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AS1191-1985, AS1045-1988
Accredited Lab No: 5472

Airborne Sound Transmission Test of a
Tilt and Turn Window with 60mm PVC frame with steel reinforcing
7.68mm - 17mm air gap - 10.38mm glazing

1.0 Introduction and test results summary

The National Acoustic Laboratories were commissioned by REHAU to measure the acoustical transmission loss of a tilt and
turn window with 60mm PVC framé with steel reinforcing 7.68mm - 17mm air gap - 10.38mm glazing as described in item
2.0 Test sample’' details

The test sample achieved the following results :

Sound Transmission Class STC 40
ISO-717 Sound Insulation Rating Rw (C; Ctr) 40(-2;-5)
Outdoor Indoor Transmission Class OITC 32
Unweighted average transmission loss value (100Hz - 5kHz) 38dB
A-Weighted average transmission loss value (100Hz - 5kHz) 33dB

2.0 Test sample details

Frame Type Tilt and Tum window with fixed lite

Frame Material PVC Frame with Steel reinforcing

Frame Dimensions 1150mm high x 1575mm wide

Glazing 7.68mm inner and 10.38mm outer with 17mm air gap

Glazing Channels EPDM Glazing seal

Lock/Latch Assembly Tilt-turn gear set (ROTO)

Reveal Lining 20mm maple timber reveal

Installation SunplemwﬁxedintnllswmmwidexlZZOmhighapamewithlZOmmdﬁckmaple
ﬁmbumulmdmledwiﬁsﬂiememhntmwcwaryﬁammﬁxedmd
glued to the timber reveal with polyurethane sealant.

Drawing Number LTB61 CM03

Test Date 10-Aug-2004

Notes: An extra wide timber reveal was fitted to the test window. This was because materials were

not available at the time to manafacture a window of the correct size. Unfortunately this will
have adversely affected the window's performance.

3.0 Testing rationale

The procedure forwstinglsmnllwstnmplebuildingelunwtsuchundoororwindowmquixudwoonsuumion ofa
specially designed *filler wall', This filler wall,is constructed in an aperture between two reverberation rooms and tested for
acoustic transmission loss. After testing, an opening which is sufficiently large to accommodate the window or door is made
in the filler wall (the size of the opening can be varied to suit a particular sample but normally it is 1850 x 1250mm (W x H)
for windows and 1850 x 2150mm (WxH)fordoots).’l'hepetimcterofthilopeuing is lined with a layer of 16mm thick fire
rated gypsum plasterboard, a layer of 12mm thick medium density fibreboard (m.d.f.) and a layer of Barium sulphate
impregnated vinyl sheet. The small sample is then fitted into the opening and the acoustical integrity of the installation
checked before testing.

The filler wall attenuation characteristics are designed to provide a minimum of 10dB greater attenuation than the test sample
at all one-third octave frequencies between 80Hz and 5000Hz. This is to ensure an accurate measurement of the test sample
according to standard acoustical practice, and to conform with the measurement requirements of AS1191-1985 Acoustics -
Method for laboratory measurement of airborne sound transmission loss of building partitions . The transmission loss
characteristics of this wall are presented in item 4.1 Sound Transmission Class of this report.

The second measurement taken is of the test sample fitted within the filler wall as presented in item 4.1 Sound Transmission
Class of this report. The difference between the filler wall and filler wall and test sample measurements provide a means of
calculating the Sound Transmission Class (STC) rating of the test sample as presented in item 4.1 Sound Transmission
Class of this report. Other criteria presented in the report are derived from the two sets of measurements.

If copied, this report must be reproduced in full.
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4.0 Resulis

4.1 Sound Transmission Class

A complete set of measurements and ealculations for determination of the test sample acoustical transmission loss was
calculated and is presented numerically and graphically on the appended
transmission loss results, rounded to the nearest deciBel (as required by AS1191-1985), follows.

A summation of one-third octave

Transmission Loss Measurement
1/3 Octave Filler Wall Filler Wall and Test Sample STC Criterion Difference
Band Centre STC 80 Test Sample - STC40 Value (dB)
Frequency (Hz) STC 48 STC 40
80 41 - 38 32 - -
100 50 K} 3 - -
125 59 26 19 24 -5
160 60 35 28 27 -
200 65 37 30 30 -
250 7 46 38 Kk} -
315 7 43 36 36 -
400 76 48 40 -39 -
500 78 49 41 40 -
630° 80 49 42 41 -
800 33 49 42 42 -
1000 86 49 41 43 2
1250 89 47 40 44 -4
1600 90 46 k1 44 -5
2000 90 48 40 44 4
2500 86 49 2 44 2
3150 86 50 42 44 -2
4000 92 52 45 44 -
5000 95 57 49 - -
SUM -24

Note [, The two channel pulse analyser averaging time conforms with the AS1191-1985 requirement of (1/20 the
reverberation time of each one-third octave band in the teasurement frequency range).

Note2. Determination of Sound Transmission Class for a test sample requires comparison of the measured sound
transmission loss with the value for each transmission class rating listed in the STC tables for each one-third octave
band centre frequency, 125Hz to 4000Hz. The STC value, which is expressed as a class rating only (not as
deciBels) as determined by these tables, is reached when either or both of the following requirements are met:

@

(®)

The test sample transmission loss at any frequency in the range 125Hz to 4000Hz must not lie more than
8dB below that of the STC reference graph value at the same frequency and

The total sum obtained from the addition of unfavourable deficiencies (as defined in the “Rw
determination™ description), must not add to more than 32dB. They are listed in the STC table above.

ote 3, Refer to the spreadsheet summaries (attached) for deciBel precision at the 95% confidence level for each
attenuation value. The uncertainties have been calculated on the basis of there being not more than five chances in
one hundred that any value differs from the true value by more than the stated uncertainty.

If copied, this report must be reproduced in full.
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42 Outdoor-Indoor Transmission Class
The first column of the Summarised OITC RatingTable lists centre frequencies of the one-thi

reference spectrum defined byAS'l'MEl332whichmmquimdto
nmm:lisedsoﬂmitsmergysumatimismlsrequimdby

rd octave bands measured.

The second column specifies levels of the A-weighted
dctamineorrcmspecumhnbeenA-Weighwdmdm
that Standard.

The third column contains transmission loss coefficients for each one-third octave band in the frequen
4000Hz used to determine test sample OITC rating.

The fourth column represents the difference between column two and three converted to sound energy. The
energy, converted back to deciBels is taken as the OITC value of the test sample.

.

cy range 80Hz to

summation of this

: OITC Rating
1/3 Octave Normalised Test Sample Transmitted
i Band Centre A-Weighted Transmission Sound Energy
i Frequency (Hz) | Spectrum (dB) Loss (dB) (Watts).
80 -19.6 32 6.918E-06
100 172 23 9.550E-05
125 -152 19 3.802E-04
» 160 -155 28 4.46TE-05
200 -14 30 3.981E-05
\ ' 250 -13.7 38 6.761E-06
| 315 -127 36 1.349E-05
400 -119 40 6.45TE-06
500 -103 41 7.413E-06
\ 630 -11 42 5.012E-06
: | 800 -109 42 5.129E-06
1000 -11.1 41 6.166E-06
1250 -10.5 40 8.913E-06
1600 -11.1 39 9.772E-06
l 2000 -109 40 8.128E-06
2500 -11.8 42 4.169E-06
3150 -13.9 42 2.570E-06
l 4000 -15.1 45 9.772E-07
Sum of total energy = 6.520E-04
OITC =-10 * log (Sum of total energy ) = 31.86
‘ OITC 12

43 1SO-717 Sound Insulation Rating

J . Rw Rating
Rw 40
] Cr 2
Cm -5

—
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5.0 Procedure for measuring test samples

The procedural detail requires reverberation room measurements of the following parameters for the filler wall and then for
the filler wall with test sample fitted:

Reverberation time measured in the receive room

Sound pressure level in the send room and

Sound pressure level in the receive room

The receive room reverberation time is measured according to the requirements of AS 1045 - 1985 "Acoustics -
Measurement of Sound Absorption in a Reverberation Room". The procedures require twelve measurements of sound
pressure levels in the send room and twelve in the receive room for each one-third octave band at different locations in the

rooms.

Measurement of twenty four sets of soupd decay data in the receive room requires the use of two sound sources, each
positioned at & different location in the room and by moving the microphone through three positions, one for each
measurement. A measurement is repeated four times for each combination of microphone and sound source location.

The total number of measurements required to evaluate sound pressure performance of the small test sample therefore
cormprises forty cight one-third octave sets of recordings in the send and receive rooms for the filler wall and forty cight sets
for the filler wall with test sample installed. A set of recordings contains a measurement of the sound pressure level in each
one-third octave frequency band between 100Hz and 5000Hz (eighteen in total), 80Hz is added to this for the calculation of
OITC. These multiple measurements provide a means of calculating the sound field space-time variation within each room
and establishes a basis for determining an estimation of the measurement precision to a confidence level of 95%.

Before testing commences, the measurement microphone in each reverberation room is acoustically calibrated and the.
acoustical noise floor measured. Acoustical calibration of each microphone is repeated at completion of the testing
programme to ensure accuracy of results.

AS1191-1985 and the equivalent standards ISO140-1 and ISO140-3 describe procedures which allow measurement of
transmission loss of 10 square metre samples or of smaller size samples such as windows, doors, partitions etc. The procedure
forqummleuummmMmmwmmmmmnuofmm The
procedure for measurement of smaller test samples, which is discussed in appendix A of AS1191-1985, requires construction
and transmission foss measurement of a 10 square metre test wall which has at least 5dB and preferably 10dB more

attenuation at each one-third octave band centre frequency in the frequency range to be measured than that of the smaller test
sample to be evaluated and & calculation based on relative sizes of the 10 square metre test wall and the small test sample.

OITC is then calculated as required by ASTM E1332-90 by assuming the previously specified spectra and using the
transmission loss coefficients obtained in the calculation procedure (refer spreadsheets) and Rw (C; Ctr) calculated according
to requirements of ISO 717-1:1996 "Acoustics - Rating of sound insulation in buildings and of building clements - Put 1:

Airborne Sound Insulation®.

6.0 Test sample performance assessment

Several criteria are preeented in this report to evaluate the acoustical transmission loss of the test sample to satisfy building
industry requirements in Australia. Each evaluation is made on an analysis of the calculated difference between the filler wall

and the filler wall with test sample fitted.
a. The Internationally used rating of Sound Transmission Class as required by Australian Standard AS1191-1985.

b. The Weighted Sound Reduction Index, Rw rating with spectral corrections C and Ctr as discussed in International
Standards Organisation document ISO717-1:1996 “Acoustics - Rating of sound insulation in buildings and of
building elements - Part 1: Airborne Sound Insulation®. The ISO Rw rating is relevant where the spectra has low
frequency energy content and is similar in application to the American OITC criteria. They differ however in the
frequency range of application. Each compares a standardised reference curve with the measured data over one-
third octave bands. The Rw evaluation is carried out using the one-third octave band with centre frequencies
ranging from 100Hz to 3150Hz, and the OITC evaluation is catried out using the one-third octave bands in the
frequency range 80Hz to 4000Hz. The Rw criteris is now largely favoured as a replacement for STC. The OITC
evaluation is included in our reports for clients who wish to market their products overseas.

c. Other ratings presented arc an evaluation of linear and A-weighted sound transmission loss averaged over the
frequency range 100Hz to 5kHz. These are often required for marketing in New Zealand.

%E If copied, this report must be reproduced in full. DateS./. £.1.2.4-
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7.0 Sound Transmission Class (STC) rating

The first criterion presented, Sound Transmission Class (STC), has been an internationally standardised criterion for many
years for evaluating noise reducing characteristics of building clements. The test procedure provides a single number which
has been considered sufficient to determine transmission loss of building elements such as walls, windows, doors and other
small test samples fitted into the walls of buildings.

This STC rating criterion was originally developed for acoustical performance evaluation of internal walls and doors in
buildings and is based on noise spectra with an energy distribution typical of music and speech. It is now considered to be
unsuitable for use where the building clement under evaluation is likely to be exposed to low frequency components of noise
generated by transportation movement.
Determination of Sound Transmission Class for a test sample requires comparison of the measured sound transmission loss
with the value for cach transmission class rating listed in the STC tables for each one-third octave band centre frequency,
¥25Hz to 4000Hz. The STC value, which is expressed as a class rating only (not as deciBels) as determined by these tables, is
reached when cither or both of the following requirements are met:
(=) The test sample transmission Joss at any frequency in the range 125Hzm4000Hzmustnothemorcﬁlm
8dB below that of the STC reference graph value at the same frequency and
(b) The total sum obtained from the addition of unfavourable deficienciss (as defined in the “Rw
determination” description), must not add to more than 32dB.

8.0 Outdoor - Indoor Transmission Class (OI'I‘C), and Rw (C; Ctr) Weighted Sound

Reduction Ratings

Altemative single number criterion, the American Outdoor - Indoor Transmission Class (OITC) rating and the European
International Organisation for Sandardisation Document ISO 717-1:1996, specification for the Weighted Sound Reduction
Index (Rw) associated with relevant spectrum corrections C and Ctr, have been developed in order to more closely mnk
transmission loss performance of building elements with = listener’s subjective reaction to transportation and living activity
typenmsupecm.Emhcntenontsmtmdedforusemmuomwbmmerdevmtlpecuambemnsmxmdthmughﬂm

element,

The OITC and Rw (C; Ctr) critetion are not considered to be suitable for usc where the noise has a predominantly low
frequency component such as produced by some industrial activities. More information on the OITC test procedure can be
obtained in ASTM Standard Test Procedure E1332, “Standard Classification for Determination of Outdoor-Indoor
Transmission Class” and the Weighted Sound Reduction Index, C and Cir criteria are fully explained in ISO 717-1:1996,
“Acoustics - Rating of sound insulation in buildings and of building elements - Part 1: Airborne Sound Insulation ., )

8.1 OITC determination

The OITC value for a test sample, as detailed in ASTM E 1332, is obtained by A-Weighting a noise spectrum which was
obtained as an average of multiple measurements of aircraft take-off, freeway and milroad passby activities. This
standardised noise spectrum is assumed to be in the send room during measurement of transmission loss.

The noise energy from this assumed noise spectrd is (theoretically) transmitted through the small test sample, reduced by the
transmission loss of the test sample at each one-third octave centre frequency (each transmission loss obtained from the STC
measurement) and then summed as the total energy in the receive room.

The total energy is then determined as sound power (deciBels re 1 pW) and the resulting numerical value expressed as the

OITC value of the sample under test. It should be noted that the OITC rating is considered as a class evaluation and stated
numerically in a similar way to the STC value which is also a class evaluation (that is, stated numerically and not as deciBels

as is sometimes found in literature).

Ifcopied, this report must be reproducedin full. ™ Date/Q./.5.4
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.] 82 Rw determination
5 The Rw criterion is obtained by comparing the set of test sample transmission loss against a set of reference data specified on
table 3 on page 4 of ISO 717-1: 1996 (the comparison is made between values specified for each set at cach one-third octave
5 band centre frequency over the frequency range 100Hz to 3150Hz).
!
The reference data must then be amplitude shifted by the same amount (in single deciBel steps) until the sum of unfavourable

readings, determined from the data difference at each frequency, is as large as possible but not more than 32dB. The 500Hz

n ! value of the reference data minus the number of deciBels the reference data set has been shlﬁed is then refen'ed to as the Rw
{ , value for the test sample, . )
) Note [.  An unfavourable difference (deficiency) at any frequency occurs when the test sample transmission loss is less
| than the value specified for the shified reference data at the same frequency.
I ) ° Note2. TheSTC rating determination criterion has failurc modes of -8dB at any one frequency mnd/or a deficiency sum of -
324B, whereas Rw has only a single failure mode, this being a -32dB deficiency summation over the pass band
" consisting of 100Hz to 3150Hz one-third octave bands. As a result of this, the Rw rating usually has the same
; numerical value as the STC rating unless the STC evaluation is a consequence of one or more -8dB deficiencies
and any deficiency at 100Hz does not contribute to the Rw failure or at 4kHz to the STC failure.
. : .
8.3 C and Ctr determination ,
\ Rw carrections are accommodated in ISO 717-1:1996 to account for the type of spectrs incident on the high noise side of a
; test sample. The coerection C is applied to Rw spectra which is generated by sources such as transportation which are located
,' close to the building element under test. Such noisc sources have a wide encrgy distribution in their noise spectra. The
carrection Ctr is spplied to pink noise ar to spectra which is generated by sources such as transportation, located at s distance.
\ MMquhdmewhaemﬂmyunMymmMmmehwﬁeqummdof&emt
Relevant Spectrum "correction" for different types of noise source
‘ ~ (table A.1 of 1SO717-1: 1996)
, . Type of Noise Source Relevant Spectrnm "Correction” Term
Living activities (talking, music, radio, TV) .
Children playing
| Railway traffic at medium and high speed : C
i Highway road traffic > 80km/hour
Jet aircraft, short distance ‘
Factories emitting mainly medium and high frequency noise
| Urban road traffic
i Railway traffic at low speeds
a Aircraft, propeller driven Ctr
Jet aircraft, large distance
] Disco music
Factories emitting mainly low and mediurd frequency noise
[
i
i
i
ﬂ |
!
‘
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In
1; . 9.0 Testenvironment

{

: I Transmission loss measurement according to the requirements of AS1191 requires the use of two reverberation rooms which

I . eonformtoﬂwwmmialperﬁomneerequirememsofAmexD.guidelinuforthedesignofmabmﬁonmoms.lsotiul-
1975 “Acoustics - Determination afmmdpowknkqfnobemw-hed:bnmuhodxﬁrbroad-bandmmcin

reverberation rooms ",

l: Each test room, designated Reverberation (send) Room and Diffuse Field (receive) Room has a volume of approximately 200

{0 cubic metres and is individually air conditioned by a special purpose acoustically attenuated air conditioning system. During
mmgmempplymdmﬁrmusmdmdoﬂ'vhb«hmmﬁaﬂymdmnﬂyopanwddm The floors have
' different dimensions and are pentagonally shaped. The ceilings are inclined to the plane of the floor, opposite wall surfaces

I are different dimensions and inclined at an angle to cach other to avoid acoustical coupling between rooms and to minimise

the possibility of resonance in each room.

|
! Addiﬁonllsounddiﬂ'usionwithine.choflhemoml.tomeetdiﬂ'mivitquuimenuoflSOS“-1985 *Acoustics -
l\ ‘ Meanmauofmndab:orpdonhanva-bauﬁoumm' iuchievedbynon—pnnllelmommfwcﬂogedmwiﬂtmﬁll

placing of eight 2400mm x lmnMuMyaimﬁﬁ'eelymwdedpauh(lmmhkplywwdshm)wﬁﬂuwhl
mﬁumoqummemmmun&cambuvﬂywmdwithepoxymwmhknhemﬁw absorption. The
panelsinuchmommmpmdedinmrdmwithﬁwnmingdmiloﬂso 354-1985 and therefore fully comply with the

requirements of Australian Standard AS1045-1988.

Acousﬁenlnbwpﬁoneoeﬁcimuinncl:omvebandforuchroommditsdiﬁmdonotuceedﬁwmuimumASllN
requirement of 0.06 and are as follows:

——

Acoustical Absorption Coefficients
Frequency 125Hz 250Hz  S500Hz 1000Hz 2000Hz 4000Hz
Reverberation Room 0.02 0.01 0.02 0.03 0.04 0.06
Diffuse Field Room 0.02 0.02 0.02 0.03 0.04 0.06

] Bothmvetbenﬁunmmmhﬁdesepuatebohﬁngmmwhichmuplmmchmbu&ﬁhwmﬁonensun:s
l ﬁeedomﬁomﬂmkin;noisennsmissionproblamweuwhenvayhighmmﬁcdmdpmbvehmgmmwd
inside either reverberation room.
The300mm|hickwalh.ﬂootmdeeilingohllﬂneemomsmdplenumchmbmmmadeﬁmuhuvilyminfomed.high
dmhymhmMmmmmdnﬁmﬂymwdedmdeﬁgbmﬂcmﬁnpmﬁnxmm
I mbber.menﬁtumemionmblyfotmntwopolemountmspeudonuymwhichisumedbclowm

— —

mwmmmﬁmmmofmthi@mpﬁmmﬁdmkmmmmmm
n@ipblevh&dmmmumuwwmahmmm“tnﬁmﬂm&rdl

] ﬁequeuciuwithintheopunﬁngnngeoftbetwomubmﬁmmomﬁnﬁymbothmmﬁonmmmdplenm
chambers is by means of double doors.

'! &chmmﬁmpmﬂmdnmddﬁﬁwsm&ﬂ&emﬁalpaﬁmmw&nﬂuﬂiuﬁﬂymea
requirements of Australian Standard AS1191-1985.

A sample testing space of approximately 10 square metres is located within an opening in the common wall between the
plmmnchambus.niswallispnnofthcexumlsoundshellconmucﬁon.iti:notlcomponmtofeithctmtmmand
effectively isolates the sample from any vibrational energy, which may be generated inside either reverberation test room.

Exposumofeithusideofmymtnmpleindﬁsmspwewuoundﬁeldiuchievedvianpmuinuchmerbmﬁon
room wall whichaligwid:theopeninginﬂ:ecommonwnlloflbeplennmchambm, Acoustical sealing at the location of the
openings between the reverberation rooms and the wall holding the test sample is achieved by means of compliant, high
transmission loss and vibration isolation gaskets installed between the reverberation rooms and the common wall between the

plenum chambers.

When testing small samples a filler wall is constructed in the 10 square metre opening in the testing space. An aperture is
mdeinﬂleﬁllerwall,thcmtumpleismeuﬁmdmdmledintheopening. The acoustical integrity of the fitting is then
tested.

—— e e e
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10.0 Formulae

(A) Receive room acoustical sbhsorption

Sound absorption coefficients at each frequency band for the test specimen alpha (A) is determined from the reverberation
time measurements according to the following equation:

0.16V
A== i
Ta (1)
Where
A = the equivalent absorption area in the receiving room
v = the feceive room volume (in rﬂ)
Te = the receive room reverberation time (RT60)
®) Average sonnd pressure level
Average sound pressure level (Lp) is determined for each frequency band as follows:
2 2 H 2
L, =10 Log{ 24P APy e P ] )\
np,

= Average sound pressure level (dB)
=  sound pressure of the n* measurcment (Pascals)

= reference sound pressure (Pascals)
=  pumber of measurements ‘

L i

v

©) Transmission Loss
Since the sound fields in both rooms are diffuse and the environment is free of flanking transmission, sound transmission loss
(R) of a test sample for each frequency band iz calculated according to the following equation:

R=L, -L, +10Lag[%] rnen3)

= the sound transmission loss of the test sample

= the average SPL in the source room

the average SPL in the receiving room

= the area of the specimen under test

= the equivalent absorption area in the receiving room

s

>afi=
It

................. B If copied, this report must be reproduced in full. Dats.gf/...ﬁ..g.ﬂ‘
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®) Small Test Samples

Test objects comprising a small size test sample mounted in a filler wall are measured according to the small sample method
discussed in standard AS1191-1985. The equations used to calculate results are as follows:

Transmission loss coefficients for the small test sample (7) are determined from the difference between the filler wall
transmission loss (%) and the composite wall transmission loss (5) according to the following equations:

R
T,= 10 _ JR—( )
K
z. =1QW ()}
Rearranging the equations produces the transmission loss coefficient for each frequency band as follows:
= e -{6)
S,
Transmission loss for each frequency band (R,) is determined from this result according to the following equation:
R, =10Lo, L] ........... ¢))
T, 5
Where ‘
T = the transmission loss cocfficient of the filler wall and the small test sample
T = the transmission loss coefficient of the filler wall ‘
1, = the transmission loss coefficient of the small test sample for each frequency band
R. = the transmission loss of the filler wall and the small test sample
Re = the transmission loss of the filler wall '
R, = the transmission loss of the small test sample for each frequency band
S, = the surface area of the composite wall
S¢ = the surface area of the filler wall
S, = the surface area of the wall mounted small test sample
(L) Errors
Errors (95% confidence level) are determined for each frequency band by means of the following equation:
Error(95%confidence) = i csssmsensi(8)
Jn
(N
Where

n = the number of microphone positions sampled
t = the students t factor
sd = the standard deviation obtained from the measurement spreadsheet

11.0 Instrumentation

The following instrumentation is used for acoustical transmission loss measurements. Instrumentation calibration where
appropriate has been calibrated according to NATA requirements.

Brilel and Kjaer two channel pulse analyser (assembly 2825, 7521, 2 x 3015), S/N 2005502
Britel and Kjaer Cathods Follower type 2639, S/N 1448239 & S/N 1391974
- Brilel and Kjaer Cathode Follower type 2660, S/N 1337994 & S/N 1338051
Brilel and Kjaer Cathode Follower type 2669, S/N 1888716 & S/N 1834203
Brliel and Kjaer Microphone type 4144, S/N 563123, S/N 1138528, S/N 439142 & S/N 2118354

Briel and Kjaer Microphone type 4179, S/N 2245299, S/N 2245300 & S/N 2245154
Brilel and Kjaer Sound Level Calibrator type 4231, S/N 2095393

Yamaha Professional Sound Sources type S500, S/N 1068 and S/N 1069

Murray 100 Watt Amplifier type MAS34, S/N 15

Vaisals Digital Barometer type PTB201AD, S/N R3330001

Testo Temperature/Humidity Logger, type 177-H1, S/N 00886924

Signato% .......... i
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Baromatric A Pressure (hPs) 1016
Relative Humidity SR (%) 85.4
Relative Humidity RR (%) 85.4

297

1.8

200
3218

Total Area Under Test (Sq m):
Temperature (C):
Speed of Sound (mVs):

Recalve Room Volume (Cu m):

10*log (S/A) D

Room Reverb Racelve Room
RTyq (seconds) Absorption
¥ )

I

Corrections

i

Mean RECEIVE
MO Room SPL (dB)

Maan SEND
Room SPL (d8)

Froquency

§85553599329333528383333233133

§33335785853380583333333

—reee.-

3339333235823859 85033551 | B igé SLTILETRRYRRRY L
I
egsex 4 3 - -
PR b S SE R S
c ..
o w
S95RZ5N89855855053855843 1A
- EES
bELELEELL LR EEL L E gsazjsesscrersazszassus :;Eig
2E(?
1385383993355539353:3333¢ HHIHHHHHHE 25| |
o
F=
shegn e 8 n 2
PHER FELTLEPEERFEHE LA TR SETER P Lt
2322222322323 3322222222
PoRERaRAzRERREARRARRERE]
puessd /. §.1.0%
If copied, this report must be reproduced in full. Page 10 of 13

-z ! ::
- < !' =
a -
~ } _l_ ::
> 4 o
1 \ 5
el |3 \\ -
ol = E ANY e
@ ] A\ R oz
x| |E i NN :
“EI" = -
j o i \‘\‘ -
| 2 8 B 8 P BumBrufeme® R 2 ° g-
. jﬁ!iz EEEEEE iiﬂ zrews ih
3 LS |4
gyyzyzey - L
g I A 5 ! ST ag‘;&.{ig%gi
il IR IT sE 51
< ih §99508835335333333333338 2
=
i iisn sonpmamne | 01 TN
y j
< R ""3::5523:3:3-353-:55

s AR R A e
G 2 b R R g SR B e Rk )

1
The Outdoor Indoor
Transmisslon Class Is:
OITC 59




“ fl-tgetze
BEEERGENREL T T e uNaauncs | (T VT L)W . &
o N e e ‘8| SSE|J UO[SS[WSUE] ‘8| ejdwes s|yl JO S
(o'z-) sy Joopu| Joopynp eyy SSB|D UO|SS[WSURI] pPUNOS 8y) s .,
°
e n (oo i ‘ooon 3%
- lt.-.!x.-o £0'se (ung)oo.01- e _ 09 ooce -
o 30sTL  ung wng | e 0008 =
= [R— 103088'L VeI TH 000y - T baod
b 2 10390y scl TH 0548 z % 0 G sy &
@ ! R 2030158 vik ™ 0052 ¢ s o e pogz
$0-3067°4 804 TH 0002 r ] o tee  gopz
z iy 903058 Vil TH sosb v ] o e pogp
o 90384} S0b TH 0524 5 ] Iy wuw gz
|\ o iy LTS Vb ™ 000k z It o b ggop
y 90-3620'} 804 TH 008 v o5 W beed  gog
BURE™g 90-2000'% 1 TH 08 o T T
P 0038} T H 008 o T
AT L L et of soazeut it s b " - I -
sie
7 : " oo $03220't otk ™ 052 v o bmm g
4| A 9030v8°L " H 002 ¥ ot & s gpz
” ™ 0082 2030180 ¥5h H 00b st S s gy
” TH 0004 $0-2085°L TSk ™ STh o % 0 bum gy
o TH 009 S03vigt T ook IS 14
« w THOSE so-3eeL) s ™HO [3 (] M
ot ™ §T o o
" ™o 13 os &
o | ITervE Y (89) wnnoedg LG
U0 TIRA VY
.l-.“-_!n p— e O . Lot favenbesg agmese MO TORNURUGT J——
o || Ty " - pesuLION vosweULL “XESE
“GrEepunsy
" 8A%190 LT BUREY H1I10 TRTOS RTINS TURIOWeS SUT-TRITSV BUNOsaesu) SYSay 3
uv sy ween w o e we 0 Wi W 809 e iL s m
" W' ™ e wo " ™ oooe Lol owr 4y 4 ”i wee " L we (-3 13 batad
& Hures  wwa o wiz o) st W ggol " eL Mo
w o B OEE OEE B OB BEIER R RS
. o, e ~™ww
Roome e BB W R BOR EonoSE 8
-~ - g SEm 88 B EREIBEES. ]
oy "~ 11444 " wee ™ oo
g = ey wen 1] w's s Wy W sy o i e m.
v o tysr  wen a e A o3 55 sesy wee w 058 s ~
HINE O) TUDDL WOl d B807] UOISSIWISU & D ODEISAY D "o s - "’y ﬁ ““ ﬁ "wsr _I-“ “.“ "-
ey mow > oirey  mm w ooyt uwr e sy W gy m
wo urly | wow szt wy orL L Tt e
o nity M @ gt oy si'L s W e "
oziy  mom wo "esy = ot o5y WL Ny W ey w
w nrE e m 152 05s &S sty w 908 m
L 2 0'SE nion " 0T e s soce Lok s Lodd
wrer  wm n MR wm " 5l w0l 5y ww W un "
" yyee  mm W ag0 159 e we e e m
aen)8 wwpg o} deB e Wiyl wi 5w mw uy 190 9% ot o4 BT SuCY wr
BUrJ0jupal (9818 YN SWRI) IAJ WRLiQR L) PUW WL oz o ut ariy  ma w00 s 2t Wiy  wr ooy o
T TN PR | »t oY e ®m 50 T wie @y w
Ty L TV suofaeLIo)
) mama (spucaes) "1y
TR ey ST W e o it Y B T am Y
R - TR SAISONN VOON e i

nvHI SIS || JIJNYS + TIVM UTTT | w0 comiommem e torts oo soons E
USHBUSE L "

08 (%) US Liprny sapepy (1) 1) ssvmnduey
_ aysL tOQGN— 41V _ OV ANS U ST 0101 (vqy) enesaig AV OpRwONG 58 +{w bg) e ;pun sy moy

—_ —_———

- e W W W W W W W W W W W W W W W W




T T I TINT T L s, |
8 . -
o iS| Sse|) UO|sS|lUSuel] :s ejdwes S|yl Jo
or ‘ Joopuj Joopng eyl $SE|D UO|SS|WSURI] pUnog ay)
"89] LOTBIRAR | —— ° a m- ' T u oy " 00004
w10 tig ey " 0008 3
Wit (wng)00 108 3 o
o Y30z59  wng 3 000§ S
LwoaLe (%15 TH 000¥ - [ sy wwie  oogy S
9030452 6E) TH 054 z el o i1 0 =
A @ . =iy 003691y vik TH 005T z " o G oSz S
A / 8030219 804 H 0002 » - or w000z o °
A > i 03218 Vil H 009k s " 66 G oog) 9 o
\ « 80-3616°9 S0M = 0524 r 123 or tued  pgz) H™
A oy =y 9039919 Vi ™ 0004 z 4 W eued 000k e
M So3t0s s = o6 - 4 B e o a®
-~ -— - Bupey g 90-361yL £ol H 00§ - or 13 ] 005
“ 80-35Y9 [ 41} H 00y &t or st ooy
\ 2 - S0-36vE'L et msic o o e gip
v [ TH 0008 80-31929 el M 052 £ st i 05z
w TH 000Y S0-3N98T [ T 002 oc ot ] 002
- W TH 000z S0-aL0v'y ¥51 ™H onb z 3 e 094
w TH 000} Y0-3200°C TSk H 521 5 [ o [ T4
w H 008 $0-3095° T H ook T L_$z____ e ooy | .
.. " H 052 90-3016°9 96l o8 3 00 =
w ST .m
o | ey (ap) wnnseds - E:
oY (Zwim)  esioN sausiejey JORPA Y E
s Ausebey ABieuzpunog  pewBiem Aouenbesa e
= || Vv “V pospmion TPy
ST 171G BV BUNEI0
) SARIO0 1L BU[EY 5110 .m
ot ursy s LUIZYOL  SO-30RSLY'L  GO-IOLBIST OL-IWLETL v ow'ss e 0Z18  Meesns g
0TS W we Ires e SZIBCIYZ  OO-ICOZVL'Y  J0-3NOZGL  OI-3QECOET  Wo £Z10 e 998 m™Hooor
oo wres ™Mo 0V0869LF  90-320050°6  00-399920°h  OL-3C60SK'Y e 6u'os ue 8 Moy
o ZoLey oo ICOZEI0  SOINLEZZL  GO-BCOCEZT  OL-IZELGT W 1595 e I¥Se  mHesos
6O oow 1o SEEYY Moo SCESIIC  SO-3C660ZC  SO-INTIEN'S O1-346E969 wo " o 9516 ™Hooer i
o510 Wy  mome SUUCO9L  SO-3GYOL0D  SO-ILEIBOL GO-IEZWT o 6y e Zi98  meme 2
wo 0027y mow ZUO/SSL  SO-IU00C  SOICLYYL'L  60-341009T ey "o SUSe  mHomst b
uvor  woe D) syor  ™oesm YS00IL  SO-300090'0  SO-3ZSOSUh  OL-3IGZCEE e Wy wo £006  ™Meest 3
H e e ™ew 9UZ0SL  GSIBZIO000  SO-FEZET  OLILSSEE e oy o 6Z08  ™oom &
o NYEE Mo ICESI8 2800000  SO-3WSHEE’S  GO-3LG0CCE  we Ly s oLes M
v Buioay poi 7 900y  THoeon wo Iy WMo 0U'SI6ZF  SO-BUROLL SO-ZIOONE 60-3FEBLOT  ire oy o zLse  wisens =
o [T SYEO/SE  SO-3CORSED  SO-I60LSL'E  BO-INISTSY e w6y "o WER  Hoos
ugggﬁc "o [ ™ors 09ZZLYL  SOIZZELD  SO-ITOMZL  RO-3MWZOL  we 206y e 69'6L ™ oca
SSTIY  ow o uariy  wom TSTROVL  SOJIOML  SO-IGZIEZL SO-3WEOSLL e saoy e SU ™Moo
50 SYoY e 0SSOIl SO-36000  SO-36SSY'L  PO-IGHLLT WO ey "o ISSL Moor A
we wIST e CUOLE  YEISSZO00D  SO-ILIZEY  GO-FUGSTLS e uey e 06ZL ™ ;
et st ™ e e SOYS9  SMZSIO000 SO-ISPELLT RO-TLIZEL e S5y "o 80L  mmr ;
" oSz e 15606  ZSYICOMOOD  LI/QLO000  Z0-3COEOE WY @z ws 6068 mMser
i iz e 9996 ¥EOLOZI00D 9SOS0C0000 BO-3SRLO0L o 80°SE " W6 WMo
T e =t ures wen IS0 @YS00C40'0  Z9CSICZ000  BO-IWSTOCL W T " 08w
wt itz ™ ZLSOZ  L0IGEYO0'0  RSPOSRO000 9O-INZONLE 05°0¢ i 8E09 oo
wou|B wwqe'g)- deb i wwi-ge'L ue i T OL'19%  S819650000 8SSLLI0000 SO-3ESRIYR W e - SLOr  mm
BUIIOJUIAI [9018 Yijm Bwrlj DAE WIOP WM PUB YL
TS TSPUN SEIWY
(Eprvey (Ll (%) spdwng oy
“ToTET (w) mamwa  ETEEEVOLT (*s)mdung 1 ('2) irwmn o114 opsepmeves
S Kousndasy nﬂllln E o Asmribasy -tw 10 wepysoy ‘ﬁu jousaee) Mare g ~
L] ‘ orvemEs UGISSIUSURIL yopspusunyy UOISSIUSURIL + 1% S0yt

NVHIY  TeWeN e

iy ) Aunpady 1§91 JO Uy SORUNg 0L
L) WM o114 Buswey JO wesy eoEung

| 8¥SL  Hoday 41V | AINO JTdAVS e fubeodes e O enns




407 § MY SHWSE/MBX FOOT ISNOMY $50°T VOISLRULLL MOBAAM ¥Psl 1V

yooz-Bnv-o1

1994 O 8jvq

[ avsr  wodey a1y |

b pd
O
S
i
=%
Y
i B
0& =
a oy
&
B
.m
o
g
]
2
g
E
=
POPUNOH pepunoy m.
££ 8¢ 2
N = ofsimay .
£9%'€C potsBporm-y 1£9'2¢ u olmionY - =il z ad 4
T b £t b ‘A
209’8y 0 zorey 0008 3T nNe 0-30Kr°L nns £~ i) m
SEA'SY 3 SEB'YY oo0y -
ey 41 Inzer osit 00-3006°L oTLe - [ [~ 4% & - 144 Ty osle =
BOE'EY {43 200°Zy Q08T 803201 oo'ss- B 0-36¥8°L 00’16 8 z 1 o 00sZ
[1%-5% 4 F 48 [ 134 4 0002 203V L ovie- 135 So-3erl’L or'syr & e 144 ror 000Z
€288 ] 25’88 ©0oal SO-3eRC') o5 oL- S03ELY'L os'ir - & [ Xl 4 88t 0088
oy 20 GL0'8E [+~ 48 $0-300C'1 4 & S0-9008°1 s [ e [ '8t 0seL
LY 0 LEVLY 0001 SO-IET L [ %1 4 | 20-FBL°L oLie- oL- & i~ ] iy 0001 H -
[ 13132 [ d 088’1y 008 00-26PE°L 00'ig- [ 8032106 00~ (15 - (44 [44 ooR :
[ 74 [ 3% oLy oce $0-30.E% oLz - 90-30T¥ oL'ss~ - = 1] y oeo :
4 e Fii g% 008 Soiovy 05ee 434 90-32¥0E [+ 5 Bl & or 1y ons 4 :
SEO'SE or SEY'OP « 00F 20°3LiSY OrES 115 20-2V0T or'se- gi- » &g ror ooy ,-4 ke
o182 ar YOLSE {114 20-3150°1 oS- % 0-INHTS oaTe i To % st 114 m
TLR'BT L¥ o TS [+ 0-S98LY oazes- 154 90-3908°} ori9- B~ - €& Tes [~ 4 / H
208'el a'ay- £99°6T 00z §0-3046T 085S 9= [ 5 1% 1 [+ 1 2 Vo 0€ (.14 00z h
-4 43 r'el- E68°LZ (19 SUITNT oLrsr - 0-FLIEE ol0s Ez- B iz e 0oL :
LT Lol 600 szi ISty o oz SOELIEE o8y | 142 ¥z " szL * :
£ea'y V- (21}~ 4 act S0-3088°y orsy az- 2039010 oLz B2 L 5z, I'e2 ool //. :
frocky st L
[ ] J s._ asunislia } o4 wung popuscsd LN
uofiasLo! AN, 4
ety - Bomubiey  UOISSBSURL (o) Aouenbesy OUtINoE W™ wriion Ot IO M gssom Myoresey (WIS ol (ng souesbes,] //
PEnaE) wngzede g wngede 3 UoISSISURSY, uojesjusumL] L
LY
5507 UGSS| WS 0EI] JO T USRI T TS ea[usieg D USISEIEY 15 USTVUDeeg or uty m m
- jealspeeids Uopejnoes My B m
(7]




1600

/q . Tham
m°n=n5 A . EPDM pearsat
. glizing seal PRD)
c—
Fo vy
1 | i
R A
| rf !\
lJlll!;--l..uLl,ll-?lLl
| ! nu//».
i 7 J./ —=—Singla glazed glass
tl- v A4 8.38 laminated
i ¥ k\\m with EPDM glazing seals
: . \_ -y and co-exiruded EPD
t fog . /_ glazing bead .
\\\ A
| o |
_ i - \
I
| _ _—
100mm _ _ B0
c REHAL ...
Dﬂmn:mo._ubb_m:
2 xdxWnagaholes T -
(8% 20) Scale: M1:2|Tht-wm gearon’
. ingas|/Wand open window,
View from outside Orawnby _Hosnsat| fied lito with
Dwp Ha'LTBE1 CM03 [Frame 60°& Sash 258

e Sy g (g gl gl

Copyright of Ew|

Dateaﬂl.g./ﬁ#.
ATF 1548

Appendix: Rehau

-~
o
= .‘..f\/.’.....

ry

Signato
Peter Alway

I

|



