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Abstract

In this paper, statistical approach to prediction of A-weighted noise level in ship cab-
ins, based on multiple linear regression analysis, is conducted. The best regression for-
mula is composed of seven parameters of the deadweight, the type of ship. the location
of engines and cabins, the type of deckhouse and the propeller skew angle. Verification
work was carried out with other 210 cabins’ data in 6 ships. As a result, the formula
ensures the accuracy of 3 dB(A) in 77 % of cases.
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Table 1 Data on ships on which measures
were carried out

No.| Tppeof | pwr | Manengine Noofl pomar
1 VL.C.C. 255028 24280x 82 [ 54

2 | Container 31829 16230x 99 | 61

3 | Ore/Coal 322941 29050x 75 | 43

4 0.B.0. 96027 15300x 98 | 25

5 | Container 81777 48500x 89 | 83

6 | Ore/Coal 284497 22450x 61 | 36

7 Bulk C. 42264 7900x100 | 40

8 Bulk C. 150149 14750x 82 | 54

9 Bulk C. 148160 16280x 79 | 58

10 | LPGC. 22500 8550x107 | 85| Estimation

11 | Container | 24495 | 15500x97 | 43| ofthe

12 | Container | 24495 | 15500x97 | 48 | Parameters

13| BukC. | 146859 | 13830x75 | 29| W

regression
14 Bulk C. 38393 9610x119 | 51 model

15 | Bulk C. 38393 9610x119 | 49

16 | Ore/Coal 207346 17620x 77 | 59

17 | OrefCoal | 150977 12690x 71 | 62

18 | BukC. 149722 14650x 79

19 | BukC. 70424 9600x 83

20 | BukC. 70424 9600x 83

BIRIRS

21 | Ore/Coal 2071346 15860x 74

22 | Ore/Coal 200052 18250x 85 | 43

23 | Tanker 147348 6500x 74 | 69

24 | BulkC. 64282 10485x 95 | 58

25 | BulkC. 64282 10485x 95 | 54

26 | Product C. 36850 %10x119 | 47

27 | BukC. 122829 18050x 77 | 69

28 | BukC. 207000 14350 82 | 56

29 | Container | 207000 | 60370x100 | 54 | Verfication

30 | Container | 61777 | 48500x89 | 83| Ofthe

31| ProductC. | 66000 | o7s0xs7 | 4| DA

— 1 regression
32 | Container 61777 48500x107 | 83

equations
33 0.B.O. 102000 18850x 85 | 50
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Fig. 1 Frequency of ship associated to ship type

Frequency Histogram of SPL in Cabin

L te cabime, B3R

Fig. 2 Cumulative distribution of measured sound
pressure level in ship cabins
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3.3 SPSS (Statistical Package for the Social
Science)

2 AFqAM BAR AL vlF SPSS Inc At &
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Table 2 Parameters of regression model for noise
prediction of ship cabins

Var. Name Description

71 TSHIP Ship Type
72 TDW TDW
73 MEHP | the power of main engine [kW]

Z4 | MERPM | the rpm of main engine [min-1]

75 DGHP | the power of diesel generator [kW]

Zs6 | DGRPM | the rpm of diesel generator [min-1]

77 TDH the shape of deckhouse
(saparated, combined, mixed)

78 TCBN the L.ype of cabin
(cabins, mess/recre. room }
r T the distance from the middle of
79 MEFR the cabin to the main engine given

in the number of frames

the distance from the middle of
the cabin to the auxiliary engine
given in the number of frames

710 DGFR

the distance from the middle of
Z11 | CBNFR [ the cabin to the after erpendicular
given in the number of frames

Z12 CBNDK the position of cabin with respect
to the upper deck

713 MEDK | the position of cabin with respect to
the main engine

714 TCLR the tip-clearance above propeller

715 SKEW the skew-angle of propeller
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Table 3 Correlation matrix of all variables

SPLATSHPZ TOW MEHP MERA DGHP CRPM TDEC TOM3 MEFR [GPR CBMPR VEDK TULR SKEW CRMDKTOBNZ
SPLM 1000 249-287-106 256 -055 044 280 .160-003 -9 -083 -240 -2 172 -2 44l
TSHP? 91000-31 46 153 -048 063 77 <062 520 N2 450 ZT-M8 UM 26 003
W -2BT-3BL1000 T04-810 120-445 -366 -0 014 OB 170 -0%6 T83-1T6 -1 025
MEHP -106 246 TO41000 -3 151515 14 -3 T 35 3N 03 M0 093 0% 03t
MERPM 236 153-B81 -3031000 -072 157 221 663-117 -160 -23¢ .081-566 105 030 -043
DGHP -065-048 120 181-0021000 06 -313 3% 35 B0 M0 M2-019-00 M1 (0B
DORPM 044 063-445-515 157 061000 049 100 -116 -037 -08) 083 -346-061 86 01l
TOH2 280 771-386 .14 220 -313 0491000 -125-073 081 -125 159-428 1% .18 (016
TR IR0 8- -5 6% 3 SIBIN0 133 (180 - 007 -6 20 -013 -0
MEFR -023 522 014 347-17 315-16 073 -11000 971 % 12 66 075 123 -2
DGPR -049 502 084 325-160 281-037 -081 -161 11000 987 18 198 05T 120 -026
CBNFR -083 450 130 372-234 300 -081 -225 -2 Bl W0 06 263 0% 107 03
MEDK - 240 237-0% 023 031 082 19 -017 12 1R 1061000 -078 094 985 144
TOLR -232-298 763 440 -5% -019 -346 -4% -3 166 (96 263 -0TB 100D -149 -063 -007
SKEW 172 1T0-176 093 105 -099 - %M 0% 5T 036 -0%4-1491.000 -0%4 -1
CBNDK -23% 2%-081 0% 030 (81 1% 013 123 10 107 %5-063 041000 -1
TCBN2 441 003 %5 031 -043 008 {16 - 024 - 021 -026 -023 - 144 -007 -011 131000
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Table 4 Statistics for variables in the equation

Variable 8 T Sig T

TCBN2 414382 16.788 0000
TSHIP2 604217 5.473 .0000
DGHP .081581 1.900 0577
DGRPM -.072863 -2.065 .0392
SKEW 118634 3.721 0002
MERFM .200729- 2.303 .0215
CBNDK -.099217 -.696 4867
CBNFR -.479392 -2.485 0131
TCLR 015641 332 7399
MEHP -.283324 -3.328 .0009
TDH3 .033340 619 5360
TDH2 -.079069 -.905 .3656
MEFR -.157664 -1.172 .2415
MEDK -.150171 ~1.052 2930
TDW .264601 1.808 .0709
DGFR .380987 1.559 1193
(Constant) 11.336 .000

Multiple R 64495
R Square 41596

Adjusted R Square 40654
Standard Error 3.30608

Analysis of Variance
DF  Sum of Squares Mean Square

Regression 16 7722.44736 482.65296
Residual 992  10842.69634 10.93014
F= 44.15800 Signif F = .0000

2 B9¥ Ra’*e Hdigko| EAIEE R W5 A
4 Adgste AE2 AHET. 49 Fe 3ARY
o] BAA R AFN G FAZE

F=[(n-k-D/R [ -V7?/3,-1)%

2 Rojgnt, o] BAFE AT/ Ho 1 b1 = -+ =
bk = 0 & AAs F0i, 0|39 Signif Fe F &7
Fo] o BES veldt. & F&A5d SHAS
Ao NYPUA F=E AAske 222 Table 4
o)A Signif F = 0.0000({0.05))2.2 °] F3H &
P A{P Aoz B £ oy, b EFexe
S(Y,-Y)?/(n-k-D 2 B 3 AF HAA
(Residual Mean Square) 9 AF<22 3.30608
o] €r}.
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AEa, Y
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A Ade) 3714 He] F2 204, ¥ A7 3
23 9AA HAE o RE A3 2 EE AA
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2 W57 Fit 8372 el AAE 7Heidel de
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0.104W & 71Fo2 3l FYPLUt. HF =¥
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Table 5 Statistics of variables in the regression
equation and analysis of variance

Variable 8 T Sig T
TCBN2 423070 17418 .0000
TDW ~.087876 -2.738 .0063
MEDK -261075  -10.337 .0000
TSHIP2 .378795 11.302 .0000
CBNFR -.168931 -5.719 .0000
TDH3 .145950 5.123 .0000
SKEW .052932 2.126 .0338
{Constant) 38.150 .0000
Multiple R 65567
R Square 42990
Adjusted R Square 42588
Standard Error 3.17014
Analysis of Variance
DF  Sum of Squares Mean Square
Regression 7 7525.18676 1075.02668
Residual 993 9979.41464 10.04976
F= 106.97035 Signif F = .0000
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Table 6 Distribution of error in predicted noise

levels for 210 cabins
Propability of the error in the
eITOr Tange predicted level falling within the
ndicated range
3 dB(A) 77 %
5 dB(A) C990%
7 dB(A) 98 %
53 B
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