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Abstract. Noise is a harmful factor that poses a threat to the health of workers in
many professions in the maritime industry. Domestic labour protection legislation
provides effective tools for regulating the parameters of industrial noise [1]. At the same
time, objective processes of globalization of the world economy, integration of Ukraine
into the global system of labour division increasingly require knowledge and application
of international standards in the field of occupational health. In particular, this becomes
relevant in the course of training specialists to work on ships of foreign shipping
companies.

From a hygienic point of view, noise is any unwanted sound or sound that does
not carry useful information. In turn, sound, as a physical phenomenon, is a fluctuation in
the pressure or density of a continuous medium, in particular air.

Sound is characterized by the following physical parameters.

Sound frequency — the human auditory analyser perceives sound vibrations with
a frequency ranging from 16 to 20 -10° Hz.

Sound intensity — the work performed by a sound wave per unit time, referred to a
unit of surface area normal to the direction of propagation of the sound wave, W/m’.

Sound pressure is the root-mean-square value of atmospheric pressure that
changes as a result of the passage of a sound wave, Pa.

However, the use of absolute values of sound intensity or sound pressure in
practical acoustics is unacceptable due to the action of the basic psychophysical law of
Weber-Fechner, which forces the use of relative logarithmic parameters: logarithmic
intensity level and logarithmic sound pressure level (SPL), which are measured in
relative logarithmic units — decibels (dB). The latter parameter is the main standardized
parameter of industrial noise in domestic legislation, and the main hygienic principle of
standardization is the limitation of sound pressure levels for different categories of work.

Unlike domestic legislation, international legislation uses an approach that
consists in standardizing the exposure dose, i.e. the sound pressure level in combination
with the duration of exposure. In particular, this approach is the basis of the US
Occupational Safety and Health Administration (OSHA) standard [2].
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This standard establishes the relationship between the sound pressure level and
the permissible noise exposure in tabular form and in the form of mathematical relation-
ships containing exponential and logarithmic operands and are quite inconvenient for
practical use — determining the admissibility of working conditions. The task is compli-
cated in proportion to the number of periods with different noise levels during the work
shift.

In view of this, it seems advisable to develop a computer program to automate
calculations related to the application of the OSHA 29 CFR 1910.95 standard, what is
the subject of this paper.

Key words: industrial noise, standardization, noise exposure, calculation of
permissible dose, calculation of time-weighted average sound pressure level.
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Ooecoviuii HayionanvHutl mopcovkuil ynisepcumem, Oodeca, Ykpaina

Anomauin. [llym € wkionusum axmopom, wo cmaHo8ums 3azpo3sy 300po8 1o
npayienukie 6azamvox npogeciii MOpcokoi eanysi. BimuusHsine 3aKOHO0ABCMBO 3
OXOpoHU npayi nepeddayac eeKmueHi IHCMpYyMenmu HOPMYBAHHA NAPAMEmpie
supobnuwoeo wymy [1]. B moi oce uac 06’ exmusHi npoyecu 2nodanizayii ceimoeoi
eKoHOMiIKY, iHmezpayis Yxpainu 6 ceimogy cucmemy po3nooileHHs npayi Hanoae2iueo
8UMA2AE 3HAHMA | 3ACMOCYBAHHS MIJDCHAPOOHUX CMAHOAPMIE 6 2any3i 2icieHu npayi.
3oxpema axmyanoHum ye cmae 6 X00i ni02omMoeKU cneyiaricmis 0ist pobomu Ha CyOHax
IHO3eMHUX CYOHONNABHUX KOMNAHTH.

3 eicieniunoi mouxu 30py uymom € 0yov-skuil Hebaxcanull 36yk abo 36yK, Wo He
Hece KopucHoi inghopmayii. B ceoio uepey 36yk, ax hizuune ssuwe npedcmasisie coboor
KOAUBAHHS MUCK)Y abO 2YCMUHU CYYINbHO20 cepedosuLid 30Kpema No8impsl.

38y xapaxkmepuzyemvbcs makumu QizuuHUMU RAPAMEMPAMU.

Yacmoma 38yKy — CAyX08Utl aHanizamop T0OUHU CNPULMAE 38YKOGI KOTUBAHHS 3
yacmomoio, wo nexcums 6 dianazoni 6io 16 0o 20 - 103 I'y.

Inmencugnicmo 36yKy — poboma, sIKy 6UKOHYE 36VK08A XBUISL HA OOUHUYIO YACY,
gioHeceny 00 O0OuHUYI NAOWI NOBEPXHI, HOPMANLHOI 00 HANPSIMKY PO3NOBCIOONCEHHS
38yK0601 x6uni, Bm/m2.

38yKo6ull muck — cepeoHbOK8AOPAMUYHE 3HAYEHHS AMMOCPHEPHO20 MUCKY, WO
3MIHIOEMbCA 8 HACTIOOK NPOX0OJHCEHHS 38YK060i x8uli, I1a.
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Ilpome suxopucmants abCOMOMHUX 3HAYEHb THMEHCUBHOCTI 38KV abo 38YKO-
6020 MUCKY 8 HPAKMUYHIU aKyCmuyi € HenputiHAmHum uepes 0il0 OCHOBHO20 HCUXO-
@izuunoco 3axony Bebepa-@exnepa, wo 3mMyuLye 8UKOPUCHOBY8AMU GIOHOCHI 102apud-
MIUHI napamempu. 102apUGMIYHUL PIGeHb IHMEHCUBHOCME MA J102aPUGMIMHUL PIGeHb
38YK0B020 MUCKY, 5KI SUMIDIOIOMbCS Y BIOHOCHUX 102aPUPMIUHUX 0OUHUYSAX — Oeyubenax
(06). Ocmannii napamemp € OCHOBHUM HOPMOBAHUM NAPAMEMPOM SUPOOHUYLO20 ULYMY
V GIMUYUSHAHOMY 3AKOHOOABCMEBI, A OCHOBHUM 2I2IEHIMHUM NPUHYUNOM HOPMYBAHHS €
0OMedICEeHH L PIBHSL 36YK0B020 MUCKY OISl PI3HUX Kame2opii pobim.

Ha siominy 610 6imuusHan020 MIdCHAPOOHE 3aKOHOOABCMBO SUKOPUCIOBYE NIO-
X0, W0 NONA2AE 8 HOPMYBAHHI 003U BNIUSY, MOOMO PIBHS 36YKOB020 MUCKY 8 KOMOIHAYLT
3 mpueanicmio énaugy. 3okpema makuil nioxio nexcumv 6 OCHO8I cmanoapmy Aomi-
Hicmpayii 3 eupoonuuoi 6eznexu ma cicienu CLLIIA (OSHA) [2].

Leii cmanoapm 6CcMAHOBNIOE 3ANEHCHICMb MIJC DIBHEM 38YK0B020 MUCKY i
00NYCMuUMOIO eKCno3uyicio wymy (mpusaiicmio enausy) 6 mabauunit opmi ma y eue-
JSI0T MAMEMAMUYHUX 3ANeHCHOCMEN, W0 MICAMb eKCNOHEHYIATbHI ma J102apu@dmiiHi
onepanou i € 00CUmb He3PYYHUMU ONd NPAKMUYHOZO BUKOPUCMAHHA — BUIHAUEHH:
donycmumocmi ymog pobomu. 3a0aua YCKIAOHSIOEMbC NPONOPYIUHO KiIbKOCMI nepio-
0i6 3 Pi3HUM PiBHeM uLyMy NPOmMA2OM poOOYOT 3MIHU.

3 oenady na ye sudacmuvcsi O0YibHOW PO3POOKA KOMN TOMEPHOI npocpamu Oas
asmomamu3zayii po3paxynis, nog szanux iz sacmocysanuam cmanoapmy OSHA 29 CFR
1910.95, osnatiomnennio 3 K010 NPUCBIUEHA NPONOHOBAHA poboma.

Knrouoei cnoea: supobruuuti wiym, HOpMYBaHHs, eKCHO3UYIs WYMY, PO3PAXYHOK
donycmumoi 003u, pO3PAXYHOK CEPEOHbO3BANCEHO20 PiBHSL 36YKOB020 TMUCK).

Introduction. Noise is a harmful factor that poses a threat to the health of
workers in many professions in the maritime industry. Domestic labour protection
legislation provides effective tools for regulating the parameters of industrial noise [1].
At the same time, objective processes of globalization of the world economy, integration
of Ukraine into the global system of labour division increasingly require knowledge and
application of international standards in the field of occupational health. In particular,
this becomes relevant in the course of training specialists to work on ships of foreign
shipping companies.

Main part of the article. From a hygienic point of view, noise is any unwanted
sound or sound that does not carry useful information. In turn, sound, as a physical
phenomenon, is a fluctuation in the pressure or density of a continuous medium, in
particular air.

As a physical phenomenon, sound is characterized by the following parameters
[3;4;5; 6].

Frequency f [Hz] — a person perceives sound vibrations with a frequency whose
value lies in the range of 16-20,000 Hz.

Intensity (power) of sound I [W/m’] — the operation of the sound wave per unit of
time, referred to the unit of surface area normal to the direction of sound propagation.

Sound intensity is defined as a function of sound pressure p [Pa]

1=p’/(pv),
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where p — the measured root-mean-square (rms) sound pressure;
p — medium density of air, kg / m3;
v — speed of sound in air, m/ s.

The use of absolute values of sound intensity and sound pressure is inconvenient
due to the effect of Weber-Fechner's basic psychophysical law. The Weber-Fechner law
states that intensity of our sensations depends on the intensity of the stimulus, not
linearly, but according to the logarithmic law, as shown in figure 1. That is, as the
intensity of the stimulus increases, our sensitivity decreases. For the auditory analysers,
the base of the logarithm is 10. And if the point corresponding to the hearing threshold is
here (at the figure), then the point corresponding to the pain threshold will be somewhere
in the street.

Fig. 1. The dependence of human's auditory sensitivity on sound pressure

The way out of this situation is quite simple - to replace the absolute values of the
sound intensity and sound pressure by relative logarithmic values [dB] (decibel).

As a result, we obtain a linear dependence of the sensitivity of the hearing organ
on the intensity of the stimulus (figure 2).

5

Fig. 2. The dependence of human's auditory sensitivity on SPL
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Because of this, in practical acoustics, not absolute but relative logarithmic
values are used: the sound intensity level

L1=10- logyo (I /1p) [dB],

where I = 10"? W/m? is the sound intensity corresponding to the sensitivity threshold at
a frequency of 1000 Hz; and sound pressure level

Ly= 20 logio (p / po) [dB],

where po =2 10 Pa, sound pressure corresponding to the sensitivity threshold at 1000
Hz.

The human ear does not sense each frequency in the audible range with the same
sensitivity. To take that into account the instruments designed for measuring of sound
pressure level have a special measuring scale named A scale. In that scale the instrument
operates like human hearing modelling its sensitivity to several frequencies and
summarizing them in one value. Therefore, a sound pressure level measured in that
special scale has unit of measuring dB A.

Rather authoritative and widespread regulation of industrial harmful factors are
OSHA Standards. OSHA (Occupational Safety and Health Administration), a federal
agency of the United States that regulates workplace safety and health.

Table 1 lists the OSHA permissible exposures depending on corresponding sound
pressure level.

Table 1
OSHA exposure limits
Sound Level (dB A) Perml;s;;lz)ieu?eu{l?;;on of
90 8,00
92 6,00
95 4,00
97 3,00
100 2,00
102 1,50
105 1,00
110 0,50
115 0,25 or less
140 peak level Impulse or impact noise
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When the daily noise exposure is composed of two or more periods of noise
exposure of different levels, their combined effect should be considered, rather than the
individual effect of each.

If the sum of the following fractions: t;/T; + to/T, + ... + t,/T, exceeds unity, then,
the mixed exposure should be considered to exceed the limit value. Here ti is the total
time of exposure at a specified sound pressure level and Ti is the total time of exposure
permitted at the specified level.

For example, a worker is exposed as presented in table 2.

Table 2

Noise exposure during a workday

Noise Level (dB A) Duration (hr)
110 0,25
100 0,5
90 1,5

Is the OSHA limit exceeded?
From the preceding exposure data, allowable exposure times in table 1, and
following equation we have

t]/T] + tz/Tz + t3/T3 = 0,25/0,5 + 0,5/2 + 1,5/8 = 0,938
Because 0,938 is less than 1.0, the exposure is allowable.

The way of dosimetry may be used as well.
If the noise exposure is constant during a job assignment. Noise dose in percent is

D=100-t/T,

where t — the total length of the job assignment in hours, and
T — the reference duration in hours for a measured A-weighted sound level, Lt, in
dB A, in other words T is a permissible duration of exposure to Lt.
If T isn’t present in table 1 exactly it can be derived from an expansion of the
OSHA exposure limits (table 1) and computed as

That is just an interpolation formula for calculating allowable time responding to
some sound level (Lp).
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When noise exposure for a work shift consists of 2 or more periods of noise at
different levels, the total noise dose over the workday is given by

D=100- (t]/T] + tz/Tz +... .+ tn/Tn).

For example, a worker is exposed to a 107 dB A constant noise source during

a 7-hr shift. What is the noise dose?
The corresponding duration is

The dose is
D=100- (t/T)=100-(7/0,758) =924 %.

Thus, the allowable dose is significantly exceeded.
Or, if a daily noise exposure is composed of three periods with deferent levels as
presented in table 3
Table 3

Noise exposure during a workday

Noise Level (dB A) Duration (hr)
112 1.0
98 3.0
93 4.0
the dose is:
8 8
T: 112-90 :247:0,379]’1
2 5
8 8
T = 9850 = 217 =2,639h
2 5
8 8
T = 5350 = 207 =5,278h
2 5

D =100 - (t/T; + to/T; + ts/T3) = 100 - (1/0,379 + 3 /2,639 + 4/ 5,278) =
= 100 - (2,64 + 1,14 +0,76) = 454 %,
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It is desirable in some situations to know not only the dose of noise but as well
the 8-hour time-weighted average sound pressure level (TWA) or equivalent sound

pressure level (Lp eqv). Equivalent SPL is a normative parameter of our domestic noise

regulation so it is necessary to know the correlation between international and Ukrainian
norms.

The notion of Lp ¢qy (TWA) can be illustrated by the figure 3.

Lp, dBA

Lt :pr * dt

Fig. 3. Depending of SPL from time during a workday

On the figure L;, is the SPL (dB A), Lt — integral of SPL over time (t) and t —
duration of the work shift.
Then

N
J.Lp-dt szi'At
t i=1

L = =
.eqv.
p-eq T T

And for the above example it is

Lpeqv (TWA)=(112-1+98-3+93-4)/8=97,25dB A.

For defining of this value, the approximating formula is offered by the OSHA
standard

TWA = 16,61 - log;o(D/100) + 90 = 16,61 - log10(453/100) + 90 = 101 dB A.

As we see the last expression causes a rather significant error in comparison with
the precise formula.
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So, as we can see, defining of noise dose and TWA connected with the necessity
of making rather large quantity of calculations and thus the development of a computer
program is desirable.

The interface of such a program, developed in the environment of Microsoft
Visual Foxpro, presented at the figure 4.

OSHA REGULATIONS

Sound Pressure Level: | 93 IdBAI

factual:| 4 = /hours| Oﬂ I minutes |

permitted: | 5.27 Ihours/|316 Iminutes/

" B

Labour Time

Sound Pressure| Labour Time Retio (t/T)) L:

112 0.0 25390 Lp eqv: 97 25 1dBAI

93 180 1.1368
M 93 240 0.7579

TWA:| 100.9 1dBA/
Dose: | 4533 %

al

ADD DEL ‘ CALC ‘ OK

Fig. 4. The interface of the program

Sound pressure level and factual labour time are assigned by corresponding
spinners. Then permitted labour time calculated automatically and displayed on screen as
soon as SPL or factual time is changed. Press of the button «CALC» evokes calculating
and displaying equivalent pressure level, TWA and dose.

If the work shift consists of 2 or more periods, then ich set of values (SPL, factual
labour time and ratio — t/T) are saved in a database as a individual record. The records can
be added and deleted by corresponding buttons. Computation is triggered by the same
button «CALC».

At the figure 4 is represented the example considered above.

Conclusions: 1 Automation of computation in industrial noise regulation is
highly desirable.

2 A computer program for such an automation will ease the practical use of noise
regulation provided by the OSHA standard 29 CFR 1910.95.

3 The computer program will contribute to better understanding of the nature of
industrial noise and hygienic requirements to it by students in the case of using the
program in studying.
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vPwr

vPwr

vPwr

vPwr

The code of the main module of the program is given below.

sk sfe sfe she sk sfe she sie s sk st sfe sfe sfe she she sk she she sk sk sie st sfe sfe she she she she she ske sk sie sie st sfe she she she sk she sl siesie ke ste sfe sfesesie sesk

* Noise exposure, the main program

*23.12.24. Palahuta Vitalii

sk sk sk sk stk st sk sk sk sk sk ske sk sk sk siesie sk sk sk sk skeosk sk sk sk she sk sk sk skeosie sk sk sk ske sk sk skeosteosko sk skeoskoskeskoke skekoskok
zoom window 'Microsoft Visual FoxPro' max

*modify window screen title "INDUSTRIAL NOISE"

*modify window screen icon file 'c:\student\T W A\factory.ico'
_screen.MaxButton = .t.

_screen.MinButton = .t.

_screen.Closable = .t.

set date to german
set century off

set sysmenu off
set ANSI off

set exact on

set cursor off

set path to c:\student\TWAN; C:\foxpro\PROJ VFP6\TWAN

public vSPL, vDrtn, vPwr, sPwr, sInt, sDec, vint, vDec
public vT p, T p mnt, vT p 1,vT p 2,vT f,vT f h, vT_f m, vRatio

vSPL =90 && Sound Pressa Level

vDrtn = 8,00 && Duration of exposition

vPwr = (VSPL - 90) /5 && Power of the rising

sPwr ="123" && 1nit of the string of vPwr

sInt ="123" && init of the string of integer part of
sDec ="123" && init of the string of decimal part of
vint=10 && init of the floating of integer part of
vDec =0 && init of the floating of decimal part of
vI p=0 && init of the time permitted

vI p mnt=0 && 1init of the time permitted in minutes
vI p 1=0

vI p 2=0

vI f=0 && init of the time factual
vI f h=0

vI f m=0 && init of the time factual in minutes
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select 1

use c:\student\TWAN\tSpells

do form fNorma
read events
* [Iporemypa 00OYMCICHHS JOMYCTUMOT €KCIIO3UIIIT

sPwr = str(vPwr,3,1) && Bu3HaueHHS 1101 Ta JPOOHOL
yacTuHU cTynens (t —90) /5

sInt = substr(sPwr,1,1)

sDec = substr(sPwr,3,1)

vint = VAL(sInt)

vDec = VAL(sDec)

vI p 1=1

vI p 2=1

vI p=1

if vint = 0 then
vI p 1=1
elsevl p 1=1
for I =1 to vint
vI p 1=vT p 1%*2

next

endif

if vDec = 0 then
vI p 2=1
elsevl p 2=1

for I =1 to vDec
vI p 2=vT p 2*1.071773
next
endif
VI p=vT p 1 *vT p 2

vI p=8/vT p
vI _p mnt=vT p * 60

return
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