect.

Secondly the differant edge conditions wet by heavy walls in the different
laboratories caysed differences of as much az 4 dB in the measured sound
reduction index for frequencies around and above the critical frequency of
the tost object., It is recommended that both shape and mass of the teat

opening are sztandardized.

The results of the precision experiments (§55.3) show that the requirements
for the repeatability and the reproduclbility are not met Eor each fre-
guency band when single test results, L.e. the result of one test in one

measuring direction, are used. However. yet 1t is possible that the re-
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quirements for the repeatability and the repreoducibility concerning the
single-number quantities are fulfilled,

when using averaged test results, i.e. the average result of two tezts in
opposlte measuring directions, for the determination of the repeatability
and the reproductibility, the reference values for the repeatablility can be
met in each frequency band. The reproducibiliry too iz improved in that
case,

It is recommended that, apart from the requirements for new sound trans

nizslion laboratories, the wmeasuring procedure in IS0 140/111 too is stan

dardlzed wore firmly. A second recommendation congerns the reference va-
lues for the repeatability and the reproducibility of the single-number
quantities: different single-number quantities should have different refe-

rence values.

When using the intensity technique instead of the standardlized pressure
method eonsiderable discrepancles way occur (§5.4), depending on frequen-
cy. the measuring direction and the reactivity of the sound field in the
receiving room. A rather good agreement 12 obtained when the test object
13 connected to the source room and the receiving room has a very small
reverberation time, i.e. wade almost anecholc. For low frequencles the
discrepancies between the results of the two test methods are reduced by
applying the so-called Watarhouse correction to the results of the pressn
re method.

It is recommendsd that in future measuring procedyres concerning the in
tensity method in laboratory measurements, tihe measuring direction and the
character of the sound field in the recelving room are prescribed. The
need for the application of the Waterhouse correction in standardized

sound insulation meazurements L5 a second recommendatlon.

The¢ comparison of the precision of the two test methods in 5.5 shows a
slightly better repeatabllity and reproducibllity for the 'pressure’ me
thod. This is illustrated best by the repeatability and the reproducibilii
ty of both test metheds concerning the single-number quantities.
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Samenvarting

bit proefschrifr beschrijft een experimenteel onderzoek naar de invloeden
van deo eligenschappen van geluidtransmissiekamers op de resultaten van
luchtgeluidisclatiemetingen aan bouwelementen; het onderzoek iz ultgevoerd
in zes Nederlandse en twee Belgische laboratoria. De transmissiekawers in
deze laboratoria zijn alle verschillend qua grootte, vorm en constructie,
als gevelg van speelrubmte in de voorschriften voor deze Heetkamers.

Uit de literatuur blijkt, dat de resultaten van luchtgeluldisolatiemetin-
gen aan bouwelementen mede afhangen van de elgenschappen van transmissie-
kamers. Het i3 van balang deze effecten te Kennan en zo mogelijk te mini-
maliseren met het oog op de toekenning van attesten aan bouwelementen en
in breder verband de export van deze bouwelementen.

Hoswel in Nederland regelmatig meetrapporten van verschillende laboratoria
verschijnen is een vergelijkend onderzoek in Nederlandse laboratoria niet
ultgevoerd, in tegensteliing tot bijvoorbeeld west-Duitsland en Scandina-

vié.

In een algemene inleiding, beschreven in hoofdstuk 1, wordt de helangrijke
ral die de luchtgeluidisclatie van bouwelementen in de praktijk van de la-

waalbestr1iding speelt, verduldelijkt aan de¢ hand van drie gevallen.

Hoofdstuk 2 geeft een kort historisch overzicht van de transmissiekaners
in Nederland (§52.2), gevolgd door de elsén uit 150-140 dle aan deze meet-
kamers worden gesteld (§2.3). vit deze elsen blijkt de speelrulmte voor
het ontwerpen van deze meetkamars. Twee methoden ter bepaling van de
luchtgeluidisolatie van bouwelementen worden kort toegelicht in §2.4, ten
eerste de genormaliseerds 'druk’'-methode ult IS0 140/1I1 en ten tweede de
niet  genormaliseerds 'intensiteltz’-methode, beide van toepassing in het
Erequentiegebied 100..... 3200 Hz.

it hoofdstuk besluit met het introducereh van enkele zogenaamde één-ge-
tals- grootheden voor de luchtgeluidisolatle. Deze worden veel gebrulkt om

akoestische sisen in bouwvoorschriften vast te leggen.

In hoofdstuk 3 wordt uiteengezet waardoor de resultaten van luchtgeluiai-
solatiemetingen in het laboratorlum kunnen wordsn beinviced.

op de eerste plaats (83.2) hetreft dit een kort overzight van de in ¢ “i-
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teratuur vermelde invloeden, vercorzaakt door de elgenschappen van de
transmissiekamars,

op de tweede plaats (§3.3) volgt een korte opsomming van de door anderen
geconstateerde wverschillen in de meetresultaten door het gebrulk van de
‘intengiteits’ -methode in plaats van de 'druk’-methode.

op de derde plaats (§3.4) wordt aangegeven hoe de nauwkeurigheid van een
standaard-meetmethode kan weorden bepaald. Het statistische model uit 150
5725, waarmee uit metingen aan hetzelfde object in verschillende labeorato
ria de herhaalbaarheid en de reproduceerbaarheld van de meetmethode worden
bepaald, wordt geintroduceerd,

Tot beslult wordt een korte samenvatting gegeven van de in West-Duitsland
en Scandinavié verrichte nauwkeurigheidsonderzoeken betreffende de genor-

maliseerde 'druk’'-methode.

Hoofdstuk 4 beschrijft de opzet en de organisatie van het onderzoek, ver-
richt in Nederlandze en Belgische laboratorla (84.1). Drie meetoblecten
z4in geselectesrd., Met deze objecten ziinh de voornaamste invioeden, ge-
noemd in §3.2, onderzocht. Vier nauwkeurigheldsonderzoeken volgens de me
thode uit 180 5725 zijn ultgevoerd met de genormaliseerde 'druk'-wethods.
Tevens zijn vergelijkingen van de resultaten verkregen met de in §2.4 ge-
noemde meetmethoden aan twee oObjecten gemaakt. Tenslotte is de nauwkeurig-

heid van de beide mestmethoden onderling vergeleken.

In hoofdstuk 5 worden de resultaten van het onderzoek behandeld. De eigen-
schappen van de transmissiekamers in de deelnemende laboratoria leiden tot
twee belangrijke effecten {§5.2). Op de eerste plaats kan het zogenaamde
niseffect voor frequenties beneden de grenafrequentle van het meetobject
voor verschillende posities van het object in de meetopenlng verschillen
tot 10 dB in de gemeten luchtgeluidisolatie veroorzaken. Aanbevolen wordt
dat de voorkeur van ISO 140/1I1 voor de centrale positie van het object in
de meetopening dient te worden gewijzlgd in een eenduildig cmschreven posl
tie, niet gelijk aan de centrale positie. Qp de tweede plaats lelden de
verschillende randcondities die met name zware mestoblecten in versehils
lende laboratoria ondervinden tot wverschillen van maximaa) 4 dB voor fre
quenties rond en boven de grensfrequentie van het meetebject. UiE ait
laatste volgt de aanbeveling, dat ook de vorm en de omgevende massa van de

meetopening nader dienen te worden gengrmaliseerd.

-131-



Uit de resultaten van de nauwkeurigheldsonderzoeken (35.3) blijkt dat. zo
lang een meetresoltaat voortkomt ult &n meting in één meetrichting. de
herhaalbaarheid en de reproduceerbaarheid niet in elke frequentieband aan
de referentiewaarden voldoen., Het blijkt echter voor te Kunnen Komen dat
de herhaalbaarheid en/of de reproduceerbaarheid, bepaald voor de £én- ge-
tals-grootheden, dan wel aan de daarvoor geldende referenti_waarden kunnen
voldoen. 7Ten aanzien van de perhaalbaarheld wordt wel aan de referentie-
waarden voldaan, indien een meetresultaat het gemiddelde 1s van twee me-
tingen in tegengestelde mectrichting. Ook de reproduceerbaarheid wordt
daardoor verbeterd.

Hr wordt aanbevolen dat, naast de voorschriften voor de bouw van nieuwe
laboratoria, ook de veorschriften voor de meetprocedure uilt 180 1407111
dienen te worden bijgesteld. Een tweede cohclusie 1s, dat verschillende
één-gatals-grootheden verschillende referentiewaarden voor de herhaalbaar-

heid en de repreduceerbaarheld dienen te hebben.

Door de intensiteltsmethode te gebrulken in plaats van de genormalisearde
drukmethode kunnen aanzienlijke verschillen in de meetresultaten optreden
(85.4). Deze verschillen zi)n afhankelijk van de frequentie, de meetrich-
ting en de reactiviteit van her ontvangvertrek. Een redelijke overeenstem-
ming tussen de resultaten van belde meetmethoden weordt berelkt wanneer het
meetobject gekoppeld is aan de zendruimte en het ontvangvertrek sterk ge—
luidabsorberend is uitgevoerd tijdens de intensiteitsmeringen. Het toepas-
gen van de zogenaande Waterhouse-correctie op de resultaten van de drukme-
tingen verkleint de nog restervende verschllien voor de lage frequenties.

Aanhavolen wordt dat in toekomstlge meetvoorschriften voor de intensi-
teltsmetingen in het laboratorium in elk geval de meetrichting en de in-
richting van het ontvangvertrek voorgeschreven djenen te worden. Tevens
wardt aanbevolen dat de Waterhouse-correctie bij “druk'-metingen moet wor-

den toegepast.

Uit de vergelijking van de nauwkeurlighetid van de beide meetmethoden. ult-
gevoerd aan hetzelfde object onder dezelfde condities (§5.%) blijkr, dat
de genormallseerde drukmethode een lets hogere nauwkeurigheild bezit dan de
intensiteltsmecheds . it kemt vooral tot wlting in de herhaalbaarheid en

de reproduceerbaarheld van de dén-getals- grootheden.
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STELLINCEN, BEHORENDE BIJ I PROEFSCHRIET :

“SOUND TRANSMISSION ROOHS - A COMPARISON®

814 luchtgeluidisolariemetingen in het laboratorium dlent het westob—
ject niet in her midden van de meetopening geplaatat te worden: de
fiotm TS0 140/IIT dient op 4it punt te worden herzien (dit proefachrift
hoofdstuk 5.2).

voor de luchtgeluidisolatie van een bouwelement dient het gemiddelde
respleaat van twee gqua bronpositie of meetrichting verschillende me-
tingen te worden genemen {dit proefschrift hoofdstuk 5.3).

wWanneer aan een bouwelement de luchtgeluidiselatie als kwallteltsken-
merk wordt toegekend, dient d¢ waarde hiervan ult het cogpunt van ba-
trouwbaarhedid het (rekenkundig) gemiddelde van twee meetresultaten te
zijn (ait proefachrift hoofdstuk 5.3).

Het is bij geluldisolatiemetingen aan bouwelementen noodzakelljk de
zogqenasmde Watsrhouge—correctie toe te passen {D.W.van wilfften Pal-
the. G.Faber en D.de Vries 'Sound power radiated by a velocity mono—
pole under reverberant and under free field conditilons', J. Acoust.
Soc. Am. €5{2), February 1979).

Da bewering, dat het niseffect alléén in het frequentiegebled onder
de grensfrequentie optreedt, is theoretlsch zwak gefundeerd {o.a. T.
Kihlman. A.C.Nilsson 'The effects of some laboratory deslgns and weoun—
ting conditions on reduction index messurements', Journal of Sound and
Vibratlon, 24{3)., 1972).

Het uitvoeren van hauwkeurigheidsonderzoeken in laboratoria, die kwa-
1iteitskenmerken aan toestellen of materialen toekennen, dient te wor—
den gestimuleerd, ook in internationaal verband, met het oog op de €X-
port van bedotlde toestellen en materlalen.



7. Het anderwiis in de materiaalkunde aan aanstaande bouwkundig ingeni-
&urs zou zeer gebaat zlin blj meer kennis van de VWoO-abituriéntep van
de schaikunde {(B.W.v.d.vlugt, Dilésrede. Technische Hogeschool Eindho-
ven. 19284).

B. Het onderwijs op basisscholen dient zo te worden ingericht. dat voor—
komen wordt dat intelligente kinderen lul worden (W.B.Barbe and J.5.
Renzulll. 'pPsychelogy and education of the gifted'. New York, 1981},

9. De verelste nagwkeurigheid van é&én cent in de varhouding van de fre—
quenties van grond- en boventonen van vibtafoonstaven 1s nlet voldoen-
de onderbouwd (J.L_Moore, 'Bar percussion instruments', Permus Publi-
cations, Columbus Chio, 1978).

10. Het terugdringen van het ondetwij: in de Rommange talen leidt tor sep
verminderd inzicht in de schrijfwijze en uitsprask van woorden: dit
kan er bijvoorbesld toe leiden dat men bif her woord parameter gaat

denken aan een appacast voor het tellen van Joegoslavische munten.

11. Het wusiceren in gen groot orkest levert naast de guzikale belaving
€&l aantal vaardigheden op, die overal tepaz komen, zoals samenspelen,

zulver spelen. tellen en maathouden.

Eindhoven, 9 September 1986.

Helke Martin.



