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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO_ also take part in the wark SO collaborates closely with the

International

International

The main tagk of technical committees is to prepare International Standards. Draft International Stan

adopted by
International

Attention is qrawn to the possibility that some of the elements of this document may be the subject of f

rights. ISO s

ISO 16940 was prepared by Technical Committee ISO/TC 160, Glass if)bdilding, Subcommittee SC 2
consideratiofs.

This first edijon of ISO 16940 cancels and replaces ISO/PAS 16940:2004, which has been technically re]

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.

the technical committees are circulated to the member bodies for voting:{Publication 3
Standard requires approval by at least 75 % of the member bodies casting-a vote.

pall not be held responsible for identifying any or all such patent rights.
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vised.
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ISO 16940:2008(E)

Glass in building — Glazing and airborne sound insulation —
Measurement of the mechanical impedance of laminated glass

1

This

Scope

International Standard describes a method for the measurement of the loss factor andth

bend|ng rigidity modulus of laminated glass test pieces. The aim is to compare the propeérties d
Thesg two parameters (and others such as density and thicknesses of glass componénts) can
the spund transmission loss (STL) of the glazing itself.

NOTEH The Cremer equation as shown in Annex C can be used to determine the sound'transmission lo

2

The

Normative references

following referenced documents are indispensable for th&’ application of this documen

refergnces, only the edition cited applies. For undated references, the latest edition of th
docupment (including any amendments) applies.

ISO

12543-1:1998, Glass in building — Laminated glass and laminated safety glass — Part 1: D

descfiption of component parts

ISO

Requirements for laboratory test facilities with suppressed flanking transmission

ISO

Labolatory measurements of airborne sound insulation of building elements

ISO 717-1, Acoustics — Rating ‘'of sound insulation in buildings and of building elements — Pa
soungl insulation

3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 12543-1 and the followi

3.1
lami

l||ated glass

e equivalent
f interlayers.
be related to

BS.

t. For dated
b referenced

bfinitions and

140-1, Acoustics — Measurement of sound insulation in buildings and of building elements — Part 1:

140-3, Acoustics — Measurement. of sound insulation in buildings and of building elements — Part 3:

't 1; Airborne

hg apply.

assembly consisting of two sheets of glass joined together with the interlayer that will be charact
method of this International Standard

NOTE 1 Adapted from ISO 12543-1:1998, definition 3.1.

NOTE 2  The interlayer type and construction should be specified.

© 1SO 2008 — All rights reserved
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4 Test method

4.1 Measurement of mechanical impedance (MIM) of laminated glass

411 Principle

The loss factor and the equivalent bending rigidity modulus are determined from the measurement of the input
impedance of a glass beam sample. The input impedance is the transfer function between the injected force in
one point and the velocity. This transfer function has resonances corresponding to a maximum of the
response of the system (resonance frequency).

4.1.2 Meagurement

The input impedance is measured with an impedance head giving both parameters (force and velocity)
fixation poinf of the tested structure. Tested samples are beams of dimensions (25 + 2) mm{»x+(300 + 1
this limits theé number of resonances in a given frequency band compared with a plate-sample. The

panes shall pbe nominally 4 mm thick for comparison purposes. The input impedancesis” measured 2

centre of the[|sample, i.e. at half-length. For the fixation, good balance between left andyright sides is ne

and the cen
Figure 1, i.e.

re part shall be precisely determined. The vibration mode of the sample shall be as sho
a bending vibration of two “free clamped” half-beams.

n=2

n=3

\/ \/
/\ /\
N O e
/\/\/\/\/\

Figure 1 — Examples of vibration modes

ht the

mm;
glass
t the
pded,
vn in

The sample is glued (with a cyanoacrylic glue or equivalent) onto an impact button of 15 mm diameter. The
impact button shall be flat (see Annex A).

NOTE Fixation balance is easier to achieve with inverted V buttons, but flat buttons have been chosen because they
are more readily available.

A white noise type force between 0 Hz and 5 000 Hz is used.

© 1SO 2008 — All rights reserved
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4.1.3 Determination of resonance frequencies and loss factors

When the transfer function corresponding to the input impedance is measured, resonance frequencies, fres ;,
are noted as well as the resonance curves for each resonance frequency (i index corresponding to ith
resonance). Bandwidths used are sufficient to get good accuracy. By default, 1,25 Hz bandwidths are used.
The loss factor is then calculated using Equation (1):

A

fres,i

ur (1)

as shown in Figure 2, and is a function of the frequency.

-3 dB

>
fres, i x

Key
X frequency, f(Hz)
impedance, f1v

<

Figure 2 ~— Determination of the loss factor

If theloutcome (see Annex D) does not allow readable data to be obtained at —3 dB on both sideg of the peak,
data pt —2 dB shall be used.by using Equation (2):

N AT
S fodB

()

4.1.4| Testequipment

The héasurement apparatus shall be set up as described in Annex A and composed of the followjing:

41.41 Environmental chamber or air conditioned room.
41.4.2 White noise generator.

41.4.3 Power ampilifier.

41.4.4 Shaker.

41.4.5 Impedance head.

4.1.4.6 Two measuring amplifiers.

4.1.4.7 FFT dual channel analyser, plus calculation system.

© 1SO 2008 — All rights reserved 3
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The apparatus shall be set up consistent with the dimensions and masses of the samples.

The impedance head is an integrated system with a force transducer and an accelerometer. The force
transducer is a transducer that generates an output voltage proportional to the input force. It is a piezoelectric

sensor.

The accelerometer is a transducer generating an output voltage proportional to the input acceleration. It may
be piezoelectric, strain gauge, etc.

The test equi

pment is shown in Annex A. A typical result is shown in Annex D.

Calculations

4.2 Test

Measuremer
for at least 1

The values o

The equivalg
Annex B.

The correspq
Annex C.

The weighte
one decimal

4.3 Testn

The test repq

o <l PAH +] £ $lo 1 s FH Ll H 1N H + £4
Ty U UUTITC ULy TTONMT UTe artary st , Ul aututiTativairy WitiT SPTUITTe  SUTtwar .

rocedure

ts shall be carried out at (20 + 1) °C. This parameter is very sensitive. The samplés shall bg
h at the measurement temperature before performing the test.

f the resonance frequency and of the loss factor for the first three modes_shall be noted.

nt bending rigidity moduli for the first three modes should be calculated in accordance

kept

with

nding sound transmission loss curves should be calculated for the third mode in accordancg with

i sound reduction index, R,,, in accordance with ISO*717-1, should be calculated and quoted to

place.

eport

rt shall list the values of the resonance-frequencies and loss factors for the first three modes.
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Annex A
(normative)

Measurement set-up

o [N
<
<
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easuring amplifiers of mgehanical impedance

© 00 N O o~ WN -~
=

n
ppwer amplifier
FFT analyser
c
n

EEGNEN
= O

bmputer
Dise generator

-
N

Figure A.1 — Apparatus set-up
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The equivalent bending rigidity modulus, B

Annex B
(normative)

Determination of equivalent bending rigidity modulus

Equation (B.1):

where

mg

A

1

NOTE

eq,i —

is th
is a

1,81

eq,» Shall be determined for each resonance frequency from

2 2
2nL
15| Sres,i 7

i

510 fori=1;

4,694 10 for i = 2;

7,8%4 76 fori = 3;

10,995 54 for i = 4;

is the half-length of the beam, i.e. 150 mm.

TH

e density per surface unit of the sample, in kg/m?2;

parameter (without dimension) given for free/clamped boundary conditions [1]: [2] equal to:

e resulting equivalent bending rigidity modulus, Beg ; (fres,;); is frequency dependent.

(B.1)

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=13619a3defbcf7e2fdaf0363b1382417

ISO 16940:2008(E)

Annex C
(normative)

Calculation of sound transmission loss

The sound transmission loss, R, in the narrow band of a pane of the same glass combination shall be
calculated using Equations (C.1), (C.2), (C.3) and (C.4). See ISO 140-1, ISO 140-3 and Reference [3].

9 2 21[
r(9) =[;rﬂ = p—; = [1+77[Zps cosH]( aizB sin“&]] J{[%cos@}[']— aizB sin“@ﬂ (C.1)
inc ‘pl- ‘ pc ¢ pPs pe c pg
wherg

1 is the sound intensity, in W/m2;
)i is the sound pressure, in N/m2;

7 is the composite plate loss factor (dimensionlessy);

As = Pt is the plate surface density, in kg/m?2 (where O is the density of the plate material, in kg/m3);

is the thickness of the plate, in m;

» is the density of air, in kg/m3;

d is the speed of sound in air, in'm/s;

) is the angle of incidence;

B is the plate bendingrigidity per unit width, in N-m;

p = 21f (C.2)

wherg
¥ is the frequency, in Hz;
I(i)m 7(6)cosfsingdo
& flim , (€3)
o cosfsinfda
R=10 Ig%dB (with 6}, = 75°) (C.4)

where R is the sound transmission loss.

The one-third-octave band data shall then be calculated.
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