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INVESTIGATION INTO NOISE EXPOSURE OF ENGINE ROOM PERSONNEL
ABOARD M.S. “TRIDENT AMSTERDAM”

by

J. BUITEN AND ING. H. AARTSEN

Technisch Physische Dienst TNO-TH
(Institute of Applied Physics TNO-TH)

Summary

The noise exposure in terms of equivalent continuous sound level L., of engine room personnel was determined aboard the freighter
m.s. “Trident Amsterdam™ during ordinary trade voyages by means of two methods: the first by making use of dosimeters, the
second by measuring the sound levels in the engine room at 165 positions and the exposure times of the engineers involved for
three operating conditions of the ship. The two methods gave results which were in good agreement.

A further conclusion is that a simplified calculation method may offer a reliable alternative for determining the value of L.,.

1 Introduction

Aboard ships engine room personnel is often exposed
to high noise levels during the working hours.

Without any countermeasure this would sooner or
later result in hearing impairment for a great percent-
age of the exposed persons.

Because this has become widely known the personnel
involved wear hearing protectors and feel themselves
quite safe by doing so. However this may only be ex-
pected to be justified for the great majority of the
personnel if the sound level, to which the ear is exposed,
is lower than 90 dB (A).

The sound level at the position of the ear is the result
of the sound level in the environment minus the sound
level difference introduced by the ear defender. The
maximum permissible level in the environment, e.g.
the engine room could be determined if the insertion
loss of the ear defender is known.

However, this is less simple than it seems to be
because:

1. there are many types of protection items

2. the sound level difference introduced by a certain
protector depends on the physical shape of the
wearer’s head or ear. '

Nevertheless an idea can be obtained of the permissible

sound levels, if the investigation is restricted to ear-

muffs using caps. '

The insertion loss (IL) of a great number of earmuffs
is given e.g. in [1]. The influence of the wearer on the
average value of the IL can be expressed by its standard
deviation (s). The average IL may be supposed to be
reached for 509, of the wearers. However a greater
protection rate is frequently required e.g. 80%. In this
case the average IL has to be decreased by the standard
deviation. A protection rate of 98%, is reached when
twice the standard deviation is subtracted from the
average IL data. Using the spectrum as may be expected
to be typical for engine room noise the attenuation of
an earmuff expressed in dB(A) can be calculated. Doing

this for the earmuff with the highest and for the one
with the lowest IL given in [1] the following data is
obtained:

AL, AL,—s AL,—2s
earmuff 1 32 29 26
earmuff 2 18 13 8

So, starting with the limit of 90 dB(A) at the ears,
the highest permissible sound level in the engine room
could be within the range 98-119 dB(A), depending on
the desired protection rate and on the acoustical prop-
erties of the earmuffs used. The lowest level of -this
range is well below the limit of 110 dB(A) proposed,
among others, by the Dutch authorities.

However, the 90 dB(A) limit is valid for a continuous
exposure during an eight-hours’ working day, 40 hours
per week. This is not the case aboard modern ship
because it is common practice and required by many
authorities, to install a control room if the levels in the
engine room exceed 90 dB(A). :

So the personnel will only be exposed to high levels
during a part of their duty hours. In that case the ex-
posure is not continuous and higher levels, depending
on exposure time, are permissible following [2]. When
the levels to which a person is exposed vary in relation
to time they may be described by a so-called equivalent
continuous level (L.q) being the continuous level which
would result in the same amount of sound energy as
it would be the case for the varying level during the
same time.

The aim of the investigation reported in the next
chapters was to obtain some insight into the relation
between the sound levels existing in the engine room
and the L.,. Furthermore it would be profitable if the
L., could be calculated from the sound levels and the
exposure times. In that case the L., could be obtained
in the future by executing only sound level measure-



ments in the engine room or even be obtained from
calculated levels.

However the exposure time is in fact unknown and
therefore it was also necessary to obtain this quantity
aboard the ship under investigation. Because the mea-
surement of L., and the determination of exposure
times asked a great amount of organisation and accom-
paniment, the investigation aboard the m.v. “Trident
Amsterdam” were used to test the system of data col-
lection and to obtain experience about the necessity of
the accompaniment of the measurement L., during long
sailing times.

2 Data of the ship

The measurements were carried out aboard the freight-
er the m.v. “Trident Amsterdam” during ordinary
trade voyages. Some general data of the ship and the
propulsion system are:

Length between perpendiculars 156.00 m
Breadth moulded 23.30 m
Depth moulded 12.50 m

Loaded draft 8.26 m
Service speed during measurements 20 knots
Propulsion diesel engine (1):

manufacturer Schelde Sulzer

type 8 RND - 2 stroke

output 12 MW

speed 125 rpm
Auxiliary diesel engines (3):

manufacturer Smit - B&W

type 8 T 23 HH - 4 stroke

output 3x0.72 MW

speed 750 rpm

3 General conditions during the measurements

The operating conditions during the measurements
were:
— sound pressure level measurements:
at sea : main engine 6 MW at 124 rpm and
auxiliary diesel engines no. 2 and 3
in the harbour: auxiliary diesel engines no. 1 and 2.
— equivalent continuous sound level measurements:
at sea : main engine output about 10.5 MW
at 122 rpm and two of the auxiliary
diesel engines; output varying be-
tween 150-225 kW each
in the harbour: auxiliary diesel engines no. 2 and 3;
output varying between 150-225kW
each.

4 Measuring equipment

The sound pressure levels were recorded via a 1” micro-
phone, manufactured by General Radio, on magnetic
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tape using a recorder manufactured by Kudelski, type
Nagra 1V SJ.

For determining the equivalent continuous sound
levels the 1944-1 noise monitors were worn on duty
hours by the persons who were exposed to noise. The
measured noise-exposure indexes, which were read
with the aid of a 1944-1 noise exposure indicator, were
further converted into equivalent continuous levels.
The monitor as well as the indicator are manufactured
by General Radio.

5 Measuring procedure

5.1 Measurement of sound pressure levels

Surveys of noise measurements have been carried out
during two voyages of the ship. On a coastal trip, sail-
ing from Rotterdam to Hamburg, the sound pressure
levels were recorded on magnetic tape at a large num-
ber of positions in the engine room. Since the noise
levels in the harbour and at sea are quite different,
measurements were taken under both conditions viz.
with only the auxiliary diesel engines in operation and
at service speed whereas the propulsion engine was
also running.

The measuring positions were chosen at places at
which the engineers probably spent a large part of their
time and of course at quite a number of places along
the route which has to be taken when the watch keeping
engineer makes his round through the engine room.

For the determination of the measuring positions
the surfaces of the tanktop and platform decks in the
engine room were divided into rectangular sections
with dimensions of about 1.50 x 1.50 m. The measuring
locations were chosen at 1.65 m perpendicular above
the middle of these sections.

The number given to a measurement is composed of
seven figures, see the Table in the Appendix, indicating
the location of the rectangular section in which the
particular data is measured, the operating condition of
the ship during the measurements and the quantity of
the measured value, the last one only to enable the cal-
culations to be performed with the aid of a computer.

5.2 Measurement of noise doses

During the crossing of the North Atlantic from Ham-
burg to Baranquilla the equivalent continuous sound
levels, L., to which the engineers during their presence
in the engine room are exposed, were measured. Aboard
this ship two four-hour watches are kept from 8.00-
12.00 hours and from 13.00-17.00 hours, the time be-
tween these periods the ship sails with an unmanned
engine room except at short periods before arriving
and after leaving a harbour.

During a watch the engineer in charge was provided
with a noise exposure monitor. From the measurements



and the observations made during the watch the follow-

ing data were obtained:

- the noise exposure index measured during the round
through the engine room

— the duration of the round through the engine room

— the route of the rounds through the engine room

- the arrival times at several positions.

The other available noise-exposure monitors were dis-

tributed to the engineers who executed maintenance in

the engine room during the mentioned watches. At

places where these engineers mainly spent their time

the duration of the exposure was measured.

6 Results of measurements and calculations

6.1. Sound pressure level measurements

The recordings have been analysed with a 1/3-octave
band-analyser and from the results octave band levels
and sound levels-A have been calculated. These data
and the NR-numbers which are obtained from the
octave band spectra are given in Table 1 of the Appen-
dix. Additionally the sound levels-A calculated for the
operating conditions “‘service speed” and “harbour”
are given at the measuring positions on the general
arrangements of the Floor and the several platform
decks, see the Fig. 1-8 of the Appendix.

At about 1 m from the main engine on deck no. 1
(= Floor) and deck no. 2 the averaged sound level-A
is about 95 dB(A) and on deck no. 3: 93 dB(A). In the
vicinity of the auxiliary diesel engines the space aver-
aged sound level-A is about 97 dB(A). The highest
levels, 100 dB(A), have been measured between two

operating auxiliary diesel engines and in the vicinity of
Table 1. Averaged values of the sound levels in dB(A) at various
areas in the engine room. Operational condition of
the ship: service speed

the turbocharger. In the control room and in the work-
shop the averaged sound levels are 80 and 88 dB(A)
respectively. In the Tables 1 and 2 a survey of the sound
levels averaged per deck is given.

6.2. Noise doses

In the Tables 3, 4 and 5 the results of the noise dose
measurements, the L.,’s and the exposure times are
given. From the routes, the exposure time and the
measured sound levels L,’s are calculated, which was
only possible with respect to the inspection watches.
The results are given in Table 6. _

Two different types of L., are used in the Tables 3-6:
L. and L.,. L, is the L., for the time 7 which
equals the exposure time and L., where for the time
T eight hours is chosen:

1 T
L., = 10log {ijz(t)dt} (1)
0
where p = rms-value of the sound pressure at the time ¢
T = total time taken into consideration.

When using for 7 the duration of the measuring period
L., is proportional to the time-averaged energy of the
sound, supposing the integration time is sufficiently
long. This quantity is used to investigate if space-
averaged sound levels can be used in stead of L.,.

The calculated L., are obtained by using the relation

T
L., = 10log {%j IOL"“’-dt} (2)
0 .

where L, = sound level at time ¢
T =total time =) 1,.

Table 2. Averaged values of the sound levels in dB(A) at various
areas in the engine room. L
Operational condition of the ship: in the harbour

level of the level of the
mean-square mean-square
space space
average averaged average averaged
value of A-weighted value of A-weighted
number of sound sound number of sound sound
measuring levels standard  pressure measuring levels standard pressure

area positions (1;) deviation (L3) area positions (E) deviation (Ly)

deck 1 (floor) 53 94.5 27 95.3 deck 1 (floor) 37 91.3 4.5 93.6

deck 2 39 92.6 3.2 93.4 deck 2 19 87.5 2.7 88.3

deck 3 42 90.0 4.2 91.8 deck 3 24 83.2 2.6 83.8

deck 4 1 88.0 - 88.0 deck 4 1 84.0 - 84.0

deck 5 5 89.0 21 89.4 deck 5 4 81.8 2.1 82.1

deck 6 9 87.0 1.3 87.2 deck 6 7 82.3 1.6 82.6

deck 7 9 85.6 1.1 85.7 deck 7 9 80.9 0.8 81.0

shaft tunnel 4 85.8 1.5 86.0 control room 3 78.0 0.0 78.0

control room 4 79.8 1.0 79.8 workshop 2 81.5 0.7 81.5

workshop 2 87.0 0 87.0 deck 1, near

store 6 77.3 29 78.2 aux. diesel

deck 1, near engines 16 94.7 4.1 96.1

aux. diesel decks 1-7 101 86.7 52 90.3

engines 20 97.2 1.7 97.4 decks 1-3 80 88.0 5.0 91.1

decks 1-3 134 92.5 3.9 93.9




For the normal watches reported in Table 3, L., could
be calculated very precisely because the exposure times
during the rounds at each of the measuring positions
in the engine room were known (Table 7).

Additionally the L,  was calculated using a less fine
division e.g. the exposure per deck (Table 6).

For the assessment of the noise exposure in relation
to hearing impairment L., must be known for a period
of 8 or 40 hours. The L., to which an engineer is exposed
during an 8-hour working day can be obtained by
addition of two L., each of which being obtained
during a 4-hour watch following the power law

Leg,,. = 101og (10%<2/10 4 [0F=e/10)

€qrot

The L.,,’s given in the Tables 3, 4 and 5 are thus giving

€qs

Table 3. Survey of the measured Leqm and Leqa in dB(A) to
which the watch keeping engineers are exposed during
their inspection rounds through the engine room. The
integration times used are the round duration time
(L,qm) and 8 hours (L,qs) respectively.

Operational condition of the ship: service speed

total
round watch
duration keeping
measure- round time time Leqm Lens
ment nO. no. (min) (min) (dB(A)) (dB(A))
6 1 25 162 94.8 82.7
9 2 49 250 92.3 833
14 3 88 270 95.6 88.5
16 4 21 250 96.8 84.1
26 5 25 135 - =
27 6 127 240 - ~
31 7 18 250 96.3 83.1
33 8 21 250 94.8 82.5
41 9 20 245 95.0 82.9
45 10 77 260 96.0 88.3
48 11 24 215 98.4 85.8
53 12 60 160 94.4 86.6
56 13 21 120 94.7 82.3
68 14 18 210 94.4 81.5
74 15 84 210 95.1 87.7
83 16 25 210 94.9 83.0
59 17 73 210 94.6 86.7
119 18 19 210 - -
127 19 57 210 92.6 83.9
128 20 13 210 - -
133 21 44 255 95.3 85.5
137 22 27 210 95.2 83.1
140 23 57 210 93.4 84.6
144 24 17 210 96.7 83.1
145 25 86 210 95.4 88.1
146 26 22 227 94.5 823
147 27 69 180 94.8 86.6
149 28 20 210 95.9 83.0
152 29 66 180 92.8 84.5
157 30 17 210 93.9 81.0
160 31 57 150 92.4 83.5
167 32 23 210 90.5 79.6
172 33 14 201 90.7 78.5
total number n = 33 33 29 29
average value X = 41.9 210.3 94.6 84.0
standard deviation
§= 28.8 35.8 1.7 2.5

Table 4. Survey of the measured L., of engineers who kept
watches and executed maintenance in the engine room.
Operational condition of the ship: service speed

exposure location where
measure- time Leq, Leus maintenance is
ment no. (min) (dB(A)) (dB(A)) executed*

4 165 91.8 82.2 -
5 218 93.9 90.5 -
8 240 91.5 88.5 -
15 265 98.3 95.7 aux. diesel engines
17 220 99.3 959 aux. diesel engines
19 215 96.0 92.5 aux. diesel engines
22 240 94.5 91.5 -
23 245 99.4 96.5 aux. diesel engines
25 253 98.6 95.8 aux. diesel engines
29 245 94.9 92.0 -
30 290 98.3 96.1 -
32 250 97.0 94.2 -
34 250 98.3 95.5 -
35 185 89.6 85.5 deck 6
36 185 88.8 84.7 deck 6
37 185 94.3 90.2 -
38 200 92.9 89.1 -
39 245 98.9 93.7 E
40 245 87.2 82.0 -
42 120 100.0 94.0 aux. diesel engines
46 240 98.2 95.2 -
47 260 95.9 93.2 -
49 215 98.1 94.6 aux. diesel engines
50 215 100.0 96.5 aux. diesel engines
51 240 94.7 91.7 -
54 155 98.1 93.2 aux. diesel engines
58 120 97.4 914 -
60 210 92.2 88.6 -
64 235 90.7 87.6 deck 7
66 235 94.6 91.5 deck 1
69 60 88.8 79.8 deck 1, 2
70 235 95.1 92.0 -
71 235 94.7 91.6 E
72 235 97.2 94.1 -
73 240 94.6 91.6 -
.75 185 95.9 91.8 deck 1
76 185 96.1 92.0 deck 1
77 180 90.4 86.1 deck 3
129 210 99.4 95.8 aux. diesel engines
130 210 98.1 94.5 aux. diesel engines
131 210 97.9 94.3 aux. diesel engines
134 255 98.8 96.1 main engine
135 240 97.3 94.3 main engine
138 210 99.1 95.5 aux. diesel engines
139 210 97.9 94.3 aux. diesel engines
141 180 98.0 93.7 aux. diesel engines
142 180 98.2 93.9 aux. diesel engines
143 180 89.7 854 deck 6, 7
150 210 924 88.8 deck 3
151 210 91.0 874 workshop
153 180 91.7 87.4 workshop
154 180 86.4 82.1 -
155 210 94.2 90.6 -
159 210 90.3 86.7 -
161 155 93.6 88.7 deck 1
162 210 94.0 90.4 deck 1
163 210 88.7 85.1 deck 3
164 210 99.0 95.4 deck 1
166 210 99.6 96.0 deck 1
168 210 94.3 90.7 -
170 210 92.6 89.0 -
171 210 95.0 91.4 -
n= 62
W= 210.5 95.1 91.2
5 = 38.0 3.6 4.1

* When the location is not given the maintenance was carried
out throughout the entire engine room.



no complete information about the noise exposure
because only one four-hour watch was considered
whereas the additional duty time, spent in the engine
room performing maintenace, was neglected.

7 Discussion of the results

7.1

The highest sound levels measured in the engine room
of the m.v. “Trident Amsterdam” appear to be 100
dB(A) (Table 1, Appendix).

During sailing conditions only at tanktop and at the
decks 2 and 3 the averaged values of the levels per deck
exceed 90 dB(A) (Table 1). For the harbour condition
this is only at tantop the case (Table 2). The highest
levels occur near the auxiliary diesel engines and in the
vicinity of the turbocharger of the propulsion engine.
The averaged value of the measured L., of the inspec-
tion watches appears to be 94.6 dB(A), or rounded to
the nearest whole decibel: 95 dB(A) (Tables 3 and 9).

The similar values of the calculated data are (round-
ed) 94 dB(A) which is in good agreement with the
measured value. The standard deviations are low for
the measured as well as for the calculated data and
from the Table 7 it appears that the L, ’s deviate very

Table 5. Survey of the measured L., of engineers who kept
watches and executed maintenance in the engine room.
Operating condition of the ship: in the harbour

exposure location where
measure- time ch,,, chs maintenance is

ment no. (min) (dB(A)) (dB(A)) executed

10 260 . 92.9 90.2 -

11 260 90.9 88.3 entire engine room
12 260 93.6 90.9 deck 1, main engine
13 252 89.4 86.6 -

78 210 94.8 92.1 -

79 210 94.2 90.6 -

81 210 97.3 93.7 deck 2, compressor
88 215 92.5 89.0 entire engine room
89 215 92.7 89.2 deck 1, 2

90 210 91.9 85.9 entire engine room
96 210 91.2 85.2 prop. shaft tunnel
98 240 92.4 89.4 deck 1, 2

101 210 91.7 85.7 deck 3, main engine

102 210 86.5 80.5 entire engine room

104 210 86.2 80.2 workshop

108 240 90.8 84.8 engine room

112 210 89.4 834 -

116 210 93.1 87.1 deck 2,

location 02/50-51

117 210 90.0 84.0 -

118 210 89.3 83.3 deck 3,

location 01/51-54
123 280 92.7 90.3 deck 1,

location 01-02/51-54
124 280 90.6 88.3 deck 1,

location 01-02/51-54

n= 22

F= 228.3 91.6 87.2

5= 25.4 2.6 3.6

little from round to round. This is mainly caused by
the fact that about 18 minutes of the round duration
time of 42 minutes (averaged values, see Table 6) are
spent at tanktop, where the highest levels are present.

Also from Table 7 it appears that, from a statistical
point of view, it makes little difference (0.3 dB(A)) if
the L., is obtained by using observations about the
position of an engineer, made every 30 seconds or less,
or by using the exposure time per deck combined with
the level of the méan-square space averaged A4-weighted
sound pressure Ly per deck (Table 6). The calculated
L.,, equals Lz when the latter is obtained from the
sound pressures measured at the three lowest levels in
the engine room (93.9 dB(A), see Table 1). This certain-
ly will not be a coincidence but will probably differ
slightly from ship to ship. :

Table 6. The L, to which watch keeping engineers are exposed

during their rounds through the engine room, calcul-
ated by using the exposure times per deck and the
averaged sound levels Ly at each of the decks in the
engine room; obtained from Table 1.

Operational condition of the ship: service speed

time spent (min) during round total
at deck no. time
ata calculated

round 1 2 3 6 i shaft round Lea,
no. (flodr) ' tunnel (min) (dB(A))

1 12 3.10 0 0 0 25 %40

2 0 32 17 0 0 0 49 929

3 45 22 15 4 2 0 88 94.1

4 9 4 8 0 0 0 21 939

5 S 10 10 0 0 0 25 933

6 51 23 35 12 2 4 127 935

7 6 8 4 0 0 0 18 939

8 7 5 9 0 0 0 24 93.6

9 8 6 6 0 0 0 20 934
10 39 23 13 4 2 6 77 943
11 13 5 6 0 0 0 - 24 943
12 33 9 9 2 2 5 60 940
13 12 3 6 0 0 0 21 943
14 9 4 5 0 0 0 18 944
15 37 23 16 2 1 5 84 938
16 10 7 8 0 0 0 25 939
17 42 14 8 2 2 5 73. 94.1
18 6 9 4 0 0 0 19 939
19 26 13 10 0 0 8 57 936
20 6 4 3 0 0 0 - i3 941
21 18 10 9 2 2 3 4 935
22 18 4 5 0 0 0 27 94.6
23 26 12 9 1 2 7 - 5T 93.7
24 8 4 5 0 0 0 17 941
25 37 20 16 2 2 8 86 93.7
26 12 8 2 0 0 0. 22 944
27 31 10 14 5 4 0 69 93.5
28 11 5 4 0 0 0 20 943
29 31 17 7 2 2 7 66 93.8
30 8 4 5 0 0 0 17 94.1
31 13 17 16 3 1 7 57 929
32 13 4 6 0 0 0 23 943
33 5 4 5 0 0 0 . 14 938
n= 33 33 33 33 33 33 33 33
X= 18.4 10.5 9.2 1.24 0.61 197 41.9 939
s = 13.9 240 1.03 297 - 28.8 04

7.6 6.3




For the watches which are spent on maintenance the
average value of the measured L., is 95.1 dB(A) (Table
4), which is only 0.5 dB(A) higher than the L., of the
inspection watches. The measured L.,  appears to be
one dB higher than Lj of the three lower decks, which
is 94 dB(A). This is mainly caused by the high L.,
occuring during maintenance work with respect to the
auxiliary diesel engines when the averaged value of
L., appears to be 99 dB(A) (Table 9).

From Table 1 it appears that the Lz obtained from
the sound levels measured near the auxiliary engines is
about 97.5 dB(A), which is only one dB lower than
L., (unrounded 98.5 dB(A)).

During the majority of the maintenance work the
average value of L., is 94dB(A) (Table 9) which
equals L of the three lower decks.

For the harbour condition (Table 5) the L., _ of 91.6
dB(A) is 0.5 dB higher than the average value of the
sound levels at the three lower decks.

So it may be concluded that aboard the ship con-

Table 7. The measured and calculated L., for the inspection

watches
Leqm Leqm
calculated calculated
using routes using exposure
Leg, and Ly per area time per deck
round measured of .5x1.5m and Ly per deck
no. (see table 3) (see table 6)
1 94.8 92.3 94
2 92.3 91.8 92.9
3 95.6 93.7 94.1
4 96.8 93.1 93.9
5 - 94.0 93.3
6 - 934 93.5
7 96.3 92.7 93.9
8 94.8 93.2 93.6
9 95.0 94.1 93.4
10 96.0 92.4 94.3
11 98.4 93.9 94.3
12 94.4 92.9 94.0
13 94.7 94.3 94.3
14 94.4 96.7 94.4
15 95:1 93.2 93.8
16 94.9 93.8 93.9
17 94.6 93.7 94.1
18 - 92.1 93.9
19 92.6 93.0 93.6
20 - 9.1 94.1
21 95.3 93.7 93.5
22 95.2 95.7 94.6
23 93.4 92.3 93.7
24 96.7 94.2 94.1
25 95.4 934 93.7
26 94.5 94.5 94.4
27 94.8 93.7 93.5
28 95.9 94.8 94.3
29 92.8 94.1 93.8
30 93.9 94.1 94.1
31 924 924 92.9
32 90.5 94.0 94.3
33 90.7 93.8 d 93.8
n= 29 33 33
X = 94.6 93.6 93.9
§ = 1.9 1.0 0.4

cerned the measured L.,  agree with the averages of
the levels L; measured at the three lower decks in the
engine room except with respect to the maintenance
work concerning the auxiliéry diesel engines where the
sound levels in the vicinity of these engines are respon-
sible for the L.,.

Table 8. The measured and calculated Leq, for the inspection

watches
Leq,
Leqs calculated
calculated using
round Leq, using Lj averaged
no. measured L7 per area per deck
1 82.7 80.6 82.0
2 833 829 83.8
3 88.5 86.7 87.1
4 84.1 81.3 81.9
7 83.1 79.8 81.2
8 82.5 81.4 81.5
9 82.5 81.8 81.3
10 88.3 84.6 86.7
11 85.8 82.6 824
12 86.6 84.2 85.2
13 823 82.0 82.0
14 81.5 83.3 81.5
15 87.7 85.9 86.5
16 83.0 82.1 82.2
17 86.7 85.8 86.2
19 83.9 84.3 84.8
21 85.5 84.1 83.9
22 83.1 83.9 83.0
23 84.6 83.7 84.9
24 83.1 81.2 81.1
25 88.1 86.2 86.5
26 82.3 82.3 822
21 86.6 85.6 85.4
28 83.0 82.1 81.8
29 84.5 85.8 85.5
30 81.0 81.1 81.1
31 83.5 83.5 84.0
32 79.6 82.0 822
33 78.5 80.3 80.3
n= 29
X= 84.0 83.1 83.4
g = 2.5 1.9 2.1

Table 9. Summary of the averaged values of the results of the
noise dose measurements. The L., and their standard
deviation s levels (in dB(A)) are given using the meas-
uring time (L,qm) or 8-hours (Leqs) as the integration

time
number of
measuring conditions measurements Leqms ch,,s
1. sailing, inspection 29 95 1.7 84 2.5
watches
2. sailing, maintenance 62 95 3.6 91 4.1
watches
2a. from 2, maintenance 16 9 1.0 95 1.2
of auxiliary diesel
engines only
2b. other maintenance 46 94 34 90 4.0
watches than 2a
3. in harbour, watches 22 92 2.6 87 3.6

and maintenance

—



Table 10. Comparison between the L., obtained by measurement using noise monitors and by calculation using measured sound

levels and exposure times

Leq, Leq, calculation based on
measured  calculated : .
measuring conditions (dB(A)) (dB(A)) LAi during 1;(min) table no.
1. sailing, inspection watches 84 83/83 many data 8
84 94  (decks 1-3) 42 1,6
80 (control 21042 1,3
room) =168
2. sailing, maintenance watches 91 90 94  (decks 1-3) 211 1,4
2a. from 2, maintenance of auxiliary diesel engines only 95 94 97  (deck 1, 207 1,4
near aux.
diesel eng.)
3. in harbour, watches and maintenance 87 88 91  (decks 1-3) 228 2.5
7.2 number of
measurements
. ; d s
To evaluate the noise exposure of the engineers with [~ [ one messurement
respect to the hearing impairment noise limit, L., based L r
on an integration time of 8 hours, L., is used. i
The values of L., calculated by using the measured 5 |-
L., and the exposure times, are given in the Tables 3, -
5 and 8. This incorporates that when calculating L., i
it is supposed that within the total time of 8 hours only - T |
» . 0 it
exposure to sound in the engine room and control 75 80 85 90 dB(A)

room exists. Moreover, L., is calculated using the
exposure during a 4-hour watch which includes that
the L., given in the tables do not directly give an im-
pression about the total noise exposure per week-day,
which will be discussed in the next paragraph. In the
Figs.1-3 the distribution of the levels is illustrated.
Only the L, measured during inspection watches (Fig.
1) and during maintenance work at the auxiliary diesel
engines tend to a normal distribution of the levels. How-
ever, the amount of data is too small in fact to arrive
at conclusions in this respect.

The L., shows in general a higher standard devia-
tion than the L., which is caused by the deviations of
data of the exposure times.

The averaged value of L., of the inspection watches,
84 dB(A), appears to be 7 dB(A) lower than the L.,
of the maintenance watches which is due to the short
exposure time during the rounds through the engine
room. The L., calculated by using the sound levels and
exposure times are given in the Tables 8 and 10. The
calculated levels are in good agreement with the mea-
sured levels if for the calculation the right assumption
about the levels to be used is made and the average
exposure times, given in table 10 are used. The assump-
tions are
1. the mean-square space averaged A4-weighted sound

pressure level Lz may be used

2. the L; of the three lower levels in the engine room
determines L., during sailing and the Lz of the
floor during harbour conditions

3. when maintenace work is executed the levels in the

i Leqs

Fig. 1. Distribution of the equivalent sound levels (reference
time: 8 hours) measured during the normal four-hour
watches at service speed condition.

number of
measurements

10[—

E] one measurement

-

=

L]

100 dB(A)

L4

e Lty

80 90 95

Fig. 2. Distribution of the equivalent sound levels (reference
time: 8 hours) measured during the four-hour mainte-
nance watches spent in the engine room. The shadowed
area refers to measurements during watches during which
auxiliary diesel engines were repaired.

number of
measurements

5 [:] one measurement

L [ 11,

95

80 85 90 dB(A)

—_— Leq8
Fig. 3. Distribution of the equivalent sound levels (reference

time: 8 hours) measured during the watches at harbour
conditions.



vicinity of the engine(s) involved can be used to

calculate L3.
Because the L., based on the measured data may be
considered as a sample of the total collection of occur-
ring L., it can be stated that the average value of these
measured L., is a good rating for the real L., with
inaccuracy of +1dB (inspection and maintenace,
Tabels 3 and 4) or of +1.5dB (harbour, Tables 5)
within a confidence range of 95%.

Calculation of L., increases this inaccuracy only

slightly.

8

13

To assess the noise exposure per week for an engineer
aboard the m.v. “Trident Amsterdam” the distribution
of the two types of watches during a week has to be
considered. Aboard the ship an engineer keeps two
four-hour watches a day and in a period of three days
two inspection watches and four maintenance watches.
This scheme is continued for long periods, seven days
a week. So it is obvious to consider the L, for a period
of six 4-hour watches, giving 24 hours exposure-time.
To obtain L., for one watch 5 dB has to be subtracted
from the respective L., :

5dB

Ley,, = Leg,—10l0g24/8 = L

eq2a eqs

The resulting L.,,, of six 4-hour watches can now be
derived by addition of the six L.,,, following the power
law:

€q24

L., = 10log(10%£ 4 10°%112, 4 10%1Ls)

For two inspection- and four maintenance watches,
using the data of table 10 from which 5 dB are sub-
tracted, the resulting L., becomes:

L., = 101og(10"°4+107° +10%° 4+ 10%° +

€q24

+10%°+10%°) = 92.5 dB(A)

When in all periods of 24 hours this L., occur the L.,
in a working week of 56 hours is 92.5 dB(A). The con-
tributions of the inspection and the maintenance watch-
es to this level are 82 and 92 dB(A) respectively.

In [2] a working week of 40 hours is used. It is not
known at the moment if the risk of hearing impairment
increases when the number of working hours per week
increases. Supposing the equal energy concept, on
which [2] is based, is also valid for periods with more
than 40 hours, the L., for a 40-hour week would be
94 dB(A).

In the introduction it is mentioned that, to be sure
that the limit of 90 dB(A) at the protected ear is not
surpassed, the level in the engine room would not ex-
ceed 98 dB. The L., is 4 dB lower which involves that

€qa40

10

it is unlikely that the sound level at the ears, when using
earmuffs would exceed 86 dB(A). From some experi-
ments carried out aboard it appeared that inside the
earmuffs the sound level was lower than 80 dB(A). So,
when using earmuffs, the engineers aboard the m.v.
“Trident Amsterdam”™ have a low risk of hearing im-
pairment.

8 Conclusions

1. The direct measured and calculated equivalent con-
tinuous sound levels L., being the continuous levels
which would result in the same amount of sound
energy as it would be in the case for the varying
levels, proved to be in good agreement.

2. For this particular ship the level of the mean-square
space averaged sound pressure p> measured at the
three lowest levels in the engine room appears to
offer a reliable base for the calculation of L.,.

3. The method by which the data is gathered needs no
further improvement. The necessity of having a
person aboard whose task is to coach the engineers
with respect to the use of the noise monitors and to
administrate carefully the exposure times appeared
clearly during the interpretation of the results.

4. The L., for a 56-hours week appears to be 92.5

dB(A). This level is composed of a contribution of
82 dB(A) caused by the exposure to noise during
the inspection watches and by a contribution of
92 dB(A) caused by maintenace work.
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APPENDIX

Table 1. Survey of sound pressure level measurements

- GPERATING CONDITION : 1 = AT SERVICE SPEED
2 = IN THE HARBOUR

- 1 = 171 OCTAVE BAND LEVELS
- LOCATION IN : = VERTICAL DIRECTION (DECK. NO.)
- ATHWARTSHIP'S DIRECTION

r - FORE AND AFT DIRECTION

coessss
_L - MEASURING HUASER

MEASUR- SOIND=-tR=- CENTRE F<TQUENCY OF OCTAVE BANDS IN HZ
ING LEVEL=NUM=cemcmm e m e me e e e e s e s cccecc e m—e e
NUMBE R ep®  8ER 31.5 63 125 250 500 1K 2K 4K 8K
1110125 RR B4 99 98 9) B89 B7 82 78 71 173
1110130 RS By 95 9K B9 #H6 B2 BO 76 70 72
1110135 85 B0 101 96 AR9 85 83 80 77 71 68
1110140 AS RO 161 93 88 85 83 B0 77 72 68
1110145 92 89 G) 87 KR8 B9 9) B7 B85 76 72
1110146 9] 8”7 92 Y5 H7 H9 89 8o B85 77 173
1110247 93 &9 99 32 90 91 91 88 86 79 TS
11102465 94 91 393 95 90 92 93 ©9 87 80 77
1110250 G4 91 95 93 %0 93 93 &9 87 80 77
1110251 95 92 95 93 91 93 94 9u BT 80 77
1110252 96 94 93 92 906 95 96 91 B8 81 78
1110253 94 93 92 2 91 94 95 91 B9 82 78
1110254 95 62 93 95 9) 94 94 91 BH 81 78
1110255 G 92 93 97 BA 95 94 91 88 81 T8
1110256 96 G2 97 S« #Y 94 94 92 BB B2 79
1110258 94 91 91 93 87 393 93 S0 &7 81 77
1110345 9> 89 3] 9y 48 B89 91 87 B4 77 173
1110447 J4 91 92 95 99 91 93 kK9 BT 81 78
1110449 98 94 9] Y« 91 93 96 G2 92 8o Bs
1110450 95 6 93 94 91 32 98 Y& 33 BT 8B&
1110451 100 92 G4 93 92 93 160 95 93 B7 8¢
1110452 97 S& 91 %+ Y1 93 94 93 S0 83 4l
1110455 33 96 9y 31 €9 94 9~ 93 91 B3 8]
11104546 $7 94 92 91 S]1 93 95 95 91 B3 81
1110457 97 94 9] 32 91 93 96 93 97 83 82
1110457 96 92 92 &4 AR 93 95 %1 A9 83 B8]
1110548 94 91 91 35 89 93 93 90 87 81 78
1110550 98 96 95 %3 91 95 98 9« 90 B84 80
1110552 99 96 93 93 90 94 97 96 91 B85 83
1110554 97 92 94 93 Y1 93 94 93 90 84 81
1110555 97 93 94 %& 90 94 95 93 91 84 81
1110556 99 96 95 93 90 94 97 94 94 87 83
1110557 99 96 95 94 90 94 98 93 93 87 84
111055¢ 97 94 94 93 BE 94 94 92 92 86 87
1110660 94 91 95 94 91 94 93 90 86 79 177
1111158 94 93 89 B9 39 94 92 B9 87 79 7S
1111245 9p &5 92 B85 B87 88 88 85 83 75 71
111124€ G2 B9 92 92 vp 88 89 86 BT 77T 73
1111249 92 B8 94 95 91 91 89 B7 86 77 T2
1111250 95 94 96 93 90 90 89 87 92 771 172
1111251 9% 92 95 9« 90 91 89 87 90 78 72
1111252 93 91 65 93 89 91 90 87 89 78 72
1111253 9% 93 9 91 91 90 91 87 91 78 72
1111254 94 92 93 92 89 91 91 B8 90 78 71
1111255 93 90 93 9z 90 90 91 &7 88 78 171
1111256 93 9n 92 9Z B9 90 90 88 88 78 72
1111258 94 90 R9 Iy 8BS 92 92 B9 88 79 75
1111347 9] BB 91 89 89 88 39 86 B6 77 712
1111355 92 88 90 90 87 91 90 &7 B6 T9 T4
1111446 89 85 95 bBY 86 B87 88 B4 83 T4 69
1111447 9] 87 93 B89 B9 B8 89 B6 8BS 77 72
1111459 9] BB 92 9) bh 90 8B Bo B6 T6 70
1111452 93 92 91 91 o6 88 89 B6 90 77 70
1111454 92 B8R 93 B85 H6 89 B89 E7 86 78 T2
1111457 93 90 88 91 H8 91 90 B8 88 80 7S
1111458 93 RS 92 K7 BT 90 91 83 86 80 75
1111549 9] BE 94 9) ©87 689 88 o6 B6 T6 72
11201458 93 9] 93 8y #8 90 90 88 B89 79 7S
1120157 92 89 88 94 5B 92 91 B9 B6 79 T4
1120158 93 89 B3 92 88 91 91 BS B7 79 74
1120249 93 9¢ 90 90 89 91 91 87 88 81 81
1120250 93 #8S 90 %0 90 92 91 &s B7 82 80
1120251 95 99 92 89 90 92 92 B9 B8 B84 84
1120252 93 93 92 2 3I1 92 92 Su 88 82 81
1120253 95 91 92 B9 991 92 93 S0 88 81 19
1120254 95 9¢ 91 S1 J0 93 92 9c 88 82 80
1120255 92 89 gp 87 8BS 92 91 &7 B4 77 T4
1120256 94 Sz 9] B87 89 93 92 85 87 80 78
1120257 9« 95 B89 By 89 92 92 89 B7 80 76
1120258 931 SC B9 S0 mE 91 90 BS 88 79 75
1120348 o3 79 B9 B4 B3 82 B2 78 T4 65 61
1120357 93 KS B9 92 88 91 91 B9 BT 79 77
1120451 81 77 88 83 82 80 79 77 73 63 61
1120453 8) 75 B4 B2 79 80 78 75 72 61 58
1120455 79 75 B85S B4 T8 79 77 715 71 60 Sé
1120457 79 74 B2 83 77 BO 77 T4 72 61 58
1120547 B4 B0 B7 88 bS5 83 83 79 75 65 60
1120549 86 &2 91 88 ®87 87 85 81 77 68 63

Table 1.

(continued)

MEASUR~- SOUND=-NR- CENTRE FREQUENCY OF OCTAVE BANDS IN HZ
ING LEVEL=NUM===cce= -

NUMBER *A® BER 31.5 63 125 250 500 1K 2K 4K 8K
1120555 RR B4 101 93 86 B9 B7 B3 79 69 64
1120559 B7 B3 92 8» 83 87 86 83 79 70 67
1120649 87 83 93 B89 B9 89 B8k B2 T8 69 65
1120651 91 83 9] 87 Y1 9 90 87 B0 71 66
1121148 9% 93 93 30 88 91 90 88 91 79 T4
1121157 94 92 90 93« 89 91 91 B89 90 80 74
1121158 94 91 K9 32 88 91 91 89 B89 79 T4
1121249 96 96 91 91 90 Y0 B9 B9 94 82 74
1121251 97 96 94 93 Y1 92 90 91 94 83 80
1121254 96 94 94 96 90 91 91 B89 92 82 80
1121256 94 92 92 9+ 89 93 90 89 90 80 75
1121358 93 94 R9 92 BB 91 90 88 88 78 73
1121449 93 9) 9] 32 B9 90 88 B7 89 78 69
1121451 94« 94 93 9 w6 89 88 B7 92 79 71
1121453 95 94 G0 90 88 89 88 88 92 81 Ta
1121455 35 94 94 94 BT 90 89 88 92 80 73
1121456 93 91 94 93 87 90 89 88 B89 78 72
1121453 94 93 93 Y2 87 90 89 87 91 77 70
1121550 94 94 92 IS5 89 88 87 86 92 78 70
1121556 92 92 92 I3 87 BB B8 BT 90 78 72
1121558 94 93 93 91 85 89 89 87 91 78 72
1121649 92 Gy 9] B9 B8 89 RB 86 BB 76 68
1130148 9] 87 90 90 w86 87 86 87 B85 76 172
1130157 9] &7 R7 G91 89 B8R B8 87 B4 TS5 T2
1130249 9] 87 B9 90 A9 88 87 87 8BS 76 172
1130250 9] A8 H9 B8Y 89 88 88 88 B85 77T 73
1130251 92 &9 39 9 89 ©8 87 B89 B85 77 73
1130252 93 91 K9 %1 w©89 87 88 91 86 77 73
1130253 93 91 89 Y] ¥y =8 B89 91 BT TT T4
1130254 97 91 A3 Y9 HY B8 89 91 86 TT T4
1130255 9] B2 K7 Yy BB 87 83 88 385 77 76
1130256 9) &7 87 91 89 o©7 88 87 B85 76 173
113025R 9] B7 48 b8 88 B89 89 87 84 TT T2
1130348 S, &7 91 B9 86 87 87T 86 B85 76 T2
1130349 9; AT B9 9) b6 86 87 87 Be T6 T2
1130454 9. K7 89 87 #8 87 83 87 83 75 72
1130456 89 86 89 B8 87 87 87 86 81 73 71
1130458 89 B84 90 B7 86 86 87 B84 B2 73 69
1130548 85 82 90 82 81 B4 83 82 77 70 66
1130549 84 80 89 82 83 82 82 B0 77 69 66
1130654 87 84 B84 BS B85 85 85 B4 79 71 67
1130658 87 84 83 B6 B85 86 85 B4 B0 T2 67
1130747 81 77 95 B84 79 80 78 77 73 64 60
1130750 83 79 91 82 84 83 81 79 73 66 63
1130752 83 78 96 B6 8B4 B85 81 78 73 67 65
1130756 87 83 87 83 84 86 85 83 Bl 72 66
1131149 90 87 93 92 90 88 87 87 B4 75 72
1131150 92 B89 87 93 88 88 87 88 B7 76 173
1131156 9] 88 88 91 90 89 88 88 B85 76 T2
1131157 92 88 87 93 89 89 89 88 86 TT 73
1131158 92 88 89 89 89 90 89 88 B6 TT7T T2
1131248 92 91 92 932 87 88 86 BT B89 78 73
1131250 93 90 92 94 90 89 88 89 BB B0 T4
1131251 92 R9 94 94 89 87 88 B9 85 78 75
1131255 93 90 91 S0 93 92 89 89 88 76 173
1131256 94 91 94 9% 91 87 89 89 89 81 75
1131257 92 B89 92 932 89 88 90 88 BT 78 72
1131258 92 B8 89 90 88 89 90 88 85 78 72
1131352 97 97 94 95 94 89 89 90 95 84 75
1131353 100 98 96 95 92 89 91 97 96 80 76
1131354 96 95 96 95 Y2 89 90 91 93 84 76
1131448 87 B4 9y B6 8BS B84 83 83 82 74 67
1131453 79 74 87 B4 78 78 75 74 72 62 S5
1131458 82 79 88 79 719 80 78 71 17 67 61
1131548 85 83 B7 87 82 81 79 81 81 72 67
1131549 8BS B4 8B7 83 83 82 79 80 82 71 65
1131554 77 73 83 B0 80 78 75 72 71 62 55
1131748 B2 78 86 B85 82 79 78 71 76 69 64
1131750 82 79 88 83 ©2 B0 76 77 771 68 62
1131753 73 69 93 7¥y 76 715 70 69 66 57 50
1131756 76 71 92 19 17 76 73 71 69 60 5S4
1131758 78 75 &2 717 171 11 1S T4 713 63 56
1140348 88 B85 90 %2 86 B4 B85 85 B2 73 70
1150148 88 65 92 91 83 ©85 83 85 83 73 70
1150250 91 88 91 91 87 87 86 B8 B4 T6 T3
1150348 86 82 96 91 B4 8] 83 82 B0 70 68
1150351 9] 88 93 93 88 &8 87 88 86 76 13
1151248 B9 86 95 Bb B« 82 85 86 B4 75 71
1160152 88 B85 90 &9 89 85 85 85 81 73 70
1160250 86 B3 95 &9 &6 B2 82 82 19 72 17
1160251 87 83 93 88 87 85 83 83 81 T1 72
1160253 89 B86 91 88 B85 B84 85 85 B4 73 To0
1160255 88 B85S 91 92 86 84 85 BS 82 72 69
1161150 85 81 91 90 87 82 82 Bl 77 69 69
1161155 89 86 B7 89 88 85 85 85 B4 73 69
1161250 86 82 90 B6 88 B3 B3 82 719 70 67
1161251 88 B4 93 B9 BT B8 86 B4 T9 71 68
1170152 86 82 87 91 88 83 82 82 79 69 66
1170249 84 RO 93 93 B87 481 81 B0 77 69 70
1170251 86 B3 90 93 B8 64 B84 B3 77 70 68
1170253 87 83 B8 87 86 B3 84 B3 B0 70 67
1171149 84 B1 87 88 85 81 82 81 77 69 66
1171151 85 B2 86 89 BT 82 82 82 719 69 66
1171153 B ©83 86 92 B9 63 83 83 79 T0 67
1171251 85 81 86 Bs B8 83 82 81 79 68 65
1171254 87 B4 91 90 89 82 83 84 19 70 66
1180151 87 B9 94 100 99 85 81 81 77 69 63
1180152 R4 BO 94 96 S0 B4 81 80 76 69 63
1180153 85 81 96 95 90 87 79 80 77 69 63
1180154 RS B2 96 97 93 B85 80 80 77 69 63
1181151 85 B2 94 96 93 B85 81 80 76 68 61



Table 1. (continued) Table 1. (continued)

MEASUR- SOUND-NR- CENTKE FREQUENCY OF OCTAVE BANDS IN HZ  MEASI2- SOUND=N<- CENTRE FREUUENCY OF OCTAVE BANDS IN HZ
ING LEVEL ~NyMe == s e m e e e e s e me e e e s e s S S e e o - ING LEVEL-NUMmm—mmmc e c e e mcme—cacan——————
NUMBER ®Ae 3EZR 31.5 63 125 250 S90 1K 2K 4K 8K MIJMBE®R eAs 2TZ 31.5 63 125 250 500 1K 2K 4K 8K
1181154 84 80 96 90 90 84 79 80 77 70 63 2161251 Re 79 34 B3 86 35 82 19 74 68 63
1181155 8s B0 97 96 92 82 719 79 71T 69 63 2170152 32 78 A3 93 588 32 81 717 13 67 61
1181251 86 86 95 101 97 85 80 80 76 68 61 2170249 8y 76 &5 90 86 79 79 T4 69 64 61
2110125 77 74 85 9 75 78 75 71 65 57 S0 2170251 Al 77 35 91 8e 32 80 76 T1 65 60
2110130 79 78 B2 97 79 76 79 74 69 61 56 2170253 80 76 84 99 85 82 79 75 T1 64 S3
2110140 83 80 82 79 80 82 83 78 73 67 63 2171149 35 76 32 88 83 80 79 76 71 64 58
2110146 92 90 89 88 87 88 92 86 84 79 76 2171151 82 78 33 91 B6 B8l 80 78 T4 67 62
2110247 94 91 91 87 ¢8 %0 93 89 86 81 78 2171153 81 76 24« 93 85 80 79 716 12 66 60
2110249 97 93 S0 91 89 93 95 91 90 B85S 84 2171251 81 77 85 89 86 81 80 77 72 64 S9
2110259 98 94 92 93 86 92 96 93 91 86 83 2171254 81 74 B35 86 B85 B3 79 76 72 65 S8
2110251 93 95 93 95 90 93 97 94 91 85 83

2110252 98 94 92 96 89 92 96 93 91 85 81 et
2110254 95 92 90 99 86 92 94 90 87 80 76

2110256 92 89 92 9 B85 89 91 88 83 77 72

2110345 92 91 35 83 86 89 93 87 83 77 T4

2110449 96 93 87 9 91 93 95 91 90 85 82

2110459 99 96 89 100 92 94 98 94 93 87 84

2110651 99 97 88 37 91 93 99 94 93 85 83

2110453 95 92 85 92 B89 90 9 91 87 80 78

211045% 90 87 83 86 85 87 90 86 82 75 70

2110457 89 86 83 91 84 &7 89 B85 8l 74 69

2110458 88 85 84 87 82 84 88 84 719 T2 67

2110548 94 91 86 B9 B6 92 93 89 86 80 16

2110550 97 94 94 92 96 95 96 93 90 82 80

2110552 98 96 92 92 89 95 98 94 90 83 81

2110555 89 85 87 93 83 87 88 84 B8l 74 69

2110557 89 85 87 93 d43 87 88 84 8l T4 69

2111158 A3 85 B89 92 85 86 88 83 79 73 67

2111245 90 86 92 85 85 89 89 85 82 76 73

2111249 88 84 90 87 85 89 87 83 79 74 11

2111251 87 83 94 85 38 36 86 82 718 73 67

2111253 86 82 90 91 87 36 85 81 77 72 66

2111255 86 B2 88 89 85 a5 85 82 717 72 65

2111258 . 87 83 85 90 84 BT 86 82 78 72 65

2111347 89 B85 33 87 89 91 87 85 80 75 72

2111355 86 82 84 33 84 86 85 82 T8 73 67

2111446 39 85 86 87 85 87 88 84 80 T4 70

2111450 87 83 87 85 35 85 86 82 18 72 67

2111452 87 83 34 89 42 85 86 83 80 75 69

2111454 87 83 90 88 82 86 86 8l 19 T4 67

2111457 86 82 B84 88 83 86 85 81 17 73 67

2111458 85 81 87 87 83 85 84 81 77 72 65

2120157 87 84 32 B89 82 85 87 83 19 72 66

2120249 91 89 39 84 85 89 91 85 81 75 70

2120251 91 &89 89 88 87 89 91 86 83 T7 T2

2120253 92 89 88 88 87 39 91 88 84 77 T2

2120256 90 86 84 B89 84 36 89 85 82 715 68

2120258 88 85 81 88 83 86 88 B84 80 73 67

2120453 78 7S 76 171 17 718 78 74 69 ST 52

2120455 78 74 81 81 77 17 71 14 68 56 S0

2120457 78 74 79 16 78 78 77 13 68 56 49

2120547 89 86 87 91 86 89 89 83 79 72 67

2120549 89 87 83 88 87 89 90 83 79 72 68

2120555 86 83 93 95 89 89 86 80 75 63 S7

2120559 83 80 90 87 81 84 83 78 70 60 5S4

2120649 83 85 89 B7 88 89 88 84 718 70 65

2120651 91 88 90 87 92 94 90 87 80 71 65

2121158 87 83 82 87 81 85 86 82 78 71 65

2121256 84 80 35 86 83 B84 83 80 75 70 64

2121358 85 81 83 92 80 83 84 81 76 70 65

2121451 86 83 86 B89 86 B84 86 81 716 71 64

2121653 85 81 83 82 83 84 84 80 76 71 64

2121455 84 80 82 83 80 83 83 80 76 70 66

2121645 86 83 82 86 87 35 86 81 78 73 65

2130249 B6 82 87 88 85 85 85 B8l 76 70 64

2130251 85 81 87 86 85 86 84 81 77 69 664

2130254 83 79 83 90 83 83 82 78 74 67 61

2130256 B2 79 82 90 82 B3 82 78 15 67 61

2130258 S 82 85 88 81 B2 B85 81 76 69 62

2130348 R4 B8] 86 86 42 83 84 80 TS5 69 64

2130349 86 82 B9 87 84 85 84 82 11T 70 64

2130454 86 B0 84 89 84 82 83 80 76 69 62

2130654 41 78 80 B0 80 81 81 76 71 63 56

2130558 82 78 30 79 40 81 81 78 72 64 56

2130747 78 74 95 83 80 79 77 74 68 60 56

2130750 82 73 86 ®3 d1 483 81 77 72 65 60

2130752 83 B0 S& 80U B85S 86 82 11 72 67 68

2130756 81 78 3& 3% 81 &80 81 77 72 66 56

2131157 B3 B8) B3 HB 82 82 83 19 T4 67 61

2131158 85 81 31 87 82 83 83 8l 76 69 61

2131264 &6 81 83 91 85 87 84 81 17 70 66

2131250 84 30 91 95 87 85 82 8u 15 69 64

2131251 a5 81 32 85 bsb6 86 83 81 15 67 60

2131255 R2 78 83 85 82 380 80 78 73 66 59

2131257 84 B1 88 35 82 81 B84 19 75 68 60

2131353 B3 85 96 35 48 85 87 85 719 71 65

2131354 Rl 77 B9 92 82 82 80 77 12 65 59

2131448 82 78 89 81 82 81 81 77 713 67 63

2131549 79 7S 8« E) w2 19 77 15 71 65 62

2131750 77 73 35 79 78 19 75 73 68 62 59

2140348 B+ BO 92 94 o84 B4 83 79 T4 67 62

2150148 82 78 a7 93 80 84 80 78 73 67 61

2150348 79 75 92 83 83 78 78 15 70 62 57

2150351 Ra RQ 89 89 38 B84 B3 79 75 67 63

2151248 82 7B 93 932 80 82 80 78 73 66 61

2150152 81 77 86 92 B84 81 80 17 712 66 60

21560250 B1 77 A8 S« 85 80 80 76 73 67 64

2160251 85 82 87 87 &8 B6 85 19 T4 70 68

2150253 82 78 B85 85 84 b2 81 18 74 67 62

2160255 Bl 77 84 31 81 79 79 77 12 66 60

2161155 82 78 83 93 81 80 80 78 13 66 60

- -
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deck no.1
e

uoijdoallp s,diysysemyje u juiod Bupnseasw jo uolyisod

a4 Tas 1 a6 | a7 | a8 | 49 | 50 | 51 | 52 | 53 | s4 | s5 ' s6 ' 57 | s8 1 s9 T 60

i position of measuring point in fore and aft direction

Fig. 1. View on deck no. 1 (floor). The sound levels-A measured at the several locations are given in the concerned rectangular
sections.
Operational condition: at service speed.

deck no. 2

uonoallp s«diysjiemyle uj juiod Buunseaw jo uoijisod

52 | 53 | 54 | s5

position of measuring point in fore and aft direction

Fig. 2. View on deck no. 2 (2nd Tweendeck). The sound levels-A measured at the several locations are given in the concerned
rectangular sections.
Operational condition: at service speed.
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uoljoalip s.diysysemyje ul juiod Buninsesw jo uoljisod

Fig. 5. View on deck no. 1 (floor). The sound levels-A measured at the several locations are given in the concerned rectangular

sections.
Operational condition: in the harbour.

deck no. 2

—
47 [ 48 [ 49 | 50 | 51 | 52 | 53 | 54 | 55 | 56 | 57 | 58 | 59
position of measuring point in fore and aft direction

uoijoalp s«diysyiemie ul julod Buiinseaw jo uoijisod

Fig. 6. View on deck no. 2 (2nd Tweendeck). The sound levels-A measured at the several locations are given in the concerned

rectangular sections.
Operational condition: in the harbour.
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deck no. 3

uoljoaulp sdiysjiemyje ul julod Bulinseew jo uolysod
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|
SPais

position of measuring point in fore and aft direction

50 51 52 53 54 ! 55 56 57 58 59

Fig. 7. View on deck no. 3 (Ist Tweendeck). The sound levels-A measured at the several locations are given in the concerned
rectangular sections.
Operational condition: in the harbour.

deck no.4 deck no. 5 deck no.6

il

85

51 52

deck no.8

uolnoallp s.diysysemyje ul juiod Bupnseaw jo uolyisod

49 50 51 52 53 54 55

position of measuring point in fore and aft direction

Fig. 8. View on decks no. 4-8 (A-E deck). The sound levels-A measured at the several locations are given in the concerned
rectangular sections.
Operational condition: in the harbour.
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