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CUADERNO 5

En el presente cuaderno realizaremos el estudio de las condiciones de carga del buque,
desglosando cada una en partidas de pesos varios. Se estudiara que el buque cumple con
los criterios de estabilidad aplicables.
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1-INTRODUCCION

A lo largo de este cuaderno estudiaremos las diferentes condiciones de carga que
pueden darse durante la vida util de nuestro buque.

Para cada condicion de carga verificaremos su estabilidad y los criterios que la
rigen. Tendremos en cuenta el efecto de las superficies libres sobre la estabilidad en
cada condicibn de carga y comprobaremos que se siguen cumpliendo los
criterios de estabilidad.

Comprobaremos asimismo que cumplimos también el criterio de viento.

El compartimentado utilizado en este cuaderno sera el definido en el cuaderno
4. Adjuntamos en los anexos el plano del mismo.

2-DESGLOSE DE PESOS Y CONSUMOS
Los datos utilizados en nuestras condiciones de carga son los siguientes:
Peso en rosca

Utilizaremos el peso en rosca desglosado en el cuaderno 2, repartido en toda la
eslora del buque el peso del acero, y las partidas correspondientes a maquinaria y
armamento con sus correspondientes centros de gravedad.

P. ROSCA Peso (t.) KG (m.) XG (m.)

Acero 28.787 12,71 130,23
Armamento (Eg. Y hab.) 5.540,55 31,2 141,88
Maquinaria 1.754,55 11,42 25,68

Tanques

La relacion de tanques a estudiar en nuestras condiciones de carga son los
definidos como tales en el cuaderno de compartimentado (4).

Carga
e 4 tanques de carga

Lastre

¢ 8 tanques de lastre (entre babor y estribor) en forma de L en toda la eslora
de la zona de carga.

e Cofferdams entre tanques de carga (cargados o no seglin convenga).

e Zona pique de popa, divido en dos tanques, a babor y a estribor.

e Pigue de proa, dividido en dos tanques, a babor y a estribor.

Consumos

e 2 tanques almacén de fuel oil a cada banda en la zona de proa.
e 2 tanques de diesel a cada banda en cAmara de maquinas.
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e 2 tanques de sedimentacion de fuel oil a cada banda en camara de
magquinas.

2 tanques de uso diario de fuel oil a cada banda en camara de maquinas.

2 tanques de aceite lubricante a cada banda en camara de maquinas.

1 tanque de aguas grises en el doble fondo de camara de maquinas.

1 tanque de lodos en el doble fondo de cdmara de maquinas.

2 tanques de agua dulce centrados en crujia en el pique de popa.

Pesos fijos

Sera necesario, ademas, definir una serie de pesos fijjos que tendremos en
nuestro buque, tales como:

Tripulacion

Supondremos 150 kg por tripulante, por tanto, como tenemos 35 tripulantes el
peso de los mismos sera 5,250 ton. El centro de gravedad se sitla en el centro de
gravedad de la habilitacion, por tanto, tomando como referencia los datos de nuestro
buque base:

XG: 57 m.
KG: 39,2 m.

-Viveres

El peso maximo se calcula a partir de un consumo de 5kg por persona y dia, lo
gue hace un total de 4,375 toneladas. El centro de gravedad se sitGa en el centro de
gravedad de la habilitacidn. Por tanto, el centro de gravedad sera:

XG: 57 m.
KG: 39,2 m.
-Pertrechos

Son aquellos elementos no consumibles que el armador afiade como repuestos o
necesidades adicionales al buque tales como hélice, estachas, respetos de la
maquinaria...Este valor depende del tamafio del buque y estandar del armador vy
varia entre 10 y 100 ton. Para este buque se considera que pesaran 100 toneladas
.Su centro de gravedad lo tomamos del buque base:

XG: 128 m.
KG: 28 m.

En la descripcién de las condiciones de carga detallaremos las diferentes partidas que
componen el desplazamiento, es decir, la carga de cada uno de los tanques.
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3-CRITERIOS DE ESTABILIDAD APLICABLES

La estabilidad en estado intacto se encuentra regulada por la Organizacion
Maritima Internacional a través de la enmienda ISC 2008.

En el cuaderno 4 obtuvimos las curvas KN para distintos angulos de escora.
Ademas en el cuaderno 2 calculamos el peso en rosca y el centro de gravedad. Asi
gue estamos en condiciones de calcular el valor del brazo adrizante GZ para cada
angulo de escora.

GZ = KN — KG - senf
Una vez obtenidos los valores del brazo adrizante podemos obtener la curva de
estabilidad. Sobre dicha curva aplicaremos los criterios vigentes.

Es importante ademas calcular la altura metacéntrica (GM). Hemos de distinguir
entre la altura metacéntrica transversal y longitudinal, siendo mas importante la
primera a efectos de estabilidad.

Los criterios de estabilidad que se aplicardn al buque proyectado en este
cuaderno son los que corresponden al “buque estado intacto”.

En todo caso, para la estabilidad en caso de averias la normativa aplicable es la
del cédigo CIG (Cadigo Internacional de Gaseros), que ya hemos visto en el cuaderno
2 en relacion con el compartimentado, con los siguientes criterios:

Segun el CIG, las dimensiones méaximas de averias supuestas seran las
siguientes:

1-En el costado
1.1-Extension longitudinal: 1/3
€s menor.
1.2-Extension transversal medida hacia el interior del buque, desde
el costado, perpendicularmente al eje longitudinal, al nivel de la linea de
carga de verano: B/5 o bien 11,5 metros, si este valor es menor.
1.3-Extension vertical: hacia arriba, sin limite desde la linea de
trazado de la chapa del forro del fondo en el eje longitudinal.
2-En el fondo

L?® o bien 14,5 metros, si este valor

a) A 0,3 L de laperpendicular de proa del buque
b) En cualquier otra parte del bugue

2.1-Extension longitudinal:
-1/3 L?? 0 bien 14,5 metros, si este valor es menor (a)
-1/3 L o0 bien 5 metros, si este valor es menor (b)
2.2-Extension transversal:
-B/6 0 bien 10 metros, si este valor es menor (a).
-B/6 o bien 5 metros, si este valor es menor (b).
2.3-Extension vertical:
-B/15 o bien 2 metros, si este valor es menor, midiendo desde la
linea de trazado de la chapa del forro del fondo en el eje
longitudinal (a).
-B/15 o bien 2 metros, si este valor es menor, midiendo desde la
linea de trazado de la chapa del forro del fondo en el eje
longitudinal (b).
Los criterios de estabilidad (estabilidad estatica y dinamica) aplicables al bugue
en estado intacto son los siguientes:
A) GM, (altura metacéntrica-inicial-) = 0,150 m.
B) GZ (brazo adrizante) = 0,200 m. para un a (angulo de escora) = 30°.
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C) GZnax (brazo adrizante maximo) ha de corresponder a un a (angulo de
escora) = 25°,
D) d3o (brazo de estabilidad dinamica) = 0,055 m-rad.
El &rea por debajo de la curva de brazos adrizantes no sera inferior
a 0,55 metros por radian hasta un angulo de escora de 30 grados.
E) ds o ap (brazo de estabilidad dinamica) = 0,090 m-rad.
El &rea por debajo de la curva de brazos adrizantes no sera inferior
a 0,090 metros por radian hasta un angulo de escora de 40 grados o el
AIP (angulo de inundacién progresiva), si éste es menor.
F) dao o ap-20 (brazo de estabilidad dinamica) = 0,030 m-rad.
El area bajo la curva de brazos adrizantes entre los angulos de escora de
30 grados y 40 grados o AIP (el menor), no seréa inferior a 0,03 metros por
radian.
En la siguiente imagen podemos una curva de GZ's tipica con los distintos
criterios esquematizados.

0 10 20 30 40 50 60 70 80
El CIG no nos obliga a calcular condiciones adicionales por lo que

comprobaremos Unicamente que las estipuladas por la OMI cumplen con los criterios
de estabilidad.

Criterio de viento

Ademas, se comprobara el criterio de viento, segun el cual se debe demostrar la
capacidad del buque para resistir los efectos combinados del viento de través y del
balance de forma que:

e Se somete al buque a una presion de viento de P = 504 N-m? constante,
perpendicular al plano de crujia, que producird un par escorante |y;.

e Se supondra que a partir del angulo de equilibrio resultante, 6, el buque se
balancea por la accion de las olas hasta alcanzar un angulo de balance 6, a
barlovento.

e A continuacion se sometera al buque a la presion de una rafaga de viento que
dard como resultado el correspondiente brazo escorante .

e En estas circunstancias, el area b debe ser mayor que el érea a.
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Figura 3.2.2.1 - Viento y balance intensos
Los brazos escorantes producidos por el viento se calculan de la forma que sigue
: P-A-Z
w,=-
171000 g-A

ZWZ = 1,5 " le

Donde:

P =504 N/m2

A: area lateral proyectada de la parte del bugue y de la cubertada que quede por
encima de la flotacién (m2).

Z: distancia vertical desde el centro del area A hasta el centro del area lateral de
la obra viva o aproximadamente hasta el punto medio del calado (m.).

A: desplazamiento (t.)

g: gravedad (9,81 m/s?).

En las siguientes imagenes (sacadas del reglamento) podemos ver lo que
representa cada angulo asi como la forma de calcularlos.

10
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8, = dngulo de escora provocado por un viento constante (véase 3.2.2.1.2 y la correspondiente
nota de pie de pagina)

0, = dngulo de balance a barlovento debido a la accion de las olas

0, = angulo al que se produce inundacion descendente (8;), 0 50°, o 8, tomando de estos valores
el menor,

donde:

0; = angulo de escora al que se sumerjen las aberturas del casco, superestructuras o casetas
que no puedan cerrarse de modo estanco a la intemperie. Al aplicar este criterio no hard
falta considerar abiertas las pequefias aberturas por las que no pueda producirse
inundacion progresiva,

0. = angulo de la segunda interseccion entre la curva de brazos escorantes fw; y la de
brazos GZ.

PAS
My = — —
! T000gA [m]y

by o= 1.5 wy (m)

clonde:
P = 504 Nfm®. [l valor de P ulilizado para los bugues en servicio restringido podra reducirse 2

resena de gue o aprusbe la Adminisiracion;
By = 109X Xay/rs (grados)
where:
X1 = factor indicado en el cuadro 3.2.2.3<1

X factor indicado en el cuadro 3.2.2.3-2

k= faclor que comesponde a lo siguiente:

k= :Irﬂk;:-spel:to de un bugue de pantogue redonde que no tenga quillas de balance ni quilla
e barra

k = 07 respecto de un bugue de panloque quebrado

=

= elvalor que se indica en el cuadro 3 respecto de un bugue con guillas de balance, quilla de
barra o ambas

_|
[ 1]

0,73 + 06 OG/d

donde: 00 = distancia entre el centro de gravedad vy la flotacion (m) ipositiva si el centro de
gravedad queda por encima de la flotacidn, negativa ¢ queda por debajo)

d = calado medio de trazado del bugue {m)

i = factor indicado en el cuadro 3.2.2.3-4

20h
A G

donde; © = 0,373 + 0,023(8/d) — 0, 043(L/100).

Perodo ce halance T = (s]

11
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Cuadro 3.2.2.3-1 - Valores del factor X, Cuadro 3.2.2.3-2 - Valores del factor X;

Cuadro 3.2.2.3.3 - Valores del factor k

B/d X4 Ca Xz
i <24 1.0 =045 0,75
2,5 0,98 0,50 0,82
2,6 00,96 0,55 0,89
2,7 0,95 0,60 0,95
2.8 0,93 0,65 0,97
2,9 0,91 =0,70 1.0
3,0 0,90
3.1 0,88
3.2 0,86
3,4 0,82
=3,5 0,80

Cuadro 3.2.2.3-4 - Valores del factor s

‘A'E I)C‘: l':]ﬂ ;‘-’ T 5
0 1.0 =b 0,100
1,0 0,98 7 0,098
1,5 0,95 i) 0,093
20 0,88 12 0,065
25 0,79 14 0,053
3,0 0,74 16 0,044
1.5 0,72 18 0,038
=40 0,70 =20 0,035

Posteriormente, y mediante el programa Maxsurf Stability, comprobaremos que se
cumplen dicho criterio para la condicion de carga mas desfavorable, que en nuestro
caso es la de llegada a puerto en lastre.

Introducimos en el programa los datos de nuestra condicién de llegada en lastre,
medidos en el plano de disposicién general:

A =5699 m?
Z=6,68 m.
Adicionalmente hemos de asegurarnos de cumplir una serie de requisitos basicos.
Para algunos célculos utilizamos el 96 % de la eslora desde el extremo de la roda
hasta el extremo del codaste en una flotacion al 85 % del puntal minimo de trazado.
La hemos calculado en el cuaderno 4 y su valor es de 268,896 m.

En todas las condiciones de carga debemos cumplir con los siguientes
requerimientos.

-El asiento apopante maximo no puede ser superior a:
tapopante < 0,015 - L = 4,0383 m.

-En cualquier caso habra que garantizar el hundimiento de la hélice. Debera
procurarse gque la inmersion de las puntas de las palas, en su recorrido, sea el 10 %
del didmetro, en todos los estados de carga, para evitar las grandes pérdidas en
rendimiento propulsivo que tienen lugar para inmersiones muy pequefias de la hélice.

Diametro de la hélice: 8 m.
Distancia del punto mas alto de la hélice a la linea base: 8,59 m.
10 % del diametro de la hélice = 0,8 m.
Por tanto, tenemos que:
Tpp = 8,59+ 0,8 = 9,39 m.

12
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-Calado minimo en proa, que permita una navegacién sin excesivo “slamming”,
golpeteo de la proa. Una norma recomendada seria aplicar la exigencia IMO para
petroleros:

Ty 20,02-L+2=73%m.

Donde:

L: eslora entre perpendiculares en este caso. (269,7 m.)

4-CONDICIONES DE CARGA A ESTUDIAR

Aplicando la resolucion de la ISC 2008 para el caso de buques de carga en
estado intacto las condiciones minimas que hay que tener en cuenta son:

1-Buque en la condicion de salida a plena carga, distribuida, ésta de forma
homogénea en todos los espacios de carga y con la totalidad de provisiones y
combustible.

2-Buque en la condicion de llegada en plena carga, distribuida esta de
forma homogénea en todos los espacios de carga y con el 10 % de provisiones y
combustibles.

3-Buque en condicion de salida, en lastre, sin carga, pero con la totalidad
de provisiones y combustibles.

4-Buque en la condicién de llegada en lastre, sin carga, y con el 10% de
provisiones y combustible.

El CIG no nos obliga a calcular condiciones adicionales por lo que
comprobaremos Unicamente que las estipuladas por la OMI cumplen los criterios de
estabilidad. A lo largo de este cuaderno se detallaran los calculos requeridos para
ello.

La norma ISC 2008 nos dice que los tanques al 98% de su carga no corrigen,
pero nosotros vamos a hacer el estudio como si lo hicieran, ya que es una condicion
de estabilidad méas desfavorable. De esta forma nos aseguraremos de que el buque
no tenga problemas de estabilidad.

5-CORRECCION POR SUPERFICIES LIBRES

A los criterios de estabilidad anteriormente citados habra que aplicarles la
correccion por superficies libres y el criterio de viento. La correccién por superficies
libres consiste en evaluar la elevacion virtual del centro de gravedad del buque debido
al movimiento del fluido contenido en un tanque cuyo nivel de llenado sea inferior a un
98 % vy superior al 2%. El movimiento en el tanque supone una variacion del centro
de gravedad total. Esta repercusion, que influye de forma negativa en la estabilidad,
sera mayor cuanto mayor sea la superficie libre en el tanque.

La OMI regula que el momento de superficie libre del liquido en el tanque se
obtiene mediante la siguiente férmula:

Mg, =v-b-y-k-8?

Donde:

-v: capacidad total del tanque en metros cubicos.

-b: manga maxima del tanque en metros

-y: peso especifico del liquido en el tanque (t/m3).

-k: coeficiente adimensional obtenido de la tabla 3.3.8 de la resolucién ISC 2008
de la OMI.

-0: coeficiente de bloque del tanque.

13
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Cuadro 3.3 8 - Valores del coeficiente "k'* para calcular las
correcciomes por superficic libre

3, ™7 ™Y} n
RS ., 888, B a e .=, _cuf o, cwl
12 2 ~ s L] 12(8'n)* 2
donde cot @ > %/, donde cot 8 < ¥/,
e e
L 10° 15° 20° 30° 40° 45° 50° 60* 70° 78 80° 85°
bR b

20 o.11 0,12 0.12 | 0.12 0,11 0.10 | 0,09 | 0,09 | 0,09 | 0,05 004 | 0,03 | 0,02 20

10 007 | 0,11 } 0,12 | 0,12 | 0,11 | 0,10 | 0,10 | 0,09 | 0,07 | 0,05 | 0,04 | 0,03 | 0,02 10

s 004 | 007 | 0,10 | 0,11 0.11 0,11 0,10 | 0,10 | 008 | 0,07 | 006 | 0,05 | 0,04

002 | 0,04 | 007 | 0,05 | 0,11 | 0,11 0,11 | 0,10 | 0,09 | 0,08 | 0,07 | 0,06 | 0,05

2 0,01 0,05 | 0,04 | 0,06 | 0,09 | 0,11 0,11 | 0,11 | 0,10 | 0,09 | 0,09 | 0,08 | 0,07

1.5 0,01 0,02 | 003 | 005 | 0,07 | 0,10 | 0,11 0,11 0,11 O,11 0,10 | 0.10 | 0,09 1.5

1 0.01 0.01 } 002 | 003 | 0.05 | 007 | 009 | 0,10 | 0,12 | 0,12 | 0,13 | 0,13 | 0.13 1

075 | 0.01 0,01 0,01 0,02 0,02 | 004 | 004 | 005 | 009 | 0,16 | 0,18 | O.21 0.16 | 0,75

0.5 0.00 | 0,01 0.01 0.02 | 0,02 | 0,04 004 | 005 | 009 | 0,16 } 0,18 | O.21 023 0.5

o3 0.00 | 0,00 | 001 | 001 |} 001 | 002 | 0,03 | 003 | 005 | 0,11 ] 0,19 | 0,27 | 034 03

0.2 0.00 | 0,00 } 000 | 001 | 0,01 | 001 | 002 | 0,02 | 004 | 0,07 | 0.13 | 0.27 | 0.45 0.2

0.1 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 001 0,01 0.01 002 | D04 | 006 | 0,14 | 0.53 0.1

Los tanques que verifiquen la siguiente ecuacién no tendran que evaluarse.
MsL 30%)
—< 0,01
Aml'n
Donde:
-Amin: desplazamiento en rosca (37.887 t.).
En la siguiente tabla calculamos los tanques que corrigen:

En la tabla hemos evaluado una de las parejas de cada uno de los tanques
puesto que para la otra la situacion es idéntica. Teniendo en cuenta los resultados, los
tanques que corregirdn por superficies libres son los cuatro de carga.

14



Tangue 4 LNG 0,430 38432,766 40,700 37,136 28,968 43783,255 0,878 1,282 0,062 35856,519 0,946 si
Tangue 3 LNG 0,430 43673,601 46,250 37,136 28,968 49753,699 0,878 1,282 0,062 40746,049 1,075 si
Tangue 2 LNG 0,430 43673,601 46,250 37,136 28,968 49753,699 0,878 1,282 0,062 40746,049 1,075 si
Tangue 1 LNG 0,430 28004,938 35,150 37,136 28,968 37812,811 0,741 1,282 0,062 23999,496 0,633 si

FO Alm. Fuel Qil 0,970 3428,012 14,100 16,194 20,300 4635,209 0,740 0,798 0,026 1192,891 0,031 si
FO Sed. Fuel Qil 0,970 148,305 5,230 5,600 4,440 130,039 1,000 1,261 0,058 46,660 0,001 NO
FO UD Fuel Qil 0,970 98,611 4,620 4,800 4,620 102,453 1,000 1,039 0,050 22,957 0,001 NO
Diesel Diesel 0,900 424,972 7,510 7,740 7,510 436,537 1,000 1,031 0,051 151,689 0,004 NO
Aceite Aceite Lub. 0,900 54,873 3,800 3,920 3,920 58,392 1,000 1,000 0,050 9,680 0,000 NO
Lodos Lodos 1,500 80,118 5,700 5,700 2,500 81,225 1,000 2,280 0,096 65,487 0,002 NO
Aguas
grises Aguas gr. 1,500 163,890 8,080 8,080 2,500 163,216 1,000 3,232 0,110 218,498 0,006 NO

15



6-CONDICION DE CARGA 1: SALIDA DE PUERTO A PLENA CARGA

En este caso se supone que los consumos estan al 100 % de su capacidad y la
carga al 98 %, ya que el CIG establece que en ningun caso podran superar este valor.
Los tanques de servicio van llenos al 100 % de su capacidad y los de lastre vacios.
Los viveres irdn al 100 %. Lodos y aguas grises al 0 %.

Resumen de la condicion:

CC1 % Peso (t)
Rosca 36.704
63691,9
Carga 97 17
Consum
0s
Fuel Alm.
(2x) 97 6257,31
Fuel Sed.
(2x) 100 293,768
Fuel UD (2x) 100 192,796
Diesel (2x) 100 767,59
Aceite (2x) 100 98,834
Agua dulce
(2x) 100 154,472
Aguas gr. 0 0
Lodos 0 0
Lastre 0
Viveres 100 4,375
Pesos
fijos 105,25
TOTAL
A 108.270

En esta condicion corrigen todos los tanques de carga, por tanto, iran al 97 %.
También corrigen los tanques almacén de fuel.
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CUADERNO 2
ISMAEL GRANDAL MOURIZ

7-CONDICION DE CARGA 2: SALIDA DE PUERTO EN LASTRE

El buque, en la condicion de salida en lastre, lleva vacios los tanques de carga.
Para que no se vea afectada la estabilidad debera utilizar los tanques de lastre, que
llenaremos al 100%. Los viveres, los tanques de fuel, agua, aceite y diesel ir4n

también al 100%.Lodos y aguas grises al 0%.

Resumen de la condicion:

CC2 % Peso (1)
Rosca 36.704
Carga 0 0

Consum
0s
Fuel Alm.
(2x) 97 6257,31
Fuel Sed.
(2x) 100 293,768
Fuel UD (2x) 100 191,796
Diesel (2x) 100 767,59
Aceite (2x) 100 98,834
Agua dulce
(2x) 100 154,472
Aguas gr. 0 0
Lodos 0 0
48364,6
Lastre 100 61
Viveres 100 4,375
Pesos
fijos 105,25
TOTAL
A 92.942

En esta condicion corrigen los tanques almacén de fuel.
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CUADERNO 2
ISMAEL GRANDAL MOURIZ

8-CONDICION DE CARGA 3: LLEGADA A PUERTO A PLENA CARGA

El bugue en la condicion de llegada en plena carga llevara carga al 98 %. Los
tanques de lastre por no ser necesarios iran al 0%. Los viveres se supondran
consumidos durante la travesia quedando sélo el 10 %, al igual que el agua dulce,
aceite, diesel y fuel. El fuel estara repartido primeramente en los tanques de uso
diario, luego en sedimentacion y posteriormente en almacenamiento (uso diario van al
100 %, sedimentacion al 100 % y los de almacén al 3,53 %). Las parejas de tanques
se consumiran simultdneamente. Lodos y aguas grises al 100 %.

Resumen de la condicion:

CC3 % Peso (t)
Rosca 36.704
63691,9
Carga 97 23
Consum
0s
Fuel Alm.
(2x) 3,52 227,714
Fuel Sed.
(2x) 100 293,768
Fuel UD (2x) 100 192,796
Diesel (2x) 10 (5+5) 38,38
Aceite (2x) 10 (5+5) 4,942
Aguadulce
(2x) 10 (5+5) 7,724
Aguas gr. 100 247,326
Lodos 100 110,858
Lastre 0
Viveres 10 0,4375
Pesos
fijos 105,25
TOTAL
A 101.625

En esta condicion corrigen todos los tanques de carga, por tanto, iran al 97 %.

También corrigen los de almacén de fuel.
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CUADERNO 2
ISMAEL GRANDAL MOURIZ

9-CONDICION DE CARGA 4: LLEGADA A PUERTO EN LASTRE

El bugue en la condicién de llegada en lastre no llevard carga. Los tanques de
lastre por motivos de estabilidad iran al 100 %. Los viveres se supondran consumidos
durante la travesia quedando soélo el 10 %, al igual que el agua dulce, aceite, diesel y
fuel. El fuel estara repartido primeramente en los tanques de uso diario, luego en
sedimentacién y posteriormente en almacenamiento (uso diario van al 100 %,
sedimentacién al 100 % y los de almacén al 3,53 %) Las parejas de tanques se
consumiran simultaneamente. Lodos y aguas grises al 100 %.

Resumen de la condicion:

CC4 | % Peso (t)
Rosca 36.704
Carga | 0 0

Consum
0s
Fuel Alm.
(2¥) 3,52 227,714
Fuel Sed.
(2x) 100 293,768
Fuel UD (2x) 100 192,796
Diesel (2x) 10 (5+5) 38,38
Aceite (2x) 10 (5+5) 4,942
Agua dulce
(2x) 10 (5+5) 7,724
Aguas gr. 100 247,326
Lodos 100 110,858
52605,2
Lastre 100 02
Viveres 10 0,4375
Pesos
fijos 105,25
TOTAL
A 90.538

En esta condicion corrigen los tanques de almacén de fuel.
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CUADERNO 2
ISMAEL GRANDAL MOURIZ

10-RESUMEN CONDICIONES DE CARGA

Los valores de cada condicion de carga (llenado de tanques; qué tanques
corrigen en cada condicibn de carga; curvas de estabilidad, Gz, valores de
desplazamientos, calados...en cada condicidon de equilibrio) se pueden ver con
claridad en los anexos adjuntos como “Condiciones de equilibrio” y “Criterios de
estabilidad”.

A continuacion, se expone una tabla a modo de resumen con los valores de los
calados, el desplazamiento y los criterios de estabilidad en cada condicién de carga.
Como se puede ver, cumplimos con los criterios sobradamente.

108.2 92.94 101.6 90.54
A (t.) 59 3 32 4
t(apopante) = 4,0383 m. -2,071 0,692 1,536 2,319
11,30 11,09 12,33 11,62
Tpp = 9,39 m. 1 3 9 1
13,37 10,40 10,80
Tpr=7,394 m. 1 1 3 9,302
Criterio (GMo 2 0,150 m.) 1,815 8,623 2,22 8,968
Criterio (GZ=2 0,200 m., a 2
30°) 1,608 6,525 1,702 6,639
Criterio (Gzmax, a 2 25°) 38,2 50 38,2 50
Criterio (d30 2 3,15 m-deg) 18,00 71,11 20,74 73,57
126,5 130,1
Criterio (d40 2 5,15 m-deg) 33,39 8 37,21 6
Criterio (d40-d30 21,71
m-deq) 15,38 55,47 16,47 56,59

11-COMENTARIOS FINALES A CONDICIONES DE CARGA Y ESTABILIDAD

Como podemos observar en la tabla anterior, nuestro buque cumple con todos los
criterios en las cuatro condiciones de carga estudiadas.

Los desplazamiento no varian excesivamente del buque cargado y en lastre, esto
se debe a que hemos definido bastante lastre. Como cumple los criterios de
estabilidad podriamos decir que es correcto, sin embargo, podriamos jugar con él
segun nuestras necesidades.

En este caso, hemos lastrado los cofferdams 1 y 2, puesto que de no hacerlo
(como en la condicién de carga 2), superariamos el asiento apopante permitido, como
podemos ver en la siguiente tabla:
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CUADERNO 2
ISMAEL GRANDAL MOURIZ

1 Draft Amidships m 9973
2 Dizsplacement t 86303
3 Heel deg 0,0
4 Draft at FP m 7832
5 Draft at AP m 12,124
G Draft at LCF m 10,133
T Trim {+ve by stern) m 4 252
8 WL Length m 282,206
5 Beam max extents on 43,187
10 Wetted Area m"2 13365,8
11 Waterpl. Area m*2 9950 75
12 Prizmatic coeff. (Cp) 0,685
13 Block coeff. (Cb) 0,593
14 Max Sect. area coeff. [ 0,922
15 Waterpl. area coeff. (C 0817
16 LCB from zero pt. (+ve : 124 549
1F LCF from zero pt. (+ve : 124155
18 KB m 5,485
19 KG fluid m 11,525
20 Bt m 15,819
21 BML m 368,215
22 Gt corrected m 8,776
23 GML m 582172
24 KMt m 21,304
25 KML m 573,628
26 Immersion (TPc) tonne/ : 102,088
27 MTc tonne.m 1811 52
28 RM at 1deg = GMt Disp.: 147245
29 Max deck inclination de : 059183
30 Trim angle (+ve by ster ;: 0,9133

En los anexos podemos ver mas detalladamente cualquier valor de las
condiciones de carga en equilibrio y criterios de estabilidad, asi como el cumplimiento

del criterio de viento.
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ANEXO |

Plano de compartimentado
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ANEXO I

Report hidrostaticas de las condiciones
de carga



Equilibrium Calculation - Tanques final - copia (2)

Stability 20.00.04.9, build: 9

Model file: FATFM\CONTENIDO\TFG\CUADERNO 4\MASTER\Tanques final - copia (2) (Medium precision, 65 sections, Trimming off, Skin thickness not applied).
Long. datum: AP; Vert. datum: Baseline. Analysis tolerance - ideal(worst case): Disp.%: 0,01000(0,100); Trim%(LCG-TCG): 0,01000(0,100); Heel%(LCG-TCG):
0,01000(0,100)

Loadcase - C1 Salida puerto a plena carga
Damage Case - Intact

Free to Trim

Specific gravity = 1,025; (Density = 1,025 tonne/m”3)
Fluid analysis method: Use corrected VCG

Item Name Quantity [ Unit Mass | Total Mass | Unit Volume | Total Volume | Long. Arm | Trans. Arm (Vert. Arm | Total FSM FSM Type
tonne tonne m”"3 m”3 m m m tonne.m
rosca 1 36703,970 |36703,970 114,365 0,000 13,409 0,000
Total rosca 36703,970 114,365 0,000 13,409 0,000
Tanque 4 97% 16408,559 | 15916,303 38159,440 37014,657 74,485 0,000 16,594 60772,620 IMO A.749(18)
Tanque 3 97% 18646,092 | 18086,711 43363,003 42062,118 120,735 0,000 16,594 69059,801 IMO A.749(18)
Tanque 2 97% 18646,092 | 18086,709 43363,003 42062,113 169,760 0,000 16,594 69059,801 IMO A.749(18)
Tanque 1 97% 11961,030 |11602,199 27816,349 26981,857 212,060 0,000 16,540 40699,562 IMO A.749(18)
Total carga 97% 65661,773 |[63691,921 152701,796 | 148120,745 139,735 0,000 16,584 239591,784
Pique PP BR 0% 1728,991 0,000 1686,821 0,000 10,794 -1,532 8,029 0,000 User Specified
Pique PP ER 0% 1728,991 0,000 1686,821 0,000 10,794 1,532 8,029 0,000 User Specified
Cofferdam 5 0% 2627,904 0,000 2563,809 0,000 52,768 0,000 3,032 0,000 User Specified
Cofferdam 4 0% 2666,826 0,000 2601,782 0,000 96,222 0,000 3,032 0,000 User Specified
Cofferdam 3 0% 2666,819 0,000 2601,774 0,000 145,247 0,000 3,032 0,000 User Specified
Cofferdam 2 0% 2666,833 0,000 2601,789 0,000 194,272 0,000 3,032 0,000 User Specified
Cofferdam 1 0% 1573,708 0,000 1535,325 0,000 232,157 0,000 3,032 0,000 User Specified
Pique PR BR 0% 581,031 0,000 566,859 0,000 269,203 -0,776 2,500 0,000 User Specified
Pigue PR ER 0% 581,031 0,000 566,859 0,000 269,203 0,776 2,500 0,000 User Specified
Lastre 4 BR 0% 5014,252 0,000 4891,953 0,000 66,028 -0,013 0,000 0,000 User Specified
Lastre 4 ER 0% 5014,252 0,000 4891,953 0,000 66,028 0,013 0,000 0,000 User Specified
Lastre 3 BR 0% 6457,632 0,000 6300,129 0,000 95,113 -0,048 0,029 0,000 User Specified
Lastre 3 ER 0% 6457,632 0,000 6300,129 0,000 95,113 0,048 0,029 0,000 User Specified
Lastre 2 BR 0% 6146,861 0,000 5996,938 0,000 144,542 -3,597 0,046 0,000 User Specified
Lastre 2 ER 0% 6146,861 0,000 5996,938 0,000 144,542 3,597 0,046 0,000 User Specified
Lastre 1 BR 0% 4253,564 0,000 4149,819 0,000 200,429 -0,099 0,046 0,000 User Specified
Lastre 1 ER 0% 4253,564 0,000 4149,819 0,000 200,429 0,099 0,046 0,000 User Specified
Total lastre 0% 60566,752 | 0,000 59089,514 0,000 0,000 0,000 0,000 0,000




Agua dulce BR 100% 77,236 77,236 77,236 77,236 9,610 -1,750 21,550 0,000 User Specified
Agua dulce ER 100% 77,236 77,236 77,236 77,236 9,610 1,750 21,550 0,000 User Specified
Aceite BR 100% 49,417 49,417 54,908 54,908 32,095 -17,140 20,200 0,000 User Specified
Aceite ER 100% 49,417 49,417 54,908 54,908 32,095 17,140 20,200 0,000 User Specified
FO UD BR 100% 96,398 96,398 99,380 99,380 36,305 -16,700 20,610 0,000 User Specified
FO UD ER 100% 96,398 96,398 99,380 99,380 36,305 16,700 20,610 0,000 User Specified
FO Sed. BR 100% 146,884 146,884 151,427 151,427 41,235 -16,300 20,960 0,000 User Specified
FO Sed. ER 100% 146,884 146,884 151,427 151,427 41,235 16,300 20,960 0,000 User Specified
Diesel BR 100% 383,795 383,795 426,439 426,439 47,608 -15,200 22,055 0,000 User Specified
Diesel ER 100% 383,795 383,795 426,439 426,439 47,608 15,200 22,055 0,000 User Specified
Aguas grises 0% 247,326 0,000 164,884 0,000 51,307 0,000 0,041 0,000 User Specified
Lodos 0% 110,858 0,000 73,905 0,000 41,955 0,000 0,510 0,000 User Specified
FO Almacén BR 97% 3225,417 3128,655 3325,172 3225,417 240,185 -6,205 13,372 2940,961 IMO A.749(18)
FO Almacén ER 97% 3225,417 3128,655 3325,172 3225,417 240,185 6,205 13,372 2940,961 IMO A.749(18)
Viveres 1 4,375 4,375 57,000 0,000 39,200 0,000 User Specified
Total consumos 7769,146 201,241 0,000 14,961 5881,922

Tripulacion 1 5,250 5,250 57,000 0,000 39,200 0,000 User Specified
Perterechos 1 100,000 100,000 128,000 0,000 28,000 0,000 User Specified
Total pesos fijos 105,250 124,458 0,000 28,559 0,000

Total Loadcase 108270,287 |220299,223 | 156190,358 135,533 0,000 15,403 245473,706

FS correction 2,267

VCG fluid

17,670




Draft Amidships m 12,336
Displacement t 108259
Heel deg 0,0

Draft at FP m 13,371
Draft at AP m 11,301
Draft at LCF m 12,277
Trim (+ve by stern) m -2,071
WL Length m 271,858
Beam max extents on WL m 43,196
Wetted Area m”2 14669,309
Waterpl. Area m"2 9957,889
Prismatic coeff. (Cp) 0,734
Block coeff. (Cb) 0,676
Max Sect. area coeff. (Cm) 0,987

W aterpl. area coeff. (Cwp) 0,848
LCB from zero pt. (+ve fwd) m 135,618
LCF from zero pt. (+ve fwd) m 126,224
KB m 6,600
KG fluid m 17,670
BMt m 12,886
BML m 442,656
GMt corrected m 1,815
GML m 431,586
KMt m 19,486
KML m 449,243
Immersion (TPc) tonne/cm 102,068
MTc tonne.m 1744,922
RM at 1deg = GMt.Disp.sin(1) tonne.m | 3430,087
Max deck inclination deg 0,4431
Trim angle (+ve by stern) deg -0,4431




Equilibrium Calculation - Tanques final - copia (2)

Stability 20.00.04.9, build: 9

Model file: FATFM\CONTENIDO\TFG\CUADERNO 4\MASTER\Tanques final - copia (2) (Medium precision, 65 sections, Trimming off, Skin thickness not applied).
Long. datum: AP; Vert. datum: Baseline. Analysis tolerance - ideal(worst case): Disp.%: 0,01000(0,100); Trim%(LCG-TCG): 0,01000(0,100); Heel%(LCG-TCG):
0,01000(0,100)

Loadcase - C2 Salida de puerto en lastre
Damage Case - Intact

Free to Trim

Specific gravity = 1,025; (Density = 1,025 tonne/m”3)
Fluid analysis method: Use corrected VCG

Item Name Quantity [ Unit Mass | Total Mass [Unit Volume | Total Volume | Long. Arm | Trans. Arm | Vert. Arm | Total FSM | FSM Type
tonne tonne m”"3 m”3 m m m tonne.m

rosca 1 36703,970 |36703,970 114,365 0,000 13,409 0,000

Total rosca 36703,970 114,365 0,000 13,409 0,000

Tanque 4 0% 16408,559 | 0,000 38159,440 0,000 74,485 0,000 3,032 0,000 User Specified
Tanque 3 0% 18646,092 | 0,000 43363,003 0,000 120,735 0,000 3,032 0,000 User Specified
Tanque 2 0% 18646,092 | 0,000 43363,003 0,000 169,760 0,000 3,032 0,000 User Specified
Tanque 1 0% 11961,030 | 0,000 27816,349 0,000 211,541 0,000 3,032 0,000 User Specified
Total carga 0% 65661,773 [ 0,000 152701,796 | 0,000 0,000 0,000 0,000 0,000

Pique PP BR 100% 1728,991 1728,991 1686,821 1686,821 4,740 -7,841 14,783 0,000 User Specified
Pigue PP ER 100% 1728,991 1728,991 1686,821 1686,821 4,740 7,841 14,783 0,000 User Specified
Cofferdam 5 0% 2627,904 0,000 2563,809 0,000 52,768 0,000 3,032 0,000 User Specified
Cofferdam 4 0% 2666,826 0,000 2601,782 0,000 96,222 0,000 3,032 0,000 User Specified
Cofferdam 3 0% 2666,819 0,000 2601,774 0,000 145,247 0,000 3,032 0,000 User Specified
Cofferdam 2 0% 2666,833 0,000 2601,789 0,000 194,272 0,000 3,032 0,000 User Specified
Cofferdam 1 0% 1573,708 0,000 1535,325 0,000 232,157 0,000 3,032 0,000 User Specified
Pique PR BR 100% 581,031 581,031 566,859 566,859 268,686 -1,906 16,155 0,000 User Specified
Pigue PR ER 100% 581,031 581,031 566,859 566,859 268,686 1,906 16,155 0,000 User Specified
Lastre 4 BR 100% 5014,252 5014,252 4891,953 4891,953 73,863 -15,611 9,342 0,000 User Specified
Lastre 4 ER 100% 5014,252 5014,252 4891,953 4891,953 73,863 15,611 9,342 0,000 User Specified
Lastre 3 BR 100% 6457,632 6457,632 6300,129 6300,129 119,611 -15,946 8,500 0,000 User Specified
Lastre 3 ER 100% 6457,632 6457,632 6300,129 6300,129 119,611 15,946 8,500 0,000 User Specified
Lastre 2 BR 100% 6146,861 6146,861 5996,938 5996,938 167,618 -15,733 8,698 0,000 User Specified
Lastre 2 ER 100% 6146,861 6146,861 5996,938 5996,938 167,618 15,733 8,698 0,000 User Specified
Lastre 1 BR 100% 4253,564 4253,564 4149,819 4149,819 213,247 -13,942 11,812 0,000 User Specified
Lastre 1 ER 100% 4253,564 4253,564 4149,819 4149,819 213,247 13,942 11,812 0,000 User Specified
Total lastre 79,85% 60566,752 | 48364,661 |59089,514 47185,035 134,167 0,000 9,941 0,000

Agua dulce BR 100% 77,236 77,236 77,236 77,236 9,610 -1,750 21,550 0,000 User Specified
Agua dulce ER 100% 77,236 77,236 77,236 77,236 9,610 1,750 21,550 0,000 User Specified




Aceite BR 100% 49,417 49,417 54,908 54,908 32,095 -17,140 20,200 0,000 User Specified
Aceite ER 100% 49,417 49,417 54,908 54,908 32,095 17,140 20,200 0,000 User Specified
FO UD BR 100% 96,398 96,398 99,380 99,380 36,305 -16,700 20,610 0,000 User Specified
FO UD ER 100% 96,398 96,398 99,380 99,380 36,305 16,700 20,610 0,000 User Specified
FO Sed. BR 100% 146,884 146,884 151,427 151,427 41,235 -16,300 20,960 0,000 User Specified
FO Sed. ER 100% 146,884 146,884 151,427 151,427 41,235 16,300 20,960 0,000 User Specified
Diesel BR 100% 383,795 383,795 426,439 426,439 47,608 -15,200 22,055 0,000 User Specified
Diesel ER 100% 383,795 383,795 426,439 426,439 47,608 15,200 22,055 0,000 User Specified
Aguas grises 0% 247,326 0,000 164,884 0,000 51,307 0,000 0,041 0,000 User Specified
Lodos 0% 110,858 0,000 73,905 0,000 41,955 0,000 0,510 0,000 User Specified
FO Almacén BR 97% 3225,417 3128,655 3325,172 3225,417 240,185 -6,205 13,372 2940,961 IMO A.749(18)
FO Almacén ER 97% 3225,417 3128,655 3325,172 3225,417 240,185 6,205 13,372 2940,961 IMO A.749(18)
Viveres 1 4,375 4,375 57,000 0,000 39,200 0,000 User Specified
Total consumos 7769,146 201,241 0,000 14,961 5881,922

Tripulacion 1 5,250 5,250 57,000 0,000 39,200 0,000 User Specified
Perterechos 1 100,000 100,000 128,000 0,000 28,000 0,000 User Specified
Total pesos fijos 105,250 124,458 0,000 28,559 0,000

Total Loadcase 92943,027 [220299,223 | 55254,649 131,943 0,000 11,751 5881,922

FS correction 0,063

VCG fluid

11,814




Draft Amidships m 10,747
Displacement t 92943
Heel deg 0,0

Draft at FP m 10,401
Draft at AP m 11,093
Draft at LCF m 10,766
Trim (+ve by stern) m 0,692
WL Length m 276,534
Beam max extents on WL m 43,190
Wetted Area m”2 13725,658
Waterpl. Area m"2 9847,548
Prismatic coeff. (Cp) 0,714
Block coeff. (Cb) 0,694
Max Sect. area coeff. (Cm) 0,991
Waterpl. area coeff. (Cwp) 0,825
LCB from zero pt. (+ve fwd) m 131,922
LCF from zero pt. (+ve fwd) m 126,397
KB m 5,776
KG fluid m 11,814
BMt m 14,662
BML m 505,015
GMt corrected m 8,624
GML m 498,976
KMt m 20,438
KML m 510,789
Immersion (TPc) tonne/cm 100,937
MTc tonne.m 1731,969
RM at 1deg = GMt.Disp.sin(1) tonne.m | 13988,175
Max deck inclination deg 0,1481
Trim angle (+ve by stern) deg 0,1481




Equilibrium Calculation - Tanques final - copia (2)

Stability 20.00.04.9, build: 9

Model file: FATFM\CONTENIDO\TFG\CUADERNO 4\MASTER\Tanques final - copia (2) (Medium precision, 65 sections, Trimming off, Skin thickness not applied).
Long. datum: AP; Vert. datum: Baseline. Analysis tolerance - ideal(worst case): Disp.%: 0,01000(0,100); Trim%(LCG-TCG): 0,01000(0,100); Heel%(LCG-TCG):
0,01000(0,100)

Loadcase - C3 Llegada a puerto a plena carga
Damage Case - Intact

Free to Trim

Specific gravity = 1,025; (Density = 1,025 tonne/m”3)
Fluid analysis method: Use corrected VCG

Item Name Quantity [ Unit Mass | Total Mass | Unit Volume [ Total Volume [ Long. Arm | Trans. Arm (Vert. Arm | Total FSM FSM Type
tonne tonne m”"3 m”3 m m m tonne.m
rosca 1 36703,970 |36703,970 114,365 0,000 13,409 0,000
Total rosca 36703,970 114,365 0,000 13,409 0,000
Tanque 4 97% 16408,559 | 15916,303 38159,440 37014,658 74,485 0,000 16,594 60772,620 IMO A.749(18)
Tanque 3 97% 18646,092 | 18086,710 43363,003 42062,115 120,735 0,000 16,594 69059,801 IMO A.749(18)
Tanque 2 97% 18646,092 | 18086,710 43363,003 42062,116 169,760 0,000 16,594 69059,801 IMO A.749(18)
Tanque 1 97% 11961,030 |11602,199 27816,349 26981,858 212,060 0,000 16,540 40699,562 IMO A.749(18)
Total carga 97% 65661,773 |[63691,922 152701,796 |148120,747 139,735 0,000 16,584 239591,784
Pique PP BR 0% 1728,991 0,000 1686,821 0,000 10,794 -1,532 8,029 0,000 User Specified
Pique PP ER 0% 1728,991 0,000 1686,821 0,000 10,794 1,532 8,029 0,000 User Specified
Cofferdam 5 0% 2627,904 0,000 2563,809 0,000 52,768 0,000 3,032 0,000 User Specified
Cofferdam 4 0% 2666,826 0,000 2601,782 0,000 96,222 0,000 3,032 0,000 User Specified
Cofferdam 3 0% 2666,819 0,000 2601,774 0,000 145,247 0,000 3,032 0,000 User Specified
Cofferdam 2 0% 2666,833 0,000 2601,789 0,000 194,272 0,000 3,032 0,000 User Specified
Cofferdam 1 0% 1573,708 0,000 1535,325 0,000 232,157 0,000 3,032 0,000 User Specified
Pique PR BR 0% 581,031 0,000 566,859 0,000 269,203 -0,776 2,500 0,000 User Specified
Pigue PR ER 0% 581,031 0,000 566,859 0,000 269,203 0,776 2,500 0,000 User Specified
Lastre 4 BR 0% 5014,252 0,000 4891,953 0,000 66,028 -0,013 0,000 0,000 User Specified
Lastre 4 ER 0% 5014,252 0,000 4891,953 0,000 66,028 0,013 0,000 0,000 User Specified
Lastre 3 BR 0% 6457,632 0,000 6300,129 0,000 95,113 -0,048 0,029 0,000 User Specified
Lastre 3 ER 0% 6457,632 0,000 6300,129 0,000 95,113 0,048 0,029 0,000 User Specified
Lastre 2 BR 0% 6146,861 0,000 5996,938 0,000 144,542 -3,597 0,046 0,000 User Specified
Lastre 2 ER 0% 6146,861 0,000 5996,938 0,000 144,542 3,597 0,046 0,000 User Specified
Lastre 1 BR 0% 4253,564 0,000 4149,819 0,000 200,429 -0,099 0,046 0,000 User Specified
Lastre 1 ER 0% 4253,564 0,000 4149,819 0,000 200,429 0,099 0,046 0,000 User Specified
Total lastre 0% 60566,752 | 0,000 59089,514 0,000 0,000 0,000 0,000 0,000
Agua dulce BR 10% 77,236 3,862 77,236 3,862 9,610 -1,750 18,462 12,505 User Specified
Agua dulce ER 10% 77,236 3,862 77,236 3,862 9,610 1,750 18,462 12,505 User Specified




Aceite BR 10% 49,417 2,471 54,908 2,745 32,095 -17,140 18,395 17,168 User Specified
Aceite ER 10% 49,417 2,471 54,908 2,745 32,095 17,140 18,395 17,168 User Specified
FO UD BR 100% 96,398 96,398 99,380 99,380 36,305 -16,700 20,610 0,000 User Specified
FO UD ER 100% 96,398 96,398 99,380 99,380 36,305 16,700 20,610 0,000 User Specified
FO Sed. BR 100% 146,884 146,884 151,427 151,427 41,235 -16,300 20,960 63,776 User Specified
FO Sed. ER 100% 146,884 146,884 151,427 151,427 41,235 16,300 20,960 63,776 User Specified
Diesel BR 10% 383,795 19,190 426,439 21,322 47,608 -15,200 18,488 267,113 User Specified
Diesel ER 10% 383,795 19,190 426,439 21,322 47,608 15,200 18,488 267,113 User Specified
Aguas grises 100% 247,326 247,326 164,884 164,884 46,898 0,000 1,435 0,000 User Specified
Lodos 100% 110,858 110,858 73,905 73,905 38,565 0,000 1,804 0,000 User Specified
FO Almacén BR 3,52% 3225,417 113,535 3325,172 117,046 240,148 -4,107 3,038 2940,961 IMO A.749(18)
FO Almacén ER 3,52% 3225,417 113,535 3325,172 117,046 240,148 4,107 3,038 2940,961 IMO A.749(18)
Viveres 1 0,438 0,438 57,000 0,000 39,200 0,000 User Specified
Total consumos 1123,300 81,548 0,000 10,982 6603,046

Tripulacion 1 5,250 5,250 57,000 0,000 39,200 0,000 User Specified
Perterechos 1 100,000 100,000 128,000 0,000 28,000 0,000 User Specified
Total pesos fijos 105,250 124,458 0,000 28,559 0,000

Total Loadcase 101624,443 |220299,223 | 149151,100 129,913 0,000 15,388 246194,831

FS correction 2,423

VCG fluid

17,811




Draft Amidships m 11,571
Displacement t 101632
Heel deg 0,0

Draft at FP m 10,802
Draft at AP m 12,339
Draft at LCF m 11,627
Trim (+ve by stern) m 1,537
WL Length m 278,972
Beam max extents on WL m 43,194
Wetted Area m”2 14328,778
Waterpl. Area m"2 10065,597
Prismatic coeff. (Cp) 0,716
Block coeff. (Cb) 0,682
Max Sect. area coeff. (Cm) 0,991

W aterpl. area coeff. (Cwp) 0,835
LCB from zero pt. (+ve fwd) m 129,845
LCF from zero pt. (+ve fwd) m 124,068
KB m 6,246
KG fluid m 17,811
BMt m 13,785
BML m 490,299
GMt corrected m 2,219
GML m 478,733
KMt m 20,030
KML m 496,536
Immersion (TPc) tonne/cm 103,172
MTc tonne.m 1817,047
RM at 1deg = GMt.Disp.sin(1) tonne.m | 3936,224
Max deck inclination deg 0,3288
Trim angle (+ve by stern) deg 0,3288




Equilibrium Calculation - Tanques final - copia (2)

Stability 20.00.04.9, build: 9

Model file: FATFM\CONTENIDO\TFG\CUADERNO 4\MASTER\Tanques final - copia (2) (Medium precision, 65 sections, Trimming off, Skin thickness not applied).
Long. datum: AP; Vert. datum: Baseline. Analysis tolerance - ideal(worst case): Disp.%: 0,01000(0,100); Trim%(LCG-TCG): 0,01000(0,100); Heel%(LCG-TCG):
0,01000(0,100)

Loadcase - C4 Llegada a puerto en lastre
Damage Case - Intact

Free to Trim

Specific gravity = 1,025; (Density = 1,025 tonne/m”3)
Fluid analysis method: Use corrected VCG

Item Name Quantity [ Unit Mass | Total Mass [Unit Volume | Total Volume | Long. Arm | Trans. Arm | Vert. Arm | Total FSM | FSM Type
tonne tonne m”"3 m”3 m m m tonne.m

rosca 1 36703,970 |36703,970 114,365 0,000 13,409 0,000

Total rosca 36703,970 114,365 0,000 13,409 0,000

Tanque 4 0% 16408,559 | 0,000 38159,440 0,000 74,485 0,000 3,032 0,000 User Specified
Tanque 3 0% 18646,092 | 0,000 43363,003 0,000 120,735 0,000 3,032 0,000 User Specified
Tanque 2 0% 18646,092 | 0,000 43363,003 0,000 169,760 0,000 3,032 0,000 User Specified
Tanque 1 0% 11961,030 | 0,000 27816,349 0,000 211,541 0,000 3,032 0,000 User Specified
Total carga 0% 65661,773 [ 0,000 152701,796 | 0,000 0,000 0,000 0,000 0,000

Pique PP BR 100% 1728,991 1728,991 1686,821 1686,821 4,740 -7,841 14,783 0,000 User Specified
Pigue PP ER 100% 1728,991 1728,991 1686,821 1686,821 4,740 7,841 14,783 0,000 User Specified
Cofferdam 5 0% 2627,904 0,000 2563,809 0,000 52,768 0,000 3,032 0,000 User Specified
Cofferdam 4 0% 2666,826 0,000 2601,782 0,000 96,222 0,000 3,032 0,000 User Specified
Cofferdam 3 0% 2666,819 0,000 2601,774 0,000 145,247 0,000 3,032 0,000 User Specified
Cofferdam 2 100% 2666,833 2666,833 2601,789 2601,789 194,272 0,000 17,036 0,000 User Specified
Cofferdam 1 100% 1573,708 1573,708 1535,325 1535,325 232,175 0,000 17,045 0,000 User Specified
Pique PR BR 100% 581,031 581,031 566,859 566,859 268,686 -1,906 16,155 0,000 User Specified
Pigue PR ER 100% 581,031 581,031 566,859 566,859 268,686 1,906 16,155 0,000 User Specified
Lastre 4 BR 100% 5014,252 5014,252 4891,953 4891,953 73,863 -15,611 9,342 0,000 User Specified
Lastre 4 ER 100% 5014,252 5014,252 4891,953 4891,953 73,863 15,611 9,342 0,000 User Specified
Lastre 3 BR 100% 6457,632 6457,632 6300,129 6300,129 119,611 -15,946 8,500 0,000 User Specified
Lastre 3 ER 100% 6457,632 6457,632 6300,129 6300,129 119,611 15,946 8,500 0,000 User Specified
Lastre 2 BR 100% 6146,861 6146,861 5996,938 5996,938 167,618 -15,733 8,698 0,000 User Specified
Lastre 2 ER 100% 6146,861 6146,861 5996,938 5996,938 167,618 15,733 8,698 0,000 User Specified
Lastre 1 BR 100% 4253,564 4253,564 4149,819 4149,819 213,247 -13,942 11,812 0,000 User Specified
Lastre 1 ER 100% 4253,564 4253,564 4149,819 4149,819 213,247 13,942 11,812 0,000 User Specified
Total lastre 86,85% 60566,752 | 52605,202 |59089,514 51322,149 140,146 0,000 10,513 0,000

Agua dulce BR 10% 77,236 3,862 77,236 3,862 9,610 -1,750 18,462 12,505 User Specified
Agua dulce ER 10% 77,236 3,862 77,236 3,862 9,610 1,750 18,462 12,505 User Specified




Aceite BR 10% 49,417 2,471 54,908 2,745 32,095 -17,140 18,395 17,168 User Specified
Aceite ER 10% 49,417 2,471 54,908 2,745 32,095 17,140 18,395 17,168 User Specified
FO UD BR 100% 96,398 96,398 99,380 99,380 36,305 -16,700 20,610 0,000 User Specified
FO UD ER 100% 96,398 96,398 99,380 99,380 36,305 16,700 20,610 0,000 User Specified
FO Sed. BR 100% 146,884 146,884 151,427 151,427 41,235 -16,300 20,960 63,776 User Specified
FO Sed. ER 100% 146,884 146,884 151,427 151,427 41,235 16,300 20,960 63,776 User Specified
Diesel BR 10% 383,795 19,190 426,439 21,322 47,608 -15,200 18,488 267,113 User Specified
Diesel ER 10% 383,795 19,190 426,439 21,322 47,608 15,200 18,488 267,113 User Specified
Aguas grises 100% 247,326 247,326 164,884 164,884 46,898 0,000 1,435 0,000 User Specified
Lodos 100% 110,858 110,858 73,905 73,905 38,565 0,000 1,804 0,000 User Specified
FO Almacén BR 3,52% 3225,417 113,535 3325,172 117,046 240,148 -4,107 3,038 2940,961 IMO A.749(18)
FO Almacén ER 3,52% 3225,417 113,535 3325,172 117,046 240,148 4,107 3,038 2940,961 IMO A.749(18)
Viveres 1 0,438 0,438 57,000 0,000 39,200 0,000 User Specified
Total consumos 1123,301 81,548 0,000 10,982 6603,046

Tripulacion 1 5,250 5,250 57,000 0,000 39,200 0,000 User Specified
Perterechos 1 100,000 100,000 128,000 0,000 28,000 0,000 User Specified
Total pesos fijos 105,250 124,458 0,000 28,559 0,000

Total Loadcase 90537,723 [220299,223 |52352,501 128,949 0,000 11,714 6603,046

FS correction 0,073

VCG fluid

11,787




Draft Amidships m 10,461
Displacement t 90543
Heel deg 0,0

Draft at FP m 9,302
Draft at AP m 11,621
Draft at LCF m 10,535
Trim (+ve by stern) m 2,319
WL Length m 281,815
Beam max extents on WL m 43,189
Wetted Area m”2 13603,841
Waterpl. Area m"2 9916,690
Prismatic coeff. (Cp) 0,697
Block coeff. (Cb) 0,645
Max Sect. area coeff. (Cm) 0,990
Waterpl. area coeff. (Cwp) 0,815
LCB from zero pt. (+ve fwd) m 128,894
LCF from zero pt. (+ve fwd) m 125,346
KB m 5,664
KG fluid m 11,787
BMt m 15,090
BML m 531,769
GMt corrected m 8,968
GML m 525,647
KMt m 20,754
KML m 537,414
Immersion (TPc) tonne/cm 101,646
MTc tonne.m 1777,428
RM at 1deg = GMt.Disp.sin(1) tonne.m | 14170,800
Max deck inclination deg 0,4963
Trim angle (+ve by stern) deg 0,4963




ANEXO 11

Report criterios de estabilidad



Stability Calculation - Tanques final - copia (2)

Stability 20.00.04.9, build: 9

Model file: FATFM\CONTENIDO\TFG\CUADERNO 4\MASTER\Tanques final - copia (2) (Medium precision, 65 sections, Trimming off, Skin thickness not applied).
Long. datum: AP; Vert. datum: Baseline. Analysis tolerance - ideal(worst case): Disp.%: 0,01000(0,100); Trim%(LCG-TCG): 0,01000(0,100); Heel%(LCG-TCG):
0,01000(0,100)

Loadcase - C1 Salida puerto a plena carga
Damage Case - Intact

Free to Trim

Specific gravity = 1,025; (Density = 1,025 tonne/m”3)
Fluid analysis method: Use corrected VCG

Item Name Quantity [ Unit Mass | Total Mass | Unit Volume | Total Volume | Long. Arm | Trans. Arm (Vert. Arm | Total FSM FSM Type
tonne tonne m”"3 m”3 m m m tonne.m
rosca 1 36703,970 |36703,970 114,365 0,000 13,409 0,000
Total rosca 36703,970 114,365 0,000 13,409 0,000
Tanque 4 97% 16408,559 | 15916,304 38159,440 37014,661 74,485 0,000 16,594 60772,620 IMO A.749(18)
Tanque 3 97% 18646,092 | 18086,709 43363,003 42062,114 120,735 0,000 16,594 69059,801 IMO A.749(18)
Tanque 2 97% 18646,092 | 18086,708 43363,003 42062,112 169,760 0,000 16,594 69059,801 IMO A.749(18)
Tanque 1 97% 11961,030 | 11602,200 27816,349 26981,861 212,060 0,000 16,540 40699,562 IMO A.749(18)
Total carga 97% 65661,773 |63691,922 152701,796 | 148120,747 139,735 0,000 16,584 239591,784
Pique PP BR 0% 1728,991 0,000 1686,821 0,000 10,794 -1,532 8,029 0,000 User Specified
Pique PP ER 0% 1728,991 0,000 1686,821 0,000 10,794 1,532 8,029 0,000 User Specified
Cofferdam 5 0% 2627,904 0,000 2563,809 0,000 52,768 0,000 3,032 0,000 User Specified
Cofferdam 4 0% 2666,826 0,000 2601,782 0,000 96,222 0,000 3,032 0,000 User Specified
Cofferdam 3 0% 2666,819 0,000 2601,774 0,000 145,247 0,000 3,032 0,000 User Specified
Cofferdam 2 0% 2666,833 0,000 2601,789 0,000 194,272 0,000 3,032 0,000 User Specified
Cofferdam 1 0% 1573,708 0,000 1535,325 0,000 232,157 0,000 3,032 0,000 User Specified
Pique PR BR 0% 581,031 0,000 566,859 0,000 269,203 -0,776 2,500 0,000 User Specified
Pigue PR ER 0% 581,031 0,000 566,859 0,000 269,203 0,776 2,500 0,000 User Specified
Lastre 4 BR 0% 5014,252 0,000 4891,953 0,000 66,028 -0,013 0,000 0,000 User Specified
Lastre 4 ER 0% 5014,252 0,000 4891,953 0,000 66,028 0,013 0,000 0,000 User Specified
Lastre 3 BR 0% 6457,632 0,000 6300,129 0,000 95,113 -0,048 0,029 0,000 User Specified
Lastre 3 ER 0% 6457,632 0,000 6300,129 0,000 95,113 0,048 0,029 0,000 User Specified
Lastre 2 BR 0% 6146,861 0,000 5996,938 0,000 144,542 -3,597 0,046 0,000 User Specified
Lastre 2 ER 0% 6146,861 0,000 5996,938 0,000 144,542 3,597 0,046 0,000 User Specified
Lastre 1 BR 0% 4253,564 0,000 4149,819 0,000 200,429 -0,099 0,046 0,000 User Specified
Lastre 1 ER 0% 4253,564 0,000 4149,819 0,000 200,429 0,099 0,046 0,000 User Specified
Total lastre 0% 60566,752 | 0,000 59089,514 0,000 0,000 0,000 0,000 0,000




Agua dulce BR 100% 77,236 77,236 77,236 77,236 9,610 -1,750 21,550 0,000 User Specified
Agua dulce ER 100% 77,236 77,236 77,236 77,236 9,610 1,750 21,550 0,000 User Specified
Aceite BR 100% 49,417 49,417 54,908 54,908 32,095 -17,140 20,200 0,000 User Specified
Aceite ER 100% 49,417 49,417 54,908 54,908 32,095 17,140 20,200 0,000 User Specified
FO UD BR 100% 96,398 96,398 99,380 99,380 36,305 -16,700 20,610 0,000 User Specified
FO UD ER 100% 96,398 96,398 99,380 99,380 36,305 16,700 20,610 0,000 User Specified
FO Sed. BR 100% 146,884 146,884 151,427 151,427 41,235 -16,300 20,960 0,000 User Specified
FO Sed. ER 100% 146,884 146,884 151,427 151,427 41,235 16,300 20,960 0,000 User Specified
Diesel BR 100% 383,795 383,795 426,439 426,439 47,608 -15,200 22,055 0,000 User Specified
Diesel ER 100% 383,795 383,795 426,439 426,439 47,608 15,200 22,055 0,000 User Specified
Aguas grises 0% 247,326 0,000 164,884 0,000 51,307 0,000 0,041 0,000 User Specified
Lodos 0% 110,858 0,000 73,905 0,000 41,955 0,000 0,510 0,000 User Specified
FO Almacén BR 97% 3225,417 3128,655 3325,172 3225,417 240,185 -6,205 13,372 2940,961 IMO A.749(18)
FO Almacén ER 97% 3225,417 3128,655 3325,172 3225,417 240,185 6,205 13,372 2940,961 IMO A.749(18)
Viveres 1 4,375 4,375 57,000 0,000 39,200 0,000 User Specified
Total consumos 7769,147 201,241 0,000 14,961 5881,922

Tripulacion 1 5,250 5,250 57,000 0,000 39,200 0,000 User Specified
Perterechos 1 100,000 100,000 128,000 0,000 28,000 0,000 User Specified
Total pesos fijos 105,250 124,458 0,000 28,559 0,000

Total Loadcase 108270,289 |220299,223 | 156190,362 135,533 0,000 15,403 245473,706

FS correction 2,267

VCG fluid

17,670
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Heel to Starboard deg.

Stability
R Gz
B 2.2 4: Initial GMt GM at 0,0 deg = 1,815 m
B 2.3: Severe wind and rolling Wind Heeling (steady)
Bl 2.3: Severe wind and rolling Wind Heeling (gust)
Bl Vax GZ = 1,608 m at 38,2 deg.




Heel to Starboard deg -30,0 -20,0 -10,0 0,0 10,0 20,0 30,0 40,0 50,0 60,0
GZm -1,375 -0,790 -0,338 0,000 0,338 0,790 1,375 1,598 1,161 0,552
Area under GZ curve from zero heel m.deg 17,9145 7,1597 1,6406 0,0000 1,6467 7,1349 18,0068 33,3949 47,5712 56,1541
Displacement t 108263 108270 108270 108270 108270 108270 108270 108270 108267 108271
Draft at FP m 13,653 13,541 13,416 13,373 13,416 13,541 13,653 13,535 13,265 12,493
Draft at AP m 9,865 10,715 11,164 11,301 11,163 10,715 9,867 8,300 5,865 1,694
WL Length m 274,620 274,570 272,187 271,861 272,185 274,570 274,620 274,593 274,587 276,511
Beam max extents on WL m 48,145 45,879 43,854 43,196 43,854 45,879 48,145 40,903 37,911 36,525
Wetted Area m"2 14907,342 | 14803,950 [14708,348 |14669,979 |14708,330 |14803,976 |14907,776 [15071,113 [14930,841 |14863,661
Waterpl. Area m"2 10741,003 | 10422,002 [10092,100 |9958,060 10092,050 |[10422,022 [10741,234 |9993,181 9138,146 8859,717
Prismatic coeff. (Cp) 0,744 0,736 0,735 0,734 0,735 0,736 0,744 0,755 0,760 0,754
Block coeff. (Cb) 0,397 0,463 0,574 0,676 0,574 0,463 0,397 0,442 0,467 0,491
LCB from zero pt. (+ve fwd) m 135,680 135,645 135,624 135,619 135,625 135,644 135,676 135,715 135,755 135,786
LCF from zero pt. (+ve fwd) m 128,723 126,756 126,175 126,223 126,176 126,756 128,722 128,542 133,815 136,543
Max deck inclination deg 30,0074 20,0077 10,0111 0,4432 10,0111 20,0077 30,0074 40,0077 50,0076 60,0067
Trim angle (+ve by stern) deg -0,8105 -0,6048 -0,4819 -0,4432 -0,4821 -0,6047 -0,8100 -1,1201 -1,5831 -2,3096

Code Criteria Value Units | Actual Status | Margin %

267(85) Ch2 - General Criteria | 2.3: IMO roll back angle 16,0 deg

267(85) Ch2 - General Criteria | 2.2.1: Area 0to 30 3,1513 | m.deg |[18,0068 |Pass +471,41

267(85) Ch2 - General Criteria | 2.2.1: Area 0 to 40 5,1566 | m.deg [33,3949 |Pass +547,61

267(85) Ch2 - General Criteria | 2.2.1: Area 30 to 40 1,7189 |m.deg |15,3880 |[Pass +795,22

267(85) Ch2 - General Criteria [ 2.2.2: Max GZ at 30 or greater 0,200 m 1,608 Pass +704,00

267(85) Ch2 - General Criteria | 2.2.3: Angle of maximum GZ 25,0 deg 38,2 Pass +52,73

267(85) Ch2 - General Criteria [ 2.2.4: Initial GMt 0,150 m 1,815 Pass +1110,00

267(85) Ch2 - General Criteria | 2.3: Severe wind and rolling Pass

Angle of steady heel shall not be greater than (<=) 16,0 deg 1,2 Pass +92,49
Areal / Area2 shall not be less than (>=) 100,00 |% 969,99 Pass +869,99




Stability Calculation - Tanques final - copia (2)

Stability 20.00.04.9, build: 9

Model file: FATFM\CONTENIDO\TFG\CUADERNO 4\MASTER\Tanques final - copia (2) (Medium precision, 65 sections, Trimming off, Skin thickness not applied).
Long. datum: AP; Vert. datum: Baseline. Analysis tolerance - ideal(worst case): Disp.%: 0,01000(0,100); Trim%(LCG-TCG): 0,01000(0,100); Heel%(LCG-TCG):
0,01000(0,100)

Loadcase - C2 Salida de puerto en lastre
Damage Case - Intact

Free to Trim

Specific gravity = 1,025; (Density = 1,025 tonne/m”3)
Fluid analysis method: Use corrected VCG

Item Name Quantity [ Unit Mass | Total Mass [Unit Volume | Total Volume | Long. Arm | Trans. Arm | Vert. Arm | Total FSM | FSM Type
tonne tonne m”"3 m”3 m m m tonne.m

rosca 1 36703,970 |36703,970 114,365 0,000 13,409 0,000

Total rosca 36703,970 114,365 0,000 13,409 0,000

Tanque 4 0% 16408,559 | 0,000 38159,440 0,000 74,485 0,000 3,032 0,000 User Specified
Tanque 3 0% 18646,092 | 0,000 43363,003 0,000 120,735 0,000 3,032 0,000 User Specified
Tanque 2 0% 18646,092 | 0,000 43363,003 0,000 169,760 0,000 3,032 0,000 User Specified
Tanque 1 0% 11961,030 | 0,000 27816,349 0,000 211,541 0,000 3,032 0,000 User Specified
Total carga 0% 65661,773 [ 0,000 152701,796 | 0,000 0,000 0,000 0,000 0,000

Pique PP BR 100% 1728,991 1728,991 1686,821 1686,821 4,740 -7,841 14,783 0,000 User Specified
Pigue PP ER 100% 1728,991 1728,991 1686,821 1686,821 4,740 7,841 14,783 0,000 User Specified
Cofferdam 5 0% 2627,904 0,000 2563,809 0,000 52,768 0,000 3,032 0,000 User Specified
Cofferdam 4 0% 2666,826 0,000 2601,782 0,000 96,222 0,000 3,032 0,000 User Specified
Cofferdam 3 0% 2666,819 0,000 2601,774 0,000 145,247 0,000 3,032 0,000 User Specified
Cofferdam 2 0% 2666,833 0,000 2601,789 0,000 194,272 0,000 3,032 0,000 User Specified
Cofferdam 1 0% 1573,708 0,000 1535,325 0,000 232,157 0,000 3,032 0,000 User Specified
Pique PR BR 100% 581,031 581,031 566,859 566,859 268,686 -1,906 16,155 0,000 User Specified
Pigue PR ER 100% 581,031 581,031 566,859 566,859 268,686 1,906 16,155 0,000 User Specified
Lastre 4 BR 100% 5014,252 5014,252 4891,953 4891,953 73,863 -15,611 9,342 0,000 User Specified
Lastre 4 ER 100% 5014,252 5014,252 4891,953 4891,953 73,863 15,611 9,342 0,000 User Specified
Lastre 3 BR 100% 6457,632 6457,632 6300,129 6300,129 119,611 -15,946 8,500 0,000 User Specified
Lastre 3 ER 100% 6457,632 6457,632 6300,129 6300,129 119,611 15,946 8,500 0,000 User Specified
Lastre 2 BR 100% 6146,861 6146,861 5996,938 5996,938 167,618 -15,733 8,698 0,000 User Specified
Lastre 2 ER 100% 6146,861 6146,861 5996,938 5996,938 167,618 15,733 8,698 0,000 User Specified
Lastre 1 BR 100% 4253,564 4253,564 4149,819 4149,819 213,247 -13,942 11,812 0,000 User Specified
Lastre 1 ER 100% 4253,564 4253,564 4149,819 4149,819 213,247 13,942 11,812 0,000 User Specified
Total lastre 79,85% 60566,752 | 48364,661 |59089,514 47185,035 134,167 0,000 9,941 0,000

Agua dulce BR 100% 77,236 77,236 77,236 77,236 9,610 -1,750 21,550 0,000 User Specified
Agua dulce ER 100% 77,236 77,236 77,236 77,236 9,610 1,750 21,550 0,000 User Specified




Aceite BR 100% 49,417 49,417 54,908 54,908 32,095 -17,140 20,200 0,000 User Specified
Aceite ER 100% 49,417 49,417 54,908 54,908 32,095 17,140 20,200 0,000 User Specified
FO UD BR 100% 96,398 96,398 99,380 99,380 36,305 -16,700 20,610 0,000 User Specified
FO UD ER 100% 96,398 96,398 99,380 99,380 36,305 16,700 20,610 0,000 User Specified
FO Sed. BR 100% 146,884 146,884 151,427 151,427 41,235 -16,300 20,960 0,000 User Specified
FO Sed. ER 100% 146,884 146,884 151,427 151,427 41,235 16,300 20,960 0,000 User Specified
Diesel BR 100% 383,795 383,795 426,439 426,439 47,608 -15,200 22,055 0,000 User Specified
Diesel ER 100% 383,795 383,795 426,439 426,439 47,608 15,200 22,055 0,000 User Specified
Aguas grises 0% 247,326 0,000 164,884 0,000 51,307 0,000 0,041 0,000 User Specified
Lodos 0% 110,858 0,000 73,905 0,000 41,955 0,000 0,510 0,000 User Specified
FO Almacén BR 97% 3225,417 3128,654 3325,172 3225,417 240,185 -6,205 13,372 2940,961 IMO A.749(18)
FO Almacén ER 97% 3225,417 3128,654 3325,172 3225,417 240,185 6,205 13,372 2940,961 IMO A.749(18)
Viveres 1 4,375 4,375 57,000 0,000 39,200 0,000 User Specified
Total consumos 7769,146 201,241 0,000 14,961 5881,922

Tripulacion 1 5,250 5,250 57,000 0,000 39,200 0,000 User Specified
Perterechos 1 100,000 100,000 128,000 0,000 28,000 0,000 User Specified
Total pesos fijos 105,250 124,458 0,000 28,559 0,000

Total Loadcase 92943,027 [220299,223 | 55254,649 131,943 0,000 11,751 5881,922

FS correction 0,063

VCG fluid

11,814
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GZm -4,843 -3,168 -1,528 0,000 1,528 3,168 4,843 6,134 6,525 6,278
Area under GZ curve from zero heel m.deg 71,0337 30,9813 7,5738 0,0000 7,5788 30,9594 71,1104 126,5842 190,6126 254,9070
Displacement t 92936 92942 92943 92943 92943 92943 92942 92943 92943 92943
Draft at FP m 10,589 10,548 10,438 10,402 10,440 10,550 10,587 10,043 9,077 7,239
Draft at AP m 9,528 10,475 10,952 11,092 10,950 10,474 9,531 7,773 4,863 0,139
WL Length m 279,571 279,612 276,689 276,525 276,679 279,607 279,577 280,859 281,810 282,180
Beam max extents on WL m 45,069 45,779 43,843 43,190 43,843 45,779 45,070 40,847 35,781 34,553
Wetted Area m"2 13831,671 |13858,372 [13764,091 |13725,597 |13764,086 |13858,435 |13832,073 [13698,512 [13707,459 |13660,226
Waterpl. Area m"2 10259,721 | 10240,620 [9969,882 9847,366 9969,685 10240,484 [10260,042 [9980,354 8799,092 8502,360
Prismatic coeff. (Cp) 0,743 0,724 0,718 0,714 0,718 0,724 0,743 0,743 0,740 0,735
Block coeff. (Cb) 0,387 0,429 0,542 0,694 0,542 0,429 0,387 0,401 0,450 0,475
LCB from zero pt. (+ve fwd) m 131,973 131,934 131,924 131,927 131,930 131,939 131,962 131,994 132,040 132,084
LCF from zero pt. (+ve fwd) m 127,884 126,560 126,262 126,399 126,265 126,562 127,881 128,822 133,057 135,748
Max deck inclination deg 30,0006 20,0000 10,0006 0,1476 10,0006 20,0000 30,0006 40,0014 50,0025 60,0029
Trim angle (+ve by stern) deg -0,2270 -0,0157 0,1098 0,1476 0,1092 -0,0163 -0,2258 -0,4857 -0,9016 -1,5189

Code Criteria Value Units [ Actual Status | Margin %

267(85) Ch2 - General Criteria | 2.3: IMO roll back angle 21,5 deg

267(85) Ch2 - General Criteria | 2.2.1: Area 0to 30 3,1513 |m.deg |71,1104 Pass +2156,54

267(85) Ch2 - General Criteria | 2.2.1: Area 0 to 40 5,1566 | m.deg |126,5842 |Pass +2354,80

267(85) Ch2 - General Criteria |2.2.1: Area 30 to 40 1,7189 |m.deg |55,4737 Pass +3127,28

267(85) Ch2 - General Criteria | 2.2.2: Max GZ at 30 or greater 0,200 m 6,525 Pass +3162,50

267(85) Ch2 - General Criteria | 2.2.3: Angle of maximum GZ 25,0 deg 50,0 Pass +100,00

267(85) Ch2 - General Criteria | 2.2.4: Initial GMt 0,150 m 8,623 Pass +5648,67

267(85) Ch2 - General Criteria | 2.3: Severe wind and rolling Pass

Angle of steady heel shall not be greater than (<=) 16,0 deg 0,3 Pass +97,87
Areal / Area2 shall not be less than (>=) 100,00 |% 514,46 Pass +414,46

Stability Calculation - Tanques final - copia (2)




Stability 20.00.04.9, build: 9 )

Model file: FATFM\CONTENIDO\TFG\CUADERNO 4\MASTER\Tanques final - copia (2) (Medium precision, 65 sections, Trimming off, Skin thickness not applied).
Long. datum: AP; Vert. datum: Baseline. Analysis tolerance - ideal(worst case): Disp.%: 0,01000(0,100); Trim%(LCG-TCG): 0,01000(0,100); Heel%(LCG-TCG):
0,01000(0,100)

Loadcase - C3 Llegada a puerto a plena carga
Damage Case - Intact

Free to Trim

Specific gravity = 1,025; (Density = 1,025 tonne/m”3)
Fluid analysis method: Use corrected VCG

Item Name Quantity [ Unit Mass | Total Mass | Unit Volume | Total Volume | Long. Arm | Trans. Arm (Vert. Arm | Total FSM FSM Type
tonne tonne m”"3 m”3 m m m tonne.m
rosca 1 36703,970 | 36703,970 114,365 0,000 13,409 0,000
Total rosca 36703,970 114,365 0,000 13,409 0,000
Tanque 4 97% 16408,559 | 15916,303 38159,440 37014,657 74,485 0,000 16,594 60772,620 IMO A.749(18)
Tanque 3 97% 18646,092 | 18086,711 43363,003 42062,118 120,735 0,000 16,594 69059,801 IMO A.749(18)
Tanque 2 97% 18646,092 | 18086,709 43363,003 42062,113 169,760 0,000 16,594 69059,801 IMO A.749(18)
Tanque 1 97% 11961,030 |11602,199 27816,349 26981,857 212,060 0,000 16,540 40699,562 IMO A.749(18)
Total carga 97% 65661,773 [63691,921 152701,796 |148120,745 139,735 0,000 16,584 239591,784
Pique PP BR 0% 1728,991 0,000 1686,821 0,000 10,794 -1,532 8,029 0,000 User Specified
Pique PP ER 0% 1728,991 0,000 1686,821 0,000 10,794 1,532 8,029 0,000 User Specified
Cofferdam 5 0% 2627,904 0,000 2563,809 0,000 52,768 0,000 3,032 0,000 User Specified
Cofferdam 4 0% 2666,826 0,000 2601,782 0,000 96,222 0,000 3,032 0,000 User Specified
Cofferdam 3 0% 2666,819 0,000 2601,774 0,000 145,247 0,000 3,032 0,000 User Specified
Cofferdam 2 0% 2666,833 0,000 2601,789 0,000 194,272 0,000 3,032 0,000 User Specified
Cofferdam 1 0% 1573,708 0,000 1535,325 0,000 232,157 0,000 3,032 0,000 User Specified
Pique PR BR 0% 581,031 0,000 566,859 0,000 269,203 -0,776 2,500 0,000 User Specified
Pique PR ER 0% 581,031 0,000 566,859 0,000 269,203 0,776 2,500 0,000 User Specified
Lastre 4 BR 0% 5014,252 0,000 4891,953 0,000 66,028 -0,013 0,000 0,000 User Specified
Lastre 4 ER 0% 5014,252 0,000 4891,953 0,000 66,028 0,013 0,000 0,000 User Specified
Lastre 3 BR 0% 6457,632 0,000 6300,129 0,000 95,113 -0,048 0,029 0,000 User Specified
Lastre 3 ER 0% 6457,632 0,000 6300,129 0,000 95,113 0,048 0,029 0,000 User Specified
Lastre 2 BR 0% 6146,861 0,000 5996,938 0,000 144,542 -3,597 0,046 0,000 User Specified
Lastre 2 ER 0% 6146,861 0,000 5996,938 0,000 144,542 3,597 0,046 0,000 User Specified
Lastre 1 BR 0% 4253,564 0,000 4149,819 0,000 200,429 -0,099 0,046 0,000 User Specified
Lastre 1 ER 0% 4253,564 0,000 4149,819 0,000 200,429 0,099 0,046 0,000 User Specified
Total lastre 0% 60566,752 | 0,000 59089,514 0,000 0,000 0,000 0,000 0,000
Agua dulce BR 10% 77,236 3,862 77,236 3,862 9,610 -1,750 18,462 12,505 User Specified
Agua dulce ER 10% 77,236 3,862 77,236 3,862 9,610 1,750 18,462 12,505 User Specified
Aceite BR 10% 49,417 2,471 54,908 2,745 32,095 -17,140 18,395 17,168 User Specified
Aceite ER 10% 49,417 2,471 54,908 2,745 32,095 17,140 18,395 17,168 User Specified




FO UD BR 100% 96,398 96,398 99,380 99,380 36,305 -16,700 20,610 0,000 User Specified
FO UD ER 100% 96,398 96,398 99,380 99,380 36,305 16,700 20,610 0,000 User Specified
FO Sed. BR 100% 146,884 146,884 151,427 151,427 41,235 -16,300 20,960 63,776 User Specified
FO Sed. ER 100% 146,884 146,884 151,427 151,427 41,235 16,300 20,960 63,776 User Specified
Diesel BR 10% 383,795 19,190 426,439 21,322 47,608 -15,200 18,488 267,113 User Specified
Diesel ER 10% 383,795 19,190 426,439 21,322 47,608 15,200 18,488 267,113 User Specified
Aguas grises 100% 247,326 247,326 164,884 164,884 46,898 0,000 1,435 0,000 User Specified
Lodos 100% 110,858 110,858 73,905 73,905 38,565 0,000 1,804 0,000 User Specified
FO Almacén BR 3,52% 3225,417 113,535 3325,172 117,046 240,148 -4,107 3,038 2940,961 IMO A.749(18)
FO Almacén ER 3,52% 3225,417 113,535 3325,172 117,046 240,148 4,107 3,038 2940,961 IMO A.749(18)
Viveres 1 0,438 0,438 57,000 0,000 39,200 0,000 User Specified
Total consumos 1123,300 81,548 0,000 10,982 6603,046

Tripulacion 1 5,250 5,250 57,000 0,000 39,200 0,000 User Specified
Perterechos 1 100,000 100,000 128,000 0,000 28,000 0,000 User Specified
Total pesos fijos 105,250 124,458 0,000 28,559 0,000

Total Loadcase 101624,441 |220299,223 |149151,097 129,913 0,000 15,388 246194,831

FS correction 2,423

VCG fluid 17,811
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Stability
G
Bl 2.2 4: Initial GMt GM at 0,0 deg = 2,220 m
Ell 2 3: Severe wind and rolling Wind Heeling (steady)
Il 2 3: Severe wind and rolling Wind Heeling (gust)
Bl Vax GZ = 1,702 m at 38,2 deg.




Heel to Starboard deg -30,0 -20,0 -10,0 0,0 10,0 20,0 30,0 40,0 50,0 60,0
GZm -1,504 -0,920 -0,409 0,000 0,409 0,920 1,504 1,682 1,196 0,510
Area under GZ curve from zero heel m.deg 20,6372 8,5482 1,9922 0,0000 1,9991 8,5196 20,7420 37,2133 51,9946 60,5567
Displacement t 101624 101624 101624 101624 101624 101624 101624 101625 101624 101625
Draft at FP m 10,996 10,953 10,847 10,802 10,848 10,953 10,997 10,547 9,635 7,884
Draft at AP m 10,950 11,762 12,194 12,338 12,193 11,761 10,948 9,431 7,254 3,460
WL Length m 278,633 278,693 278,909 278,973 278,907 278,692 278,630 279,806 281,436 282,125
Beam max extents on WL m 46,695 45,844 43,849 43,194 43,849 45,844 46,695 40,844 36,476 35,198
Wetted Area m”2 14444,991 | 14403,138 [14361,668 |14328,285 |14361,688 |14403,173 |14444,984 |[14440,536 [14388,998 |14336,037
Waterpl. Area m"2 10583,181 | 10425,268 [10184,457 |10065,446 |10184,384 |10425,252 |10583,125 |10030,218 [9004,451 8721,339
Prismatic coeff. (Cp) 0,754 0,732 0,720 0,716 0,720 0,732 0,754 0,760 0,758 0,754
Block coeff. (Cb) 0,392 0,447 0,554 0,682 0,554 0,447 0,392 0,422 0,461 0,486
LCB from zero pt. (+ve fwd) m 129,906 129,875 129,852 129,846 129,855 129,876 129,911 129,956 129,985 130,024
LCF from zero pt. (+ve fwd) m 127,025 125,250 124,072 124,070 124,073 125,250 127,027 128,407 132,682 135,560
Max deck inclination deg 30,0000 20,0006 10,0040 0,3287 10,0040 20,0006 30,0000 40,0003 50,0008 60,0011
Trim angle (+ve by stern) deg -0,0098 0,1731 0,2883 0,3287 0,2879 0,1730 -0,0104 -0,2386 -0,5094 -0,9465

Code Criteria Value Units | Actual Status | Margin %

267(85) Ch2 - General Criteria | 2.3: IMO roll back angle 16,7 deg

267(85) Ch2 - General Criteria | 2.2.1: Area 0to 30 3,1513 | m.deg [20,7420 |Pass +558,20

267(85) Ch2 - General Criteria | 2.2.1: Area 0to 40 5,1566 |m.deg |[37,2133 |Pass +621,66

267(85) Ch2 - General Criteria | 2.2.1: Area 30 to 40 1,7189 |m.deg |16,4714 |Pass +858,25

267(85) Ch2 - General Criteria [ 2.2.2: Max GZ at 30 or greater 0,200 m 1,702 Pass +751,00

267(85) Ch2 - General Criteria | 2.2.3: Angle of maximum GZ 25,0 deg 38,2 Pass +52,73

267(85) Ch2 - General Criteria [ 2.2.4: Initial GMt 0,150 m 2,220 Pass +1380,00

267(85) Ch2 - General Criteria | 2.3: Severe wind and rolling Pass

Angle of steady heel shall not be greater than (<=) 16,0 deg 1,1 Pass +92,97
Areal / Area2 shall not be less than (>=) 100,00 [% 804,47 Pass +704,47




Stability Calculation - Tanques final - copia (2)

Stability 20.00.04.9, build: 9

Model file: FATFM\CONTENIDO\TFG\CUADERNO 4\MASTER\Tanques final - copia (2) (Medium precision, 65 sections, Trimming off, Skin thickness not applied).
Long. datum: AP; Vert. datum: Baseline. Analysis tolerance - ideal(worst case): Disp.%: 0,01000(0,100); Trim%(LCG-TCG): 0,01000(0,100); Heel%(LCG-TCG):
0,01000(0,100)

Loadcase - C4 Llegada a puerto en lastre
Damage Case - Intact

Free to Trim

Specific gravity = 1,025; (Density = 1,025 tonne/m”3)
Fluid analysis method: Use corrected VCG

Item Name Quantity [ Unit Mass | Total Mass [Unit Volume | Total Volume | Long. Arm | Trans. Arm | Vert. Arm | Total FSM | FSM Type
tonne tonne m”"3 m”3 m m m tonne.m

rosca 1 36703,970 |36703,970 114,365 0,000 13,409 0,000

Total rosca 36703,970 114,365 0,000 13,409 0,000

Tanque 4 0% 16408,559 | 0,000 38159,440 0,000 74,485 0,000 3,032 0,000 User Specified
Tanque 3 0% 18646,092 | 0,000 43363,003 0,000 120,735 0,000 3,032 0,000 User Specified
Tanque 2 0% 18646,092 | 0,000 43363,003 0,000 169,760 0,000 3,032 0,000 User Specified
Tanque 1 0% 11961,030 | 0,000 27816,349 0,000 211,541 0,000 3,032 0,000 User Specified
Total carga 0% 65661,773 [ 0,000 152701,796 | 0,000 0,000 0,000 0,000 0,000

Pique PP BR 100% 1728,991 1728,991 1686,821 1686,821 4,740 -7,841 14,783 0,000 User Specified
Pigue PP ER 100% 1728,991 1728,991 1686,821 1686,821 4,740 7,841 14,783 0,000 User Specified
Cofferdam 5 0% 2627,904 0,000 2563,809 0,000 52,768 0,000 3,032 0,000 User Specified
Cofferdam 4 0% 2666,826 0,000 2601,782 0,000 96,222 0,000 3,032 0,000 User Specified
Cofferdam 3 0% 2666,819 0,000 2601,774 0,000 145,247 0,000 3,032 0,000 User Specified
Cofferdam 2 100% 2666,833 2666,833 2601,789 2601,789 194,272 0,000 17,036 0,000 User Specified
Cofferdam 1 100% 1573,708 1573,708 1535,325 1535,325 232,175 0,000 17,045 0,000 User Specified
Pique PR BR 100% 581,031 581,031 566,859 566,859 268,686 -1,906 16,155 0,000 User Specified
Pigue PR ER 100% 581,031 581,031 566,859 566,859 268,686 1,906 16,155 0,000 User Specified
Lastre 4 BR 100% 5014,252 5014,252 4891,953 4891,953 73,863 -15,611 9,342 0,000 User Specified
Lastre 4 ER 100% 5014,252 5014,252 4891,953 4891,953 73,863 15,611 9,342 0,000 User Specified
Lastre 3 BR 100% 6457,632 6457,632 6300,129 6300,129 119,611 -15,946 8,500 0,000 User Specified
Lastre 3 ER 100% 6457,632 6457,632 6300,129 6300,129 119,611 15,946 8,500 0,000 User Specified
Lastre 2 BR 100% 6146,861 6146,861 5996,938 5996,938 167,618 -15,733 8,698 0,000 User Specified
Lastre 2 ER 100% 6146,861 6146,861 5996,938 5996,938 167,618 15,733 8,698 0,000 User Specified
Lastre 1 BR 100% 4253,564 4253,564 4149,819 4149,819 213,247 -13,942 11,812 0,000 User Specified
Lastre 1 ER 100% 4253,564 4253,564 4149,819 4149,819 213,247 13,942 11,812 0,000 User Specified
Total lastre 86,85% 60566,752 | 52605,202 |59089,514 51322,149 140,146 0,000 10,513 0,000

Agua dulce BR 10% 77,236 3,862 77,236 3,862 9,610 -1,750 18,462 12,505 User Specified
Agua dulce ER 10% 77,236 3,862 77,236 3,862 9,610 1,750 18,462 12,505 User Specified




Aceite BR 10% 49,417 2,471 54,908 2,745 32,095 -17,140 18,395 17,168 User Specified
Aceite ER 10% 49,417 2,471 54,908 2,745 32,095 17,140 18,395 17,168 User Specified
FO UD BR 100% 96,398 96,398 99,380 99,380 36,305 -16,700 20,610 0,000 User Specified
FO UD ER 100% 96,398 96,398 99,380 99,380 36,305 16,700 20,610 0,000 User Specified
FO Sed. BR 100% 146,884 146,884 151,427 151,427 41,235 -16,300 20,960 63,776 User Specified
FO Sed. ER 100% 146,884 146,884 151,427 151,427 41,235 16,300 20,960 63,776 User Specified
Diesel BR 10% 383,795 19,190 426,439 21,322 47,608 -15,200 18,488 267,113 User Specified
Diesel ER 10% 383,795 19,190 426,439 21,322 47,608 15,200 18,488 267,113 User Specified
Aguas grises 100% 247,326 247,326 164,884 164,884 46,898 0,000 1,435 0,000 User Specified
Lodos 100% 110,858 110,858 73,905 73,905 38,565 0,000 1,804 0,000 User Specified
FO Almacén BR 3,52% 3225,417 113,535 3325,172 117,046 240,148 -4,107 3,038 2940,961 IMO A.749(18)
FO Almacén ER 3,52% 3225,417 113,535 3325,172 117,046 240,148 4,107 3,038 2940,961 IMO A.749(18)
Viveres 1 0,438 0,438 57,000 0,000 39,200 0,000 User Specified
Total consumos 1123,300 81,548 0,000 10,982 6603,046

Tripulacion 1 5,250 5,250 57,000 0,000 39,200 0,000 User Specified
Perterechos 1 100,000 100,000 128,000 0,000 28,000 0,000 User Specified
Total pesos fijos 105,250 124,458 0,000 28,559 0,000

Total Loadcase 90537,723 [220299,223 |52352,501 128,949 0,000 11,714 6603,046

FS correction 0,073

VCG fluid

11,787
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Stability
R Gz
B 2.2 4: Initial GMt GM at 0,0 deg = 8,968 m
B 2.3: Severe wind and rolling Wind Heeling (steady)
Bl 2.3: Severe wind and rolling Wind Heeling (gust)
Bl Vax GZ = 6,639 m at 50 deg.




Heel to Starboard deg -30,0 -20,0 -10,0 0,0 10,0 20,0 30,0 40,0 50,0 60,0
GZm -4,970 -3,284 -1,589 0,000 1,588 3,284 4,970 6,233 6,639 6,366
Area under GZ curve from zero heel m.deg 73,4831 32,1876 7,8722 0,0000 7,8782 32,1611 73,5763 130,1665 195,2582 260,6044
Displacement t 90538 90537 90537 90538 90538 90537 90537 90538 90537 90538
Draft at FP m 9,417 9,434 9,336 9,301 9,338 9,435 9,416 8,763 7,470 5,159
Draft at AP m 10,088 11,007 11,478 11,620 11,476 11,007 10,088 8,362 5,615 1,134
WL Length m 281,675 281,690 281,518 281,816 281,505 281,689 281,675 281,992 282,161 281,821
Beam max extents on WL m 44,342 45,750 43,840 43,189 43,840 45,750 44,342 40,847 35,180 33,980
Wetted Area m"2 13638,274 | 13708,345 [13645,550 |13603,458 |13645,358 |13708,384 |13638,192 [13476,590 [13496,025 |13442,051
Waterpl. Area m"2 10186,326 | 10257,062 [10039,791 |9916,548 10039,398 |[10257,012 [10186,292 |9959,792 8718,846 8412,983
Prismatic coeff. (Cp) 0,738 0,715 0,702 0,697 0,702 0,715 0,738 0,744 0,745 0,743
Block coeff. (Cb) 0,384 0,420 0,528 0,645 0,528 0,420 0,384 0,394 0,451 0,479
LCB from zero pt. (+ve fwd) m 128,930 128,904 128,891 128,895 128,898 128,907 128,929 128,960 128,990 129,024
LCF from zero pt. (+ve fwd) m 126,950 125,771 125,125 125,347 125,130 125,772 126,950 127,984 132,209 134,646
Max deck inclination deg 30,0002 20,0024 10,0101 0,4962 10,0100 20,0024 30,0002 40,0000 50,0005 60,0009
Trim angle (+ve by stern) deg 0,1436 0,3367 0,4583 0,4962 0,4574 0,3362 0,1438 -0,0859 -0,3968 -0,8610

Code Criteria Value Units [ Actual Status | Margin %

267(85) Ch2 - General Criteria | 2.3: IMO roll back angle 21,3 deg

267(85) Ch2 - General Criteria | 2.2.1: Area 0to 30 3,1513 |m.deg | 73,5763 Pass +2234,79

267(85) Ch2 - General Criteria |2.2.1: Area 0to 40 5,1566 | m.deg |130,1665 |Pass +2424,27

267(85) Ch2 - General Criteria | 2.2.1: Area 30 to 40 1,7189 |m.deg |56,5902 Pass +3192,24

267(85) Ch2 - General Criteria | 2.2.2: Max GZ at 30 or greater 0,200 m 6,639 Pass +3219,50

267(85) Ch2 - General Criteria | 2.2.3: Angle of maximum GZ 25,0 deg 50,0 Pass +100,00

267(85) Ch2 - General Criteria | 2.2.4: Initial GMt 0,150 m 8,968 Pass +5878,67

267(85) Ch2 - General Criteria | 2.3: Severe wind and rolling Pass

Angle of steady heel shall not be greater than (<=) 16,0 deg 0,3 Pass +97,84
Areal / Area2 shall not be less than (>=) 100,00 [% 517,55 Pass +417,55
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Cogido IS. MSC.



MSC 85/26/Add.1
ANNEX 2
Page 1

ANNEX 2

RESOLUTION M SC.267(85)
(adopted on 4 December 2008)

ADOPTION OF THE INTERNATIONAL CODE ON INTACT STABILITY, 2008
(2008 | S CODE)

THE MARITIME SAFETY COMMITTEE,

RECALLING Article 28(b) of the Convention on the International Maritime Organization
concerning the functions of the Committee,

RECALLING ALSO resolution A.749(18) entitled “Code on Intact Stability for All
Types of Ships Covered by IMO Instruments”, as amended by resolution MSC.75(69),

RECOGNIZING the need to update the aforementioned Code and the importance of
establishing mandatory international intact stability requirements,

NOTING resolutions MSC.269(85) and MSC.270(85), by which it adopted, inter alia,
amendments to the International Convention for the Safety of Life at Sea (SOLAS), 1974,
as amended (hereinafter referred to as “the 1974 SOLAS Convention”) and to the Protocol
of 1988 relating to the International Convention on Load Lines, 1966 (hereinafter referred to as
“the 1988 Load Lines Protocol™), respectively, to make the introduction and the provisions of
part A of the International Code on Intact Stability, 2008 mandatory under the 1974 SOLAS
Convention and the 1988 Load Lines Protocol,

HAVING CONSIDERED, &t its eighty-fifth session, the text of the proposed International
Code on Intact Stability, 2008,

1. ADOPTS the International Code on Intact Stability, 2008 (2008 IS Code), the text of
which is set out in the Annex to the present resolution;

2. INVITES Contracting Governments to the 1974 SOLAS Convention and Parties to
the 1988 Load Lines Protocol to note that the 2008 IS Code will take effect on 1 July 2010
upon the entry into force of the respective amendments to the 1974 SOLAS Convention
and 1988 Load Lines Protocol;

3. REQUESTS the Secretary-General to transmit certified copies of the present resolution
and the text of the 2008 IS Code contained in the Annex to al Contracting Governments to
the 1974 SOLAS Convention and Parties to the 1988 Load Lines Protocol;

4, FURTHER REQUESTS the Secretary-General to transmit copies of this resolution and
the Annex to al Members of the Organization which are not Contracting Governments to
the 1974 SOLAS Convention or Partiesto the 1988 Load Lines Protocol;

5. RECOMMENDS Governments concerned to use the recommendatory provisions
contained in part B of the 2008 IS Code as a basis for relevant safety standards, unless their
national stability requirements provide at least an equivalent degree of safety.
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PREAMBLE
1 This Code has been assembled to provide, in a single document, mandatory requirements

in the introduction and in part A and recommended provisions in part B relating to intact
stability, based primarily on existing IMO instruments. Where recommendations in this Code
appear to differ from other IMO Codes, the other Codes should be taken as the prevailing
instrument. For the sake of completeness and for the convenience of the user, this Code also
contains relevant provisions from mandatory IM O instruments.

2 Criteriaincluded in the Code are based on the best ““state-of-the-art” concepts, available at
the time they were developed, taking into account sound design and engineering principles and
experience gained from operating ships. Furthermore, design technology for modern ships is
rapidly evolving and the Code should not remain static but should be re-evaluated and revised,
as necessary. To this end, the Organization will periodicaly review the Code taking into
consideration both experience and further devel opment.

3 A number of influences such as the dead ship condition, wind on ships with large
windage area, rolling characteristics, severe seas, etc., were taken into account based on the
state-of-the-art technology and knowledge at the time of the development of the Code.

4 It was recognized that in view of awide variety of types, sizes of ships and their operating
and environmental conditions, problems of safety against accidents related to stability have
generally not yet been solved. In particular, the safety of a ship in a seaway involves complex
hydrodynamic phenomena which up to now have not been fully investigated and understood.
Motion of shipsin a seaway should be treated as a dynamical system and relationships between
ship and environmental conditions like wave and wind excitations are recognized as extremely
important elements. Based on hydrodynamic aspects and stability analysis of a ship in a seaway,
stability criteria development poses complex problems that require further research.
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INTRODUCTION
1 Purpose
1.1  The purpose of the Code is to present mandatory and recommendatory stability criteria
and other measures for ensuring the safe operation of ships, to minimize the risk to such ships,
to the personnel on board and to the environment. This introduction and part A of the Code
address the mandatory criteriaand part B contains recommendations and additional guidelines.

1.2  This Code contains intact stability criteria for the following types of ships and other
marine vehicles of 24 min length and above, unless otherwise stated:

A cargo ships;

2 cargo ships carrying timber deck cargoes;

3 passenger ships,

4 fishing vessels;

5 specia purpose ships,

.6 offshore supply vessels;

v mobile offshore drilling units;

.8 pontoons; and

9 cargo ships carrying containers on deck and containerships.

1.3 Administrations may impose additiona requirements regarding the design aspects of
ships of novel design or ships not otherwise covered by the Code.

2 Definitions

For the purpose of this Code the definitions given hereunder shall apply. For terms used, but not
defined in this Code, the definitions as given in the 1974 SOLAS Convention, as amended, shall

apply.
21  Administration means the Government of the State whose flag the ship is entitled to fly.

2.2  Passenger ship is a ship which carries more than twelve passengers as defined in
regulation 1/2 of the 1974 SOLAS Convention, as amended.

2.3  Cargo ship is any ship which is not a passenger ship, a ship of war and troopship, a ship
which is not propelled by mechanical means, awooden ship of primitive build, afishing vessel or
amobile offshore drilling unit.

24  Qil tanker means a ship constructed or adapted primarily to carry oil in bulk in its cargo
spaces and includes combination carriers and any chemical tanker as defined in Annex Il of
the MARPOL Convention when it is carrying a cargo or part cargo of oil in bulk.
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24.1 Combination carrier means a ship designed to carry either oil or solid cargoesin bulk.
2.4.2 Crudeoil tanker means an oil tanker engaged in the trade of carrying crude oil.

2.4.3 Product carrier means an oil tanker engaged in the trade of carrying oil other than
crude ail.

25  Fishing vessd is a vessal used for catching fish, whales, seals, walrus or other living
resources of the sea.

26  Special purpose ship has the same definition as in the Code of Safety for Specia Purpose
Ships, 2008 (resolution M SC.266(84)).

2.7  Offshore supply vessel means a vessel which is engaged primarily in the transport of
stores, materials and equipment to offshore installations and designed with accommodation and
bridge erections in the forward part of the vessel and an exposed cargo deck in the after part for
the handling of cargo at sea.

2.8  Mobile offshore drilling unit (MODU or unit) is a ship capable of engaging in drilling
operations for the exploration or exploitation of resources beneath the sea-bed such as liquid or
gaseous hydrocarbons, sulphur or salt.

2.8.1 Column-stabilized unit is a unit with the main deck connected to the underwater hull or
footings by columns or caissons.

2.8.2 Surface unit is a unit with a ship- or barge-type displacement hull of single or multiple
hull construction intended for operation in the floating condition.

2.8.3 Sdf-eevating unit is a unit with moveable legs capable of raising its hull above the
surface of the sea.

2.8.4 Coastal Sate means the Government of the State exercising administrative control over
the drilling operations of the unit.

2.8.5 Mode of operation means a condition or manner in which a unit may operate or function
while on location or in transit. The modes of operation of a unit include the following:

A operating conditions means conditions wherein a unit is on location for the
purpose of conducting drilling operations, and combined environmental and
operational loadings are within the appropriate design limits established for such
operations. The unit may be either afloat or supported on the sea-bed,
as applicable;

2 severe storm conditions means conditions wherein a unit may be subjected to the
most severe environmental loadings for which the unit is designed. Drilling
operations are assumed to have been discontinued due to the severity of the
environmental loadings, the unit may be either afloat or supported on the sea-bed,
as applicable; and

3 transit conditions means conditions wherein a unit is moving from one
geographical location to another.
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29  High-speed craft (HSC)! is acraft capable of amaximum speed, in metres per second (m/s),
equal to or exceeding:

3.7* VO.1667

where: V = displacement corresponding to the design waterline (m?).
2.10 Containership means aship which isused primarily for the transport of marine containers.
211 Freeboard is the distance between the assigned load line and freeboard deck?.

212 Length of ship. The length should be taken as 96% of the total length on a waterline
at 85% of the least moulded depth measured from the top of the keel, or as the length from the
fore side of the stem to the axis of the rudder stock on the waterline, if that be greater. In ships
designed with arake of keel the waterline on which this length is measured should be parallel to
the designed waterline.

2.13 Moulded breadth is the maximum breadth of the ship measured amidships to the moulded
line of the frame in a ship with a metal shell and to the outer surface of the hull in a ship with a
shell of any other material.

2.14 Moulded depth is the vertical distance measured from the top of the keel to the top of the
freeboard deck beam at side. In wood and composite ships, the distance is measured from the
lower edge of the keel rabbet. Where the form at the lower part of the midship section is of a
hollow character, or where thick garboards are fitted, the distance is measured from the point
where the line of the flat of the bottom continued inwards cuts the side of the kedl. In ships having
rounded gunwales, the moulded depth should be measured to the point of intersection of the
moulded lines of the deck and side shell plating, the lines extending as though the gunwale were
of angular design. Where the freeboard deck is stepped and the raised part of the deck extends
over the point at which the moulded depth is to be determined, the moulded depth should be
measured to a line of reference extending from the lower part of the deck along a line parallel
with the raised part.

2.15 Near-coastal voyage means a voyage in the vicinity of the coast of a State as defined by
the Administration of that State.

The Code of Safety for High-Speed Craft, 2000 (2000 HSC Code) has been developed following a thorough
revision of the Code of Safety for High-Speed Craft, 1994 (1994 HSC Code) which was derived from the
previous Code of Safety for Dynamically Supported Craft (DSC Code) adopted by IMO in 1977, recognizing
that safety levels can be significantly enhanced by the infrastructure associated with regular service on a
particular route, whereas the conventional ship safety philosophy relies on the ship being self-sustaining with all
necessary emergency equipment being carried on board.

For the purposes of application of chapters | and 1l of Annex | of the International Convention on Load
Lines, 1966 or the Protocol of 1988 as amended, as applicable to open-top containerships, “freecboard deck”
is the freeboard deck according to the International Convention on Load Lines, 1966 or the Protocol of 1988
as amended, as applicable asif hatch covers are fitted on top of the hatch cargo coamings.
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2.16 Pontoon is considered to be normally:
A non self-propelled;
2 unmanned;
3 carrying only deck cargo;
4 having a block coefficient of 0.9 or greater;
5 having a breadth/depth ratio of greater than 3; and

.6 having no hatchways in the deck except small manholes closed with gasketed
covers.

2.17 Timber means sawn wood or lumber, cants, logs, poles, pulpwood and all other types of
timber in loose or packaged forms. The term does not include wood pulp or similar cargo.

2.18 Timber deck cargo means a cargo of timber carried on an uncovered part of a freeboard or
superstructure deck. The term does not include wood pulp or similar cargo.®

219 Timber load line means a specia load line assigned to ships complying with certain
conditions related to their construction set out in the International Convention on Load Lines and
used when the cargo complies with the stowage and securing conditions of the Code of Safe
Practice for Ships Carrying Timber Deck Cargoes, 1991 (resolution A.715(17)).

2.20 Certification of the inclining test weights is the verification of the weight marked on atest
weight. Test weights should be certified using a certificated scale. The weighing should be
performed close enough in time to the inclining test to ensure the measured weight is accurate.

2.21 Draught isthe vertical distance from the moulded baseline to the waterline.

2.22 Theinclining test involves moving a series of known weights, normally in the transverse
direction, and then measuring the resulting change in the equilibrium heel angle of the ship.
By using this information and applying basic naval architecture principles, the ship’s vertical
centre of gravity (VCG) is determined.

2.23 Lightship condition is a ship complete in all respects, but without consumables, stores,
cargo, crew and effects, and without any liquids on board except that machinery and piping
fluids, such as lubricants and hydraulics, are at operating levels.

2.24 A lightweight survey involves taking an audit of all items which should be added,
deducted or relocated on the ship at the time of the inclining test so that the observed condition of
the ship can be adjusted to the lightship condition. The mass, longitudinal, transverse and
vertical location of each item should be accurately determined and recorded. Using this
information, the static waterline of the ship at the time of the inclining test as determined from
measuring the freeboard or verified draught marks of the ship, the ship’s hydrostatic data, and the

Refer to regulation 42(1) of the International Convention on Load Lines, 1966 or the Protocol of 1988
as amended, as applicable.
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sea water density, the lightship displacement and longitudinal centre of gravity (LCG) can be
obtained. The transverse centre of gravity (TCG) may also be determined for mobile offshore
drilling units (MODUSs) and other ships which are asymmetrical about the centreline or whose
internal arrangement or outfitting is such that an inherent list may devel op from off-centre mass.

2.25 Anin-service inclining test means an inclining test which is performed in order to verify
the pre-calculated GM¢ and the deadweight’s centre of gravity of an actual loading condition.

2.26 A dstability instrument is an instrument installed on board a particular ship by means of
which it can be ascertained that stability requirements specified for the ship in the Stability
Booklet are met in any operational loading condition. A Stability Instrument comprises hardware
and software.
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PART A

MANDATORY CRITERIA

CHAPTER1 - GENERAL
1.1  Application

1.1.1 Thecriteriastated under chapter 2 of this part present a set of minimum requirements that
shall apply to cargo* and passenger ships of 24 min length and over.

1.1.2 The criteria stated under chapter 3 are special criteria for certain types of ships. For the
purpose of part A the definitions given in the Introduction apply.

1.2  Dynamic stability phenomenain waves

Administrations shall be aware that some ships are more at risk of encountering critical stability
situations in waves. Necessary precautionary provisions may need to be taken in the design to
address the severity of such phenomena. The phenomena in seaways which may cause large roll
angles and/or accelerations have been identified hereunder.

Having regard to the phenomena described in this section, the Administration may for a
particular ship or group of ships apply criteria demonstrating that the safety of the ship is
sufficient.  Any Administration which applies such criteria should communicate to the
Organization particulars thereof. It is recognized by the Organization that performance oriented
criteriafor the identified phenomena listed in this section need to be developed and implemented
to ensure auniform international level of safety.

1.2.1 Righting lever variation

Any ship exhibiting large righting lever variations between wave trough and wave crest condition
may experience parametric roll or pure loss of stability or combinations thereof.

1.2.2 Resonant roll in dead ship condition

Ships without propulsion or steering ability may be endangered by resonant roll while drifting
freely.

1.2.3 Broaching and other manoeuvring related phenomena

Shipsin following and quartering seas may not be able to keep constant course despite maximum
steering efforts which may lead to extreme angles of heel.

For containerships of 100 m in length and over, provisions of chapter 2.3 of part B may be applied as an
aternative to the application of chapter 2.2 of this part. Offshore supply vessels and special purpose ships are
not required to comply with provisions of chapter 2.3 of part A. For offshore supply vessels, provisions of
chapter 2.4 of part B may be applied as an aternative to the application of chapter 2.2 of this part. For special
purpose ships, provisions of chapter 2.5 of part B may be applied as an alternative to the application of
chapter 2.2 of this part.
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CHAPTER 2 - GENERAL CRITERIA
21  General
2.1.1 All criteriashall be applied for all conditions of loading as set out in part B, 3.3 and 3.4.

2.1.2 Free surface effects (part B, 3.1) shall be accounted for in all conditions of loading as set
out in part B, 3.3 and 3.4.

2.1.3 Where anti-rolling devices are installed in a ship, the Administration shall be satisfied that
the criteria can be maintained when the devices are in operation and that failure of power supply
or the failure of the device(s) will not result in the vessel being unable to meet the relevant
provisions of this Code.

2.1.4 A number of influences such as icing of topsides, water trapped on deck, etc., adversely
affect stability and the Administration is advised to take these into account, so far as is deemed
necessary.

2.1.5 Provisions shal be made for a safe margin of stability at all stages of the voyage, regard
being given to additions of weight, such as those due to absorption of water and icing (details
regarding ice accretion are given in part B, chapter 6 — Icing considerations) and to losses of
weight such as those due to consumption of fuel and stores.

2.1.6 Each ship shall be provided with a stability booklet, approved by the Administration,
which contains sufficient information (see part B, 3.6) to enable the master to operate the ship in
compliance with the applicable requirements contained in the Code. If a stability instrument is
used as a supplement to the stability booklet for the purpose of determining compliance with the
relevant stability criteria such instrument shall be subject to the approval by the Administration
(see part B, chapter 4 — Stability calculations performed by stability instruments).

2.1.7 If curves or tables of minimum operational metacentric height (GM) or maximum centre
of gravity (VCG) are used to ensure compliance with the relevant intact stability criteria those
limiting curves shall extend over the full range of operationa trims, unless the Administration
agrees that trim effects are not significant. When curves or tables of minimum operational
metacentric height (GM) or maximum centre of gravity (VCG) versus draught covering the
operational trims are not available, the master must verify that the operating condition does not
deviate from a studied loading condition, or verify by calculation that the stability criteria are
satisfied for this loading condition taking into account trim effects.

2.2  Criteriaregardingrighting lever curve properties

221 The area under the righting lever curve (GZ curve) shal not be less
than 0.055 metre-radians up to ¢ = 30° angle of heel and not less than 0.09 metre-radians up
to @ = 40° or the angle of down-flooding ¢ if this angle is less than 40°. Additionally, the area
under the righting lever curve (GZ curve) between the angles of heel of 30° and 40° or
between 30° and ¢y, if this angleisless than 40°, shall not be less than 0.03 metre-radians.

2.2.2 The righting lever GZ shall be at least 0.2 m at an angle of heel equal to or greater
than 30°.

¢r is an angle of heel at which openings in the hull, superstructures or deckhouses which cannot be closed
weathertight immerse. In applying this criterion, small openings through which progressive flooding cannot
take place need not be considered as open.
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2.2.3 The maximum righting lever shall occur at an angle of heel not less than 25°. If thisis
not practicable, alternative criteria, based on an equivalent level of safety®, may be applied
subject to the approval of the Administration.

2.2.4 Theinitia metacentric height GMg shall not be less than 0.15 m.

23  Severewind and rolling criterion (weather criterion)

2.3.1 The ability of aship to withstand the combined effects of beam wind and rolling shall be
demonstrated, with reference to figure 2.3.1 as follows:

A the ship is subjected to a steady wind pressure acting perpendicular to the ship’s
centreline which results in a steady wind heeling lever (Iy,);

2 from the resultant angle of equilibrium (o), the ship is assumed to roll owing to
wave action to an angle of roll (¢;) to windward. The angle of heel under action

of steady wind (o) should not exceed 16° or 80% of the angle of deck edge
immersion, whichever isless;

3 the ship is then subjected to a gust wind pressure which results in a gust wind
heeling lever (I,2); and

4 under these circumstances, area b shall be equal to or greater than area a,
asindicated in figure 2.3.1 below:

A

Gz

1, \ I,
y : )_

(PZ (pc

Lever

a Angle of Heel

o0,

Figure2.3.1 — Severewind and rolling

®  Refer to the Explanatory Notesto the International Code on Intact Stability, 2008 (M SC.1/Circ.1281).
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where the anglesin figure 2.3.1 are defined as follows:

®o

01

02

where:

= angle of heel under action of steady wind

= angle of roll to windward due to wave action (see 2.3.1.2, 2.3.4 and

footnote 6)

= angle of down-flooding () or 50° or ¢, whichever isless,

¢ = angle of heel at which openings in the hull, superstructures or
deckhouses which cannot be closed wesathertight immerse.
In applying this criterion, small openings through which progressive
flooding cannot take place need not be considered as open

¢c: = angle of second intercept between wind heeling lever |, and

GZ curves.

2.3.2 Thewind hedling leversl,; and |, referred toin 2.3.1.1 and 2.3.1.3 are constant values at
all angles of inclination and shall be calculated as follows:

PxAxZ

=—— (m and
™ 1000% g*A (m)
l,, =1.5%, (M)
where:
P wind pressure of 504 Pa. The value of P used for ships in restricted
service may be reduced subject to the approval of the Administration
A projected lateral area of the portion of the ship and deck cargo above the
waterline (m?)
4 vertical distance from the centre of A to the centre of the underwater
lateral area or approximately to a point at one half the mean draught (m)
A displacement (t)
g gravitational acceleration of 9.81 m/s”.

2.3.3 Alternative means for determining the wind heeling lever (l,1) may be accepted, to the
satisfaction of the Administration, as an equivalent to calculation in 2.3.2. When such aternative
tests are carried out, reference shall be made based on the Guidelines developed by the
Organization”. The wind velocity used in the tests shall be 26 m/s in full scale with uniform
velocity profile. The value of wind velocity used for shipsin restricted services may be reduced
to the satisfaction of the Administration.

7

Refer to the Interim Guidelines for alternative assessment of the weather criterion (MSC.1/Circ.1200).
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2.34 Theangleof roll (1)® referred to in 2.3.1.2 shall be calculated as follows:

@, =109* k= X, * X, *+/r s (degrees)

where:

X; = factor as shown in table 2.3.4-1

X, = factor as shown in table 2.3.4-2

k = factor asfollows:
k = 1.0for round-bilged ship having no bilge or bar keels
k = 0.7 for aship having sharp bilges
k = asshown in table 2.3.4-3 for a ship having bilge keels, a bar keel

or both

r = 0.73+ 0.6 OG/d

with:

OG = KG-d

d

mean moulded draught of the ship (m)

s = factor as shown in table 2.3.4-4, where T is the ship roll natural period.
In absence of sufficient information, the following approximate formula

can be used:
. . 2*C*B
Rolling period T= S
where:

C = 0.373+ 0.023(B/d) - 0.043(L,./100).

The symbolsin tables 2.3.4-1, 2.3.4-2, 2.3.4-3 and 2.3.4-4 and the formulafor the
rolling period are defined as follows:

Lw = length of the ship at waterline (m)
B = moulded breadth of the ship (m)
d = mean moulded draught of the ship (m)

The angle of roll for ships with anti-rolling devices should be determined without taking into account the
operation of these devices unless the Administration is satisfied with the proof that the devices are effective
even with sudden shutdown of their supplied power.
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Cg = block coefficient (-)

A = total overal area of hilge keels, or area of the lateral projection of the bar
keel, or sum of these areas (n?)

GM = metacentric height corrected for free surface effect (m).

Table2.3.4-1 — Valuesof factor X;

B/d X1
<24 1.0
2.5 0.98
2.6 0.96
2.7 0.95
2.8 0.93
2.9 0.91
3.0 0.90
31 0.88
3.2 0.86
34 0.82
>3.5 0.80

Table2.3.4-2 — Valuesof factor X,

Cs X
<0.45 0.75
0.50 0.82
0.55 0.89
0.60 0.95
0.65 0.97
>0.70 1.00

Table2.3.4-3 — Valuesof factor k

A, x100 Kk
L, xB

0 1.0
10 0.98
15 0.95
2.0 0.88
2.5 0.79
3.0 0.74
3.5 0.72
>4.0 0.70




Table2.3.4-4 — Valuesof factor s

T S
<6 0.100
7 0.098
8 0.093
12 0.065
14 0.053
16 0.044
18 0.038
>20 0.035
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(Intermediate values in these tables shall be obtained by linear interpolation)

2.3.5 Thetablesand formulae described in 2.3.4 are based on data from ships having:

1 B/d smaller than 3.5;

2 (KG/d-1) between - 0.3 and 0.5; and

3 T smaller than 20 s.

For ships with parameters outside of the above limits the angle of roll (¢1) may be determined
with model experiments of a subject ship with the procedure described in MSC.1/Circ.1200 as
the alternative. In addition, the Administration may accept such aternative determinations for

any ship, if deemed appropriate.



