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ABSTRACT

Sound Transmission Loss Measurements

. by the Sound Intensity Technique

-

Ann De Mey - ' . :

The Sound Intensity Technique is used to measure Sound

Transmission Loss. A detailed measurement pgoceaure is:

-established and walidated. Consequently the transmission
- (

loss is measured as a functlon of the folIOW1ng parameters:

panel dlmen51on§, the ex;stence or absence of sills and
i - ¢ ;
reveals, and the l}ning of reveals with absorbent material‘ '
(J ' . ¢
of variable thickness.

In addition, because the intensity is a vector quantity,

’
LS

the acoustie power flow through partltlons can be traced.
Th1s,allows for the determlnatlon of the relatlve
contrlbutlons to the overall transmlssxon loss of the

VArious sections of the panel, and,thevlocalisaﬁion of,

construction faults.
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Yhe Sound Transmission Lodé of a panel or wall is a
-y N . !
p measure. of its ability to reduce.the transmission of sound
N " . .
from one space to another. Its evaluation is very important

1

in many noise control problenms.

- 1
[N
1 o N

Traditionally the sound transmission loss of a partition

has be®n measured using’;he'standard approach as described
S | -
by the ANSI/ASTM E90-75" [9]. It has been shown both

: experimentally and theoretically that it is dependent on
a * ’ - ' )
various bd\ndqry conditions. However, the numerous

A .
- . * ° - v

lngn/ﬁ )4 . contradittions between reported results based on the
standard method,” althéugﬁ,obtained under "ideal" laboratory

condit?bns,'iﬂdicatg the need for further investigation.

/

Morq,detailed‘guidelinesﬁﬁndt only concerning the ¢groom .
. ? ‘

’

parameter§, but including the méasurement technique and

- , yrocedJ? haye to be established. Iq‘addilion, special
A £4 \attegtion will have to be paid to the deéailing of spundy
i transmisébo$ paths, in particular, -undesirable paths such‘asl
- flanking,,céns£ruc£ion errors and material defects. ‘
~ ~ ! . ‘

. « The present measurement technique makes it difficult to
A isolatecthé varfou§ paraméters"influencinq the measurement
of -sound t?aﬁsmission loss and does not allow for fault

- ( -
' * gkericad National Standard [9]
RN , - ' o

. B .
o .
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o ¢ ! N
. checking or finding. All elements constituting the system

under test are considered as one single system. The measured ///?

4 2

transmission loss is relative to.the system as a whole.

The recent develbpment of new technigues and tools now
(% : .
enables the‘direct measurement of the flow of energy, or

rather the' flow of energy per unit area,_ that 1is, the -

-

intensity. As opposed to pressure, intensity is a vector

q%jntity and therefore provides directional information.
So

rce identification and location, source ranking and the

determination of energy flow paths is now possible. With,

respect to the measurement of sound‘transmiss;on loss, " the

total acoustic powef transmitted through a partitidn can be -

w»
:

determined hy measuring the distribution of the intensity

. . i' i
hormal to the surface and integrating the results over the

whole panel area. - e
‘ Yy

I3
¢

M <
- ‘ *

This new method has several advantages, for example: the

o

transmitted intensity is measured directly across the test
R - : -

surface, thus eliminating the effect_ of* flanking
. ! A

transmission loss; it gives the transmission loss directly

v

without having to make corrections for the panel area and

)

the absorption characteristics of the reception room; no

stringent restrictions are placed‘ on its acoustic

‘properties, it neithef'has to be reverberant or anechoic

{({this fact eliminates the need for an actual transmission

loss suite, although currently the existence of at least ©one

M 3-

-
’
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r?ve;berant,chamﬁer is exploited); surface intehsiti

" patterns can be drawn and checked for irregularit{es, that
/ ' R B . .
is,  eventual faults, after which the relative contributions

s

L]

'to’ the sound transmission of different sections of the test

\
+ . .

panel.can be determined. \ :

[} B P

.

Standards for. the measurement of sound transmission loss
based on thgﬁfﬁtengity technique dOjnot-Yet eiistfand this

+ WoTk +dis intended to be 4 contribution towards their

’

establishment. With this purﬁose in mind a series of test
[ ~ e 5 .

[

) . o have® been: undertaken. The.objgcéive was three-fold :

& PR
. L , . - '
. . -
Lo ' . N . . .
. . -, . ‘ .
b . - '

IPRRE 'L) Validation of 'the ing%ns;ty technique by comparirg

its,reéulis to tﬁose obtained wusing the standard

i L]
. - P

approach.

: 2) Establishment of a detailed measurement érocedureﬁ.
3) Exploitation of its analytical capabilities.

3 a8

> . 7 ’ '
‘ . * "The sound transmission loss was measured as a function'of’
“ ' ” . . . . N ‘
. . . -'the fgllowing parameters:
' ‘ * "‘ ! - . - '
- .lining of the reveal with absorbent: material .of
. .\ N - © N B . e '
T : ~varying thickness. ’
' -0 - sills of different widths. '
. > ) ..
) - panel dimensions. LA o
A L o x - 1 . L '
- . / A
¢ -" " il . - <
' | Y
I' . . - )
e/ ‘ 4 .
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. ' -~ v . N . -
Surface intensity profiles were drawn in order to:

=, determine the relative contributions to the total
. & ! '

sound transmission of the panel's various sections

- locate a deliberately introduced fault. -

- 4

K

, The description®of this investigation starts with a

~

, literaturé surwvey on the soundfiransm1551on~loss and the

»

A

®

broblems assoéiated with its standard measurement

-

(éhéptef I). Chipter II deals with the measurement of sound

intensity in a general way as well as’ its application

towards the measurement of sound transmission loss. Chapter

'

IIT1 describes the experifiental test facility and measurement

procedure, including the preliminary study.necessary to its
establishment. Ohce validated the technigue is examined in

use, thé results of which are reported and discussed in

Chapter IV. Conclusions are presentéd in Chapter V together

L “y
with suggestions for further work. . .o
, ‘ . . )
) .. w L -
= . ¥
. NN ot , .
Xd*r ) ¢ M ~
o * v
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CHAPTER [ : SOUND TRANSMISSION LOSS AND ITS STANDARD
' _ MEASUREMENT

4 < - ' . -

El

1.1. Definition. , o .

The Sound Transmission Loss of a partition -is a measure

Al

~

of its performance to reduce the passage of acoustic energy
from one space to - another. Matﬁematically it is defined as :

-

'

3

TL = 10 log(Ij/I¢) "~ [aB] (1)
-‘-J -
where Ii and I, are respectively the incident and
Ezhhsmitted,intenéity {w/m2].

[y
¢

The,ratiO,It/Ii'is also known as the transmission

coefficient T, and equation (1) can also be written as :

4

¢
TL = 10 log(l7T) - {{aB1 T (2)

1.2. General Aspects of Sound Transmission Loss

A partition's radiation chagacteristics depend.on the

A

: 9 .
frequency of the incident sound wave. Generally speaking

o

four frequency regions are said to exist, as shown in Figure

1 [1]. - P
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Atgt&e very low frequency end the tranSmission loss is

stiffness controlled . Until the first resonance fréquenqy

(see belbw) each halving of the panel stiffness, or doubling

N

h)

oﬂ‘thg ffequency, will d8creasé the transmission loss by 6
dB per octave. However, in practice, in the case of finite
panels, this frequency rggion i§~very small, is likely to be
inkluenced by g'bapking roém, and'generally falls below tﬁe

lowest frequency of interest., ‘ A "

With increasing frgqueﬁcy resonances occpr. Their
frequencies depend on the panel characteristics such as
stiffness, mass, dimensions and boundary conditions. For

example, a panel with simply supported edges has resonance

frequencies diven by (Beranek [1]) :

B 12 2 n 2
. frlneny) = Lo LX)+ (P)y i ()
N -2 3 X - y

5 . B

where B-=.EMI/LY : bending stiffﬁess éer unit width of

panel [Nm]

E : Young's modulus [N/m2]

M7 : moment of inertia of panel [m%]

. .
Lx : panel length [m]

/ty/:'pé;\e—l width [m] s . B

’ Ps :.mass per unit area of panel [kg/m2]

ng ., ny :‘integers

The lowest resonance frequency is given for Ny = 2 1.
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SOUND PRESSURE LEVEL RATIO™ (DB)

-20 4 ' . .
FREQUENCY (HZ)
Sound Pressufs Ratio for o single :,g ponel of giass. .

Trckness 9.525mm, Density 2300 ky/m® Youngs Modulus -6.2 x'10°N/m?, internal Dampig 1 = 0 0O

*

Fig. 2: Multiple Resonance Panel (from Guy [2])
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Equation (3) predicts the presence of a resonance region

extending from onset and ‘throughout the frequency range;

Figure 2 ihdicates the amplitude of resonances when only the

internal energy, ld8ses of the plate itself are taken into

:

" account; this' suggests that Figureil is incorrect. In

practice however, as reported by Craick (31, energy losses
at the(pénel béundaries raise the Qélue af the loss factor
considerably at lower ffeqﬁen;ies. This re;ults in far lesg:
éronounced resonances and‘eventually:ﬁhey completely

disappear at high frequencies due to internal damping. The

transmission loss curve then tends to the classic, linear

-

“mass—}éw as described below. This frequency region is called

"mass controlled". BN

>
»

Within the "mass controlled" region the transmission
' o L ' /
loss decreases sharply about the coincidence frequency fc¢

also called critical frequency, thus giving its name to this

region.

Vi

The critical frequency is the frequengy at which the

wavelength of the bending waves in the panel equals the
wavelength of the airborne excitation. Both waves
‘coincide',’ thus increasing the panel "vibration and

decreasing its transmission loss. f. is given by [1] :

s

2 )
2= S (5 (h2] © (@)

.

.
.

~

v

;{..

. e
[ P i el - . , d .



\'\ ) 10

EY
.

where ¢ is the .welocity ofAthe incident sound wave [m/s] ;

all other notations correspond to those mentioned above.

, k]
Beyond coincidence the transmission loss of the panel

increases again. At frequencies above coincidence, mass,

damping, and in particular the benﬁding stiffness are

L3R

important.

1.3. Theoretical Models

v
'I."he.object of th‘iis thesis is the measurepent of sound.
transm‘igsion« ioss,’ thus only trends con‘g\&rning‘ its
analytical modeling are reported here. In general,‘ the
stiffness controlled and the ba‘sic-resonance region will not

" be discussed because in many practical cases it is below the

loweéest frequency of interest.

1.3.1. - Mass Law

‘The sound transmission of an infinite partition forded

by a plane sound wave is given by the classical mass law for

’

frequencies below g¢oincidence. It is dependent on the -angle
of incidence of the sound wave. For normal incident waves

r

(angle of incidence equal to -0) we have (Beranek [1]) :

w p

L s
= — dB 5
TLo = 10 log(.l * e ) CaB] (5)

where w = 2nf :Yangular frequency of the sound wave [rad]

f : frequencw of the sound wave [Hz]

-~ ‘ . [y




N 1 . ) R v '
, | N

1

' S : pg : mass of the panel per unit area‘[kg/mzl

«

pc : characteristic impedance of the medium (air)

. . ~ {rayls]
. ’ i c ) ’ ’ . .
% R , . ) . , - A

According td this law the transmission loss of a partition
only depeﬁds on its mass.. Its, bending stiffness having been
‘ﬁeglected, equation (5) is not appiicabie'ih the'coiﬁciéence
region. At andlabove the critical freguency the bending
stiffness and energy losses of the panel\wil} have to be
taken into-account 'in addition to fg5, Calculations become

+

more difficult.

With respect to finite panels, the claésioél approach is
to use the formula for infinite panels but with the
introduction of a correction factor in order to broduéé

. closer agreement with experiments. Its érecise formulgtion,
‘varies from one author to another, but pecause of theif
infinite panel basis the angle of airborne incidence assumes
importande.-Beranek {13, for gxample,‘ suggests for

. E:equencies below coincidence: l
TL = TLy -~ 5 _ ' A tdB] . (6)
¢ . ' ' " i

»
°

where TLo is the transmission loss for normal incident waves
and TL the transmission loss under diffuse field conditions.
These classical laws are simple but they don't take into

account other parameters influenc¢ing the sound transmission

Y
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~
PO

. i
loss, such 2% panel size and shape, room dimensions and many

other bggddary conditions. : 0 \?;23;

¢;.3.2. ConéZ;porary Works

conditions and two approaches may be 1dentified.
[ .
The*flrst 1s based, on al] study by Maidapitk [4] who
, ;
4 .

demonstrated that, although colngcidence canno occur below
. R - .
‘the critical frequency, there is a resonance transmission

contribution due to edge effects in addition to the forced
» .

transmission according to the mass law. For resonance

transmissiom, according to Sewell [5)} and Crocker and Price

(6], transmission loss decreases as$ the area increases.
According to Sewelh, the forced transmission’ has the
opposite tendency, @hile r;}erence‘[GJ assumes it to be
‘indeperrdent of the panelﬁ‘size. Generally, forced

transmission prevails at low frequencies, the resonant

4 1

transmission being dominant for higher frequencies up to the
crittical frequency. Thus one may conclude that for' low

frequencies the sound transmission loss decreases with
. h ™~

increasing area, while th?%jpposite is truM;at, higher

' (" .
frequencies. Above coinciderde the transmission loss i

12

independent of panel dimensions. The: influence of the panel <

shape as determined by Sewell {[5] is of minor importance fobr .

/ 0

N

standard panel geometries.

With respect to the influence of panel edge conditions,

.

;

)

\

”
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Dboth reference 5] and (6] conclude that the transmission

~ .
/

loss of a panel with boundaries 'that are highly constrained,

that 1s clamped, 1s lower tnan in the case where they are .

simply supported.” Above the critical frequency, boundary

conditions tneore£1cal?y have no efrect. .
Statistical analysis also enabled Crockér and Price [6] * . ’L

to take room dimensions 1nto account. However, the influence.

of ‘this parameter i considered .to be of sggondary

Lmportance providea the room moda 1 density is such that

. ~

diffuse field conditions can be assumed.

~ . - ’

The secona of. the contemporary approaches is the mbdal~
theory analysis (Josse and Lamure,[ZH, Nilsson'[BJL This
approacn takes into account room volumes, .panel dimensions,

# .
panel damping, and in the case of reference [8], edge and

v

.

érffusxng conditi1ons as yel}. However,“due to the iarge .

numger of modes wh{ch have ta'be taken into consideration, ®

the method 1s quite‘complex. ) . ’ - /f

With respéct to panel dimensions, while gllssoh L8]

predicts thdt the transmission ioss decrerés with
A

. increasing panel si1ze below coincidence, reference (7] finds . .

the opposite is true. For both studies however, }he area

.
e

dependence is not vgyy strong and above coincidence the

effect K of this parameter becomes neglilgible. .
. .

Moreovér, 4&s reported earlier, room dimensions are .
. considered to be of secondary importamce and the influence

of the panel's edge condltions[T&ilssbq L8J) 1s also in

. .

- - .
‘ . s .
‘(A - ¥
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accordance ‘with the previous references._.

1
¢

Because so many parameters have to be taken.into
4 | \ ) -
account, those theoretical sound transmission loss models

. . ‘ ; , . .
are analyticallly very complex. Still, if proved correct,

.

they could be effectively used. Theit validation should ibe i

. \ . .
hbased on repeatable and consistent experiments- but
S 1

unfortunately, many conflicting results are reported.

a
1

& - -

1.4. Description'gg theJStSBdard Measurement Procedure (9]

‘The standard méthod of measaring the sound transmission -

Moss of a pagtition involves the use of 2 vibration-isolated
- : ) , : ' ~— ’

reverberation chambers, forming a transmission loss. suite,
. . . . Q .

3

which are separatedqpartially or completely by the partition
5 .

1

tQ be tested. The test panel is mounted 1n the dividingwall
between rooms. A steady sound is then produced in'one of the

rooms, the source room or trdnsmitting room,- the other

- [

chamber being called the receptidn or receiving room is used
to monitor the sound energy passing through the panel under

test-‘,’ ' o
% IR
e in both roams and

rBrov1ded the sound field is diffus
Al
that there is no flanking transmissiqn, the sound
¢ . ' C
transmission loss of the partition can be calculated frém

the measured space/time averaged sound pressure levels in

«
. Y
4 each of the rooms. The correction ‘factor can be deduced from
a knowledge of the absorption of the receiving room.
\ ° i /
e oo ’
Y - X v " \ ’

- - b g ———
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* been determmed according to %

in the case of‘a'parﬁiti n filling the whole'aﬁepture

A C
between the 2 chambers, the transmissiwg loss is given by
! ! .
3
ALy
o TL = Lpg - Lpy + 10log(S/Ay) Ldsy 457)

[

' i
/ A}
| .

I

where"/Lps and LPr are respectlvely the space averaged sournd
press re leveTB**dBJ 1n the source and- rece1v1ng room, Si{m2]
the partition's surface area and Ay [metric fablnSJ.the

sound absorption of the receiving room. %

~

“The %\]\ie af Af is obtainedZby measuring the d\ecay rate

of sound in.the receiving room:

° -
>, ’ cAp = 0.921-vdr/c o, [metric sabins] . (8)
/- B e
¢ ' »
/ “ . .
where ™W. : receiving room volume (m3]

c = speed of sound in air [m/s) = .

o

dy deca¥ rate [dB/s]

v

When the test panel is smaller than the aperture between

v
. -

‘the 2 rooms it is necessary to bulld a flller wall in order

, to accomodate ‘the partltlon. The transmission loss of the

~

test panel alone can be calculated when the transm1551ona

loss for oot'h tne flller wall and the comp051te wall has

.

A
&

o )

(@“1‘5'
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where the subscript ‘p'§tands'for'pane1: 'f'for .filler wall

and 'c¢' for coﬁposike wall. .

i
~ *

-

l.i. Exgerine&tal Work - The

, o, ‘ ‘
Effect of Some Physical

" parameters upon the Measured Transmission Loss
‘ ' ' 1
Various studie€ (Jones [10], Kihlman' and Nilsson [11])
inéicate the non—repéé}ability of sound tﬁansmission'loés
4me§sqreﬁents from one laboragory to another. Kihlman,and
Nilsson for example, in a round-robin compgrison‘of'é
laboratories, found”lérgevfluctuaﬁions; with differences up
. for 4 . N
to 10 {dB, despite the faé%étﬁ?%‘materialé and meésuring.
techniques were:carefully popérolleﬁ and all ihe test
: faci}ities weréranswerind thé'ISO i;qd{temepts. fhls'implies
tHat the measﬁred‘transm1551on losg is not only dependent on
the physieal'p;operties 5f the pénéf but aléd on various ;
‘boundary conditions. éased on’experimental resufés, thg'

influence attributed to some of the parameters is reported

below. Each effect is considered separately.

A

1.5.1. Mountin§ Condigioﬁs
7

Kihlman and Nilsson [11] found }pak-the transmission . .

Koss below coincidence is generally lower for alclamped'

panel ‘than for a simply suUpported che. Differences vary
* ’however. Above coincidence, mouynting conditions have only

M . . -
v "h \ .
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i

M . I [} o

llttle effect. . o . o ”

_ 4 These trends are 1in agreement. with tneoret1Cdl pred1ct1ons
’ . 86 ) , o oL

4 f LI ] “
Y, . o

Lewis [12], ‘on the other hand, found no.difference in

f : . .
transmission loss as a function of the edye conditions for

-

tests on a glass panel. l ' .

»
H

:

¢« . 51.5.2.”Panel Dimensions

ldlcnelsen‘L1247stud1ed the effect of s1ze for various
: : ' .

typical window constructions, the largest si1ze being double .

tne smallest one. square, as well as re;tanguldr shdpes
’-
were . tested. Generally speak1ng we can conclude that the

'

hxghest transmission loss is obtained for the smallest widow

e

_51ze.'except when hrnged windows, are, tested. The sguare
medium sized panel generally gives thfe lowest values. It 1s

{</‘ however difficult to rank the other results. The spread is

L]
£

C of the order of 3 dB. Above coincidence differences are -
négﬁ;giblevas exéecfed. .
A second teﬁdencquan be'obse;bed. Tne~tfansm15515n loss
T for a squére‘panél is usually lgwér than that of 3'
rectangular panel With the same surface area. This trend
confirms the hheoret;cai preaictions by Sewell (5]. -
Anotner study éone at the Centre for Bu;ldlng'StugleQ

{14] J1ves simi1lar confusing results as shown in Figures 3 a

_ , . . . ' -
. . and b. Three panei dimensions were tested, all of tnem

. - -

. . f ——

B e m—— R - - ‘ . P e o .- - ’ . N e e s



‘s

{[vL]"1e 39 Ang woay) eauy _m:mm,mc_%uc?,..ou R4303d5 5SQ7 uoySspusued] { € b4 -

(q)

’.

v ' -

-

B

S TRUANII Y wouy] tf woeoy e paunow

s eae ppuvd duidaey Jop vued udAd g o ssop voss s g

ot

. (3H} ADNINDIM S
ny  t4 b U 00¢ os2 1Y T e
1 1 i 1 ' 1 ol
- s
02

®
NOISSINEN YL,

(@o} §30°

, pued wypgy

v

‘ound gy g - o= pued upg o — Koy

()

g waae pued AiK1ea 1) MI0ed sSRE RUY ) WK G T § 309) W) HOBSIUNURS |

(R} ADNINOIYS .

ne R T4 !—.

S o

o
”

[-3
e

(@9) $307 MOISSINENYEL

AWaaa0s v 10y Ty Wony w pasfien




e ——

floor to ceiling.

square. Foilthe single panels,' glass -and dyproc., the

results show that for the lower frequengcies the transmission

loss increases with increasing, panel area. At the highe{

frequencies however, the smallest panel gives the highest

transmission loss, the middle sized panel giving the lowest

. . e ' )
.values. These tendencies remain above coincidence. The

- differences- are generdally of the order of 2 to 3 dB.

In addition 1t is seen that the 'dip' at the coincidence

frequency increases with increasing panel dimensions.

' 1.5.3. Laboratory Design

Supporting his theoretical model, Kihlman [15]
. {‘ " u
.demonstrated experimentally that thewfound.transmission loss

‘of a wall sepdrating .the 2 rooms of a transmission loss

suite is lower when the rooms are e€qual than when .their’

dimensions are unequal. Diffgrences are sﬁown to be as high
as 7 dB.

Iq another'study'ﬁll] thg same author  finds that the
traﬁsmission~lbs§ ig higher when the partition is mounted ‘in
from

a” frame than when it extends from wall to wall and

i

e

Other experimental results by Bhattacharya and.Guy [16]

show that when the direction of transmission between 2 rooms,

v

of unequal ‘dimensions is changed, a difference of 5 to 6 dpB

. - ) . . - Ly
can ocgcur. Ths higher transmission losses are reported when

<

the source is in the smaller room. These results are uin

)!,‘

19
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contradiction with those found at the Center for Buildihg

Iy "

‘

Studies [147.

\

‘ \
1.5.4. Sills and Reveals

! .
For the clarity of this work, sills and-reveals are
considered to consist of equal depth projections around‘tﬁﬁ

perimeter of the test panel. The projection towards the
v ’ i -
source room is called a sill, whereas the projection towards

the receiving room is referred to as a reveal.

In one of the first reports treating this subject,

G#sele [17] notes that when a 0.5m sill is added to a flush’

mounted gypsum wall, the transmission loss of the panel

»

decreases b§ as much as 4 dB in the low frequency region.

~

e depth ‘of the reveal is however not specified and it is

thqrefore‘difficult to compare these résfdts with later

v
.

workers.

Kihlman.and Nilsson [11] on 'the other hand report that

v

siil‘or reveal configuration (not-both) give quite similar
results and tﬁe same ﬁolds for a symmetrically mounted sill
and reveal comparea to the no sill nor reveal conditioff. in
addition they show tha; the existence bf one-niéhe‘(éifher'
sill‘or‘reveal) increases the transmission loss
significantly with respéctﬂto the symmptricalry mounted

3

panel. The largést diffegenceé occur well below the critical

20



frequency with a maximum of 5 dB.

[
+

It has io‘be stresséd howgver that . the :results presented ln
this paper were obtained at different iaboratories.
f Tﬁe priviOusiy.mentioned trends are partially confirmed
by Lewis [12]. While his results alzg_show that below
¢oincidence the transmission loss increases considerably (up
to 7 dB)} in the presence of a sill or reveal compdared to the
symmetric sill and reveal cond1t10n, the dlfferences between
the 511l or rev\&l conditions are Bilghtlyﬁhngher. Above the

critical frequency the results are again very similar. -

Moreover, experimental work at the Center for Bu11d1ng

‘ Studles [39] also shows that the presence of a predominant

sill leads to higher transmission ioss values than a more

\ symmetric configuration. In addition,’ it was shown that the
l effeét decreases with increasing panel area. i

‘ : R

- Guy and Mulholland [18] investigated the effect ‘of 11n1ng

’ the 5111 and/of reveal w1th a?;érbent mater1al The sound

transmission ‘loss hncreased cons1derably in all cases

compared to the results for the bare sill and reyeal. The

optimum resﬁlté were obtained when both sill and reveal were

lined. Lining of the smaller sill gave the lowesgbincreases.

Below 250 Hz results were fairly irregular but above 500 Hz

.dlfferences remalned quite constant with a maximum of 10. dB

.

' R ¥ s ~ - - ' . )
' i . o - ¢

1mprovement in the optimum case. The irregular results at

21
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the low frequency end were ascribed to the low.absorption
characteristics of the lining material over that fregquency
range and eventually to the predominance of the axial

standing waves in the direction of the room depth.

1.6. Problems Associated with the Standard Measurement

3 N ¢

Technique
, 0
As reported above, many contradictions arise when trying

. N “
to establish the effect of certain physical payameters on
\

the sound transmission loss of a given partition.Humag
)

.negligence or error is of course never to be excluded, but

the problem seems to be of a more fundamental nature: the

method's limited capabilities and even its concepts.
. ' -

z

The method does not apply when flanking sound
transmission paths exist in aadition to the direct path
through the partition. Test ‘results will be jeopardized Dby
possible construction erfofs or material defects.

J
'Uhfortunate}y the measurement technique does not permit
active'checking of undesirable sound transmission paths.
Their detectioé solely dependé on the éxperimenters'
exp%rienée antd/or intégrity.

.Generally speaking, the measuring technique makes it
difficult to isolate the various parameters infiuencing the

sound transmission loss, whether they be panel dimensions,

room volumes or construction errors. All elements

22
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A}
constituting the system under test are considered as one
single system. The measured transmission loss 1s relative to

the system as a whole. '

Measurements fequlre a transmisslon loss suite for which
the sound field in both rooms is d&ffuse. Unfdrtundtely that
1s never éompletely tr;e, especlally at the lower
frequencies. The position of the speaker plays an 1important
role in determining which room modes will be excited, not
all of them equally. The location(s) of the microphone(s) on
the othez-nanq will determine which room modes'will be

, .

sensed. . - .

———
.

In addition to the. uncertalnty of the expeflmentdl
determination of the spaced ;veraéed sound pfgssurés and thé
reverberation time, other eryors exist. Once the.sound-source
has been switched off in the reception room (Mariner £191),
energy exchange between the two adjacent chambers tlakes
place. This coupling effect Dbetween éhe~two.chambers 1s
retlected 1in the @eqsured reverberation time but can not be
taken 1into aécoant. One may therefore question the
effectiveness of tne.room cdrrcctlon factor lOlog(S/}) whléh

1s based on the measurement of that parameter. This may

-1ndeed explailn the contradictory results when the room

orientation 1s varied.

The whole‘concepgng the room correction factor 1is
X

debatable: 1f it}ﬁi$

compensatinyg for tne influence of tne receiving room and the

to fulfill its purpose, that of.

@




T
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2.

panel ‘surface area, nO‘difgeredcés should be obta;néd when -

those. parameters are changed. - ' ‘ -
The problems mentioned above are very much inherent to
tite measgremedt‘procedure and partially due to the limrted

. M . .
capabilities of the conventional measurinyg devices.

Recent developments in instrumentation have provided us with

"a new approach to. determine the various factors 1nvolved 1n

the transmission of sound through panels. More specifically,

tne Sound Intenéity Measurement Tecnniqgue and 1ts use for
. S Y . . ; C

th%&aék¢wxll be explored in.the. following cLapters.
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CHAPTER II : SOUND TRANSMISSION LbSS MEASUREMENT BY THE

. v

. ' INTENSITY TECHNIQUE

.
.

2.1.The Heaéuxe-ent'gg Sound Intensity - General Principles

2.1.1. Definitions

As opposed to sound pressure, 1intensity 1s a vector

quantity and therefore provides directional information. In ~
. L]

a given direction it is definea as the average rate of flow

of energy through a unit area perbendicular to the'difection

@

1n guestlion. : P )

2.1.1.1. Diffuse Field Intensity.
Assuming dlfﬁ%se field conditions, that is providing’ e

"average energy density 1s the same throughout the entire

volume of the enclosure and all directions are'equa;ly

probaple”  20j, the sound intensity in any direction can

EdSLlY be expressed as- auvfunctlon of the space/time-

averaged sound_pressure 1in the encﬁbbure B (Pa}
r , T, ¢ .

laif = P2/Atc S o)

)
@

!

wnere P 1s the density of air Lkg/m3J) and c the velocity of’

sound in air tm/s].

fe
- .
1

0
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Thus in this instance intensity measurements can be made

using a single microphone.

2.1.1.2. Non-Diffuse Field Conditions

N

It can be shown [21] that, in a medium without flow the

three-dimensional intensity vyector 1 is equal to the time-

averaged product of the instantaneous sound pressure plt)

and the corresponding particle velocity v(t) at the same

point, that is : .
+T ‘ - )
- . ? - )
I = 1im 1,2 p(t).v(t) dt [W/m2]. (11)
Tro T7.7T. 7. i
- 7 '
'If the intensity vector's component in a given direction 'r'
is considered this becomes : - B
1 “% ) S 5
Ir = 1in" 77 TOP(t)ovp(t) dt [W/m2] {12)
| —?
The partlcle veloc1ty in the same dlrectxon can be
expressed in terms of the sound pressure [21] :
vooo - 2R ar | T 's] (13)
r = pjer’ 77 o {n/s .

-

where p is the density of air [kg/m3]. In‘praciice,.two

hicrophbnes separated by a distance 8r are used for.

‘ 3

intensity measureménts and hence the pressure gradient must

be approximated by a finite difference. Equation (13)
becomes [22] : . )

‘

(T

et i v st ol st Sols s g

" 26



p,(t) - pi(t) . 3 c
2 1 dt -
! i . -~ Im/s] (14)

L}

w
<
'

D =

N 1

This approxitation is valid as long as the separation Ar is .
small compared to the wavelength .
2

Equation (14) ;eigesents the particle velocity at a
- . .

point midway béQWee the midrophones. Similarly, the

-pressure at the same point is given by : . ) o

~
3

pi(t) + py(t) «
p(t) = = 5 [pal .© (15)

a

v . «

@ -

/o, .
The iptehsi Y . gan then be calculated by substituting
’ ‘

equations (14) and (15) in (li),thus giving the basic

relationship- on which' all intensity measudrements are

L)

founded. It is important to note that, because of the
existente of two time-dependant pressuret signals, the

intensity depends both on their a%gli;udes'and their phase
4

difference. -
o

t . \

Note : Unless stated otherwise all subsequent referrals to

the measurement of sound intensity concern the two-

13

microphone technique. g ) .

[ - SA’”'\T..

2.1.2. Instrument&tion for the Measurement 95 Sound

¢

Intensity

Theré are basically ¢wo important types of instruments

+ for the measurement of sound intensity: the Two Channel FFT

PR : - - -

o
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A

\ % . Vs
Analyzers, and those, based on Digital FSItering Techrjiques. .

Both types will be described@ in this sectiqg.
o

. )

e .

2¢1.2.1. g’cﬁannéi_ FFT (Fast Fourier  Transform)

S~ o " ., ) ‘Analyzers
Fourier . transformation g equations (14) and (15)

relates the intensity I to the cross-spectvél denéity

between the two measured pressures according to [22] :
“ : -

. 1
o

I = -Im{G13} fpuw. ar with kK.Ar <<< 1 (16)
-

. f

cross-spectral density between the 2 measur;d

yhere G112

pressures p; and p2

Dot .Im : imaginary part

F1

-p
« 0w ":"angular frequency [Hz]'
' ‘ . . .

“ . Ar : microphone spacing [m]

» -~

) 'k : wavd number . : ¥

. J ' t . ’- , ) o .
This is a commonly used method but it has certain .
- disadvantages. For example, the anhalysis is performed in
narrowbands. Although this can sometimes be advantageous,

‘additioral calculations will have to be made when ‘third

Octave or octave band reéulgs are required, Moreover the

)
¢

analysis is genarall%)not in'réal-time:

.
-

dens‘ty of air [kg/m3] : “ ; s
hY

o

- ., Py ~ 4 e ame
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2JJ2.2. Analyzers Based on Digital Filtering Techniques
The sound intensity is analysed throuét a?double digital
filter with, normalized +third octave or qctave bands,’

after which the necessary calculatipné are perforped

ccording to equations (14) agd'(15y substituted in (12).:

Th operatioh is gehenally real-time.

A sound intensity analyzer based on this principle is
S “ ‘
used for the experiments described below.

h | oy

. ' , I'd !
L4 In both cases mentioned above, two microphones separated

°

/ by a distance ;r'areﬂ;j d for the measurements. Different
. R ’ . ’ ) ,

microphoné conflguﬁéyﬁons are possible (see Figure 4)
although the most commonly -used 'are the side;by—side'and the

face~-to-face arrangements.

.

2.1.3. Limitations ahg Errors T o~

.The use of the 2 microphone technique to measure the
sound intensity introduces a certain number of grrors which

N ¢ ) '
limit the useful frequency range of the-system.

2.1.3.1. Optimum Frequency Range o
W, T .
- One of the errors is inherent in the approximation of

[

the;presgure gradient by a finite pressdfe difference.
Thompson and Tree [22] and Elliott {247 show that the
heasurement acéuracy is a function of k. Ar and Ar/R, where k

15 the wavenumbef, R the distance between source and

\ . 7 g
meagsurement point (center of microphone pair) ani .tr the

1 . M ’ » a

30 -
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r

a - I
microphone spacing. Generally finite difference errqfs can
’ i

be minimized by employimg the smallest possible vaiues of

£

. the two previously mentioned parameters. The range of the

'opcimum values decreases with increasing source complexity.

From a praétical point of view this sets the upper frequency
limit of the measurement system for a given microphone

sp7c1ng: ‘ ‘ l

On the other hand, at the‘gow frequepcy end and for

small microphone spacings, the actual physical gﬁase
* +
difference between the two signals becomes very small and

can eventually reach the order of magnitude of the accuracy

T

%ﬁ the instrumentation (instrumentation phase mismatch).

This in turn sets the lower frequency limit for practical

systems. . . :
J/ L ‘ \J pd ‘
The conditions on t#e minlmum mlicrophone-to-source

distance can easjly be met ([21],[24]).

-

v

2.1.3.2. Inétrumentqtion Phase Mlsmétch

As a conseqguence of the preceding section the error

introduced by ‘he Lnstrumentation phase mismatch causes much

® ,

" concern and has been well ddcumented (23],[241,[25]. It can

be limited by different techniques. One of them is to

’ « . . ~
mechanically switch the two m1cr092396§ or even the complete

circults involved. The disadvantage of this .method 1s that -

two - different medsurements (forward and reversed positions
; : ; p \ ]

R - PR . v

3]



"the lower frequency llmlt is shxfted towa;aé nigher

»

_of the microphones) have td Be pe}formed aﬁter~khich,t%e

‘méan' valuc has to be calculated. This 1s not pfacticéi for’

> t

routine measurements. The phasglerrors may.also be .estimated

-

by a separate calibration to determine the magnitude pf the
J . -

32

mlsmatth SO Lodgensatlon can be maJp for- ac in~£urthef

.

0

calculations. Ultimately the phase erfors can- be reduced

- » . ’.-n.. ‘, -
considerably by the use of éarefurly'métched mgcgothnES and

other‘elgctﬁdnic compohents. There is howévéiQalQaysia‘

- . ~ — U—..,_. .
.

"certain residual. 1nstrumentat10m phase mlsmatch 1eft wnlch

! v . x . . e - ») } . v, "
has. to be .taken into account. G A
* - - ‘ ’ ! - s - S v
+ i A N qh“_ . R 'r o~ ,¢'
- "y .- e AR e A T e .
Ng " : . . P, -
2.1.3.3. Phase Errors ™ . - . ﬂ..f“ T e
; tr A R

'Acdurafe 1nten51ty measurements requxre tha{'thﬁ

o

~ ~~~

re51dual phase mismatch between the two measur1ng channels

4

is much smaller than the actyal phase tD be measured [26],

The phasé‘tofbe measured -15 pfoboftiona}‘tq the

P

~fre§uency f-and the microphoné spacing.:r,.and 1nvé:sely‘

v & ,aw

-

proportxonal to the ratio between the sound preséure B and )

- \r A . -
N . . s a T ' -
the sound intensity I accordlng to a4 o
: ¢ “ ':";\ co-
' ¢ = ar.b. 1360/PF 0 . . 1 (N
RN B A » v : BN

;where ‘the ratic P2/I is.also called the readt1v1ty of the

e o, . - . -

sound fgeld. Consequently,—for a g1ven~m1crqphcne.spac;ng.

frequencies by a factor Nhlgh 3 s oqudl to the meadured

. . - T. &
a - -

‘- reactivity at the measufemeht;posytgqns'[29}:On’bhe Gthrer
. B ~ -~ M -~ . ) ' . *
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hand the phase errors due -to the reactivity can be balanced
’ . .
by increasing the microphone spacing.

" ‘ ’
It is therefore meortant to chooke the optlmum
. N . .
- microphone spaylng as a functlon of the frequency range of

jn;éregt, the phusp callbrac1on of the instgument, ~ the

- -

°feactiv‘ity”of the sound field:and thg_calculatipn of 'the, -

- phqée*e}rors are descrlbéd_lnvChapter ITI, *3.2.3.. -

t
b

- - . . -
’ . . . . .

-

.+ 2.2..-The Measurement of Sound Transniision‘Loss by the

. -
A A - : -

. - . Intensity Technigue

. -1n contrast with the standafd approach as described 1n

th% previous chapter, the deﬁerminatjon of thé tranSmission

,«nlmss of a partltlon is to be done through the d1rect

determlnataan of hoth-the, lntenSbty 1nc1dent _on and

t;ansmltfed through thp tgst panel.,There 1s no need anymO*e-‘

- . -«

"Eo 1ntredu€e correctlons &or\khe”panel surface and the_
L S
rece1V1ng roOm absomptaon« Ll . w;
o e LT el . [ - \.,A TE . . - - . w0 - - -
T T ,‘é '°- - - _"r - x’_ v :m [ S ‘ T =
> - - . .. . [P - o . -
. - Lt - e n‘:d’ﬂ . r * - . e
o 2.2;1. Incideni Intensity - ‘u’ o 3 ‘ -
Assumlng the soun& fleld igﬂd;ffuse, the. incidenk.
L2 ° - - ,. e -~~ . &5

-

. - ’,, "|A.
-~

averaged sound pressu:e 1n,xhe source room, ccondgpgvto

-

eduaéibn (10). Thé dccurafy of tbis equatxon has » tmen

- PR S

. =

verlflpd by Ctocker pt ad {274 by comparxng 1ts predlctLoh

-

;0 the 1ntens4ty dlrectly medsurpd through the mperture

b - * . - - Iy . -
'a*e“f femUVd1 ﬁf Cnp Eest panel.. .- L
R - " . -
- - - - - - - . Z .t ‘ T towe
“ [ W & e aie e L v .
- ~ - b . - o v -
L - - - . Lt e [ R Goaa - -~ e
- o .. 5o =7 - &R PN ) v
A - - - - . Y. n K -
' - . : - * - - F AN y - A aeen - T
. B . ¢ R . ;r PRy - e e P
a B Te Tt el o TE - t e T T
. . mew o , -~ - @y PR T 1 -
- Pt » ~ - - ’ - -
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recelving side of the part

=

~-Tne {01l Lowilng rél¢t10néh1p between the 1ncident

Lntensity ‘level Lj; d&nd the space/time-averaged sound

pressure level Lp can then be dgridved 28] :

P . . , ¢

Li1 = Lp - © ' - , LdBJ-. <. - .{18)

2.2.2. Transmitted Intensity .

" -
- . s » - - s o

The Xransmitted 1ntensity I. 1s measured .on the

iti1on to be tested, directly

P
-

EERE - -
acrfiss 1ts surtace. The spatially averaged value 1s

-

determined by measuring®the distrybution of the intensity

vector's component perpendicular to the surface, after, which

~ : ,

the results are averaged over the whole panel area. This can

'pDe done 1in 2 ways: the first one 1s to slowiy move the

microphones munually over ‘the entire surface. area,

1

34

. ’\ N
completinyg an entlre scan during the averaging period; the.

second way 1S tO measure the transmitted intensity at -an

array of points uniformly distributed over tne surface,

1

after which the mean vajme can be ‘calculated. In both’cases

tile measurement distance 1$ assumed to be constant. As

reported by Cops and Minten [29] both methods give 1dentical

,owerall results. For the experiments described b=low the

latter method was used because it allows one to determlne

~

tne respective pontributions of the different .sections of a

panel to -the total radiated sound power; for example: edges.

-

versus cenber, or separate scections of a composite panel.

- - -
[
,

RPN




o

P .
> . . - - - -

No strlngent restrlctlons are placed onnthe acoustlc:

- . f el « .-,

progettles of " the zeceptlon room prov1ded qhe background

noipe levels-aig low: any relatively,podgreVerberant room is
.’ '*,' L i i

acceptable.. In fact, a very reveﬁ#érgnt field on the

recept1on 51de is to be av01ded for it'decreases the
accuracy of the method ([30] {31]). Consequently the need

for lan actuat transmission 1083 suite has been eliminated;

.in pdaitibn.thé'rewerberation chamber on—the’sourCe side

[
s ° -

might also be éliﬁinatea although 1t is found -convenient to

- use because the 1ncident igten51ty may be readxly found.

1

.2.2.3. SounddTransmissidn Loss

a0

-

calculaﬁéﬁ fﬁom the following expression : ;

- »

&

Tz Lp-i6.-nie . <.  [dB] S (19)

where Lp'ié the average sound pressure level 1in the source

room and Lyt tné transmitted intensity level [aB].

.
v

The next chapter will deal with the application of this

1

theory.

Note : The Sound Intehsity Teéhnique lends itself to other

areas O¥ use; these are described in Appendix A.

S PR v m——ag e v = - - - B I I

To <conclude, the sound transmisslon loss can .be '

35
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CHAPTER 1II : EXPERIMENTAL PROCEDURE AND PRELIMINARY TESTS

-

?
[

3.1. Experimefital -Set-Up

3.1.1. Transmission Loss Suite .

9

The transmission loss suite of the Centér.for Building

Studies consists of two adjoining rectangular rooms of

4

differing dimensions. For all but one of the reported

experiments, the larger room was used as the source room
. L 4 ‘

because it gives a better approximation of the diffuse sound
field throughout the frequency range. It has a volume: of
about 94 m3. The smallﬂr room, the receiving room in this

v

case, has a volume of about 32 m3. The test aperture between

) . the two rooms has an area of 7.5 m2. For actual dimensions

and lay~out-of the fooms refer to Figdres 5 a and b.

The lowest acceptabie'f}éduency for a well'designed

‘reverberation room as suggested by Schroeder is defined by

[32] :

£.,p0 ='1200 ( M.Tgo/v )1/2 izl ©  (20)

where M : modal overlap index (assumed to be 3) .

<

Tgo : Reverberation time [sj
V : Room volume [m3]

The Schroeder cut-off frequency for the larger room is 250

-

Hz and 400 Hz for the smaller one.

4

Diffusing elements consisting of one rotating and two .

.

36
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+ 3.1.2. Filler Wall ' .

39

. .. ! ¢
< .

reception ropm two stationary ditfusers were placed when the
. ;

standard method for the': measurement of:" the sound

transmission loss was used; they were consequently removed

for intensity measurements.

¥

The test facility and 1ts qualification process are

A . ’ . -
described. 1n detail by Lang and-Rennie [33].

.

P

L ¥
L ]

‘Because the test panels are smaller than the total

L4 - .
aperture, a heavy filler-wall was erected between the two
' . t / -
rooms..The compdsition of the wall 1s given in Figure t a

1

and ‘b. As gan be seen, the filler wall actually consists of -

. 2 separate waldls, mounted one 1n each.,room on their

E]

respective room's aperture and sepatrated from each other by
insulétxon materlél. In turn, each slnglé wall 1s composed
of 2.Stagge;ed yoqd frames on separate base; in between
wh}cn a layer of fiber glass insulationﬁls placed. A single
lafer of gygroc (16 mm thick (5/8")) is attached to the
woodtframe on the side facing the test room, whlle 2 layers

of differing thickness (16 mm (5/8") and 13 mm (1/2")) are

attached to the other side.

In order ,to accommodate the, different panel fizes

tested, the woodframes were designed with concentric square

. L4

openings. The 3 frames towards the source room all have the

same dimersions (Figure 7:a), while the wall towards the

Y

reception room has somewhat larger opén}hés (Figure 7.bj,
thus limiting the depth of the reveal (see below).
' ‘ ~ ' -

. B

'

.2t

-~
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properties

)

Tne STC value of tnhe complete. filler wail wa

' 7

the larger room was used as the source room, and

L 3
Oopposlte, direction.

44
60U whnen
’7"1n.£he‘

*

(Tne STC or Sound Trunsmission Ulass 18

a single number rating- describing the performance of a wall.

It 1s opbtalTieu by comparing the,
B -

sound transmisslon loss

spectrum of the wall with a reference'curve.} All copseqdent

a

“n

expurlments being perfogmed with the larger room as tne

. v
first wvalue

cql curatlions. The trdnsmLSSLOn 1

A 2 .

sourage room, the

,
. ' "

Appendix B. - . o

was kept for turtner

0Sp curves, of tne flilwr

‘wall for the measurements in both directjons are given in

> I

3:1L4. Mounting gi'the Test Panels

wnen the transmiéslon‘lo§s tests for the frller wadl

. Were completeyg, the rnneg .apertu
\ P : X

"smaller .test pdnel,

o 7 s

smdller panel were dCbONpllahEd

mount the

after which the openlng was furt

accommod:te tne next panel 51ze

.
o - . -

re was opened i order tU
Once the tests with the’

1T was 1In tuarn removed,
' 2
ner enlarged in order to

The test pdneis used were nomlndlly o mm.{1/4" ) thie

/ )

glass paqe;s, resgectlvely 1.14
1.52 m x 1.52 # (60"%60")

5t ylass are giveén 1n T
7

? : o :

Table 1 :.Typ1c&;ﬁMdme:1al‘onpé

1arge.

AYle

m X 1 14 m &1: "x45"

The relavan- Mmaterial

N
¢

aple L.

rries of the Glass Penels

4 ! - " . *: [P
Young's Moﬁuldé‘ £ LN/ml} ) A TCE S RO
vensity P {Rg/m3) 2500
Tnickness ¢ (m] : . T
Miss per unit’.atea s Lk3/m2y 16.1 .
Coraciuence frwquen;y te  _Hz) 2850 '
e, \ Ly



S

- - f H B

» * L

. Fér'éibhef.s;ze, the-test paﬁel waénmounfed flush to the

source roem {larger room) leaving 'a 38 cm (15") deep reveal

on the receiving side. The aperture was further splayed at

~

.

: ' - oy N L ) , * . X
450 towdrds the reception room to minimize the effect of the.

i

remainl\ng wall ~depth. The "method of insfallation of the test

panel 1s displayed. 1n Figute B.a.

)
'

.w'e“éther‘ stripping around the perimeter on both sides of

the panel m}mizes ;iny leakage of sound. The pane.l was held

in place by a wood pfogx le on the receiving sx;e° and a wood

plate on the source side, .both covering the tere

perimet=r. The panel's boundary condition may be descrided

as ‘fflexible', that 1s neither :l'ampe& or simply supported,

L
.

The Keptn of <ne reveal 1s :o‘vere? wicn aluaminum.
S o . ' ' ¢ "

. ) Vi . , i . | )
During the. experiments tne reveal on the receiving side

'was left el1ther. bare (3s described apove) or iined wizn an

(By

vty

of d1fferent tHizkness: Conafiex
I s -

w8 Tm (2%) and ...

absorbent material ;
16 ocm (<)

g a

lachford), 2.54.cm (1"), 'S

thick. For material propertiés see Taple. II.
1 > , .
Jtner experiments were performed .with additional. s:lis

. 4 N ’ . . ‘.\

of varyihg depth mounted on the scurce-side, Figuire 3.b.

-

.
' 4
1 .
< a
*
. * &
.
& by
- - » )
M »
.
\ Al
A - . -
- 3
&8 . - .
s ' /
y .
. o -
S -
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e T

.Conaflex: F-100

(1} -- (2)
.

(1)

ol

T (2)

.Conaflex F=200

125

250
315

10
13
19
30

g8 -} 8
10
12
10 -
35 .
14
19
7. .
47

.

.75

27 -

37
S7
68

‘87-
31

»

37
36
22
24

42

(")

Absorption coeff.tiencts

¢

"from manafacturer

T

.
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37
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. F - : 1
: o 3.2.”' Test Procedures S ’ : “.' : o L .
. ‘c_':. ’-,'3.2:1. Standard Tra‘nsmisfsioﬁ I:oss‘Measureme;n;: ) ‘_ ) ‘ e
: "‘"_ :" - This t‘ype of measurement . was performed in order to
~‘.: : ' det:ernnne the STC value of the filler wall and -as a -
el . .‘ referen.ce .for' the reSults‘obtaxned w1th ‘the "1ten51ty

L . “we -

. t'.echmcme. AlJ]) other- measuremen&s us ad the 1nt.en51ty method

-, . -

: 5, 4 A * -
. B S M

w . . B N - ‘e , -
- Lt - . PO |

Whité nozse "Was generabedd 1n the- source - room by two

'—‘b

logdspea.kers placed rrt. the 'chﬁers-o:f the vroc_)m oppo,su:e the *

1
- I3

.- - : C e 7 e . _

test."aperture:' - ot . N T , .

- T The mean s'ound‘p'ressur.e levels 1n"thé-sdui‘ce 'rooin wer = )
. . N - - ‘ ’ ‘0 o
measured usxng a. rotatmg microphone boom (B&K 3923) placed . . :

Lt

1n the 3- Jlmens-lonal cente-r <f ‘the room, T‘neir cafculat on-
was: based on 30° meas‘urememt samp«les‘ each hav1ng an

o e e - ‘

- -averaglng 1me of .32 seconds. T‘he microphone des'cnbed a - - .

plane cu:calar gath ax; 7OQ f-rom the horxzontal and: the ez

. ' i ' length of the arm was 1 6 m..Th;s,con‘fxgugat}on. was. chogeq

- -~ "- .o- (A0 e - « -

50’ that the mlrrophoge c’learegi t‘he yalls and s'taiuonary h o

e dlff““sefs bY a,‘ least 03 s The, MST/ASTM qu 75 Standatds < - e
{‘9] requlrﬂs a mlnlmum of a half waveleng;h for the center... . ‘{ . .
f’?equency of _the léwest. band’ ;f u;t'erésc. 'I“hlS was ch;sen Aav ' @K .
250 'Hz which. 19 the Schro'e;iper cut off fre('q'i;ency -of th;a * .‘7"'” g

h T :

som:ce~room as- well a's the rower frequencyzkzmx-r f»o.r~'

- [ v - " . -

a -

. :acceptably act:ura'té 1rr.te‘nszt-,' measurements “the
LT L ) experxment:‘v mported (sc:e- B\elc;w), - éé;;;oquentiy' the mmmun' ,..“ .3 .
S ‘ ';"-dlst'antze ze'guxr‘éd by the standards was 0.69 m.‘ “.‘ Lo B,
R : - .0 thiz e 'hEr hani —'h€ m;nimum réqui:ed di_SP;LI:Ce d ;‘rﬁom‘ ' T
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.the microphone to the speakers is given by [9]:

. 10 Log(A/d2) = 3.6

-
for an omnidirectional sound source placed on a hard
"‘surface. A is the room absorption [métric sabins]. When A is

"

taken as the lowest absorptjion over the frequency band of.

interest (2.5 metric sabins), the calgulated and actual

3

cvalue for d is 1 m.
A complete revolution of the microphone boom took 32

. seconds. ' ¢

In the receiving room, ‘the mean sound pressure level

“ " measurement was performed in the same manner as in the:
- ", .source ‘room. However, because of its smaller size, the

T e { length of the arm was changed to 0.95 m and the turntable
.. T . : S - .
. . ~was.tilted at 600 'from the horizontal, thus leaving a 0.7 m

= - - N

.5 minitmum clearance to the walls and diffusers .and 1.2 m to

- ., " - the 'speakers. - .

b

e -

- - : ..o~ -&he reverberation time 1n the receiving room was

= .s,iwa~féalcﬁlé£éd from the .avéraged decay points (16 per second and:
v D L I t - . . '
Hoe e “-i ., .20 decay samples) with the turntable in the same position as

L

et omi . . described above and with the microphone rotating. A linear
».<' a P a - ,

A . s . s-Xegression analysis was used in the range -5 dB below the
- 0™ -’ " ‘... - ) ’

. .. hﬁbgr'décay ints down to 10 dB above backgrounq level.

. - - -
B . - .
. . o
- -

. .5 . All.measurements were performed in third octave

-~ -

- o irequeﬁcy bands. They were computer controlled and fed to a

Lnf‘ph}rd octave'analyser, which was 1n this case the Sound

N . B
¢ . . o
. - e s

- . e . s g b fuepm g0 Ve -

-

v

b3

!
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o . . .
. Intensity Analyser type 2134/3360 from Ertlel & Kjaer. The

iristruments. used and the‘releyant circuit ‘diagram are shown
in Figure 9. The listings bf-the‘computer programs pged are“
given in Appendix E;/ﬁ@e programs to'méasure the -
Reverberation Time, Transmission Loss and tﬁe Graphic Outéut
were aaapted from already exlstlng programs [38] The others

were developed spec1f1caly for thlS project. ‘ T

3.2.2. Intensity Téchnique

The incident intensity was calculated from the
space/time~ averaged sound préﬁSure level as measured by the

reverberant room method described in Chapter 1I,2.1.1.1.

The transmitted souﬂdvintensity was measured by the B&K
Sound Intensity Analyser which 1s based on the dagital
fllterlng technlque. This instrument is supplied with a
Microphone Probe type 3519 which uses a face-to-face
mlcrOphone conflguratlon. The l/2“ mlcrophones wlth 12 mm

spacer were chosen, tnus g1v1ng a useful frequency range of

.125 Hz to 5 kHz with an accuracy of tl dB assuyming a

.Y

monopole'sourcef

The intensity radiatéd through the panel wag{}!ther'

'measured at 5.08 cm (2") behind theiiu}face or at the

receiving s}de of the reveal at 12.7 cm (5") 1nterval,
pniformly distripuéed over the test surface.” This fesulted
in 81} ﬁeasur}ng points for ‘the smaller test panei and 144
points for the‘larger size. The'Iinéér averaging time per

point was 8 seconds.

-~

T —— —— o i [ [
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" sound ‘pressure squared, and the sound 1ntensit%'br, when

\r . . ‘ - 53
Tne cholce of the measuring parameters will be discussed

later.

v

During tne measurements the microphone prope was mounted

on a mechanicdal traverse system which enabled the microphone
Pprouve to be fixed durinyg each measurement i1nterval. [t was
o' “ . . .
moved by hand from point to poing. .

-

<
1 .

All agqta was stored on-disk, througn the use of the

Remote Indicating Gnit 4H 0250 (B&K).

.

In order to ayopaid reverberant field eftects which would

* . - » »~ . .
reduce the measurement accuracy of the 1ntensity method,

[\

three non-parallel walls of the Iecelvilng room were covered

. . ' ‘

with a tnick absorbent material Jonatlex F-400, the same
r [ ’ ‘ . \ . )

type of material used to line the reveal:(see Table I[1I).

Naturally this material was removed far the corresponding
. : V. i , .

sound pressure teéps.

- N
.. "
-

LZ.JC-Eétlmat1on.9£ the Phase Errors 1in the Intensity
. - N - . ‘ ) - A}

. Measurements

~

<

"Given the experiméntal conditions.described above, 'the
o . : . | ‘ .
influence of the reactivity ®f tne “sound field on the

accuracy of the measurements:was determined 1in both
mdasdrement planes. The reactivity 1is the ratlo between the
eXxpressed'in dB , the difference between the pressure and
the intehsity levedl. .

. .
S5ome, rescvdrchers stdate o faxiaum value ‘for tne

reactivity below whicn measurezments are considered to be

.




..
o,

[ S

measdred intensity level {[dBJ and the trae. 1htensity’ level

.
~

.

sULticlent ly aclurate, regardgiess ot tne frequency. Villot

and Roland (34}, for example, usé a limit of lu dB; waser
Lo . . .

I . . : *
1nd Jrocker (353 take 12 dB. Others such as Brock (jbJ and

,P. Rasmussen L20) tnave expressed the '‘phase errors,das a

.

Sfuncrion bt tne . rFaactivity, freyguency and ‘micropnone

<y : .
spacing. This approach has been followed nere.

w2 : + o
"y, . * .
Pe 21ror Loy, definea as tne arfference butween the

.
'

tddy, can be «_:J‘lCUl_dtea from L20] : ' /
.o . L '
. . : ) I . P T .
. Ler =.—lO log(l - ﬁ;QA_TEﬁ ) o Ldsl oo (21)
‘ re ° ‘me ‘ ' -

wners= Pra 15 tAe sound pressure 1o o« compl=tely reactive

\reverberant) field, Ire Lw/ij 1s the apparent oOr residual

“

‘1nngn51ty ussoéldted with 1t, and Py LPaj and ImeoLw/mZJ

) C ‘ . s . o
respectively the actual measured sound pressure and
Intensuty.

The 'first two parameters were measured witn bdth =

microphones.placed’ in a small coupler fed wWlth wnite noise,
the litter two wat .a .measuring polnt on the edge of the -

smaller test panel. fThe phase ditferences and errors

Cailculiated according to equation (17) and (21) ;éspetﬁlvely~-

¢an be found 1n Table IIL. The results concern both
. - . M - 5 .

.

~ MeaSurement planes witn tie. reveal left bare. and the
; ~ . ! .

5 . L3 . .
recelving room lined with absorpent material. .,

»
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Table III : Phase'Differences and Errors Due to the'

Reactivity of the Sound Field

° 1

. | "in coupler " 5 cm fram panel receiving side of reveal
fr reactivit reactivit reactivit Ler
BT PR By TRRT Y| G|t T | B B
125 8.3 |0.24] 4.3 0.6/2.20{ 8.6 0.3 |infinity
160 11.5 ]0.15 5,2 0-7(1.20f 4.9 0.7| 1.07
. 200 16.4 |0.06 loho 0.3[1.13| 4.0 1.0| 0.26
250 18.7 0.05| - 5.9 0.8{0.20| 3.7 1.5| 0.14
315 23.6 |0.02| 4.7 1.5/0.56| 2.6 2.5| 0.04
400 30.0 |0.01| " 4.0 2.0l0.01| 2.7 3.0| 0.01
' 500 30.0 '|0.01| 6.0 1.7[0.02] 3.5 3.0| 0.01
630 24.4, " 10.03| 6.6 1.8{0.07| 3.2 4.0] 0.03
“ 800 | 26.2° |0.03|" 6.5 2.5[0.05| 3.4 4.5| 0.02°
1000 , 241 0.05| 8.5 1.8/0.12| 3.5 6.0 ] 0.04
© 1250 19.9 l0.17} 7.0 | 3.5{0.23]. 3.4 7.51 0.10
1600 ., 26.1 0.20 8.7 | 3.0}0.33 4.3 7.5 0.12
2000 22.7  |0.14| 7.1 5.0[0.12) 3.4, 11° | 0.05
2500 23.0 _ |o.16] 4.9  [10 j0.07} 3.4 . 15 0.05
3150 . 30.9, fo.03| 3.8. [18 {0.01 3.4, 18 0.01
4000 13.7 2.21 327 |25 |o46] 2.9 . [30 0.38
5000 ok c R 2.9 “/25/-’, **‘w X 2.3 1480 * ok,
"

N

“(**). non reliable: resu
" coupler’ volume




S e N T 7
- * i 6 .
‘. \ ? )
. . v =
P W
- ‘ .
“ 3 Q'C\.q ! *
- S N e N s S SR B B B A
. L >
| . 1 RECEPTION ROOM AND REVEAL NOT LINED,
_ 2 "RECEPTION RQOM LIQED, REVEAL NOT LINED
. . 3 RECEPTION ‘R00M ARD/REVEAL LINED
1 " P .
(4 -
i . . ’ [ 4
— . )
' 10 i e )
. i
o
. sl ~
< ,
o .
> -
-
R -
L
:I —
| 'S
! [w's
R PN WS SSN NAN N AR NN AN NS RN AN S S
125 250 S0 1080 ¢ 2000 ugon’ ' ,\
‘ " FREGUENCY (Hzo - )
— \ /
. v . .
F1g 10.a: Reactivity of the Sound Field for Varying Third Octaves-at
e 5 cm (2") from the Test Pane] ) : :
! _1.14m X 1.14m (45" x A5") Panel .,
. . . R - o - 3
. . o
B ‘v . 2 ‘ \‘l w
. ¢ -] ?
‘ , '
C o, .




'S L .
® T
1Y
*
é
v Ny - ‘
. N . "
] P
\ ~ . ’ ’
- I3 . \ ; .

=
S
I

N

-
’ .
) ,
. . s v \' o

Lot 1 "RECEPTION ROOF m‘o PEVERL NO™ LINED
2 2 EgCEF’TION ROOH LINEC, PEVERL NQO1 LINED
Y 3 RECEPTION ROOYM ANC REVERL LINED
1] ’ 1
- » '7' -1:
e - ; ‘
, L B
are ” { . Foao :
- o
® o
. .. ~
. >
- . —
. =
. o -~
) N —
=
T
- wt
L =4
L S . , N
. ° )
- e
i “
”~ 1- ) b
\$ h '

s ' P " . "‘

. . , t P " i , v , > Y . i
. S PO LA ST (N0 SNV T T SIS DU RN S S R
4 N - ’ 125 CoBT o 505 1000 200G . 400C

; . FREQUENCY (Hz) '
1 [ - “ -
. ' ) ;4 - ‘ B " ot ’ “ = *
¢ 3 \ - L ‘u . - :‘.‘ ) .
e . . : LI » \u.. ' - :
J
' c . Fig. ]0 b' ’React1 v1ty f the Sound F‘I&]é\ for Varymg Third Octaﬁs
‘ ‘ e “at the Reception Room Side of fhe Reveal ' .

. i ' - RN : )' ) ]!,}m X ]n]4m (45’" x 45") Pane] ) " ’ '

i . ’ : i . ' 3. . .
> . ._ = \ ~ ’,‘

* ’ P \ K .
" . Lo~ . N R - . 4 N

, ' ) . ¢ = ) K . - . T

e \ - ' Ty - ) " '

? T ( ' ! ! 3, [ T . ‘. !

R S ‘o . ;‘ . P ! - v & ‘ . e .
ﬂﬂ‘ ’ u‘." ¢ ‘ ! B ) / ., "
« A » . R . P .
‘- e’ \l ' . \' . ! v, P ' . .
‘ . = - L . ‘\‘ . ’ ' i v
N ] » . . . v -
.\ “ l" '.‘\ “w‘ , N < , A, ,v.
] u;'?’ . " » ! 2 ' - R s

"



P2

.differences '‘are mosg pronounced for the measurements

.difectly behind the. test panel., A comparison can be ma

IR

As .can be seen, the'measu{emént errors due toO the

instrumentation phase mismatch were relatively high (uap to
* ') u\ : ) P

2.2 dB) at the extreme lower frequency end. However, for

frequencies equal to or higlver than 250 Hz they were found %

to be maximum 0.6 dB at 5.08 cm (2") from the test panel, .

e

and less at the receiving room side of the reveal. One may
A . .
notice thatr at 4000 Hz the phase.difference betweén the 2 \

measur ing channels 1n the coupler’1s higher than the 0.3°
7 . . 2
maximum phase error specified by Brflel & Kjaer. Lt.1is

s o, .

possAitle that resonance phenomena in the coupler volume were
dffecting the results 1n that particular third octave pand -
e

as well'as 1n the 5000 'Hz band, in which case the result .
- N - , »\ -

would be unreliable. Therefore, the. measdrement error 1s ? LY
oo _ , .

probably sma)l ler than calculated. - ) . ; L

e :
hese .errors do not 1nclude tne finite diff=arence

pproximation errors but are nonetheléss considered to be

K LY .
hd -

acceptable.

As a consequence, the microphone configuration and the
experimental conditions were left unchanged but- the useful

frequency range was reduced to 250 Hz up to 5000 Hz. ‘%\\ :
* Cos _ " "

Fi?uﬁe 10.a and b show that, had the receiving room not

been lined, the rg§ctivitzlgﬁ the sound fie'ld would have

been higher, increasing the measurement errors even further.

On the other hand, the same figures al'so show that’ the . .

opposite is true when the reveal is lined. In both cases

{ -




’
4

with results reported by Cops and Minten {29] who mentioned

that their 1ﬁ:ens;ty measuremgnts using the =wo channel FFT
» . . .

Y ! .
method , showed less spread when the nicne was ii1ned with
. ) ]
F *

absorbing material. However, because no dther reference tc

1n the article 1% was assumed tna:

»

thils problem was found
.all the ‘consequent reported méasurements were made with the

reveal left bare. (

3.3. Preliminary Tests

N « . ‘ . .
Although tne use of sound{1ntensity tecnnigque for
::ansm}551on l1oss meas ents has been established by

others, experimen<tal dezaifs o»f tne procedare are still
. . )

vague and 1&ft up t> the user. In particazlar, the
) . . .

re2lationship between measurement distancy and 1azkaded
Pl ’ K.
‘radiation sur face area {(mesh s1ze) 1s not wek1l termined.

L 4 .
The vallable solutions are goite variabilie and are

"

summdrized 1n Taple V.

< +
.

19.5 x 20.75 c¢m w»th a measu;emeni distance of 4 cm, while

Cops and Minten [29] for example,,used a mesn size of

Fahy [ 28] used the same distance but for a much smaller mesh'

of 7.1 x 7:1 cm. It was therefore necessary to determine the
measurement parameters experimentally, before the actual
transmission loss tests. All these preliminary tests were

performed on.the smaller panel. During these measurements

only the transmitted inténsity level was dete&q&:ﬁd, the

incident power being held constant for each of the series.

J/
L 4

v .

(Sal
vel
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Table [V :

-

Measurement

¢
s

¢

4

Parameters in Previbus Works

Reference Total Surface| Number of Mesh Size |Measurement
work Area [m2] Measuring Points {w2] (*) |Distance(m]
Crocker [27]1 1.17 x 1.17 spatially averaged (4m/s) 0.2 .
Fahy (28]] 0.64 x 0.64 81, .071x.071 0.4
Cops 2291 1.56 x 1.56 64 .195x.2075{ - J.4- (**)
‘ spatlally averaged -
Villot (34]]| 0.60 x G.40 12° 15 x .15 g.1
Mc Gary [37]| 1.22 x 2.44 | spatially averaged- for 0.12
. o " |. each of thewsubdlviéxoni-
-(0.232 2 wp ro0 0.323 m*
Halliwell [42]] 2.44 x 3.05 100 .0744 3.5
' » 25 1 J2977 . 2.05

-

(**) little difference was found for 1ntensity levels

(*)  values.infered from the preceding columns

measured at 4 to 10 cm from the partition

-

DA
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3.3.1.1nfluence of Absorbent Material 1in-the Reception Room"

Researchers agree that when the reactivity of a sound

61

' field increases, the accuracy of 1intensity measgremeQig/y

. , deérea§es. nhereforé,.absorbent mater1af‘1s usually pléced

e | in the reception room when transmission loss .tests are
performed using the 1ntensity technigue.

‘Wlth regard to the test.cgndlglons aE the éenter for

Bu;ldxng Studies, 1t has already been’shown-tﬁa;,when the

'“Wn%gggtxon room 1s left bare, the reactivity in ﬁne room-18

: such as to increase the measurement errors above 1 dB. In

«

additi1on tne 3jverage transml=-ted lntensity was detarmined

’Ol‘hu -

‘ with and without absorbent material 1n the reception room.,
Al - v
In the former case, three non-parallel walls of the

recéption room were ‘covered ng; Conaflex FT4OO.

AS expected the measured averagé transmitted 1nten§1:y
levels for the‘unlined case were lower than those obtained
4n the presence of the absorbeqtﬁmateriél (decrease in net-
inteqsity). The dlfferences.were %%wever very small with a
maxlmum dlscrepanc& of 1 dB (Flguﬁes ll.a and b)¢{ 2n a point
per point basis the differeﬁcés were negligible at the higb

frequengy end and although they were generagily only slightly

ﬁigher g}sewﬁp;e (up to 2 dB), exceptions to that rule

_\ tended to be more freguent pelow 500 Hz, with differences up

. 1

to 10 dB. Again this was not surprising for the influence of

the reactivity.on the éccuracy of the measurements is most”
- ' ) ;

pronounced at the ;owér frequencies. -
- 1

1

A
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In contfiast with the Jyegctivity measurements where the

. N ! . ' B . .
di1fferences were generally higher at the rece1£1ng room stide
-0f the r2veal, 1o such finding could be reported 1n this,

,gase,. both on an overall and on a point per point basis.

Consequent iy, tne reception room was alwayst lined as

»

. described for 1ntensity measarements in order to optimize’

the accuracy »f tne method.

-3.3.2. Averaging Time and Method

The avefaglné txﬁe 1s.an-imp6qtant paramefér in a
vmeasurement'proceddre both for acdurdcy'anq for total
duration of the test. The object was to miniplze Lrme

without loss of accuracy.

- '

.o

"Spatial averaging would probably have given the fastest
. > h

excecution time and, according to Cops and Minten [29], also

~ .

the. most accurate one. Howevep. thre fesults thus obtained are‘:

traqgmlégion loss vélueé averaged over the whole panel area.
The present purpose including the determination of the
aistribution of the radiation characteristics of the panel,
it was pecessary to establish a f1xed array of measdring’
poin;s. This method has én addlt%gpal advantage in that f£
allows for a.moge precise determination of the mgasurement
distance. It has therefore also been recommended by Brllel

and Kjaer in their proposal for 'a Standard doncerning Sound

\

;Powér Determination [44] (see also Appéndii A)

‘ With regard to the averaging time per point, the

transmitted intensity was measured using Hifferen{ linear
-4 ' .o o S
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"iB). However, after a comparison of ‘the results polnt per
o a " \ .

' I
than 5,5 dB. .

66

+

averaging times : 4,8,16 ‘and 32 seconds, for a fixed array
<, ! i | A . . N )

il

of 8l points. The results obtained were compared with the.32
secons averaging time which was deemed accurate for steady
- l N -

‘stite measurements and therefore used as a reference. As ¢an

be suen in Flgure 12 thé intensities avoraged ov.r tine Yotul

. .
\ .

s

test panel's:erface were very similar 1n all cases (+ 1

1 : , . s . ,
point, a linear averaglng time Of 8 seconds was chosen sinc2

thie maximum deviation from the 32 seconds measurenent Jdid

m

not exceed 1 dB..

3.3.3. Mesh Si1ze ‘ o :
~ ——2— === A e

Four different mesﬁlsizes were testad : 38.1 xiﬂd.l cm

(15" Xx 15"), 22~8§ x 22.86 cm (9" x 9"), '16.33 x 16.33 cm J

(6.5" x 6.5") and 12.7 x 12.7 cm (5" x 5")F, giviag a total

v

number- of,Qiésufing points of respectively 3x3 (9), 5x5 .

(25),, 7x7 (49) and 9x9 (81).éven1y distrabuted over tne .

0
»
» -

panel's surface. No attempt to increase the total number of-
! R .

‘points has been made because of thé time penalty incurred.

Each time the power flow was measured Yat the center of the
subarea so created at a disstance (test panel to center of

microphone pair) of half thé mesh size..

Ea

The results with respect to the average transmitted

intensity show the following (sée‘Figugeul3) N

' AN

~

Little difference is seen between the {eggiés of the 7x7

et e .
i

and 9x9 meshes; with one exception differences were less

&



TRANSHITTED INTENSITY (dB)

Fig. 13: Influence of the Mesh Size on the Transmitted Intensity

- FREQUENCY (H2zO

tav:‘8 sec
1.14m x 1.14m (

45" x 45") Panel

(Di Measurement Distance)

P U

~ .

] - =
“r . y
R A N S DS R H BN CEN B I N B PPN
. ¢ . .
- 1 3B lcm x 38 lcm MESH D=19 0Scm
“ 2 22 9cm x 22 9am RESH “D=T1 Ucm
™ . 2 %5 16 bem x 16 Gem MESH D=8 Xcm
: 4 12 7cm x 2 7cm MESH D=6 3tm
. . . l.
o ¥
) 7
65 |
.0 —
$S L.
50 b—
us | . ’
A ]
v S IS SN N (SR N RN SO AU P A EN BUNS S B S
05 250 so0 1000 . 2000 4000

N '
-
P . Y
IS ) a
»?"ftg
—
Lara , ¢
= . .
’ .
- s
I
i
PN -
7
v
’




Fig. 14.a: Influence of the Mesh Size : Intemsity Contours for the 630 Hz
third octave band baszed on the 16.6cm x 16.6cm (7x7). Mesh
Maasurement Distance: 8.3 cm ' '
1.14m x 1.74m (45" x 45") Panel

o . \ \
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Fig; 14.b: Influence of the Mesh Size : Iritensity Contours for. the 630 Hz
third octave band based on-the 12.7cm x 12.7cm {(9x9) Mesh

o

Measurement Distance: 6.3 cm

1.%m x 1.14n (63" >E45_")-Pa'n%© .




For the 5x5 mesh, the only large deviation observed was

around the coincidence frequency, in particular in the 2500

Hz third octave band. The peak in the transmitted intensity,

which gives rise to the coincidence dip in a transmission, .
A il
)

loss plot, is seen to be much lower and wider.

The fesult$ of the 3x3“me§h were general}x‘m;?gv

°

irregular with large differences from the smaller mesh

sizes. .
"° R ! i
-

‘ .
* For the presenty, purpose, the smaller mesh size was o

. .
chosen because it was thought to give the most accurate
results and because ‘of the more detailed information

-~

possible with respec% to establishing the radiated intensity '
./

distribution by means oghequal intensity contours. Compare
/

for example Figure 14.a with 1l4.b; both figures represent
the fqual intensity contours at 6&%’Hz'but are based on .
. L= .
different mesh sizes, 7x7 and 9x9 respectively. HoWwever, fog -
normal sound transmission loss measurements it seems that ,

‘even the 5x5 mesh could be used to yield acceptable

. | o

accuracy. ,

3.3.4. Measurement Distance

S £

In order to optimlize the measurement distance, -the

transmitted intensity was measured at several distangeS'frqm . )
' N . Prciad -
. . ’5{4,,. . ° . (
the test panel. With regard to the 9Qg$mesh (12.77x12.7 cm " ~

or.5" x 5"), the distances chosen were : 3.81 ‘cm (1.5"), ;

g

5.08 em (2"), -7.62 cm (3"), 10.16 cm (4") and 12.7' cm (5").
’ ' , ) .
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‘Certain‘trends can be observed (see Figure-'l5) :

4

> When the dxstance is smaller than 10 cm (4 ) there is

yery 11tt1e dlffetence between the results (+ 0.6 dB)

However, the transmitted intensity increases with increasing

distance below coincidence;

coincidence.
S d

.~ The larger

the measurement distance,

ihis trend reverses above
”, a

- -

the coincidence peak ‘with the measured coxnc1dence frequency

the less prominent

flnally falllng to the next lower third oc‘ave frequency»

band. -

+
-

-

3

\ : P

As a consequence to thesé'experiments and taking into

consideration the fact that the higher the measurement

a
? .

llnlng Qf the, reveal, the measurement dlstance chosen was

" 5. 08 cm (2") . -
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CHAPTERIV : TRANSMISSION - LOSS “TESTS - -

** RESULTS AND DISCUSSION -

| : ) ';“# . Ce | 'l \
The Sou?d Transmission Loss was mgaéuted as a fugctiqp
pf bhg‘following baraﬁetets: | . P‘
- 'lining of the-'reveal with‘souﬁénabsorbing material
(Conaflex F) of ;arying thickness: 0, 2.5 cﬁ (1), 5
Lem (2%) and 10 cm (4"). - |
-; sil}s"of'diﬁfe;ent‘depths: 0, 19 cm (7.5") and 38 cm

ilS'), in the presence of a 38 cm (15) reveal - k

1

Foon

t |

1.52 m x 1.52 m (60" x 60"). - . /}/J
L . . ‘ ". A ‘ '
Surface intensity contours were drawn' in order to:

- determine the transmi;teéiintégsity distributions.

.

= locate a deliberately intfoduced construction fault.

] . & .
However, at fifgt the' new measureméntﬁmethod'had to be

73

. . ¥ N
panel dimensions: 1.14 m x 1.14 m (45" x 45") and \'

validated. This was done by comparing its ieéult$ to those

_* obtained by the standard method ([2]. : o

-
9
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‘panel only. - /

é

.

4.1. Comparison of Standard and Intensity Based

R

Transmission Loss Measurements

. . i

" This test series was performed on ., the smaller sized

R , ,
. . . ‘ ~

. The reception room, the amaller cham:7k, was left bare

excebt for four stationary diffusers during the standard

measurements. ‘It was otherwise always lihed with absorbent

4 $
, the trensmitted

ok

. . ) . ) / ' .
intensity reported in }hxs sectlon/wae measured on the’

material. For the sake of comparieq

L4

reception room side of the reveal. /
N v .

* . /‘ 0 ‘ .
s
As shown in Flgure l6é.a. and 16 b, respectlvely for the

reveal left.bare and with 2.5. cm/(l") 1Ln1ng, the resulns

were very similar with a maxlmgm dlfference of 2 dB above
¢

250 Hz. Generally, the 1ntensfty method nges the highest

,

values close to.and .above t%% coxncxdence frequency whxlst

the opposite is true, at' the lower frequency end. This
i / .

tendency is ralso euppértéd by Cops et al. [29,40] and
Halliwell and Warnock [@ +42]. The greater differences at

the lower Erequenc1es aée probably due’ to inaccuracies in

. / f

\ 'both methods: the smayﬂ size df the receptlon room affects

the ?elxabllxty 07/the conventxbnal method and the

reactxvxty that of uﬁe 1ntenslty method.

/
/
]

) . / .. )
The results compare very well with those of most other

authors [27,28,%9,40], thus demonstrating again the validity

77
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Of tne lnteasity fecailgUe wppi1ie.d to thu
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sound traismlsslon

'

Loss. HoWwaver, Wit F2gufu LO LAe WOLKs
s . ' . . - y ’ ‘ .
QL Cops anu d1nten 29,45 1L iPpPeal 3 e toe Liudsmliltau
. - . n " ’
- 1,
1ntensity wuas .aalaays weasdrcd J{fuutlf oenlnd tae
s Lhie pigwe e uwtoa re
, K - .
(up to 70 cm ~yvep). Jne positloun OI tav pahel witnln the
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Leloiwale (v, vy La. osaae

"

dosufied LO De e sude i

.
¢ N

authors) Tne agreeament Detween the twu hetuudS ls.yencerally

Pl [}

Juod 1hh Kketoervnce

€ ay Ll e LoToenic . -ty L‘:xrgt.

‘ : di'tterences (up to 3 Ju) can bu seen arcand, the colncldence
B o i

' , »
fooguency and at tue tower  froglonc/ Cha.

) .

}}u;ilﬂcll’ and WalfioCKk (4., 4ede 220 Lhi2lY thyg.'tl'medt.b'tl'l‘:

&
-

total deptn of tne reveal wus l.22a una 5. panel positions

s

¢ Were cousldered. huwever, *tni willet: iles petWwoen the two

methods are nilgyner, 11 purticd.dal at botua snas ovf the

- I

. . fregquency range. when the panii 1% WoVed tOwalas the

N -

4

to Creception refdm, tihe diflerences becow: smaller at tne lower

s

o IrequencCles bul Liv OppOs1ItE 1s LLaw abl’Lhe [1ga Lreyguendy

. . end. Un tne otner uand the SaWle auUtnors polnt out in
‘ 3 .

- ' - ’

Retorence 4237 that tue agfeemont petwean tie 2 methaus

. B

+ 0+ Deloses Blynlliicantly peliel, RULE 1u patliculer at‘lie low

~frequency enu; wnen agroorection tesa 1s aaded 145 the case

~

A

WU IsSuIvmeny ud

tost-

Tne mMeasurewent proceddr? wus Blwlldar us reported by,

! ‘ of tihe conventional fctnod. uils correction, whigh 15
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usCribed to wWaternoust™, takhes 1nto account th's nighicr
7 .

ranye. \

WVol.27 (1953), pp 247-250. .

g -

PR - - . 79

) . “

enefgy densities at surfuce juncrtions and 1n corners, and

thas 1nCreases” tay 1. LeVant s0Ulu pressure Ltovel L o rooa.

N <

The correction 18 only applled to the levels 1n tnd
3

LI

Frecepllon room aflu tnole ol leCftudea Lile Lansul oslion

N - '

loss. its eftect 1s wJst pronounced at Lig itower fregquency

end, In tnls papticulal cuse, JiIl. Llunees Detweel the -z

1

AUCH r2auc2u at- the lower frequencicess, DAt they

aethods arv

) ' . S

Fzauin 1aga (ap Lo U Ul at tile oiaef wNu O Lald LivgUwidoy
r

. ,

o

Sy
= )
1

4 . 1 ‘ N

In contrust withn tne convontlodal Lwo ruwa dMetonod,

v

- A
intensity measurcients directly penind tu& test panel cunnot

takKe 1nto account eveatuai souna wsuvrption over the woepth

Oof tile reveal (Sce alsu sectlon 4.5.2). Thls etfect couiu b2 , -

Negliglowie 1h tie Case Ol a MASS1Ve stfucture ., oput in .

1
practice a transmission loss sulte reveal allows thz

N

Prospect ot untoward criocr as gdiscussed oelow.

. .

In Reterences L4l yand (420 tne test aperture consists

of two vibration 1svlated 1lygiatwelght steel stud Lrames. ihe

o

structure was not spocified i1n References (29) and L4JJ‘DUEN\-

1L 185 Sia0Wl ta CvOns1i8t Of TtwO separate constructions

»
- %

sepdrateu Dy a ygap. faus in all four instances’ sounu

R o - - - —— e = - —— . - —— - " - ——— - s -

» . o . R
*  R.V. Naternouse, "Interference patterns 1n Reverberant

suund ries s, Jodrnui ol tne AcOdutlcal society Ot nmecica,

- -

I3 0 * » *
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dbsorptloun nugn&’%u\/c ULCULcu Ovel tne uzpth of Ln:;r&:vu.u,

° .

or sound energyy mignt have ue&n transmitled ‘tnrough’ thc

SLLUWCtUre I the reveal uway [1om tiae reCeptlon 100

. .

With regard totne present work, Figure lo.c siuws L

Cullppallsoun between thic LraNsi@lsSslon Lluss speCllc outul.dels vy

the stahuard meLhod and oy the intenslty tzonnlgue. .dowevel,

tills Clie L2 transmltted Intepnsity Wwas measSdivu ulawlliy

4 T
pvenind tne test panel. aAs can be seen tue dlfierences
Detwerch Like LW metiods Bdve INCroased us CORlpaiird Lo blguiy

. \ - y.

lv.a. The 1ntenslity method dgenerally gives lower values up '

to colncldonce wnllst tne opposite 18 trlde awove Taasl o

freguency. Tne largest differcnces oCcur 4round colncldence.

N

These tenuencies uare simlilar to Laose dlspluyed vy ket renve
- ? ‘ . ! . ¢ N ;
L+U 1 tnus dewonstrating that thne larger uiffercvnces dre .

1 . Pl

probauvly caused oy tae Mearsyeus at procedurc. In neferonles

¥4l and 42y tne cofncidencq frequency was ueyou& tn.:

firequency range-uisplayeds ' . 2 .

v
'

-

AS u conhseguence ohe muy Zondud: thuat ip practicay

4
sg}uations. and in order to.make valid comparisons petw.:n .
. : ' . '

thhe two ‘measurdment aetnods, Lhe trunsmritted intensity ’ b

' A
A »

should be measured at the reception room side ot the reveal,
. .

for this 15 the enerygy tlow waichn will Ultliatly wenitest ”/

1tself’as tile pressule ievels wonltopwu vy tie standalu

tv:cunxlquu. \
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Note : All the experiments rqborted below are-based on the

Inten51ty Technigue w1th the reception room l%ned as

'

described earlier. e '

u

4.2. The Effect of Sills and Reveals
- » .
_Both test panels were always mounted flush with "theé

source room, thus leaving a 38 cm (15") reveal.on the
reception room side. Tﬁe depth of the reveal is kept
constant, but the xntenSLty technique~allows for

]

directly behind the test panel (at S cm) and at the

‘'

receptlon room’ side of the reveal were generally performed‘

addltlon sllls of two dlfferent aepths were constructed

-

‘tp yield a total of sjix test configurations.'

N L @ . 4

' . % L,
" The test results for both panel- sizes are shown in

o« A

Figures 17 to 19. F1gures 17 and 18 show the effect of

adding - 51llSvfo: measurements dlrectly behlnd the test panel

and at the’ receptioh room side of -the reveai'respectxvely.

Figures 19. a and b give general overviews of all
. » [ . . -

configurations for bothppanel sizes. .,

The following observations can be made:

- The highest Gelues are obtained for the no\sill

P

.conflguratLOn thh measurements at the teceptlon room side

of the reveal. ‘

~

~ With regard t6 measurements in a given measurement
B ‘» & ' ) ,

Jieasurements in any plane; in the present work measurements

87
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. regard to the smaller panel,. thére is'l}ttle or no influence

\

plane, the addition of sills always decreasges the measured

transmission loss. The deeper the sill, the lower the

\

‘transmission loss. R . ]

-

- The highest differences occur below the coincidence

dip, in particular at frequencies belgw 630 HzfAbovg that

~ frequency, differences are generally less pronounced in the

case of the larger test panel and become minimal above 1600

Hz for ‘measurements directly behind the test panel. With

. '
. .. ) N -

above 630 Hz.

1

.
-

give-rise to a deééer and wider coincidence dip. The effect

is clearest in the case'qf'éhe smaller panel.

.- The effect of a sill and o;lihé measurement position

¢ <

650 Hz. The lérgest diffgreﬁces occur for the ge'c?‘(lS")_
sill configuration. SRR J  S | -

- 'Comparing all the different configurations for a
given panel size, one éan'raﬁk them in qrdér.?f decreasing

transmission loss :

- Measurements at the reception room side of the reveal -

88

' is slightly higher in case of the smaller test panel up to
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From the results reported here, one can conclude that
the symmetrically mounted panel has a lower sound
transmission loss than the no\s%ll and reveal configuration;

the differences being most pronounced at the lower frequency

end. This is in agreement with previous works' [11,12,39] "

'based on the conventional two room method.

References '{11] and [12] also indicate that a sill or a

" reveal conflguratlon (not both) are basically equ1valent and

according to reference [11] the same is true for the sill

plus reveal configuration Epmpared with the plane frame.

With regatd to the present measurements this would inditate

that, in the 'presence of a prominent reveal, intensity

measurements directly behind the test panel can not be

: . . - ,«:11,\

' 14
compared wi.th the no reveal configuration., Indee

transmission loss values for the no sill configuration with

1nten51ty measurements at the receptlon room side of the
reveal are generally much higher than those for the reverse

situation, that is a 38 cm (15") sill with intensity

measurements directly behind the test panel, except around

and beyond the coincidence frequency (Figures-20.a and b).

Differences are as hidh as 6 dB for the smaller-ﬁanel and 4

"dB for the larger oné. There are also discrepancies (up to 3

dB) between the no7sill configuration with intensity

.

measurements directly behind the test panel and the

symmetrically moudted Ppanel with measu:éments at the

:

reception room side of the reveal (see Figures 2l.a and b).

Y : ' .
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However, in this case the differences are no consistent

W

w

‘ throughout the freétency range.
. .

On the other hand, the ptesent dis pancies between the

¢ -

two niche configuration with intensity measurﬁments directly -
~ . C B
- behind the test panel,as compared ‘to the case with just one

niche with the intensity measured at the'recebtion room side

[ -

of the reveal, mifht be caused by the different constructidon

o // .
method of the sill and reveal. The reveal is part of tbe\‘
- i . ’ \ &
filler wall, and therefore rigid, while the sills are merely .

extensions and are able to move slightly. Moreower_ any sound
. ‘ abSorp’tior{ that might occur is trééied as-a loss in the case
of the filler wall‘bﬁt is aécqunted for by tﬂe incident
field measurement in c;se of the s{lls. Qlﬁﬂythe exceétion~
of references [17] ané {19], in_all studies concerned with
the effect of_sills and/o} reveals, copnstruction ?gi,both

were similar.
’

Al
: s
In addition, the present finding that the influence of
sills decreases with increasirig panel area is also supported
by a previous study [39].
The effect of sills and reveals has also been studied -
I using the intensity technique by Copé,et al.'[29.40] and

: . e
of the 'aperture was constant, reSpectively™

ot Halliﬁell and Warnock [41], In both studi%%g the total'dgpth3<
{-0 cm (twice) and
1.22 m, but the position of the test panel within it was

varied. There

b

were respectively 3, 2 and'5 positions with



A

o3 i . \
. ) o
- ) A\ : . - ! i . . t
the panels always mounted on the source sideifor the first
. a |

- two references, but un??ormly spaced in the latter one.
. l

However gofor both studies the transmitted fntehsity was

" v

always measured directly behind the test banél.ﬂAccording to

the present findings and as has been demoqurated in section

4.1., this procedure is generally unacceptable. In order to
-4

a N

~

take into account all effects caused by the presence of a
Lreveal, inansiEQ measurements have to be made at the

* reception room side of the reveal, ' : o
' . [ S
N

’ o8

4.3. The Effect of Lining the Reveal with Absorbent

) Material
¢ ” » e ——

4.3.1.Measurements EE\%he ﬁeéeptioﬁ Room Sidesof-the Reveal

~ & v

The‘transmitted intensity was measured at the receﬁtion

room side of the reveal.

S~ N . €

o

The results display the same characterigtics for both
>
panel sizes as can be seen in .Figures 22 a and b:

- The effect of the lining thickness increases

5 -gradually over the frequency r&hge up to 1 kHz, peaks:-
between 1 kHz and 2.5 kHz, then decreases slightly above

. ‘that frequency- o D T
> . = The improvements gp the measured transmission loss

are quite substantial,®in particular around the coincidence
frequency, with maximum increases of 7 'dB for the 2.5 cm

(1") thick lining, 10 ¢B for the 5 cm (2") ahd 11 aB for the

¢ )
r
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frequenc1es.'Thlsvcan probably pq,attrlbuterto the low,

L
-k

10 cm (4") thick Iining. »All values quoted ré@%r to | the

smaller sizg panel. AN

2

- The effect of the lining is slightly less for the

larger ﬁanel with a maximum difference of 2 4B comgared to

o -
.

the.smaller'penel case, mpre specifically around the
. . ]

L ) N " . N
coincidence frequency. All three material thickneghses

display the .same tendencies.

Generally the influence of the lining thickness seem5 to

o

:

De related to the absorption characteristics of the lining -

material (see Table I1I). ' o . ; R

thtle dlfferences can be observed at the lower

:

frequency characteristics of ‘the 1ining ﬁéteriel aithough at

¢

those frequenc1es room depfh standlng waves. may predomlnate

and these will be only sllghtly affected by the llnlng of

-

the reveal (Guy and ﬂulholland [18]) . S ;

All three thlcknesses dlsplay approxlmately the same'

increasg at 1600 Hz after whlch the 1nf1uence of tng 2 5 cm .

"{1") and the 5 cm (2") lining decreases again. Slmlgarly,“
the absorption coefficients for all three thicknesses reaéh.

an early maximum at 1600 Hz, followed by a decreasegéna an

eventual second increase.

The effect of the lining reaches ‘its peak petween 1 kHz

[}

“and 2.5 kHz althoﬁéh, according to the manufacturers

Specifigations, the absorption coefficients above
- . A . - . —a, . s
coincidence are similar or even higher. This 'might be,




o

- |

explalned ‘by the radlatxon characterLstlcs of the panel As

‘wlll‘be'demqnstrated lapgr on, below coincidence the panels

. radiate strongly afound the bbrdeISthile above the critical

t

frequency radiation occurs uniformly over the panel area.

Theréfore one might expect the ‘effect of the lining-to be

e

more pronounced in the fdrmer case.

The stronger influence of the lining in the éage of the
smaller panel is probably caused by its highér perimeter to
. . ” ) ' - C )

s

area ratio. .

4.3.2.“Panel‘to‘Reveal/ROOm Céupling

) When the transm;tted 1ntens1ty was measured dlrectly

‘behlnd‘ihe test panel at:a 5 cm (2") distance, the measured

N \

‘transmlsslon.Loss.was basically the same whéther-thgureveal‘

Qas lined>with a 0, 2.5.cm (1") or 5 cm (2") thick absorbant

PO

material. This test was hot performed with the 10 cm (4"),

’ '

thickness because the thickness of the material would have

interfered with the measurement mesh.

- o\

a

- Thus, from the reéults displayed in Figdres 23a.and b

one can conclude that the transm1551on loss of the test

péhel alone -is not influenced by the presence of the l1n1ng
Y

on the reveal, that is sound absorption on the reveal. In

'addition it has been shown in section *3.3.1. that the same

-

is. true for absorption in. the reception room..this suggests
that the panel is only loosely coupled to-the airborne modes

v
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of energy transfer. E .,
. \

The tests also demonstrates the advantage of the sound

" intensity technique for transmission loss measurements; no

room correction factors have to be applied to take the-

backing room's absorption characteristics into account as is

" the case for the standard method.

4.3.3. Optimal Depth of Liningz

i

In order to detefmine the effect of lining @aterial
depth, the transmitted sound intensity was measured at 7 cm
(3") intervals, over the total depth of the reveak. Thfs
test .was performed on the® smaller panel size with the reveal
lined with tﬁé'S cm4(2") thick material. The results are
shown in Figure 24. ' _ ; |

‘ ; : J\

The\dgcrease in the measured transmitted 1ntensi;§ is
approximétely proportipnal to the ﬁeasu}ement distance. The
results at 38 cm’(lS")_indicate a slightly\éreater decrease,
but because this set of measurements was ﬁerformed at the
receptién_réom side of the reveal this change may be
atéributed to edge effects.

DA

4.4. Intensity Distribution Across the Test Panel

This topic has been studied theo;eticalf?\szea number of

workers, for example Maidanik [4] épd recently also

experimentaly by Petersen [43] and Fahy ,[28] using the

-4, .

[PRE— - . z\ [ .
.
\




'
b

Intensity Technique. For frequencies below cdincidence, the
theoretical model predicts that sAhe wave pattern at.the

edges of a finite plate does cause radiation in contrast

9

with an infinite plate. It -is further argued that for these,

frequencies only the corners or a strip of plate around ' the
edges effectively radiate sound energy. Above the
coincidence frequency panels are said to radiate from their
whole surface, although the experimental resulgs of Fahy do
not completely agree with this: according to his findings

the center portion of the panel tends to radiate more

strongly than the edges for those frequencies.

For the present work, the distribution of .the
transmitted iﬁtensity has been'determinéd for both panel
dimensions in the absence éf a sill and with the Teveal left
bare. Tﬁe radiatei intensity was fb6r this purpose measured
directly behind the tést banel, é cm {(2") away from it.

The conéouré of equal intensity were then plotted for
the whole frequency range of interest: 250 Hz up to 5000 Hz.
The results are shown &ﬁ Appendiqu and E, respectively for

the smallér and larger panel.

4.4.1.1.14m x 1.14m (45" x 45") Pane]‘(Figures D.1 to D.14)
As can .be seen in Figure D.1, at the very low

frequencies'(zso Hz); the panel is radiating predominantly

‘through the corners. The intensgity E;ansmitted through 3a

small portion of the center is much smaller and its

e et e iy v e——————’ o s At U dr o e
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' con££ibut§9n is therefore hegligible. Diféerences are as
ﬂigh asffg ds.

With iﬁcreasing frequency, the center portion where the
transmitted'{qtensity is lowest gradually spreads out. Its
contribution ihcréases (Figure p.2 to D.4). Above 630 Hz
~ - (Figures'D.S to D.8), greater intensity ‘is fou;d within a

¥ : strip around the panelaborder ;nd the gradients are found to
be much steeper than,at the lower frequencies. The

differences between edge and center radiation are“however

7
v

decreasing.
Eventuaily ;t 2000 and 2500 Hz, respectively Figure D.10
and D.1l1, tﬁat-ig within the coincidence dip, the cenéeg
‘becomes the strongest source of radiation with the intensity
even sometimes becoming nega&ive around -the perimeter.
Above coincidence (Figures 6.12 to D.14), a’qu@te
uni form radiation ﬁve; the whole surface of the panel can be

'

observed.

L]

P

4.4.2.1.52m x 1.52m (60" x 60") Panel (Figures E.l to E.14)

Lf The intensity distributions for the larger panel tend to
be quite different compared to those encbuntered previouély.'

For the larger size three regions can be ohserved: a center

-~ . N

portion, a narrow concentric strip around the center, and-a
s ] i .
strip around the panel border. '

- . ¥ .

b

At 250 Hz (Figure E.l), the corners of the panel also




N

)

. s :
radiate strongly. There is a decrease in the transmitted

intensity levels towards the center but this time the

_intensity levels at the center of 'the panel are comparable

! -

to, those around the edges.

As shown in Figures E.2 to E.6, whenfthe frequency

e
increases, the center portion of the panel gradually becomes
larger and 'the differences between the individual regions

b .

become smaller as for the smaller panel. However, gradient$s

around the border are never as steep as ih the case of the

smaller panel.- o \\

ABove 1000 Hz (Figures E.7 and E.8), the characteristic

strip with lower intensities disappears. The radiation
around the border is only slightly higher (2 to 3 dB) than
' { . '

at the center.

As before, around coinci@encé the centef,becomes

" predominant with negative intensities appearing around the

panel perimeter (see F{gutes'Es9 to E.11). Above coihcidehce

¢

radiation becomes uniform again (FIgures E.12 to E.14).

’ ‘ * \
‘ )~ ) ' .
4.4.3. Discussion \ . - °

o

Generally, the power fioq patterﬁs for the smaller panel
agree quite we'll withféhe theoretical predictions by
Maidanik [4). This is however ot true for the larger panel.

'

s

Fahy [28] has reported the existence of negative
v : :

inténsity in the center region of the panel. This has not
- .
been confirmed here. However, in the present study negative

©

-

107




. - \

intensiti@s have been found around Lhe panel perimetér. about
the coincidence fréquénéy. This might signal edge~da ping
effects. Indeed, about coincidencef the .sound transmission
is high and ihe same holds for thé :ibratiépallamplitudes of

the panel. This lends itself to effective damping, in this

case around the panel border.

N
108

‘A 3 13 v
The differences between the two panel dimensions are

bei%eved to be caused by their modal behaviour, coupling and
phage differences betwgen the individual médés, which is
dependent on the panel dimensions. '

On the other Hand, it i; not gnown how the edge
conditions influence the power flow distribution. Slight
differences between the mounting of the two panels miéht

;have occured which, in turn might have influehced the

results. Verification would imply repetitive mounting.and

testing.

e

4.5. The Effect of Panel Dimensions

.‘The transmission loss results for ;all test
configurations are qogpared as a function of the panel area
+.in Figures 25 up to 29, respectively a and b. The results at
_the extreme lower‘frequency range will not be considered
begause of iack of accurac&. | '

L
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The conventional method to measure sound transmission

loss attempts to eliminate the effect of panel dimensions by

introducing a correction factor. When the intensity:

téchnique is used for sound transmission loss 'measurements,
no -corrections to account for the panel dimensions have to
be méde in the course of the test procedure. An energ§
balancg between incident and transmitted energy 1is

established and therefore the influence of the panel area is

eliq}nated. However, the determined result will only be

N s

appropriate for that paneL type under ;estv K

)

‘ From the results it can be seen that:-

- For all configurations where the reveal is ;eft garé
(Figures 25, 26, 27, a and b), a general trend 1s apparent.
Starting from the lower freéuency end thefe is first a
region wﬁere the larger panel has the highest_ transmission
loss, then the trend reverses up to 500 Hz{ Above. 500 Hz and

.

‘ up to the coincidence dip the larger panel has again the

highest transmission loss. Above coincidence differences are

negligible. e

'~ Differences generally range from about 1 to 1.5 dB in

the absence of a sill (Figures 25 a and b) and 2 to 2.5 dB

* | for a 38 cm (15 ") sill (Figures 27 a and b). They are less

than 1 dB for the 19 cm (7.5") sill configuration (Figures’

26 a and b).
- It is interesting to note that below 500 Hz, the

frequency regjdn where the smailer panel has the better

_-—— et e e e e e — — sy — R L S [ER -
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This high performance regién for the smaller panel
.eventually almost c&mpletely'disappears in case of the 38 cm
(15") sill. Compare for ;xample Figures 25.a(b), 26.a(b) and
27.a(b): . v

- When the reveai was lined with absorbernt material
(Figures 28, 29, a and b), the same global trends are
obgerved.Howevér, for the 2.5 cm (1") lining, differences
are slighty higher above coincidgnce,Lwhile they are much
~hibher pe}ow.fc for the 5 cm (é“) thickness when the
transmitted intensity is measured directly behind khe test
panel. - .- . ' £

%
* t

Previous sections have shown that:
- The effect of sills decreases with increasing panel
size (see section 4.2).

- The effect of lining the reveal with® absorbent

‘performance reduces when sills are added on thepsource side%ﬁ

material also decreases with increasing panel area (see.

section 4.3.1).
- The power flow'thrpugh the panel is strongly

influenced by the panel dimension (see section 4.4).

The present results agrge witlr most theoretical

btedictions [5.6,7] in so far that, above coincidence the

i3 e or no effect on the transmission loss,
Tegl g '

#oincidence the transmission loss increases

with inecreasing panel area. At the low frequency end,below

1

-
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N

500 Hz, trends are less clear and seem to depend on'the sill

configuration. Panel' dependency is however generally equite

small, 0.5 to 2.5 4B, for élmost a doubling'in surface area.

Héwever, it has to be stressed that although the §ahe
t;ends‘are confirmed for all configurations tested, the
present study is limited because only two panel sizes were
tested. It is therefore also difficult to compare the

present results with previous experimental works [13,14].

-

§4.6. Fault Finding

The .capabilties of the sound intensity technique with

-

regard to the detection of construction or material

u

deficiencies was also examined.
For this purpose a fault was introduced by partial
removal of the weather stripping on' either side of one panel

edge as shown in Figure 30. The fault was located on the

left-hand side of‘ the panel. The exposed-portion revealed a

.

crack approximately 9.5 cm long and 0.2 mm wide between the

panel edge and its mounting frame.

\ ’ /

W . . . . , R
Intensity measurements were made'grrectly~behind the
) »
e

. test panel at a distance of 5 cm (2"). intensity pattern
obtained was investigated for observable irrégularities
(see Appendix F). From Figﬁres F.1 to F.14, one immediately

™
notices the location of the fault characterized by the high
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intensity. valu;;\;;;fEEQQp gradients. The effectuis
\

‘ - : . - . a2 \ A *
especially visible in the mid-frequency range from 800 Hz up
to 1600 Hz (Figures F.6 through F.9).
9
It was found that close to the-fault, the values of

transmitted intensities were generally higher than at the

same points before thé,fault was introduced as might be

"expected. The differences in local intensity were slight at

the lower frequencies, up to 3 dB at 250 Hz (compare Figure

D.1 with F.1), iﬁgreasing up to 14 dB at 1600 Hz (compare.

Figure D.9 with F.9) and fallipg lower again beyond'this
~frequency. : i .
4

The exrstence of the fault is clearly indicated by the

intensity contours. However, when comparing the overall

sound transmission loss before and after the introduction of

the fault (see ﬁ;g;}e 31), its influence is notrceable-ggth

a maximum difference of 3.5 dB. This could ha&e.easily éeen

A

overlooked by consideration of the overall spectrum alone.

i
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Fig.30 Scheme of Fauit Introduced by Romoven§ Weatherstripping,

Strip Length 9.5cm; Crack Width 0.2 mm (approximate

¢

.

dimensions)
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. A
a.detailed test procedure has been established.
N @

30
: S
aé‘\\
*
L

Sa»- . -
- CHAPTER V- : CONCLUSION AND
‘ . 1 r -
' SUGGESTIONS FOR FURTHER RESEARCH

so

[0

aA

-F
4 2

5.1% Conclusion"

« The validation of the measurement of dound transmission

.
. .-
a

loss based on the inten§ity technique has been confirmed-and

/
The intensity technique was used to measure the sound

transmission loss as a function of: sills and. reveals,

lln1ng of the reveal with absorbent material of varylng
2y .

thlckness and‘?anel dimensjons, In addltlon, some of the

advahtages’of the'technlque and its extended capabllltles as.

s

compared to “Qe traditional procedure have been&brought

forward.

z

It was demonstrated that in order to take into account

all effects caused by the presence of‘the'reQeal,ithe

transmitted intensity has to be measured at-.the reception

room side of the reveal.
° il

It was further shown that the addition of sills in the

presence of a reveal always decreases the transmission loss,

whether the transmitted *intensity was measured directly

125
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o \\ ’ '.
LT ' S
o behind the test panel or at the reception rbom side of the

oy .
revedal. T}e ‘effect ,was most pronounced d%llibelow

coincidence., - T

o In accordance with previoue.woiks, a symmetriéally //,/”

»,

o

mounted panel was fOUnd to have § lower transmission 1955

than one with only a reveal on the‘rec;-iving,side. : ) co
| THere is however some controversy as to whether the

results when the transmitted intensity is measured directly

. pehind the test panel are equivalent to those oﬁ the no

» ) :
reveal configuration. Further research is necessary to

; _ . . i : . C oy

establish this. -
\&: P ‘ ) - - ‘o
1 \ . h T "/‘
< ' When the reveal ‘wWas llnqg with abﬁorbent materlal, the

v -~

global performance was greatly enhanced and the overall ~

’

v ' transmission loss has been shownt to*increase with increasing . N
P . -— ®
. . s : ' ] -

thickness of the ;sound absorbent lining mdterialf However
.° F.the inténeity meesurement techniqge indicaﬁee\‘hai the panel
B rad{ation is not ipfluepced by the presen;e of the liﬂiﬂg;
- ’ '93 " Such a.toﬁclusjon would not have seen possible employing the

v B ~ - stapdard reverberation room method.

. . Lo ) c
Co With regard to panel dimensions,‘lt was ﬁound that for
. ~ the pahel sizeévﬁesied, the'larger panel always had the

a lhhighest transmission loss in the mid-frequeny region w1th
differenceg of the order of 1.5 dB. At the lower frequency
oo end the oppesitevgas true but ‘the effect seemed to diminish
with the‘addition of sills. Above coincidence the effect was

- #

5 €,
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e

negligible as was the case for the other parameters.

\

‘ \ .
The intensity method also allowed for the establishment : .

<

of the power flow distributions through the panels. Equal

a

. , ' . .
intensity contours were'drjwn.for both panel sizes. Clear
4 G

and distinct patterns can be observed but they vary with

A 2 .
m—— N . . ‘ ,
panel dimensions. The .exact cause for this is not known. . ' -

’

\ o

it waé\also demonstratedﬂ:ﬁg}hghe‘1ntenai Yy techniquéri
can b; used to identify the Jexistence of urtoward sound
transmission paths as part of a normal meas;nément
progedure. However, an accurate appl%cation would
necessitate'é‘betteg knqyledgé of the radiated intens?fy

distribution as a function of panél dimensions, edge
3
., . .

conditions and material properties..

* . PO
' . .
-
+ -
. ’ T e v
-

-

To conclude, the fntéh51ty based method to meéasure sounq

transmission loss has ‘proved to be simple, flexible and o .
< .

A
d

direct. It elimimates the use of correctisn factor&®to .

account for panel area and absorption in the reception room -

.

) as required by the standard method. Measurements can be made
in different planes, thé power flow distribution thrqugh the T
panel can be established--and cqﬁsequently checked" for

0

irregularities. In addition, the technigue has‘the added

/ N
{ Dbenefit ‘that only one reverberation chamber is needed. -This &
: is important‘fog future laboratory construction. - A |
Oon the othernhanﬁ, with regard to alxeady exist'ing and® o
[ 3 b
) : . , ' .-,
' ' ¢ ‘e ‘ . -
I S .
o s o it o e e . ) et e s s L--
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operative laboratories, the implementation of the intensity
RS . ] ] ’
technique is expensive and its full automation relatively

i L J
complex, if not impossible; consider for example the limited-
usefull frequency range of a particular microphone spacing.
Test proce@ures based on the Standard‘measuremgnt technique <)

are easily fully automated. This is often the case and

therefore this method requires less human attention., Another
) . .

potential problem with the new tec‘.ique is that, in case of

a high transmission loss partition, the sound source will

[}

have to be very powerfull if one wishes to avoid signal to

-
¢ \

ambi nt ratio problems on the reception side.

2
2

-

-

B,LStandards Concerning Sound Transmission Loss
4

,Measurements by the Intensity Technique

[y

No standards exist Yet with regard to Infensity
Measurements, although rece:tly some proposals have been
brought forward concerning Sound Powey Measurements [44].

'Based on théfexperiencelacquired in the course of this -

work, - suggestions will be made here w-ith respect to )
, , e ‘ ‘ .
. v L
standards for sound transmission loss Measurements.

- 4

- Acbus‘lc Environment : . _
<, '
In order to avoid two sided intensity measdrements

(respectively on the incident side of an open aperture
. ) " - ' \ h
and on the reception side Ofriﬁypartition), speed up .
the test procedure, and provide 'a relative and
B

reproducible basis for measurement comparison, the

T
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txansﬁitting room has to be reverbeﬂant as for standard
requirements for sound bower measdremen;s.‘Thus;“the
ANSI/ASTM E90-75 [9] requirements still hold. e

The reception room is no longer .subject to ™~
strlngJ;t requlrements. Ite sound absorbing qualities
are not cgitical‘although some absorption is required
in ofder to redﬁce the reactivity of the souna field
apd est;blish Ehe‘accuracy of the method. Thus the
reactivity limits of the reéeption ernivironment should

be stated. . . ' N ' ®

Background noise should also be avcided.

_

Instrumentation : ) . .

* Sound Source and Test Signal : ’ .

The requirements as ‘specified by ANSI/ASTM E
90-75 (9] are st1ll appropriate.

* Mlcrophones, MlcrOphone §gac1ng and Cables :

“The microphones should be speclfled as perfectly
phase matched or their phamse dlfferences taken into
‘account. ‘The m1crophones and thelr spac1ng should
.be selec;ed according to stated m1c;o9hone
'stendards, the frequéncy-range o 4 intereet and the
reactlvxty of the sound field in order to @chleve'a
requlred accuracy.

..

The microphones,'togeiher with their cables, -

.~ t \ . . , M
should be individualily calibrated with respect to
2 . AL A= ! .

i
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amplitude by use of a pistonphone. In addition
there should be a phase ca'libration of the total
system prior to meas&rement. , .
The ;eactivity of the sound field at the location
of the measurements should be determined and
reported after which the total error due to phase
diffgrgnces between the two measurement channels
should be calculated."
In case of non-compliance to the accuracy
requirements, the following steps éa& be taken :
increase of sound absorption in the reception room, ' .

increase of the microphone. spacing, replacement of

microphones and cables. .-

- Installation of the Test Panel
The mounting of thé pé?el should again be 1n
compliance with the existing standards [9].
i oo &
- Determination of the Sound Transmission Loss :

LY
* Incidentp\Intensity :
0\ Y

~ - : ) %
This can be estimated from the daffuse fi1ield

inﬁensity, based on™the measurement of the
space/time-averaged soun ssure 1in the

transmitting room.’ .
. L \ -
The measurement of- the sound pressure can be done

according te the(existing'standards [91].

v

* Transmitted Intensity :

The transmitted. intensity shpuld be measured- jver

‘
13
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L

the surface area of the panel. The following

L3

parameters should be con%ideted:
. 4 » .
.. Orientation of the Microphone: The transmitted

}ntensity should always be measured

pérpendicular to the panel's surface. ' ,

. Measurement Method ' Thee measurements can pe -
performed in two ways : by slowly scanning the

» panel's surface with the microphone probe, or
by meaéuring the intensity at discrete points
’unifdrmrly distributed over the surface, then
averaging the results. The standard should

' specify scanning rates if appropriate.
The first method gives ove;ali results (but has
not been tested here), while the second one
also.enables the egtablishmgnt of the power

-

flow distribution ‘across the surface.

.,_!!aeasure'melpt grid : When using discrete *
measuring points, the sufche hés‘to be ’
uqiforﬁilyldivid;d into subareas, at the center

_of which®he measurements will be taken. These‘
subareas shoﬁld preferably be square shaped
and,” according to this study, about 12.5 to 16
cm wide. A fiéer grid will lead to higher
accuracy but;incura:é measurement time penalty.

. Measurement Distance : The microphone.probe

should always be kept at a constant distance

from the panel's surface.




When only the transmission loss of‘the'panei
itself ie required, the mea%pEEmente-should pe
made close to its sufagce. "1f discrete
measurement points are useé a distance of half
the meeh size seems approprlaee. In thls.study
5 em wes chosen for the 12.5 cm mesh. For
smaller mesh sizes attentionneﬁould be paid 'not
to exceed the near field capabllxtles -of the
mlcrephone pair. When the .scanning’ method is

used, 5 cm also seems appropriate although this

has not been tested here.’

Note :' 'In the event that the overall

" it it e s

transmission loss of a partition composed of
) ) A

different components, ( sills, reveals, lining) "

1s requlred the transmltted 1nten51ty should
be measured at thelr reception sxde. The same
measurement grid as described above»can be

used.

Averaging Time : The averaging is not critical

although its lower limit seems to be determined

' by the reactivity of the sound field and should

132

be stated by the standard.In this work 8 sec

per measufing point was. chosen.

®

i

. -

e




5.3. Suggeations.for Puture Research
- Because of the duras}on and the repetitive nature of
the measurements, it is strongly advised that the test

7

procedure be automated.

S

- Automatic plotting of the equal intensity contours is

. - L

‘5150 strongly recommended. .
- Once full autowq}ion has Seen established,the
technique could be exploited to determine the_éransmission
loss and power flow distriﬁutioﬁ through panels' as é
function of varfous physical parameters; such as: .
| - edge cond1pioné’
- _matﬁrial properties, includigg éomposi{g
. panels - o
- panei dimensions
-, ‘It should . be éstagiished’whethéf i the presenée of a
reveal, the transmission lésé‘with the transmitted intensity
measuredEdirect}y behind the test paﬁel 1s equivalent to

4, . .
that in the no reveal configuration.

This could be done “for exahple.by mounting the test panel

flush with the reception room side and building out the

reveal.

v
AN

'Y - — . o —————— By 3 e . a " ‘_“?"5“‘
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- APPENDIX A : OTHER APPLICATIONS OF THE INTENSITY TECHNIQUE

Y ot LY

.

.A.l. Measurement of Sound Power

A.1.1. General Background

- -

" The main application of the Sound Intensity Technxgué 18

presently the measurement of Sound Power. No staddards ex1st

o

that deécrlbe the test protedure, although re*ently some
proposals have been brought forward -of uhlch ipp nos*:

co ple%s 1s' that by Brhel &’K]aer [44]- .
oo - v ‘ . .-_.

¢
s A ]

The Sound Power W of ‘a gound source 1s obtained by

!

. | s
L1ntegrating over a surface S, enclosing the sound source,

e
the. product of the lntensity vector 1 by the surfacé vector
- ir A ects
'dS normal to the elementary surface ds:

v . - v . . -

- o . -

- = P . -
— W= ¢1.d3 ' S (A1)
o
This 15 equal to: T . '
. 4 v ‘.. , * - '- b \
W= "lpgs -, S : . +(A2)

where In 1S the 1nten§gty vector's codﬁoneﬁt normal to the’

. .

eiémentaax surface ds. - - . o

. 0

o, 1In practlce, when a discrete number of meaSUrlng poxnt yre

* o -
.o 1

J - : . " - - - > -
se ' . » . M
. . .



‘4 - . P s - 4 ~
- , ) . ) Y - o N ]43
= ;m:w .: - . - , . e N
used, equation (A2) becomes:. - L , L0
. " . = E
n ’ . i y } :’ ) :
W =10 l°g£il}ll'51] S . ‘_‘: (A3T'
‘ w L . R
. . N RN . . , - . L.
y] ' .. - Do, o : .
where -13 : the intensity vector's componant normal to the
-1 . o -
surface at position 1 " ) .
S, : ‘the érea associated with position 3 . .
e : ' : » ° ’ . 4
. 0 : the number of measuring points 2 o

”« - -
e

The use of a discreet number of measuring points. as

compared to spatial averaging i recommended by Reference -

. Y i . -
- ] . . . :

t44] because 1t allows for a jore accurate positioning 0% .

the sound 1intensity proce. As to the number o5f points -

-reqguired, the same *%ié:ence states &trmat the number s

3 - . s -

. -

safficient wnen Jjouble tne points yleids i reprqduc1b1;xty

bester than 3.3 dB. - E ) :
- L
. e : o
. .The ma.d advantages of using the Sound Ihtensity metnod
tor Sound Power Determinations are:
oo ~ The intensity can be measured 1n tne near fmelj af'd
sound source. T i
.- There are no restrictions concerning the snape =f -he
© ' enclosing measurement surface. It can follow the outline of
the noise source but the i1ntensity vector always has to> be
‘measured perpendicular to the reference surface. .

- The ‘measurements can be'performed even 1n the
presence of background noise. This 1is éxplained by the fact
that the sound 1atensity at a given measurement poap: 18

5 - h v ' e
- ’ Y L4 = +*
T A S “a ¢ ‘
e T ) ek . B < S
: R . - e . .
- - L - : “ [ *,

v
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i

agkually the net intensity at that point; sound coming from s

/ . .
within the measuring surface 1s recorded as positive, while

sound coming from the outside 1s recorded as negative.

-

Ultimately , all the sound energy penetrating the reference

surface will leave 1t 1n the assxmptioq,thab‘there 1s no

sound absorption within. Tnus, when the ambient nolse 1is
& [ ]

constant, 1t 1s éventuallly eliminated i1n the course of.thé

s . tést'proceddre. This 1s actJally’a copsaqheﬁce of the

L qulnxtlpn of Sound Power '(see equation (Afg) and :the
L o pr}néxpfe,of Gaués. - : o .

_Accordlng‘to Reference [453, a random error less ﬁhag 1

' o . )
dB can st1ll bétexpacted if the background noxfe‘does not

-

Y L éx;eed ttie sound level of the sound source by mere than 10

e . dB.om the reference surface. Measurements can therefore be

a : . . - .
e .. €asi1ly and accurately performed i1n situ.

- u . . ' -

A.1.2. quparasbn'aetween Sound- Power Measurements Based

<o ) gg’thé'S:andard Revérbéra;xon Room Technique and

the Intensity Technique

’
L3

Numer ous wégi; have already been published concerning
. - . o~ _ ‘ '
this toprcsbut for additional information the results of -

¢ . . : :
_tests performed at the Centre for Building Studies are
. €
reported here.
) Tﬁefsgund sQurce was—a, Mark Hot Thermbplus Heat Pump. It
e '—-‘ . . A J
- wds i1rnstalled.in the larger chamber of the transmission 108§

“

. suite and discharging 1nto the other chamber via. a high.

- . - v «

Sl e s b

14
1
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transmission loss discharge duct. For actual layout of ‘the.

~machinery see Figure A.l.

The Sound Power Measurements based on the conventional

reverberation room technique complied with the requirements

of ﬁhe American &ationql Standard S1.21-1972 [46].

With regard to the intensity method, measureménts were

<

. performed according to the manufacturer's specifications.

Thé heatpupp unit was enclosed by a hypothetical rectangular
reference surface,f the sides of which were divid into
different ateaé,wpgch'area was again diwid into n
subareas. Intensity measurements gére made at the center of
the subarea thus cfeated. The results weré consequently
1ntegrat§d<over the n points per area. The measurement

/

distance was kKept constant.

Measurement ‘areas and number of measuring points for a given

area are reported at the top af Table Al. Area code

°

deslgnétlons with reépec; to the heatpump unit are shoyn 1n
Emgure A.2. ‘
Meésurements were pefﬁormed'with two microphone spacers: S0
mm aﬁd 12 mm, giving an'accuracy interval of ;espectively 63
to 1250 Hz and 125 to SOOO.Hz. |

The reacti%fty of the sound field was not established.”

The results obtained by the Tonventional ‘test ,procedure

and the intensity method using the 12 mm microphone spacing

3

are ghown in Table Al. Further 1nformatioh and fésulté'for

PR — P e e b & o be he & . . RS [N,
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¢ N

the 50 mm microphone spacing .¢can be found in Reference [47].
' Except at 315 Hz, the results by the two methods compare
very well, the differernce l;eing always less than 1.5 'dB.
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A.2. Source lIdentification and Ranking

Traditionally, noise source identification and ranking

"was carried out using the lead wrapping technique. This '
-

‘technique donsists of wrapping an entire machine in a

blanket of absorbent material with an outer - layer of 1lead.

Various components of -the machine are then sglgctively
P .

exposed and their contribution to the total sound power 1s

determined. However, this method is cumbersome, slow and not

always accurate, in particular at the low frequencies and

-
'

for weak sources.

4

¥
1

Recently, a number of workers [48,49,50] demonstrated

that the 1intensity technigue is technically superior to the

41d method and has a greater flexibrlity although 1t still

~

requires improvement. The method 1is baéed‘on the sound power
measurements as described 1n section A.l. Componants of the
machine are selectively enclosed by a hypothetical.reference

surface, after 'which their contribUtion to the total sound

4 i N

power 1s determined and they can be ranked. Measurements can

be performed 1in situ; background noise and contamination
o .

from other sound sources is 1in principle eliminated because
of the Gauss principle. However, Thompson [4@1 points out

that a sufficient” number of measuring points per componant
1s necessary.in order to accurately determine the radrated
‘gound power and eliminate the effeats of comtamination from

.

nearby sound sources.

"



- maximum’ accuracy.

-~
[y

On the other . hand, because of its directiocdal

characteristics and the possibility of measuring close the
. - r '

the 'sound source, the intensity technique allows for other

¢ .
methods to locate specific noise sources. This can be

achieved by simply recording szones of high intensity levels,’

changes in the intensity direction, or more accurately by

R
contaur mapping. However these methods do not imply complete

enclosure of the noise source and they should therefore

ideally be performed in an anechoic -environment to achlieve

A3, Measurement of Sound Absorption and Acoustic Impedance

The use of the 1intensity technique for this application

1s new and the available litterature 1s extremely limited (3

_articles). In addition test procedures for sound absorption

.contradict each other ¥hd one must® onclude that further

work i1s required to validate the i1ntensity technigue 1n,EhisT

area.

T
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. €. Heasurenent of the Decay-—Rat’es and Calculation of the Reverberation
Tmnes and Room Absorp'won for ¥arying Third Octaves

- 3t die "EREVERBERATION TINE YEASIREMENTE' fvart 100
- 1. ) 5113%5&3}»3’[3183'“48]'”(bb:ﬂuc”;BJ

3

R 4: dim RSLIJTS02]4u8(

44

ie FLA5.183.X028340[18)

+&[183

1 ASLO6150y 7{13%%183. jLIC

L1

{100 LI TS (2

82,71I8),L 18]

vlbo}FIS}e"N}F[Uo"SOfF S

' s. S00)FLB]16303F 1978001 [10110000F L1432 750)F
t 2008 L141i TSO0HT1S]I 3150 (1631 8000;FTL ~135000)F 1332

mﬂl
9-
107 ew
i
120

130 der

. 14) dsp
. 15
16¢

17%

18¢

- 198

- 2t

21.

231
o2

» - n.
: 2:
) 74
28'

”'

30!

3
Rt

TH

3!

kvl

18!

}.Z:

R )

J

urt ’17#“2!’!./ Twart 10071l 7m¢xt 1000
ctl

em.u o of MEASUREMENT Posn.uus

buf ‘in" B8
far P=] to Z

*POSITION MICROPHOME :rosition

‘MEASURENENT POSITY

l)U .
cll W T '

801, 2I801 125650~ &HOM(U!I

cil ‘1’
BU134,28013R8014 147
for I=! to {Bival(ns(7]
ren Yiwart 3000

urt 717"N"vuw 1000
‘N=")2T¢

cll "hLin’ .
33(134:’80]}&3[1-:4,]
for [=1 to 18ivalt M{
1f L[IJHO(V.U—IO)L[
next 1

clr 73wt 10069:11 ’wa
urt 717 U851t S0ilcl 7
wrt 717,04 iwaat 5000

ot ‘for R=1 to 50

txd 0
dse R

!PiStF
Mt t ‘i1Piwart 00

23'))\U
-6 7 1IN TL - -
-&.mm.m

1t 100

-

/FL640400 Fri‘

-nn

1e.1000)

C

" tval (ASCXs YD /Z10IPL S TIPL 0 I Dinext Jinext 1

next R
next P
(R-1)8DR

dse *STATISTICAL CALCULATION®

for I=1 to i8ifar J=1 to 45i900-F042U2XiX+1}Y

10104(PLJ1 I3/R)IPLUVI]

4] next Jinext [

450
483
47!
48:
49!
Sab

52

63

»

for I=1 {p 18
OO ICIDIEIN
for K=5 to 43
1? PO IS TCI9dto 54

1t PLK+L, IHSOTLIT or P[K+2d]>T[IJ;sto 4
1t PLKs13-15<LL1)54ta 56

31 N
HHPLKy [INGL Y, 0425ENHLSE S, 0625ENEPLKs 1 1DE
CfP[K’vIJ"?)CrDH 06258N) 23D

t
fxd
(E-HEL/N)/(D-L"2/N))B
it B>=0i01XL1Jiato 64
(C-H~2/N-BR(E=M3L/N)) /(
B 2¥BLIYi-BIXCITINIVEID
if- K=44343-N-1)7(11
1,960\81)/\RYSL 1)

W R213HRXC11/A2G01]

‘921 RHRS[11/A2511]

N

(N-2)8(D-L"2/N))}S
K-N-1}2013#835(1]

11 "time’
{or 1240 18ifor J=1 to 45.147J+7x 15m.x+m

frq1*

g
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Cad . - - .
oLIsal] : ' v

I\\cry \ ..

+

od: ‘WS' )
55 YhigMGl
oci f!'rt I -

ERER L M - Dol

ent ‘ert L t3  siseiav spectri’irlit® riziicll  disrizs

et CTLF Q0 o . . ’ ’ - -

’“: ”t.v: {' N .

3N - o .

740 3t Uslilel Tieart 10 ' Y .0

750 wrt M7e it 1006 - ce - -

W oeet T8 : T .

Jn ‘L.n

8: Il Ziug1t 5002 : . S «
79 for =t to &5 . , . , A
805 wrt 170 'E7 S ‘ -

~n -8k B "n‘ : ~

LY

9%t \J"INCA

1081 3 Us-13GRDY ' ‘ O

T AL Tl ", nt 30 - L . . ‘ ©
83:2.:»"0; ¥ .- »
Bal 1 )-J"““ . . -

C ¢ [ OT_I " - o
- dl‘. i - - . . N

36. wait 01258,

- BS{13%.2BOITAMLIY? )'A*Oll‘. . : ]
33' nert J B . ‘ - . . \
89: et 28 Lot -

Wee"lint S v A B
i oaf Ull or J-OOU‘R U -’ ' .
920 elr Thwaat SQici. Tiadt . )

QI i uz-liwrt T{Titbiwal
P4 urt l.uutcual‘ <3 e *

Tieait TN T - . . .o
96 wrt MITOUNRON M T ‘ : e
970 wrt T1Te R hears 10 ' ’ - 3

985 St tin’ ) o

990 4 et 302 -
A00~ wBF "35!‘.'4.“‘": ~ “ .
1010 wrt 1T Bt teart 120 )

%o wrt Zlﬂ"ﬂ"f}h"

1038 ren ° - . .

193: ret B¢ .
104: u:Fli:': -

107 13 .
SIS ' «

1065 clr Thwait S00ICl1 Tiwait SO0

1100 wrt 7174 °F 07 :

1110 fat 19025.0 *

. urt lo.lv"‘

S L a

: 1f I=19HB}X .

+ for J=1 to 42iwre b.m._wInne,.t J

v {44 Oidse 'TIMEAXIS A}‘ 11 SOTL NI S B

¢ for J=1 to . X1dswrt 717D '-uaxt Josne.t J ‘ o
s for K=1 to 3

1198 ot IIII4YOID 3050 tworidgto 123 s
1208 for J=1 to Y[IJ-liwrt 7(7¢°D'jwait S0snent Jyucl‘ ¢

© 1218 for Jot to YOId-1iwrt 7172 °D7%iwa1t SOinext Jiwant 500 ) .

1227 nest K

1237 ent 'next Ird octave?}rress CDNTINUE':S
1245 1f I=18iume @

1250 1f S=0iI+1}Iidto 109 ’
1263 ret ‘ . - ;
1270 "two": : .

128% ftor k=1 to 3 .

1297 for W=1 to 2?-Z[I]mrt N7yt D>'wait SOtrext W ’

1303 wrt 7174 J0%° .

6% cll ‘guti’ . .. .
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P

for ¥=1 to Z[134¥{]1]-10%urt 717

I
132¢
113; wrt 1170
134 for ¥l t0 29
135! next X
1368 E
‘37: 1 ] (K}

- '153’
154¢
1550 »

1563

(o
4

158.

ZL{J!HP‘ 717v'n7"illt 50'h0 { Biwait

19

asdn’ 'néshai'.t,o.x

st ‘teps’

ds» ‘CALIBRATE & mmum SYSTER"Suant 1oo.bm-su~ '

tat 40080

-

ent ‘TEST TITLE® DSiute ‘ LING

utb 4510iv

tb 4:10

3f S58=UB1 9394004
1 S8:1A%§37.07000M.

* ent ‘SOURCE RODM 4 or B'-Sl

-

L~ ent ‘TEST PAMEL AREA®/G

ent ‘FINAL -STORAGE FILE' oM.

ent ‘TENP.

ont 'Mrs m,‘m] s u$

af anx'c

M. T source rooe’ ntv-an \000

IN UEG Bl oF

g

-l‘-? 'sv

urt ‘l." D“'E.
20. 06\\‘«3cldf’5/?)(F 3&)')“

ret
wt}ln
fat 248115

P

fot 39 'FREQ* 412 °d

-

1591 f.t .’1 lC}?lf«.oo T
o3t fat brl/ -
180F fat Boxnytlﬁvf‘ 0’c~u - -
1620 wrt & LT
163: urt 4.00 AJERAGE R” *ar Triet ‘CROPHONE Pﬂsmons*c-
1648 LY
1455 wrd 4,408 of decass retr i!CrOFhOn& 9a51t‘41 H ~R/Z
£ 1880 wrt 4.4
1677 art 4.3 ¢
1687 wrt 4.5 [ .
~ 1890 for =] tg 1S
170' urt 4 0PI XTI 56T SUI DAL
‘ 1. re.t | \ -
1 -0 31 Oiwtd 4eiliwts 3 ‘0
l73¢ SPTL 1ef oKy V‘i§$o33vN5:G 3'3;!5["
174! ret
324254,
3
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\ ¥
. I
b
‘. .
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0

Vi ivait SOnnext Hvoaxt 505
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C.2. Standard Sofnd Transmission Lgss Measurement

-

0: dse» "SXSTRANSHISSION LDSS TEST"!':“H. 100
1 din AL183,B0181,C013)/BEIBYSECIBY, Ftlahﬁ[la;;H(lﬂ)tJ[lﬂyKUanL[m]
20 dim NULBYHFI1B1.QUIBI RI1BISLIBI TLIBTI U168V 18158030018 -
3' dis X[181,7[181.2018)
4 dis B$C3182:C4[BY,DSIBOTsHSL12]Ne 43,080 1RSI TSE013oTH(2Isus(18)
5‘. f1]es ABSDAT.S .
vooread 1oF R COrDS S NS SHALS],S08] : .

o 7' dsp 'INITIALIZE MIC IN SOURCE ROUP st ¢
8: 1000FC1171250F L2373 1600F (213 2000F (424 2501F (15 31SIF (414003 (7]
9. 500}FC83830F(917800)0FC101710000F7112i12503F 7 127416003F (111

° 102 2000)F[14]iZ’SOO}FHSI;ILJO)F[M]MOOO)FU?] S0003FLI8] - . .

. 11’ but *1n*sBSe] -
12: 300N : SR o
13: wri 717,°08N7?L N?'juait 1000 -
14 x4 0 : SR C .

! 15 for L=1 to 2 , -

<180 1f L42ime 10

17% res 7 '
18: dse *SWITCH #IC 16 REZEIVING ROOH'yst» ‘ . s
19: dsp *RECALIBRATE'iste o i .
205 ds» °SET*
210 wrt 717 "N="iwa1t SO0 ot ’
220 cll SPL READ swait 200 Co

23 for J=1 to 1BRLLUDBLDicext J
1‘0 wait SOOQ !

250 sto 43
264 1f L=33dsp 'SP MEASUREMENT N KECEIVING FOﬂH"ualt 2000 . ‘ ..
270 1f L=1lidesr 'SP MEASUREMENT 4 5JURCE ROOm*iwsit 2000

28¢ wrt 717,°08N7L #*'5uaatl 2000 .
294 dsr *SET" L
300 1f L=3ilel Thurt 717.'°N="5ua1t 50043t 22 : <
S0P Latiled Tiurt 757"t ez 500
2! for H=1 to N - ¢
1ol Thwgil 4900 .
%: }1 "SFL READ Twa1t 13 ' . . ,
it L=1igto 40 . Lo
3648 fC_" J={ to if . .
. , 370 1 -ROJT-BLUI 10534 39 .
. . 18 ¢l ‘BAGR' : B
) - ' 39 next J -
400 17 L=Tifer o=l to 18iR(INVIH Dinea t J : . .
410 11 L=tifor J=i to 19ISTUTXlRMlirent U
20 next H o ' -
f 43: next L : ;
. . . 44; rea ?
! 4 ’ 45! dsa 'cmxsncm calbuLatIon:
' + for H=1 ¢
47! };rH:JI"M ~1 to 1830}CLUIIECIIIGL ']}uBJLﬂ[J]mﬁ (AR s
49 WK JI- V{HvJ]}N[JJpNLJJ"'.'}T[JJ
%0: 1t ALJI=050}5C471adc S2
S18 NCI410109¢S/ATIIIS0L)
¢ 320 next J
53 1t 4
94! for J={ to 18 «

554 CLJIHEn " (VHYJ1/2013C0J]
56! ECJJ+En~(WOH, JI/2003E0J]
571 GLJMNCJIIGLI] .
. 58! DLJI4SCIRDLI] & : . - ‘ ‘e ‘
- ’ © 594 QLJHTLJIA0S N . o ‘ . : 6}
: 800 next J . iy
' " 544 next H . ]
625 for J=1 t '
83! Oloa(C[JJ/N)}C[J]i:Oloa(E[JJ/N)‘E[JJ L
+
. . :
| , ) oy s \
N} T
. pe 1 ¢ e *
- S Y T e
) ‘o ’ ‘. - ¢ - > . - <
P . - - :



H
83:
8.
67¢

,68:

49:
70:
71
72

73.
74:
750
763
17:
78

il
80¢

a1

82

838
Ba:
85:
B6:
87%
£8:
a9:
90,
e
92:
3%
'LH
?E
942
9%
98:
9.
100}
101% ¢
102}
103'
WEN

130'

' next J
+ ret

G[J]/N}G[']'DIJ]'N}P(J]

next J ‘ ..
for H=1 to N

1f H=fifor J=1 o 18502¥0 310 Yinext U
for J=1 to 18 !
$EJI4tn " (VCH J3/105 X0
YOI~ CH 3710020

next J

next H°

for J=1 to 18 ’ .
of XJI- Nttn (€0J1/403<040)XLJ)igts B1
1t Y{JI-N&tn™ (E[J]/lO)(OSO)Y[J]i!to 31
\NCOXCJT-Netn ™ (CLII/10)) 7 N1 3 X000
VOYLJI-NRR~ELJ/100 /IN-I D IYT))
20log{14X0J1/¢n™(CLJ1/20) 1IN
20109 (1YL AR (ELJY/200)3YL D
NQLII-KEGT I 2/ -1 300 NY
next J

cil ‘Conflin’

for J={ tc 13
HEJI/7CTII81000K D34 JOSY/ELI281003PC 1D
LLJ1/60J010072T 03

next J .

cll "2PRINTY

oren N$»47

2540 . N$s 2.0 X

fat {,'FILENAME i'yc

»

(et B, R4S, ACESAGLA VAL L1008

urt 4.1;Ni
dop N$
end

ISEII .

for 153 to 83i116-1}E5 'NeTeILviichar(D)] T‘[Iv’l
Wt 717 T8iwait 20005 0 3R8rt 71TRSGwa1t 2050

red 717vF$iua1t 500
1 rum(R$)=62i9tc A01
116 I}inext T L

'SFL READ*:

4zr *BACKROROUND' )
1f L=376s2 *RECEIVING ROCH - TESTH':H
3? L=1igss "SOURCT ROCH - TESI #'4H
wrt 7170 *K70=U"80 " fwsit 200
wrt 717:°M="i K08 ,
wrt 71708531t S00ired 717,09
1f Q%= tisas 2

Jor -1

wrt 7174 'E7"jwait 200
but *1in

ifr 716" 10%9302

Jap rds{*in®)$-!

wrt 717¢°E="jua1t 220

o

far J21 to 18ival(R$(42 Q?J)Kykﬁé])}L(ll

1t L=3iLLII3R0Tiato 119
1t L=1il(J13std]

. "BAGR":

vt R[J]"BEJ]#SvdSP ‘ERROR ¢ Lf(r) =PG5 iste
123} 1t RLJY:=RLJYBLIDIRLiome 2

10to5(tn”(RLJJ/lO)~tq"(B[J]/10))}R[J]
re

‘Conflia"}

1,96/\N}MD

for J=1 to 18 ~

v 1f XCJJ=0igta 131,

DEXCJIIHLSS a

L d

—

160



1640
167}

1t [J)=0igto 133
28YL 310 0)

 DUCJIH I,

next J

ret

PPRINT®L

fat 4,1/

fat 1,c80

fat 254x:c8:2x4c8
TR SY DAY TR L P BT
fat Srdxsclbi 7.0
ot Srdxrcd2urf4, !
fat 7»Sxrcdr 75000

fat 9212710.4

wrt 4.4

wrt 4,1,D8

Wrt 4,4

wrt 4.2, DATES)CS
wrt 4.4

wrt 4,34 TENPS"4Fe® F?

wrt 4,3,°RH R
Wrt 4.4

wrt 4,5, "reretition ratel® N

"30*y E s *LPs® eSS’y "XE  LPr s "SDeT ! ZE*

wri-4,4

wrt 4,72 FRE@"s'TL' s *NR*»
wit 4,8¢°(H2) s  (dBY' 9" (dB) ' " LABY " (ZB) "y "

urt 404
48 4
for J=i t

B

(o

xc? |9~;chSAvC2'379C317x!C317nv0217xvc3|7xrc3 7/|C3
fat 8:5X!C4;6X'C4v54;C41 7xschy SAvC4v°611c4

wrt 4, QvF[J] D[J]vG[J] U[J]yZ[J]vE[leff']vF[J]!C{J]vX[ ]vY'J}vE[ I

next J
wrt 4.4
wrt 4,4

at 024y *FINAL STDFRBE FILENARES

wrt 4sN$
ret

¥16142

v2:ycb

[

e e

-

161
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C.3.Plotting of ,Sound"TranS{nission Loss Spectra (Maxifnum 3)

% dsr ‘sxxPLOT OF TL CU&VESX!“;ualt 1000

t dsp 'souust TITLE & LEGEND'iuaat ’000
b dsa 'LINE & 103- 104 I 115-116"5s

+ dia AC182,8(131CCLBYY D[lS]vE[IB]:F[lS] G(l&] L .

t dia H(18).10191,J0181,K0182,40187,50,181,7018] . :
S: din ASCAYIBIL4),C803,503,D80801,E9C4] ' * v
6. dim FSC61/GSLBOT HSCLTHLS042)M8C43/NSLA],SSL11,08L80] ’ - ‘
70 1000FLL23125YFT2)5160)FCITI2003F L4 250 FLSTi31SIFLA]

¢ 4C0XFT7215003FI8344102F(2118003F (101510002F 1135 12502FL12]
9 I&OO}FEII]32000}F[14]EZSOO}FIIS]iJXSO}Ftléﬂ34000}F{17155000)F[181
{0% files 8 . .
ili ent ‘enter ¥ of CURVES(aax 331 PY'»C. . , C :
120 dep ENTER FN OF P MEASUREMENT FIRST'iuart 3000 d . '
{33 ent ‘enter FIMAL STORAGE FN*iN$iasdn N$»1ssX
14' J![!:l]}ﬂ$31f H&$'P iume 5 ' .
15¢ sread” 1oFiRvD$15%,59AL21)603] 50t DS )
165 ent ‘enter REFERENCE PANEL FN*iF$iassn F$rds0iX
in ;raad 4'FuR;D$9 vﬁvK't]!L[l] .

¥H s*ead 1.ns.cs.xcxluart1.srt3
200 28868 Dsinrt DS
208 1f C=tiome 8
2ot ant ‘enter FINAL STORAGE FN' M$iasen 1$92:0¢X ‘ X
3% sread 2408.08,J08],BL21,HIR] - . '
ZH Di!g’)ﬂinrrt hi ] : . .
E:Xf' Set P B 3 .o,

+ 260 et ont!r FINAL STORAGE FN'»L$iastn LQ-SuOiX ! . . !
27 sread 1:D08,68,7(81, Cfl)rﬂ[!]
280 0$3G8)D8iert D3
290 12 H$R'P e 9 . o ¢
302 for I=1 to 18 -
340 LCITH0Lost D/RITINLET]

- 22+ GUI141010d(D/ACIDNXG0L]
I3t next 1

Pfar J={ to 18

AT GIJJ,L[J] 036(J)
34 101c8(1/(D/SR107(-GLJ1/10)- ((D*S)/S)IO“( L[J]/lO))))GtJJ
37 next J . .
18! for I=1 to 18 , S .
394 a2 C=1360133801, 13 . o . , .
408 1 C=2iGCIIST1, ILHCITISI ] . ' :
ALS 1 C=3360130801, I3HCTINSI2 nIJrD[I]}S[3aIJ

next [-
43 cll 'P!s'(lloll;S.SoS.S)
44 211 ‘uax1s’ (0435+5:1055)uart 300
Sicll ! xaxxs (022041}
44; 0rrajusit 50
47; *,12%° }Asu' 250°}Bs3° . 500°)E8 ¢
48! for 6=l to 3
49: fat 1-c4 .
HE P4 X))
3ts cll. lable‘ (-2:2:12)
52% next G-
53 et . .
548 for J=il to 19 by 3 : .
352 fat 113,02 .
560 FCJ1/100031 A _
“970 ri4lirl - . ¢ .
581 cll ‘lablx’ (=ds2irl) . ) . S ‘
39% next J . . -
400 wrt 70417:202 , .
81% wrt 70421)A48 .
623 <1l ‘seace’(10)icll "skir’(S}iwrt 70412, 'FREQUENCY (kiz)®
63 for I=1 ta C . '

‘n



for J={ to 18.

i Jeliurt naza.kmn)mm.a wwr'-nw}rnsto 7
17 T=1 and SC1sJ)=0i5to0 75

1P I=liwrt 70420oA4(J41)lU}r1n8 10’5(! JIV3r2isto 72

1¢ 1=2 and $£2:J1=0i4ib 13
1f 1=25urt 70420584 (JH ) 8UY P11 B-104ST2, JI8V) 123 880 72
if 1=3 and S[3sU)=0igt0 75

,lf [=35urt 70420, A+(J41)80Y rlB=1O4S( T, J]tU}r‘osto n

+ 1t Islicll ‘sauare’ (r1sr)
1 I=2icll "tri'(r1r2)
it [=3icl]l ‘din’irlsrd)

s oext J
+ next | ‘

! wait 3000 e !
owrt 70421945B / .
¢ wrt 70425,90

+ for =1 to Siuth 70412 {1inext |

t wrt 70412, *TRANSKISSION LOSS (dB)*

3 wrt 70407

v owrt 704210A-654(3-C) 9 B445

v owurt 7041741.7+2.2

v owrt 70412, *TRANSHISSION LO3S (dR)°

s wrt70421,A-703X1BHAQ}Y

$1f Calicll ‘one’ ‘ - a
s af C=2icll 'two’ @ ¢
v 1f C=3icll ‘three’ :

v oWt 7042144-530R438

| '.t 19910.0:01301 2 ! 1y

sotat 2917.0.810.1,1701

st I016,018. 1016, 1016, 1'&

t for J=t ta 18 .

wrt 704219 X,Y-2J

1f C=1iurt 70812, 1.F(J)9501J]

1f C=2iwrt 70412, 29F{J0ySIEv 302000 0

1t C=3iwrt 70412, 39FLITS010J208020 3505000 00
next J

1008 wrt, 7042104- 2000 E-18)Y \

wrt 704”1-X¥7v¥}“?urt 041 *LEGENY®

v for 11 8

1t Is 1!'5FELTRU" tl')C’[l]v{gP 3

1 1223 *SPECTRUNSEZ® }0302 3w 2

1f 1=3i “SPECTRUN $2°)CS03]

next 1

for I=1 to Cilen(C$CINTFELITinext |
wax(E[%3))0

wrt 70421:X0Y *

wrt 70420, X41841, 7R« Yiurt 70420+X418+1,70:Y~ 3C i
wet 704204, Y-1C-35urt J04204%4Y

1t C=1icll ‘dl”

1f C=2¢cll ‘42’ -,

1t C=3icll ‘d3’ .

:COHPA?;EQN PLOTS*}D$ Lt

' ‘M0

wrt 70407

wrt 70421,A4-35.3-40

wrt 7041208

wrl, 70421,4-35/8-43

wrt 70412,G%

wrt 70421,4-35.R-46

wrt 70412,0¢

end L

lP ll )
(p3/91)150}Av(94/92)100)8 . ,
ret . ! ~

.,

#ax1s"! - :
(150-A)/ (p2-p1) }U K e

.......
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. L 164

131; wrt 70421re{UtAsBiurt 70420415043
132} Ake9
1330 wrt 704”11»9-B-ur; 70420-90'3 1
1347 »94p3U3e9
1358 1t #9<p2UtAigto -2 . .
1340 1f r1=0isto t6
137: A-p3)»9
. 138 1f p9{riUtAidto H4
o . 1390 wrt 70421y#94Biwrt 70420.p9:B-1
1407 »9-p3U3s9
1417 1f p9r=plUtAigto - .
142} wrt 704215408 o
143 3¥#3 :

' 1443 A)e? . N ..
. 1455 »94n3U}r9 o ‘ Ao .
1460 wrt 70421,299Biwrt "04204594B-2 ; - . .

1475 1f p97p2UtAIdt0 -2 ; . !
148; ret . ’ . . - -
1490 ‘vaxas'e -
150 *at 1+12.0s2 |
1518 »d}K ,
1525 (100-W0/(p2-p1))Wip2V4RIL : .
153+ wrt 704219Ase1VU+Riurt 70420440 100" ) ~
1541 B)e® : ¢
S 1950 wrt 70421 sAseTiwrt TO4200 04160 .
1961 for Y=1 tc 4
. < 157% wtb 70412.1+8ihest Y
- 1587 wrt 70412.14H .
- . 159 »9403V}e9
. 1605 11 p9<ZiH¢rSIHgty -5
. 1611 1f ri=0idto 15
~- : 1623 B-p3V3p9 ' ‘
1630 wri 7042008rr%0urt 704200A4 0 <2 : - -
1642 P9'PSU)’? e -

165 11 »9>=pI\4Bigto -0
168: wrt 70421 8dsB

1670 ret . . :
168 'lablu': & 4

« et To4ZtvatsUME ' )

1703 ¢ll “seace fr1)icll “skip’el) .

1713 wrt 70412,1,1 - .

172¢ ret

v tlablxx's '

1747 wrt ;04“11A+P3U'B v

1754 1l ‘space’ (ridicil ‘skapt D)

176: 11 G=1iurt 70412.114%

! . 1777 1 G=2iurt “9412,14Bs

. . 178% 1t 6éiurt “0412.1,E8 : . '

1792 ret .. . : ! > |
180 ‘*seace’ : o -

' 1B1; 1f p1<=0igto t2 : !
- 1828 witb 70412325 uae 2(1p1-1}e1}20) - : ‘ /O : ,

-

-

-

o

183% wtb 70412y8iuap. (p1+1)p1)=0

s ret

+ o 'skiptl
I ¢ if pic0igte 42
s 1873 wtb 70412105 ue¢’ 2¢{p1-13p1120) -

- - 3 wib 704126275103 0np (pi41}p)=0 )

: ret . . . o .

+ 'square'’ : : ‘ :

s owrt 70421yp1-,45024,45
1925 Wrt 704209P1-,45:p2-, 451wt 704204514, 44;92-.43 - . .
193: wrt 704209p14,450924,455urt 704”0;?1 +A3rp 24,495 . ~
1948 wrt 70421161482 : ! T )
. 195¢ red . :

: 1968 "tra'e ’ .

' ‘ N o 197:\urt 7042151224443 <o

L R T TP R - - -




v

165

1988 wrt 70420101-.47vp2- . 45urt ’0420yp1+.47qu 4
199% wrt 70420.p102¢,45
2000 wrt 70421!Plih
L 2013 ret
) 2028 din*} )
' 2088 wrt 704211911?2+ 45 o : .
2040 wrt 70420:81-.45:p2iurt 70420:01/p2-,45 - h
‘ , 205 wrt 70420,p14.45,p25urt 704201011024, 45 |
0T 2060 wrt 70421,p19p2 , :
ol 207 ret
i m: L} lo . . " N
2090 uet 7021 UDTLY-The2 - ‘ M
2108 ell souare‘(rlurZ)yurt ’04”0,r1+10}r1or« C T '
© 210 cll 'seusre’{rlyr2) o e
2120 wrt 704”14r1+3,r‘;urt 70412 vC?[l] N T ;
2130 ret X :
L H ld')!c |
'o2158 oIl ‘41’
2180 X4rL5Y-6)r2, X : Lo
vell strarirter2)iurt 7042 0-r1+10)r1,r cll_'tri‘(rl;rﬁ) - v
2188 wrt 7042150143 r2iurt 70412,0$22) R ‘ S
2198 ret . - R ,
220: 'dJ': . e
anq e “ 420 ., . \ .
B 2220 X43rrelsy-92r2 ’ A
2233 cll ‘din’(rlor2)iwrt 70420971410k rlar2icl] 'dll {ried” :
2243 wrt 70421, r1430r25urt 70412,C8032
225 ret ! ’
2281 ‘one'
2270 wrt 704"1»!+7-Y'urt 70412"FRED. o
2282 cll ‘seuare’ (X+36.3:Y41)
229% ret -
230¢ *tuo'! L
2310 wrt 70421, X430 Yiurt 70412 "FREQ, (HIY' i . '
2320 cll ‘sausre’ (X+28,Y410 ’ ) . KN
Y 2330 cll tri (X439, s.Ym - -
2345 ret : : f\\\
2350 "three': '
2368 wrt 704217X#I-qurt 704121'FREQ (H2)*
237¢ ell ‘souare’ (X+2f, 741 _ o
+238% ol LriT (X431, Y41 -
2390 cll "dam’ LXHAL YD) .
2405 ret , . : -
811086 o o : . .
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C.4. Sound Transmission Loss Measurements by the Intensity‘Technique

Storage of the Incident and Transmitted Intensvty on Disk

- . L0 ‘dse 'SERINTENSITY HEhSUREHENTSlu‘-un 1000

v 13 dse VINPUT OF DATA TO DISK-FILE*iuwait 1000 -
. . 2 die AS[147] S[}lB]rCi[I]rDS[B]rEi[B]»F&(é]vGi[b]yH%[l] IS(U,HVD GSCIJ f"/

v dam RICEDISSI2], T8L2T4USL40],V4C40],48(2]

1 din B[lB]vC[lB]OHUB]rK[19]![.[13]'5\‘[ISJvX[IB]vU['.SO,133 :

1 hles 3

3'buf 0 vBhB ' .

7 GEN. iy '

. ent 'enter DATE (DD/M/YY)'-DQ

i ent ‘enter TEMPERATURE (F)®sTient “enter PRESSURE (abar!*F .
. ". 10! ent ‘enter 1st LINE OF TITLE (40char}®rtis .
' : {1} ent "enter 2nd LINE OF TITLE (40char)*sV$ ) . .o
2% P MEASUREMENTS'! ,
14133 dsé “tSOUND PRESSURE MEASUREMENTSS'iwait 1000 : ”
. {éf g;; *CALBRATE § INITIALIZE ROT. MIC'istr ' S
, 16 wrt 717v'08N7L ﬂ?'malt 1000 -
., 170 ds» "SET*

{8 wrt TIy* "wnt 509 .
19¢ c1l ‘SPL PRAD'iwa1t 200 '
200 for J=t to 1EiL[JI}BLJ)inext J

217 lel 7iwart 10000

20 1 o .
. : 230 wrt 717;‘03N7L LLARI'T 331 1000 . ' . .

' o > © 240 dep 'SET® :
250 wrt 7179 'Nitiwait 500 . ' , '
26 for K= to N ' n
27¢ cll 'SPL READ jwail 100 i ‘ ' .
288 for J=f to'18 )
290 1f ROJI-BLJI 105.ee 2 , !
30% cll ‘BAGR’ . .
31 neAt J
320 for Jst to 1GIRJINVIHSYinext J
330 next H ' Co N

347 dse °STATISTICAL CALCULAUCN'
22: f?’.HHl1 s gi0¥cLl] t 3 s l
. 360 1f H=lifor J=t1 to 18V J1ines . .

70t 4 . : N
38 for J=t to 18 . .
9% CLJM4tn U[HyJ]/“O) C[J) . :
40; next J \ . . X
41} nest H : . . .

. 2¢ for J=| to 18

| 433 20103(CLJI/NVICLL)
447 1t CLJI-ROJTI0MCLI) . . .
45: ﬁIEI\t J . ' . to
46: for H=t c

af B lvfor J-l to 184 O)X[J]me\t J !

A8 for Jet to 18 .

A9 XEJHEA™ (VIHa 371033 X003 ‘ ) ' . ) Y

50: next J . oL .,

313 next H . .

523 for J=f to 18

S3s 1f XLJI-N#107(CLJI/10)70503X{JTsump 3

543 \NCXDJI-NRER™(CLU1/100 )/ (N-1))3XLJ2

39+ 201p3(14xLJ3/tn" (C[J]/”O)))X[J]

96 next J

97+ c11 'CONFLIM’ . ' 4 C

58: for J=1 to 18 . ) \

9% 1f CLUI=030IK[J]iump 2 ,

804 HLJI/CTJIR1003KES] : o S

6it next J o

62 "1 INPUT® .o .

63. dsp 'CALIBRATE ] INlTIALIZE FROBE" iste e ‘ .-

e )
' : ‘ '




H
63
84)
&7
48}
I
70
1
72}
3
74
750

100¢
lﬁl.
102}

103!

T4
- 1053

1053
1070

ent 'enter BICROPHONE TYPE (1h)'sM$ ,
ent ‘entér SPACER IN mm FOR' PRORE',SH

dsp 'SET COMMANDS for MIC TYFELSFACER'ists

dsep 'SET INPUT ATTENUATION®istr

ent *enter TEST AREA DIMENSIONS®,AsH

ent ‘enter & of COLUMNS (max 25)°C

ent ‘enter & of ROWS (max 25)°R

ent *enter FN FOR STORAGE OF GEN DATA'»F$
ent ‘enter FN FOR STORAGE OF I DATA®,Ge
open Féyl

asdn F$4140

oren Gi;xnt(RtCt331/(256t3))+4 -
iSSn 6$12505X ot

wrt 717:H$iwart 100ired 717:H¢
sprt LolUSsUS D8 THF NS 9 SSsCoRoHS PN AIB
sprt 2oC[XYy X023aKIL]
I MEASUREMENTS®! -
wrt 717,'C=L?M705 *wart 1000
dsp 'MEASUREMENTS'iwa1t 2000 :
dsk *START IN LOWER LEFT CORHER'vuaxt 3000
25; 5HEASURE S.I. ROW FER ROW’isait 3000
X

rert 243

for I=] to R )
tor J=t ‘0 C

dsp *SPECTRUM #1R='+1,"iC="gJiwart 100"
cil ‘Data’

next J

ext |
dsg *FINISHED® . :

IsETl 1]

for 1253 ta 63i116-131;°N* }Tt[l'il chartl))T$[2,2]

wrt 717:784wa14 20005 °@° }R$4urt 717sR%iwait 2000

red 717!R‘l“31t.g00

1t num(R$)=62) jmme 2« -
116-1}inent I .

ret \
*SPL READ": - i

dse "BACKGROUND*

1f b=1lydse *ROUDM A - TEST $'R

et 7170 HP0=L74Yiwaat 200

wrt 717;'H-'y‘H"05

wri 717 »Gi'uaxt €00+ rad ’17vﬂ$
1 Qs="2tiome 2
" JeE -3 R
wrt 717»'E?‘vuaxt 209
but "1’

tfr 716:'1nf;302

Jae rdz("1n')4-1

wrt 717, E="ina1t 200

for J=1 to 18,val(BS[I”?*?J}KJK+6J)}L[J3
LLJIIRLID

next J ,

ret . KN
'BAGR*:

it RCJ]\-H[J]:B[JI}R[ Ttaep 2°
IOéos(tn (RLJI/10)-tn" (BLJ1/10))3RLJT -,
re

"CONFLIN'!

1.96/\N}B

for J=1 to 18

it CLJ1=0%ume 2

DEXEUIMMLY

next J

ret

R
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v 131 *Data’; :
Vo 1328 wrt 717-'&."'50011. 100 ° -
\\ ' 1338 uErt &17:'!’&0"0 tart 200.

) Co usiwt 7AT,C45uait 100ired 71708 ,
\ 138¢ 1f ttz'""uaxt 100ijap 2 . X

: e 138! buf' ot
\ ‘ 13?‘; trr. :}3"( m'»302

1448 urt 7179 E=H?* juait 100
_ 142% B80134,28013A8C1, xm

143; fot K={ to 18

144 ASTX-607KDESCLIT]

1452 if ESLAn43="<"$%000,0°IESC1+S)iume 2

1480 if ESCAsA)="85 " tESCLo 308" *2ESLS .mmm:
va}mn.snw

1490 11 TN
$if I=R and J'Cvsnrt Z!me 2
3 osert 208 tens’ .

152% next §

153’ ret . R
52 s

)

LAY




. J 575 et TilxefS
v,

[ v

c.5: Nunerical Output of the Intensity Heasurements. Calculation of the

Sound Transmission Loss -

ds» "NUMERICAL DAT& QUIPUT ON FRINTER'iugit. 1000

din C118),FL18)/KE1BILLI8) P25, 257, 1018, X(18]

dia DSCBI,FIC4] |6!£6)d$[1]9ﬂ$[1]oH’[J];S!["]

dis Uttmmmhwt"].nul

fxlos‘" ,

ent "enter FN OF SIORED GENERAL DATA®»FS .
2580 F8y1900X

srend 1vU‘vaNJvPquS‘&vRMhN

e s cose sncbyactve bo

G OO IO~ CA 2 g rI e O F

12 ent ‘enter FN OF STORED I DATA*)GS v
132 assn 08+2/0s
143 ent 'mter F'N OF FINAL STM“GE FILE*»28

dren 28,3
16: asln 2813500
178 100XF01351253FC2)5 140X T35 200)F 0425 250 F LSS 31SHF14)
185 A00FC733S00XF 85 6303FT93+800XFTI0T5 1OCCIFLITITNIRGOIFTLIY
191 IM)FU?}FW)HHJF"500)"15]'3150}Ff16334000)ﬂ17] SCO0MIIR

213 ;Pﬂd ZvC{t]vX[usK[n
»t 1:1xo¢25:15xoc5-wc8

t fat 2oixecde® - “ycdl
24¢ fat JVIMC"OuXvN.O

s fat 4Sxechri0xscds 10 !C3!9‘-v23 . ,
T fat 5.5!5:%9).0(.“'9»\104 ,
27: flt 6#0&!"00!9:«'{‘01'8:\!“04!6’”'6 3
28! fat Te4/ *
29% fat By FILENAMES: "o Lisede® / *voér® (1-20° :
30! urt 4,7
318 urt 4, ly SOUND PRESSURE 7' 300M h' 'BME ‘0

2: uﬂ. 4'1’

S utd 410 . . :

340 wrt 4.2/U8008
T uth 4,10
36; wrt 4,3, redetition rate =N

s wri 4, L
i: wrt 4.4, "FRED", 'LA*, 06D TE*
v url 4.5.,'m:>'.'mm','(gw ¢

# wtb 4,10 s, !
'+ tor: I- e
gg wrt 4i6,F[IJICU]0X[IJ'K[1]

44 utb 4.10vutb AM105uth 4010

453 wrt 4.8/F$/68 R

443 *OUTPUT OF -] DATA*: ’

47% for N=1 tc lg o

48 wrt Hiehar(ld)

-49% txd 1 ' , ‘

*50: m G WA 150eSs 20008 . \

s1e v2Yoc~0!1XrC1v1 1c40 . -
€2 NPT Oy TRERSY | '
'53 € 1 DI I ST L IS O VT TR BT SETP IR X W FD S 11 ] .

54" ‘el 4»‘.)('(:13’1,(»& Oriluect” .mfuo
35¢ fat Se7xe’l
S6: et 643xs 12 0v2x -
"lflx’ "l 'n. ;

a8t fat &/ B
zo: M{ 3 131%:&1(:& OU™=UT OF INTENSITY m SUREMENTS® s *DATES* + DY

L ;7T ' H
61% wrt & - '
827 wth 4110
43: urt 4, !'U‘l' ~toliwtd 4IX° .

.o
. -t

-




'

-,

‘

$

“119% vt DalisU8iCE iInLE!]vY[i]

s wih 4910 . “
LU 4.3, YEHPERA. LT 'F Y "PRESSURE "vP!'tbar'
. fat 312)(0:1612;0f&m4:"CuHmCléquféutlmc;
8720 wrt 4,300
$urt dode'8 of ROUS- 3t oRs*4 of COLUMNG:®
49¢ wth 4010iutb 4510 . ‘ 2
70 fat 3!2!1&216'1)(»”.001!!62
71% wrt 4,30 'FREQUENCY LOHFINT 2 ¢ ‘
bt uth lllOM.h 4 {0iuth H10 ‘ ' &
73 rread 203 o '
73% for 121 to- R . . .
ttor Jel t0 € . .
7:forF-l to i8 ) o
sread 2als . '

’ ’ : Xf F‘N’v" 4 - * i

811 4¢" 1 301 g
s N0 ’ .
81 WPCTLJ2 1
ot next F : »

835 fext J .

:‘ nﬂnt I * " i ., B
:forI=Rt.olbs-1 o o
turt 4441 . ‘
: far Jst ta C, _ e
ot 4.7:?[11«!\1 l
¥ nect J ‘ . . .
turt 4.3 . " ’ -
1t urt 4.9 .
v xt 1
93! wrt 4,2 v
942 for st o C . .
95: Ur‘! ‘06'\’ : '
98 next J : . / .
97. urt 4.8 & ,
t uth thiutb 10 ! !
99. at 892 LENMES"AMC&»' ! by *(3-)° {
%8?: g;t 9.2x.'AVERAGE TRANSMITTED: INTENSITY levﬁo/hlm'dl'
102! for Is1 o R ‘ T ' )
103 for J=i to ( . -

108 LHOTCPLL 100 c .

103. Toho(L)-Lotioa CRININ] . e
108: wrt A ALIND -

110! urt 4,3¢F8,68

1118 next N

112¢ "OUTPUT OF TL DATA*:

1138 14,908\ (459,674 TI IV

414 P3100/(287 154273, 1s+sm-m/9mn
115! reead 2 ‘

114; for 1 18 )

1178 CL13426, —101u(4m0)-L[I]}TII]
118¢ next |

1097 utb 4410 ‘ < "’j

1208 fat luhocnvIancﬁ;‘..‘xocﬁ

121‘ tat 2120040y - *ycM

1220 tat ToSxecds IxecSeTxscSy Pusc?

123o fat 4+8xscts TnrcheBxscds Txrcd )
l%g' fat 2’;}0"o°!7X!f‘01l7¥lﬁollax,ﬁ°

at
126 fat 7+ "FILENAMES: *s1xechs® / “scbr® / “ich
270 wrt dechar(i2)
1280 th 4.4
1290 wrt 4.1 *SOUND TRANSHISSION LOSS DM'A' ‘DATE: ,ns
130' wt &'

eoe o

TYPE Cyval (M) 7 *in®y 'szm INsa ttval(ss) fae’,

o

170



™

131} wth 4H10suwtb 4910

1320 wrt 4,2)U8)V8 :

1330 wtb Hi03uib 42100uth 4410

1340 wrt 4,3, °FREQ® "LP(I) "y *LT(L) "y 1"
1350 wrt Acde " (Hz)Y®» ¢ (dBY*»*(dB)*y *(dB)"*

* 1364 wth 410
1370 for Is1 to 18

1
138% wet 4. YFLICOILLLID,TIND
{37 next
140 wth H104utd 4r1Jintd 4910
$410 wrt 4.79F$iG8s 78

Ay
1420 end .
AN
§21542
’
H
.
*
k]
. -
- », &
«
P
=)
o
. P . ."‘-
A Q\{
& N
<
~ il
ae %
o
>
N ¢
.
-
«
.
3 -

a

o

L 3}

mn

———_ A




¢ Appendix D .

. Third Octave équa] Intensity Contours Normal to the Surface

‘ 1.14m x 1.14m (45" x.45")fPane]
12,7¢m z 12.7cm (9x9) Mesh
Measurement Distance : 5 cm
tav : 8 sec . ) o
(the Numerical Values on the Figures represent the
Measured Transmittéd Intensity in dB)
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Fig. D.1: Intensity Contours Normal to the Surface at 250 Hz
T.14m x 1.14m (45" x 45") Panel
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Fig, D.3: :Intéﬁsity Contours Normal to the Surface at 400 Hz
© o 1.14m x 1.14m (45" x 45*) Panel ~
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Fig. D.4: Intensity Con
) "1,14m x 1.14m
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ours Norma] to the Surface at. 500 Hz
(45“ x 45") Panel. :
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Fig. D.5 : Intensity Contours Normal to the Surface at 630 H'z
1.14m x 1.18m" (45" x 45") Panel '
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Intensity Contours Normal to the Surface at 800 Hz
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Fig, D.7: Intensity Contours Normal, to the Surface at 1000 Hz
@1.14@; 1.14m (45" x 45") Panel ' '
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Fig. D.8: Intehsity Contours Normal to t}le_ Surface at 1250 Hz - *
. 1.14m x 1.14m (45" 'x 45") Panel I
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Fig. D.9: Intensity Contoufs Normal to the Surface at 1600 Hz

X 1.14m x 1.14m (45" x ¥5") Panel
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1.1 x 1.74m (45" x 45) Panel

AN o

‘| . , ' .y
Intensity ContSurs Normal to the Surface at 2000 Hz
! .
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Fig. D.11: Intensity Contours Normal to the Surface.at 2500 Hz
, 1.14m x 1.14m (45"#x 45") Panel
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Fig. D.12: Intenisty Contours Normal to \1_;he Surface at 3150 Hz g ;
) 1.14m x 1.14m (45" x 45") Panel - "
e - ! 4 . . ‘ ' : " v
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/S Fig. D.13: Intensity Contours Normal té the Surface at -5000 Hz
' | 1.74m x 1.14m (45" x 45") Panel '
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Fig. 0.14: Intensity Contours Normal to the Surface at 5000 Hz
1.14m x 1.74m (45" x 45") Panel

<
— .




[

~

' Appendix E
ST
Th1rd 0ctave £qua1&1ntens1ty Contours: Nonual to Lhe Surface
l H2m x T’SZm (60" % 60") Panel

12.7cm x 12.7cm (9x9) Mesh : S
Measurement Distance : 5 cm
tav : 8 sec ' .

(the Numerical Values on the Figures represent the ﬁéasured/

Transmitted Intens1ty in dB)
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Fig. E.1:
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Intensity Contours Norfial to the Surface at 250 Hz
1.52m x 1.52m (60" x 60") Panel
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Fig. E.2: Intensity Contours Normal to the Surface at 315 Hz
1.52m x 1.52m (60" x 60") Panel '
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'Fig. E.3: Intensity Contours Normal to the Surface at 400 Hz
1.52m x 1.52m (60" x 60") Panel
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Fig, E.4: Intensity Contours Normal to the Surface at 500 Hz
* : : 4 .

1.52m x 1.52m (60" x 60") Panel -
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Fig. E.5: Intensity Contours Normal t.g the Surféi ’ at 630 Hz

1.52m x 1.52m (60" x 60") Panel
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Intensity Contours Normal to the Surface at 800 Hz
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Fig., E.7: Intensity Contours Normal to the Surface at 1000 Hz
1.52m % 1.52m (60" x 60") Panel .
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{Fig. E.8: ‘Intér‘\s'ity Cont'odrs.“ Normal to the Surface at 1250 Hz

e "¢ .1.52n x 1.52m (60" x 60") Panel -
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Fig. E.9: Intensity Contours Nohna] to thé Surface at 1600 Hz

1.52m x 1.52m (60" x 60") Panel




. - "
{ : C . ‘
. ' . - 1
-
. — d— .
3 — omne AW _50——-__——-q-_ — D wmp amn G e e

L N ‘ ) .'

' Fig. E.10: ‘I‘ntensity Contours Normal o the:_Surface at 2000 Hz
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Fig. £.1: Intensity Contours Normal to the Surface.at 2500 Hz
. 1.52m x'1.52m (60" 'x 60" ) Panel o |
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Fig. E.12: Intensity Contours Normal ﬂto the Su;face at 3150 Hz
£ ‘ 1.52m x 1.52m (60" x 60") .Panel -
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Fig. E.13: Intensity Contours Normal to the Surface at 4000 Hz
L4
1.521"x 1.52m (60" x 60") Panel
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Fig. E.14: Intensity Contours Normi_ﬂ to the Surface at 5000 Hz
1.52m x 1.52m (60" x 60") Panel \
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| Appendix F

Third Octave Equal Intensity Contours Normal to the Surface
when the ueqtherstrippjng is Partially Removed

1.14m x 1.14m (45" x 45") Panel

12.7cm x 12.7cm (9x9) Mesh |
Measurement Distance : 5 ¢cm Lo

t, 4 :
av :
(the Numerical Values on the Figures'represent the Measured

Transmitted -Intensity in dB)
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Fig. F.1: Intensity Contours Normal to the Surface at 250 Hz
‘Weatherstripping is Partially Removed
1.14m x 1.74m (45" x 45") Panel
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Fig. F.2: Intensity Contours Normal to the Surface at 315 Hz

Weatherstripping Partially Removed
Y.14m x 1.14m (45" x 45") Panel
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Fig. F.3: Intensity Contours Normal to the Surface at 400 Hz
Weatherstripping Partially Removed ' '
1.74m x 1.14m (45" x 45“)(Panel
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Fig. F.4: Intensity Contours Normal to the Surface at 500 Hz
Weatherstripping Partially Removed’
1.14m x 1.14m (45" x 45") Panel
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. Fig.\F.S: Intensity Contours Normal to the Surface at.630‘Hz
' t

N Weatherstripping Partially Removed
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g - Fig. F.6: Intensity Coptours Normal to the Surface at 800
- Weatherstripping Partially Removed
1.14m x 1.74m (.45""’x 45") Panel
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Intensity Contours Normal to the Surfac

WeatheFstripping Partially Removed.
1.14m x 1.14m (45" x 45") Panel
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Fig.'F.8: Intensityontours Normal to the Surface at 1250 \Hz

. Weatherstripping Partially Removed o .
1.14m x 1.14m (45" x 45") Panel ~ . '
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Weatherstripping Partially Removed
1.18m x 1.14m (45" x 45") Panel

Fig. F.9: Intensity Contours Normal to the ‘Surface at 1600 Hz -
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Fig. F.10; Intensity Contours Normal to the Surface at 2000 Hz
Weatherstripping Partially Removed

1.74m x 1.14m (45" x 45“)\P}n\]\
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' Fig. F.11: Intensity Contours Normal to the Surface at 2500 Hz
Weatherstripping Partially Removed
1.14m x 1.14m (45" x 45") Panel
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F¥g. F.12: Inténsity Contours Normal to the Surface at 3150 Hz
Weatherstripping Partially Removed
1.14m x 1.14nf (45" x 45") Panel
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Fig. F.13:

Intensity Contours Normal to the Surface at 4000 Hz
weathérstripping Partially Removed
1.14m x 1.14m (45" x 45") Panel
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Fig, F.14: Intensity Contours Normal to the Surface at 5000 Hz
Weatherstripping Partially Removed '
1.74m x 1.14m (45" x 45") Panel




