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Long term average spectra, cumulative distribution functions and impulsiveness in terms
of Lpeak — Leq and in terms of kurtosis were determined for 8 Warsaw discotheques. The
results are discussed with reference to hearing damage risk.

1. Introduction

In one of the Medical Research Council reports [17], a number of discotheque at-
tenders in the United Kingdom is estimated at 2 to 6 mln. These persons spend in the
discotheques from 156 to 234 hrs in a year, over a period of 5 to 7 years on the average.
The equivalent sound pressure level Leq (A) for a year amounts in these discotheques
from 80 to 95dB. In the polish society of youngsters attending the discotheques, a num-
ber of visits to the discotheque amounts on the average to 30 in a year. This number
gives from 120 to 220 hrs of the discotheque exposure in a year at an equivalent sound
pressure level Leq (A) for a year amounting from 84 to 97 dB. The number of discotheque
attenders in Poland is unknown but estimated at 3 mln approximately.

The effects of such exposures were investigated by many researchers but the results
of these investigations are in substantial measure controversial. Fearn and Hanson in
numerous investigations carried out over a period of 27 years, FEARN and HANSON [4,
6-9]. FEARN [5, 10, 11], reported substantial hearing loss of 10dB in the whole auditory
range, 15dB or more at 4kHz and 20dB or more at 6kHz in large proportion of the
tested persons (7-30%) in the examined samples in age categories of mainly 11-25
years.

In the samples of musicians working in the discotheques and youth clubs a proportion
of persons with such hearing loss reaches 50.5% according to FEARN [11]. These data are
in agreement with the data from AXELSSON and LINDGREN [2] for example, who found
hearing loss in 13-30% of the exposed subjects, and the data from AXELSSON et al. 1]
who found hearing loss of 20dB or more at various frequencies in 15% of the examined
sample, while WEST and EvANS [21] found poorer frequency resolution in 15% of the
sample of exposed subjects. In the data from JAROSZEWSKI et al. [13] hearing loss of
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18.8dB on average at 6 kHz was found in 60% of the examined sample of 98 musicians,
while JAROSZEWSKI and RAKOWSKI [12] found hearing loss 20 to 50dB deep in the
whole sample of the tested group of pop/rock musicians.

On the other hand CARTER et al. [3] in investigation carried out in Australia and
MEYER-BIscH [16] in France did not observe differences between audiometric data from
exposed and unexposed persons. However, their opinion was based on estimation of the
averages in large samples of the examined population. Here an observation from FEARN
and HANSON [6] should be cited: “What we are concerned with is the top 5-10% of the
affected population. For this purpose the average is too insensitive for judgement.” It
should also be noted that in the results from Carter and Meyer-Bisch, hearing loss of
from 9.4dB at 6kHz to 13dB at 12kHz is present in the data from both exposed and
control group of subjects.

A distinct disproportion appears in comparison of the depth of the measured hearing
loss with the measures of exposures from which this loss resulted. Namely, these losses
arc substantially larger than those predicted on the grounds of the measures of the
exposition and number of years of exposure. In many cases hearing loss of 10-15dB
in the upper part of auditory range, and selective hearing loss of V-dip type (notch) of
15-40dB, are found after only 25 to 70 exposures in the discotheques in a period of only
one to two years. It should be stressed however, that this observation does not pertain
to averages for the tested samples, but only to from 15 to 25% of the affected.

According to the working hypothesis larger damaging effect of the discotheque expo-
sures than this predicted on the grounds of the equal energy hypothesis and equivalent
sound pressure levels may result from partially impulsive character of these exposures.
This possibility was been pointed out in the earlier publication, JAROSZEWSKI et al. [14]
in which “impulsiveness” was determined for ten Warsaw discotheques, a measure never
applied to the discotheque exposures before. The present report is a continuation of
this investigation and contains statistical analysis of the impulsiveness of sound pressure
levels in discotheques in terms of Lyeak — Leq and in terms of kurtosis.

2. Procedure and apparatus

Material used in the analysis was obtained from 8 routine presentations in 8 Warsaw
discotheques. The duration of these presentations typically equalled to from 4 to
9hrs, usually without breaks or with very short breaks of 1 to 2min. All presentations
were recorded full length on magnetic tape using digital magnetic recorder DAT SONY
type TCD-D10 PRO-IT and omnidirectional condenser microphone Bruel & Kjaer type
4155. Sound pressure levels were determined with the use of Bruel & Kjaer Precision
Integrating Sound Level Meter type 2230 with 1/2” condenser microphone type 4155.

The raw data containing 4 hrs of recorded music was next analysed typologically with
the use of computerised procedure. With that procedure 63 selections of the recorded
music, 5min each were selected, characteristic for the whole presentations in all dis-
cotheques examined. For these selections of recorded music, long term average spectra
(LTAS) in 1/3 octave bands, sound pressure levels Lsg, Ly, Leq and the impulsiveness
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distribution functions, defined as a difference I = Lpeax — Leq were determined. Also
were determined distribution functions of the instantaneous sound pressure levels and
the values of kurtosis as an alternative measure of the impulsiveness.

Statistical analysis and spectral analysis were carried out with the use of HP class
PC minicomputer and of the MATLAB program procedures. Kurtosis was determined
with the use of WaveStat program prepared in this laboratory.

3. Results

The results of the analysis in terms of LTAS, and cumulative distribution functions
are presented in Fig.1 to Fig. 3 for the discotheque with the largest equivalent sound
pressure levels and in Fig. 4 to Fig. 6 for the discotheque with the smallest sound pressure
levels. Distribution functions of the instantaneous sound pressure levels and the values of
the kurtosis are given in Fig. 7 and Fig. 8. Statistical characteristics of the presentations
in eight examined discotheques are given in Table 1.
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Table 1. Statistical characteristics of presentations in 8 Warsaw discotheques.

Discotheque Leg Lpeak B2 L, Lo Lso CF* I

(dB) (dB) (dB) (dB) (dB) (dB) (dB)
Akwarium 112.8 133.9 5.5-6.3 122.7 117.2 106.5 9.9 21.1
Colosseum 122.5 138.2 3.5-5.2 132.2 127.1 116.8 9.7 15.7
Hades 113.5 131.6 3.1-5.6 123.0 117.8 108.8 9.5 18.1
Hybrydy 113.7 133.6 3.6-5.5 123.7 118.1 107.8 10.0 19.9
Klub Medyka 109.0 130.1 4.2-6.0 119.9 112.9 102.2 10.9 21.1
Park 108.7 135.3 44-58 119.3 112.9 102.0 10.6 26.6
Remont 117.3 139.0 3.4-8.0 127.4 121.4 111.6 10.1 21.7
Stodota 112.5 129.4 4.0-5.7 122.7 116.6 107.2 10.2 16.9
Mean over all 116.1 139.0 3.1-8.0 127.9 119.5 107.8 11.8 22.9

* CF - crest factor
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The ultrasonic method was used also to determine the rheological properties of vege-
table oils [4, 6]. Ultrasonic spectroscopy has already proved to be a valuable tool for
monitoring the dynamic rheology of oils [6] and may have many interesting applications
in future in the oil industry. However, the latter is not much interested in the results
until now.

The ultrasonic velocity, attenuation of sound and the dynamic viscosity or rheolog-
ical properties as functions of temperature and frequency are usually measured in oils.
The ultrasonic velocities in liquid oils can be related to the concentration of the con-
stituent triglycerides [1]. By measuring the attenuation of longitudinal and shear waves
over a wide range of frequencies, it is possible to determine the dynamic bulk and shear
moduli as well the viscosities of the oils [6].

It has been proposed that the relaxation of the shear viscosity is due to molecular
reorientational changes in the ultrasonic field, whereas the relaxation in the bulk viscos-
ity is due to structural changes [1]. In general, there are two types of motion: viscous
movements in which energy is dissipated and elastic deformations without dissipation
of energy. In the simplest version of the viscoelastic theory, it is assumed that the vis-
cous and elastic effects may be treated independently and that terms corresponding to
the two effects may be added linearly in the equation of motion. Then each relaxation
process occurs with a single relaxation time.

In highly viscous oils, such as castor oil, where the interaction between the triglyceride
molecules is strong, the bulk and shear viscosities have similar relaxation frequencies,
whereas in low viscosity oils, they have different relaxation frequencies [1]. This is prob-
ably due to the fact that a strong interaction occurs between the triglycerides in highly
viscous oils.

The methods of ultrasonic measurements are typical [2, 4]. The results of ultrasonic
measurements of some oils are given below.

2. Theory

The ultrasonic longitudinal waves can be considered as a superposition of pure com-
pression and pure shear. If the period of the sound waves is much longer than the
relaxation time of the liquid, the absorption coefficient is [2]

a =w?n/2pC3, (1)

where C is the velocity of sound, w is the frequency, 7 is the viscosity and p is the density.

When the period of the applied stress becomes comparable to the structural relax-
ation time of the liquid, the attenuation increases rapidly. For a very high alternating
stress, the molecules of the liquid do not have time enough to adjust their positions by
inelastic (or viscous) movements in the period during which the force is applied, and the
molecular motion is that of an elastic deformation. In this region, the viscosity consists
of the shear viscosity, 75, and the bulk one, 7,, and the absorption coefficient is:

a =w?(ns +4/31,)/2pC°. 2)
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The velocity of ultrasonic waves C is connected with the physical properties of the
liquid to be measured according to the following equation:

C? = E/p, (3)

where E is the elastic modulus and p is the density of the liquid. For the longitudinal
ultrasonic waves E = K, where K is the bulk modulus connected with the adiabatic
compressibility. At low temperatures the liquid may have viscoelastic properties; then
E = K + 4G/3, where G is the shear modulus. Usually all the moduli are complex, i.e.
E*=FE'+jE", K* = K' + jK" and G* = G' + jG". Shear waves propagate through
most solids but they are highly attenuated in liquids and usually do not travel far enough
to be detected and measured directly. The shear mechanical impedance is then measured
in order to determine the shear modulus.

The shear mechanical impedance (Z* = R+ jX) is measured by applying transverse
waves. The relation between the mechanical impedance Z, and the complex modulus
of shear elasticity of a liquid G?_, for the frequency w is expressed by the equation

jw?
(Z:.,)* = G, (4)
where p is the density of the liquid
Z;,=R+iX, G}, =G +iG". (5)

The mechanical shear impedance is determined by measurements of the amplitude
reflection coefficient, k, and phase, 8, of the ultrasonic wave on the boundary of two
media, i.e. on the boundary between the solid body and the liquid. The mechanical
shear impedance of a liquid in the case of a plane wave falling perpendicularly on the
boundary surface is
_ g7 1=K +i2ksind
T 99T+ K2 + 2ksinf
where Zq is the impedance of the solid body.

For most of the liquids, the wave phase shift related to the reflection is small, as the
impedance of the liquid is |Z]| < 0.1 < |Zg]|; therefore, it can be accepted that cosd = 1.
Then Eq. (6) has the following form:

1—k? 2k sin
e i (2ksinf \ _ :
Z“"_ZQ((1+I:)2)+1((1+I¢)2> R+iX. (7)

The error caused by the assumption cosé = 1 does not exceed 1%. Using Eq.(8), the
real part of the impedance can be calculated if only the amplitude reflection coefficient
is known:

2% (6)

R=2Zq (H) (8)

Having R and X, the components of the shear modulus of a liquid, G}, can be deter-

mined: ) )
- X
c=%, =X ©
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while the dynamic viscosity is expressed by the equation
, 2RX
T =—r0 -
wp
The variations of the real and imaginary components of G*, n* and Z* as functions of
the normalised frequency are shown in Fig. 2.
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Fig. 2. Variation with frequency of the normalised components of a) the rigidity modulus, b) the dynamic
viscosity, and c¢) the shear mechanical impedance for a single relaxation process [2].

3. Results

Vegetable oils are an interesting object for the investigation of the dynamic viscosity
properties because the absorption of longitudinal ultrasonic waves in them has been
studied over a wide frequency range, so that with the available data on the shear viscosity
it is possible to separate the pure bulk viscosity from the attenuation coefficient.

Our measurement results are reported below and compared with the results of other
authors. The chemical components of the rapeseed oil produced by Polish refinery [3]
are:



LONGITUDINAL AND SHEAR ULTRASONIC MEASUREMENTS IN VEGETABLE OILS 381

contents in

amd. foxmula rapeseed oil, %

raw refined
Palmitic CHj; (CH2)14COOH 5.1 49
Oleic CHj3(CH2);CH=CH(CH,);COOH 61.8 61.4
Linoleic CH3(CH2)4CH=CH-CH,—CH=CH(CH,);COOH  19.9 20.6
Linolenic CH3(CH,—CH=CH,)3CH,(CH;)s COOH 9.2 9.0

The chemical components and specific gravities for edible oils are shown in Table 1 [4].

Table 1. Chemical components (%) and specific gravity (g/cm?3) of edible oils.

0il

Acid Safflower Soybean Peanut Rapeseed
Myristic trace trace trace trace
Palmitic 8.8 12.1 13.2 11.3
Palmitoleic trace trace trace trace
Stearic 3.1 3.7 4.1 4.0
Oleic 14.0 21.0 30.1 21.8
Linoleic 73.6 53.2 44.9 53.4
Linolenic 0.3 7.7 3.8 8.0
Arachidic — — 0.7 —
Others 0.2 2.2 3:2 1.5
Specific gravity 0.914 0.913 0.912 0.915

The viscosity of the rapeseed oil measured with an Ubbelohde viscometer as a func-
tion of temperature is shown in the Fig.3. The changes in the ultrasonic velocity for
rapeseed oil as a function of frequency are shown in Fig. 4.
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Fig. 3. Viscosity of rapeseed oil vs temperature.
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Many measurements of the ultrasonic velocity in liquids and their temperature de-
pendencies have been reported [7]. In a wide range of liquids, the ultrasonic velocity
decreases linearly with increasing temperature over a considerable range of tempera-
ture. Deviations from this linear relation occur near the boiling points and the melting
points of the liquids, so that an extrapolation of the measured ultrasonic velocities from
higher temperatures to the melting point can lead to errors of the order of —2 to —6%.
In most of the edible oils, the coefficient dC/dT is close to —3 to —3.4 [ 1]. The same
linear dependence was found for the rapeseed oil.

Considerable changes in ultrasonic attenuation with frequency between 0.5 and
18 MHz are observed in rapeseed oils (Figs. 5 and 6).
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Fig. 6. Ultrasonic attenuation of rapeseed oil vs. frequency. Temperature 30° C.

The run of the attenuation of ultrasonic waves in the rapeseed oil (Fig. 6) measured as
a function of frequency suggests a relaxation process at frequencies lower than 0.5 MHz,
for which our measurement method can not be applied. The measurements of rapeseed
oil performed with DMTA technique [5, 8] using a torsional rheometer signal suggest
the possibility of a relaxation process at frequencies around 1 Hz within the temperature
limit — 30°C and 0°C.

The shear modulus measured in those temperatures is rather low (circa 30 MPa)
and in this range the scale of the equipment was not very accurate. The change of the
shear modulus as a function of frequency is shown in Fig. 7a. The curve in Fig. 7b shows
the change of the loss angle (tand = G"/G') and supports the suggestions of a second
relaxation process in this range.

The frequency dependence of the dynamic shear viscosity, shear elasticity and effec-
tive viscosity in castor oil is shown in Fig. 8.

The shear elasticity measurements of castor oil as a function of frequency show also
rather low values and have not been determined within the low frequency range [6].
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4. Conclusions

The ultrasonic measurements increase the information on vegetable oils because they
allow to determine the shear modulus and its changes as a function of temperature, while
the attenuation measurements allow to determine the dynamic shear and bulk viscosities
and the relaxation processes in oils, and to measure its frequency. Thus the ultrasonic
measurements allow to determine the physico-chemical and dynamic properties of veg-
etable oils.
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From the viewpoint of acoustics, the window is a rather complicated structure and its
sound insulation depends upon numerous designing modifications, some of which are of
decisive importance. They include glazing, infiltration, the window frame with fixed glass
and the window structure itself.

1. Analysis of window desing

From the viewpoint of acoustics, the window is a rather complicated structure and
its sound insulation depends upon numerous designing modifications, some of which are
of decisive importance. They include glazing, infiltration, the window frame with fixed
glass and the window structure itself.

The window structure consists of elements with different acoustic properties and
places of contact among the window structural elements. The transition of noise through
a window can be classified as follows:

— sound transmission through the glazed area,

— sound transmission through the window frames and wings,

— sound transmission through joints and gaps.

The desing of a window structure corresponding with the basic acoustic evaluation
criteria results from the following relation:

Rwo = Rwoz + ARwoz = ARwos + ARwor ) (1)

where Ry, is the sound insulation index of the glass (dB), ARy is the increase resulting
from the window desing modifications (dB), ARy is the decrease resulting from the

joints and gaps (dB), ARy is the increase and decrease resulting from the frames and
wings (dB).

1.1. Sound transmission through the glazed area

Glass makes 70 -80% of a window area (depending upon its surface, frame and wing
design) and in general is the decisive element of the window acoustics properties.
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Due to its low basis weight, the glazed surface is a thin plate whose sound insulation
has numerous negative properties such as resonance and coincidence, depending on fre-
quency. The resonance effect is obvious at low frequencies and at a glass thickness less
than 4 mm sound insulation decreases often in the sound insulation area. With glass of
thickness below 4 mm, the effect of coincidence is outside the sound insulation sphere.

In the frequency course R (dB) of glass of a thickness above 4mm the effect of
resonance is suppressed at low frequencies. The lowest resonance frequencies are outside
of the sound insulation sphere. At higher frequencies, the sound insulation decreases due
to the coincidence.

1.2. Single or double glass

Based upon experimental measurements (Measurements were performed by STU SvF
Bratislava — acoustic laboratories and the Centre for Civil Engineering, Prague and Zlin
[1-5, 9, 10], in accordance with ISO 140-1 and ISO 140-3, the sample glass thickness
was 480 mm, weigt 1800 kg - m~2 with R,, = 52dB, the window was placed asymetrically
with the distance more than 500 mm from the floor, ceiling and walls, the window jamb
was lined by material with absorptance less than 0.1, the rough jamb dimensions usually
used in Slovakia is 1200/1200mm) of sound insulation of sample windows with single
or double glass of various thickness (weight) and distance between the glass layers, the
following relationship for Rye, (dB) has been derived:

Ry, = 26.4 + 14logd/dy + 24log h/ho (dB), (2)

where d is the distance between the glass layers in mm (d = 10 — 200mm), h = h; + h
is the thickness of the first and second glass layers (from the interior) in mm (h =
6 — 14mm), dg, ho = 10 mm.

Basing upon experimental measurements, the following glass thicknesses has been
chosen:

h1 > 1.5 to 2h, for the insulation double glass,

hi > 1.5 to 2h, for the double and coupled windows.

Different glass thicknesses result in the suppression of the resonance and coincidence
effects. Thicker glass shows higher sound insulation from the exterior side and makes up
a barrier for noise from outside, the inner glass, due to lower weight, emits less sound
energy.

For a glass system in that the air gap between the glass layers is joined with the
outside environment and makes a de-compression cavity, from the viewpoint of sound
insulation it is better to have an inner glass of higher thickness (weight).

It can be stated that

— for a larger gap between the glass layers d (mm), R, increases,

— for a higher glass thickness, Rwo, increases.

Beside acoustic requirements, a glazed system must also meet thermal engineering
requirements. They have therefore to be considered when designing the distance between
the glass layers.
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1) PVC window with double glass 4/16/4 Planitherm Ry = 33dB
2) Wooden window with doubles glass 9/12/6 Ry, =37dB
3) Wooden window with triple glass 4/8/4/8/4 w = 32dB
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Fig. 1. Results of meassuring.

1.3. Multiple glass

The energy requirements related to the window quality require multiple glazing. The

adding of another glass layer results in increased glazing weight and sound insulation,
correspondingly. The sound insulation improvement will not be very high — adding
another glass divides the air gap into two narrower spaces whose resonance frequency
causes reduction at low and medium frequencies. The effect of the higher glazing weight
will be obvious at high frequencies.

Experimental measurements of glazed systems indicate that from the viewpoint of

The use of multiple glass is reasonable

— if the gaps between the glass layers are different d; > 3d; (mm),
— if the gap is wider d; > 50 mm,

acoustics it is better to use two glass layers of different thickness than a triple glazing of
equal weight (factory produced triple glazing).

— if glass thicknesses are highly different, the following glass thicknesses are suitable:

hy > hz and hy > 1.5 — 2hg,
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Composition of tested specimen:

Protocol No.: A30-2/98
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KONTRANITTERM+AR.KW31/44/1,3
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Receiving chamber: Volume V=57 m’

Sending chamber: Volume V=153 m’

Testing sound: noise generator
Filters: 1/3 of octave
Testing area: S=14m?

Tested specimen:

Name: Plastic window
Dimensions: 1180x1180 mm
Weight related to the area: 43.6 kgm™

Measurement conditions:

Temperature: 20 °C
Pressure: 997 mB
Relative humidity: 33 %

Date: 7.1.1999
Measured by: Mgr.Daniel Szab6
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Approved by: Prof.Ing.Jozef Zajac,DrSc.

Fig. 2. Measure protocol.
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Fig. 3.

RECORD NO. 326
OPTION NO. 93
NRM. LEVEL DIFF.
v= 57 S= 1.4
HZ CODES DB
100 14.3
125 28.5
160 2549
200 29.3
250 29.8
315 32.8
400 34.0
500 35.9
630 38.0
800 3.3
1000 38.6
1250 39.2
1600 39:5
2000 38.9
2500 38.8
3150 40.0
4000 41.4
5000 45.1
6300 44.7
8000 46.4

— for glazing with a pre-set glass and with a insulation double glass, whereas d; =

gap width and h; = glass highness.

Insulation double glass is used from the interior side, as the space between the pre-set
glass and insulation double glass makes a de-compression cavity.

1.4. Desing modifications of glazing

a) It is good to use a noise absorbent along the air gap circumference:
— At a larger distance between the glass layers.
— The noise absorbent use is governed by functional possibilities valid for the

desing of the absorbing lining.
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— The Ryo: (dB) increase along the air gap circumference resulting from the of
noise absorbent is +2 to +3dB, [11, 12].
b) Desing of separate window frames:
— The decrease of the noise insulation is influenced by the glazing and mounting.
— Depends upon the shape and number of window wings, and the way of joining
the wings and frames of coupled and doubled windows.
¢) Gas filled insulation double glass:
— In heavy gases, sound propagates at a lower rate.
— In the gas filling, forced oscillation does not occur so easily, and thereby, its
level is lower.
d) Thermo-insulating double glass
— The glazed system weight increases, and thus the resonance at low frequencies
will be suppressed.
e) Glass mounting
— Elastic mounting increases the transfer of sound waves of high wavelength,
therefore the sound insulation decreases at low frequencies.
— With fixed glazing, the sound insulation decreases at medium and high frequen-
cies.
— The glazing materials used at present do not affect the acoustic parameters
significantly.
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