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1.1 

 

1. �������  

 

1.1.�������  

� �����!� "#�$%&�'#() *�+�!,� *(��-)./(* 0�1 '/- *�,2$*3/ '�0 

4-��$/�%') 5�./+/') 5�0 6���7%-,'/ 89 (�# �7��: !'/- !'�'#!'#() *;<'�!/ 

'*=-#(>- "*"�&<-%- �$�,%- &*'�7��:? 0+��� 7��',�0 (Crude Oil Tankers, Product 

Tankers (�# Shuttle Tankers). 

 @� ).*$� -� *0=��#!')!% .*�&: '�- (� 6���7%-,'/ 89 +#� '/- �-:.*!/ '/? 

*�+�!,�?A +#� '#? �"/+,*? :$$� (�# +#� '/- "#�.*!#&1'/': '�0 (�.�1$/ '/- "#:�(*#� 

'/? *(�1-/!)? '/?9 B# *0=��#!',*? &�0 ��*0.�-�-'�# (�# !'�- (� C!#(�#(: 8�9A (�# 

'/- (� 4$#!�7:(/ A.�# ���,�# 2�)./!�- (�': '/ !0+(<-'�%!/ '%- "*"�&<-%- ��0 

)'�- �����,'/'� +#� '/ 0$���,/!/ �0')? '/? *�+�!,�?9 

1.2.�!�"�#$# 

D(1��? '/? "#�$%&�'#()? �0')? *�+�!,�? *,-�# -� *-'��#!'��- �#.�-<? 

!=<!*#? &*'�;� '%- (��#%- =���('/�#!'#(>- '%- *;*'�E1&*-%- "*;�&*-��$�,%- (�# 

-� �-��'0=.��- *&�*#�#(�, '���# +#� '/- ���(�'��('#() *(',&/!/ (��#%- 

=���('/�#!'#(>- -<%- !=*"#:!*%-9 

4�=#(: <+#-* / !0$$�+) '%- "*"�&<-%-A (�# *71!�- ��1(*#'�# +#� &#� 

!'�'#!'#() &*$<'/ 1!� �*�#!!1'*�� "*"�&<-� "#�.<'�0&*A '1!� �#� �;#1�#!'� .� 

*,-�# '� ���'*$<!&�': &�?9 F��? �0'1- '�- !(��1A !0+(*-'�>./(�- (�# 

�-�$�./(�- "*"�&<-� �*�,��0 GGHI �$�,%- ��1 '/- 2:!/ "*"�&<-%- '�0 World 

Shipping Encyclopedia version 12.01 / IHS Fairplay Eds, &*'�;� '%- ���,%- JKHI 

Crude Oil Tankers, 450 Product Tankers (�# 50 Shuttle Tankers. L('1? ��1 �0':A '� 

*�+�!')�#� M*$<'/? F$�,�0 '/? D=�$)? N�0�/+>- M/=�-�$1+%- M/=�-#(>- '�0 

L.-#(�� M*'�2,�0 F�$0'*=-*,�0 ODNMM P LMFQ "#�.<'*# !'�#=*,� (�# !=<"#� *-1? 

��#.&�� �$�,%- '���0 Crude Oil (�# Product TankersA ��1 '� ���,� (�'�7<��&* -� 

!0+(*-'�>!�0&* "*"1&*-� ��1 350 Crude Oil (�# JRI Product Tankers. 

D'/- !0-<=*#�A ���+&�'���#)./(* <-�? <$*+=�? '%- "*"�&<-%- ��1 '� World 

Shipping Encyclopedia version 12.01 / IHS Fairplay Eds ���(*#&<-�0 -� "#*�*0-/.*, 

(�': �1!� *,-�# �;#1�#!'�A "#1'# '� «�<��!&:» '�0? !* 0��$�+#!') *,-�# &#� 

"#�"#(�!,� *('*./&<-/ !* ��$$: !7:$&�'� $1+% '/? �-.�>�#-/? *�<&2�!/?9 M* 

�0'1- '�- '�1��A ���($*,!'/(�- '� !'�#=*,� '� ���,� ����0!#:E�-* &/ $�+#(<? 

�$/��7��,*?A 1�%? �-�7<�*'�# �-�$0'#(: !'#? *�1&*-*? ����+�:7�0?. 

5�'1�#-A *7��&1!'/(�- !'� 0��$*#�1&*-� "*"�&<-� '%- �$�,%- !'�'#!'#(<? 

�-�$�!*#? <!'# >!'* -� 2�*.��- �# *&�*#�#(�, '���# +#� '/- ���(�'��('#() *(',&/!/ 

!'�#=*,%- -<%- !=*"#:!*%-9 F#� !0+(*(�#&<-�A 2�<./(�- !=<!*#? +#� *('#&)!*#? 

(0�,%- "#�!':!*%-A 2��>- (�# 1+(%-9 C� �����:-% *7��&1!'/(* ;*=%�#!': +#� 

(:.* 0�1-�&:"�A "/$�") Crude Oil, Product (�# Shuttle Tankers.  



1.1. Summary 

The subject of this thesis concerns the Statistical Analysis of technical data of 

Merchant Vessels, especially Crude Oil Tankers and Oil Product Carriers in order to 

identify internal relationship between them and develop empirical formulas for the 

preliminary estimation of technical details of new designs based on their main 

particulars. 

The first step of this study was the collection of data; as it is well known, the 

more data we have, the more reliable the results will be. To this end, approximately 

2250 tankers have been collected from the database of the World Shipping 

Encyclopedia version 12.01 / IHS Fairplay Eds, specifically, 1750 Crude Oil Tankers, 

450 Product Tankers ��� 50 Shuttle Tankers. Apart from the above vessels, other 350 

Crude Oil and 180 Product Tankers have been collected from the laboratory of Ship 

Design of the School of Naval Architecture and Marine Engineering ( National 

Technical University of Athens). 

Then, the data from World Shipping Encyclopedia version 12.01 / IHS 

Fairplay Eds, have been checked so that we could have some information about their 

reliability because there is always a probability that a mistake has occurred during the 

procedure of collecting data from ships. Therefore, vessels that presented any illogical 

or inconsistent data have been excluded from the list. 

Finally, statistical analysis have been applied to the remaining vessels in order 

to find empirical formulas for the preliminary estimation of new designs� 

characteristics. The above was applied separately for each sub-group, i.e. Crude Oil, 

Product and Shuttle Tankers. 
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1.3.  ��������� !" ##$�%! 

������ ��!�� "#$% &!'($ )&'!*+, -'&�,. "*�"$ /+#.(0 10� 2 &+!,""3#+!4% 

/+#.5�$#6%7 �.!.1+89/.#�� *'!,%: $ &+!,��!+,. -0-��) +8%., ")%'!#$"$ #$� 

.-#8%.� #$�: � 39-�� /,.� &)!./81.� +(.!#'#., .&3 #� 0;�� -. #$ 5'"$ #$� 7 <8%., 

��,&3% *!2",/� %. +-�!'=+#., .)#2 "*�"$ "+ /.>$/.#,-2 /�!�2 &!�"1,�!8=�%#.� 

#$% +(8"4"$ $ �&�8. ")%1�+, #,� /+#.5�$#��7 

?#$% &+!8&#4"2 /.�: $ >+4!8. #$� @+��#$� ���8�) &!�"&.>+8 %. ")"*+#8"+, 

#,� 1,'��!+� /+#.5�$#�� "*+18."$� /+#.(0 #�)�: &.!'9�%#.� #,� -.#'��$�+� "*�"+,� 

#,� �&�8+� *!$",/�&�,+8 � %.)&$93� "#. &�.8",. #4% +!9.",6% #�)7 A)#3 .&�#+�+8 

-., #� .%#,-+8/+%� #$� +!9."8.� .)#2�7 <&�/�%4�: &!�#�0 (+-,%2"�)/+ #$% .%'�)"2 

/.�: >. �!8"�)/+ -'&�,+� �%%�,+� "#.#,"#,-2� &�) >. *!$",/�&�,$>�0% &.!.-'#47 

1.3.1. Curve Fitting 

B,. %. &!�"1,�!,"#+8 /,. +(8"4"$ &�) ")%1�+, /+#.5�$#��: #� &!6#� 52/. +8%., $ 

")���92 #4% 1+1�/�%4% &�) 1+8*%�)% #,� #,/�� #4% )&3 >+6!$"$ /+#.5�$#6%7 C� 

1+0#+!� 52/. +8%., %. -.#."-+)'=�)/+ 9!.�2/.#. /+ #. "$/+8. "#� D.!#+",.%3 

"0"#$/. ")%#+#.9/�%4%: 1$�.12 +'% &!3-+,#., 9,. 10� /+#.5�$#�� E -., F: 

-.#."-+)'=�)/+ #� 9!'�$/. #4% "$/+84% GE1:F1H: GE2:F2H:777: GEn:FnH: +'% &!3-+,#., 

9,. #!+8� /+#.5�$#�� E:F -., I: >. �*�)/+ #. "$/+8. GE1:F1:I1H: GE2:F2:I2H:�: 

GEn:Fn:InH: -�-7 J%. #�#�,� 1,'9!.//. /3%� /+ 1,.-!,#' "$/+8. .%.��!+#., "#$% 

5,5�,�9!.�8. 4� Scatter Diagram.  

B,. #$% &+!8&#4"$ 10� /+#.5�$#6%: .&3 #� Scatter Diagram: ")*%' +8%., 1)%.#3 %. 

5!+>+8 /,. �/.�2 -./&0�$ &�) &!�"+998=+, #. 1+1�/�%.7 @,. #�#�,. -./&0�$ 

��9+#., �!�"+99,"#,-2 D./&0�$ 2 Approximating Curve7 C� 9+%,-3 &!35�$/. #� 

�&�8� �9-+,#., "#$% +0!+"$ #$� +(8"4"$� #$� &!�"+99,"#,-2� -./&0�$� &�) #.,!,'=+, 

/+ #. 1+1�/�%. -.�+8#., Curve Fitting. 

1.3.2.  �������� !"#$��%%��&�'�(!')*+,-�( 

B,. #�% &!�"1,�!,"/3 #4% &!�"+99,"#,-6% -./&)�6% -., #4% +(,"6"+6% #�)�: "#� 

&�.8",� #$� +!9."8.� .)#2�: *!$",/�&�,2>$-.% #. ��9,"/,-' Matlab 2012b -., Ms 

Excel 2010. �.!.-'#4: �.8%�%#., �, #0&�, &!�"+99,"#,-6% -./&)�6% -., �, 

+(,"6"+,� #�)� G ")%.!#2"+,� /,.� /+#.5�$#$�: FKfGXH H7 

Linear model Poly1 (<)>+8. 9!.//2)  F = .� + .1E.                                    (1.1) 

�.!.5��2 2 1+)#+!�5'>/,. -./&0�$ F =  .� + .1E + .2E
2
.                       (1.2) 

D)5,-2 -./&0�$ G#!,#�5'>/,.H: -7�.-7 

General model Exp1 - Exponential Curve (+->+#,-2 ")%'!#$"$ /+ �%.% 3!�): 

    Y = ab
X
                                (1.3) 
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General model Power1:  Y = aX
b
                                              (1.4) 

General model Power2:  Y = aX
b
 + c                          (1.5) 

General model Log1 (������ !�"#- $%&�"'( )��*�� !�(): Y = a ln(X) + b         (1.6) 

1.3.3. ������� !"#$%&'() *+',#-.)() 

+�!,�- $��*.- /���01�230�(- /2(- "�0�34!�30��- 0�- &1!5,�- &0�- scatter diagram, �-

!5)5010#(- !/��5,- 3�- &657�*&5�- 013- /��&5���&0�"#- "�!/8)1- 69�,(- "�343�3-

/5�����&!'- 9(- /��(- 013- /��'010�- 01(- /��&4���&1(:- ;%0#- 1- !4 �7�(- )4�50��-

Freehand Method of Curve Fitting:-<*3-�-08/�(-01(-5=,&9&1(-01(-"�!/8)1(-5,3��-

�39&0'(.- 5,3��- 7%3�0'3- 3�- /��&7����&0�83- ��- &%305)5&04(- 01(- 5/�)4��30�(- 0'&�-

&1!5,�- '&��- ��- &%305)5&04(- ��- �/�,��- 6�5�*>�30��:- ?!9(.- 1- !4 �7�(- �%0#-

/���%&�*>5�- 78�- !5��35"0#!�0�- @- A�20�3.- 78�- 7��$��50�"�,- /���01�104(-  �-

B�*>�%3-7��$��5"4(-5=�&2&5�(-"��-"�!/8)5(:-C5805��3.-&5-/5��/02&5�(-!5)5023-!5-

/�))*-757�!43�.-'/9(-"��-1-7�"#-!�(.-/���01��830��-&1!�30�"4(-�/�"),&5�(: 

D��-3�-�/�$5%6 5,-)��/'3-0�-/���/*39.-5,3��-�/���,010�-3�-&%!$93#&�%!5-!5-013-

433���-0�%-�Best-Fitting Curve�:- 

;(- 59�#&�%!5-0�-/���"*09-&6#!�-'/�%-0�-&1!5,�-�30�&0��6�83-&0�->58�1-EF1.G1), 

EF2.G2H.:::.-EFn.Gn).  

 

 ����� 1.1. �!"#�$% &'% �($)*"#'% +deviation) 

D��-!,�-757�!431-0�!#-0�%-F.-/:6:-F1.- �-%/*�65�-7��$��*-�3*!5&�-&013-0�!#-0�%-G1 

"��-013-0�!#-/�%-7,350��-�/'-013-"�!/8)1:-;%0#-1-7��$��*-5,3��-d1 "��-�3�$4�50��-

&013- B�B)�����$,�- 9(- Deviation � Error � Residual "��- !/��5,- 3�- 5,3��-  50�"#.-

��310�"#- #- !1753�"#:-;3*)���.- �/'- 0�- *))�- &1!5,�.- 46�%!5- 0�- d2, d3.�.dn.- '/�%-

di=Yi-f(Xi). 

I�-/'&�-"�)#-5,3��-1-/��&5���&0�"#-"�!/8)1-/��&7���,>50��-�/'-0�-* ���&!�-093-

050���2393- 093- di.- 71)�7#- d1
2
 + d2

2
 J- �- J- dn

2
:- ;/'- ')5(- 0�(- /��&5���&0�"4(-

"�!/8)5(.-1-B4)0�&01-#-the Best-Fitting Curve 5,3��-�%0#-!5-013-!�"�'05�1-0�!#-0�%-
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�� ���� !"#$%&'!($). *+! ,!'-/�0 '� !1(2 (0� +3+�(0(! �4��(!+ least squares 

curve.  

· 5 Least Square Line 0 $-$%! -#$&���%6�+ ($ &�( (�� &0'�%�� 7819:1), 

7829:2;9...9 78n9:n; 4<�+ �=%&�&0 (0) '$#>2) : ? !$ @ !189 �-$1 !$ ,!+ !1 

�%�!+ &(!"�#4) ,!+ -#$&3+$#%6$�(!+ �/�$�(!) (!1(�<#$�! (+) �=+&A&�+) B 

 ? !$C   @   !1                            

 ? !$    @   !1                 (1.7) 

D+ �=+&A&�+)  !1(4) �4�$�(!+ Normal equations for the least-squares line. 

E-$'4��) $+ &1�(���&(4) !$ ,!+ !1 1-$�$�%6$�(!+ !-� ($1) (/-$1) B 

!$ =     ,!+    !1 =          (1.8) 

· 5 Least Square Parabola 0 $-$%! -#$&���%6�+ ($ &�( (�� &0'�%�� 7819:1), 

7829:2;9...9 78n9:n; 4<�+ �=%&�&0 (0) '$#>2) : ? !$ @ !18 @ !28
2
 9 �-$1 !$9 !1 

,!+ !2 �%�!+ &(!"�#4) ,!+ -#$&3+$#%6$�(!+ �/�$�(!) (!1(�<#$�! (+) 

�=+&A&�+): 

        ? !$n             @   !1      @   !2  

      ? !$    @   !1   @    !2                   (1.9) 

   ? !$  @   !1    @    !2     

D+ !��(4#� �=+&A&�+)  �4�$�(!+ Normal equations for the least-squares 

parabola. 

1.3.4.  ������ !"#$#%(Regression) 

������ !"#�� !$�!%&'(!�)*!+�,-$*!+�+#$�).)/!�0�12$#3$�!)*!��4�$5'#2$�!4()!4�$5 

$�* !$�4*%6(45 !7!0#2!*)4�'4#�8�,! '�!$,*! +�+#$�)(! 4�$5! 4( !$�4*%6(45 !9:!;24<!

$0#��,!)*!0�*-$*4#0#�(1�,! ��4�$=)4* !4()!4�$5!4#2!7!*0<!4()! least-squares curve 

0#2! 0�#'�--,>��! 4#! +�,-$*:! ?! 0�#�304#2'*! �*$036(! *)*"���4*�! . ! Regression 

Curve 4#2!7! �0,! 4#2!9/! �"<'#)!7! ��4�$51(��! *0<!9:! @($��=)�4*�! 0. ! -�)��&/! (!

Regression Curve 4#2!9!�0,!4#2!7!�,)*�!+�*"#��4��5!*0<!4()!Regression Curve 4#2!

7!�0,!4#2!9: 

1.3.5.  &') *�%+,$-./�$#0%(Correlation%Theory1 

 

A. ������ �! "#  $#% &'()*!�! (Correlation and Regression) 

@�!*245!4()!0*�&-�*"#/!�A�4&>�4*�!(!'2'8�4�'(/!5!#!%*1$< !4( !'8�'( !$�4*A3!

$�4*%6(4=)/! +(6*+5! 4#! 0�<%6($*! 0#2! �8��! '�#0<! )*! 0�#'+�#�,'��! 0<'#! �*6&! (!

0�#'�--�'4��5! �A,'.'(! 0���-�&"��! 4()! '8�'(! *)&$�'*! '4� ! $�4*%6(4� :! ;0#4�6�,!



1.5 

 

������ !"#$%&' �(�&)�#*�*' �$ �)* +*, �,-).�* /&. /0�#!�+&/&�$1+�� �$ �.+2 +*, 

$0#��1�3 

4"!$ �+� &� !$+��)*+"' $1,�� +")$�� �.�5$+��!",$' 2 �+� ./-05$� +")$�� 

�.�5"+��* !$+�(6 +&.' $-, �)$' &� +�!"' +&.' ���,&/&�&6, +*, $(1�7�* 

/�)�,80�!*�*' !$ ��01�$��3 9+�� * /$0�:"0$�� �6�)&. C ��� * ��+1,� r $1,�� +")$�� 

�.�5$+��!",$' $:��&, C=;/r3 <,+�%"+7'> �, /$+-(&.!$ 86& ?-0�� +�.+�50&,� @A 

:&0"'> 8$, ./-05$� ��!1� �5"�* �,-!$�� �+� �/&+$)"�!�+� /&. %� :"0$� +& �-%$ 

?-0�B �.+� �*!�1,$� �+� 8$, $1,�� �.�5$+��!",$'3  

C+�, 86& !�,& !$+��)*+"' $!/)"�&,+��> !�)-!$ #�� ���� ���!"#$�% (simple 

correlationD ��� simple regression> ��� �+�, /0��$�+�� #�� /$0����+$0$'> !�)-!$ #�� 

multiple correlation ��� multiple regression. E+*, /�0&6�� $0#��1�> �)$' &� 

/�)�,80&!2�$�'> -0� ��� &� �.�5$+1�$�' $1,�� �/)"'3 

 

B. &'�(($)� *��$+,'-(%�% .Linear Regression/ 

F-, G ��� H �.!�&)1?&., +�' ; ./� !$)"+* !$+��)*+"'> +& scatter diagram 8$15,$� +� 

�*!$1� IG>HD �+& &0%7#&,��� �6�+*!� �.,+$+�#!",7,3 F-, �)� +� �*!$1� 

�!�?$6&,+��� �&,+- �$ !�� $.%$1�> * �.�5"+��* )"#$+�� #0�!!��23 F8J> 

50*��!&/&�&6!$ +*, %$701� +*' least-squares regression lines #�� +*, $(1�7�*3 

· 0��$)- 123�(� 4)#5(%�%6 

K& +./��� �:-)!� $�+1!*�*' +&. H $/1 +&. G 81,$+�� �/� B 

SY,X =                  (1.10) 

�/&. Hest (predicted value of Y from X) $1,�� * +�!2 +*' !$+��)*+2' H �/7' 

$�+�!2%*�$ �/� �/� +�' ��,&,��"' $(��J�$�' #�� +*, least-squares line #�� �-/&�� 

8$8&!",* G>  

E*!$�J,$+�� �+� SY,XLSG>H3  

H �.,&)��2 �/��)��* +&. H &01?$+�� 7' > +& &/&1& $1,�� 

&.����+��- +& -%0&��!� +7, +$+0�#J,7, +7, �/&�)1�$7, +7, +�!J, +&. H �/� +o, 

!"�& �0&  3 </&8$��,6$+�� �+�   

 =  + .           (1.11) 

K& /0J+& !"0&' &,&!-?$+�� Unexplained Variation (+& Matlab +& �,�:"0$� 7' Sum 

of Squares Due to Error � SSE) $,J +& 8$6+$0& ��)$1+�� Explained Variation 8��+� 

&� �/&�)1�$�' Hestj -  "5&., ",�, �.#�$�0�!",& +0�/& !$+��&)2' $,J Hj - Hestj 

�.!/$0�:"0$+�� !$ ",� +.5�1& +0�/&3 
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1.3.6. ������� �!"#�� $%�& '"#()&# ������ �!"#*+, -&,+& .,/ 

� �����!"��#$ %&'�()'&)�*'+ ,coefficient of determination- �.�/) ' !01'$ �'� 

Explained Variation %&'$ �' ���'!)20 variation3 4�*5'!.6��/) *� R
2 

2/) (.���/) /%0:  

            (1.12) 

������� !"�#$%�&�!'� !�(!R
2 

(R square) )���*$++��� !)���",!0!#� !1. -/(!2 (!#(��$!

/�(!1!���� !3!� )4!�(56!�'/(!#�+,��&(!���� !3!2&(/788 /3.!9.:.!!R
2
 =!06;1<!/3)���� !

'� !3!2&(/788 /3 «�"38��»!�(!;1.<>!�3?!/5�(+ #4?!@ �#,)��/3?!/��!@�@()7��!8,&A!

�2'!�(!)7/(!'&(. 

B!2(/'�3��!R +78��� !��������� !"���#$�%�&! #� !@�@��� !�2'!C 

R =                  (1.13) 

D3)� E���� !'� !/�!2�&�2�A/3!8&�)) #4?!/5/:7� /3?6!(!/5���+�/�4?! r ���� !

�@ (?!#� !��!���++$//(5)�!� ?!)���*+3�7?!F!#� !G.!D5��2E?6!3!2(/'�3��!R ���� !7��!

2(+,!#�+'!)7�&(!8&�)) #4?!/5/:7� /3?!)���",!@,(!)���*+3�E�. 

· ��������� !" 

H ! (& /)(�! �(5! /5���+�/�4! /5/:7� /3?! /�3�! 2&(38(,)��3! �"�/A/3! ���� ! �&#��$!

8�� #(�! #� ! )2(&(,�! ��! :&3/ )(2( 3%(,�! 8 �! )3! 8&�)) #7?! /:7/� ?! #�%E?! #� ! 8 �!

8&�)) #7?6! )�! � ?! )'��?! @ �I(&7?! '� ! �(! Yest 52(+(8�J��� ! �2'! )3! 8&�)) #4!

regression �"�/A/3!����!8 �!8&�)) #4. 

9&72� !��!�(� /���!'� !/�!'+�?!� ?!2�& 2�E/� ?!(!/5���+�/�4?!R )��&$� !�(�!*�%)'!

�3?!/5/:���/� ?!���I(& #$!)�!�(�!�,2(!�3?!�"�/A/3?!2(5!52(�7%3#�.!K�!$++�!+'8 �6!

(! /5���+�/�4?! /5/:7� /3?! Lcoefficient of correlationM! )��&$� ! �(! 2'/(! #�+$!

2&(/�88�J� !3!52(� %7)��3!�"�/A/3!��!@�@()7��.!N2�/3?6!2&72� !��!�2 /3)��%��!'� !

)�8$+3!� )4!/5���+�/�4!/5/:7� /3?!@��!/5��2$8��� !���8#�/� #$!'� !( !)���*+3�7?!

7:(5�!#$2( �!�"$&�3/3. 

 

1.4. #$ % �&��'�() )*+,-.- 

B!2( '�3��!�A�!@�@()7�A�!���� !�(!2&E�(!/�( :��(!�3?!+�/��? �A�!2�&�8'��A�!

( ! (2(�( ! (&�J(5�! �3�! �" (2 /���! �A�! �2(��+�/)$�A�. -2A?! ���I7&%3#�! #� ! 2 (!

2$�A!/�3�!2�&�+3O36! ��! @�@()7��!)�?! 7:(5�! @,(! @ �I(&�� #7?! 2&(�+�,/� ?6! 3!) �!

���� !��!�&:���!�(5 World Shipping Encyclopedia version 12.01 / IHS Fairplay Eds 

#� !3!$++3!���� !��!�&:���!�(5!�&8�/�3&�(5!K�+7�3?!9+(�(5!�3?!DPKK!Q NK9. 

 -)A?!2&72� !��!�(� /���!'� !8 �!�3�!@�,��&3!2&(7+�5/36!��:�)�!2&'/*�/3!/��!

/:7@ �! #� ! ��! 788&�I�! �A�! 52'! ��$+5/3! @�"�)��(2+(�A�! #� ! #���8&$O�)�! )'�( !

)�?! ��! @�@()7��! /�! �&:���! Nxcel. N2�/3?6! 78 ��! #��$++3+(?! 7+�8:(?! 8 �! ��!
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������ !�"#$%&!',$&(�,$'$)*#'$�+!�#*-'-�$.�&%)�-�/$�0#�+$#�$1 ��#$%&!'$�+$�'21/$

�%'(���(+3#4$ 5(�$ -�$ 678$ Crude Oil 9�+$ :;8$ Produt Tankers  ('.+)���+<!'9�#$

 3(+/$��+�"%�='$9�+$��-*$���>�0 !'9�$��*$-�$2�2�#*/$*-+$-�$���-�%1.)�-&$-��/$>�#$

��(��.0�.�#$�+>+9&$�(�?%<)�-�$9�+$<-�#$.-�$�%�0.+�$-@#$�#�)�#3)�#@#4$ 

A#-+!1-@/,$.�#�#-<.�)�$�(�?%<)�-� )�$-�$.-�+ �0�$���$)�/$��(�0 �$ -� World 

Shipping Encyclopedia version 12.01 / IHS Fairplay Eds4$ A( +9&,$ �0 �)�$ .-�+ �0�$

��*$ ��(0���$ BCD8$ >�=�)�#*�%�+�4$ E�$ �(3-�$ ?<)�$ ��-</$ -'/$ �(2�.0�/$ <-�#$ '$

�#&%�.'$ @/$ �(�/$ -'#$ ��+*-'-�$ -@#$ .-�+ �0@#4$ E�$ 9"(+�$  �(�9-'(+.-+9&$ ���$ )�/$

�#>+1��(�#$ 2+�$ -'#$ �#&%�.<$ )�/$ <-�#$ �+$ 9"(+�/$ >+�.-&.�+/$ F$ )<9�/,$ �%&-�/444G$

9&��+�+$ .')�#-+9�0$ *29�+$ F>�=�)�#3#$ ��(-0��,$ 1()�-�/G,$ ?&('$ F.9&���/,$

9��.0)��444G ��� .�)��(+%�)?&#�#-�+$ .-�$ �( �0�4$ H�#��3/$ '$ �#&%�.<$ )�/$

?�.0.-'9�$.-'#$�=1-�.'$-'/$��+*-'-�/$-@#$.-�+ �0@#$��-3#$-@#$)�2�!3#4$I$1%�2 �/$

12+#�$)�$?&.'$J 

· E'#$��%<$%�2+9< 

· E'#$�)��+(0�  

· E+/$2#@.-1/$. 1.�+/$*�@/$�4 4$K$= DWT + LS. 

L�@(3#-�/$ -�$ ��(��&#@,$ ���9%�0.-'9�#$ -�$ �%�0�$ -@#$ ���0@#$ -�$ >�>�)1#�$

���-�%�".�#$�+-0�/$�)�+?�%0@#4 

 M.-*.�,$ ��&( ��#$ .-<%�/$ ���$ �#$ 9�+$ >�#$ ���-1%�.�#$ �#-+91+)�#�$ -'/$

)�%1-'/$ )�/,$ )�/$ ��(�0 �#$ �%'(���(0�/$ . �-+91/$ )�$ -'#$ ��+*-'-�$ -@#$ 9"(+@#$

>�>�)1#@#4$N+�$.�29�9(+)1#�$��(�-'(<.�)�$.�$)�(+9&$�%�0�$*-+$2+�$-�$ 0>+�$DWT  

9�+$9&��+�/$��(1/$2+�$-+/$0>+�/$>+�.-&.�+/,$-�$?&('$-��$9�#�"$.9&���/$��(��.0�O�#$

)�2&%�/$>+���(1/4$E�$��(+..*-�(�$���$ 1 ��#$)�2&%�$Lightship �0#�+$ Ice-Class4$H�$

��(0�-@.'$���$'$.-<%'$��-<$>�#$)�/$��(1 �+$9�)0�$�%'(���(0�$2+�$1#�$�%�0�,$�#$-�$

?&(�/$��1 �+$��%",$��%&$���9%�0.-'9�$ -�$�%�0�$ 2+�$#�$)'#$��&(=�+$���+�.><��-�$

-&='/$�(#'-+9<$��0>(�.'$.-�$���-�%1.)�-�4$ 

 E�%+9& ��*$-�$�( �0�$-��$World Shipping Encyclopedia version 12.01 / IHS 

Fairplay Eds,$9(�-<.�)�$BB78$�%�0�,$�+�$.�29�9(+)1#�$:C78$Crude Oil, 450 Product 

9�+$ 78$ Shuttle Tankers. A( +9&,$ 12+#�$ '$ �(�.�&!�+�$ #�$ )�%�-'!�"#$ )�O0$ �+$ -(�+/$

9�-'2�(0�/$ >�=�)�#��%�0@#4$ P$ �#�O<-'.'$ 9�%"-�(@#$ �#-+�(�.@���-+93#$

���-�%�.)&-@#$$)�/$�><2'.�$.-'#$�#&%�.'$9&!�$9�-'2�(0�/$=� @(+.-&4$Q�$��-*#$

-�#$ -(*��,$ 9�-��1(�)�$ #�$ 1 ��)�$ 9&!�$ ��(&$ 9�%"-�('$ .�. 1-+.'$ )�-�="$ -@#$

>�>�)1#@#$ 9�+$ ��-<$ '$ >+���(&$ �=�(-&-�+$ ��*$ -�$ !�@(�")�#�$ )�21!'. R�@/$ !�$

>�")�$ .-�$ ��*)�#�$ 9��&%�+�,$ 2+�$ 9&��+�$ .-�+ �0�,$ �+$ �)��+(+9�0$ -"��+$ ���$

�(�9"�-��#$�0#�+$. �>*#$0>+�+$.-�$Crude Oil 9�+$.-�$Product Eankers, 9�+$2+�$&%%�$

�+$ �)��+(+9�0$ -"��+$ >+��1(��#$ ��%"4 S��)1#@/$ 9(0!'9�$ �+�$ .9*�+)�$ #�$

�(�2)�-���+'!�0$'$)�%1-' .�$9&!�$9�-'2�(0�$=� @(+.-&4 



2.1 

 

2. ������ �! �"�#��$%!CRUDE OIL TANKERS 

 

���� ��!" #$% &'&(!)*!+, -& $"&.)/00&-& 1&" 2" -3�2" �24 �&)245"/62'-&" 

�&)&1/-� ��24' 517�2 '& �&)��24' 0"& �)21&-&)1-"1# !1-+0%5% 13)"�' 

�������� !� �"#$#%&#$!�'( )!'&#.$*+,-%#&/0$1 �$��#$�#)23!4$-�/0$5'&�,6-'$7� $

%�,3-'$!�#$��� �)$('(,-%#�$�,$DWT (DWTdesign) �� $��#$���6����$3+��'!8�/$Vs.  

9+7$�3�)$ ��$ (6,$!�, �'8�0$ 5�$ '�� -�5,6#$ )22�$ �6� �$ �������� !� �)$ �,3$+2,8,3.$

:�-' "#'�� $ +&/0$ , $ !3!�'�8!' /$ +,3$ +��,3! );,#�� $ !��#$ +��,6!�$ '�1�!8�$ '8#� $

�3�%/$+,3$��85���#$��26�'�'/$�+7$� /$)22'/. <�$( �1�)--���$����!�'3)!����#$!�,$

Matlab �� $ !�,$ Excel.$ =����)�&$ +��,3! );,#�� $ '#$ !3#�,-8�$ , $ ,� !-,8$ �� $ , $

!�-�!8'/$�&#$+���-%��&#$+, 7����/$��/$+�,!%11 !�/. 

 

2.1. ������ �!�"#!DWTsummer 

 

����� 2.1. DWTsummer  !"�#$� %& $'! DWTdesign 

9+,�'2%!-���$+�,!%11 !�/ 

Linear model Poly1: 

     f(x) = p1*x + p2 

:3#�'2'!�%/ (-' 95% confidence bounds): 

       p1 =       1.064 (1.029, 1.098) 

       p2 =        3722 (-1071, 8515) 
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Linear fit 1

Pred bnds (Linear fit 1)

DWTsummer vs. DWTdes

DWTsummer = 1.064 * DWTdes +3722      (2.1) 



2.2 

 

Goodness of fit (�������  �!�"#$$�"�%): 

  SSE:  2.479e+08 

  R-square: 0.9959 

  RMSE: 3819 (RMSE = Root Mean Square Error) 

�� RMSE  ! "#$%& ' ( ' )* &+,'(- ."/01  &2* , 0'!3$-12.2*. 4$56%& ' 

 ,- : RMSE =  -,�+7 MSE %5! '7 &�7 mean square error ( '7 35!%& '7  ,-7

MSE=SSE/(n-m). 8%7 n &�7 ,09:�*7 &)!7 &'1;!7  ,-($'.2*7 ( '7 m &�7 ,09:�*7 &)*7

.+!&%0%.&;!7&2*7,$�.%<<'.&'(9*7.=#.2*> ?,)*7( '7&�7SSE@727&'197&�+7RMSE (�!&/7

.&�7A73%5=!%'7&2!7( 0B&%$27,$�.%<<'.&'(97.+!/$&2.2> 

�������� !"# 

C5< 79& !7& 7,0�5 7<' 7& 7�,�5 73' :#& 1%7( '7& 73B�7DWT@7,'�7.+<(%($'1#! 7

1-!�7& 73%3�1#! 7 ,-7&�7%$< .&9$'�71%0#&2*7,0�5�+7&2*7DE88 F7G8H %5= !7 +&97

&2!7 ,02$�"�$5 . H $ &2$%5& '7  ,-7 &�7 3'/<$ 11 7 ,)*@7  !7 ( '7 & 7 .21%5  %5! '7

3' "�$%&'(;!7 &/I%)!7 1%<#:�+*@7 27 %+:%5 7 & 7 ,$�.%<<56%'7 1%7 #! !7 ( 0-7 &$-,�> 4'7

, $/1%&$�'7 ,�+7 3%5=!�+!7 &2!7 ,�'-&2& 7 &2*7 ,$�.%<<'.&'(9*7 %+:%5 *7 .+!:#&�+!7 &�!7

( 0B&%$�7.+!3+ .1-7,�+7J$9( 1%>7K%J 5)*7%,%'39 %5! '7,�0+)!+1'(97.+!/$&2.2@7

-.�7  +I/!%& '7 �7 J :1-*@7 &-.�7 ( 0B&%$2 %5! '7 27 ( 1,B02>7 ?1)*7 .&2!7 ,$�(%'1#!27

,%$5,&).2@7  BI2.27 &�+7 J :1�B7 &�+7 ,�0+)!B1�+7 3%!7 J%0&5).%7 �+.' .&'(/7 &'* 

, $ 1#&$�+*7,�'-&2& *7 00/ #3).% 1-!� 1' 7,�0B,0�(27%I5.).2> 

2.2. ������ �!�"#�$%!&'( �) *$%!�('!*��+,� �(�+- 

 

2.2.1. ����� �!"#$% �#&'"() LBP 

 
  ����� 2.2.1. !�"#$ �%&�'( "�)*&+, LBP  -.,�/&�-%0 &#. DWT 
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power fit

Pred bnds (power fit)

LBP vs. DWT



2.3 

 

������ !"#�#$�%�! &&'!() 

General model Power1: 

     f(x) = a*x^b 

*+,����!� ) ("� 95% confidence bounds): 

       a =       8.718 (8.524, 8.911) 

       b =      0.2849 (0.2831, 0.2868) 

 

 

Goodness of fit: 

  SSE:  8.435e+04 

  R-square: 0.9809 

  RMSE: 6.3

� ! "#!$%&'(  

-�,'./$�#%#�(%01(.�$���2$.#�0$!+!3 �'!($"��#42$LBP .#'$DWT5$�+�6$!("#7,�'$

6�'$!�#$�4��#86"�,#$���7#$��$DWT �4#%�/�#'$���2$#�6$��$"0.�)$"��#42$.#1 �9,$

LBP. :#%#�(%�2"�$ 6�'$ &'#$ ��$ 7;'�$ DWT<$ ($ ;'#=�%/$ �9,$ "(.>,$ "��#42$ .#1 �9,$

"��%�7 ,#$"��#?/����#'$" 3%'$��%7��+$+/- 20 m &2%9$#�6$ �($&%#""0$ �/!()$ @" !#$

!�#$6%'#$�%6?��A()B<$�,>$!�$�7&�)$!3��'./$��%'��>!�')$@&'#$DWT #�6$CDDDDt " 3%'$

100000t) �#%#�(%�2,�#'$ "�%'./$ ���7#$  49$ #�6$ �#$ 6%'#$ #+�/. E�9)$ 1#$ ;�2"�$

�#%#./�9<$��$"0.9)$�7,#'$���2$.#1�%'!�'.6$" &�1�) !�$�<�'$#=�%/$�#$?/%($.#'$��+)$

6&.�+)$ ��+$ ���7�+5$ F!�6!�<$ !+""�� 3�+,$ .#'$ �'$ /���)$ ;2�$ .2%'�)$ ;'#!�/!�')$

@��/��)$.#'$.�7��B5$G%#$"7#$��&'.0$�40&(!($�9,$;'#=�%>,$#+�>,<$�7,#' 6�'$��$DWT 

�4#%�/�#'$.#'$#�6$��$��/��)$.#'$��$.�7��5 

:'�$�/,9$;7,�,�#'$!�$�#%�,1 !�')<$.#'$�'$!+,����!� )$&'#$�')$.#"�2��)$"�$HIJ$

�"�'!��!2,()$;(�#;0 "�$HIJ$!'&�+%'/)$@�"�'!��!2,()B$#,#" ,��#'$��$" &�1�)$��+$

���7�+$./,�+"�$�(,$�.�7"(!($,#$ 3�'$ �'"0$"�&#�2��%($#�6$#+�0$��+$�%�?� ��'$ ��$

./�9$ 6%'�$ .#'$ "'.%6��%($ #�6$ #+�0$ ��+$ �%�?� ��'$ ��$ /,9$ 6%'�5 :/,�9)$ &'#$ ��$

��01�)$�9,$;�;�" ,9,$��+$;'#1 ��+"�<$�'$�#%/"��%�'$��'6�(�#)$�()$�%�!�&&'!�'.0)$

.#"�2�()$�7,#'$���2$.#� )5 

 

LBP = 8,718*DWT
0, 2849 

      (2.2.1)
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2.2.2. ����� �!�"# LOA 

�� ����� !"��# LOA $%&� !�' ()'!!��" *%$*+ !& ,� !"��# !&,'-. �'/$,01 LBP .  

 

  ����� 2.2.2. !"#$% ��$&' LOA ()*�+,�(-# ,&) LBP 

23�,&�$*!',' 3)�*$((�*+# 

Linear model Poly1: 

     f(x) = p1*x + p2 

451,&�&*,$# (!& 95% confidence bounds): 

       p1 =       1.031 (1.03, 1.033) 

       p2 =       2.749 (2.341, 3.157) 

 

 

 

Goodness of fit: 

  SSE:  4051 

  R-square: 0.9989 

  RMSE: 1.455 

 

.�+�,/+�(-#' 

6)��&�,'� (�' !�' '3� ,�# �'�.,&)&# &�,�!"*&�#7 8'91&,'� '3� ,' :�'();!!',' 

�'� '3� ,�# 3')'!$,)�5# 3���,+,'# 3�*� �'�" &91'� + 3)�*&((�*,��" &5/&9'7 

2-��*+!&90,� &91'� ,� (&(�1�# �,� �� *51,&�&*,$# ,+# 3)�*&((�*,��"# &5/&9'# :&1 

$%�51 *%&:�1 �'/���5 :�'<�); !& ,�5# *51,&�&*,$# ,01 &5/&�=1 !& >?@ 

&!3�*,�*.1+7 
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Linear fit

LOA vs. LBP

LOA = 1.031*LBP + 2.749       (2.2.2) 
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2.2.3. ������ ! 

�������� �!"# $%�# !�&�# '(')*�%'�# $"��+,#DWT !�%# -&.�/(0# 12# �&&.# �/# -&.�/0#

')"�34"��%#"-3'�0#$"#�/#$�!/0#$"��+,#!� *�56 LBP.  

· ������ "#$ %&"�� %'�#() "#*+�,- 

 

  ����� 2.2.3.�. �!"#$% & '()�*#�'+, #$( LBP 

7-/�"&*'$���#-�/'*88%'�0 

General model Power1: 

     f(x) = a*x^b 

9(6�"&"'�*0 ($" 95% confidence bounds): 

       a =     0.08567 (0.08033, 0.09101) 

       b =       1.135 (1.123, 1.146) 

 

 

 

Goodness of fit: 

  SSE:  8128 

  R-square: 0.9578 

  RMSE: 1.975 
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Power fit

Pred bnds (Power fit)

BeamB vs. LBP

B = 0.08567 *LBP 
1.135  

    (2.2.3.�) 
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�������� !"# 

 �� ��� ���!"�#� �$% &'(�$%) *&+ �$ ",�$)- ./$%"� "0* &12�� 03.* ��) 

*�*'$4!*) "��*56 &'(�$%) �*0 ",�$%)7 81* &1+��0�*0 40* "0* &$'6 /1,#0"� 

&'�1$9$1!*7 :0 &*1("��1$0 &$0+���*) �$% fit ./$%� &$'6 0�*�$&$0��0�.) �0".)7 81* 

� &1$#�440#�0�, �*"&6'� &1$#�44!;�0 �*'( �* #�"�!* *� �*0 &*1*��1$6��*0 "�4('�) 

*&$�'!#�0)7 <1(4"*�0 $0 "�4*'6��1�) *&$�'!#�0) &*1*��1$6��*0 #�* &�10&$6 => m, 

&$% �!�*0 �$ ".40#�$ &'(�$) �?� Panamaxs7 @0*�1!�$��*0 �*0 (''�) �.�$0�) &�10$/.) 

#�* &�1!&$% AB- CD- EB m7 F� �*0 � ���!"�#� �$% &'(�$%) *&+ ��� �5!#?#� 27>7=7*7 

&*1*".��0 0�*�$&$0��0�,- G* ./�0 �&!#�) ��30*9.1$� �* 3$6"� �* (�? *�*9�1+"��* 

9*0�+"��* #� #/.#� "� .�* H(1$)- &7/7 DWT 

. 

· ������ !"# DWT 

 

  ����� 2.2.3.�. !"#$%&' ()*�+$�(,- $%) DWT. 

������ !"#�#$�%�! &&'!() 

General model Power1: 

     f(x) = a*x^b 

*+,����!� ) ("� 95% confidence bounds): 

       a =      0.9266 (0.9026, 0.9506) 

       b =      0.3296 (0.3275, 0.3317) 
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Power fit

Pred bnds (Power fit)

BeamB vs. DWT

B = 0.9266 * DWT 
0.3296  

    (2.2.3.$) 
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Goodness of fit: 

  SSE:  3661 

  R-square: 0.9811 

  RMSE: 1.326 

 

�������� !"#  

 ��� ���!" 2.2.3.#. �$ %&'$��() �*+ %,"�-+ /"0+�+�"$ %$� 1&456"'". 7��8!& 

��" 32m �" panamaxs, ��" 42m �" aframaxs, ��" 48m � 50m �" suezmaxs 4"$ ��" 

58m � 60m �" VLCC 4"$ ULCC. 9$ %"'5!&�'�$ %�$:�;�") �;) %'��&<<$��$4�) 

4"!%=,;) 6" !%�'�=�"+ +" ��"+ "4:!" 4",=�&'&) "+ >&+ 8%�'�"+ �(��$&) %&'$��(). 

?%: �� ���!" "8�:@ 6&*'-+�") 4"$ �" >$"���!"�" &!%$����=+;)@ %"'(�&�"$ !$" 

%�,= 4",� &4�0!;�; ��8 %,5��8). A!*)@ :%*) 6" >�=!& ��;+ %"'5<'"/� 2.2.6., ; 

,&$��8'<0" ��8 %,�0�8 B&8��56&$"@ "+����...C 6(�&$ 45%�$�8) %&'$�'$�!�=) %�8 

4"6$���=+ �$) 4='$&) >$"��5�&$) +" ��&�0D�+�"$ ; !0" !& �;+ 5,,;. 

 

2.2.4. ����� D 

E 4",=�&'; �8��(�$�; ��8 4�0,�8 &0+"$ !& �� DWT, :!*) >&+ !%�'&0 "!&,�=�"$ 4"$ 

�$ ��(�&$) %�8 (�&$ !& �$) 5,,&) >$"��5�&$)@ >;,">� �� !�4�) 4"$ �� %,5��).  

· ����� ��! DWT 

 

  ����� 2.2.4.�. �!"#! D $%&�'(�$)* (!% DWT. 
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������ !"#�#$�%�! &&'!() 

General model Power1: 

     f(x) = a*x^b 

������� �!" (#� 95% confidence bounds): 

       a =      0.4801 (0.4636, 0.4965) 

       b =       0.327 (0.3241, 0.3298) 

 

 

 

Goodness of fit: 

  SSE:  1603 

  R-square: 0.966 

  RMSE: 0.8793 

 

�������� !"# 

 $%�&'(%�%�)#&'�*�' +#�,*�'-./*'%01'�+�'(%#0.�+"'�(�,#+ +"2'�3�41�'1�%'

�%'  +#�,%' 0�/5!3)��%5'  �5"' %(/%,�"' (%#0.��". 6)'  ��)�5(1'  78�#%' �(7/%91#��)'

%01'�%'#�-!:+'SSE (%5'RMSE �,�%5'0)�.'#5(/1 �%#;8�)��%"'�0�1<+�'�)'0�&:)"'�*�'

 +#�,*� (%5'�+�'�8=+'#�-!:)�"'�*�'4�4)#!�*�2 

 

· ����� ��! "#��$ "%&�'( ��)*&+, 

 

  $%�&�'2.2.4.(.')*+,*'D  -/���� !" �*-'LBP. 
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Linear fit

Pred bnds (Linear fit)

DepthD vs. LBP

D = 0.4801 * DWT 
0.327

      (2.2.4.�) 
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������ !"#�#$�%�! &&'!() 

Linear model Poly1: 

     f(x) = p1*x + p2 

*+,����!� ) ("� 95% confidence bounds): 

       p1 =     0.09993 (0.09878, 0.1011) 

       p2 =      -2.272 (-2.578, -1.966) 

 

 

 

Goodness of fit: 

  SSE:  3108 

  R-square: 0.9338 

  RMSE: 1.224 

 

�������� !"# 

 � ������!�" D-LBP #$%&! '()*&%+, -!./�#() 0&-1 &'/ �"% D-DWT2 &--3 

��#! 4!& ��#�!03 0&-1 ')!/�"�&5 6% 0&! " 0&4'7-" 8#% &0)-)�9#$ ��-#!& �& 

8!&�0)('!�4�%& �"4#$&2 4&:$ �& predition bounds ;/(!& '(/<-#=",>2 '&(��#! ��)% 

%&�'"./ 4!& ')-7 �(1�!4" '-"()*)($&2 .!& �"% ����" 410)�,- 0)$-)� ')� '&$:#! 

�"4&%�!0/ (/-) ��"% 4#-��" �", 8!&410)�, &%�)�1, �)� '-)$)� ?, 8)0/,5 

 

· ����� ��! "�#$�% 

 

  ����� 2.2.4.�. !"#$" D %&'�()�%*+ )"& ,$-)"&/ � 
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Linear fit

Pred bnds (Linear fit)

DepthD vs. BeamB

D = 0.09993 * LBP - 2.272     (2.2.4.&) 



2.10 

 

������ !"#�#$�%�! &&'!() 

Linear model Poly1: 

     f(x) = p1*x + p2 

*+,����!� ) ("� 95% confidence bounds): 

       p1 =      0.4771 (0.4715, 0.4828) 

       p2 =       1.201 (0.9241, 1.478) 

 

 

 

Goodness of fit: 

  SSE:  3347 

  R-square: 0.9291 

  RMSE: 1.271 

 

�������� !"# 

 -#'$�./0$�1&2$�2,$"�&3�2,$#��4�5!�2,$�2,$!("�52,$#�1$�(,$�%�!�&&'!�'46$

4#"�7�(0$ "�'/,�,�#'$ 4#'$ �3�'$ �'$ �#%3"��%�'$ ��'1�(�#)0$ #��3$ �#%#" ,�+,$ !�$

'4#,���'(�'46$ �38($ "�& 9�+): ;#%3$ ��,$ .'#!4�%�'!"1$ �2,$ !("�52,0$  <�,�#)$ !�(,$

.'39�!6$ "#)$ 4#'$ �#$ .'#!�6"#�#$ =>?$ �"�'!��!7,()0$  <�+"�$ "'#$ �%/�($ �'41,#$ �()$

!+!< �'!()$D-B0$ �(,$���5#$9#$"����6!�+"�$" !2$��+ �1&�+ @AD !�(,$�#%3&%#B�$

2.2.6. 

2.2.5. ������ !" 

C�$D79'!"#$�8#%�3�#'$3"�!#$#�1$��$4�5�� (ICLL) 0$#��3$#85E�'$,#$�8��#!��7,$4#'$�'$

!< !�') ��+$"�$��$DWT 4#'$��$LBP �'$���5�)$�#%�+!'3E�,�#'$�#%#43�2:$F)$&,2!�1,0$

($ !+!< �'!($ "��#87$ @$ 4#'$ C$ �5,#'$ 4#9�%'!�'41)$ �#%3&�,�#)$ !�(,$ �+!�39�'#$ ��+$

���5�+0$ !�(,$ �#%�7!#$ #,3�+!(0$ 9#$ �8��#!��5$ " !2$ ��+$ �1&�+ @AC$ !�(,$ ��1"�,($

�#%3&%#B�: 

D = 0.4771 * B + 1.201      (2.2.4.#) 
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· ������ !" �!DWT 

 

  ����� 2.2.5.�. �!"#$�� % $&'�()�$*# )+& DWT. 

������ !"#�#$�%�! &&'!() 

General model Power1: 

     f(x) = a*x^b 

*+,����!� ) ("� 95% confidence bounds): 

       a =      0.2361 (0.2281, 0.2441) 

       b =      0.3581 (0.3553, 0.3609) 

 

 

 

Goodness of fit: 

  SSE:  768.6 

  R-square: 0.9725 

  RMSE: 0.6105 

 

,�(�)-(�$*#/  

 -#%#�(%�.�#'$ !��$ !/0"#$ 212151#1$ "'#$ !/��'34$ ���6$ 3#�0$ 3#�#,�"0$ �7,$

!("�.7,$ &6%7$ #�8$ �(,$ �%�!�&&'!�'30$ 3#"�6�(1 9�.!()$ �#$ ���.#$ ��+$  /�+,$DWT 

"'3%8��%�$ #�8$ 50000 t,  /�+,$ ��$ :6;'!"#$ "�&#�6��%�$ #�8$ #+�8$ ��+$ �%�:� ��'$ ($

3#"�6�($ "#)1$ <%#=$  /�,�#)$ ��+)$ !+,����!� )$ &'#$ >5?$ �"�'!��!6,(=$ ($ �3�."(!($

0 0.5 1 1.5 2 2.5 3

x 10
5

5

10

15

20

DWT [ t ]

T
 
[
 
m

 
]

 

 

Power fit

Pred bnds (Power fit)

DraughtT vs. DWT

T = 0.2361 * DWT
 0.3581 

     (2.2.5.�.1) 
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������ !"#$!%!"&'($)*"�'($ )+$!"$DWT �)",-�$( $-�( &$"$�%�"#$+,"#$!.#$!&�/#$)"�$

0�(-&$.$�1%�.$2343454 467$�-$ �!/$)"�$0�(-&$.$) , 89!'$�1%�.$: 

  

 

· ������ !" �!�#"$%!�&' (�!" �)'*+ 

 

  ����� 2.2.5.�. !"#$%�� & %'(�)*�%+$ ��� LBP..  

������ !"#�#$�%�! &&'!() 

General model Exp1: 

     f(x) = a*exp(b*x) 

*+,����!� ) ("� 95% confidence bounds): 

       a =       4.895  (4.83, 4.96) 

       b =    0.004688 (0.004641, 0.004735) 

 

 

Goodness of fit: 

  SSE:  1303 

  R-square: 0.9533 

  RMSE: 0.7946 
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Power fit

Pred bnds (Power fit)

DraughtT vs. LBP

T = 4.895 * e
 0.004688 * LBP

      (2.2.5.�) 

T = 0.2441 * DWT
 0.3609 

     (2.2.5. .2) 
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�������� !"# 

 ������ !,"#"$�%&'(#")�*"+-.%�)�!"2/2/5/0/"&��1-34"+-3)4$6"$�(. 3$)7%#+#"

)�*"0*87+%�)�!/ T�"%9��"&�90(#%�"37��4"#"%3:6(#";4�$'%��+#"+)#�"&3�4�-.")�*"LBP 

220 m - 250 m. <��!" �&9" )�*!" (9:�*!" 37��4" )�" :3:��9!" 9)4" +)�" ��-37�" )�*" =>S 

Fairplay," ;3�" *&.�-3" ;46$�4+#" %3)�?'" 0*87+%�)�!" +-3;7�+#!" $�4" 0*87+%�)�!"

scantling. ����9(�"�*)6 %3")4!"$�(1!")#! &���%1)��*!"&�49)#)�!"&��:%�)�&�437)�4"

+-3)4$6"$�(."3$)7%#+#")�*"0*87+%�)�!":4�")�";4�81+4%�"3'��!"%#$ �/" 

 

· ������ !" �!"#$%# 

 

  $%�&�'2.2.5.(.')*+" &�',' -/���� �" �0-'10340-'D. 

@&�)3(1+%�)�"&��+1::4+#! 

General model Power1: 

     f(x) = a*x^b 

A*�)3(3+)1! (%3 95% confidence bounds): 

       a =      0.5581 (0.5453, 0.571) 

       b =       1.077 (1.07, 1.084) 

 

 

Goodness of fit: 

  SSE:  570.5 

  R-square: 0.9794 

  RMSE: 0.5273 
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Power fit

Pred bnds (Power fit)

DraughtT vs. DepthD

T = 0.5581 * D 
1.077

     (5.2.5.�) 
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�������� !"# 

���� ���!"�#$��, % �&'("))*($*+- +�!�./% T vs. D ������ !"# $ %&'$

(�)*%#�&$ �� +%&%�.$ ,���%&��*-#$ �/0$ %�$ �&-#1�$ (�%�'2-�'%� $ 3*�/$ ��+$ %&'$

(�-�*)&4$ # 5 (!$ ��+$ % -20$ (�1)��$ 67$ m (� $ �!'/. 8��'$ �9��!$ �)�1�$ -#$ (�1)�$

) 3+%#��$��+$67$ m, -���#1$ '�$ :�&� -��� &;#1$ &$ #(;#% (<$ #=1�/�&$-#$��'%#)#�%20$

(0.571, 1.084) �'%1$3 �$>?.77@646.?AAB$+�/0$�%&'$�:2�&$C.C.7.3.  

D5E$ �=1"# $ '�$ �&-# /;#1$ +% $ %�$ ��:#1�$ %��$ World Shipping Encyclopedia 

version 12.01 / IHS Fairplay Eds 51'��' %�$F*; �-�4$�))!$5#'$����5 ��1"��' �'$#1'� $

%�$F*; �-�$�:#51��&0$< %�$Scantling.$G�$3#3�'+0$��%+$#1'� $� ;�'E0$&$(*� �$� %1�$

%/'$ -#3�)*%#�/'$ ���()1�#/'$ %/'$ �&-#1/'$ ��+$ %&'$ ����#33 �% (<$ (�-�*)&$ ���$

����%&��*'%� $�%� 5 �3�!--�%�. 

H'% ;2%/04$ %�$ 5#5+-#'�$ %��$ #�3��%&�1��$-#)2%&0$ �)�1��4$ �'$ (� $ #1'� $ )13�$

���2:��'$�)&��9��1#0$+: $-+'�$3 �$%�$F*; �-�$�:#51��&0$�))!$(� $3 �$%�$scantling. 

I�3(�1'�'%�0$F�;1�-�%�$ %/'$�)�1/'$ %/'$5*�$���#)#*�#/'4 )+3/$%��$�)<;��0$(� $

%&0$ -#3!)&0$ 5 �(*-�'�&0$ %/'$ 5#5�-2'/'4$ <%�'$ 5*�(�)�$ '�$ 5 �(� ;�*'$ %�$

F�;1�-%�%�$�:#51��&0$��+$%�$scantling.$J��$3 �$'�$#1-��%#$�on the safe side� �%&'$

#(% -<�# 0$-�04$;#/��*-#$+% $%�$5#5�-2'� %�� World Shipping Encyclopedia version 

12.01 / IHS Fairplay Eds #1'�  F�;1�-�%�$ �:#51��&0.$D�+-2'/04$ � $ ����#33 �% (20$

(�-�*)#0 %/'$ �:&-!%/'$ C.C.7.�.$ 4$ C.C.7.F.$ (� $ C.C.7.3. �9���*'$ %�$ F*; �-�$

�:#51��&0 Tdes. I%�$�:<-�$2.C.7.5 9�1'#%� $�/0$��%!$%�$5*�$-#32;&$-#%�F!))�'%� $

��'��%<�# $ %��$ (�1)��.$ G�$ 5 !3��--�$ (�%��(#�!�%&(#$ �%�$ Excel )+3/$ %&0$

5�'�%+%&%�0$ ���$ ���2:# $ '�$ ���F!))�'%� $ ��))20$ -#%�F)&%20$ (� $ ����#33 �% (20$

(�-�*)#0$�#$2'�$5 !3��--�. 



2.15 

 

 

  ����� 2.2.5.�. !�#$%���� 'sc ��� �des !"#�$%&!'� %(" �()*(" D. 

 

� �����!" " #�#$� �%#&'(($)'* +# ,�-*&�� &.'/$�&"0 Tdes /$1'+�* ��2 +"1 '3$&4&"  

T = 0.2748 * D
 1, 2841 

��* 5.'* &61+'!'&+7 &6&.5+*&"0 R=0,9644. 

� �%#&'((*&+*�7 �����!" +#6 �5(*&+#6 ,6-$&��+#0 Tsc 5.'* '3$&4&" : 

T = 0.4868 * D
 1, 1236

 ��* 5.'* &61+'!'&+7 &6&.5+*&"0 R=0, 9855.   (2.2.6.�) 

 

 8+# ��%��9+4 &.7�� /'$.1#6�' �;0 &6&.'+$)#1+�* �6+9 +� /�# �'(5-"< /"!�/7 

�;0< 5.#1+�0 '�+*�7&'* +# =des< ��#%'$ # �'!'+"+70 1� '�+*�7&'* +# =sc. 
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  ����� 2.2.5.�. �����!" #sc �$%&'()�) (*$ +$�,�!"(*- �/�0,"�)- Tdes. 

������ !"#�#$�%�! &&'!() 

Linear model Poly1: 

     f(x) = p1*x + p2 

*+,����!� ) ("� 95% confidence bounds): 

       p1 =      0.9568 (0.8657, 1.048) 

       p2 =       1.789 (0.3945, 3.184) 

 

 

Goodness of fit: 

  SSE:  2.737 

  R-square: 0.9644 

  RMSE: 0.3899 
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Linear fit

Pred bnds (Linear fit)

Tsc vs. Tdes

Tsc = 0.9568 * Tdes + 1.789     (5.2.5.�) 
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2.2.6. ����� �!"#$% &�'()*(+$% 

 

· , -���. /01 

 

  ����� 2.2.6.�. � !"�$% &/' ()*�+,�(-0 ,$) 1!3,$)% &. 

�������� !"# 

������� ! "� ! #��! $%&'(�  )�*%+,-! %.$! ��! %'./�00�1� ! /�!  )��.%. -� )"!

2�3*"!��!/-*���4!�,,&!0�� )&!�.!# &0'�**�!*�5!#��� !* �!('6/ *-!%,-'.7.'��!:!0 �!

8��! #�#.*8�.!%,&�.54! .!/(�# �/�654! ('-/ *.%. 9���5! �.!%�'�%&�;!# &0'�**�4! 3�!

<8'� !�-�!*80 /�-!)� !�-�!�,&( /�-!� *6!%.$!*%.'��!��!%&'� !.!,"0.5!=>? 8�/ !9/��!

�� )&�� !* �!)�,6!�)��*-/-!�.$!=!)� !�.$!?!�%"!��!����/�. (�!# �0'&**���@  

A+*7;��!*�!��!#�#.*8��!*�54!8(.$*�!: 

B+'.5!%,&�.$5 10 m � 35 m 36 m � 62 m  !"#$%&'"& 

=!>!? 2.2 � 3.2  2.4 � 3.7 2.2 � 3.7 

 

�$%�&�#'2.2.6.�.'(!��)*+�',/-''0"�'1!1*(3%*'4+5�*7#',  

C'�!/$*%�'���.$*�!"� !�.!.!,"0.5!=>?!*���2&,,��� !&#()2.2)$*+)3.7 
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BprosT vs. BeamB
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· Freeboard (D � T). 

 

  ����� 2.2.6.�. (D � T) !"#�$%�!&' %*" ��+*", LBP. 

������ !"#�# �$�! %%&!'( 

General model: 

     f(x) = a*ln(x)+b 

)*+����!� ( ("� 95% confidence bounds): 

       a =       5.276 (5.118, 5.435) 

       b =      -22.46 (-23.34, -21.58) 

   

 

Goodness of fit: 

  SSE:  996.1 

  R-square: 0.6757 

  RMSE: 0.6971 

 

-�$�%/$�!&', 

�+,-#&,�,!*+����!�.(,!*!/ �&!'(,�0+#&,!/��&-1,/#"'�2(3,�#$#�'$�0�#&,#�2,��,

4&1%$#""#, 2�&, ', -#"�5�', �$�!�%%06�&, -#�1, �#, freeboards �7+, ���07+, "�, LBP 

"&-$2��$�,#�2,89:,m. ��2,89:,m -#&,�1+73,*�1$/�&,"�%1�',4&#-5"#+!'; <,�2%�(,

�'(,4&#-5"#+!'(,#*�.(, �0+#&,�&=#+2+, ��,%�%�+2(,2�&, =�7$.!#"�, �#,>*=0!"#�#,��*,

40+�+�#&,#�2,��,IHS Fairplay3,4'�#4.,4�+,�$�!4&�$06��#&,#+,�$2-�&�#&,%&#,Tdes .,Tsc. 
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Logarithmic fit 1

Pred bnds (Logarithmic fit 1)

Freeboard vs. LBP

(D-T) = 5.276 * ln(LBP) -22.46     (2.2.6.�) 
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 ��� �� ���!"#$%��&�� ' ��($!)', *&�(+�#!-� &#� .�/�"(&0 .1��"� : 

2%/#3 

-4"#!3 

LBP 

 

0-100 

 

100-150 

 

150-200 
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250-300 

 

300-350 

 

D - T 

 

0.8 - 3 
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5 - 9 

 

6 - 11 

 

������� 2.2.6.!. "#$�!%&' $%( freeboard ��� ����!"#� !$%�& LBP. 

 

������� !"�#$%$��&!��!'&�(��))���!� $!*+( $!LBP/B, LBP/D ��&!B/D ,-$���.,/&0!

�%-!).�%-0!LBP 

 

  '($!� 2.2.6.�. � )*��& LBP/+ ,-#�01$,�� 1�- LBP. 
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LBPprosB vs. LBP
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  ����� 2.2.6.�.'!'"#(!%'LBP/D ������ �!" �#�$LBP. 

 

 

  %& '�$2.2.6.!.$#$()*#+$,/D  ������ �!" �#�$LBP. 
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LBPprosD vs. LBP
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BprosD vs. LBP
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����� 

!"#�$�  

LBP 

 

0-100 

 

100-150 

 

150-200 

 

200-250 

 

250-300 

 

300-350 
 

������ ! 

LBP/B 5 - 6 5.5 - 6 5 � 7.3 5 � 7.5 5 � 6.7 5.3 - 6 5 � 7,5 

B/D 2 - 2.3 1.7 � 2.1 1.5 � 2.4 1.5 � 2.5 1.7 � 2.3 1.7 � 2.2 1,5 � 2,5 

LBP/D 11 � 13.5 10 - 12 9 � 13.5 10 - 14 9.5 - 13.5 10 - 13 9 - 14 

 

������� 2.2.6.!. "#!$% LBP/B, B/D ��% LBP/D &'��()*&+%  )$' ,*�$'� LBP. 

 

2.2.7. " #$%��&'( 

 !" #$%&'()*+" ,-.#%+(" )/.+0%1)#(" %!/"DWT2"3#" ,#,!*4.!" %!"DWT, %!" #$%&'()*+"

50-)$#%+("$+%#/6#-+."+'&"%!",(780+**+2"9)%&)!:",-.#%+("$+("%!",(780+**+"DWT/;"

)/.70%<)<"%!/""DWT. 

 

  -/*,� 2.2.7.a. 0�)#1%&,� 3 &'��()*&+% )$' DWT. 

='!%#>4)*+%+"'0!)488()<? 

Linear model Poly1: 

     f(x) = p1*x + p2 

@/.%#>#)%4? (*# 95% confidence bounds): 

       p1 =       1.129 (1.128, 1.13) 

       p2 =        4021 (3854, 4187) 
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Linear fit 1

Displacement vs. DWT
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Goodness of fit: 

  SSE:  6.58e+09 

  R-square: 0.9997 

  RMSE: 1802 

 

�������� !"# 

 �� ����! 2.2.7.!. �!" #$%&' (� &)(*+'��! �,%!-(��&' (�, DWT. �� 

����!"#�$� �$�%#&#�' (")*+$,+ �%-$ �/�%��-#"' 0� ")+�� $� "1#�!2-"�' �$, 3)+$+#�� 

��% �,#% #$ (��3��!!�. 4���#&�")#�� "�)-&' �%-$ -*"#�1� �-2!�+#& ")+�� & 

(��5%�� !"#�/6 #7+ -,+#"8"-#9+ #&' "/)-7-&' :.:.;.�. 1�� �,#9+ �$, ()($+#�� 3�� 

#� %��� ��%<8"=&' !" >?@ "!��-#$-6+&. 

A1$8$607'B ���$,-��C"#�� -#$ )(�$ (��3��!!� #$ Ddes vs. DWTdes 1�� #$ Dmax vs. 

DWTmax. 

 

�����' 2.2.7.�. !"#$%&'�� (des, (max  ')*�+#�'-& #/) DWTdes, DWTmax, 

�*#0'#/&�� 

4���#&�$6!" %#� $� (6$ 1�!�68"' ")+�� ",0")"'. E ",0")� Ddes vs. DWTdes F*"� 

"/)-7-& � = 1,1292 * DWT + 5360,5  1�� -,+#"8"-#2 ��$(�$��-!$6  R
2
 = 0.9996. 
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DWT [t] 

DWTdes-�des 

DWTmax-�max 

Linear (DWTdes-�des) 

Linear (DWTmax-�max) 

� = 1.129 * DWT + 4021     (2.2.7. ) 
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��� � ��!�"# $max vs. DWTmax %&�' �(")*)� � = 1,1237 * DWT + 4386,4  ��� 

���!"#"�!$ %&'(�'&��)'*  R
2
 = 0.9997.     (2.2.7.�) 

+,��� ��-./ �%0 !' (�12&�))�3 �##1 ��� �%0 !'�/ ")%"�&��'*/ !*%'�/ %'� 

%&'�*%!'�� 0!� !' .�� ).2"4'/ )%'&", �� �%'#'2��!", �%0 !5� %&'�"22��!��$ 

��)%*#5 !'� 1##'� 67&,/ �� %&'�*8"� �5)��!��0 �-1#)�. 

9!' �6$)� 2:;:<:2 %�&'��,�="!�� ' #02'/ DWT/> ����&!$�"� !'� DWT. 

 

�����'2.2.7.�. !"�#$ DWT/%  &'(�)*�&+, *#' DWT.   

?%'!"#.�)�!� %&'�.22��5/ 

General model log1: 

     f(x) = a*ln(x)+b 

9��!"#"�!./ ()" 95% confidence bounds): 

       a =     0.03062 (0.02976, 0.03148) 

       b =      0.4957 (0.4854, 0.506) 

 

 

Goodness of fit: 

  SSE:  0.3413 

  R-square: 0.7055 

  RMSE: 0.01298 
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Logarithmic fit 1

Pred bnds (Logarithmic fit 1)

DWTprosDispl vs. DWT

 = 0. 03062 * ln (DWT) + 0.4957     (2.2.7.�) 
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�������� !"# 

 ��� ��� !"�#�$�%&' ��! ()��"*%&���+, "-��(*�(��� . /-0%. ��! %/0&���+ )�� 

��! (&"(�-�)�1 �1"�! 232373�3, '&4+ $�� �� 5/(� � &(#(�.�0+ &�� �*%6.%. �.+ 

���#�$*�+ �4� &($(68�, )�#' (*��� �� �� 95-(� "8+ &(��:;##(��� . %!&:�#0 ��! 

DWT, ��� ��� �!" Lightship #�! $��%&�#'� (�� )*)!'*+- '$��.!���/ ���+%�-�� 

(DWT). 

 

2.3. ������ �!�"#!$%&"#'!()"&�"#!*�%)"#'!+Lightship LS) 

0�1 &$��##%�$�$1 .!�*1, �! LS, %&21 �+�.*�3-�$ ��� �&% �! �$.�4��! 5, (�� )6! 

&4!7� '$ �! 7)��1 ��8-1 '$(*3!"1 DWT &��!"#7�9$ �8�!#-'$72�$1 )��.!�*1: 

;������2 &��!"#��9!+��� !� )��.!�!� ��%&!� $��7'-#-1 �!" LS &!" ��73-��+ 

����44-4!�: 

2.3.1. Lightship  #,%&�� �!�"#! LBP 

 

  ����� 2.3.1. Lightship LS !"#�$%�!&' %(" LBP.   

 

<&!�$4*#'��� &�!#*((�#-1 

General model Power1: 

     f(x) = a*x^b 

="+�$4$#�*1 ('$ 95% confidence bounds): 

       a =     0.00213 (0.001818, 0.002441) 

       b =       2.918 (2.893, 2.944) 
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Power fit 1

Pred bnds (Power fit 1)

LightShip vs. LBP
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Goodness of fit: 

  SSE:  8.915e+09 

  R-square: 0.9717 

  RMSE: 2097 

 

�������� !"# 

 ��� ���!�" �# #��$%&�" % ��"'!#(% )*� +$$*� ',#()+(�*� ()�� -��$�.,(�/ 

)�- 0+!�-1 2���3 (2+4�-1 ��/1 �$�"�-5 /�*1 &# '�3�� $��)���!61 ()%� (-�78�,#9 

:;"<�, /�*1 �# )��,()�" � !/$�1 ��- �#"<�, )� �=2�1 ()�� -��$�.,(�/ )�- LS /�*1 

4#"��)#, #�/ ),1 �#!#�7)!�-1 ��,/)%)#1 )%1 �!�(7..,(%19 

2.3.2. Lightship ������ � !�"�!DWT 

 

$%�&�'2.3.2.�. Lightship LS  ()���� !" �*('DWT.   

 

:��)�$7(�#)# �!�(7..,(%1 

General model Power1: 

     f(x) = a*x^b 

>-�)�$�()71 (�� 95% confidence bounds): 

       a =       1.035 (0.9518, 1.118) 

       b =      0.8425 (0.836, 0.8489) 
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Power fit 1

Pred bnds (Power fit 1)

LightShip vs. DWT

LS = 0.00213*LBP 
2.918

      (2.3.1) 
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Goodness of fit: 

  SSE:  6.842e+09 

  R-square: 0.9783 

  RMSE: 1838 

 

�������� !"# 

 ���� ��!" !"!#$"%#$"& �!'( �)" *+!,-#!".) ��" .)#$/�"0 �& LS 

�!'&1.+(2$+ #+! !',$�( ,!3� .1.45�+.) #$ �& DWT6 78%.&" *9:),$ �!'!�("� & 

3%;&� DWT<= .1"('�).) �&1 DWT, .�& *+(;'!##! >?6@6?6AB �!'&1.+(2$�!+ & 3%;&� 

LS/= .1"('�).) �&1 DWT0 *+%�+ �� ;"�.�%" �& (:'&+.#! ��" *-& 3%;�" :! �'5�$+ 

"! $/"!+ C .$ ,(:$ $,�/#).)6 

 

����� 2.3.2.!. " #$%"& LS/' ()*�+,�(-. ,") DWT.  

D�&�$35.#!�! �'&.5;;+.)�  

General model Power1: 

     f(x) = a*x^b 

E1"�$3$.�5� (#$ 95% confidence bounds): 

       a =       1.769 (1.677, 1.961) 

       b =     -0.2141 (-0.2185, -0.2097) 
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Power fit

Pred bnds (Power fit)

LSprosDispl vs. DWT

LS = 1.035 * DWT 
0.8425

      (2.3.2.�) 

 = 1.769 * DWT 
-0.2141

      (2.3.2.�) 
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Goodness of fit: 

  SSE:  0.2756 

  R-square: 0.7677 

  RMSE: 0.01166 

 

�������� !"# 

�� ��� � !"�#$%$!#&' !"!()#�!*' $+��� ,��-.'/ * #01* ,$2)3�"' #�" .-�" 

LS/� ��� ��!��"# $% ���!�&'(��"# #'$%) *+(� "),-. ��� / #,*'"/(. *�� 0#$ 

#,*'�#*%) (# *-%&),1 (21!"%*%3 

 

2.3.3. Lightship ������ � !�"�!LBP, B #$%!D 

 

  ����� 2.3.3.1. Lightship LS !"#�$%�!&' %(" LBP
1.2326

*B
0.7279

*D
0.9431

. 

  

4��*#!�("%*% �-�(�&&)(/5 

General model Power1: 

     f(x) = a*x^b 

6�$*#!#(*�5 ("# 95% confidence bounds): 

       a =      0.2151 (0.1977, 0.2325) 

       b =      0.9189 (0.9127, 0.9251) 
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Power fit

Pred bnds (Power fit)

Lightship vs. fLBD

LS = 0.2151 * (LBP
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            (2.3.3) 
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Goodness of fit: 

  SSE:  5.209e+09 

  R-square: 0.9831 

  RMSE: 1615 

 

�������� !"#   

 �� ����!�" !#$ LBP, !#$ B �%� !#$ D &'��(�%) *� �+%)%,(+!���" -�%-��%./�" 

&�,!�.!#+#/(.(" .!() �0%'*#12 Evolver 3&,4 +%'5'!(*% 6478. � .!9:#" 2!%) ( 

�,%:�.!#+#/(.( !#$ SSE, 5'% *�1�.!#+#/(.( !#$ .$)!�,�.!2 .$.:�!�.(" R. ;!( 

.:�.( 74<4< 0%/)�!%� =��5�%'% +9.# �%�#'�.!��9" +%'51#)!%" �/)%� !# *2�#" .!#) 

$+#,#1�.*9 !#$ LS. >%'%!('�/!%� +?" # ����!(" !#$ +,5!#$" �/)%� # *��'9!�'#"4 

>'51*%!�@ .!�" $+#�%!(1#'/�"@ ,91? !?) +�'�#'�.*A)@ !# +,5!#" �/)%� �5+?" 

«!$+#+#�(*�)#»4 B�1#)9" +#$ *��A)�� !() &%'C!(!% !(" �+/-'%.2" !#$ .!() 

.!%!�.!��2 %)5,$.(4 

 

2.3.4. �������� !"# 

������ ! "#$%! &$! '�()! *�(+! $*�,&-.-! ��! $*�/'%.&�! 0 �'/! �-�! .�1.-! 232373�, 

&'�#�)&$!��!.4*5#,��4&$!��!�'��$(1.&���!�'/!��!'�#�'6�8!.�+&���!+9*�%!�)'�4 !

&$!��!�'/�$($.&�!'�4!:,�$%!�!5�8.�/ !�)'� !LS =!0!� DWT3!;$!�4�/�!���!�#/'�!

1�$%! *��$, ! &%� %:1�! ��4! .<6(&��� ! '�4! 1�$%! 5,�$%! .�-�! $*�,&-.-3 >��,.��%�-!

.)5*#%.-!&'�#$,!��!5,�$%!*�%!�#-.%&�'�%?��� !��!.�+&���!&$!��4 !(/5�4  LS/ 0!*�% 

DWT/ 0 .4��#�+.$% !��4!DWT@!1�.%!?.�$!LS/ 0 + DWT/ 0 = 1. 
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2.4. ������ �!"#$%&!�#' ()�*&. 

 

2.4.1. ����� ��!"#�$ Vcargo 

���� �� !"�# �#�$%#&$%#', ' &()'� *'+"-'. /0%"-1%"�2 $% "' DWT. 3�& "4# 5664 

$%+25, �%�+7#"�� "' (%('#&� &"2 %-#�2 &()'� ' '�'-'� �25#%2 "' $%(�68"%+' )'$$5"2 

"'. �6'-'., "'# %)*+51'.$% )�"�+0!# /.#�+"!/%2 "'. $!)'.� LBP )�2 /"4# /.#90%2� 

"'. (2#'$9#'. LBP*B*D. 

· Vcargo �%& DWT 

 

  ����� 2.4.1.�. �!"#$ %#&'(#) Vcargo *)+�&'�*,- '#) DWT.  

3�'"%69/$�"� �+'/9((2/4� 

Linear model Poly1: 

     f(x) = p1*x + p2 

:.#"%6%/"9� ($% 95% confidence bounds): 

       p1 =       1.088 (1.084, 1.092) 

       p2 =      -453.8 (-1383, 475.6) 

 

 

Goodness of fit 

  SSE:  1.207e+11 

  R-square: 0.9928 

  RMSE: 8320 
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Linear fit 1

Pred bnds (Linear fit 1)

Vcargo vs. DWT

Vcargo = 1.088 * DWT � 453.8     (2.4.1. ) 



2.30 

 

�������� !"# 

 ������ !, "  !�#  $% &%' ()(& # *�$&+!$�!&�$, (coefficient of 

determination) (-'�! *$),. /�)#. /�012. /�!. ". �$�3#.  "2 /��*,)"2 &4( !/�. �(.  "'.

+!�/,��'&".  5'. &"�(-5'6 7*-&"2.  $. �(�$'82. 8 !. $!. &%' ()(& 92.  5'. $�-5'.

*�8:)(;"2<.(!+!/�.�% $-.*$%.*$))�*)�&!�=$%'. $.DWT<.*��$%&!�=$%'.*$),.�!/�92.

+!�3$�92. /�0!& �.  "'. *�$&(��!& !/#. /��*,)". /� �))")". �!�. (/ -�"&".  $%. 8�/$%.

3$� -$% �*8. "'.�( �3$�!/#.!/�'8 " �6  

 

· Vcargo ��� LBP 

 

  ����� 2.4.1.�. !"#$% &$'()$* Vcargo +*,�'(�+-/ ($* LBP. 

������ !"#�#$�%�! &&'!() 

General model Power1: 

     f(x) = a*x^b 

*+,����!� ) ("� 95% confidence bounds): 

       a =   0.0008632 (0.0007737, 0.0009527) 

       b =       3.429 (3.411, 3.447) 

 

 

 

Goodness of fit: 

  SSE:  1.512e+11 

  R-square: 0.991 

  RMSE: 9304 
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Power fit 1

Pred bnds (Power fit 1)

Vcargo vs. LBP

Vcargo = 0.00086 * LBP 
3.429

     (2.4.1.!) 
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 ������ ! "#��! ��! "$%�  &�'�! ()*+,$! ��-.! �! ",/,�'�$ ! "0�1,2! ��!

01�3"���0�)$&,)!")�!%�/$!01#4/,5'!��-!#3%�-!6�1�2�-!�1'&)"�0�)7��� !��!&�$"�!

$!�'�!&�8&'! 9:;<;=;4>!0�-!,2��)!0�/?!%�/$ !0�)#�'�� .!&?"6@��!",!�'�!"�16$!�' !

%�"0?/' ! @ ! 01� ! �'�! ()�%?"��&'! �@�! (,(�"8�@�;! A�2�,��)! ,02&' ! 0@ !

&-"0,1)/�"4*�����)!&�8(��!#/�!��!&'",2�!"8&�!&��!()*&�'"�!BCD!,"0)&��&?�' ;! 

· Vcargo ��� ����!��# LBP*$*D 

 

  $%�&�'2.4.1.(.')(*+#',+��-+/'Vcargo  /0���� !" �+/'("0+&30+/'LBP565D 

E0��,/8&"���!01�&833)&'  

General model Power1: 

     f(x) = a*x^b 

F-��,/,&�8  (", 95% confidence bounds): 

       a =      0.3559 (0.3381, 0.3736) 

       b =       1.037 (1.033, 1.041) 

 

 

 

Goodness of fit: 

  SSE:  7.322e+10 

  R-square: 0.9956 

  RMSE: 6500 
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Power fit 1

Pred bnds (Power fit 1)

Vcargo_ vs. LBD_

Vcargo = 0.3559 * (LBP*B*D) 
1.037

           (2.4.1.�) 
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 ���� ��!�"!#$%�� �%�&��'(� )�!* +%'�,(-$% $)�! �! LBP %&.-$% $/0�)�%�! 

(*��%1%(�, (*(.2�/(�34 $%"-1#�%�- SSE 0-/ RMSE5 6�!7-�83 +%'�8��-3 0-/ �/3 

��%&3 9/-(�:(%/3 �- -�!�%12($-�- +- %&�-/ �/! 0!��: (�/3 ��-"$-�/023 �/$234 -11: !/ 

9/-7!�23 9%� %&�-/ 0-/ �)(! (!;-�235 

2.4.2. Gross Tonnage  GrT 

<�'�&=!��-3 )�/ � !1/0, .'���/0)���- %>-��:�-/ -�) �!� )"0! �!* �1!&!*4 

-�-$2�%�-/ �- *�:�>%/ 0-1, (*(.2�/(� $% �! "/�)$%�! LBP*B*D 0-/ $% �! DWT. 

?0�)3 -�) -*�: �- 9#!4 �-�-���,+�0% 0-/ $%":1� %>:���(� ��3 GT -�) �! $,0!3 

$%�-># 0-+2�'� LBP. 

· Gross Tonnage ��� DWT 

 

  ����� 2.4.2.a. Gross Tonnage GrT  !"�#$� %& $'! DWT. 

@�!�%12($-�- ��!(2""/(�3 

Linear model Poly1: 

     f(x) = p1*x + p2 

�*��%1%(�23 ($% 95% confidence bounds): 

       p1 =      0.5064 (0.505, 0.5079) 

       p2 =        3676 (3370, 3982) 
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Linear fit

Pred bnds (Linear fit)

GrossTonnage vs. DWT

GrT = 0.5064 * DWT + 3676      (2.4.2.�) 
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Goodness of fit: 

  SSE:  1.376e+10 

  R-square: 0.9964 

  RMSE: 2781 
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 � ����� !"#$%��&%$%' (�%�)*%'� '+& )�' ,#'))��� -!.-$ )( %� DWT. � 

/�'�0)'1-$ +(#��#23(%'� '+& %' &#�' +#&4�(5$6 %"1 �+�2"1 �� -71%(�(-%.6 (21'� 

+(#2+�7 2/��� )( %�76 -71%(�(-%.6 %$6 -!.-$6  89:;:9:'<: =� -!�)' 89:;:9:4< /(2!1(� 

+"6 )(%'4*��(%'� � �&,�6 GrT/DWT -71'#%�-(� %�7 DWT. 

 

 
  ����� 2.4.2. . !"#$% GrT/DWT &'(�)*�&+, *$' DWT. 

>+�%(�.-)'%' +#�-.,,�-$6 

General model Power1: 

     f(x) = a*x^b 

?71%(�(-%.6 ()( 95% confidence bounds): 

       a =       1.005 (0.97, 1.04) 

       b =    -0.05293 (-0.05583, -0.05002) 

 

 

 

 

Goodness of fit: 

  SSE:  0.5778 

  R-square: 0.408 
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Power fit

Pred bnds (Power fit)

GrTprosDWT vs. DWT

= 1.005 * DWT
 -0.05293

      (2.4.2.�) 
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  RMSE: 0.01802 
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 ��� ��� !"�#�$%&'(" )!&#**+,!&' ,� +&#� ,-" �!,�.'/�" )�&0 1 

)&'*!22#*,#34 3��)5/1 3�# ' ,5)'� )'( )&',!6"!,�# !$+*'" 1 )'#+,1,� �!" !6"�# 3�# 

,+*' 3�/47 8&� «9'",&#30»: �)'&'5�! "� 3&�,4*'(�! +,# ' /+2'� GrT/DWT  

�!,�.0//!,�# �!,�;5 <7=> 3�# <7?>: 3�# 1 2!"#34 ,0*1 !6"�# "� �!#�"!,�# �! ,1" 

�5;1*1 ,'( DWT. 

 

· Gross Tonnage ��� LBP 

 

  ����� 2.4.2.�. Gross Tonnage GrT !"#�$%�!&' %(" LBP. 

������ !"#�#$�%�! &&'!() 

General model Power1: 

     f(x) = a*x^b 

*+,����!� ) ("� 95% confidence bounds): 

       a =   0.0009326 (0.0008471, 0.001018) 

       b =       3.287 (3.271, 3.303) 

 

 

Goodness of fit: 

  SSE:  2.963e+10 

  R-square: 0.9922 

  RMSE: 4078 
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Power fit

Pred bnds (Power fit)

GrossTonnage vs. LBP

GrT = 0.000933 * LBP
 3.287

     (2.4.2.�) 
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 ���� ��! "# �$�%!� �&%'(%)"#*� "#(+,'- #!.!�$ "# /� 0$&'- #.1 "2*% "# /% 

"3�%�- (4*#/�! �&�#/$ ��53 #�/4"'6' /'� %5!�3� 7�&'/!�2/'/��8 9 �%!2/'/� /'� 

�&%6#((!6/!�3� ��"�)5'� :�4*#/�! ��2 /'* .!��)"�*6' /�* .#.%"+*�*- �55$ ��! 

��2 /!� ��&�"+/&%;� �%!2/'/��8 

· Gross Tonnage ��� ��!"#$!% LBP*B*D 

 

  ����� 2.4.2.1. Gross Tonnage GrT !"#�$%�!&' %(" )'#(�*#(" LBP*B*D 

������ !"#�#$�%�! &&'!() 

Linear model Poly1: 

     f(x) = p1*x + p2 

*+,����!� ) ("� 95% confidence bounds): 

       p1 =      0.2775 (0.2771, 0.2779) 

       p2 =       335.3 (158.7, 511.8) 

 

 

Goodness of fit: 

  SSE:  4.295e+09 

  R-square: 0.9989 

  RMSE: 1559 
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Linear fit

Pred bnds (Linear fit)

GrossTonnage_ vs. LBD__

GrT = 0.2775 * (LBP*B*D) + 335.3     (2.4.2.�) 
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 �� �� ��!"# $#% ��& �'(� 2.4.2.). *+&��#% , (%� #-%/(%��, �$�+",�, �,0 

�1%$!0 �35,�%$/�,�#0 GrT �'"63&# "� �# )�)�"7&# "#08 1/*3 �,0 "�56!0 �,0 

(5���**%��%$!0 $#"('1,0 $#% �%0 (#5#"7�5�90 (�%/�,�#0. :(+�,08 #-+;�% &# ��&%���+ 

, ����%$< #�!"#&�, )%#6�5< "��#-' �3& �9&��1���=& �,0 (#5#(<&3 ��7�,0 "� ��90 

�9&��1���70 �3& �5+3& (5/>1�?,0. 

 

2.4.3. Net Tonnage  NT 

���� ��!"#$� ��%&'$�, ��!"'$(%)"���( �*$$+!(- .4/ �!0�"( +1�23�$�- ��- 

1�5�!6- 78!��(10����-  : 9 �!;�"- +2��( ��0 �" DWT, " <+#�+!"- ��0 ��� "&(16 

78!��(10���� .GrT), " �!2�"- ��0 �"� 0=1" >"!�2"' Vcargo 1�( " �*��!�"- ��0 �" 

=(�03+�" LBP?@?D. A�!�1%�8 ��!"'$(%)"���( �� $7+�(1% <(�=!%33��� 1�( �#�"( 

=(� 1%5+ 3(� ��0 �(- B 1���="!2+-C 

· Net Tonnage ��� DWT 

 

  ����� 2.4.3.a. Net Tonnage NT  !"�#$� %& $'! �&"'�)"'! DWT. 

D�"�+&*$3��� �!"$*==($�- 

General model Power1: 

     f(x) = a*x^b 

�'��+&+$�*- (3+ 95% confidence bounds): 

       a =     0.09043 (0.08442, 0.09643) 

       b =       1.105 (1.1, 1.11) 
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Power fit

Pred bnds (Power fit)

NetTonnage vs. DWT
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Goodness of fit: 

  SSE:  1.348e+10 

  R-square: 0.9931 

  RMSE: 2745 
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 ������ �!" #�$% !&"'�#�!()!&* #+�,�--!,)!&* &"�#%$( �� #�$% &"$* 

#�!.)()"/ 0#1,(2 )" .+!" #+.3$�4(2 �� 956 ��#!,)�,%'(2 )" �#�1" #�+!$"�37'��' 

,�8:�' .$" )" :�:��8'"; :�' "#8���' #�$% "#. )(' &�')+!&* &"�#%$(/ 

 

· Net Tonnage ��� Gross Tonnage 

 

  $%�&� 2.4.3.'. Net Tonnage NT  ()���� !" �*( Gross Tonnage GrT 

<#�)�$8,�")" #+�,8--!,(2 

General model Power1: 

     f(x) = a*x^b 

������� �!" (#� 95% confidence bounds): 

       a =      0.1238 (0.1126, 0.1349) 

       b =       1.139 (1.131, 1.147) 
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Power fit

Pred bnds (Power fit)

NetTonnage vs. GrossTonnage

NT = 0.09043 * DWT 
1.105

     (2.4.3.�) 

NT = 0.1238 * GrT 
1.139 

     (2.4.3. ) 
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Goodness of fit: 

  SSE:  2.559e+10 

  R-square:  0.9864 

  RMSE: 3802 

�������� !"# 

� ������ !"�#$%�&$#$� '('!)$*+)$�% ��% ,) $#- ./%�� !"�#$%�&$#$�0 � 

'('!1$%'# 1!)% ��/12 3���,1$�.(24 �5$% 3.( ���%'$5 �6%&3%'$# $#- )�$*,#'# $#2 78 

�3& $. '!�,� � $.- $93. :;0<0=0>?0 @����5$" A*-)$�% $. A%5B��,,� $.( /&B.( 

NT/GrT '�- '(-5�$#'# $.( GrT. 

 
  $%�&� 2.4.3.'.  ()'*# NT/ GrT   +,���� !" �*+ Gross Tonnage GrT 

C3.$)/1',�$� 3�.'1BB%'#2 

General model Power1: 

     f(x) = a*x^b 

D(-$)/)'$12 (,) 95% confidence bounds): 

       a =       0.122 (0.1135, 0.1306) 

       b =      0.1402 (0.1341, 0.1462) 

 

 

Goodness of fit: 

  SSE:  2.449 

  R-square: 0.54 

  RMSE: 0.0372 
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Power fit

Pred bnds (Power fit)

NTprosGrT vs. GrossTonnage

 = 0.122 * GrT 
0.1402 

     (2.4.3.�) 
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���� �� !"!�#$% $�& ' (�&$�'�� �'% (��)*!!&)'% +"# ",#�& &-�#�(�&'�&-./ � 

0"1"�'�.% 0(��", #� (����'�",��& �-$0� -�& 0" �� «0��&»/ (2% 0"��3�11"��& ' 

�#�1�!,� �4# +5� 0"!"62# !&� 0&� +"+�0*#' �&0. �'% �1&-.% 74�'�&-$�'��%8 

· Net Tonnage ���  !�"# $"%&'"( 

 

�� ����!"� # $%&%'( )�'#!*$"!#!% %�%+,'-!%* �!. �/�.0*$" )1'. 2./ 

2'.�+-'-!%* �*% !# 3-!%+.'4 +.'!5./6 7'% %�%3,�./3- $%0( �/�),!*�# 3- !.� "�$. 

+.'!5./6 

 
  ����� 2.4.3.1. Net Tonnage NT !"#�$%�!&' %(" Vcargo. 

82.!-0,�3%!% 2'.�,��*�#� 

General model Power1: 

     f(x) = a*x^b 

9/�!-0-�!,� (3- 95% confidence bounds): 

       a =     0.09892 (0.08924, 0.1086) 

       b =        1.09 (1.082, 1.098) 

 

 

Goodness of fit: 

  SSE:  2.777e+10 

  R-square: 0.9846 

  RMSE: 4011 
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Power fit

Pred bnds (Power fit)

NetTonnage vs. Vcargo

NT = 0.09892 * Vcargo 
1.09

     (2.4.3.�) 
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  ���� � !"#$%&# ,' &!( )' %&' �&!&*+!+- )' +' (&*&%.#/' *�%' 0 0.#$%�%' 12!�'

&�3' *+%' �!.4 11"4*"(/' (&#�25+' (&"' &%6# 4&' 4*&' 3!"&' �!375 8+�' # ' 9:;'

 #�"4*.42%+�'1"&'%&'0"&�"4*�- )'�34.' "(&%.�."+*"(/'#�.! )'%&' )%&"'#"&' (*)#+4+'

&�3' *+%' �&!&�6%�' &%65<4+= >&!&(6*�' �&!.<4)&? *&"' +' # *&7.5/' *.<' 531.<'

@ABVcargo 4<%&!*/4 "'*.< Vcargo. 

 

 

  $%�&� 2.4.3.!. '()*#+ NT/ Vcargo  ,-���� !" �*, Vcargo. 

C�.* 5$4#&*&'�!.4$11"4+� 

General model Power1: 

     f(x) = a*x^b 

D<%* 5 4*$� (#  95% confidence bounds): 

       a =     0.09377 (0.08723, 0.1003) 

       b =     0.09448 (0.08876, 0.1002) 

 

 

 

Goodness of fit: 

  SSE:  0.5333 

  R-square: 0.381 

  RMSE: 0.01758 
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Power fit

Pred bnds (Power fit)

NTprosVcargo vs. Vcargo

 = 0.09377 * Vcargo 
0.09448

    (2.4.3.�) 
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 �� ����! 2.4.3.". #!$%�"& �&! '!(� "&')*! +,- �"+!/�(�- +,- !*!(�01!- 2�5Vcargo 

�6*!$+��"& +�6 Vcargo !* '!& , ��"+&'� #�&)+,+! +,- '!�#7(,- 8- #$�- +,* 9&!'7�!*�, 

+8* 9"9��%*8* 9"* "1*!& &'!*�#�&,+&'�. 

· Net Tonnage ���  !"#$%"& LBP*B*D 

 

  ����� 2.4.3. . !et Tonnage GrT "#$�%&�"'( &)# *($)�+$)# LBP*B*D 

:#�+"(%��!+! #$��%00&�,- 

General model Power1: 

     f(x) = a*x^b 

;6*+"("�+%- (�" 95% confidence bounds): 

       a =     0.02949 (0.02688, 0.0321) 

       b =       1.137 (1.131, 1.144) 

 

 

 

Goodness of fit: 

  SSE:  2.035e+10 

  R-square: 0.9894 

  RMSE: 3383 
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Power fit

Pred bnds (Power fit)

NetTonnage_ vs. LBD___

NT = 0.02949 * (LBP*B*D)
 1.137

    (2.4.3.�) 
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%!�)(2-+()(�# ��+ (& 32�+",�& (!� -4�2!� *2�/(�/,!� (&' �5&.&'6 72�0$(&�(�# -�2 

(&'# $82 /'�(,5,/(,# a -�2 b, ) �20��+()(� /9�5"�(&# ",2:�,(�2 ��-,(�6 

 

2.4.4. Suez Canal Tonnage SCT 

�� ����! ��"#$� �%��&'('! �$) Suez Canal Tonnage (SCT) #$) %��*'%+, %+-.���$� 

&��+/. #$--0, 1--2, ��,+� +#" �$ DWT, +#" �', GrT %+� +#" �$ 3�,"&�,$ 

LBP*B*D. 4&2!5 ' %+&#.-' SCT = f (LBP) %��*'%� �#�('! %+�1--'-' 3�+ �', 

�%��&'(' �$) �$) SCT "#2! 6+�,��+� (�+ 7�+3�1&&+�+8 

· Suez Canal Tonnage ��� DWT 

 

  ����� 2.4.4.�. Suez Canal Tonnage SCT  !"�#$� %& $'! DWT 

9#$��-:(&+�+ #�$(:33�('! 

Linear model Poly1: 

     f(x) = p1*x + p2 

������� �!" (#� 95% confidence bounds): 

       p1 =      0.4869 (0.4848, 0.4889) 

       p2 =        2105 (1678, 2533) 
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Linear fit

Pred bnds (Linear fit)

SuezCanalTonnage vs. DWT

SCT = 0.4869 * DWT + 2105      (2.4.4.�) 
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Goodness of fit: 

  SSE:  8.329e+09 

  R-square: 0.9955 

  RMSE: 2895 

 

�������� !"# 

 �������� ��!" #$%" &'�()*" )+�" ��" &�,� �" #��!+�,-.*/*��!" &��" )�!�"

#�)-+�0�%" ,�" 951" �,#!&�/&2*�3" 4# &�%" /!" &6*��+�&�7%" �$*" /� $*" �6�8*" (�*"

�#7'/6*" #/+2" �#)" �/6%" &6*��+�&�7%" ��%" &'7&�%" 23:3:3�3" ;" &6*(6�&,)%" �$*"

#���#.*$",�"�!%"#���,7��/6%"#/!)����%"��%"#�/&�<<!&�!=>%"=�,#2+�%?"=�@!&�."�/"

&'>,�"A3:3:3�3B.��"=�!"�/*"�*� &�/!'/"�2#/C"=��.++�+/"<!�"�=� ,�&�"�/6"SCT �#)"

�/"DWT. 

· Suez Canal Tonnage ��� Gross Tonnage 

 

  $%�&� 2.4.4.'. Suez Canal Tonnage SCT  ()���� !" �*( Gross Tonnage GrT 

D#/��+7&,���"#�/&7<<!&�% 

Linear model Poly1: 

     f(x) = p1*x + p2 

E6*��+�&�7% (,� 95% confidence bounds): 

       p1 =      0.9656 (0.9628, 0.9684) 

       p2 =       -1572 (-1879, -1264) 
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Linear fit

Pred bnds (Linear fit)

SuezCanalTonnage vs. GrossTonnage

SCT = 0.9656 * GrT � 1572          (2.4.4. ) 
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Goodness of fit: 

  SSE:  3.944e+09 

  R-square: 0.9978 

  RMSE: 1996 

�������� !"# 

 �� �������! "#$%�&'� �()& *�+, -� #$��. / #*0$1/)/ 0&' SCT ��� GrT !"� 

#$ %&!�'(#&)$ &()$* #+, #"%-, #.* $'"/0* 1+).#"/�#.#�*2 3�)�#.)&4#�" %4� %&!5'. 

6"�/(%�,7. 7#"* #"%8* #$9 GrT %&!�'(#&)&* ��� �&)4�$9 :;; <<< 2 =& #8#$"&* 

�&)"�#-7&"* . 7(!/)"7. %& #"* &/#"%07&"* #+, 5''+, 6"�!)�%%5#+, &4,�" �$'( 

7.%�,#"/0 !"� �"$ �>"��"7#� ��$#&'87%�#�2 

· Suez Canal Tonnage ���  !�"#  $%�&'(��)*%+, 

 

  ����� 2.4.4.*. Suez Canal Tonnage SCT !"#�$%�!&' %(" LBP. 

?�$#&'87%�#� �)$78!!"7.* 

General model Power1: 

     f(x) = a*x^b 

=9,#&'&7#8* (%& 95% confidence bounds): 

       a =   0.0006675 (0.0005791, 0.0007558) 

       b =       3.337 (3.314, 3.361) 
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Power fit

Pred bnds (Power fit)

SuezCanalTonnage vs. LBP

SCT = 0.00067 * LBP 
3.337

      -2.4.4./0 



2.45 

 

Goodness of fit: 

  SSE:  1.763e+10 

  R-square: 0.9905 

  RMSE: 4211 
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���� �� !"#�$�%�� &'(�%)%&�* &'&+,�"&-. �/$ �-( /��&%00"&�"#* #�!/1)- ��' 

&+*!���. 2345454678 &�� &+*!� 2345454078 !% �-( 6�*9%"� �:( ��;:( /�$6)%<-.  !% 

=>? %!/"&��&1(-.8 �� SCT �:( /)�;:( !% GrT > 155 000 , /��&%00;@%��" #�)1�%�� 

&1!A:(� !% �� B%;0!� !�.4 

· Suez Canal Tonnage ��� ��!"#$!% LBP*B*D 

 

  $%�&� 2.4.4.�. Suez Canal Tonnage SCT  !"#$%& '( %)! *(")+,")! LBP*B*D 

������ !"#�#$�%�! &&'!() 

General model Power1: 

     f(x) = a*x^b 

*+,����!� ) ("� 95% confidence bounds): 

       a =      0.2218 (0.2112, 0.2325) 

       b =       1.014 (1.01, 1.017) 
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Power fit

Pred bnds (Power fit)

SuezCanalTonnage vs. LBPxBxD

SCT = 0.2218 *(LBP*B*D) 
1.014

     (2.4.4.�) 
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Goodness of fit: 

  SSE:  4.876e+09 

  R-square: 0.9974 

  RMSE: 2217 
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 ������ !"# $!%#  %"# &''�"# $(�%�"# )%!* &*�%"# $!%# +,%# -+�.#  .# -/$."# -� !0(#

$!12 ��3#!4.$ .(-�#-%!#$!-4('5#$!%#2�!# (4.#-�#$!'( ��5#* ! %* %$/#4.%+ 5 !6 

2.4.5. �����  !"#$!%&% '($#)�� (Segregated Ballast Tanks � SBT) 

 

·  !"#$!%*�+*($#)��+�#,+DWT 

 
  $%�&� 2.4.5.�.  !"#$ %&'�(&)*)+,-(�.#$ SBT /0)�-.1/&2 .#0+DWT. 

������ !"#�#$�%�! &&'!() 

General model Power1: 

     f(x) = a*x^b 

*+,����!� ) ("� 95% confidence bounds): 

       a =       1.183 (1.092, 1.274) 

       b =      0.8988 (0.8926, 0.9049) 

 

 

Goodness of fit: 

  SSE:  2.196e+10 

  R-square: 0.9841 
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Power fit

Pred bnds (Power fit)

SegregatedBallastCapacity vs. DWT

SBT = 1.183 * DWT 
0.8988

        (2.4.5.�) 
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  RMSE: 3546 

�������� !"# 

�� �������! "#$%�&'� �!( )*�&�+�( +& DWT #�,( crude oil tanker- .�&�#$ �� 

/$�#0 1%#+02� 2�34 ��&2�+��2+024 #2+$.515 +&' 1'�&302&6 ,/2&' +!� "#)�.#�7� 

*�.�+&(8 9'+, ����+5�#$+�0 2�0 ��, +5� .&�:4 +5( 2�.�635( !( ��&( +5� 2�+��&.4 

+!� "#"&.#�7� 1+& "0�/��..� +&' 1%4.�+&( 28;8<8� 2�0 ��, +0( ����.*+�&'( 

�&0,+5+�( +5( ��30�"�,.515( =regression). 

· ������� !" #��$%!"&�'"()&%!"*%#$+%, 

 

  $%�&� 2.4.5.'. ()*+#,-!.�&!/0/,1�&��+# SBT  2/���� !" �+2,Vcargo. 

9�&+#3*1.�+� ��&1*//015( 

General model Power1: 

     f(x) = a*x^b 

>'�+#3#1+*( (.# 95% confidence bounds): 

       a =       1.142 (1.066, 1.218) 

       b =      0.8956 (0.8903, 0.9009) 

 

 

Goodness of fit: 

  SSE:  1.595e+10 

  R-square: 0.988 

  RMSE: 3048 
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Power fit

Pred bnds (Power fit)

SegregatedBallastCapacity vs. Vcargo

SBT = 1.142 * Vcargo
0.8956

        (2.4.5.�) 
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 ��� ��� �! "#$%� 2.4.5.&. �'!()��*� "*#��(+ (�,$ *(�-%/"/ �!0 �1(!0 SBT, 

�,,+ �� "/%*-� �!0 +�*#�3 �!,) ��� �/3 (�%�),/ �!0 "#$%��!6 2.4.5.�.7 "03*#-8!03 

3� �0%�*'�9:'!3��� %* �!3 -;�! �'��! *;<. =%>67 !� ��'+%*�'!� �!���/��6 "* �0�$ 

�/3 �*'-��>"/ *-3�� (�,)�*'*6. 

  

· ������� !" #��$%!"&�'"('�)���%"LBP*B*D 

 

����� 2.4.5.*. ! "#$% &'(��')*)% +,��-#$ SBT ./)�,-�.'0 -#/%  0)#�+)#/ 

LBP*B*D 

?�!�*,:"%��� �'!":11�"/6 

General model Power1: 

     f(x) = a*x^b 

@03�*,*"�:6 (%* 95% confidence bounds): 

       a =      0.4435 (0.4137, 0.4733) 

       b =      0.9305 (0.9254, 0.9357) 

 

 

Goodness of fit: 

  SSE:  1.425e+10 

  R-square: 0.9896 

  RMSE: 2866 
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Power fit

Pred bnds (Power fit)

SegregatedBallastCapacity vs. LBPxBxD

SBT = 0.4435 * (LBP*B*D)
 0.9305

    (2.4.5.�) 
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 �� ����!"#$ ��% �$��%&'(&)"*+ &)$ ,-� ���".�-#+/$ &01#$)$ �$�$#2/+' 

*$' +,34 $!!( ,+/ �$��%&'(5+' &��$�26 &%/2�+'+6 +�+',1 )$ &7(!#$)$ &)'6 

���*+'#2/+6 �+�'�)3&+'6 ,+/ +8/$' ��!- #+.(!+69 

2.4.6. ����� Fuel Oil � ! "#$�� Diesel Oil 

 

· �����%Fuel Oil � !%!&'(�%)$*+&,� 

 

����� 2.4.6.�.  !"#$%Fuel Oil Vfuel &'()*+,&, +,$%-&�/#$%0*12&,$. 

������ !"#�#$�%�! &&'!() 

Linear model poly1: 

     f(x) = p1*x + p2 

*+,����!� ) ("� 95% confidence bounds): 

       p1 =        0.2202 (0.1913, 0.249) 

       p2 =   -626.8 (-1244,-9.805) 

 

 

 

Goodness of fit: 

  SSE:  9.422e+06 

  R-square: 0.8938 

  RMSE: 570 
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Linear fit

Pred bnds (Linear fit)

Vfuel vs. TotalHP

Vfuel = 0.2202*P � 626.8      (2.4.6. ) 
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�������� !"# 

��� ����!"#� !�$, ��# "%�&!� '()*�+�*-�$ .%��/01 !� �)# �0�-#� �#�*2�-�$, 

�((1 3*40�!� !/� .%��/01 0�(4 .&.%"�/.) !� �)# /.%5 '*�6.)$7 8*90�/��/ 2/� �)# 

��5��*) 0�(5��*) .&.%".�/.) '�& 3*":)0� 2/� �)# �0�-!).) ��& .&#�(/0�5 920�& 

�;# ��<�!�#6# 3�*";$ 0�&.-!�&. H '*�.�22/.�/04 �&:�-� �-#�/ .%��/01 0�(4$ 

'�/9�)��$7  

· ����� Fuel Oil , !"#$� %&'(")� �*+ -*#$-)-* .%)&/"0*� 

='�/�4 9(� �� '(�-� "%�&# '�*-'�& «�/$ -�/�$ ��%5�)��$» >�� '�*/..9��*�  ?@-15 kn), 

&'4*%� '�(5 !/0*4 .&.%"�/.) !� �)# ��%5�)��7 A((1 .� .&#�&�.!9 !� �)# /.%5 

'*9;.)$, ) �0�-!).) �)$ �'�-�$ '�*�&./1B���/ .�)# '�*12*�+� C7D7, '��5%�!� 

0�(5��*� �'���(".!��� �'9 �)# '*�)2�5!�#) '�*-'�;.). 

 

����� 2.4.6. . Vfuel !"#�$%�!&' %() %��*%(%�) Vs +�' %() '!�*,) -$./!() 01 

A'���(".!��� '*�."22/.)$ 

Linear model Poly1: 

     f(x) = p1*x + p2 

Coefficients (with 95% confidence bounds): 

       p1 =   1.959e-05 (1.732e-05, 2.187e-05) 

       p2 =       767.5 (351.7, 1183)  
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Linear fit

Pred bnds (Linear fit)

Vfuel vs. P_Vs_

Vfuel = 767.5  +  1.959 * (P
1.2146  

* Vs
2.5

) *10
-5

   (2.4.6.�) 
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Goodness of fit: 

  SSE:  5.81e+06 

  R-square: 0.9313 

  RMSE: 553 
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 ������ !"#$%� &$'$()�*+ ,%)� ��- ."+ �/�!$))�!.�01 0�#�(,"2 �,,� 

�$/�,�#3�+�+.�� !.� -/�� �/-3,$4"56 7�- .�5 ��/�+8./�*5 ���-.".�52 ��/�."/�(#$ ���� 

��!" �#��$%%&'$( ) �*+�) 2.4.6.,. -� /$/�0+1� 0�2 ��( -( �#��+3$#$ ) �#��5$�) -)2 

-�*7-)-� 8�)#$�&�2.. 

· ����� Diesel Oil 

 

  ����� 2.4.6.�. !"�#$ Vdiesel / Vfuel %&'�()�%*+ )(& Vfuel. 

9��-$!+�0�-� �#��+%%(�)2 

General model Power1: 

     f(x) = a*x^b 

:81-$!$�-+2 (0$ 95% confidence bounds): 

       a =       6.493 (-14.55, 27.53) 

       b =     -0.5495 (-0.9528, -0.1462) 
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Power fit

Pred bnds (Power fit)

VdieselprosVfuel vs. Vfuel

 = 6.493 * Vfuel
-0.5495

         (2.4.6.�) 
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Goodness of fit: 

  SSE:  0.01733 

  R-square: 0.2888 

  RMSE: 0.0302 
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 �� ���� �!" �"#$�%! &�'# �! (! )*�"+&+)!�)*� &+),�!�� �!- &'+%�..)%�)*�- 

*�(&/$!-0 �+ &)+ %!(�"�)*, �1"�) ,�) + $,.+- Vdiesel / Vfuel (���2#$$���) ��� 0.02 ��� 

0.16. 3&1%!- ! .�")*� �#%! �1"�) ,�) .)� ()*'4- �)(4- �+� Vfuel , + $,.+- ���,- &�1'"�) 

�)- (4.)%��- �)(4-0 *�) (�)5"���) .)� (�.�$/��'�- �)(4-6 

2.4.7. Ton per Centimeter Immersion TPC 

 

$%�&� 2.4.7. '(n per Centimeter Immersion  )*���� !" �() LBP*B 

7&+��$4%(��� &'+%4..)%!- 

Linear model Poly1: 

     f(x) = p1*x + p2 

��"��$�%�4- ((� 95% confidence bounds): 

       p1 =    0.009206 (0.009178, 0.009233) 

       p2 =       1.911 (1.508, 2.314) 
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Linear fit 1

Pred bnds (Linear fit 1)

TPC vs. LBPxB

TPC = 0.009206*(LBP*B) + 1.911         (2.4.7) 



2.53 

 

Goodness of fit: 

  SSE:  8964 

  R-square: 0.9961 

  RMSE: 2.315 

 

2.5.  ������ �!��"!# $%&"!'()* �"! 

���� ��! �!"�#$#��% &''$()�* +,!,-.#/�!0 ),�,�)#!�1�!2# �� 3,-,)��4 

5(�'-,22,0 �� �3�/� �*"56#( ��" (�.* 3-74��8 9 2# ��" 7-� :
2/3

*Vs
3
. 

 

����� 2.5.�.  !�"#$%&'(!)#$!*+�&,�!-. ,/*$0
2/3

*Vs
3 

&3��#$6�2,�, 3-��6''(��8 

General model Power1: 

     f(x) = a*x^b 

;!"�#$#��68 (2# 95% confidence bounds): 

       a =     0.07179 (0.0552, 0.08838) 

       b =      0.7791 (0.7651, 0.7931) 

 

 

 

Goodness of fit: 

  SSE:  1.292e+10 

  R-square: 0.9015 

  RMSE: 2804  
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 * Vs
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0.7791
      (2.5.�) 
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���� ��!"#$%& �$' excel Evolver ()!"*"��#! 6.2), +"!%#!�$+$,&-�.� #,! 

/�0�,1�$+$2�1� �3� �.-��4� �$' �.�$+21#!�$5 .!, ��5 �!78���!59 :�1, 41�� �! 

:7$'#� #,! .!08��"� 1'17:�,1� #��!;8 ��5 ,178$5 .!, �$' <"$' +$' +�",0!#/*��, �$ 

�.�<+,1#! .!, ��� �!78���!= >!�!0&;!#� #��* !+< +$00:5 �+!�!0&?�,5 1�$ 

@,*%"!##! +$' !.$0$'-�2A 

 

����� 2.5. . !"�#$%&'()"*$%"+,�'-�"./ -0+%1
0,681842

*Vs
1,23942 

B+$��0:1#!�! +"$1:%%,1�5 

General model Power1: 

     f(x) = a*x^b 

�'���0�1�:5 (#� 95% confidence bounds): 

       a =      0.8634 (0.7122, 1.015) 

       b =      0.8741 (0.8593, 0.8888) 

 

 

 

Goodness of fit: 

  SSE:  1.132e+10 

  R-square: 0.9137 

  RMSE: 2625 
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3. ������ �! �"�#��$%!PRODUCT TANKERS 

�� ���� �! "�#$%�&!, '�(!�)&$*!+��& !& �+�-)�!&.!& �(�'!& �"�-/0)01 �2+ "3(&2+ 

.�(�"�0(&)�&"4+ 5&� Product Tankers. 

3.1. ������ �!�"#!DWTsummer 

 

����� 3.1. DWTsummer !"#�$%�!&' %(" DWTdesign 

������ !"#�#$�%�! &&'!() 

Linear model Poly1: 

     f(x) = p1*x + p2 

*+,����!� ) ("� 95% confidence bounds): 

       p1 =       1.162 (1.057, 1.268) 

       p2 =        1479 (-3616, 6575) 

 

 

Goodness of fit: 

  SSE:   1.636e+08 

  R-square: 0.9796 

  RMSE: 3692 
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Linear fit 1

Pred bnds (Linear fit 1)

DWTsumm vs. DWTdes

DWTsummer = 1.162* DWTdes + 1479     (3.1) 
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���� ��!" �#$%����! ��" crude oil tankers, �� ����� !" ��#$�%�$�"& '("�)*+ !" 

�� DWTsummer ,��- ���. ��/�0 1�$��#$�.!" "��'#& 2�) �� '#!"�� ��3 ��4(�3- ��2 

�#- �$�'"//)'�)*, *�!�.�# �"$)��!5+-�-��) ��2 �� 2$)� �$25�"6#& !" 978 

"!�)'��'.-#0 :3�, # ��#$�%�$�� !��$"� -� ���;")(<"� ���. ($,')!# '�)& �"$)�(4& 

2�3 ��$��#$�.-��) !"/+�"& ;)�*3!+-'")&0 

 

3.2. ������ �!�"#�$%!&'( �) *$%!�('!*��+,� �(�+- 

 

3.2.1. ./�+-!�*�(01!�(23�$%!LBP 

 

  ����� 3.2.1. !�"#$ �%&�'( "�)*&+, LBP  -/,�0&�-%4 &#/ DWT 

:���"�4'!��� �$�'4//)'#& 

General model Power1: 

     f(x) = a*x^b 

=3-�"�"'�4& (!" 95% confidence bounds): 

       a =        7.68 (7.265, 8.096) 

       b =      0.2958 (0.291, 0.3006) 
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Power fit

Pred bnds (Power fit)

LBP vs. DWT

 LBP = 7.68*DWT
0.2958

               (3.2.1) 



3.3 

 

Goodness of fit: 

  SSE:  4.107e+04 

  R-square: 0.9718 

  RMSE: 8.075 

 

�������� !"# 

�� ����!�"# $� �� crude oil, �� %�&'""(��&� product tankers ����' $')&(��&*+ 

$�,-!*+./ 0�&��#&*1$� (�' (2' $(�* "+""*&�1*���' "2-*� (3� �� "#$��� ,1&4 �%( 

�#� %&*"�,,'"�')5 )�$%13# �336 %�&'3�$76�*���' �%�"#. ��6$�"� "�� (&'� 

%&(73�8#. $� 9:; �$%'"�*"1�#/ �#$���')( �%�"#. ����' �* ,�,*�(. (�' # 

%&*"�,,'"�')5 )�$%13# -2�' %*31 )�35 "+$%�&'<*&6 "� (3* �* �1&*. �4� DWT �*+ 

=��,$��(. $�./  

3.2.2. ����� �!�"# LOA 

>* *3')( $5)*. LOA -2�' $'� ,&�$$')5 "2-"# $� �* $5)*. $���?1 )�!-�4� LBP . 

%&()�'��' ,'� $'� �%( �'. %'* )�31��&�. �)�'$5"�'. $� -��� "+���3�"�5 "+"2-�'"#. 

%*+ ����' %�&�%*+ @/ A������' �%�"#. �%( �� ='�,&6$$��� %*"( )�35 ����' # 

%&*"�,,'"�')5 �+!���/ 

 

  ����� 3.2.2. �!"#$ ��#%& LOA '()�*+�'," +%( LBP 
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������ !"#�#$�%�! &&'!() 

Linear model Poly1: 

     f(x) = p1*x + p2 

*+,����!� ) ("� 95% confidence bounds): 

       p1 =       1.022 (1.019, 1.025) 

       p2 =        5.13 (4.482, 5.777) 

 

 

Goodness of fit: 

  SSE:  950.2 

  R-square: 0.9989 

  RMSE: 1.362 

 

�������� !"# 

-��.$ "'/% )$ 0'#1�% )$ "��#2.$ �3,$ !+,����!�4,$ �()$ �25!3!()$ (367678$ /#'$ �3,$

�%53,$ �%9:��;()6$ <'$ : ��'!��)$ �#%="��%�'$ ��'9�(�#)$  >�+,$ ���.$ '/#,���'(�'/ )$

�'" )$/#'$1#5,��#'$#�9$��$0'=&%#""#$9�'$#/9"#$/'$#,$>%(!'"���'�5�#'$($!> !($?@.2.2) 

>3%5)$ �#$ 9%'#$ �%9:��;()A$ ($ �'B#,9�(�#$ ,#$ &5,�'$ !("#,�'/9$ !1=�"#$ �5,#'$ !>�09,$

"(0�,'/C6 

 

3.2.3. ������ ! 

 

· ������ !"# $%!�� $&�"'( !")*�+, 

 

  ����� 3.2.3.�. �!"#$% & '()�*#�'+, #$( LBP 
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Power fit

Pred bnds (Power fit)

Beam vs. LBP

LOA = 1.022*LBP + 5.13              (3.2.2) 

 



3.5 

 

������ !"#�#$�%�! &&'!() 

General model Power1: 

     f(x) = a*x^b 

*+,����!� ) ("� 95% confidence bounds): 

       a =     0.09931 (0.08023, 0.1184) 

       b =       1.104 (1.068, 1.139) 

 

 

Goodness of fit: 

  SSE:  5817 

  R-square: 0.8966 

  RMSE: 3.024 

�������� !"# 

 -./0$ 1�2)$ 3#'$ !��$ 3�45�#'�$ 60$ �#%#�(%�7�#'$ ��$ 4#7,�"�,�$ �2,$

«�+����'(" ,2,$ ��#�/,»8$ 9#%�1�#$ #+�50$ ($ �%�!�&&'!�'3:$ 3#"�;�($ .�,$ <�4�;&�'$

���;$#�1$�(,$.'#3;"#,!($�2,$!("�72,8$=#>7$"�$�#$1%'#$�%1?��@()0$#������;,$�,#$

3#�1$�%&#��7�$&'#$�3�7"(!($��+$��5��+)0$#�1 ��$":3�)$"��#<;$3#A �2,8 

· ������ !"# DWT 

 

  $%�&�'3.2.3.(.'�)*�+#,' -/���� !" �+-'DWT. 
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Power fit

Pred bnds (Power fit)

Beam vs. DWT

B = 0.09931 *LBP 
1.104

      (3.2.3.�) 



3.6 

 

������ !"#�#$�%�! &&'!() 

General model Power1: 

     f(x) = a*x^b 

*+,����!� ) ("� 95% confidence bounds): 

       a =      0.7505 (0.6881, 0.8128) 

       b =      0.3468 (0.3395, 0.3541) 

 

 

Goodness of fit: 

  SSE:  2582 

  R-square: 0.9539 

  RMSE: 2.024 

�������� !"# 

 ������ !�"�#$ %#!$ &�"!��$ !#$ %'(#!)&*$ �'$ +"�,'(-$ %.-"/$ +"�$ 32$ 0�#$ 42$ m 

%'(�%!15$ 67� '#$ 8�9*$ ��$ +1:0'�"(;+!1�'$ "/�$ %(!+!)<$ ��*=$ +"�$ %.!��$ �'$ DWT 

�#0(8"'(!$"9�$>?$???$t 0�#$��$@!A�'$%8+!$#@��#0-$+1�%'(#�&('"�#$/$0��%A./5$61"8$

'���#$%!.A$+/���"#08$:#�$"/�$%�(!A+�$��-.1+/$@#8"#$8%9*$����&(,/0'$%#!$%-�9=$"�$

%'(#++8"'(�$ product tankers %!1$ '�)��'$ +"/�$ @#-,'+< ��*=$ <"��$ �#0(8"'(!1$

�':&,!1*5 

3.2.4. ����� D 

 

· ����� !"# DWT 

 

  ����� 3.2.4.�. �!"#! D $%&�'(�$)* (!% DWT. 
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Power fit

Pred bnds (Power fit)

Depth vs. DWT

B = 0.7505 * DWT 
0.3468

      (3.2.3.�) 



3.7 

 

������ !"#�#$�%�! &&'!() 

General model Power1: 

     f(x) = a*x^b 

*+,����!� ) ("� 95% confidence bounds): 

       a =       0.855 (0.7803, 0.9297) 

       b =      0.2793 (0.2716, 0.2871) 

 

 

Goodness of fit: 

  SSE:  934.1 

  R-square: 0.9249 

  RMSE: 1.221 

�������� !"# 

 ������ ��!, �"� #� $%�&' �"()*+�' )#+* -%./�(�' /$#0' 0)#+#1�/(#*'2 

3%�1("$�, "4 �"� #� )"%�(�$%#� )#�5$6$"' �&4"� /-�$��� �"+7', 8"&4�$"� ")5 $# 

/-.(" 9:2;2<2"= 5$� $" /6(�&" ��4 �"$"47(#4$"� #(#�5(#%8" 1*%! ")5 $64 

)%#/�11�/$��. �"()*+6, "++� "4�(�/" /$64 �"()*+6 �"� 74" ")5 $" 5%�" 

)%5>+�?6'2 @04�)A', # (�+�$.$6' )%7)�� 4" �)�+71�� �"$�++6+" $#0' /04$�+�/$7' 

/*(8!4" (� $# DWT )#0 �&4�$"�2 

· ����� ��! "#��$ "%&�'( ��)*&+, 

 

  ����� 3.2.4.!. "#$%# D &'(�)*�&+, *#' LBP. 
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Power fit

Pred bnds (Power fit)

Depth vs. LBP

D = 0.855 * DWT 
0.2793

      -3.2.4.�/ 



3.8 

 

������ !"#�#$�%�! &&'!() 

General model Power1: 

     f(x) = a*x^b 

*+,����!� ) ("� 95% confidence bounds): 

       a =      0.1577 (0.1316, 0.1839) 

       b =      0.9003 (0.8694, 0.9311) 

 

 

Goodness of fit: 

  SSE:  1408 

  R-square: 0.8871 

  RMSE: 1.492 

�������� !"# 

 -#'$�./$($!+!0 �'!($D-LBP �1,#'$�%�2#,/)$�'&3��%�$4#�5$#�3$�(,$D-DWT. 

6$!+!0 �'!($.�,$�1,#'$4#'$�3!�$'4#,���'(�'457$8�&9��$�,.'#2 %�,$�#%�+!'9:�+,$�#$

3%'#$ �%3;��<()$ &'#�1$ "�%'49$ !("�1# &'#$ 49��'�)$ �'" )$ ��+$ LBP  �#%�+!1#!#,$ �(,$

�9!($,#$"#:�=�,�#'$�%�)$49�>$3%'�$�%3;��<()7 

· ����� ��! "�#$�% 

 

  $%�&�'3.2.4.(.')*+,*'D  -/���� !" �*-'0,1�*-#'5 
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Power fit

Pred bnds (Power fit)

Depth vs. Beam

D = 0.1577 * LBP 
0,9003

      (3.2.4.�) 



3.9 

 

������ !"#�#$�%�! &&'!() 

General model Power2: 

     f(x) = a*x^b+c 

*+,����!� ) ("� 95% confidence bounds): 

       a =      -138.7 (-162.4, -115.1) 

       b =     -0.5121 (-0.6429, -0.3814) 

       c =       42.02 (35.39, 48.64) 

 

 

Goodness of fit: 

  SSE:  1174 

  R-square: 0.9059 

  RMSE: 1.363 

�������� !"# 

���� ����!"�#$!�% &�% ��' !( )%*+��,,�- '!�. !( �/*!(� #$.�% ,#+�/0!#�( ��' 

50 m- ( �����*.� !0�(� )#. )$.#% &�/1� #&!%,23#%� !(4 &($/(45 6# !( #�',#.( 

)%*+��,,� ���17(4,# 1.�. !0�(- ( (�($(� �. &�% )#. #$.�% !'3( &�/'� '3( ( 

��("+(0,#.(�- +%� �/($� ,# �/*!(� ,%&�'!#�( ��' 89 m, ��(3#++$:#% &*��� 

&�/0!#�� !� �/($� ,# �/*!(� ,#+�/0!#�( !�. 89 m. 
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Linear fit

Pred bnds (Linear fit)

Depth vs. Beam

D = 42.02 - 138.7 * B 
-0.5121

      (3.2.4.�) 



3.10 

 

������ !"#�#$�%�! &&'!() 

Linear model Poly1: 

     f(x) = p1*x + p2 

*+,����!� ) ("� 95% confidence bounds): 

       p1 =      0.4319 (0.4164, 0.4473) 

       p2 =        3.61 (3.053, 4.168) 

 

 

Goodness of fit: 

  SSE:  2169 

  R-square:  0.8262 

  RMSE:  1.851 

 

3.2.5. ������ !" 

 

· ������ !# �!DWT 

 
  ����� 3.2.5.�. �!"#$�� % $&'�()�$*# ���'DWT. 

������ !"#�#$�%�! &&'!() 

General model Power1: 

     f(x) = a*x^b 

*+,����!� ) ("� 95% confidence bounds): 

       a =      0.6497 (0.6095, 0.6898) 

       b =      0.2715 (0.266, 0.277) 
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Power fit

Pred bnds (Power fit)

Draught vs. DWT

D = 0.4319 * B + 3,61      (3.2.4.�) 



3.11 

 

 

 

Goodness of fit: 

  SSE:  228.1 

  R-square: 0.9566 

  RMSE: 0.6041 

�������� !"# 

 ������ � !"#� � $%&"# �'$#()&�*'$#+,�'# -.#�)$#-�%(�++/(�/�"#� &-,!)#

�)0# %-%* 0# )# -%/.�)� #  -%1�/�$,�� /# � /#  -.# �/0# - � &2��%30# -%3# 1*$%$� /# (�%#

goodness of fit. 4(�.(%5#+/ #$ # -%6�378%,$ -/8 $�#(6�!& � 5#+/ ##DWT > 200000 

t, (3$/(��� /#)#7�"()#�'$#(3$��!�(�9$#�%3#�$'#%�*%3#-�.:!�;)05#1)! 1"#a=0.6898  

� /#b=0,277. 

· ������ !" �!�#"$%!�&' (�!" �)'*+ 

 
  $%�&�'3.2.5.(.')*+" &�',' -/���� !" �0-'LBP.. 

�-%��!2(& � #-�%(2++/()0 

General model Power1: 

     f(x) = a*x^b 

<3$��!�(�20 (&� 95% confidence bounds): 

       a =      0.1272 (0.1105, 0.1439) 

       b =      0.8728 (0.8484, 0.8972) 
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Power fit

Pred bnds (Power fit)

Draught vs. LBP

T = 0.6497 * DWT
 0.2715

      (3.2.5.�) 

T = 0, 1272 * LBP
0.8728

      (3.2.5. ) 
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Goodness of fit: 

  SSE:  431.1 

  R-square: 0.9183 

  RMSE: 0.8266 

�������� !"# 

 ������� ! ��! "#��� $�! "%&�'(! )*�( ! "+)� $&! +(',��-! ,! "#"+.� ",! ')�(/0!

�1�!')2)34�!5)�!)*�( !$( !��"�! $(��6� ,� $7. ���� ��!"# �$%!&� �'()* 200 m +,- 

.#"-!-/#* -# �#)!&1*31!&- *+*#"/,)! �)45�6�#. 7*# �,8#�9/,)# ��!"#: #-#�'-!-/#* 

1.3��#/#; 

· ������ !" �!"#$%# 

 

  ����� 3.2.5.�.'!"#$%��'&'%'(�)*�%�$ *,' -,/0,' D. 

<�!/,�'1�#/# �)!1'88*16� 

General model Power2: 

     f(x) = a*x^b+c 

=&-/,�,1/'� (�, 95% confidence bounds): 

       a =     0.07041 (0.04864, 0.09218) 

       b =       1.628 (1.537, 1.719) 

       c =       4.508 (4.166, 4.85) 
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Power fit

Pred bnds (Power fit)

Draught vs. Depth

T = 4,508 + 0.07041 * D 
1.628

     (3.2.5.�) 
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Goodness of fit: 

  SSE:  196.8 

  R-square: 0.9627 

  RMSE: 0.5588 

�������� !"# 

������ !�"#�!" $%"&�'(�##�( ��)"�!*&+,$"*�" $%"�!,+ ��$"&'�� $ !"#�!" $%"

�� -*$($" '."/.0-(*! '12 3���-"%!"&!�! $�$0�-"&41"�! !%5*'% !�" !"($*�-!"#+�6"

!&'" $%"�!*&+,$"�!�" $%" �*)" '."(.%',��'+"(78,*! '1"9SSE �!�"RMSE). 

:*'-61"*�" !"crude oil tankers, &!�!�8 6"&!�'.(�8;'% !�"'�"*� !/',51" '."Tdes �!�"

 '."Tsc (.%!� )(��" '."�'-,'.2 

 

  $%�&� 3.2.5.'.()*+, &���(-sc /�"(-des  *0���� !" �1*(/1,31*(D. 

<"�!*&+,$"$"'&'-!"&�'(�##-;��" '"/+0�(*!"(=�>-!($1"Tdes >-%� !�"!&�" $%"�?-(6($" 

T = 0.984 * D
 0.8297 

�!� 5=��"(.% �,5( $1"&�'>�'��(*'+"9coefficient of determination) 

R
2 

= 0.9424. 

@%4"$"&�'(�##�( ��)"�!*&+,$" '."*5#�( '."/.0-(*! '1"Tsc 5=��"�?-(6($"A 

T = 0.9603 * D
 0.8818

 �!�" 5=��" (.% �,5( $1" &�'>�'��(*'+" 9coefficient of 

determination) R
2 

= 0.9697.       (3.2.6.�) 

B'"(=)*!"C2D2E2�2"&!�'.(�8;��" '"/+0�(*! scantling Tsc (.%!� )(��  '."/.0-(*! '1"
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  ����� 3.2.5.�. !"#$%�� &sc %'(�)*�%�$ *+' ,'#-%��*+/ %��0-�%1/ Tdes. 

������ !"#�#$�%�! &&'!() 

Linear model Poly1: 

     f(x) = p1*x + p2 

*+,����!� ) ("� 95% confidence bounds): 

       p1 =       1.147 (1.001, 1.294) 

       p2 =     -0.1433 (-1.737, 1.451) 

 

 

Goodness of fit: 

  SSE:  4.34 

  R-square: 0.9602 

  RMSE: 0.6014 
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Linear fit

Pred bnds (Linear fit)

Tsc vs. Tdes

Tsc = 1.147 * Tdes � 0.1433     (3.2.5. ) 
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3.2.6. ����� �!"#$% &�'()*(+$ 

· � ����� !/" 

 

  ����� 3.2.6.�. ! "#$%& '/( )*+�,-�)01 -%* 3"4-%*& '. 

 

������ !"#�# �$�! %%&!'( 

Linear model Poly1: 

     f(x) = p1*x + p2 

)*+����!� ( ("� 95% confidence bounds): 

       p1 =    0.002708 (0.002295, 0.003121) 

       p2 =       2.112 (2.027, 2.198) 

Goodness of fit: 

  SSE:  40.21 

  R-square: 0.2083 

  RMSE: 0.2524 
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����� �!"#�$� 10 m � 30 m 31 m � 35 m 36 m � 60 m  !"#$%&'"& 

% / & 2.2 � 3.0 2.2 � 3.5 2.5 � 3.5 2.2 � 3.5 

 

������� 3.2.6.�. !"#�$%&' (/)  *+� ,",%!-�% 0&1#%3� (  

· Freeboard (D � T). 

 

  ����� 3.2.6. .!(D � T) "#$�%&�"') &*#!��+*#, LBP. 

 

������ !"#�# �$�! %%&!'( 

General model log1: 

     f(x) = a*ln(x)+b 

)*+����!� ( ("� 95% confidence bounds): 

       a =       5.154 (4.911, 5.398) 

       b =      -21.51 (-22.79, -20.22) 

 

 

 

Goodness of fit: 

  SSE:  503.2 

  R-square: 0.7325 

  RMSE: 0.893 
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Logarithmic fit

Pred bnds (Logarithmic fit)

FREEBOARD vs. LBP_

(D-T) = 5.154 * ln (LBP) -21.51           (3.2.6.�) 
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�$%�&�#'3.2.6.(.')!��(*+�'�*,'freeboard -"�'/!/*)0%*')�&*#'LBP. 

5�/�"(&0 *�1�#�&�� &� ���6/(--�&� &0� $760� LBP/B, LBP/D "�� B/D 

)!��/&4)��3 &#! -4"#!3 LBP 

 

  14�)�'3.2.6.-.'*'+5-*#'LBP78  ,%���� !" �*,'LBP. 
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  ����� 3.2.6.�. ! "#$!% LBP/D &'(�)*�&+, *!' LBP. 

 

  ����� 3.2.6.+. ! "#$!% -/D  &'(�)*�&+, *!' LBP. 
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����� 

�"#�$�  

LBP 

 

0-100 

 

100-150 

 

150-200 

 

200-250 

 

250-300 

 

300-350 
 

������ ! 

LBP/B 5 � 7.3 5.5 - 8 5.3 � 6.7 5.2 � 7.2 5.3 � 6 5.3 � 5.5 5 � 7.3 

B/D 1.4 - 2.4 1.6 � 2.3 1.4 � 2.4 1.5 � 2.3 1.8 � 2.3 1.8 � 2.2 1.4 � 2.4 

LBP/D 9.5 � 14 10.5 � 13.5 8.8 � 13.5 10 - 13 10.5 - 12.3 10 � 11.3 8.8 - 14 

 

������� 3.2.6.!. "#!$% LBP/B, B/D ��% LBP/D &'��()*&+% )$' ,*�$'� LBP. 

 

3.2.7. " #$%��&'( 

%� �#'()*+�, -./�',* +$/,�'"+�* '�$ DWT. 0,�,#1'2 -./�',* #,* '� -*13�,��, 

DWT/4 +$/,�'"+�* '�$  DWT. 

 

  -/*,� 3.2.7.a. 0�)#1%&,� 4 &'��()*&+% )$' DWT. 

5)�'�67+�,', )��+733*+8� 

Linear model Poly1: 

     f(x) = p1*x + p2 

9$/'�6�+'7� (�� 95% confidence bounds): 

       p1 =       1.138 (1.135, 1.14) 

       p2 =        3358 (3129, 3588) 
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Linear fit

Displacement vs. DWT

� = 1.138 * DWT + 3358       (3.2.7.�) 
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Goodness of fit: 

  SSE:  1.168e+09 

  R-square: 0.9992 

  RMSE: 1412 
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 ������ !�" #�!" $�!" !%�"  �&" �!'( ���&" %!'�)�*$+,��&" %*-" ./*-0"

%�!#$! *%*�12�3" , 10" %!�*(,!" ��#!,3!4" 5�" %!�6$� �*�" %*�� 1 !&" )�3/0*-0" %�,*"

!7��%�, �&"2!"�30!�"*�"�� �$+,��&"%*-"#30*0 !�"!%�"!- �" *")�6#�!$$!4"�!�! 1��3 !�"

�%3,1&" %�,*" �30!�" ,/� ��6" !,+$!0 1" 1" )�!8*�6 $� !7("  90" ,-0 �'�, :0"  1&"

�73,9,1&" ;4;4<4!4" �!�" !- :0" %*-" )3)*0 !�" #�!"  !" ���!" %��='�>1&" $�" ?@A"

�$%�, *,(014 

B�*'*(29&C" %!�*-,�6D� !�" , *" 3)�*" )�6#�!$$!"  *" Edes vs DWTdes �!�"  *" Emax vs 

DWTmax. 

 

$%�&�' 3.2.7.(.' )*�+," &�' -des/' -max   01���� !" �40' DWTdes, DWTmax, 

�1�5 �4"%� 

�!�! 1�*($�" � �" *�" )(*" �!$%('�&" �30!�" �-2�3�&4" F" �-2�3!" Edes vs DWTdes ./��"

�73,9,1"� = 1,2205 * DWT + 1151.7  �!�",-0 �'�, +"%�*)�*��,$*(" "R
2
 = 0.999. 

G0:" 1" �-2�3!" Emax vs DWTmax ./��" �73,9,1" � = 1,1824 * DWT + 1179.5  �!�"

,-0 �'�, +"%�*)�*��,$*(""R
2
 = 0.9996.      (3.2.7.!) 
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���� ��! "#$% �&'(�#�"$ #�% Crude Oil Tankers, ��) #* "+,-� 3.2.7./.0 �113 ��! 

��) #*4� &-�&!'!�*5� #5�*4� �*4 �'*�5�#*4% #* 6%� -68&9*� -�*'&( %� 4�*1*8!"#&( 

��) #$% �'*"&88!"#!�, ��-�51$ #*4 311*40 �113 "#� product tankers #* ":31-� 9� 

&(%�! -&8�15#&'$� #3;$� -&869*4� ��) #$% �&'(�#�"$ #�% crude oil.  

<#* &�)-&%* =!38'�--� =(%&#�! * 1)8*� DWT/> "4%�'#,"&! #*4 DWT. 

 

����� 3.2.7.!. "#!$% DWT/&  '()�*+�',- +$( DWT.   

?�*#&16"-�#� �'*"688!"$� 

General model Power1: 

     f(x) = a*x^b 

<4%#&1&"#6� (-& 95% confidence bounds): 

       a =       0.475 (0.466, 0.484) 

       b =     0.05057 (0.04887, 0.05228) 

 

 

Goodness of fit: 

  SSE:  0.125 

  R-square: 0.8616 

  RMSE: 0.01462 
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 � �����!!"�#"$% $&'�()* #�+ �,%'&#�- 3.2.7.!. �&��+�"/0�" $&)(#��* 

��"1#*#& &�1 #*4 ���5�#6�* #64 crude oil tankers. 8'6- &+#1 #� 9"/!�&''& 
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Power fit

Pred bnds (Power fit)

DWTprosDISPL vs. DWT_

 = 0,475 * DWT
0.05057

          (3.2.7.�) 
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������ ! � " ����#$ �%& '�(& )(& "(�*� �& �$%)& � + $�$,& ��(& �-*(& '�(& $%& "./&

� $(01++ $(�& �& �2�0%+,& $%2& DWT3& 1�(& 4(�& $%2& Lightship �$%&  4$#"���(& '�(&

-*-%�*)�&� $(5%��4,&�4()#$�$(&6DWT). 

 

3.3. ������ �!�"#!$%&"#'!()"&�"#!*�%)"#'!+Lightship LS) 

 

3.3.1. Lightship  #,-&�. /0 �"#! LBP 

 

  ����� 3.3.1.�. Lightship LS !"#�$%&!'( %)" LBP.   

������ !"#�#$�%�! &&'!() 

General model Power1: 

     f(x) = a*x^b 

*+,����!� ) ("� 95% confidence bounds): 

       a =     0.04123 (0.02918, 0.05329) 

       b =        2.38 (2.327, 2.434) 

 

 

Goodness of fit: 

  SSE:  1.044e+09 

  R-square: 0.9558 

  RMSE: 1336 
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Power fit

Pred bnds (Power fit)

LightShip vs. LBP

LS = 0.04123 *LBP 
2.38

          (3.3.1) 
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 �� ����� !� "# crude oil tankers, � $#!%&'� "() ��*!#"(+ 3.3.1 ,#-/�"#0 /# 

%2(��44-5�0 $#'&"�2# "# ��!�-#6 �070$8 40# %'(-# !� LBP !0$29"�2( ":/ ;<< m. =/ 

$#0 "( Lightship �>#2"8"#0 #%9 "0+ $&20�+ 70#�"8��0+ "() %'(-()? !*$(+6 %'8"(+6 

$(-'(@6 �7A #%(7�0�/&�"#0 %9�( $#B(20�"0$9 �-/#0 "( !*$(+ �"�/ �$"-!��� "() 

C82()+ $�/(& �$8,()+. 

3.3.2. Lightship ������ �!" �#�$DWT 

 

$%�&�'3.3.2.(.'Lightship LS  )*���� !" �+)'DWT.   

=%("�'��!#"# %2(��440��+ 

General model Power1: 

     f(x) = a*x^b 

�)/"�'��"�+ (!� 95% confidence bounds): 

       a =       4.489 (3.79, 5.189) 

       b =      0.7184 (0.7049, 0.7319) 

 

 

Goodness of fit: 

  SSE:  7.682e+08 

  R-square: 0.9675 

  RMSE: 1146 

 

0 0.5 1 1.5 2 2.5 3

x 10
5

0

1

2

3

4

x 10
4

DWT [ t ]

L
S

 
[
 
t
 
]

 

 

Power fit

Pred bnds (Power fit)

LightShip vs. DWT

LS = 4,489 * DWT 
0.7184

            (3.3.2.�) 
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 ������ �!" #�$% &"$' &"(")��' (*) +,��-*) .%/* "#0 (,) #/�+�..!+(!&' 

&"�#%$, &"! (" +��10) 0$" (" +,��-" #�/!2��)("! ")3��+" +(" 0/!" #/04$�5,6 �� 

978 ��#!+(�+%),: ;&0�" &"! ") (" ��."$%(�/" #$�-" 1�) #/�+�..-<�)("! &"$3 "#0 

(,) &"�#%$,= ">-<�! 0�*6 )" +,��!?)�("! #0+� &"$' �&(-�,+, �#�/�- )" 

#/".�"(�#�!�-("! .!" #$�-" �� DWT ��� ��� 200 000 t. 

!"# $%&'� 3.3.2.(. )�*#+$�,-/"�� # 145#� LS/6 $+7�*"&$/� "#+ DWT. 

 

 
����� 3.3.2.�. ! "#$!% LS/ & '()�*+�',- +!( DWT.  

8)#"/1�$'�"� )*#$�55�$9� 

 

General model Power1: 

     f(x) = a*x^b 

!+7"/1/$"�� ('/ 95% confidence bounds): 

       a =       1.526 (1.425, 1.628) 

       b =     -0.2008 (-0.207, -0.1945) 

 

 

 

Goodness of fit: 

  SSE:  0.1454 

  R-square: 0.8444 

  RMSE: 0.01576 
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Power fit

Pred bnds (Power fit)

LSprosDispl vs. DWT

 = 1.526 * DWT 
-0.2008

      (3.3.2.�) 
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 ������ !�" #$#%&�'#�" ()�" �(" crude oil," *('" +'*!�� !-" #$.-�'*�" #% �'*�"

#/0�+(" 1RMSE)2" 3" #�+(.�'*�� !�" )(!(�4!�#�"  5.('" ��'" # " (.�56 #�" + " �("

)!-�7-8+ .("#%4+(�("*('"#%&# '9"7'("��." *�5+�#�"�-$"Lightship, �-"#%4+(":2:2;2<. 

)!-# 775= '"+ "&.(.")-�8"*(��"�!�)-"�(")�-5("+ "DWT > 200000 t. 

 

3.3.3. Lightship ������ �!" �#�$LBP, B %�"$D 

 

  ����� 3.3.3. . Lightship LS !"#�$%�!&' %(" LBP
1.2326

*B
0.7279

*D
0.9431

.  

������ !"#�#$�%�! &&'!() 

Linear model Poly1: 

     f(x) = p1*x + p2 

*+,����!� ) ("� 95% confidence bounds): 

       p1 =      0.1883 (0.1859, 0.1908) 

       p2 =       610.5 (416.7, 804.3) 

 

 

Goodness of fit: 

  SSE:  5.779e+08 

  R-square: 0.9751 

  RMSE: 996.5 
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Linear fit

Pred bnds (Linear fit)

Lightship vs. f_LBP_B_D_

LS = 0.1883 * (LBP
1.3478 

B
0.4548

 D
0.7802

) + 610, 5   (3.3.3)
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 �� ����!"#$ !%&"'( ��)* +,� '(-.!$/� 5 #( ,� Evolver. 01,/&2,)*3 #( 

�.+" ,$ 4(4�#21$3 ,/* '$!%,(�(* �$�$#2,��6* ��/�,",$* �$��6+/.7(/ " (6&(8$ '$/ 

�9/ " ('&(,/': '$#�%!" ;crude oil). <�$!"&(%(,$/ '$/ (4= " «'6�/$�98$» ,�6 #:'�6* 

+,� +61�!/'� �.��6* '(1�% +'.-�6*> 

3.3.4. �������� !"# 

������ ! "#$%! &$! '�()! *�(+! $*�,&-.-! ��! $*�/'%.&�! 0 �'/! ��! .�+&�! 312171�, 

&'�#�)&$! ��! .3*4#,��3&$! ��! �'��$(5.&���! �'/! ��! '�#�'6�8! 9%�4#6&&���! :+!

$&'$%#%*�) !�)'�3 ) &$!��!�'/�$($.&�!'�3!9,�$%!-!4�8.�+ .�5.-!LS =!0!� DWT1!;$!

�3�/�!���!�#/'�!5�$%!*��$, !&%�! %95�!��3!.<6(&��� !'�3!5�$%!4,�$%!.�-�!$*�,&-.-1 

>��,.��%�-!.)4*#%.-!&'�#$,!��!4,�$%!*�%!&$!��3 !(/4�3 !LS/ 0 + DWT/ 0 = 1. 

 

3.4. $%�&'� �()��*+ %�"(,-%.+/ 

 

3.4.1. 0-%1#(21��&13 Vcargo 

?%!.3.�$�,.$% !'�3!'�#�3.%6@����%!$,��%!,9%$ !&$!'#�-4�3&5�8 1 

· Vcargo %�"(DWT 

 

  ����� 3.4.1.�. !"#$% &$'()$* Vcargo +*,�'(�+-/ ($* DWT.  
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Vcargo vs. DWT
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������ !"#�#$�%�! &&'!() 

Linear model Poly1: 

     f(x) = p1*x + p2 

*+,����!� ) ("� 95% confidence bounds): 

       p1 =       1.073 (1.06, 1.086) 

       p2 =        2489 (1261, 3716) 

 

 

Goodness of fit: 

  SSE:  1.372e+10 

  R-square: 0.9833 

  RMSE: 5392 
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 -#%#�(%�."�$/�'$($�+0�1#$#2���+0�1$"�$���+$"'2%/$!34�"#$�(,$5'#2."#,!($

�6,$ 5�5�" ,6,$ 2#'$ �'$ !+,����!� )$ 978 confidence 5�,$ #� :�+,$ ���.$ #�/$ ��+)$

!+,����!� )$ �()$ !: !()$ ;<=>=?=#@=$ A�$ &�&�,/)$ #+�/$ ��#:'!����'�1$ �(,$ �'0#,/�(�#$

!34�"#��)$ ���'5B$ /�6)$ 3#1,��#'$ #�/$ ��$ 5'4&%#""#C$ !:�5/,$ /�#$ �#$ !("�1#$

��%'�#"D4,�,�#'$!�#$/%'#$�%/D��E()= 

 

· Vcargo ��� LBP 

 

  ����� 3.4.1.!. "#$%& '%()*%+ Vcargo ,+-�()�,/0 )%+ LBP. 
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Power fit

Pred bnds (Power fit)

Vcargo vs. LBP

Vcargo = 1.073 * DWT + 2489     (3.4.1.�) 
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������ !"#�#$�%�! &&'!() 

General model Power1: 

     f(x) = a*x^b 

������� �!" (#� 95% confidence bounds): 

       a =    0.002075 (0.001298, 0.002851) 

       b =       3.266 (3.198, 3.335) 

 

 

Goodness of fit: 

  SSE:  3.815e+10 

  R-square: 0.9536 

  RMSE: 8990 
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#;�%&,7;&�%&#.:%"&#��,=8&:,>!�?�@&'9�,'.& �,&7+A�,& �)'(,&�9"&7+%#��!�9"0 

 

· Vcargo ��� ����!"�# LBP*$*D 

 

  $%�&�'3.4.1.(.')(*+#',+��-+/'Vcargo  /0���� !" �+/'("0+&20+/'LBP353D 
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Power fit

Pred bnds (Power fit)

Vcargo vs. LBPxBxD

Vcargo = 0.002075 * LBP 
3.266

      (3.4.1.�) 
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General model Power1: 

     f(x) = a*x^b 

*+,����!� ) ("� 95% confidence bounds): 

       a =      0.2083 (0.1814, 0.2351) 

       b =        1.08 (1.069, 1.09) 

 

 

Goodness of fit: 

  SSE:  9.339e+09 

  R-square: 0.9884 

  RMSE: 4458 
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0$� +*)&# 06�+��7# 8�# &/*�# %/&�+,'("1# !4�#  % 94�#  *# 0$�!,+,0!2"# -,�# -*�62/ $�#

% +.# �%&# �$! ."# !("# %/ !,*�&�,�("# %/ 0,::*0!*)5"# )��%.+("1# %,/*+����� $�#

03,-&�#&+�#!�#-,- �2��1#)�!*#% $#)�;*0!�#�)&��#%* #�<*&%*0!,"#!*"#,)!*�50,*"7 

 

3.4.2. Gross Tonnage  GrT 

 

· Gross Tonnage ��� DWT 

 
  $%�&� 3.4.2.a. Gross Tonnage GrT  '(���� !" �)' DWT. 
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Linear fit

Pred bnds (Linear fit)

GrossTonnage vs. DWT

Vcargo = 0.2083 * (LBP*B*D) 
1.08

         (3.4.1.�) 
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Linear model Poly1: 

     f(x) = p1*x + p2 

*+,����!� ) ("� 95% confidence bounds): 

       p1 =      0.4981 (0.4937, 0.5025) 

       p2 =        5485 (5050, 5920) 

 

 

Goodness of fit: 

  SSE:  1.756e+09 

  R-square: 0.9906 

  RMSE: 1937 
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 ���� ��!�"# $�%&'�'$&(# $�$)*&+$!# ,-+ ,-�"# .'/+�/+$0"# &!# 

1+-,�0-%$!# &2% 1'1�0*%2% -." &- "/+- ./"3�'�!#4 $&� $)(0- (34546437 1'8)%��0' 

&! 0'&-3��( &�� �"9�� GrT/DWT $�%-/&($'+ &�� DWT 

 
  $%�&� 3.4.2.'. ()*+# GrT/DWT  ,-���� !" �+, DWT. 

:.�&'�*$0-&- ./�$*99+$!# 

 

General model Power1: 

     f(x) = a*x^b 

;�%&'�'$&*# (0' 95% confidence bounds): 

       a =       3.709 (2.886, 4.532) 

       b =     -0.1641 (-0.1837, -0.1445) 
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Power fit

Pred bnds (Power fit)

GrTprosDWT vs. DWT
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Goodness of fit: 

  SSE:  1.193 

  R-square: 0.3617 

  RMSE: 0.05065 

�������� !"# 

 ��� ��� !"�#�$%&'(" )!&#**+,!&' ,� +&#� ,-" �!,�.'/�" )�&0 1 

)&'*!22#*,#34 3��)5/1 3�# ' ,5)'� )'( )&',!6"!,�#7 !$+*'" 1 )'#+,1,� �!" !6"�# 

#3�"')'#1,#34 2#� +/' ,' !5&'� ,-" �!�'�%"-" ���8 9&�,0�! +,#7 ' /+2'� �(,+� 

!6"�# �!2�/5,!&'� 2#� �#3&0 )/'6� 3�# �!#�"!,�# 3�:�� �(;0"!,�# ,' �%2!:'� ,'( 

)/'6'(8 

 

· Gross Tonnage ��� LBP 

 

  $%�&�'3.4.2.(.'Gross'Tonnage'GrT' )*���� !" �+)'LBP. 

<)',!/%*��,� )&'*%22#*1� 

General model Power1: 

     f(x) = a*x^b 

=(",!/!*,%� (�� 95% confidence bounds): 

       a =     0.00465 (0.003006, 0.006294) 

       b =       2.994 (2.929, 3.058) 
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Goodness of fit: 

  SSE:  9.374e+09 

  R-square: 0.9497 

  RMSE: 4475 
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�6$)('/-()(!1 !#- (� ��/�1. 7& �'! ��&('/8 /!5�1 #�'-()(!1 #$��&""'�('/� 

/!�#95) #!$%�&(!' �'! #$�/!(!$/('/� '+%! "'! ()* (8:) �&"%;�,1 (�, GrT. 

 

· Gross Tonnage ���  �!"#�!% LBP*B*D 

 

  $%�&� 3.4.2.*. Gross Tonnage GrT  ()���� !" �*( '")*&+)*( LBP*B*D 

<#�(&5%��!(! #$��%""'�)1 

Linear model Poly1: 

     f(x) = p1*x + p2 

=,*(&5&�(%1 (�& 95% confidence bounds): 

       p1 =      0.2769 (0.2752, 0.2786) 

       p2 =       562.9 (235.1, 890.6) 
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Linear fit

Pred bnds (Linear fit)

GrossTonnage vs. LBPxBxD

GrT = 0.00465 * LBP
 2,994

     (3.4.2.�) 

GrT = 0.2769 * (LBP*B*D) + 562.9         (3.4.2.�) 
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Goodness of fit: 

  SSE:  7.995e+08 

  R-square: 0.9956 

  RMSE: 1311 
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 ������ !�" ��� ��� !"#"$%�#&'�, �& ()*$" 3.4.2.+ !"#&'(��-/� 0� 1"56�/#0 

!&�7�0�" +�" /1�8$0(0 �0� &5�1*� )�#0��17�0�"�. 9"#"�0#/8�"� /!8(0� "!7 �& 

:��+#"$$" !;� ('((&#/6�&��"� �" (0$/8" +6#� "!7 �0� !#&(/++�(��1* /'</8" 1"� 

"��$/(" (�" 7#�" !#7=5/>0�. 

3.4.3. Net Tonnage  NT 

 

· Net Tonnage ��� DWT 

 

  ����� 3.4.3.a. Net Tonnage NT  !"�#$� %& $'! (&"'�)"'! DWT. 

?!&�/5%($"�" !#&(%++�(0� 

General model Power1: 

     f(x) = a*x^b 

@'��/5/(�%� ($/ 95% confidence bounds): 

       a =     0.09199 (0.08409, 0.09989) 

       b =       1.103 (1.096, 1.11) 
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Goodness of fit: 

  SSE:  4.917e+08 

  R-square: 0.9941 

  RMSE: 1024 
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· Net Tonnage ��� Gross Tonnage 

 

  ����� 3.4.3. . Net Tonnage NT !"#�$%�!&' %(" Gross Tonnage GrT 

@/�%)1.�-+%+ /$��.!!,�0# 

General model Power1: 

     f(x) = a*x^b 

A'�%)1)�%.# (-) 95% confidence bounds): 

       a =     0.06077 (0.05162, 0.06992) 

       b =         1.2 (1.187, 1.214) 
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Goodness of fit: 

  SSE:  1.424e+09 

  R-square: 0.9826 

  RMSE: 1754 
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<!' *3")*�' �&/)$ 6*8&�'()* 35� )*!$=744*!$# NT/GrT �(�$.!/�*# !'( GrT. 

 
  $%�&� 3.4.3.'.  ()'*# NT/ GrT   +,���� !" �*+ Gross Tonnage GrT 

>3'!*4%�)$!$ 3.'�%��#�+� 

General model Power1: 

     f(x) = a*x^b 

<(�!*4*�!%� ()* 95% confidence bounds): 

       a =     0.04451 (0.03701, 0.052) 

       b =      0.2286 (0.213, 0.2441) 

 

 

 

Goodness of fit: 

  SSE:  0.5906 

  R-square: 0.663 
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  RMSE: 0.03572 
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 �� ����! 3.4.3." #!$%�&' �(�) �&*&(+(� (+) ,-)!(/(+(! )! 0%$&' "'! 125& 

('�� (+6 �*'1�6 �7$+('1/(+(!6 ��� �� �!"�# $ �"�%&'!� ()/GrT, *+� �&#� ��+!�&, $ 

-*.$ 0�'1�&,� -$� 2���+3� 4�+$-#25-$-��6 

 

· Net Tonnage ��� ����! "�#$%�& 

 

  ����� 3.4.3. . Net Tonnage NT !"#�$%�!&' %(" Vcargo. 

7�&-�%180�-� �+&81''#8$� 

General model Power1: 

     f(x) = a*x^b 

9,"-�%�8-1� (0� 95% confidence bounds): 

       a =     0.08928 (0.07435, 0.1042) 

       b =       1.097 (1.083, 1.111) 

 

 

Goodness of fit: 

  SSE:  1.506e+09 

  R-square: 0.9793 

  RMSE: 1815 
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  $%�&� 3.4.3.!. '()*#+ NT/ Vcargo  ,-���� !" �*, Vcargo. 

A�).':"31�.� �#)3"66(3%� 

General model Power1: 

     f(x) = a*x^b 

B4�.':'3."� (1' 95% confidence bounds): 

       a =     0.07858  (0.06486, 0.09229) 

       b =      0.1077  (0.09249, 0.1229) 

 

 

 

 

Goodness of fit: 

  SSE:  0.1764 

  R-square: 0.3038 

  RMSE: 0.01965 
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· Net Tonnage ���  !"#$%"& LBP*B*D 

 

  ����� 3.4.3. . !et Tonnage GrT "#$�%&�"'( &)# *($)�+$)#,LBP*B*D 

������ !"#�#$�%�! &&'!() 

General model Power1: 

     f(x) = a*x^b 

*+,����!� ) ("� 95% confidence bounds): 

       a =     0.01423 (0.01189, 0.01657) 

       b =       1.194 (1.181, 1.207) 

 

Goodness of fit: 

  SSE:  1.414e+09 

  R-square: 0.9825 

  RMSE: 1742 
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5��$��$ +%�)$�6,$�'"7,$LBP*B*D.  
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3.4.4. Suez Canal Tonnage SCT 

· Suez Canal Tonnage ��� DWT 

 

  ����� 3.4.4.�. Suez Canal Tonnage SCT  !"�#$� %& $'! DWT 

������ !"#�#$�%�! &&'!() 

General model Power1: 

     f(x) = a*x^b 

*+,����!� ) ("� 95% confidence bounds): 

       a =       1.621 (1.381, 1.862) 

       b =      0.9019 (0.8892, 0.9146) 

 

 

Goodness of fit: 

  SSE:  1.119e+09 

  R-square: 0.9857 

  RMSE: 2177 
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· Suez Canal Tonnage ��� Gross Tonnage 

 

  ����� 3.4.4.�. Suez Canal Tonnage SCT  !"#$%& '( %)! Gross Tonnage GrT 

������ !"#�#$�%�! &&'!() 

Linear model Poly1: 

     f(x) = p1*x + p2 

*+,����!� ) ("� 95% confidence bounds): 

       p1 =      0.9349 (0.9257, 0.944) 

       p2 =       175.4 (-333.9, 684.8) 

 

 

Goodness of fit: 

  SSE:  4.513e+08 

  R-square: 0.9943 

  RMSE: 1383 
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· Suez Canal Tonnage ���  !�"#  $%�&'(��)*%+, 

 

  ����� 3.4.4. . Suez Canal Tonnage SCT !"#�$%�!&' %(" LBP. 

������ !"#�#$�%�! &&'!() 

General model Exp1: 

     f(x) = a*exp(b*x) 

������� �!" (#� 95% confidence bounds): 

       a =        3158 (2919, 3397) 

       b =     0.01209 (0.01178, 0.0124) 

 

 

Goodness of fit: 

  SSE:  3.912e+09 

  R-square: 0.9502 

  RMSE: 4071 
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· Suez Canal Tonnage ���  �!"#�!% LBP*B*D 

 

  ����� 3.4.4. . Suez Canal Tonnage SCT !"#�$%�!&' %(" )'#(�*#(" LBP*B*D 

������ !"#�#$�%�! &&'!() 

General model Power1: 

     f(x) = a*x^b 

*+,����!� ) ("� 95% confidence bounds): 

       a =      0.3333 (0.292, 0.3747) 

       b =      0.9807 (0.9706, 0.9908) 

 

 

Goodness of fit: 

  SSE:  6.281e+08 

  R-square: 0.992 

  RMSE: 1631 
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3.4.5. ����� �!"#$!%&% '($#)�� SBT 

· �!"#$!%*� *($#)�� �#+ DWT 

 

  ����� 3.4.5.�.  !"#$%&'(��')*)%+,��-#$ SBT ./)�,-�.'0 -#/%DWT. 

������ !"#�#$�%�! &&'!() 

General model Power1: 

     f(x) = a*x^b 

*+,����!� ) ("� 95% confidence bounds): 

       a =       2.741 (2.257, 3.224) 

       b =      0.8289 (0.8137, 0.8441) 

 

 

Goodness of fit: 

  SSE:  2.775e+09 

  R-square: 0.9622 

  RMSE: 2435 
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���������� ! DWT,!  "�#$! %�#! �&�! �! �'�% �(�)%,! #(%! �%! *+- )%! .')*"�/�%�!  /�#$!

�')0/!�'#.( 1+$2 

· ������� !" #��$%!"&�'"()&%!"*%#$+%, 

 

  ����� 3.4.5. . !�#$%&'()��(*+*&,-��.$% SBT /0*�-.�/(1 .$0&Vcargo. 

3��� (4*-%�%!�'�*455�*+$ 

General model Power1: 

     f(x) = a*x^b 

67/� ( *�4$ (-  95% confidence bounds): 

       a =       2.081 (1.651, 2.51) 

       b =      0.8457 (0.828, 0.8634) 

 

 

Goodness of fit: 

  SSE:  2.989e+09 

  R-square: 0.9556 

  RMSE: 2569 
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· ������� !" #��$%!"&�'"('�)���%"LBP*B*D 

 

����� 3.4.5.�.  �!"#$ %&'()&*+*$ ,-)(."# SBT /0*(-.1/&2 ."0$ �2*"),*"0 

LBP*B*D 

������ !"#�#$�%�! &&'!() 

General model Power1: 

     f(x) = a*x^b 

*+,����!� ) ("� 95% confidence bounds): 

       a =      0.4702 (0.3916, 0.5488) 

       b =      0.9266 (0.913, 0.9402) 

 

 

Goodness of fit: 

  SSE:  1.864e+09 

  R-square: 0.974 

  RMSE: 1998 
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Power fit

Pred bnds (Power fit)

SegregatedBallastCapacity vs. LBPxBxD

SBT = 0.4702 * (LBP*B*D) 
0.9266

    (3.4.5.�) 
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3.4.6. ����� Fuel Oil � ! "���� Diesel Oil 

 

· �����#Fuel Oil,#$ %&$'$ #()'*+-. � � !#!-%&�#)*"/-'� 

 

����� 3.4.6.a. Vfuel ������ �!" �#$ ��%&�#��$ Vs '�" �#$ "�%&($ )�*+�#$,-. 

������ !"#�#$�%�! &&'!() 

Linear model Poly1: 

     f(x) = p1*x + p2 

*+,����!� ) -"� 95% confidence bounds): 

       p1 =       1.539 (0.4199, 2.659) 

       p2 =       135.2 (-1226, 1496) 

 

 

Goodness of fit: 

  SSE:  1.117e+06 

  R-square: 0.3311 

  RMSE: 256.3 

/����#� �!"$ 
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Linear fit
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· ����� Diesel Oil 

 
����� 3.4.6. . !"#$%&Vdiesel / Vfuel '()�*+�',- +$(&Vfuel. 

.�*�+/*�',-% 

� ��� ��!"#$�%& �"'"$&'��� ()#"� *$� � +*,�- Vdiesel / Vfuel !($"./++($"� !"# 

0.02 $%� 0.160 1�)��- *�2- %"� �$�# �(')�$2�� $2# crude oil tankers3 � +*,�- 

Vdiesel/Vfuel !(�4#($"� !( $�# "56��� $�7 *,%�7 Vfuel. 

3.4.7. Ton per Centimeter Immersion TPC 
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������ !"#�#$�%�! &&'!() 

Linear model Poly1: 

     f(x) = p1*x + p2 

������� �!" (#� 95% confidence bounds): 

       p1 =    0.009393 (0.009335, 0.009451) 

       p2 =     -0.3297 (-0.8516, 0.1922) 

 

 

Goodness of fit: 

  SSE:  1108 

  R-square: 0.9957 

  RMSE: 1.587 

 

3.5.  ������ �!��"!# $%&"!'()* �"! 
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TPC = 0.00939*(LBP*B) � 0.3297     (3.4.7) 
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������ !"#�#$�%�! &&'!() 

General model Power1: 

     f(x) = a*x^b 

*+,����!� ) ("� 95% confidence bounds): 

       a =      0.2488 (0.1459, 0.3517) 

       b =      0.7004 (0.6744, 0.7265) 

 

 

Goodness of fit: 

  SSE:  1.656e+09 

  R-square: 0.8899 

  RMSE: 1756 

�������� !"# 
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������ !"#�#$�%�! &&'!() 

General model Power1: 

     f(x) = a*x^b 

*+,����!� ) ("� 95% confidence bounds): 

       a =        2.53 (1.738, 3.321) 

       b =      0.9119 (0.8795, 0.9444) 

 

 

Goodness of fit: 

  SSE:  1.493e+09 

  R-square: 0.9008 

  RMSE: 1667 

�������� !"# 

 ������ !"#$%&' ()*$"+,'"-���")"./.,0&'.)1"�%%2"*�'"&�"./��%'*+".�2%-�3"

456.)!" -$' ()*$" *�'" )" 7'�*8-��.)" 98�:" �5+" &)�" 5��.$99'.&'*;3" <5:!" *�'" .&�"

crude oil tankers, *�'"$7 "-$' �$&�'")"7�2.)"&)!"&�,8&)&�!3 

P = 2.53 * (�
0.5828 
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)
0.9119

             (3.5. ) 
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4. SHUTTLE TANKERS 

 

4.1. ������ !"#�!"$��#!%#�#"&'���&�"( 

��� Shuttle Tanker !"��# $�� !%!#&#'!()$�* +,*"* +*( '�-�.'!(/0!-�# 1#� -2� 

)!-�3*4/ +!-4!,�"*( �+5 +�4/'-#!6 7offshore) !1'�-�.-/.!#6 '*#-�.)/-8� .! 

-!4)�-#'*96 .-�:)*96 onshore '�# &#(,#.-;4#�< =��3$4*�-�# .(�;:86 86 �floating 

pipelines�, 1#�-" +�"0*(� -* 45,* -8� .()>�-#'?� pipelines@ �,,/ 2 A4;.2 -*(6 

+4*-#)/-�# 1#�-" +�4*(.#/0!# )!4#'/ +,!*�!'-;)�-� )!-�%9 /,,8� -2� )!1�,9-!42 

#'��5-2-� /�-,2.26 3*4-"*( '�# -* 1!1*�56 5-# +4*.3$4*(� !(!,#%"� +4**4#.)*9< 

B Maritime Research Institute Netherlands (MARIN) ���3$4!# 5-# -� shuttle tankers 

(C2,5 .(�-!,!.-; 1/.-4�6 '�# 2 1/.-4� -*(6@ .9)38�� )! -#6 ���3*4$6 -26 Teekay 

Offshore Partners L.P., !�#.A9!-�# +!4#..5-!4* 1#� �� $A*(� +*,9 '�,; ��-*A; .! 

'5+8.2< D+".26@ $�� Shuttle Tanker !"��# !"-! !"&#'� '�-�.'!(�.)$�*@ !"-! !"��# 

�+*-$,!.)� )!-�.'!(;6 !�56 (+/4A*�-*6 .()>�-#'*9 &!%�)!�*+,*"*(< E�)/�*�-�6 

(+�5C2� -*(6 -4!#6 +�4�+/�8 ,51*(6@ '4":2'! .'5+#)* �� )!,!-2:*9� %!A84#.-/ -� 

shuttle tankers. 

4.2. )$��* !+�#�&(�*�  

 

· ,-". !�*&#/$!"#0123!LBP 

 

  ����� 4.2.1. ���!" �#$�%& ��'($)* LBP +,*�-$�+#/ $!,  DWT 

4 6 8 10 12 14 16

x 10
4

180

200

220

240

260

DWT [ t ]

L
B

P
 
[
 
m

 
]

 

 

Power fit 1

Pred bnds (Power fit 1)

LBP vs. DWT
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������ !"#�#$�%�! &&'!() 

General model Power1: 

     f(x) = a*x^b 

Coefficients (with 95% confidence bounds): 

       a =       12.05 (6.917, 17.19) 

       b =      0.2577 (0.221, 0.2944) 

 

 

Goodness of fit: 

  SSE:  3501 

  R-square: 0.8388 

  RMSE: 9.023 

· ����� �!�"# LOA 

  ����� 4.2.2. �!"#$ ��#%& L�' ()*�+,�(-" ,%)  LBP 

������ !"#�#$�%�! &&'!() 

Linear model Poly1: 

     f(x) = p1*x + p2 

Coefficients (with 95% confidence bounds): 

       p1 =       0.983 (0.9306, 1.035) 

       p2 =       18.03 (5.531, 30.53) 
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Linear fit 1

Pred bnds (Linear fit 1)

LOA vs. LBP

LBP = 12.05 * DWT 
0.2577

       (4.2.1) 

LOA = 0.983 * LBP + 18.03     (4.2.2)
 



4.3 

 

Goodness of fit: 

  SSE:  629.6 

  R-square: 0.9709 

  RMSE: 3.826 

 

· ������ � 

 

  ����� 4.2.3.  !"#$% & '()�*#�'+, #$(  DWT 

������ !"#�# �$�! %%&!'( 

General model Power1: 

     f(x) = a*x^b 

Coefficients (with 95% confidence bounds): 

       a =      0.4522 (0.2631, 0.6414) 

       b =      0.3915 (0.3556, 0.4275) 

 

 

Goodness of fit: 

  SSE:  94.64 

  R-square: 0.9308 

  RMSE: 1.484 
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Power fit 1

Pred bnds (Power fit 1)

Beam vs. DWT

B = 0.4522 * DWT 
0.3915

       (4.2.3) 



4.4 

 

· ����� D 

 

  ����� 4.2.4.  !"#! D  $%&�'(�$)* (!%  DWT 

������ !"#�# �$�! %%&!'( 

General model Power1: 

     f(x) = a*x^b 

Coefficients (with 95% confidence bounds): 

       a =       2.256 (1.77, 2.743) 

       b =      0.1971 (0.1785, 0.2157) 

 

 

Goodness of fit: 

  SSE:  8.138 

  R-square: 0.922 

  RMSE: 0.435 
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Power fit 1

Pred bnds (Power fit 1)

Depth vs. DWT

D = 2.256 * DWT 
0.1971

        (4.2.4) 
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· ������  ! 

 

  ����� 4.2.5.  !"#$�� % $&'�()�$*# )+&  DWT 

������ !"#�# �$�! %%&!'( 

General model Power1: 

     f(x) = a*x^b 

Coefficients (with 95% confidence bounds): 

       a =      0.9294 (0.7237, 1.135) 

       b =      0.2412 (0.2221, 0.2602) 

 

 

Goodness of fit: 

  SSE:  3.886 

  R-square: 0.9437 

  RMSE: 0.3006 
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Power fit 1

Pred bnds (Power fit 1)

Draught vs. DWT

T = 0.9294 * DWT 
0.2412

       (4.2.5) 



4.6 

 

· ����� LBP/B 

 

  ����� 4.2.6. �!"#$ % / &  '()�*+�',- +#(  LBP 

� ����� LBP/B !"#$%&' (')*� "!� 5.12 *+� 6.93 

 

· ����� ! / " 

 

  ����� 4.2.7. �!"#$ % / &  '()�*+�',- +#(  LBP 
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LBPprosB vs. LBP
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Linear fit 1

Pred bnds (Linear fit 1)

BprosT vs. LBP
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������ !"#�#$�%�! &&'!() 

Linear model Poly1: 

     f(x) = p1*x + p2 

Coefficients (with 95% confidence bounds): 

       p1 =    0.004478 (0.001608, 0.007348) 

       p2 =       1.721 (1.036, 2.406) 

Goodness of fit: 

  SSE:  1.891 

  R-square: 0.1872 

  RMSE: 0.2097 

 

· Freeboard D � T 

 

  ����� 4.2.8. Freeboard (D � T)  !"�#$� %& $'! LBP. 

 

������ !"#�# �%�! &&'!() 

General model Power1: 

     f(x) = a*x^b 

Coefficients (with 95% confidence bounds): 

       a =       1.162 (-0.5344, 2.859) 

       b =      0.3278 (0.06105, 0.5945) 
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Power fit 1

Pred bnds (Power fit 1)

Freeboard vs. LBP
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Goodness of fit: 

  SSE:  14.59 

  R-square: 0.1395 

  RMSE: 0.5825 

 

4.3.  Lightship 

 

· Lightship ��� �������  LBP*B*D 

 

  ����� 4.3.1. Lightship LS   !"�#$� %& $'!  LBP
0.656

*B
0.3

*D
0.6502 

������ !"#�#$�%�! &&'!() 

Linear model Poly1: 

     f(x) = p1*x + p2 

Coefficients (with 95% confidence bounds): 

       p1 =       29.78 (24.28, 35.28) 

       p2 =       -3152 (-7773, 1468) 

  

 

Goodness of fit: 

  SSE:  1.792e+08 

  R-square: 0.735 

  RMSE: 2041 
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Linear fit 1

Pred bnds (Linear fit 1)

Lightship vs. f_LBP_B_D_

LS = 29.78 * (LBP
0.6560

 * B
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* D
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) � 3152   (4.3.1) 



4.9 

 

· Lightship ��� DWT 

 
  ����� 4.3.2. ����� LS/DWT  !"#$%&'!() &�"  DWT. 

������ !"#�#$�%�! &&'!() 

Linear model Poly1: 

     f(x) = p1*x + p2 

Coefficients (with 95% confidence bounds): 

       p1 = -1.183e-06 (-1.403e-06, -9.634e-07) 

       p2 =      0.3378 (0.3126, 0.363) 

  

 

Goodness of fit: 

  SSE:  0.02325 

  R-square: 0.7324 

  RMSE: 0.02325 
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Linear fit

Pred bnds (Linear fit)

LSprosDWT vs. DWT

= 0.3378 - 1.183 * DWT*10
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      (4.3.2) 
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· ������ !"#$ 

 

  ����� 4.3.3. ������!"# $  !%&#'�(!�� �)%  DWT.
 

 

������ !"#�#$�%�! &&'!() 

Linear model Poly1: 

     f(x) = p1*x + p2 

Coefficients (with 95% confidence bounds): 

       p1 =       1.094 (1.07, 1.118) 

       p2 =   1.129e+04 (8555, 1.402e+04) 

 

 

Goodness of fit: 

  SSE:  2.735e+08 

  R-square:  0.995 

  RMSE:  2522 

*#%#�(%+!�') 

 

  ,$!- !($.4/3/20$156�'$��6$�7&�$LS/DWT !86#%�+!�'$��8$DWT. 
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"��#=;$��8)/$>"<)$�#% -��#'$#%:��9$:#�+$�:�5"(!($��8$LS?$($���5#$"��%�5$6#$

!8&:%'@�5$"�$�(6$�'"+$��8$�%�:;���'$#�7$LS = A$� DWT. ,$�:�5"(!($�()$�'"+)$��8$
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Linear fit 1

Pred bnds (Linear fit 1)

Displacement vs. DWT

� = 1,094 * DWT + 11290     (4.3.3)
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������ !�"#$�!%&'��!($!�)$�"$�'* !$�!($�+,$�'&�+$-4.3.3/.$0"$�'* !$4.3.1 2�,��!($

�5%�6#$7(!$,!$2��8�($�+,$�'&�+$�"5$&'�($�"$LS  �$�(#$�9%(�#$2(!��:��(#.$;��)�"<$!,$

&'"5,$���( +=��$�6��:$"($�9%(�#$2(!��:��(#<$+$�( *$�"5$LS �"5$�%"�9���($��,!($

�8��"5$(�!,"�"(+�(�*$ �$!5�*$�"5$�'* !�"#$4.3.2. 

 

4.4. ���� ��! "#�$! 

 

Ø %#�$& '$�()$* 

 

· %#�$& +$�()$* ��!  DWT 

 

  ����� 4.4.1.�. ����� !�"#$�% Vcargo  &%'�"#(&)* #�%  DWT.
 

������ !"#�#$�%�! &&'!() 

Linear model Poly1: 

     f(x) = p1*x + p2 

Coefficients (with 95% confidence bounds): 

       p1 =       1.073 (1.037, 1.11) 

       p2 =        1698 (-2501, 5897) 

 

 

Goodness of fit: 

  SSE:  6.093e+08 

  R-square: 0.9885 

  RMSE: 3855 
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Linear fit

Pred bnds (Linear fit)

Vcargo vs. DWT

Vcargo = 1.073*DWT + 1698      (4.4.1.�) 
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· ����� ��!"#�$ �%& �&'()*'� LBP*B*D 

 

  ����� 4.4.1.!. "#$%& '%()*%+ Vcargo  ,+-�()�,/0 )%+  #0-%�1-%+ LBP*B*D.
 

������ !"#�#$�%�! &&'!() 

General model Power1: 

     f(x) = a*x^b 

Coefficients (with 95% confidence bounds): 

       a =     0.04776 (0.01907, 0.07646) 

       b =       1.195 (1.146, 1.243) 

 

Goodness of fit: 

  SSE:  5.97e+08 

  R-square: 0.9887 

  RMSE: 3816 
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Power fit

Pred bnds (Power fit)

Vcargo vs. LBPxBxD

Vcargo = 0.04776 *(LBP*B*D) 
1.195

    (4.4.1.�) 
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Ø ����� �!"#$!%&% '($#)�� 

 

  ����� 4.4.2. !"#$% &'(��')*) +,��-$% SBT /0)�,-�/'1 -$0 DWT.
 

������ !"#�#$�%�! &&'!() 

General model Power1: 

     f(x) = a*x^b 

Coefficients (with 95% confidence bounds): 

       a =       34.46 (3.263, 65.66) 

       b =      0.6166 (0.539, 0.6941) 

 

 

Goodness of fit: 

  SSE:  3.083e+08 

  R-square: 0.8994 

  RMSE: 2887 
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Powerd fit

Pred bnds (Powerd fit)

SegregatedBallastCapacity vs. DWT

SBT = 34.66 * (DWT)
 0.6166

          (4.4.2) 



4.14 

 

Ø Tonnages 

 

· Gross tonnage 

 
  ����� 4.4.3.�. Gross Tonnage  !"�#$� %& $'! DWT. 

������ !"#�#$�%�! &&'!() 

General model Power1: 

     f(x) = a*x^b 

Coefficients (with 95% confidence bounds): 

       a =       8.375 (1.881, 14.87) 

       b =      0.7716 (0.7053, 0.8379) 

 

 

 

Goodness of fit: 

  SSE:  5.872e+08 

  R-square: 0.9452 

  RMSE: 3695 
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Powerd fit

Pred bnds (Powerd fit)

GrossTonnage vs. DWT

GrT = 8.375 * (DWT)
 0.7716

      (4.4.3.�) 
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· Suez canal tonnage  

 
  ����� 4.4.3. . Suez Canal Tonnage !"#�$%�!&' %(" DWT.

 

������ !"#�#$�%�! &&'!() 

General model Power1: 

     f(x) = a*x^b 

Coefficients (with 95% confidence bounds): 

       a =       3.681 (0.5029, 6.859) 

       b =      0.8387 (0.7649, 0.9125) 

 

 

Goodness of fit: 

  SSE:  1.987e+08 

  R-square: 0.9697 

  RMSE: 2819 
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Powerd fit

Pred bnds (Powerd fit)

SuezCanalTonnage vs. DWT

SCT = 3.681 * (DWT)
 0.8387

      (4.4.3.�) 
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· Net tonnage  

 
  ����� 4.4.3. . Net Tonnage !"#�$%�!&' %(" DWT.

 

������ !"#�# �$�! %%&!'( 

General model Power1: 

     f(x) = a*x^b  

Coefficients (with 95% confidence bounds): 

       a =   0.03511 (0.00878, 0.06145) 

       b =   1.181 (1.117, 1.245) 

 

 

Goodness of fit: 

  SSE:  1.098e+08 

  R-square: 0.9778 

  RMSE: 1598 

 

������ !�  

 �� ����!" #$%&'()#%) �*�)� "+� �� �%&��(�!�* +,&�� &�$ &)(-./0!)� #� )$+1 

+0� ��"+0+) 2�)3'(�$� &�4, )&" +�$5 )�+*#+��.�$5 +6� -446� 2,� !)+0��(�7�8 

9':)�); +� 2�*�%) �*.� &�4, 4*�) &4�*) ��) )$+1 +0� !)+0��(*); )44- �!+"5 )&" 

)$+"; #,%36�) %� +) 2�)/'#�%) #+��.�*); &�#+�,�$%� &65 �� 2�)3�('5 �3�*4��+)� 

#+�5 �2�)�+�("+0+�5 &�$ &)(�$#�-<�$� +) Shuttle tankers #� )�+*/�#0 %� +) 

#$%:)+�!- 2�=)%��"&4��)8 
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Powerd fit

Pred bnds (Powerd fit)

NetTonnage vs. DWT

"T = 0.03511 * (DWT)
 1.181

      (4.4.3.#) 
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�������� !"#$�%,#�#"&�'!�(�#()"*$+#$-.+#�.+#!"/"01+#2��/!���2�%"'��%#

�2$#��#DWT. 3#-$/�4#"'+�%#$�% (�%4#"&�%!5("%4#�.+#& �%.+#*%�(�6(".+,#��#

(76-!���#5��+#()"�%&6#!"/6-�8#9"#��#DWT 2�:#"'+�%#*"*�!;+�#�2$#��+#��)5#

2"�%��'<�:!"#��#!;/"0�4#��:#(76-!���4#/%��'#�+#2��(2�05(�:!"#+�#"&�%!5(�:!"#��#

6--�#)���&���%(�%&6#�2$#�%4#& �%"4#*%�(�6("%4#2�:#;)�:+#5*�#(�!�+�%&6#(76-!���,#

��#(76-!���#�:�6#0�#�:=6+�+��%#(:+")148 >�#6--�#(��%)"'�#!2��� +#+�#

:2�-�/'<�+��%#�2$#��#*%�/�6!!���#�.+#crude oil tankers. 

 

 



5.1 

 

5. ������ �� !  

 

���� ��!"#$� %!&�$'�, �!�&(��"�")*+�-% $���)$�)-* ��./0$� $% �%!'�"0 

2811 3%4�(%�5�/")� (% $-"�5 �� %0!�+"#� �)+��67 $96$%)7 (%��4# �:� $�")9%':� 

-�) �� ��!�9+"#� %(�%)!)-o' �#�"); < (%/6�� 6&)�% 4%9:!)$�. &)� crude oil, product 

tankers -�) shuttle tankers. ��" -%=./�)" >, ���=6!�(% �)7 )3)�)�%!5���%7 �"0 

��!"0$).?"0� �� shuttle tankers, -�) &)��0�"#7 �"07 /5&"07 %4%�.$��-�� 4%9:!)$�., 

-�) �� ��"�%/6$(��� 63%)4�� $�(���)-67 3)�="!67 $% $96$� (% �)7 .//%7 3#" 

-���&"!'%7, 3�/�3* �� crude oil -�) �� product tankers. 

@(:7 -.�")") %(�%)!)-"' �#�"' �:� crude oil -�) �� product tankers, 

��!"0$).?"0� �"/# ()-!67 3)�="!67; ���� �!�&�(��)-5����, (%!)-. crude oil 

tankers (%��=6!"0� -�) product oil, �//. &%�)-. �� crude oil tankers %'��) 

(%&�/#�%!� �/"'� ��5 �� product tankers. 

 A��7 ��5 �"07 -#!)"07 /5&"07 �"0 (�7 "3*&�$% $% ()� 4%9:!)$�* ��./0$�, 

%'��) �" (6&%+"7 �:� �/"':�; ��� 3)�+6$)(� 3%3"(6��, �"//. crude oil %'��) �"/# 

(%&./:� 3)�$�.$%:� %�B �� �%!)$$5�%!� product tankers %'��) ()-!5�%!"0 (%&6+"07; 

C7 ��"�6/%$(� %'9�(% (%&./� $0$$5!%0$� �:� product tankers $% 6�� .-!" �"0 

3)�&!.((��"7 -�) �:� crude oil tankers $�" .//"; < �!"$%&&)$�)-* -�(�#/�, � "�"'� 

$�� �&&/)-. ���=6!%��) :7 fitting curve * trendline (&!�((* �.$�7, -0!)"/%-�)-.D 

�!"$%&&'?%) �� $�(%'� $#(=:�� (% ��� -����"(* E3)�-#(��$� �"07D; F�"(6�:7 (% 

��� �!"$�.+%). (�7 �� �� G.?"0(% 5/� $�" '3)" 3).&!�((�, %'9�(% �)7 %4*7 $0�6�%)%7 

H �"/# -�/* �!"$$6&&)$� �:� (%&./:� �/"':� -�) /)&5�%!" -�/* �:� ()-!5�%!:� 

$�� crude oil tankers, -�) �" ���'$�!"=" &)� �� product tankers.  

I//"7 -#!)"7 /5&"7 %'��) �" �/*+"7 �:� 3)�+6$)(:� 3%3"(6�:� &)� -.+% 

-���&"!'�H %'9�(% 3)�+6$)(� 2100 crude oil tankers, 630 product tankers -�) 50 

shuttle tankers. �% ()� $���)$�)-* ��./0$�, �" �/*+"7 �:� 3%3"(6�:� ��'?%) 

$�(���)-5 !5/"; ���� �%!'��:$* (�7, �� crude oil tankers %'9�� �"/# (%&./� 

G�!#���� $�� ��"�%/6$(���, %=5$"� ��"�%/"#$�� �%!)$$5�%!" ��5 �" JKL �:� 

$0�"/)-B� 3%3"(6�:�. M7 3"#(% $�� ��!�-.�: 3)�&!.((��� �B7 -����6("���) �� 

$�(%'� ��5 �)7 �!%)7 -���&"!'%7 H 
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· ����� �!"#$% �#&'"() LBP *+)#,"�*!- "�+ DWT 

 

  ����� 5.1.  �!"# �$%�&' !�()%*+ LBP ,-+�.%�,$/ %"- DWT 

 

· Lightship *+)#,"�*!- "�+ DWT 

 

  ����� 5.2.  LightShip ,-+a.%�,$/ %"- DWT 

y = 8,4477x0,2875 

R² = 0,9771 

y = 7,6343x0,2963 

R² = 0,9727 

y = 11,995x0,258 

R² = 0,8432 
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����

�

A. DWT 50 000 t

DWT 50000 

�������� 	
� ���

��	������	
�
Vs 15 

CRUDE OIL PRODUCT

��. 	���    

DWTsum DWT 56922,00 59579,00 4,67% 

LBP DWT 190,17 188,50 0,88% 

LOA LBP 198,82 197,78 0,52% 

B LBP 33,09 32,28 2,44% 

DWT 32,78 31,99 2,44% 

D DWT 16,52 17,55 6,29% 

LBP 16,73 17,63 5,38% 

B 16,91 18,56 9,71% 

Tdes DWT 11,37 12,26 7,82% 

LBP 11,94 12,31 3,14% 

D 11,59 12,23 5,52% 

Tsc Tdes 12,92 13,93 7,81% 

B/T  2,83 2,62 7,49% 

D-T LBP 5,23 5,49 5,05% 

LBP/B  5,77 5,87 1,60% 

LBP/D  11,37 10,52 7,49% 

B/D  1,97 1,79 8,94% 

� DWT 60471,00 60258,00 0,35% 

DWT/� DWT 0,83 0,82 0,73% 

LS LBP 9526,85 10726,71 12,59% 

DWT 9415,05 10663,25 13,26% 

LBP,B,D 9756,86 10717,90 9,85% 

� - DWT 10471,00 10258,00 2,03% 

LS/� DWT 0,17 0,17 0,39% 

Vcargo DWT 53946,20 56139,00 4,06% 

LBP 56197,31 56001,79 0,35% 

LBP,B,D 57168,85 57148,96 0,03% 

GrT DWT 28996,00 30390,00 4,81% 

LBP 28937,36 30182,19 4,30% 

LBP,B,D 29399,02 30610,07 4,12% 

GrT/DWT DWT 0,57 0,63 10,84% 

NT DWT 14082,33 14018,60 0,45% 

GrT 15041,05 14555,80 3,23% 

Vcargo 14752,56 14559,95 1,31% 

LBP,B,D 15049,26 14640,93 2,71% 

NT/GrT GrT 0,52 0,47 8,59% 

NT/Vcargo Vcargo 0,26 0,26 3,05% 

SCT DWT 26450,00 28040,39 6,01% 

GrT 26537,38 28590,83 7,74% 



����

�

LBP 27015,30 30843,66 14,17% 

LBP,B,D 27310,58 28915,53 5,88% 

SBT DWT 19788,78 21522,13 8,76% 

Vcargo 20349,23 21708,19 6,68% 

LBP,B,D 20801,07 21785,07 4,73% 

Vfuel P 1902,34  

P,Vs 2225,40  

Vdiesel Vfuel 202,17  

TPC LBP, B 59,57 56,55 5,08% 

P �, Vs 11485,64 12058,03 4,98% 

������� 5.1. ���	
��� �
���������� ��� �
�
 �� 50 000 t DWT  

���������	
 �� ��� ������ �����
�� ��� �� LBP, �� 
������	� �, � ����

������� Vcargo ���. �� ������� 
���� ��
���� 	���� 
�� ��� �� lightship LS, ��� ����

P, ���. �� �������
� 
���� ��	������. 

B. DWT 150 000 t�

DWT 150000 

�������� 	
� ���

��	������	
�
Vs 15 

CRUDE OIL PRODUCT

��. 	���    

DWTsum DWT 163322,00 175779,00 7,63% 

LBP DWT 260,07 260,88 0,31% 

LOA LBP 270,88 271,75 0,32% 

B LBP 47,20 46,21 2,10% 

DWT 47,09 46,82 0,58% 

D DWT 23,65 23,86 0,86% 

LBP 23,72 23,62 0,39% 

B 23,69 22,61 4,59% 

Tdes DWT 16,85 16,52 1,97% 

LBP 16,57 16,35 1,30% 

D 16,87 16,41 2,72% 

Tsc Tdes 17,83 18,70 4,89% 

B/T  2,81 2,83 0,68% 

D-T LBP 6,88 7,17 4,18% 

LBP/B  5,52 5,61 1,67% 

LBP/D  10,98 11,17 1,71% 

B/D  1,99 1,99 0,04% 

� DWT 173371,00 174058,00 0,40% 



����

�

DWT/� DWT 0,86 0,87 0,84% 

LS LBP 23746,43 23246,74 2,10% 

DWT 23757,31 23477,59 1,18% 

LBP,B,D 23908,71 23408,28 2,09% 

� - DWT 23371,00 24058,00 2,94% 

LS/� DWT 0,14 0,14 1,08% 

Vcargo DWT 162746,20 163439,00 0,43% 

LBP 164371,24 161860,39 1,53% 

LBP,B,D 164635,57 161240,20 2,06% 

GrT DWT 79636,00 80200,00 0,71% 

LBP 80959,33 79854,85 1,36% 

LBP,B,D 80933,50 79068,53 2,30% 

GrT/DWT DWT 0,53 0,52 1,90% 

NT DWT 47412,56 47094,40 0,67% 

GrT 47916,07 46290,32 3,39% 

Vcargo 47777,80 46357,59 2,97% 

LBP,B,D 47992,87 46087,47 3,97% 

NT/GrT GrT 0,59 0,59 1,19% 

NT/Vcargo Vcargo 0,29 0,29 1,90% 

SCT DWT 75140,00 75526,56 0,51% 

GrT 76168,08 74694,22 1,94% 

LBP 76774,03 73997,99 3,62% 

LBP,B,D 76825,75 74161,48 3,47% 

SBT DWT 53119,69 53502,13 0,72% 

Vcargo 53442,28 53011,06 0,81% 

LBP,B,D 53736,97 53044,61 1,29% 

Vfuel P 4111,25  

P,Vs 3892,57  

Vdiesel Vfuel 272,44  

TPC LBP, B 114,79 113,62 1,02% 

P �, Vs 21517,03 21188,82 1,53% 

������� 5.2. ���	
��� �
���������� ��� �
�
 �� 150 000 t DWT  

� ��� ��	������ ���������� 
���� 	
 ��� �� ��� ��� 	
��!�� ��� ������, 

�� ������� ��� ��������!���� ���� ������ 5.1. 	
��"�������� : �����
 ��� ����

	
�������� ��� ���
 �� �������. ��� ����
���	��� , ��� �� LBP � ������� 	
��!��


��� 0,88% �
 0,31%, ��� �� 
������	� � ������� ���� ����	
��
 ��
��� �����

	
��"��!��
 	��� ��� 0,35% �
 0,40%. #	� ���� ����� ��� ���� �������, ���

��!
 ����� ���������� � ������� 	
��"��!��
 ��	������ : ��� 4,06% �
 0,43%, 

��� 0,35% �
 1,53% ��� ��� 0,03% �
 2,06% ����������. 

$���� �� LS ��� � ���� ��������%�� 	
���
 �������
� ���� �������	
��

�
�������, ���� 
�� �������
���� ��	������ 	
���� ��� �������
�� �����. 
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C. DWT 300 000 t 

DWT  300000   

Vs  15   

  CRUDE OIL  PRODUCT ������ ! ��� ��� !"��#$#%&'��� 

 "#$.%&'$�!    

DWTsum DWT 322922,00 350079,00 8,41% 

LBP DWT 316,85 320,25 1,08% 

LOA LBP 329,42 332,43 0,91% 

B LBP 59,06 57,95 1,88% 
DWT 59,18 59,54 0,62% 

D DWT 29,67 28,96 2,42% 
LBP 29,39 28,41 3,32% 

B 29,41 24,79 15,68% 

Tdes DWT 21,60 19,94 7,68% 
LBP 21,62 19,56 9,54% 

D 21,36 19,92 6,71% 

Tsc Tdes 22,38 22,58 0,85% 

B/T  2,75 2,97 7,99% 

D-T LBP 7,92 8,22 3,82% 

LBP/B  5,36 5,45 1,72% 

LBP/D  10,74 11,69 8,83% 

B/D  2,00 2,14 7,00% 

( DWT 342721,00 344758,00 0,59% 

DWT/( DWT 0,88 0,90 1,92% 

LS LBP 42252,86 37869,39 10,37% 
DWT 42600,53 38629,00 9,32% 

LBP,B,D 42060,70 38443,04 8,60% 
� - DWT 42721,00 44758,00 4,77% 

LS/� DWT 0,12 0,12 2,02% 

Vcargo DWT 325946,20 324389,00 0,48% 
LBP 323525,62 316198,99 2,26% 

LBP,B,D 320650,29 307380,60 4,14% 

GrT DWT 155596,00 154915,00 0,44% 
LBP 154942,78 147537,04 4,78% 

LBP,B,D 153621,74 143237,98 6,76% 

GrT/DWT DWT 0,52 0,47 9,18% 

NT DWT 101983,88 101159,19 0,81% 
GrT 100835,77 97719,95 3,09% 

Vcargo 100198,85 96359,63 3,83% 
LBP,B,D 99678,73 94050,90 5,65% 

NT/GrT GrT 0,65 0,68 3,95% 

NT/Vcargo Vcargo 0,31 0,31 1,14% 

SCT DWT 148175,00 141123,28 4,76% 
GrT 147825,80 139067,27 5,92% 
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LBP 148390,79 151684,39 2,22% 
LBP,B,D 147432,64 133235,02 9,63% 

SBT DWT 99042,44 95037,47 4,04% 
Vcargo 98210,53 93184,84 5,12% 

LBP,B,D 97734,67 92266,74 5,59% 

Vfuel P 6485,23     
P,Vs 5885,59     

Vdiesel Vfuel 331,48     

TPC LBP, B 174,35 176,33 1,13% 

P �, Vs 32298,06 30468,67 5,66% 

 

������� 5.3. !"�#$%&� �'$()*)+,-(/� 0"� '*$�$ ,) 300 000 t DWT  

��������'(��) *�) +-. /+��0�123 4�)3 �5�*164+)3 /+��7' �8( -'� �/9-8( 

+/5+)�)*.( �'58(:  

Ø LIGHTSHIP LS 

;�� 4<=/��� ��> 09��>3 9?����> 4*9?�>3 @lightship LS) �8( *+?�1�68( A *�) B 

5������=C�*+ 4>D*2(��84� 4�/+68( 4+ *95�)+3 5+�)�<23 ��> DWT. ;�� -)9C+4)/� 

-+-�/2(�, �� -+7�/+(E51�)� <8�6F�(��) 4�)3 +7=3 >5�*���D��6+3 G Aframax � 

Panamax � Suezmax � VLCC � ULCC. 

����*9�8 5���>4)9F�(��) D)� *9C+ >5�*���D��6�, -)�D�9//��� *�) +/5+)�)*�6 

�'5�) D)� +*�6/�4� ��> LS �5E �� DWT. 

o Aframax 

 
  ����� 5.4.1. LS  !"�#$� %& $'! DWT - AFRAMAX 
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������ !"#�#$�%�! &&'!() 

Linear model Poly1: 

     f(x) = p1*x + p2 

Coefficients (with 95% confidence bounds): 

       p1 =     0.08006 (0.0647, 0.09542) 

       p2 =        9190 (7532, 1.085e+04) 

 

 

Goodness of fit: 

  SSE:  1.892e+09 

  R-square: 0.1167 

  RMSE: 1546 

o Panamax 

 

  ����� 5.4.2. LS  !"�#$� %& $'! DWT - PANAMAX 

 

������ !"#�#$�%�! &&'!() 

Linear model Poly1: 

     f(x) = p1*x + p2 

Coefficients (with 95% confidence bounds): 

       p1 =      0.1672 (0.1464, 0.1879) 

       p2 =      2258 (831.7, 3684) 
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Linear fit

Pred bnds (Linear fit)

LightShip vs. DWT

LS = 0.08006 * DWT + 9190     (5.4.1) 
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Goodness of fit: 

  SSE:  1.404e+08 

  R-square: 0.6511 

  RMSE: 1016 

o Suezmax 

 

  ����� 5.4.3. LS  !"�#$� %& $'! DWT � SUEZMAX 

������ !"#�# ������� �!" 

Linear model Poly1: 

     f(x) = p1*x + p2 

Coefficients (with 95% confidence bounds): 

       p1 =     0.09101 (0.06675, 0.1153) 

       p2 =   1.029e+04 (6480, 1.41e+04) 

 

 

Goodness of fit: 

  SSE:  1.443e+09 

  R-square: 0.09076 

  RMSE: 1628 

 

1.3 1.4 1.5 1.6 1.7 1.8 1.9

x 10
5

2

2.2

2.4

2.6

2.8

3

3.2

3.4

3.6

x 10
4

DWT [ t ]

L
S

 
[
 
t
 
]

 

 

Linear fit

Pred bnds (Linear fit)

LightShip vs. DWT

LS = 0.1672 * DWT + 2258     (5.4.2) 

LS = 0.09101 * DWT + 10290     (5.4.3) 
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o VLCC 

 

  ����� 5.4.4. LS  !"�#$� %& $'! DWT - VLCC 

������ !"#�#$�%�! &&'!() 

Linear model Poly1: 

     f(x) = p1*x + p2 

Coefficients (with 95% confidence bounds): 

       p1 =      0.1798 (0.1612, 0.1984) 

       p2 = -1.159e+04 (-1.729e+04, -5886) 

 

 

Goodness of fit: 

  SSE:  3.261e+09 

  R-square: 0.3711 

  RMSE: 2314 
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Linear fit

Pred bnds (Linear fit)

LightShip vs. DWT

LS = 0.1798 * DWT - 11590     (5.4.4) 
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o ULCC 

 

����� 5.4.5. LS !"#�$%�!&' %(" DWT - ULCC 

������ !"#�#$�%�! &&'!() 

Linear model Poly1: 

     f(x) = p1*x + p2 

Coefficients (with 95% confidence bounds): 

       p1 =      0.1922 (0.1794, 0.2051) 

       p2 = -1.728e+04 (-2.146e+04, -1.31e+04) 

 

 

Goodness of fit: 

  SSE:  7.578e+07 

  R-square: 0.9329 

  RMSE: 1088 

 ����� ��� �! " #$��%"%� #&$'())�'"* '+ �+&��(* ,#$��%")$&-+* .+! +-!�� 

���!$#$�"%��/0 %� #�&�#1!2 '3/��%� ��� $� �!%-'%$�3$� +�#+�&��$- %4#$� .-!$,! 

#+&-#$, %� -.�� �#$%+5('��%� �+ %�* '3('+�* 6789878�: ��� 6989878�: 6;58 #-!���* <8=:8 

>�2*0 #�&$,'�1?$,! +#�#5($! %$ +@/* #5+$!(�%"�� A B �+5+%"%/* (3+� ��� 

'�C('%+&" +���!� %"* .���4��!'"* %2! '"�+-2!8 D$ )+)$!�* �,%� %$, #�&(3+� %"! 

.,!�%�%"%� !� �!%�5��;1!+%�� ��54%+&� %"! %1@" �+)(E$,* %$, 'C15��%$* #$, 

#&$�4#%+� ��%1 %"! +�%-�"'"8 
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Linear fit

Pred bnds (Linear fit)

LightShip vs. DWT

LS = 0.1922 * DWT - 17280     (5.4.5) 
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 � ������!" �#$���% &'#($') !)% &)�*+�,% �$�-'.� .!� ��+!'/,.-�!� �+0 

��+�1�!+0$ ��2 !)% .(,.')% 3456545�7 ��) 3656545�7 !� ��+!'/,.-�!� !"$ .(,.'"$ 

(5.4) 

 

������ !"#

$� 

DWT crude oil, 

�%&.2 

Product, 

�%&.'3 

�%&.'5 ($�&�#)'*%'

Crude 

($�&�#)'*%'

Product 

Aframax 100000 16882,6 17544,8 17196 1,82% 2,03% 

Panamax 70000 12500,7 13579 13962 10,47% 2,74% 

Suezmax 160000 25084,8 24591,7 24851,6 0,94% 1,05% 

VLCC 300000 42600,5 38629 42350 0,59% 8,79% 

ULCC 350000 48508,5 43152,7 49990 2,96% 13,68% 

 

������� 5.4. !"#�$%&%�'� (������ �()&*+*,-/&0� "()��&1#)$%2� #%� &) Light Ship 

�������� !"# $�%# �%# &%�'��()# "*+�%# ,-"�%./# !%.�()# ".�$)# �0$# �1�()# 0�1# "*+�%#

10�2��!!%,!(+"). ��/2!��%3 ,��# &%�4(,%!�# &"&�!(+�3# ��# product tankers !"2/5�1 

!"2(4�1)# 6��+# 0�5 # 5%2/3# ��# 0"�%,,$�"��# 6��+# crude oil tankers. 70�!(+8)3 �#

&%�'��/#!"#��#product tankers "*+�%#0�5 #!"2/5�)#�/9�) !"2(4�1). :��#panamax, ��#

0"�%,,$�"��#05�*�#"*+�%#product tankers, 2%��1�$+#��+#5$2�#�#,1+�5%.6#0��,(22%,�#

"*+�%#.�5 �"��#2%�#��#product .�%#-"%�$�"��#2%�#��#crude oil tankers. 
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6. ����������� 

��� ���!"#$%&!'(�$ )* �*�$##+(*�*, -*�(!).�*$*, !$ �$��$/�#0*, �!" 

���1)�(!�!$234/�' #(� -!1$#)$/% Matlab 2012 /�$ Evolver 5.7. - 2010. 

 

6.1. Curve Fitting  ! "# MATLAB 2012b � ���������$6.1. 

5 �$��$/�#0� (!" Curve fitting )* (! Matlab 6�#0&*(�$ #(4' ).3!�! (7' �-�80#(7' 

9*(��1�'7': 4 !�!0� �*�$1�%;4/* #(4' *$#�1712< �;+#!': #* /%�!$*, ����1�%;!", 

(4, *�1�#0�, .1$'* 8�2#4 (!" Excel (*$�$/% #($, �*�$�(�#*$, �!" *08�)* 

�*�$##+(*�*, ��+ )0� #*$�., �*�!).'7'=: �>0&*$ '� �'�;*�3*0 +($ /�$ (! Excel 

�$�3.(*$ �"(2 (4' �"'�(+(4(� /�$ 8�4#$)!�!$*0 (4' 0�$� ).3!�!< ?)7,: #(4' 

�$�-7)�($/2 �"(2 *�1�#0�: ��!($)234/* (! Matlab ��+ (! Excel -+17 �$�;+�7' 

�-*!'*/(4)%(7' �!" ���!"#$%&*$: 

· �'� (! Excel ���.8*$ @ ("�!�!$4).'� *0�4 1��))�' (%#4, Atrendlines: 

Exponential, Linear, Logarithmic, Polynomial /�$ Power), (! Matlab ���.8*$ 

/�$ %--*, */(+, ��+ �"(., (Gaussian f(x) = a1*exp(-((x-b1)/c1)^2), Fourier 

a1*exp(-((x-b1)/c1)^2) /�$ %--*,)< B"(+ *0'�$ �!-C 8�2#$)! #* �*�0�(7#4 

�!" 4 6.-($#(4 ��!#.11$#4 �*' )�!�*0 '� 6�*3*0 )* (� ("�!�!$4).'� 

trendlines �!" ���.8*$ (! Excel. ��0#4, 1$� (� trendlines �!" �$�3.(*$ /�$ (! 

Excel, (! Matlab ���.8*$ #(!' 8�2#(4 (4' �"'�(+(4(� '� �">%'*$ (! �-23!, 

(7' #"'(*-*#(�' (!" *)�*$�$/!C (C�!": .(#$ �#(* '� �*(C8*$ /�-C(*�4 

��!#.11$#4. 

· D%�!$*, ;!�.,: (� �*�!).'� �*' ��!#*110&!'(�$ /�-% ��+ (� ("�!�!$4).'� 

*0�4 /�)�"-�' ��!#.11$#4,< E* (! ��+1��))� Eatlab : ! 8�2#(4, .8*$ (4' 

�"'�(+(4(� '� *$#%1*$ (4' *>0#7#4 �!" /�(% (4' 1'�)4 (!" ��!#*110&*$ 

/�-C(*�� (� �*�!).'�: /�$ #(4' #"'.8*$� (! Eatlab (!" "�!-!10&*$ (!", 

6.-($#(!", #"'(*-*#(.,< 

· F$� /%3* *�$-*1).'4 /�)�C-4 ��!#.11$#4,: ! 8�2#(4, *>*(%&*$ (4' �!$+(4(� 

��!#.11$#4, )* 6%#4 G #"'(*-*#(., ASSE, R-square, Adjusted R-square /�$ 

RMSE). 

H($, *�+)*'*, 1��)).,: �*�$1�%;*(�$ 4 �$��$/�#0� /�(�#/*"2, /�)�C-4, 

��!#.11$#4, )* Matlab 2012b. 

E* (4' *//0'4#4 (!"  Matlab 2012b, *);�'0&*(�$ (! ����/%(7 ���%3"�!I 
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����� 6.1.1. �!�"#$ %�!&'(!) Matlab 2012b 

 

���� ��!�"#� Home, $%&!'() *)� ()�+�� �Import data� %,$ (%)�!"%() ��� 

*(��-,!& .(.,*"�/� 0 �!'(1/� �%+ &##� #,2)3*)�& +%/4 %5'5 Excel, Word, 

Notepad, �#%5 

 
����� 6.1.2. *+,)-� �import data� Matlab 2012b 
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���� �����!"#$%& '()* ! +,'+,�'-&'. %/�'0&1%)', 20' 02� 3'"4$("� /% )' 

-)�,5%&' 3�( /%)'�2"$!�'06 

 
����� 6.1.3. �������  �import!data� Matlab 2012b 

 

������ !"�#$ �%$&'()*$"%$ +���,$"%$-�.�*-�,$&%"  �'%/)*'($&'�$Matlab 

2012b, %���,$"%$�+�)�0-�,$�%�$&'*"$&#"!0��%$"%$+%'*-�,$'�$��# +,$�import 

selection�$�%�$ �'1$�import data�2 

 
"#$%�!6.1.4.!&'%( ��)*�!%+,�-/',$0!Matlab 2012b 
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������ � !"#�$%& '!() $)& *($+,-%$'& .�/ (.)0/*(1 �+ �/�!($1�()2 0+ (�("3�.�)#�() 

�$%� �/�'!()+ $%� 4+"$'-+ �Apps� 5Applications � (�+"*�3'&) $�/ +"!)4�6 

.+"+06"�/7 �4(1 /.8"!() % ()4��+ �Curve Fitting�. 9�-)& .+$%0(12 (*�+�1:($+) �'� 

.+"80/"� 5�!#*+$+ 6.1.6,7,8,9) 

 
����� 6.1.5. Curve fitting application Matlab 2012b 

 

��� ��� �!�" #�$%&!$�, � '$()�*+ -���)-.!%/.0 �� Scatter diagram 

��#�&.�1���+ -��%22*2� �0+ 3.��42*��+ 5)'(3� 6.1.6) -�0 )�*� )!��'.0� �$6/.0 

�*� )!�%$�*)* #$�)�770)*+ 5)'(3� 6898:; "#�! #�$�'.��0 -�0 * <!���"�*�� 

#$")&.)*+ )!��.2.)�1� )��� .3#.0$0-" �=#� #�! #$�-=#�.0. 

 
����� 6.1.6. !"#$�%& �'(�)*+(,- Matlab 2012b 
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����� 6.1.7. !"#$%&� '()*+,-'-/ "+%'0&&#'-/ Matlab 2012b 

 

�� ����!"##" $#%"&'($)"� *)� +,&)!� )�- ."!"/0!�- $&1 )" ".�)$2,*#")" )34 

.!�*,���*34 +�)5 ".6 )� )#7#" 6.�- �!'(�&)"� �� #$)"823),49  

 
����� 6.1.8. 2#*&+���� Matlab 2012b 
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����� 6.1.9. �!"#$%&'��#� !("'&))*'+, Matlab 2012b 

 

��� �� ��!�"#! ��$�%&"'(���, $ )#*'�+- ��$.�'/0%1 �$1� '2�3#�+'+ 

%42�+#%�%/ 5�&6�%#� �$� '5$�� �$27 8 (%��.$#3 �$2 91�:#3((��$- '% �#)%/$ 

world * $�$1$9*�$�% 3&&$ �#)%/$ :/�%��1 (% �+� %��$&* �print to figure� ;'�$ 

file) 5�1 '�o ��#3<2#$ �$2 %(.��/0%��1 ;')*(� 67=7=>?, :/�%��1 )#*'+ �+- 

%��$&*- �copy figure� ;'�$ edit). 

 
����� 6.1.10. �$#�-"(/ 0*�)(/���#", '$ /%%" �(�$2" 
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6.2. ������� ! "#�#$%�$� $� &��%�'( EVOLVER 5.7. �  !"!"#$%!&6.2. 

��� ����!"� �#$ ��%&'!�$ !���"!�"()$ �*+�,!#$- �*�"�.��!/#(�* (�" 

�%01�#2��� 23 �3%"!!0�3%3$ �.* 4'& 23��1�#�5$6 7%&(3"25*&, *� �,/&'*- 58"*3 

9%)!# �&, �&8"!2"(&' Evolver6 :& Evolver 3�*�" 5*� �&8"!2"(0 �& &�&�& �'*3" 

�%&1�)2��� 13��"!�&�&�#!#$ 9%#!"2&�&";*��$ 83*3�"(&'$ ��8&%�/2&,$6 �,*)/.$ 

�3"�&,%83� !�* ,�&�%08%�22� �&, Ms Excel- 4#��4) & 9%)!�#$ &%�<3" �& �%01�#2+ 

�&, !�& Ms Excel (�" (��3� �& Evolver 8"� *� �& �'!3"6 =* !,*�&2��- # 1�!"() 

�3"�&,%8�� �&, Evolver 58(3"��" !�& 0�" 59&*��$ 5*�* 0%& > �%&$ 13��"!�&�&�#!#- & 

&�&�&$ 0%&$ 3�*�" !,*+%�#!# +��.* ��%�25�%.*- & 9%)!�#$ 23��1+��3" �,�5$ �"$ 

��%�25�%&,$ 3"!+8.*��$ �&,$ (��+��#�&,$ �3%"&%"!2&'$- ;!�3 *� �3�'93" �#* 

15��"!�# �"2) 8"� �& >6 

?" 83*3�"(&� ��80%"/2&" �3"�&,%8&'* 23 1+!# �"$ �%95$ �#$ @,!"()$ =�"�&8)$ 

�&, Darwin A B#2"&,%83���" 5*� �3%"1+��&* 0�&, 3(��&*�+43$ �"/�*5$ �'!3"$ !3 5*� 

�%01�#2� 2�&%&'* *� �*��8.*"!�&'* # 2�� 23 �#* +��#- (�" 20*& # C4,*��0�3%#C 

3�"1";*3"6 >(%"1;$ 0�.$ (�" !�#* 1"&�&8"() 3D5�"D#- (+/3 �'!# 2�&%3� *� 23��4�43" 

�� (��+ �#$ C8&*�4"�C !�&,$ «��08&*&,$»-�'!3"$- 5�!" ;!�3 �& !'*&�& �&, 

��#/,!2&' �.* �'!3.* *� !,*39�!3" *� 4�*3" (��'�3%3$ �'!3"$6 >,�) # 4"�4"(�!�� 

�*�E5%3��" !�#* 1"1�"&8%�E�� .$ Elitist Process. 

�3 �,�) �#* 3*0�#��- 2�$ 3*4"�E5%3" �3%"!!0�3%& # �3%"8%�E) �#$ 4"�4"(+!"�$ 

�&, �(&�&,/)/#(3 8"� *� �,/&'* �� �%&1�)2��� �&, �*�"23�.��!�#(�* !3 �,�)* 

�#* 4"��.2��"() 3%8�!��6 

7%+82��"- 23 �#* 3((�*#!# �&, Evolver, �%&!��/3��" 2"� *5� (�%�5�� 23 0*&2� 

Evolver !�& ��%+/,%& �&, Ms Excel, 0�.$ E��*3��" !�& !9)2� F6.2.1). 
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����� 6.2.1. ����� �!�"#� ��$ Evolver 

������ !"�#$"%$&�"!�$'��$(%)*+$,$'���&�%)*-$%+$'.��# �$!"%$'%�./��& %:$!(01 

20� 3!4�# � "%$5�40�(0�'��*(�# � 0,"$(#(6!0�(,$ �0%78$/8�$ �0%54,09" : 0�$; �%�$

0,"$(#".�0,(,$< = L
a 
* B

b
 * C

c
 -$ �$a, b �%�$c 0�#+$��3!0�+$01"$L,B �%�$C, 

%"0=(0��6%. >�$'�90�$5* %$�="%�$"%$���(0�= 0�$'�254, % (0�$Ms Excel. ?="�# �$

%#3%=��0�+$0� !+$(0�#+$��3!0�+$01"$L,B �%�$D@$A0,"$(#"!6��%-$5�=(��# �$0,"$

(#(6!0�(,$Bcorrelation, CORREL (0�$Excel)  �0%78$01"$(0,49" ;$�%�$<. 
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����� 6.2.2.!"#$�%& '!( )"!*+���'!& $'! Excel 

 

���� �����!"#$%& � �"'()*+ ,�- ."�/�0)1,�+ (,� Excel, ��������!"�#$% #&� 

'$�#()$ Evolver, �$#*+� #� '�-+�. �settings� �!$ �$ ��./�-+� #!% 0!*1���% 

�$�$+(#��-% �!$ #&� �'#()�/& #�- �����*++$#�%, 2�3% �454 � 5�2��% �'#()�/&% 6 #� 

�)67�% #3� ��$�$)68�3�, #� +(��7�% #�- �)&7-/+�9, ')�4 :#� �$�$'*#3 /56+$ 

1$.��#$! #� �$�*7-�� #3� �-7+./�3� ;settings). 
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����� 6.2.3.!�"#$%"& "%$�'()*+ ,-� )./01)(2 /&% !"&,"#���/&3 

���� ���!"#$%, &�'%(�)�*# ��) �model definition�, '$% �% #$�+')�*# �)�- 

&#.$).$�*)/- ��$- *#�%0)11!- �2� &%.%*!�.2� !��$ 3��# �% &#�/")�*# ��� *!'$��� 

4��%�5 ���"!�$��6 7 4$%4$8+�$% %��5 '(�#�%$ ��) &%.+9�.) &)� :%(�#�%$ ��) �"5*% 

6.2.4. 

 
����� 645464!�"#$%"& &"-(�&7 /&% �&+/01&% !"&3 8)1/-(/&!&'2(2 
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· ��� optimization goal, �!"#�$%& '( )*+�$%& (' %&-./��0�.1/�$%& 1 (' 

&+'2./��0�.1/�$%& 1 (' 0&�32�$%& %.' /$-4&4!.%*(5 �"%5 &(67 4&+.�3, 4&+" 

�� �0�"� ��0�)&��3%& /�5( �Cell�8 ��5( 0&!"0�9/1 %'7, /�� optimization 

goal &0.+*-�$%& �Maximum� 4'. /�� �Cell�, ��0�)&��3%& �5( �:H:;�8 

· <& �5( &(��+1 Add, -"(&�'. 0!6/)&/5 �9( 0&!.�!./%=(. >./?-�(�'. �' 

/��.2&"' 0�$ 0!*0&. (' �!�0�0�.5)�3( 4'. �. 0&!.�!./%�" *�/. =/�& (' 

&0.�&$2)&" 5 %*-./�5 /$/2*�./58 ��5( 0&!"0�9/1 %'7, &"('. �. F3, F4 4'. F5. 

· ��' constraints, �!"#�$%& �.7 /$()14&7 0�$ 0!*0&. (' .4'(�0�.5)�3( *�/. 

=/�& 5 +3/5 0�$ )' @!&)&" (' &"('. A&2�18 

B')=7 &C&+"//&�'. 5 A.'A.4'/"' &4�*+&/57, &%D'("#&�'. &(' %.4!6 0'!?)$!� E/21%' 

68F8;G �� �0�"� A&"2(&. «2�(�!.4?» �5( 4'�?/�'/5 �57 &4�*+&/578 

 
����� 6.2.5.!�"#$%"& '()*+(,- /,- '0/)*'1,- 

 

�5%&.=(&�'. 097, �� Evolver %'7 &0.�!*0&. &0"/57 (' 0'!'4�+�$)�3%& %*/9 ��$ 

Evolver Watcher E/21%' 68F8HG, �5( 4'�?/�'/5 4?)& &0'(?+5I57 *�/. =/�& (' 

%0�!�3%& (' '++?C�$%& 4?0�.' 2'!'4�5!./�.4? ��$ %�(�*+�$ &D6/�( 2!&.?#&�'. -.' 

(' D�?/�$%& 0.� -!1-�!' /�5( @*+�./�5 +3/58 
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����� 6.2.6.Evolver Watcher 

 

��� ����� �!� "#���"$!�, "#�%&'(�(�)* �) �"�*#+ )&��"��$-)�) -" �!( -�./0 &�% 

/)1("�)* $�� )#2��%3� $40-) : 
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����� 6.2.7. !"#$%& �'(!"#)*��!� +"#!$*!('(,-*-/. 
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