




 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 



 

 

𝑃𝑅 = 0,02144 × 𝐿1,15 × 𝐵 × 𝐷0,5 + 7,9999 × 𝐵𝐻𝑃0,49855 + 0,03775 × 𝐿 × 𝐵 × 𝐷

𝑍𝑅 = 0,64193 × 𝐷 + 1,02109

𝑋𝑅 = 0,41699 × 𝐿

 

 

 

 

𝑷𝑹 = 𝟒𝟒. 𝟐𝟎𝟑 𝒕𝒐𝒏.

𝒁𝑹 = 𝟏𝟕, 𝟗𝟕 𝒎.

𝑿𝑹 = 𝟏𝟑𝟐, 𝟕𝟕 𝒎.

 



 

 

 

 

 

𝑃𝑆1 = 0,03 × 𝐿1,759 × 𝐵0,712 × 𝐷0,374

𝑷𝑺𝟏 = 0,03 × 318,41,759 × 44,230,712 × 26,410,374 = 𝟑𝟖. 𝟑𝟏𝟑 𝒕𝒐𝒏.

 

𝑃𝑆2 = 8400 × (
𝐿 × 𝐵 × 𝐷

105
)

0,9

× (0,675 +
𝐶𝑏

2
) × [0,00585 × (

𝐿

𝐷
− 8,3)

1,8

+ 0,939]

𝑷𝑺𝟐 = 𝟐𝟕. 𝟒𝟔𝟎 𝒕𝒐𝒏.

 

𝑃𝑆3 = 𝐾 × 𝐸1,35 × (1 + 0,5 × (𝐶𝐵80𝐷 − 0,7))

 𝐸 = 𝐿𝑝𝑝(𝐵 + 𝐷) + 0,85 × 𝐿𝑝𝑝(𝐷 − 𝑇) + 1,45 × 𝐿𝑝𝑝 − 11

𝐶𝐵80𝐷 = 𝐶𝑏 + (1 − 𝐶𝑏) ×
0,8 × 𝐷 − 𝑇

3
× 𝑇

𝐾 = 0,034 

𝑷𝑺𝟑 = 𝟑𝟏. 𝟏𝟐𝟎 𝒕𝒐𝒏.



 

𝑃𝑆4 = 0,01665 × 𝐿1,5 × 𝐵 × 𝐷0,5 × (1 + 𝐶𝑏)

𝑷𝑺𝟒 = 0,01665 × 318,41,5 × 44,23 × 26,410,5 × (1 + 0,65) = 𝟑𝟓. 𝟒𝟕𝟖 𝒕𝒐𝒏.

𝑷𝑺𝒕𝒐𝒕 =
𝑃𝐶ℎ𝑎𝑝𝑚𝑎𝑛 + 𝑃𝑀𝑖𝑙𝑙𝑒𝑟 + 𝑃𝑊𝑎𝑡𝑠𝑜𝑛 + 𝑃𝐽.𝐿.𝐺𝑎𝑟𝑐í𝑎 𝐺𝑎𝑟𝑐𝑒𝑠

4
= 𝟑𝟑. 𝟎𝟗𝟑 𝒕𝒐𝒏.

 

𝑍𝑆 = 0,01 × 𝐷 × (46,6 + 0,135 × (0,81 − 𝐶𝑏) ×
𝐿2

𝐷2) + (
𝐿

𝐵
− 6,5) × 0,008 × 𝐷

𝐶𝑜𝑟𝑟𝑒𝑐𝑐𝑖ó𝑛 = −0,002 × 𝐷 = −0,002 × 26,41 = −0,053

𝑲𝑮𝑲𝒖𝒑𝒓𝒂𝒔 =  𝟏𝟑, 𝟐𝟖 𝒎.

 

𝑲𝑮𝑻𝒂𝒈𝒈𝒂𝒆𝒕 = (0,725 − 0,0007218 × 𝐿) × 𝐷 = 𝟏𝟑, 𝟎𝟕 𝒎.

 

𝑲𝑮𝑱.𝑳.𝑮𝒂𝒓𝒄í𝒂 𝑮𝒂𝒓𝒄é𝒔 = 0,52207 × 𝐷 + 1,1717 = 𝟏𝟒, 𝟗𝟔 𝒎. 
 



𝑿𝑮𝑱.𝑳.𝑮𝒂𝒓𝒄í𝒂 𝑮𝒂𝒓𝒄é𝒔 = 0,37009 × 𝐿 + 5,924 = 𝟏𝟐𝟑, 𝟕𝟔 𝒎.

𝑲𝑮𝑨𝒄𝒆𝒓𝒐 =
𝐾𝐺𝐾𝑢𝑝𝑟𝑎𝑠 + 𝐾𝐺𝑇𝑎𝑔𝑔𝑎𝑒𝑡 + 𝐾𝐺𝐽.𝐿.𝐺𝑎𝑟𝑐í𝑎 𝐺𝑎𝑟𝑐é𝑠

3
= 𝟏𝟑, 𝟕𝟕 𝒎.

 

𝑿𝑮𝒂𝒄𝒆𝒓𝒐 = 𝑋𝐺𝐽.𝐿.𝐺𝑎𝑟𝑐í𝑎 𝐺𝑎𝑟𝑐é𝑠 = 𝟏𝟐𝟑, 𝟕𝟔 𝒎.

 

 

 

𝑃𝑏𝑐 = 1,05 × (6 − 0,0021875 × 𝐿2 + 1,1125 × 𝐿) ×
𝐿𝑏

1000

𝑷𝒃𝒄 = 𝟗𝟐, 𝟓𝟖 𝒕𝒐𝒏. 

𝑿𝑮𝒃𝒄 = 𝟏𝟐𝟑, 𝟕𝟔 𝒎 𝑲𝑮𝒃𝒄 = 𝟐𝟖, 𝟔𝟐 𝒎

 



𝑷𝑸 = 𝑃𝑄𝑃 + 𝑃𝑄𝑅 = 𝑸𝑷 + 𝑹𝑷 + 𝑷𝑸𝑹

𝑷𝑸 = 𝐵𝐾𝑊 ×
895 − 0,0025 × 𝐵𝐾𝑊

10000
= 𝟒. 𝟗𝟔𝟓 𝒕𝒐𝒏.

 

 

𝑄𝑃1 = 𝑎 × (
𝐵𝐻𝑃

𝑟𝑝𝑚
)

𝑏

 

𝑎 = 9,38      𝑏 = 0,84    

𝑸𝑷𝟏 = 9,38 × (
93360

102
)

0,84

= 𝟐. 𝟖𝟖𝟒 𝒕𝒐𝒏

 



 

𝑸𝑷𝟐 = 𝟐. 𝟎𝟓𝟎 𝒕𝒐𝒏.

𝑸𝑷 = 𝟐. 𝟎𝟓𝟎 𝒕𝒐𝒏.

 

𝑅𝑃 = 𝑐 × 𝐵𝐻𝑃𝑑

 

 

𝑐 = 0,63      𝑑 = 0,70

𝑹𝑷 = 0,63 × 933600,7 = 𝟏. 𝟖𝟗𝟗 𝒕𝒐𝒏.

𝑷𝑸𝑷 = 𝑄𝑃 + 𝑅𝑃 = 2.050 + 1.899 = 𝟑. 𝟗𝟒𝟗 𝒕𝒐𝒏. 

 



𝑿𝑮𝑷𝑸𝑷 = 𝟕𝟑, 𝟖𝟑 𝒎.      𝑲𝑮𝑷𝑸𝑷 = 𝟗, 𝟑𝟏 𝒎. 

 

𝑃𝑄𝑅 = 𝑘 × 𝑉𝐸𝑙 + ℎ × 𝐸𝐽 × (𝑗 × 𝐿𝑃𝑃 + 5)

 

 

𝑘 = 0,0295      𝑙 = 1      ℎ = 1      𝑗 = 0,0164

 

𝑉𝐸 = 0,85 × 𝐿𝑐𝑚 × 𝐵 × (𝐷 − 𝐷𝐷𝐹𝑀) × 𝐶𝑏

 

 

 

𝑉𝐸 = 13.527 𝑚

 

𝑷𝑸𝑹 = 𝟏𝟎𝟎𝟎 𝒕𝒐𝒏.

𝑿𝑮𝑷𝑸𝑹 = 𝟕𝟑, 𝟖𝟑 𝒎.



𝑲𝑮𝑷𝑸𝑹 = 0,17 × 𝑇 + 0,36 × 𝐷 = 𝟏𝟐, 𝟎𝟏 𝒎.

 

𝑃𝑀𝑀𝑃𝑃 = (𝑎 + 𝑏) ×
𝑀𝐶𝑅

1000

𝑎 = 0,00381 × (
𝑀𝐶𝑅(𝑘𝑊)

1000
)

0,5

− 0,164 × (
𝑀𝐶𝑅(𝑘𝑊)

1000
) + 3,26

𝑏 = (
150−𝑅𝑃𝑀

200
) , 𝑝𝑎𝑟𝑎 𝑚𝑜𝑡𝑜𝑟𝑒𝑠 𝑞𝑢𝑒 𝑒𝑠𝑡é𝑛 𝑑𝑒𝑛𝑡𝑟𝑜 𝑑𝑒  100 < 𝑅𝑃𝑀 < 200

𝑀𝐶𝑅 = 68.640 𝑘𝑊

𝑎 = 8,81      𝑏 = 0,24

𝑷𝑴𝑴𝑷𝑷 = (8,81 + 0,24) ×
68.640

1000
= 𝟔𝟐𝟏 𝒕𝒐𝒏.

𝑿𝑮𝑴𝑴𝑷𝑷 = 𝟕𝟑, 𝟖𝟑 𝒎.      𝑲𝑮𝑴𝑴𝑷𝑷 = 𝟑, 𝟕𝟓 𝒎.  (𝑝𝑎𝑟𝑡𝑒 𝑏𝑎𝑗𝑎 𝑑𝑒 𝑙𝑎 𝑐𝑎𝑚. 𝑚𝑎𝑞. )

 

 

𝑷𝒊 = 𝟔 𝒕𝒐𝒏.



𝑿𝑮𝒊 = 𝟕𝟑, 𝟖𝟑 𝒎.

𝑲𝑮𝒊 = 𝟏𝟐, 𝟎𝟏 𝒎. 

 

 

𝑷𝒂𝒓 = 𝟑 𝒕𝒐𝒏.

𝑿𝑮𝒊 = 𝟕𝟑, 𝟖𝟑 𝒎.

𝑲𝑮𝒊 = 𝟏𝟐, 𝟎𝟏 𝒎.

 

𝑃ℎ = 0,080 × 𝐷3

𝑷𝒉 = 0,080 × 9,83 = 𝟕𝟓, 𝟑 𝒕𝒐𝒏.

𝑿𝑮𝑴𝑴𝑷𝑷 = 𝟕, 𝟑𝟎 𝒎.      𝑲𝑮𝑴𝑴𝑷𝑷 = 𝟑, 𝟗𝟐 𝒎.

 

 

 

 

 



 

 

𝑃𝑒𝑗𝑒 = 𝐿𝑒𝑗𝑒 × 0,081 (

𝑛×𝑀𝐶𝑅

𝑛′

𝑟𝑝𝑚
)

2
3⁄

 

 

 

𝑷𝒆𝒋𝒆 = 61,3 × 0,081 (

1×68.640

1

102
)

2
3⁄

= 𝟑𝟖𝟏 𝒕𝒐𝒏.

 

𝑿𝑮𝒆𝒋𝒆 = 𝟏𝟕, 𝟑𝟕 𝒎.      𝑲𝑮𝒆𝒋𝒆 = 𝟑, 𝟗𝟐 𝒎. 

 

𝑃𝐼𝐸 = 𝑙𝑐 +
𝑃𝑚

1000
, 𝑠𝑖 𝐿 > 60 𝑚.

 

𝑙𝑐 = 1,82 + 0,268 × 𝐿 + 0,000597 × 𝐿2 = 147,67 𝑚. = 0,147 𝑘𝑚.

 



𝑷𝑰𝑬 = 0,147 +
68.640

1000
= 𝟔𝟖, 𝟕𝟖 ≈ 𝟔𝟖 𝒕𝒐𝒏. 

𝑿𝑮𝒊𝒏𝒔𝒕.𝒆𝒍𝒆𝒄𝒕𝒓𝒊𝒄𝒂 = 𝟕𝟑, 𝟖𝟑 𝒎.      𝑲𝑮𝒊𝒏𝒔𝒕.𝒆𝒍𝒆𝒄𝒕𝒓𝒊𝒄𝒂 = 𝟏𝟐, 𝟎𝟏 𝒎. 

 

 

𝑃𝐼𝑀 = 0,125 × (0,0046 × 𝑃𝑚 + 0,0088 × 𝐿 × 𝐵)

𝑷𝑰𝑴 = 0,125 × (0,0046 × 68.640 + 0,0088 × 318,4 × 44,23) = 𝟓𝟓 𝒕𝒐𝒏.

𝑿𝑮𝑰𝑴 = 𝟕𝟑, 𝟖𝟑 𝒎.      𝑲𝑮𝑰𝑴 = 𝟏𝟐, 𝟎𝟏 𝒎.

 

𝑃𝑣𝑎𝑟𝑖𝑜𝑠 = 𝑎 × 𝑀𝐶𝑅(𝑘𝑊) + 𝑏 × 𝑀𝐶𝑅(𝑘𝑊)0,7

𝑎 = 0,0109      𝑏 = 0,07525

𝑷𝒗𝒂𝒓𝒊𝒐𝒔 = 0,0109 × 68.640 + 0,07525 × 68.6400,7 = 𝟗𝟑𝟏 𝒕𝒐𝒏.

𝑿𝑮𝒗𝒂𝒓𝒊𝒐𝒔 = 𝟕𝟑, 𝟖𝟑 𝒎.      𝑲𝑮𝒗𝒂𝒓𝒊𝒐𝒔 = 𝟏𝟐, 𝟎𝟏 𝒎.

 

𝑷𝑻𝑴 = 0,047 × 𝐿𝑐𝑚 × 𝐵 × 0,60 = 0,047 × 22 × 44,23 × 0,60 = 𝟐𝟕, 𝟒𝟒 𝒕𝒐𝒏.



 

𝑿𝑮𝑻𝑴 = 𝟕𝟑, 𝟖𝟑 𝒎.      𝑲𝑮𝑻𝑴 = 𝟏𝟐, 𝟎𝟏 𝒎. 

 

𝑃𝑇𝑉 = 1,2 + 0,0009 × 𝑃𝑚, 𝑠𝑖 𝑃𝑚 > 736 𝑘𝑊  

𝑷𝑻𝑽 = 1,2 + 0,0009 × 68640 = 𝟔𝟑 𝒕𝒐𝒏.

𝑿𝑮𝑻𝑽 = 𝟕𝟑, 𝟖𝟑 𝒎.      𝑲𝑮𝑻𝑽 = 𝟏𝟐, 𝟎𝟏 𝒎.

 

𝑃𝑇𝐵𝑀 = 0,014101 × 𝑃𝑚, 𝑠𝑖 𝑃𝑚 > 736 𝑘𝑊 

𝑷𝑻𝑩𝑴 = 0,014101 × 68640 = 𝟗𝟔𝟖 𝒕𝒐𝒏.

𝑿𝑮𝑻𝑩𝑴 = 𝟕𝟑, 𝟖𝟑 𝒎.      𝑲𝑮𝑻𝑩𝑴 = 𝟏𝟐, 𝟎𝟏 𝒎.

 

𝑃𝐺𝐶 =
4,485 × 𝐾𝑉𝐴 + 0,000455 × 𝐾𝑉𝐴2

1000



𝑷𝑮𝑪 = 𝟐𝟏, 𝟐𝟕 𝒕𝒐𝒏.

𝑿𝑮𝑮𝑪 = 𝟕𝟑, 𝟖𝟑 𝒎.      𝑲𝑮𝑮𝑪 = 𝟏𝟐, 𝟎𝟏 𝒎.

 

𝑃𝐺𝐸 =
7,45 × (𝐾𝑉𝐴 − 30) + 765

1000

𝑷𝑮𝑬 =
7,45 × (300 − 30) + 765

1000
= 𝟐, 𝟕𝟖 𝒕𝒐𝒏.

𝑿𝑮𝑮𝑬 = 𝟓𝟒, 𝟒𝟒 𝒎.      𝑲𝑮𝑮𝑬 = 𝟐𝟖, 𝟒𝟏 𝒎.

 

𝑷𝑯𝒆.𝑷𝒓 = 𝟏𝟖 𝒕𝒐𝒏.

𝑿𝑮𝑯𝒆.𝑷𝒓 = 𝟑𝟎𝟏, 𝟕𝟔 𝒎.      𝑲𝑮𝑯𝒆.𝑷𝒓 = 𝟓, 𝟐𝟎 𝒎.



 

 

𝑃𝐸 = 𝑃𝑒3 × 𝐿1,3 × 𝐵0,8 × 𝐷0,3

𝑃𝑒3 = 0,65, 

𝑷𝑬𝟏 = 0,65 × 318,41,3 × 44,230,8 × 26,410,3 = 𝟔. 𝟒𝟓𝟒 𝒕𝒐𝒏.

𝑃𝐸2

𝐿 × 𝐵
≈ 0,3

 𝑷𝑬𝟐 = 𝟒. 𝟐𝟐𝟓 𝒕𝒐𝒏

  𝑷𝑬𝒕𝒐𝒕 =
𝑷𝑬𝟏 + 𝑷𝑬𝟐

𝟐
= 𝟓𝟑𝟑𝟗, 𝟓 𝒕𝒐𝒏.

𝑿𝑮𝒆𝒒𝒖𝒊𝒑𝒐𝒔 = 𝑿𝑮𝒂𝒄𝒆𝒓𝒐 = 𝟏𝟐𝟑, 𝟕𝟔 𝒎. 

𝑲𝑮𝒆𝒒𝒖𝒊𝒑𝒐𝒔 = (1,005 − 0,000689 × 𝐿) × 𝐷 = 𝟐𝟎, 𝟕𝟓 𝒎. 



 

 

 

 

 

 

 

 

 

 

 

𝑷𝑯𝑨𝑩 = 𝟒𝟔𝟓 𝒕𝒐𝒏.

𝑿𝑮𝑯𝑨𝑩 = 𝟕𝟖, 𝟗𝟏 𝒎.      𝑲𝑮𝑯𝑨𝑩 = 𝟒𝟎, 𝟔𝟏 𝒎.

 

 

 



 

 

 

 

 

𝑷𝒊 = 0,006 × 𝑃𝑆 = 0,006 × 33.093 = 𝟏𝟗𝟖, 𝟓 𝒕𝒐𝒏.

 

𝑃𝑐𝑐 = 0,0004 × 𝑆𝑚 × 𝑎 × 𝑦

 

𝑆𝑚 = 𝐿 × 𝑇 × (1,7 +
𝐶𝑏

𝑇
) = 318,4 × 14,73 × (1,7 +

0,65

14,73
) = 8.180 𝑚2

 𝑎 = 1

 𝑦 = 2,

𝑷𝒄𝒄 = 0,0004 × 8180 × 1 × 2 = 𝟔, 𝟓𝟒 𝒕𝒐𝒏.

𝒁𝑮𝒑𝒓𝒐𝒕𝒆𝒄𝒄𝒊ó𝒏 𝒂𝒏𝒕𝒊𝒄𝒐𝒓𝒓𝒐𝒔𝒊𝒗𝒂 = 1,15 × 𝐷 = 𝟑𝟎, 𝟑𝟕 𝒎.

𝑿𝑮𝒑𝒓𝒐𝒕𝒆𝒄𝒄𝒊ó𝒏 𝒂𝒏𝒕𝒊𝒄𝒐𝒓𝒓𝒐𝒔𝒊𝒗𝒂 = 𝑋𝐺ℎ𝑎𝑏 − 0,0468 × 𝐿 = 78,91 − 0,0468 × 318,4 = 𝟔𝟒 𝒎.

 

 

𝐸𝑁 = ∆2/3 + 2 × 𝐵 × ℎ + 0,1 × 𝐴𝑝



 

ℎ = ℎ𝑓𝑟𝑎𝑛𝑐𝑜𝑏𝑜𝑟𝑑𝑜 + ℎ𝑠𝑢𝑝𝑒𝑟𝑒𝑠𝑡𝑟𝑢𝑐𝑡. = 7,20 + 29,45 = 36,65 𝑚.

 

 

𝑬𝑵 = 𝟔. 𝟑𝟑𝟐

𝑷𝑨𝑭 = 𝟒𝟕𝟓 𝒕𝒐𝒏.

𝑿𝑮𝑨𝑭 = 𝟑𝟏𝟔, 𝟏𝟕 𝒎.      𝑲𝑮𝑨𝑭 = 𝟐𝟕, 𝟒𝟏 𝒎.

 

𝑷𝑨𝑭 𝑷𝑶𝑷𝑨 = 0,2 × 𝑃𝐴𝐹 = 0,2 × 475 = 𝟗𝟓 𝒕𝒐𝒏.

𝑿𝑮 𝑨𝑭 𝑷𝑶𝑷𝑨 = −𝟏 𝒎 𝒁𝑮𝑨𝑭 𝑷𝑶𝑷𝑨 = 𝟐𝟕, 𝟒𝟏 𝒎



 

𝑷𝑵 = 𝟐 𝒕𝒐𝒏.

𝑿𝑮𝑵 = 𝟖𝟏, 𝟒𝟑 𝒎.      𝑲𝑮𝑵 = 𝟓𝟒, 𝟖𝟐 𝒎.

 

𝑃𝐺 = 0,0224 × 𝐴 × 𝑣
2

3 + 2

 

𝐴 =
𝐿 × 𝑇 × (1,1 + 25 ×

𝐵2

𝐿2 )

100
= 74,21 𝑚2

 𝑣

𝑣 = 1,06 × 𝑣𝑠 = 1,06 × 25,5 = 27,03 𝑘𝑛

𝑷𝑮 = 0,0224 × 74,21 × 27,03
2

3 + 2 = 𝟏𝟔, 𝟗𝟕 𝒕𝒐𝒏.

𝑿𝑮𝑷𝑮 = 𝟎 𝒎.      𝑲𝑮𝑷𝑮 = 𝟏𝟐 𝒎.



 

𝑃𝐿 = 9,5 + (𝑛 − 35) × 0,1

𝑷𝑳 = 9,5 + (35 − 35) × 0,1 = 𝟗, 𝟓 𝒕𝒐𝒏.

𝑿𝑮𝑷𝑳 = 𝟕𝟖, 𝟗𝟏 𝒎.      𝑲𝑮𝑷𝑳 = 𝟑𝟔, 𝟖𝟒 𝒎.

 

𝑷𝑻𝑩𝑪 = 0,0047 × 𝐿 × √𝐿 × 𝐵 = 0,0047 × 318,4 × √318,4 × 44,23 = 𝟏𝟕𝟕, 𝟒𝟗 𝒕𝒐𝒏.

𝑿𝑮𝑻𝑩𝑪 = 𝟏𝟓𝟗, 𝟐 𝒎.      𝑲𝑮𝑻𝑩𝑪 = 𝟏𝟑, 𝟐𝟎 𝒎

 

𝑃𝐴𝐴 = 0,020 × 𝑆ℎ

𝐿ℎ𝑎𝑏 = 17 𝑚.      𝐵ℎ𝑎𝑏 = 26 𝑚.

𝑆ℎ = 9 𝑛𝑖𝑣𝑒𝑙𝑒𝑠 × (17 × 26) = 3.978 𝑚2 

𝑷𝑨𝑨 = 0,020 × 3978 = 𝟕𝟗, 𝟓𝟔 𝒕𝒐𝒏.



𝑿𝑮𝑨𝑨 = 𝟕𝟖, 𝟗𝟏 𝒎.      𝑲𝑮𝑨𝑨 = 𝟒𝟎, 𝟔𝟏 𝒎. 

 

 

𝑷𝑬𝑭 = 0,0034 × 𝐿 × 𝐵 = 0,0034 × 318,4 × 44,23 = 𝟒𝟕, 𝟖𝟖 𝒕𝒐𝒏.

𝑿𝑮𝑨𝑨 = 𝟕𝟖, 𝟒𝟓 𝒎.      𝑲𝑮𝑨𝑨 = 𝟒𝟐, 𝟓𝟗 𝒎.

 

𝑃𝐼𝐵 = (4 × 𝐿 × 𝐵 + 1400) × (
1

1000
) = (4 × 318,4 × 44,23 + 1400) × (

1

1000
)

𝑷𝑰𝑩 = 𝟓𝟕, 𝟕𝟑 𝒕𝒐𝒏.

𝑿𝑮𝑰𝑩 = 𝟏𝟒𝟑, 𝟗𝟓 𝒎.      𝑲𝑮𝑰𝑩 = 𝟏𝟎, 𝟐𝟑 𝒎

 

𝑃𝑇 = 0,040 × (𝑁𝐶𝐶 + 𝑁𝐶𝐵)



𝑷𝑻 = 0,040 × (𝑁𝐶𝐶 + 𝑁𝐶𝐵) = 0,040 × (2372 + 2128) = 𝟏𝟖𝟎 𝒕𝒐𝒏.

𝑿𝑮𝑻 = 𝟏𝟓𝟗, 𝟐 𝒎.      𝑲𝑮𝑻 = 𝟐𝟔, 𝟒𝟏 𝒎.

 

𝑃𝐺𝐶 = 0,25 × 𝑁𝐶𝐵

𝑷𝑮𝑪 = 0,25 × 4256 = 𝟏. 𝟎𝟔𝟒 𝒕𝒐𝒏.

𝑿𝑮𝑮𝑪 = 𝟏𝟒𝟑, 𝟗𝟓 𝒎.      𝑲𝑮𝑮𝑪 = 𝟏𝟎, 𝟐𝟑 𝒎

 

𝑃𝐻 =  𝑃𝐻𝑒𝑠𝑝 ×
𝐴ℎ

𝐵ℎ
 

𝑃𝐻𝑒𝑠𝑝 =  𝑎 × 𝐵ℎ 1,53 +  𝑏 × 0,065 × ( 𝐵ℎ –  12) ∗ (𝑇𝐸𝑈/20)0,2 

 

 

 

 

 

 



𝑃𝐻𝑒𝑠𝑝 =  0,541 𝑡/𝑚2  

𝑷𝑯 =  (0,541 ×  
491

5
) × 19 = 𝟏𝟎𝟎𝟗 𝒕𝒐𝒏.

𝑿𝑮𝑷𝑯 =
𝐿

2
+ 0,0625 × 𝐿 = 𝟏𝟕𝟗, 𝟏 𝒎.

𝑲𝑮𝑷𝑯 = 1,07 × 𝐷 = 𝟐𝟖, 𝟐𝟔 𝒎.



 

CONCEPTO PESO, ton XG, m KG, m MOM. LONG., txm MOM. VERT., txm

Peso de aceros 33.093,00 123,76 13,77 4.095.589,68 455.690,61

Amurada reforzada 92,58 123,76 28,62 11.457,70 2.649,64

PESO ESTRUCTURAL 33.185,58 123,76 13,81 4.107.047,38 458.340,25

Maquinaria propulsora 3.949,00 73,83 9,31 291.554,67 36.765,19

Maquinaria restante 1.000,00 73,83 12,01 73.830,00 12.010,00

Peso de los polines del motor 

principal
621,00 73,83 3,75 45.848,43 2.328,75

Peso de una instalación de 

incinerador
6,00 73,83 12,01 442,98 72,06

Peso planta aguas residuales 3,00 73,83 12,01 221,49 36,03

Hélice propulsora 75,30 7,30 3,92 549,69 295,18

Línea de ejes 381,00 17,37 3,92 6.617,97 1.493,52

Instalación eléctrica 68,00 73,83 12,01 5.020,44 816,68

Contraincendios cam. maq. 55,00 73,83 12,01 4.060,65 660,55

Respetos, cargos y líquidos 931,00 73,83 12,01 68.735,73 11.181,31

Peso de tecles 27,44 73,83 12,01 2.025,90 329,55

Peso de tanques en cam. maq. 63,00 73,83 12,01 4.651,29 756,63

Tuberías y bombas en cam. maq. 986,00 73,83 12,01 72.796,38 11.841,86

Grupo de emergencia 2,78 54,44 28,41 151,34 78,98

Generador de cola 21,27 73,83 12,01 1.570,36 255,45

Hélice transversal de proa 18,00 301,76 5,20 5.431,68 93,60

PESO MAQUINARIA 8.207,79 71,09 9,63 583.509,00 79.015,34

Habilitación 465,00 78,91 40,61 36.693,15 18.883,65

Pintura 198,50 64,00 30,37 12.704,00 6.028,45

Protección catódica 6,54 64,00 30,37 418,56 198,62

Equipo de fondeo y amarre de 

proa
475,00 316,17 27,41 150.180,75 13.019,75

Equipo de amarre de popa 123,20 -1,00 27,41 -123,20 3.376,91

Equipo de navegación 2,00 81,43 54,82 162,86 109,64

Equipo de gobierno 16,97 0,00 12,00 0,00 203,64

Equipo de salvamento 9,50 78,91 36,84 749,65 349,98

Tuberías y bombas 177,50 159,20 13,20 28.258,00 2.343,00

Aire acondicionado 79,56 78,91 40,61 6.278,08 3.230,93

Equipo chimenea 47,88 78,45 42,59 3.756,19 2.039,21

Contra incendios en bodegas 57,73 143,95 10,23 8.310,23 590,58

Trincas para contenedores 180,00 159,20 26,41 28.656,00 4.753,80

Guías celulares 1.064,00 143,95 10,23 153.162,80 10.884,72

Peso de tapas de escotilla 1.009,00 179,10 28,26 180.711,90 28.514,34

PESO EQUIPO Y HABILITACIÓN 3.912,38 155,89 48,32 609.918,96 94.527,22

ROSCA 45.305,75 116,99 13,95 5.300.475,35 631.882,81

MARGEN 0,05 1 0,5

ROSCA TOTAL 47.571 117,99 14,45
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MAN Diesel 198 73 83-0.0

Cyl. L1 kW

Power, Speed and Lubricating Oil

MAN B&W K90ME9-TII

Power and Speed

kW/cyl.
L1

L2

L3

L4

5,730

5,180
4,590

4,150

MEP
bar

SFOC
g/kWh

MCR
Minimum at 
Part Load

20.0 174 170

16.0 168 164

94 104 r/min

kW/cyl.
L1

L2

L3

L4

5,720

5,110
4,580

4,090

MEP
bar

SFOC
g/kWh

MCR
Minimum at 
Part Load

20.0 174 170

16.0 168 164

84 94 r/min

Stroke:
2,870 mm

6 34,320

7 40,040

8 45,760

9 51,480

10 57,200

11 62,920

12 68,640

Stroke:
2,600 mm

6 34,380

7 40,110

8 45,840

9 51,570

10 57,300

11 63,030

12 68,760

MAN B&W K90ME9-TII

Fuel and lubricating oil consumption

At load 
Layout point

Specific fuel oil consumption 
g/kWH

Lubricating oil consumption

With high efficiency turbocharger System oil 
Approximate

g/kWH 

MAN B&W Alpha cylin-
der lubricator100% 70%

L1 and L2 174 170
0.1 0.65

L3 and L4 168 164

Fig 1.03.01: Power, speed, fuel and lubrication oil
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MAN DieselMAN B&W ME/ME-B/MEC engines 198 46 343.4

Engine Power Range and Fuel Oil Consumption

Engine Power

Power

Speed

L3

L4

L2

L1

Specific Fuel Oil Consumption (SFOC)

The figures given in this folder represent the val-
ues obtained when the engine and turbocharger 
are matched with a view to obtaining the lowest 
possible SFOC values while also fulfilling the IMO 
NOX Tier II emission limitations.

Stricter emission limits can be met on request, us-
ing proven technologies.

The SFOC figures are given in g/kWh with a toler-
ance of 5% and are based on the use of fuel with 
a lower calorific value of 42,700 kJ/kg (~10,200 
kcal/kg) at ISO conditions:

Ambient air pressure .............................1,000 mbar 
Ambient air temperature ................................ 25 °C 
Cooling water temperature ............................ 25 °C 

Although the engine will develop the power speci-
fied up to tropical ambient conditions, specific 
fuel oil consumption varies with ambient condi-
tions and fuel oil lower calorific value. For calcula-
tion of these changes, see Chapter 2.

Lubricating oil data

The cylinder oil consumption figures stated in the 
tables are valid under normal conditions.

During runningin periods and under special con-
ditions, feed rates of up to 1.5 times the stated 
values should be used.

The following tables contain data regarding the  
power, speed and specific fuel oil consumption of 
the engine.

Engine power is specified in kW for each cylinder 
number and layout points L1, L2, L3 and L4:

Discrepancies between kW and metric horsepow-
er (1 BHP = 75 kpm/s = 0.7355 kW) are a conse-
quence of the rounding off of the BHP values.

L1 designates nominal maximum continuous rating 
(nominal MCR), at 100% engine power and 100% 
engine speed.

L2, L3 and L4 designate layout points at the other 
three corners of the layout area, chosen for easy 
reference.

Fig. 1.04.01: Layout diagram for engine power and speed

Overload corresponds to 110% of the power at 
MCR, and may be permitted for a limited period of 
one hour every 12 hours.

The engine power figures given in the tables re-
main valid up to tropical conditions at sea level as 
stated in IACS M28 (1978), i.e.:

Blower inlet temperature ................................ 45 °C
Blower inlet pressure .............................1000 mbar
Seawater temperature .................................... 32 °C
Relative humidity ..............................................60%

178 51 489.0





CHANGWON FACTORY 
76, Yeondeok-ro, Seongsan-gu, Changwon-si
Gyeongnam, Korea
TEL : +82-55-269-7700(Rep.) FAX : +82-55-269-7795~9(Rep.)
http : //www.kangrim.com E-mail:kangrim@kangrim.com

CHANGZHOU FACTORY
Kohler Road 8#, XinBei-Area Changzhou
City Jiangsu China
TEL : +86-519-8822-3601~5(Rep.) FAX : +86-519-8822-3630(Rep.)
http : //www.kangrim.com

POHANG FACTORY
1111, Haean-ro, Heunghae-eup, Buk-gu,
Pohang-si Gyeongdbuk, Korea
TEL : +82-54-230-8500(Rep.)
FAX : +82-54-230-8544(Rep.)

Dimension table

Type

1,600 1,635 2,200

1,695 1,890 2,175

1,910 2,120 2,285

2,085 2,405 2,285
4,525 2,265 2,220

Capacity
(kcal/hr)

Dimension( ) Weight
(ton)

KFB-32 320,000

KFB-50 520,000

KFB-73S 730,000

KFB-110S 1,100,000
KFB-129 1,290,000

L W H

3.3

3.7

4.0

6.0
7.7





WÄRTSILÄ HAMWORTHY SMALL STC-13 SERIES
SUPER TRIDENT SEWAGE TREATMENT PLANT

Wärtsilä is the world’s leading 
manufacturer of marine sewage 
treatment systems.
 For over four decades the Wärtsilä 
Hamworthy Super Trident sewage 
treatment plant has been widely regarded 
as standard specification on all types of 
vessels and has been designed to meet 
all existing and future IMO standards.
 Plants installed on or after 1 January 
2016 must meet the new IMO MEPC 
227(64) effluent quality standards, 
which introduce a dilution compensation 
factor and designate the Baltic Sea as a 
“Special Area”. The Wärtsilä Hamworthy 
Super Trident sewage treatment plant is 
certified to meet these standards, which 
are more stringent than the current IMO 
MEPC 159(55) guidelines.

The Wärtsilä Hamworthy Super Trident 
sewage treatment plant is a cost-effective 
and safe answer to disposal of waste at 
sea, maintaining the quality of the world’s 
oceans and complying with regulations for 
operational peace of mind.
 The small STC-13 sewage treatment 
plants are fully compatible with gravity and 
vacuum collection systems and uses the 
activated sludge system, which accelerates 
natural biological processes. Chemical 
chlorination and dechlorination are 
employed to produce a clean, safe, effluent 
suitable for discharging overboard. 

STANDARD FEATURES
•	 IMO	&	MED	certified
•	 Single	power	supply	input	point
•	 Minimal	maintenance	requirement
•	 Solids	handling	centrifugal	discharge	pump	
•	 Chemical	disinfection	and	dechlorination
•	 Automatic	control
•	 Compact	design

OPTIONAL FEATURES
•	 Fitted	vacuum	sewage	collection		 	
 equipment
•	 Conditioning	water	flow	meter
•	 Standby	compressor	(mounted)	
•	 Standby	discharge	pump	(mounted)
•	 Maceration
•	 Separate	sewage	feed	system
•	 Retrofit	options	available	to	aid		 	
 installation

Waste, Oil & Fresh Water Management



DETAILED SPECIFICATION

MAIN TANK
The main tank consists of integral aeration, 
settling, and disinfecting compartments 
and is coated with a heavy application of 
a proven finish, internally, and with a rust 
resistant primer and gloss finish externally. 
All air pipework and tank connections are 
supplied as standard.

AIR COMPRESSOR
One or more rotary air compressors (duty/
stand-by) can be supplied, to provide air to 
the aerators. 

WÄRTSILÄ® is a registered trademark. Copyright © 2015 Wärtsilä Corporation.
Specifications are subject to change without prior notice.

wastewater@wartsila.com

Model No.
IMO Certified*

(litres/day)
Weight Full** 

(kg)
Dimensions** (mm)

B CA

DISCHARGE PUMP
One or more discharge pumps (duty/stand-
by) can be supplied. These are also suitable 
for routine desludging. 

ELECTRICAL CONTROL PANEL
The electrical controls are housed in a steel 
enclosure to IP55 standards. The door of 
the control cabinet is fitted with a triple 
pole interlocked isolator. A volt free contact 
is provided for connection to the ship’s 
main control panel or to any indicators or 
alarms.

WARTSILA.COM

STC01-13

STC02-13

STC03-13

STC04-13

STC06-13

1740

3120

4660

6010

9360

1890

2518

2622

2722

3072

1400

1863

1863

2080

2280

1181

1336

1681

1821

1971

1550

3030

3959

5027

7367

*IMO certificate issued by Lloyd’s Register    **Weights and dimensions based on one pump and one compressor variant

CHLORINATION AND DECHLORINATION
Separate dosing systems for chlorination 
and dechlorination each include a solenoid-
diaphragm dosing pump and a chemical 
container, all mounted, piped and wired to 
sewage treatment plant.

A B

C
884 mm

801 m
m

463 mm
632 mm

671 m
m

396 mm

A B

C

STC01-13

STC02-13 to 
STC06-13

Chemical Dosing Unit
(Loose Supply)

STC01-13, STC04-13 
and STC06-13

Chemical Dosing Unit 
(Loose Supply)

STC02-13 and STC03-13
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