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Resumen

En este trabajo se va a desarrollar el proyecto de un buque portacontenedores
postpanamax con capacidad para 11000 TEUS.

Nuestro buque estara propulsado por un motor diésel directamente acoplado y
dispondra de generacion eléctrica de gas en zonas portuarias con el fin de
reducir la contaminacion.

La tripulacién estard formada por un total de 30 tripulantes y todos ellos
dispondran de camarotes individuales.

El bugue no contara con sistemas de carga y descarga propios, a excepcion de
una pequefia grua para el abastecimiento de viveres.

En sus cubiertas se dispondran dos TEUS en sentido longitudinal, o un FEU si
fuera el caso, porque las guias de nuestro buque estaran adaptadas a dicho
proposito.

Resumo

Neste traballo irase desenvolvendo o proxecto dun buque portacontenedores
postpanamax con capacidade para 11000 TEU's.

O noso buque estara propulsado por un motor diésel directamente acoplado e
dispora de xeracion eléctrica de gas en zonas portuarias coa fin de reducir a
contaminacion.

A tripulacién estara formada por un total de 30 tripulantes e todos eles disporan
de camarotes individuais.

O buque non contard con sistemas de carga e descarga propios, a excepcion
dunha pequena gria para o abastecemento de viveres.

Nas suas cubertas disporanse os TEU’s en sentido lonxitudinal, ou un FEU se
fora o caso, porque as guias do noso buque estaran adaptadas a dito
propaosito.

Summary

In this work, the project of a post-Panamax container ship with capacity for
11000 TEUS will be developed.

Our ship will be powered by a directly coupled diesel engine and will have
electric gas generation in port areas in order to reduce pollution.

The crew will be available for a total of 30 crew members and all of them will
have individual cabins.

The ship does not have its own loading and unloading systems, with the
exception of a small crane for supplying food.

On its decks two TEUS will be arranged longitudinally, or in FEU if applicable,
because the guides of our ship are adapted to this purpose.
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1 INTRODUCCION

En este cuaderno realizaremos el estudio de la cuaderna maestra para que cumpla con
los criterios minimos de resistencia longitudinal y escantillones fijados por la sociedad de

clasificacion DNV-GL.

A continuacion, calcularemos los médulos y escantillones de los refuerzos y planchas
que formaran la estructura del buque (tipo longitudinal) y comprobaremos que el moédulo
cumple con lo estipulado en el reglamento.

Las caracteristicas de nuestro buque son:

Dimensiones

Loa 342,62 m
Lep 326 m
B 47 m
D 28m
T 16 m
Cs 0,671
A 172205t
Fn 0,1817
Cwm 0,992
Cp 0,677
Cr 0,827
Velocidad 20 nudos

TEU's totales 11000

TEU’s cubierta 6168

TEU’s bodega 4840
Tripulacion 30
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2 DISENO CONCEPTUAL DE LA CUADERNA MAESTRA

Nuestro buque proyecto presentara una estructura longitudinal que nos permitira
disponer de un volumen de bodega limpio para albergar los contenedores y un menor peso
estructural. El buque debera de soportar grandes esfuerzos en las zonas mas alejadas del
eje neutro (fondo y cubierta).

Los elementos principales en dicha estructura seran: esloras, palmejares y vagras.

s Py i >3
~~ Solid floor _~ Tanktop -~

/ 7 _~"Inner bottom

> s longltudl.’\afi/

Solid floor

Intercostal

side girder S
Continuous .~
centre girder

e Espaciado entre refuerzos longitudinales: s =900 mm
e Espaciado entre buldrcamas: colocaremos una buldrcama cada 3 cuadernas.
| =3 x 900 =2700 mm

Pagina 7 de 93



Cuaderno 8: Cuaderna maestra
Manuel Garcia Pensado

3 CUADERNA MAESTRA

En las RPA’s se especifica que para el escantillonado del buque emplearemos el
reglamento de la sociedad de clasificacion DNV-GL.

El casco y la estructura del buque se construira con acero naval (“Acero Grado A”),
cuyas caracteristicas se detallan a continuacién

Designacion de Aceros segun limite elastico (pt3 ch.1 See.2 B201-203)

Factor del Limite

Descripcion Material Elastico
| NV-NS f1=1.00 235 N/mm2 I

NV-27 f1 =1.08 265 N/mm”
NV-32 f1=1.28 315 N/mm?*
NV-36 f1=1.39 355 N/mm’
NV-40 f1 =1.43 390 N/mm?
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3.1 Definicidon de los parametros reglamentarios

Los principales pardmetros que necesitaremos en el calculo de la cuaderna maestras se
especifican en Pt 3 Chl Sec 1, donde:

Para los célculos hemos empleado las caracteristicas del buque obtenidas en el
cuaderno 4 para un calado de 16 m (trimado de 0 m).

Draft Amidships (m) 16,000
Displacement t 172110
Heel deg 0,0
Draft at FP m 16,000
Draft at AP m 16,000
Draft at LCF m 16,000
Trim (+ve by stern) m 0,000
WL Length m 332,937
Beam max extents on WL m 47,000
Wetted Area m"2 20552,699
Waterpl. Area m”2 12933,772
Prismatic coeff. (Cp) 0,676
Block coeff. (Ch) 0,671
Max Sect. area coeff. (Cm) 0,992
Waterpl. area coeff. (Cwp) 0,827
LCB from zero pt. (+ve fwd) m 155,347
LCF from zero pt. (+ve fwd) m 142,356
KB m 8,561
KG m 16,000
BMt m 11,892
BML m 541,913
GMt m 4,452
GML m 534,474
KMt m 20,452
KML m 550,474
Immersion (TPc) tonne/cm 132,571
MTc tonne.m 2821,675
RM at 1deg = GMt.Disp.sin(1) 13373,912
tonne.m
Max deck inclination deg 0,0000
Trim angle (+ve by stern) deg 0,0000
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3.1.1.1 Eslora reglamentaria

Eslora de escantillonado es la eslora en la flotacion de verano entre la cara posterior de
la mecha del timén hasta la cara anterior de la roda. Segun el reglamento L no sera menor
del 96% de Lw, no es necesario que sea superior al 97% de Lw.

0,97 *Lw=0,97*333=323m
0,96 * Lw = 0,96 * 333 = 3319,68 m

Donde:
e Lweslaeslora en la flotacion. Lw =333 m

Por lo tanto, la eslora de escantillonado sera:
Lescantillonado = 323 M

3.1.1.2 Manga de escantillonado

La eslora de escantillonado sera igual a la eslora de trazado
Bescantillonado = 47 M
3.1.1.3
3.1.1.4 Puntal de escantillonado

El puntal es la distancia medida en el costado, desde la linea de base a la cubierta
continua mas alta. El puntal sera hasta la cubierta principal:

Descantillonado = 28 m

3.1.1.5 Calado de escantillonado

El calado del buque se define como el calado de francobordo de verano.

Tescantillonado = 16 M

3.1.1.6 Coeficiente de boque

El coeficiente de bloque se obtiene mediante la siguiente formula:

A
(‘B T —§
1,025+L+B=+T

Donde:
A: desplazamiento en la linea de carga de verano. A =172110 t

B: manga en la linea de carga de verano. B =47 m
T: calado de escantillonado. T=16 m
L: eslora de escantillonado. L =323 m

CB = 0,671

Pagina 10 de 93



Cuaderno 8: Cuaderna maestra
Manuel Garcia Pensado

4 ESCANTILLONADO DE LOS ELEMENTOS

A continuacion, calcularemos el escantillonado de los elementos de la cuaderna
maestra, que estara situada en la seccién media del buque.

4.1 Altura del doble fondo

La altura del doble fondo viene definido en el reglamento, donde se especifica:

2.3 Height of double bottom

Where a double bottom is required to be fitted the inner bottom shall be continued out to the ship side in
such a manner as to protect the bottom to the turn of bilge. Such protection will be deemed satisfactory if
the inner bottom is not lower at any part than a plane parallel with the keel line and which is located not less
than a wertical distance hpg measured from the keel line, in mm, as calculated by the formula:

hpg = 1000 - B/20, minimum 750 mm

The height, hpg. need not be taken more than 2000 mm.

The height, hpg. shall be suffident to give good access to all parts of the double bottom. For ships with large
rise of floor, the minimum height may have to be increased after spedial consideration.

hDB = 2350 mm

Sin embargo, por motivos de mantenimiento, reparaciones e inspecciones esta distancia
es insuficiente, por lo que tomaremos una altura del doble fondo igual a 2,5 m

hpe=2500 mm =2,5m
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4.2 Chapas

Realizaremos el célculo de los espesores minimos de las planchas del fondo, doble
fondo, costado y de un mamparo. Para ello debemos emplear la formulacion de la Pt3 Ch6
Sec 3 (pag 13):

SECTION 32 MINIMUM THICKNESSES
Symbaols

For symbaols not defined in this section, see Ch.1 Sec.4.
1 Plating

1.1 Minimum thickness requirements
1.1.1 The net thicknass of plating, in mm, shall not be taken less than:
t =+ hlyfk

whiara:

coefficient as definad in Table 1
coefficient as defined in Table 1.

a
b

For aluminum alloys, material factor kmay be taken as equal to 1.

Table 1 Minimum net thickness for plating

Elament Location a b
Kzl 5.0 0.05
Bottom and bilge 4.5 0.035
From upper end of bilge plating to To- + 4.6 m 0.035
Shell Side shelland  |From Tor + 4.6 mto Tec + 6.9 m 0.025
superstructure 4.0
side From Tg- + 6.9 mto T + 9.2 m 0.015
Elsewhera® 0.01
Sea chest boundaries 4.5 0.05
weather deck!"*"* and srength deck®™ 0.02
Deck Boundary for cargo tanks, water ballast tanks and hold intended for cargo in bulk 4.5 0.015
Other dechks™**! 0.01
T Cargo spaces loaded through cargo hatches except container holds 5.5 0.025
bottem Other spaces 4.5 0.02
Bulkheads for cargo tanks, water ballast tanks and hold intended for cargo in bulk
Peak bulkheads 4.5 o0
Watertight bulkheads and other tanks bulkheads 0.01
Bulkheads
Mon-tight bulkheads in tanks 0.005
Other non-tight bulkheads >0 0
Walls in accommodation 4.5 0

Para obtener el valor de L, debemos consultar la Pt3 Ch1 Sec4 (pag 28):
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L, =L ya que L<300 m
L, =323 m
Chapa de fondo:
t = 4,5+ 0,035 x 323 x V1 = 16 mm
Traca de pantoque:
t = 4,5+ 0,035 x 323 x V1 = 16 mm
Quilla:
t =5+ 0,005 x 323 x V1 = 21,34 mm
Chapa de doble fondo:
t=4540,02x323xV1=11mm
Chapa del costado:
Planchas del forro exterior por encima de D/2 (costado 1):
t=4+0,015x 323 xV1=89mm
Planchas del forro exterior por debajo de D/2 (costado 2):
t =4+ 0,025 x 323 x V1 = 12,17 mm
Planchas de union del costado con el pantoque:
t =4+ 0,035 x 323 x V1 = 15,44 mm
Planchas de la traca de cinta:
t =4+0,01x 323 xV1=72689 mm
Chapa del mamparo:
t =4,5+0,015x 323 x V1 =9,4mm

4.2.1.1 Tablaresumen de espesores minimos

Espesores minimos t
Chapa de fondo 16 mm
Traca del pantoque 16 mm
Quilla 21,34 mm
Chapa del doble fondo 11 mm

Chapa del costado
Costado 1 8,9 mm
Costado 2 12,17 mm
Costado 3 15,44 mm
Traca de cinta 7,268 mm
9

Chapa del mamparo 9,4 mm
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4.2.1.2 Espesor en funcion de las presiones

Para calcular el espesor de las chapas en funcién del espesor debemos usar la
formulacién de la Pt3 Ch6 Sec4 (pag 16):

1 Plating subjected to lateral pressure

1.1 General

1.1.1 Plating
The net thickness, in mm, shall not be taken less than the greatest value for all applicable design load s=sts,
as defined in Sec.2 [2.1.3], given by:

17l

—_ [~ el

t= 0,015 HE_nb 'I" C,qﬂﬂ.'
whera:
Ca = parmissible bending stress coefficient for plate taken equal to:

Tha
C,=p,—a,z ﬁ not to be taken greater than Ca ey
[}

Fa = coeffident as defined in Table 1
[+ = coefficient as defined in Table 1
Comme = maximum permissible bending stress coefficient as defined in Table 1.

Donde C, es el coeficiente de tension de flexion para la placa, Ren es el limite elastico
(Ren = 235 MPa), ong €s la tension longitudinal de la viga del casco (ong = 205 N/mm?) y los
valores de a,, Ba Y Ca-max S€ toman de la siguiente tabla:
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Table 1 Plating, definition of B, @ty and Cy_max

Acceptance criteria Structural member Ba X, Camae
Longitudinal stiffened plating 0.50 0.50 0.80
Longitudinal members
AC-T Transverse stiffened plating 0.50 1.00 0.80
Other members 0.80 0.00 0.80
Longitudinal stiffened plating 1.05 0.50 0.95
Longitudinal members
AC-TT Transverse stiffened plating 1.05 1.00 0.95
Other members 0.95 0.00 0.95
Longitudinal bulkhead members | Longitudinal stifened plating 1.25 0.5 1.15
including possible bench
structures between tanks and
dry spaces ar dry carga I"_':'lds Transverse stiffened plating 1.15 1.0 1.15
not intended to carry liguid or
bulk cargo
Longitudinal stifened plating 1.10 0.50 1.00
Other longitudinal members
Transverse stiffened plating 1.10 1.00 1.00
Ac-I Transverse boundaries of ballast water tanks
Transverse boundaries between tanks and dry spaces or dry cargo 1.15 0.00 1.15
heolds not intended to carry liquid or bulk cargo
Other members 1.00 0.00 1.00
Lﬂngitul:linallz.watertight Longitudinal stiffened plating 1.25 0.50 1.15
boundaries © Transverse stiffened plating 1.15 1.00 1.15
Other watertight boundaries % 1.15 0.00 1.15
1} Only applicable for flooding pressure

4.2.1.3 Presiones

Las presiones que emplearemos se definen en la tabla del reglamento de la Pt3 Ch6

Sec2 (pag 9):
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Table 1 Design load sats

Desiy Loading
DESJng 4) ﬁmﬂmﬂ’ﬂ? CovhaitiovT for
Sructural member joad set Mﬂn Load component Craught criteria | definition of
SCENAD &M and k'J
External shell and T, Full load
P + Py, Py s
Eﬂ:ﬁﬂ'ﬂm deck SEﬂrlﬂ 25] AC-TI condition
Supersbructure side rriase{ Pyt Par)
External shell SEA-2% 1 e Tse AC-1 =
Narmal
we-1 29 | Pyg+ Pe- P+ A | Tax AC-1T ballast
condition
af 9 Marmal
MB'""'IH'";'H‘E‘H m"mballa o |WE2 3 Pi.z + Pia - (Ps + Pu) Taar AC-TI ballast
condition
holds
N Taa
WE-3 4 | max(PyPesr) - P Wasei | pe m -
0.25Tac)
WE-4% 19 | Py - Bt Taa AC-1 -
Maormmal
TH-15 29 | Py + Pir- (Ps+ A" | Taa AC-1T ballast
Boundaries of tanks other condition
than ballast water tanks  [—— p P Paar)® - praees -
™®-3% 19 | Py - P Tau AC-1 -
Internal sbructures in
INT-1 i T AC-T -
ks Plat 50
Collision bulkhead AC-T
Watertight boundaries FO-1 5 Py Truam =
other than collision AC-TTI
bulkhead
Marmal
Pgs + P,
Exposed decks and upL-135) 2% e T T Toar AC-TI ballast
non-exposed decks and Fus + Fua condition®!
platforms with distribubed 5
load DL [ B | . AC-T -
Fiig
Marmal
Decks and hatch coversf | wi-1% 2 Pz Taa AC-1I ballast
RO/RO equipments with condition?!
wheal loading B
WL-2 1 Pi.s - AC-T -
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4.2.1.4 Coeficiente de olas

SECTION 4 HULL GIRDER LOADS

Symbaols

For symbols not defined in this section, see Ch.1 Sec.4.

X = X coordinate, in m, of the calculation point with respect to the reference coordinate system defined

in Sec.1 [1.2.1]
Cw = wave coefficient, shall be taken as:

C,, = 008560 for L <90

= 1075 — (300—L\15 for 90 =L < 300
€, = 1075 - (55 or
£,=1075 for 3200 <L < 350
. . L— 350415 -

£, = 1075 — (155 for 350 <L = 500

_f,ﬂ = heading correction factor, shall be taken as:

fos

for strength assessment:

fz = 1.0 in general

fz = 0.8 for BSR and BSP load cases for the extreme sea loads design load scenario

for fatigue assessment:

Flnjv = 1.0

coefficient, as defined in Sec.3
0.85; fatigue coefficient

fm =

BSR, BSP, HSM, HSA, FSM, OST, OSA = dynamic load cases, as defined in Sec.2.

Como la Lescantilonado = 323 m, el valor de Cw sera 10,75.

Cw =10,75
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4.3 Chapade fondo

La chapa del fondo deberé& soportar las cargas del mar (Ps + Pw) y de los tanques de
lastre (interior). Para el calculo en funcién de las presiones emplearemos la formulacion de
la Pt3 Ch6 Sec4 (pag 16):

1 Plating subjected to lateral pressure

1.1 General

1.1.1 Plating
The net thickness, in mm, shzll not be taken less than the greatest value for zll applicable design load sets,

as defined in Sec.Z [2.1.3], given by:

5 17

t = 0,015 Eez“b 1.| G
where:
Ca = permissible bending stress coeffident for plate taken equal to:

i
=8, — H“Jﬁf;[ not to be taken greater than Cy may

i = coefficient as defined in Table 1
&, = coefficient as defined in Table 1
Comar = maximum permissible bending stress coefficient as defined in Table 1.

El célculo de las presiones se especifica en la tabla 1 (Pt3 Ch6 Sec 2 Pag 9):

Table 1 Design load sets

Design Loading
i Design 4y Acreptance | comdition for
Shrvctural mamber joad set Sa.';:'.;r::m Load componant Draught criteria definition of
GM and k,
Extermal shell and Tor Full load
Pz + Py, Pp
exposed deck cEp-1"! 25 AC-TT condition
Superstruchure side maod{ Py, Par)
4}  Local loads:
Py = hydrostatic 9ea pressure as given in Ch.d Sec.5 [1.Z]
Py = Wave pressure as givenm in Ch.4 Sec.5 [1.3]
Py = external dynamic design pressure for exposed decks and wheelhouse top due to green sea loading as

given in Ch.4 Sec.5 [2.2] and Ch.4 Sec.5 [3.2], respectively
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(Pt3 Ch4 Sec5 pag 48)
1.2 Hydrostatic pressure

1.2.1 The hydrostatic pressure, Pg at any lead point, in kN/m’, is obtained from Table 1. See also Figure 1,

Table 1 Hydrostatic pressure, PS

Location Hydrostatic pressure, Pz, in kN/m®
z= T pg (Ticz)
z=> T a

Nlisizes

Figure 1 Transverse distribution of hydrostatic pressure Ps

(Pt3 Ch4 Sec3 pag 27)

T = draught, in m, amidships for the considered loading condition. In case loading condition is not
defined, T~ = T shall be applied

(Pt3 Chl Sec 4 pag 28)

Tor scantling draught m

Dado que la z = 0 en el punto que estamos considerando (fondo), z < Ti.c y por tanto
existe una presion hidrostatica por parte del mar que sera:

Ps=pxgx(Tlc—z)=1,025%x9,81 x (16 —0)
Ps = 160,884 KN/m?
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Célculo de Py:
Para calcular el valor de la P empleamos la formulacion siguiente:
(Pt3 Ch4 Sec5 pag 49)

Table 2 Hydrodynamic pressures for HSM load cases

Wave pressure, in kN/m®
Load case 22T, Te=zshy+T,- E> by + Ty,
HEM-1 Py = max{ — Py pa(z—T, )}
P = Py —Pg{z— Tec) Py = 0.0
HSM-2 Py = max{F g pa(z =Ty}
where:
L +a—125

i
P.l.lb'=c,r'].lr e-r-lflrn 'Ifuk,u -r}lz ':'.u"il L

Gr = fr+0.5- (0.7fr — 0.2)Cs
fae = coefficient considering non-linear effects, to be taken as:
for extreme s=a loads design load scenario:
fy=0.7atfy =0
f = 0.9 at fy = 0.3
fo = 0.9 at £y = 0.7
fy=0.5atf =1
for ballast water exchange design lead scenario:
fe=085atf, =0
fu = 0.95 at £, = 0.3
fy=0.95at fy = 0.7
fy=0.80atf, =1

Intermediate valuas are obtained by linear interpolation

f_l.'z = girth distribution coefficient, to be taken as:
b
5 x - - -
fy.r_ Ly Tie ! [‘J'_ r‘xJI_}-H +1
Cy = coefficient to be taken as:
. [x — 0,50
€, =15—£220
fx = coefficient to be taken as:
fp=30(121—0.66f)
kg, = amplitude coefficient in the longitudinal direction of the ship, to be taken as:
f P 20 r 2 i
ky = (05 + f)|(3—2F ) =5 F (7= 8l + 21— 1) for o <0.15
k, =10 for 015 = f,, <07

by =1+ (fry — “-?]{[l*a_nffr - H:I + 2':1 _JF:,-.';] |,:'-_—zf.-[f,.u,— 0.7) —0.25(2 — f":'} for fry =07

A = wave length of the dynamic load case, in m, to be taken as: A = 0.6(1 + ff)L
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.Frp = phase coefficient to be obtained from Table 3. Intermediate values shall be interpolated.

Table 3 Definition of phase coefficient K,

far a 0.3-0.1f 0.35-01f 0.8 -0.2fr 0.9 -0.2f 1.0
Fq —0.25 1 + fia) -1 1 1 -1 -1
-] .- S
PEE-T )
.IIIII‘F-; i
—':u'l ’ -,
] —
-—
<11 JJLLJ'_LLlig
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Se considera la condicion dinamica HSM-2 maximizando el momento flector por las olas
en la parte del buque y z sera menor que T.c por estar en el fondo:

(Pt3 Ch4 Sec2 pag 13)

Table 1 Ship responses for HSM, HSA and FSM load cases - strength assessment

Load case HSM-1 | HESM-2 H5A-1 H5A-2 F5M-1 FSM-2
EDW H5M HEA F5M
Heading Head Head Following
Effect Max. bending moment Max., wvertical acceleration Max. bending moment
VWEBM Sagging Hogging Sagging Haogging Sagging Hagging
s Megative—aft Positive—aft Megative-aft Pasitive-aft Megative-aft Paositive—aft
Positive-fore Negative—fore Positive-fore Megative—fore Positive-fore Megative-fore
HWEM - - - - - -
™ - - - - - -
Surge To stern T bow Tao stern To bow To baow To stern

el R = A L= B N = g D= I e Bl S =

Sway - - - - - -

By

NhIEEEEE

Roll - - - - - -

Aot - - - - - -

Pitch Bow down Bow up Bow down Bow up Bow up Bow down

SR ‘F‘C:QF'? r*‘f-.'j:{ “LLEI':; — 7y 3 L;:_:J:t:j "‘_‘:_____{f}“‘j?

S i b | S

(Pt3 Ch 4 Sec 3 pag 27)

fr = ratio between draught at a loading condition and scantling draught, shall be taken as:
fp= :,'Ti , but shall not be taken less than 0.5
Tic = draught, in m, amidships for the considered loading condition. In case loading cendition is not
defined, Ty~ = Tzr shall be applied
fps = coefficient for strength assessments which is dependant on the applicable de=ign load scenario

specified in Sec.7, and shall be taken as:
foe = 1.0 for extreme sea loads design lead scenario

f,

a3
fo = 0.8 for the ballast water exchange design load scenario

= f, for extreme sea loads design lead scenario for vessels with service restriction

fo = 0.8'F; for the ballast water exchange design lead scenarie for vessels with service restriction
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(Pt3 Ch4 Sec?2 pag 10)

[ = ratio between X-coordinate of the load peint and L, to be taken as:

fa = |,£, but shall not be taken less than 0.0 or greater than 1.0

(Pt3 Chl Sec4 pag 28)

Lo rule length, L, but not to be taken less than 110 m m

Como L > 110 m, el valor de Lo serdde Lo =L =323 m.

Céalculo de Pys:

Cor = fr+0.5— (0.7f - 0.2)Cp
Cr=1,17
= ratio between draught at a loading condition and scantling draught, shall be taken as:
T
T, -
fr= b » but shall not be taken less than 0.5
T T
5E
fT =1
fps = coefficient for strength assessments which is dependant on the applicable design load scenario

specified in Sec.7, and shall be taken as:

foe = 1.0 for extreme sea loads design load scenario

= f, for extreme sea loads design load scenario for vessels with service restriction
0.8 for the ballast water exchange design load scenario

Fos
Fos
fae = 0.8°F for the ballast water exchange design load scenario for vessels with service restriction
fps =1
In = coefficient to be taken as:
fi, = 3.0(121 — 0.66f,)

fn =1,65

fut = ratio between X-coordinate of the load point and L, to be taken as:

fa = fi, but shall not be taken less than 0.0 or greater than 1.0

fx|_ = 0,52 (X =170 m)

fag = coefficient considering non-linear effects, to be taken as:
for extreme sea loads design load scenario:
fi=0T7atf=0
fp=0.9atf; = 0.3
fp=0.9atf; = 0.7
fu=06atf; =1
for ballast water exchange design load scenario:
fy=085atf; =0
fp =095 atf; = 0.3
fop=0.95 at £y, = 0.7
fyu=080atf; =1

Intermediate values are obtained by linear interpolation

fnl = 0,9
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feq = amplitude coefficient in the longitudinal direction of the ship, to be taken as:
20 - [ 2 i -
ko= (05 + £)[(3 - 2Fs) = 27— 6Fa)] + 21 17) for f,, <015
k=10 for 015 f, <07

=}

%f.,.{f“—u.?}—u.zs[z—;.,.]” for [, =07

ky=1+(f, — D.?j[(%r'_, - 5] + 2{1 - f},b,]

Ka=1(0,15 < fx <0,7)

(Pt3 Ch4 Sec5 pag 47)
fim = ratio between Y-coordinate of the load peint and B, to be taken as:

a4
= J_T‘LI' but not greater than 1.0

X

[ya

frg=1when B, =0

Fyg=0(y=0m)

Table 3 Definition of phase coefficient K,

£ o 03-01f | 035-01f | 08-02Ff 0.9 -0.2f 1.0

k, -0.25 f{1 + F) -1 1 1 -1 -1

Ko =1
Cx = coefficient to be taken as:
€, =15— |x—lln.5r.|
Cx=1,48

fiz = girth distribution coefficient, to be taken as:

. = .
fra=Cog—t+ [z—cx);}.ﬁ.ﬂ

F.=1
A = wave length of the dynamic load case, in m, to be taken as: A = 0.6(1 + fr)L
A =392,268 m

ILI..]‘-J.—-..;’.“_'!

PH.‘S=C_fr-fysfnffkkr-ky-fp:cw"pl ;

Pus = 25,18 KN/m?
Recordando la tabla obtenemos el valor de Py en la condicién HSM-2:

Table 2 Hydrodynamic pressures for HSM load cases

Wave pressure, in kN/m®
Load case IS T“_- T;,.;' —EE hu—' + Tr,r.' &= hH" + Tl'f.f.'
HSM-1 Py = max{ — Pyo pglz — Ty}
Pw = P — pg(z - Tgl;':l Py = 0.0
HSM-2 Py = max{P,:pg(z—T,.)}

pXxXgXx(z—Tlc)=1,025%981x (0—16) = —160,88 KN /m?
Pw = max{25,18 ; -160,88} = 25,18 KN/m?
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La presion debida al mar seré:
Ps + Pw = 160,88 + 25,18 = 186, 064 KN/m?

Ahora debemos calcular la presion debida al tanque de lastre, donde en primer lugar es
necesario conocer la presiéon estatica y dindmica que se ejercen. Estudiaremos la condicion
mas desfavorable, que sera con el tanque lleno.

Presion estatica:
(Pt3 Ch6 Sec 2 pag 9)

Internal structures in

INT-1 1 T: AC-T -
tanks Fie L

La Pin: esté definida, considerando la presion estatica y la presion inercial para liquidos:
(Pt3 Ch4 Sec 6 pag77)

1 Pressures due to liquids

1.1 Total pressure

1.1.1 Pressures for the strength and fatigue assessments of intact conditions
The internal pressure due to liguid acting on any load point of a tank and ballast hold boundary, in I{N_.'rl'l'lzr for
the static (S} design load scenarios, given in Sec.?, shall be taken as:

Py = Py but not less than 0
The intermal pressure due to liguid acting on any load point of a tank and ballast hold boundary, in Iccl*nl,"rnzr for
the static plus dynamic (S + D) design load scenarios shall be darived for each dynamic load case and shall

be taken as:

Py, = P + Py but not less than 0

where:

Pp. = static pressure due to liquid in tanks and ballast holds, in kN,.i'rn:. as defined in [1.2.1] to [1.2.5]

Pgz = dynamic inertial pressure due to liquid in tanks and ballast holds, in kN.-"rn:. as definad in [1.2].
1.2 Static liquid pressure

1.2.1 Normal operations at sea
The static pressure, in kN/m®, in tanks and ballast holds for normal operations at sea, shall be taken as:

Pos=Fam y{zmp - z] P for tanks armmanged with pressure relief valves

Pai=pm _quigp —p_'] for other cases.

(s

Las alturas a considerar son Zrop ¥ Z, que son la altura de la parte superior del tanque y
la altura de la chapa que estamos dimensionando respectivamente.

Ztop =2,5m

Z=0m

Se supondran los tanques totalmente llenos.
(Pt3 Ch4 Sec 6 pag76)
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factor for joint probability of occurrence of liguid cargo density and maximum sea state in 25
years design life, to be taken as:

Sad

for strength assessment with FE analysis of cargo tanks filled with for oil or il

foy = 0.88
od products cargo with p; = 1.025 I:fm3

feg = 1.0 for other cases

design vapour pressure, in khl.l"mz. not te be taken less than 25 l:lhh"m1 and not greater than
70 kN/m*. Design vapour prassure greater than 70 kN/me may be accepted on a case-by-

case basis

Pey

Tanque de lastre:

Pas=Ffan y{sz - ;{] + Py for tanks arranged with pressure relief valves

Pls—1=1x1,015%9,81x%x(2,5—0)+ 70 =951KN/m?
Pis.1= 95,1 KN/m?
Presion dindmica:
(Pt3 Ch4 Sec 6 pag 80)

1.3 Dynamic liquid pressure

1.3.1 The dynamic pressure due to liquid in tanks and ballast holds, in kN/m® shall be taken as:

I A1
Fey -rr..'ﬁr._gr':zra_zJ' f f...'.'_rug[x.'.-—x:I t f-;.'|_rﬂr|:J’¢.—JF‘.|]

whera:
fuire = longitudinal acceleration correction factor for the ullage space above the liguid in tanks and ballast
halds, taken as:
for strength assessment:
fo-r = 0.62 for cargo tanks filled with any liquids inclusive water ballast
fg = 1.0 for other cases
for fatigue assessment:
Fun_ =05+ w for cargo tanks and ballast holds
I e ¥
for = 1.0 for other cases
¢ shall not be less than 0.0 nor greater than 1.0
£ = cargo tank length at the top of the tank or length of the ballast held hatch coaming, in m
fupe = transverse acceleration correction factor to account for the ullage space above the liquid in tanks

and ballzst holds, taken as:

for strength assessment:

fun-t = 0.67 for cargo tanks filled with any liquids inclusive water ballast
fuw-r = 1.0 for other cases

for fatigue assessment:

Fuif—¢ =054 |":J_—’1:1:| for cargo tanks and ballast holds
) Trop ’

fua-e = 1.0 for other cases

by = cargo tank breadth at the top of the tank or breadth of the ballast hold hatch coaming, im m
determined at mid length of the tank or ballast hold hatch coaming

F = X coordinate, in m, of the reference point
Yo = ¥ coordinate, in m, of the reference point
=g = Z coordinate, in m, of the reference point.
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The reference point shall be taken as the point with the highest value of v, caloulated for all poirts that
define the upper boundary of the tank or ballast hold a3 follows:

Ir'_I = -:,ll,‘-[x_, —.::I::I i u,,l:)'..— }-I::I | l:u:: | y:ll:.xl.—g;:]
wiliere:
x; = X coordinabe, in m, of the paint j on the upper boundary of the tank or ballast hold

¥ = ¥ coordinate, in m, of the point § on the upper boundary of the tank or ballast hold
i = Z coordinate, in m, of the paoint § on the upper boundary of the tank or ballast hold.

The following simplified method of determination of the reference point assuming a rectangular shape with
ared equal Axg of the top of the tank or the ballast hold hetch coaming IS acceptable, ses Figure 1:

=X, + 0.5 Frs
_'f'J ""-'ﬂl' + I.'I..‘ih”,:
walere

= X coordinate, in m, of the centre of the rectangular area Ay, at the top of the tank or the ballast
hold hatch coarming
= ¥ coordinate, in m, of the centre of the rectangular aréa A, at the top of the tank or the hallast
holdl hateh coaming
Amp = 4’,,,-5.-,,,: the mres of an rectangular shape &t the top of the tEnk or the ballast hold hatoh coanming,
inm’.

Hiop

Yiep

b

o

E.-p. 1|_ _,_,—o—'—'_'__'_'-'_,'_'_'_./?fllr yl‘uu
"

o i

———— e ——

Figure 1 Area of a rectangular shape at the top of a tank

Obtenemos las coordenadas de referencia para los tanques de agua de lastre.

xjl = 6,3 + 0,5*12,6 = 12,6 m
xj1=6,3-0,5%12,6 =0 m
yjl = 24,8 + 0,5*49,6 = 49,6 m
yjl = 24,8 - 0,5*49,6 = 0 m
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4.4 Calculo de las aceleraciones
(Pt3 Ch4 Sec3)
Pag 31

3.2 Accelerations for dynamic load cases

3.2.1 Longitudinal acceleration
The longitudinal acceleration at any position for each dynamic load case, in m/s®, shall be taken as:

iy = fj.'l[ — Cypgsin W:J b Cyslloyrge T Cophypenl® — Kl"|

3.2.2 Transverse acceleration
The transverse acceleration at any pesition for each dynamic load case, in m/s?, shall be taken as:

dy = l'rﬁ'[r:r.':ﬂ""“ 8+ Cyplt = Cypitgyle — RY)|

3.2.3 Vertical acceleration
The vertical acceleration at any position for each dynamic load case, in m/s®, shall be taken as:

By = el CanTheame * Coplron¥ — EZP“;-.'.-:-.'.':I - ':"45£:'|

Pag 27
ag = acceleration parameter; shall be taken as:
ay= [1.53 - u.4?cﬂ][:+: +2— T_f:l
Donde:
L =323 m
Cs=0,671
ao = 0,2953 m/s?
Pag 29
2.2.1 Surge acceleration
The lengitudinal acceleration due to surge, in m/s’, shall be taken as:
B ge = U.Z[l.h + ﬁ},rpuug
wihera:
fa = coefficient shall be taken as:
fy = fo for strength assessment
fy fﬁ.'_[l.?_'? - |:‘15 b 4f._..:|.!. . ‘IEI_':'] for fatigue assessment.
Donde:
f=1

ao = 0,2953 m/s?
Asurge = 0,94235 m/s?
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2.2.2 Sway acceleration
The transverse acceleration due to sway, in m/'s’, shall be taken as:

_ -
Oppay = 03225 =22 (a0
where:

fa = coefficient shall ke taken as:
fo = fps for strength assessment

Aaway — 1,6484 m/s?

Pag 30

2.2.3 Heave acceleration
The vertical acceleration due to heave, in m/s?, shall be taken as:

2LAT 6.5 .
Theare = 081+ 0036)(0.72 + 7 ) (115 — 2217 a8 L <100 m
[T L - 65 . .
- [n.4 | ﬁ}.'} | u.usu(z—ﬁj)[mh —?H]f;,uﬂq 100 <L <150 m
— [ 8,5
L — 1.15 —JiL J’p“rﬂ L=150m
vihere:
v = unless otherwise specified in Pt.3, to be taken as:
Oktfor L = 100 m
SktforL =150 m
linear interpolation for L between 100 m and 150 m.
£ = coefficient shall ke taken as:

fl-_, = f.J;_‘ for strength assessment

fo= fﬂ:(D.ZT + u.nzf,.] —17L- 1n—5| for fatigue assessment.

Aheave = 3 m/s?
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Pag 28

2.1.1 Roll motion
The roll period, in 5, shall be taken as:

2 3mk
T r
@ JoGM

The roll angle, in deg, shall be taken as:

7 e e
S0 18 — BB35T g |1 e

TLIGA T Ga)w

where:

fa = coefficient shall be taken as:

fy = fo for strength assessment

f,= fyl0.23—af 8 - 107") for fatigue assessment
fex = shall be taken as:

fax = 1.2 for ships without bilge kesl

fax = 1.0 for ships with bilge keel

k, = roll radius of gyratien, in m, in the considered loading condition. In case k-has not been calculated,
the following values may be used

k= 0.39 B in general
kr = 0.35 B for tankers in ballast
For fatigue, default values are given in Ch.9.

GM = metacentric height, in m, in the considered loading condition, minimum 0.05 8. In case GM has not
been calculated, the following values may be adopted:

GM = 0,07 B in general

GM = 0.12 B for tankers

GM = 0,05 B for container ship with B = 32.2 m
GM = 0.11 B for container ship with B = £40.0 m

Donde B=47m

0=22445°
Te=19,15s
Pag 29
2.1.2 Pitch motion
The pitch period, in s, shall be taken as:
Te= 'h'l%i

where:
Ay =06{1+ f)0

The pitch angle, in deg, shall be taken as given in formula below and need not to be taken greater than 20
degree.

0 257112
@ = 920f L L"'3"{1..t\=+ (%} ]

whera:

fa = coefficient shall be taken as:
f = fpy for strength assessment

f,= fﬂ'[u.zsr — 0,02 fT] —{13- Sf;,.] L 1n—-“| for fatigue assessment.

¢=728°
T, =1585s
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2.2.4 Roll acceleration
The roll acceleration, ay, in rad/s%, shall be tzken as:

f2m}®

o = Fy (T,

whera:

a = roll angle in deg, using f; equal to 1.0

fa = coefficient shall ke taken as:
Fo=Fu for strength assessment
er = fR'IEI..’-::i —df B 1|2|_“] for fatigue assessment.

aron = 0,0424 m/s?

Pag 30

2.2.5 Pitch acceleration
The pitch acceleration, in rad/s”, shall be taken as:

@ = 0801+ 0,050)f (0,72 4 _3—'":|r1.:r5— ke ]¢L|r2—-‘1|1 L <100 m
itch P .-nnL ?ﬁ" "mI,le,l

I L | e fe ], - 2 n [l
Gpizch = |0 + 755 || 1+ 00593 — 55 ||| 175 —7 'Fmtr_] 0= L= asom
| i N v
=fl175 - 2L Lrl_"'”t L=150m
Ditch = fji o gl LT l-.T'?'J =
where:
@ = pitch angle in deg, using f; equal to 1.0
v = as defined in [2.2.3]
T = coefficient shall be taken as:
Fp=1ps for strength assessment
f,= fR.IZI,ZH - |:5 + ﬁlf].:lL- 10_5] far fatigue assessment.

Apitch = 0,02718 m/s?

(Pt3 Ch4 Sec 6 pag 76)

X3 ¥e3g = X, ¥and Z coordinates, in m, of the velumetric centre of gravity of the tank, considered with
respect to the reference coordinate system defined in Sec.1 [1.2]
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(Pt3 Ch4 Sec 1 pag 8)
1.2 Definitions

1.2.1 Coordinate system
The coordinate system is defined in Ch.1 Sec.4.

1.2.2 Sign convention for ship motions
The ship motions are defined with respect to the ship’s centre of gravity [C0G) as shown in Figure 1, where:

— positive surge is translation in the X-axis direction (pesitive forward )

— positive sway is translation in the ¥-axis direction (positive towards port side of ship)

— positive heave is translation in the Z-axis direction {positive upwards)

— positive roll motion is positive rotation about a longitudinal axis through the COG {starboard down and

port up)

— positive pitch metion is positive rotation about a transverse axis through the COG (bow down and stern
up]

— positive yaw motion is positive rotation about a vertical axis through the COG (bow moving to port and
stern to starboard).

Heane

Figure 1 Definition of positive motions
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Para los siguientes coeficientes se ha elegido la condicién dindmica HSM-2 que
maximiza el momento flector vertical por las olas en la parte media del buque:

(Pt3 Ch4 Sec 2 pag 18)

2.2 Load combination factors

1]

2.2.1 The load combinations factors (LCFs) for the global loads and inertia load components for strength
assessment are defined in:

— Tablz 4: LCFs for HSM, HSA and FSM load cases.

— Table 5: LCFs for BSR and BSP load cases.
— Table &: LCFs for OST and OSA load cases.

Table 4 Load combination factors for HSM, HSA and FSM load cases - strength assessment

Load component LCF H5M-1 HSM-2 H5A-1 HS5A-2 FiM-1 FsM-2

M Cier -1 1 -0.7 0.7 —0.4f — 0.6 | 0.4f + 0.6

HIJ” gil"dEI' QW".-' CU“" - l.wa 1-“?’[.5 _‘Duﬁfu: D. E.F[p - l.ﬂfg‘c 1.{'.“1‘5

loads Mure | Coe ) o o o o )
Myr Cur 0 0 o o 0 0
Fsuge Cxs 0.6 - 0.2Fr 0.2 — 0.6 0.2 -0.2 0.2 - 0.4 0.4f — 0.2

Longitudinal _ - _ _

sceerations  |2etenx | Cxe |=0.15-L,/300| 0.15+L,/300 1.0 1.0 0.15 0.15
gsing | Cis 0.6 -0.6 D4, + 0.1 | —D.4F — 0.1 -0.2 0.2
Sy Crs 0 0 4] a ] o

Transverse

accelerations Froit-y Cm 0 - 0 0 o 0
g sind Cyis 0 0 0 0 ] 0
Snasee | Com | 0.5Fr — 0.15 | 0.15 - 0.5F; 0.4 0.4 0 0

Vertical

accelerations | -2 Can 0 g 0 0 0 0
Az | Cap -0.7 0.7 -1.0 1.0 0.15 -0.15

Los parametros que obtenemos de la tabla son los siguientes:

Cxg

Cxs

Cxp

Cyg
Cys

Cyr
Czh

Czr

Czp

-0,6
-0,1
0,7

0

0

0
-0,35

0,7
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(Pt3 Ch4 Sec3 pag 27)

R = wertical coerdinate, in m, of the ship rotation centre, shall be taken as:

(p Tie p)
R = min|—+ =
|,~4 z2

Donde:
D=30,5m
Tic=16m
R=1525m

e = heading correction factor, shall be taken as:
for strength assessment:
fz = 1.0 in general
fz = 0.8 for BSR and BSP load cases for the extreme sea loads design load scenario
for fatigue assessment:
fg = 1.0

f[3=l

Para obtener el valor de las coordenadas “x” e “y” se tomara como puntos de referencia
el centro de gravedad del buque (lo consideramos a la mitad de la eslora y del puntal):

XGbuque = 333/2 = 166,5 m
KGbuque =28/2=14m

Teniendo en cuenta que huestra seccién mas representativa sera la correspondiente a
la bodega 9, el centro de gravedad de la maestra es el siguiente

XGmaestra = 183 m

KGmaestra = 28/3 =9,33 m

Por lo que las coordenadas seran:
X = XGmaestra - XGpugue = 16,5 m

Z = KGmaestra - KGbugue = - 4,67 m
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Recordando las férmulas de las aceleraciones y los pardmetros obtenidos

anteriormente;

3.2 Accelerations for dynamic load cases

3.2.1 Longitudinal acceleration

The longitudinal acceleration at any position for each dynamic load case, in I'I'I.|"51r shall be taken as:

= 'Jrnf"[li - f:xl.:gh'-i.!:l qul N CX.'&'“.WF.I_.‘E + {:.V.'Pupit'.'f:{x - -ﬁ'.]l

3.2.2 Transverse acceleration

The transverse acceleration at any pesition for each dynamic load case, in m/s®, shall be taken as:

dy = f,-?["f_mﬂm“ B4+ Cygypay = Cyplyoylz — ”:']

3.2.3 Vertical acceleration

The vertical acceleration at any position for each dynamic load case, in rnsz.. shall be taken as:

az= f.ﬁlczﬁﬂ.lwczre + Caplpgny — Cz.”ﬂ,-_u!:r.':l:x - I:"'1"5‘::||

Cxg
Cxs
Cxp
Cyg
Cys
Cyr
Czh
Czr

Czp

do
dsurge

daway

-0,6
-0,1
0,7

0

0

0
-0,35

0,7

323
0,671
28

16
15,25
22,445
19,1
7,28
15,85
0,2953
0,94235
1,6484
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Aheave 3
Apitch 0,02718
droll 0,0424

ax = 0,2635 m/s?
ay =0 m/s?

az =1,5 m/s?

Recordando el valor de la presion dindmica Pq :

1.3 Dynamic liquid pressure

1.2.1 The dynamic pressure due to liquid in tanks and ballast holds, in kM/m? shall be taken as:

Pag = Fed F‘J.Iﬂx{zﬂ_ “} +Fan—e ﬂr["ﬁ'_ x] + Fan—eayly, _J’}l
where:

funs = longitudinal acceleration correction factor for the ullage space above the liquid in tanks and ballast
holds, taken as:

for strength assessment:

fuii-s = 0.62 for cargo tanks filled with any liquids inclusive water ballast
fuiis = 1.0 for other cases

for fatigue assessment:

20— 2] 100
fu_p =05+ ,—'l;o for cargo tanks and ballast holds
- P
e = 1.0 for other cases
fui-g shall not be less than 0.0 nor greater than 1.0
fﬁ = cargo tank length at the top of the tank or length of the ballast hold hatch coaming, in m
fume = transverse acceleration correction factor to account for the ullage space above the liguid in tanks

and ballast holds, taken as:
for strength assessment:
fui-s = 0.67 for cargo tanks fillad with any liquids inclusive water ballast
fui-¢ = 1.0 for other cases
for fatigue assessment:
|x —z| .
Fu—e =05+ [’I—”HD for cargo tanks and ballast holds

B
top

fui¢ = 1.0 for other cases

bmp = cargo tank breadth at the top of the tank or breadth of the ballast hold hatch coaming, in m
determined at mid length of the tank or ballast hold hatch coaming

Xg = X coordinate, in m, of the reference point

Yo = ¥ coordinate, in m, of the reference point

g = Z coordinate, in m, of the reference point.

P = 13,727 KN/m?
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Recordando que la expresion que definia el espesor de la chapa en funcion de la
presion es:

(Pt3 Ch6 Sec4 pag 16)

1.1 General

1.1.1 Plating
The net thickness, in mm, shall not be taken less than the greatest value for all applicable design load sets,
as defined in Sec.2 [2.1.3], given by:

- 17
t = 0.0158a b 1..71;";
where:
Cq = permissible bending stress coeffident for plate taken equal to:
i
ro=p,— ”ant_:q;[ not to be taken greater than Cy may
Ba = coefficient as defined in Table 1
&y = coefficient 2s defined in Table 1
Comae = maximum permissible bending stress coefficient as defined in Table 1.
Donde:

b = lado corto de la chapa = 900 mm

a = lado largo de la chapa = 2700 mm

Ren = 235 MPa
Ong = 205 N/mm?
Acceplance criteria Structural member | By | @, | [ |
Longitudinal stiffened plating 1.05 0.5 0.95
Lc-ngitudinal menmbers
AC-TT Transverse stiffened plating 105 1.00 0.95
Other members 0.95 0.00 0.95
Ba=1,05
0, =0,5
Camax = 0,95

Obtenemos los siguientes resultados:
Ca=0,61 < Camax = 0,95
ap=1

P = presién mas alta que debera soportar la chapa. De las presiones obtenidas
anteriormente la mayor correspondia a las ejercida por el mar, con un valor de 186 KN/m?2.

186

t=0,0158x1x900 X m

t=16,2 mm

Como t min = 16 mm (calculado anteriormente), vemos que cumple el espesor minimo.
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4.5 Chapa del doble fondo

Esta chapa estd a una altura de 2,5 m de altura sobre la linea base, y debe soportar el
peso de los contenedores por encimay las cargas de los tanques de lastre, pero no las
cargas del mar, ya que no esté expuesto al mismo.

Para calcularlas presiones que ejercen los liquidos de los tanques seguimos la misma
metodologia que en la chapa del fondo anteriormente descrita, donde supondremos los
tanques llenos como condicion mas desfavorable.

(Pt3 Ch4 Sec6 pag 77)

1 Pressures due to liquids

1.1 Total pressure

1.1.1 Pressures for the strength and fatigue assessments of intact conditions
The internal pressure due to liquid acting en any load peoint of 2 tank and ballast held boundary, in kN/m?, for
the static (S) design load scenarios, given in Sec.?, shall be taken as:

Py = Py but not less than O

The internal pressure due to liquid acting on any load point of a tank and ballast hold boundary, in kl"l,."rnz. for
the static plus dynamic (S + D) design load scenarios shall be derived for each dynamic load case and shall

be taken as:
Py = P + Prg but not less than 0
where:
Pp. = static pressure due to liguid in tanks and ballast holds, in khl,.l'ml. as defined in [1.2.1] to [1.2.8]

Py dynamic inertial prassure due to liquid in tanks and ballast holds, in LN/m", as defined in [1.2].

Presion estatica:
(Pt3 Ch4 Sec6 pag 77)

1.2 Static liquid pressure

1.2.1 Normal operations at sea
The static pressure, in l-cM.-"rnzr in tanks and ballast holds for normal operations at sea, shall be taken as:

P =Fabs H{ztu;_: - ;&] + Ppy for tanks arranged with pressure relief valves

Fay=p H‘[{-LF - E} for other cases.

(Pt3 Ch4 Sec6 pag 76)

fed = factor for joint probability of occurrence of liquid cargo density and maximum sea state in 25
yvears design life, to be taken as:
E——— for strength assessment with FE analysis of cargo tanks filled with for oil or oil

oy = products cargo with g; = 1.023 tm

fy= 1.0 for other cases

Pey = design vapour pressure, in kN/m %, not to be taken less than 25 kM/m” and not greater than
70 kN/m*. Design vapour pressure greater than 70 kN/m* may be accepted on a case-by-
casa basis
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Tanque de lastre:
Pls—1=pxgx (Ztop — Z) = 1,025 x 9,81 x (2,5 — 0)
Pis-1 = 25,2 KN/m?
Presién dindmica:
(Pt3 Ch4 Sec6 pag80)

1.3 Dynamic liquid pressure

1.32.1 The dynamic pressure due to liquid in tanks and ballast holds, in kN/m® shall be taken as:

Pog=1T 4 p.'.,[ad["‘t?_z] + e a::{xﬂ'_x:l T un—e u}'(]‘r; _-!'":IJ
whera:

fure = lengitudinal acceleration correction factor for the ullage space abowve the liquid in tanks and ballast
holds, taken as:

for strength assessment:

f-t = 0.62 for carge tanks filled with any liquids inclusive water ballast
ft = 1.0 for other cases

for fatigue assessment:

|"r1_ "l 180

for cargo tanks and ballast holds
"p_.".'.' v

Fup_ =05+

fupe = 1.0 for other casas
fuu-t shall not be less than 0.0 nor greater than 1.0
1'?}'5 = cargo tank length at the top of the tank or length of the ballast hold hatch coaming, in m

fun+ = transverse acceleration correction factor to account for the ullage space above the liquid in tanks
and ballast holds, taken as:

for strength assessment:

f-¢ = 0.67 for cargo tanks filled with any liquids inclusive water ballast
fupp = 1.0 for other cases

for fatigue assessment:

[Fo=7l 100 f tanks and ballast hold
fup_ e =05+ 53— or carge tanks and ballast holds

top

Fu-e = 1.0 for other cases

bmp = cargo tank breadth at the top of the tank or breadth of the ballast hold hatch coaming, in m
determined at mid length of the tank or ballast hold hatch coaming

xp = X coordinate, in m, of the reference point

¥ coordinate, in m, of the reference point

b
I

Zp = Z coordinate, in m, of the reference point.

Pld =1 x 1,025 x [1,5 % (1,25 — (—5,15) + 0,62 X 0,2635 X (24,8 —13) + 0,67 X 0 X (0 — 0)]
Py = 7,96 KN/m?

Presion de los tanques de lastre:
Pld + Pls-1 = 7,96 + 25,2 =33,16 KN/m?
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Presion de los TEUS sobre el doble fondo:

Teniendo en cuenta que la seccién que estamos estudiando es la correspondiente a la
bodega 9 el resultado de la presion ejercida por los TEUs seré:

A = Superficie de la bodega = 12,6*45 = 567 m?
Peso de un TEU =23t
Numero de TEUS = 384 TEUS
m = Peso total = 384 * 23 = 8832t
F=m*g=8832*9,81=86641,92 KN
P = F/A = 86641,92/567 = 152,8 KN/m?
Preus = 152,8 KN/m?

Observamos que la presion debida a los TEUS sobre la cara superior de la chapa es
muy superior a la que ejercen los tanques de lastre, por lo que en la formula del espesor en

funcion a la presién emplearemos la presion mayor, que en este caso es la Preys = 152,8
KN/m?.
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Ahora calcularemos el espesor en funcion de la presion:
(Pt3 Ch6 Sec4 pagl6)

SECTION 4 PLATING
Symbaols

For symbaols not defined in this section, see Ch.1 Sec.4.

correction factor for the panel aspect ratio to be taken as follows but not to be taken greater than

@ - Ll.0: .

_ g _ &

.:!p 1,2 Z1a
a = length of plate panel, in mm, as defined in Ch.3 Sec.7 [2.1.1]
b = breadth of plate panel, in mm, as defined in Ch.2 S2c.7 [2.1.1]
p = design pressure for the considered design load set, see Sec.2 [2], calculated at the load calculation
point defined in Ch.2 Sec.7 [2.2], in kN/m”

Tpy = hull girder longitudinal stress, in N.n‘rnrn:. as defined in Sec.2 [1], calculated at the load calculation

point as defined in Ch.2 Sec.7 [2.2].

1 Plating subjected to lateral pressure

1.1 General

1.1.1 Plating

The net thickness, in mm, shall not be taken less than the greatest value for all applicable design load ssts,
as defined in Sec.2 [2.1.3], given by:

I_1#]

t = 00,0158z b

AT
whera:
Ca = permissible bending stress coefficient for plate taken equal to:
Tha
c,=f,—w, o not to be taken greater than Ca.max

Ba = coefficient as defined in Table 1

[ = coefficient as defined in Table 1

Comge = maximum permissible bending stress coefficient as defined in Table 1.
Donde:

b = lado corto de la chapa = 900 mm
a = lado largo de la chapa = 2700 mm
Ren = 235 MPa

Ong = 205 N/mm?
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(Pt3 Ch6 Sec4 pagl7)

Longitudinal sziffened plating 1.05 0.50 0.595
Longitudinal members
AC-IT Transverse stiffened plating 1.05 1.00 0.95
Other members 0.55 0.00 0.95
Acceplance criteria Structiral member | B | X, | Ca-may

Ba= 1,05
0, =0,5
Camax = 0,95

Obtenemos los siguientes resultados:
Ca=0,61 < Camax = 0,95
op=1

P = presién mas alta que debera soportar la chapa. De las presiones obtenidas
anteriormente la mayor correspondia a las ejercida por los TEUS, con un valor de 152,8
KN/m?Z,

152,8

t:0,0158X1X900X m

t=14,68 mm

Como t min = 11 mm (calculado anteriormente), vemos que cumple el espesor minimo.
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4.6 Chapa del costado

Para el célculo de las presiones en el costado se distinguiran dos secciones
1. Presion externa debida al mar, hasta el calado de verano

2. Presion interna debida al tanque de lastre situado en el doble casco
Presion externa debida al mar:
(Pt3 Ch4 Sec5 pag48)

.2 Hydrostatic pressure

|

1.2.1 The hydrostatic pressure, Ps at any load peint, in kN/m?®, is obtained from Table 1. See also Figure 1.

Table 1 Hydrostatic pressure, PS

Location Hydrostatic pressure, Ps, in kN/m®
z=Te Pg (Tec=)
F TI.: i}

T

I EN) I L ik

Y

Figure 1 Transverse distribution of hydrostatic pressure Ps

(Pt3 Ch4 Sec3 pag27)

T = draught, in m, amidships for the considered loading condition. In case loading condition is not
defined, Ty~ = Tz shall be applied

Ps = 1,025 x 9,81 x (16 — 2,5)
Ps = 135,74 KN/m?
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Presion inercial debida al mar:
(Pt3 Ch4 Sec5h pag49)

Table I Hydrodynamic pressures for HSH load cases

Ware wﬂsurt..m-'w.rm"
Lowd fBke EET e Tip= &SRy Ty b+ T
HEM-1 Py = mﬂ:ﬁ[—i-'“; p,q{:—flf'llf
Py = P = ppfE = Ty} Py = 0.0
HEH-2 P = [Py pole =T 08
e

I].I:I-O-J.—:IE
Fas = Oyl Lot Faba b Ve Sy —T—

L = fr+ 08— (0.7 - 0.2)5
f¢ = coeffickent considering non-linear effects, to be ken as:
for ewtreme sea boads design kesd scenario:
fa=0Tatty =0
fy=09atf, =03
e=059atfg =0.7
fy=dbatr, =1
for ballast water exchange design load soenario:
fy=0BSatf, =0
Frg = 0.95 at fy = 0.3
fp= 055 2t fy = 0.7
frg = 080 2t foy = 1
Intermediate values are obtained by linear inbenpolation
.IFF = girth distribution coeffident, to be taken as:

Fua -.':x-ﬁ+[z—r:x].r,3+1

i, = coeffickent to be taken as:
£ o= ].5_1&
x [

£ = coeffickent to be taken as:
{i = 30(121 —0,561)
k, & amplmsde coefficient in the kongitudinsl direction of the ship, to be taken as:

b (050 13- 210) - 2=l e ) o £, <05
k=10 for 115 5 F,y <07

E =1+ [_‘rn._—u.'.r}[[-";‘i_rf—ﬁ} " z[l —,rﬁ][-l;%,r,[,rﬂ—u.:r}—uzsl:z —_rf]” far Foy =07

i ‘mlcnﬂildﬂmd'pnuntmdmt,lnm,mbehl:nns:l-ﬂ.qltd";-]r.
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Céalculo de Pys:
Cr = fr+0.5—(0.7fr— 0.2)Cs

Cr=1,1783

Ir = ratio between draught at a loading condition and scantling draught, shall be taken as:

T,
fr= J;t » but shall not be taken less than 0.5
5

fT=1

fps = coefficient for strength assessments which is dependant on the applicable design load scenario
specified in Sec.7, and shall be taken as:

foe = 1.0 for extreme sea loads design load scenario

foe = f. for extreme sea loads design load scenario for vessels with service restriction

fae = 0.8 for the ballast water exchange design load scenario

fae = 0.8°F for the ballast water exchange design load scenario for vessels with service restriction

fps =1
fn = coefficient to be taken as:
fp= 3.[II:1.21 - D.nﬁt’:f?.;l
fn =1,65
fut = ratio between X-coordinate of the load point and L, to be taken as:

fa = fi, but shall not be taken less than 0.0 or greater than 1.0

f. = 0,52 (x = 170 m)

fag = coefficient considering non-linear effects, to be taken as:
for extreme sea loads design load scenario:

fu=0Tatf, =0
fu=0.9atf, = 0.3
fp=0.9atfy = 0.7

fi=065atf =1

for ballast water exchange design load scenario:
fi=0.85atF; =0

fop = 0.95 at fy = 0.3

fy = 0.95 at £, = 0.7

fp=0.80atf; =1

Intarmediate values are obtained by linear interpolation

fnl = 0,9
Ky = amplitude coefficient in the longitudinal direction of the ship, to be taken as:
i 20 - — 2 ~ -
ko= (05 + £)[(3 - 2Fy) = 27— 6/F, )] + 21— £7) for f,, <015
k=10 for 015 = f, <07

ko=1+(f,— D.?j[(%r'_, - 5] + 2{1 - fw”%;?.{f“— 0.7) - 0.25(2 _‘f""]” far [, =07

Ka=1(0,15<fx.<0,7)
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(Pt3 Ch4 Sec5 pag 47)
S = ratio between Y-coordinate of the load peint and B, to be taken as:

2y
erﬂ =75 but not greater than 1.0
X

fys=1when B, =0

Fre=0(y=0m)
Table 3 Definition of phase coefficient K,
Fu o 03-01f | 035-01f | 08-02F 0.9 -02F 10
ky -0.25 {1 + £ .q) -1 1 1 -1 -1
Kp =1
Cy = coefficient to be taken as:
€, =15 |r—lln.5r.|
Cx=1,48
_.ryz = girth distribution coefficient, to be taken as:
"F')'h'. = Cr'ﬁ"' [2_ Cr)"r}'ﬁ‘*' 1
Donde:
z=25m
f, = 1,23
A = wave length of the dynamic load case, in m, to be taken as: A = 0.6({1 + f)L
A =392,268 m

Ill.l.]ﬂ-.l.—'..Zb
FH.'S=C,fr-fys-rnffkkﬂk::-f}-zcw"| [}

Pus = 25,35 KN/I’I’I2
Recordando la tabla obtenemos el valor de Py en la condicién HSM-2:

Table 2 Hydrodynamic pressures for HS5M load cases

Wave pressure, in kN/m®
Load case 2=Tp Tpe<zShy+T, 2 hy+ T,
HSM-1 Py =max{ — Py pg(z—T,.)}
Pw= Pﬂ:,ﬂﬁ'_ - pg(z - Tlr_':l PW =00
HSM-2 P = max{P,;pg(z—T,.)}

pxgx(z—Tlc)=1,025x9,81x (2,5 —16) = —135,74 KN /m?
Pw = max{25,35 ; -135,74} = 25,35 KN/m?
La presién debida al mar sera:
Ps + Pw = 135,74 + 25,35 = 161,09 KN/m?
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Presion debida al tanque de lastre:
(Pt3 Ch6 Sec2 pag 9)

Marmal
wB-17! 25 | Pay + Py — ([Ps + P Taa AC-IT ballast
condition
Boundaries of water WEB-2 3 Pyz+ Py (Ps + Py)" T AC-IT E:lll?gatl
ballast tanks and ballast FET e e T = it
- candition
rrinf Tga, s
WE-3 4 man( Py 4Py s7) — Ps" AC-III
| Fs-ai s sr] {I.25T5;]I
we-4"! 1% | Pes- Pt Taar AC-T

(Pt3 Ch4 Sec6 pag 77)
1.2 Static liquid pressure

1.2.1 Normal operations at sea
The static pressure, in kN/m 2, in tanks and ballast holds for normal ocperations at sea, shall be taken as:

Pos=Fap H{z:u,-.; - '.5] + FPoy for tanks arranged with pressure relief valves

Par=p1 H[ZJLF —z} for other cases.

Pls—1=pxgx (Ztop — Z) = 1,025 x 9,81 X (16 — 2,5)
Pis1 = 135,746 KN/m?
Obtenemos las coordenadas de referencia para los tanques de agua de lastre.
Xj1=6,3+0,5*12,6 =12,6 m
Xj1=6,3-0,5*12,6 =0m
yjl=1,25+0,525=25m
yjil1=1,25-0,525=0m
(Pt3 Ch4 Sec6 pag 80)

V= ax{x', —xb.:l + ﬂr(?.-— }'b} + (g + ,|;|']|:2'J —:«:5:]

Recordando los valores de las aceleraciones obtenidas anteriormente:
ax = 0,2935 m/s?
ay = 0 m/s?
a, = 1,5 m/s?
V1= 1,66
Vi = -1,66
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Por lo que el valor de Pyq seré:
(Pt3 Ch4 Sec6 pag80)

1.3 Dynamic liquid pressure

1.3.1 Thie dynamic pressure due to liquid in tanks and ballast holds, in kN/m® shall be taken as:

Poa=1Tcq J'-’.L[ﬂ.z[zc.r_z] iy ‘Ix{xﬂ'_x] *fun—e n}'(h _'}.]J

whera:
fur+ = longitudinal acceleration correction factor for the ullage space above the liquid in tanks and ballast
holds, taken as:
for strength assessment:
fupt = 0.62 for carge tanks filled with any liquids inclusive water ballast
fupr = 1.0 for other cases
for fatigue assessment:
_ |“r¢"‘| 180
fun_s =05+ e for cargo tanks and ballast holds
il — I
fut = 1.0 for other cases
fuu-p shall not be less than 0.0 nor greater than 1.0
ff; = cargo tank length at the top of the tank or length of the ballast hold hatch coaming, in m
fur+ = transverse acceleration correction factor to account for the ullage space above the liquid in tanks
and ballast holds, taken as:
for strength assessment:
fu-p = 0.567 for cargo tanks filled with any liquids inclusive water ballast
fue = 1.0 for other cases
for fatigue assessment:
|*’9_"| 180
fu =054 - —- —— for cargo tanks and ballast holds
ull—t¢ h"'?_b" [
fure = 1.0 for other cases
bmp = cargo tank breadth at the top of the tank or breadth of the ballast hold hatch coaming, in m
determined at mid length of the tank or ballast hold hatch coaming
xp = X coordinate, in m, of the reference point
Yo = ¥ coordinate, in m, of the referance point
Zp = Z coordinate, in m, of the reference paint.

Pld =1x1,025 % [1,5 x (16 — (—5,15) + 0,62 X 0,2635 X (24,8 —13) + 0,67 X 0 X (0 — 0)]
Pia = 34,48 KN/m?
Por lo que la presiéon que ejerce el interior del tanque sera:

P = P|S-1+ Pld - Pmar = 135,746 + 34,48 - 161,09
P = 9,135 KN/m?
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Recordando que la expresion que definia el espesor de la chapa en funcion de la
presion es:

(Pt3 Ch6 Sec4 pag 16)

1.1 General

1.1.1 Plating
The net thickness, in mm, shall not be taken less than the greatest value for all applicable design load sets,
as defined in Sec.2 [2.1.3], given by:

- 17
t = 0.0158a b 1..71;";
where:
Cq = permissible bending stress coeffident for plate taken equal to:
i
ro=p,— ”ant_:q;[ not to be taken greater than Cy may
Ba = coefficient as defined in Table 1
&, = coefficient as defined in Table 1
Comae = maximum permissible bending stress coefficient as defined in Table 1.
Donde:

b = lado corto de la chapa = 900 mm
a = lado largo de la chapa = 2700 mm

Renh = 235 MPa
Ong = 205 N/mm?
| Acceplance criteria | Structural member | By | &, | Coma |
Longitudinal stiffened plating 1.05 0.50 0.95
Lc-ngitudinal menbers
AC-II Transverse stiffened plating 105 1.00 0.95
Other members 0.95 0.0 0.95
Ba=1,05
a,=0,5
Camax = 0,95

Obtenemos los siguientes resultados:
Ca=0,61 < Camax = 0,95
=1

P = presién mas alta que debera soportar la chapa. De las presiones obtenidas
anteriormente la mayor correspondia a las ejercida por el mar, con un valor de 161,09
KN/m?Z,

161,09
0,61 x 235

t =0,0158 x 1 x 900 x

t=15mm
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Como t min = 7,2689 mm (calculado anteriormente), vemos que cumple el espesor
minimo.

En la zona del costado por el interior del tanque de lastre tenemos:
P = presién mas alta que debera soportar la chapa, con un valor de (135,746 + 34,48) =

170,226 KN/m?Z.
t =0,0158 x 1 X 900 X 170,226
o 0,61 x 235

t=155mm

Como t min = 7,2689 mm (calculado anteriormente), vemos que cumple el espesor
minimo.
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4.7 Mamparos
(Pt3 Ch6 Sec2 pag 9)

Normal
we-1% 25 | Py + Py - [P5+ PV Taar AC-TI ballast
condition
. Normal
Boundaries of water
ballast tanks and ballase | B2 3 Pes + Py - [P = Py Tas AC-TI ballast
holds condition
i T,
WE-32 4 max| Py gt Pr.z7) - Ps AC-ITI -
L ie-da Fis SJ’] ‘D.25T5::|
we-4" R Taar AC-1 -

(Pt3 Ch4 Sec6 pag 77)
1.2 Static liquid pressure

1.2.1 Normal operations at sea
The static pressure, in kN/m 2, in tanks and ballast holds for normal operations at sea, shall be taken as:

Po = lam, ,q{zw:_: - '.5] + FPoy for tanks arranged with pressure relief valves

Pa1=pL H[ZJLF —z} for other cases.

Pls—1=pxgXx (Ztop—Z) = 0,93 x 9,81 x (30,5 — 2,5)
Pis1 = 255,45 KN/m?
Obtenemos las coordenadas de referencia para los tanques de agua de lastre.
Xxj1=6,3+0,5*12,6 =12,6 m
Xj1=6,3-0,5*12,6 =0m
yjil=1,25+0,5*25=25m
yjil1=1,25-0,525=0m
(Pt3 Ch4 Sec6 pag 80)

v, = czx{x’, —xU:I + nr|:yl.— }'ﬁ} + (g + ,g']lzz'J —25]

i

Recordando los valores de las aceleraciones obtenidas anteriormente:
ax = 0,2935 m/s?
ay = 0 m/s?
a; =1,5 m/s?
Vii= 1,66
Vi = -1,66
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Por lo que el valor de Pyq seré:
(Pt3 Ch4 Sec6 pag80)

1.3 Dynamic liquid pressure

1.3.1 Thie dynamic pressure due to liquid in tanks and ballast holds, in kN/m® shall be taken as:

Poa=1Tcq J'-’.L[ﬂ.z[zc.r_z] iy ‘Ix{xﬂ'_x] *fun—e n}'(h _'}.]J

whera:
fur+ = longitudinal acceleration correction factor for the ullage space above the liquid in tanks and ballast
holds, taken as:
for strength assessment:
fupt = 0.62 for carge tanks filled with any liquids inclusive water ballast
fupr = 1.0 for other cases
for fatigue assessment:
_ |“r¢"‘| 180
fun_s =05+ e for cargo tanks and ballast holds
il — I
fut = 1.0 for other cases
fuu-p shall not be less than 0.0 nor greater than 1.0
ff; = cargo tank length at the top of the tank or length of the ballast hold hatch coaming, in m
fur+ = transverse acceleration correction factor to account for the ullage space above the liquid in tanks
and ballast holds, taken as:
for strength assessment:
fu-p = 0.567 for cargo tanks filled with any liquids inclusive water ballast
fue = 1.0 for other cases
for fatigue assessment:
|*’9_"| 180
fu =054 - —- —— for cargo tanks and ballast holds
ull—t¢ h"'?_b" [
fure = 1.0 for other cases
bmp = cargo tank breadth at the top of the tank or breadth of the ballast hold hatch coaming, in m
determined at mid length of the tank or ballast hold hatch coaming
xp = X coordinate, in m, of the reference point
Yo = ¥ coordinate, in m, of the referance point
Zp = Z coordinate, in m, of the reference paint.

Pld =1x1,025 % [1,5 % (30,5 —2,5) + 0,62 X 0,2935 x (24,8 —13) + 0,67 x 0 X (0 — 0)]
Py =45 KN/m2
Por lo que la presiéon que ejerce el interior del tanque sera:

P = Pis.1+ Pg = 255,45 + 45
P = 300,47 KN/m?2
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Recordando que la expresion que definia el espesor de la chapa en funcion de la
presion es:

(Pt3 Ch6 Sec4 pag 16)

1.1 General

1.1.1 Plating
The net thickness, in mm, shall not be taken less than the greatest value for all applicable design load sets,
as defined in Sec.2 [2.1.3], given by:

- 17
t = 0.0158a b 1..71;";
where:
Cq = permissible bending stress coeffident for plate taken equal to:
i
ro=p,— ”ant_:q;[ not to be taken greater than Cy may
Ba = coefficient as defined in Table 1
&y = coefficient 2s defined in Table 1
Comae = maximum permissible bending stress coefficient as defined in Table 1.
Donde:

b = lado corto de la chapa = 900 mm

a = lado largo de la chapa = 2700 mm

Ren = 235 MPa
Ong = 205 N/mm?
Acceplance criteria Structural member | By | @, | [ |
Longitudinal stiffened plating 1.05 0.5 0.95
Lc-ngitudinal menmbers
AC-TT Transverse stiffened plating 105 1.00 0.95
Other members 0.95 0.00 0.95
Ba=1,05
0, =0,5
Camax = 0,95

Obtenemos los siguientes resultados:

Ca=0,61 < Camax=0,95

ap=1

Por tanto, el espesor de la zona del mamparo, en la zona del costado 2 sera:

300,47

t:0,0158X1X900X m

t=20,6 mm
Como t min = 9,4 mm (calculado anteriormente), vemos que cumple el espesor minimo.

En la zona del costado 1 seré:
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t =0,0158 x1x900 25545
= X X X |—
’ 0,61 x 235

t=19 mm

Como t min = 9,4 mm (calculado anteriormente), vemos que cumple el espesor minimo.
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4.8 Longitudinales del mamparo
(Pt3 Ch6 Sec3 pag 14)

Table 2 Minimum net thickness for stiffeners and tripping brackets

Elemant Location Net thickness

Tank boundary, boundary of carge helds for dry bulk
cargo, single strength deck and shell up to freeboard deck

4.5+ 0.01L,

Structures in deckhouse and superstructure and decks for
vessels with more than 2 continuous decks above 0.7 0 | 4.0
from baseline

Stiffeners and attached end brackets

Other structure 4,5+ 0,005 L,

Tripping brackets 4,5+ 0,01L,

3 Primary supporting members

3.1 Minimum thickness requirements

3.1.1 The net thickness of web plating and flange of primary supporting members in mm, shall not be taken
less than:

t=a+blak

whera:

coefficient as defined in Table 3
coefficient as defined in Table 3.

a
b

Table 2 Minimum net thickness for primary supporting members

Elament E b

Bottom centreline girder and lower strake of centreline wash bulkhead 5.0 0.03
Other bottom girders 5.0 0.017
Floors 5.0 0.015
PSM at tank boundaries, boundaries of holds intended for cargo in bulk, single 45 0.015%
strength deck and shell up to freeboard deck

PEP-'I.in deckhouses and superstructures a.nd decks for vessels with more than 2 45 0.1
continuous decks above 0.7 D from baseline

Other PSM 4.5 0.01
PSM in peak tanks 5.0 o0.025"

1) BL, <50

2} hL, = 2.5 for stringers in double side nest to dry space not intended for carge in bulk,
3 bL, =20

L, = eslora de escantillonado, L1 =323 m

t=45+0,01x%x323xV1
t=7,8mm
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(Pt3 Ch6 Sec5 pag 22)

1 stiffeners subject to lateral pressure

1.1 General

1.1.1 Web plating
The minimum net web thickness, in mm, shall not be taken less than the greatest value calculated for all

applicable design load sets as defined in Sec.2 [2], given by:

-'r..'\.'i‘:rl'l’l"i "'.-.'ﬁr
W dskrErTrH
whera:
finr = shear force distribution factor as defined in Table 1. For stiffeners with end fixity deviating from the

ones included in Table 1, with complex load pattern, or being part of a grillage, the requirements
given in [1.2] apply.

Table 1 Definition of fop,

For continuous stiffeners with fixed end Fm.-an finuous ners
with simply supported ends
Coefficient — v
. . Uipper end ol Lower end o .
Horizontal stiffeners vertical stiffeners vertical stiffensrs All stffeners
Eonr 0.5 0.4 0.7 0.5

C£; = permissible shear stress coefficient for the acceptance criteria being considered, as defined in Table 2.

Table 2 stiffeners, definition of C;

Acceptance criteria Structural member Ct
AC-1 All stiffenars 0.75
AC-II All stiffeners 0.90
AC-III All stiffenars 0.95
Donde:

e fsn = factor de distribucién de la fuerza cortante. fsnr = 0,5
e P =presiéon maxima establecida en el costado. P = 300,47 KN/m?2,
e s = separacion propuesta para los refuerzos secundarios del mamparo. s = 900 mm
e | =tramo cortante efectivo del refuerzo, donde se tomara:
(Pt3 Ch3 Sec7 pag 61)

1.1.4 Effective shear span of stiffeners
The effective shear span, Ly, in m, of stiffeners shall be measured as shown in Figure 4 for single skin
structures and Figure 5 for double skin structures.

Regardless of support detail, the full length of the stiffener shall be reduced by a minimum of /4000 m at
each end of the member, hence the effective shear span 4, shall not be taken greater than:

5
fshr =4&- 2000

The effective shear span may be reduced for brackets fitted on either the flange or the free adge of the
stiffaner, or for brackets fitked to the attached plating on the side opposite to that of the stiffener

If brackets are fitted at both the flange or free edge of the stiffener, and to the attached plating on the side
opposite to the stiffener the effective shear span may be reduced using the longer effective bracket arm.

s =900 mm
| =900 mm
Ishr = 0,45
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e dsn = profundidad de corte efectiva expresado en milimetros, para los refuerzos
perpendiculares a la chapa.
(Pt3 Ch3 Sec7 pag 76)

1.4.3 Effective shear depth of stiffeners
The effective shear depth of stiffeners, in mm, shall be taken as:

depe = her + by for 75° < g, < 90°
depe = (hg + tp:l sin o, for ¢, < 75°
where:
h;_;»' = height of stiffener, in mm, as defined in Sec.2 Figure 1
ty = net thickness of the attached plating, in mm, as defined in Sec.2 Figure 1
@y = angle, in deg, as defined in Figure 17.
Donde:

hst = altura de los refuerzos secundarios en milimetros que se establece en 45
mm para este calculo
t, = es el espesor afadido, el cual serd de 1mm por la corrosiéon del agua salada
a la que se exponen
dshr =45 + 1 =46 mm
e C:= coeficiente de esfuerzo cortante permisible.
(Pt3 Ch6 Sec5 pag 22)

L; = permissible shear stress coefficient for the acceptance criteria being considered, as defined in Table 2.

Table 2 stiffeners, definition of C;

Acceptance criteria Structural member Cr
AC-T All stiffenars 0.75
AC-TT All stiffeners 0.90
AC-ITI All stiffenars 0.95
Ci=0,9
e Ten = esfuerzo limite cortante expresado en N/'mm?2. En el caso del acero naval Ren =
235 N/mm?,

Pt3 Chl Sec4 pag 29)

specified shear yield stress,

Tan _ RE‘H N/mim
T =T

Ten = 135,68 N/mm?

Recordando el valor del espesor era:

|P|s fshr

shrctreh’

_fshr
wo d

tw =11 mm
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4.9 Moédulo minimo de los refuerzos secundarios
(Pt3 Ch6 Sec5 pag 23)

1.1.2 Section modulus
The minimum net section modulus, in cm”, shall not be taken less than the graatast value calculated for all
applicable design load sets as defined in Sec.2 [2.1.2], given by:

2
F
_ 'up -:u‘bd_

FhdgCelten
whera:
ﬁm‘g = bending moment factor as defined in Table 5. For stiffeners with end fixity deviating from the
ones included in Table 5, with complex load pattern, or being part of a grillage, the requirement
given in [1.2] applies
fm = bending moment ratic between end support and midspan as defined in Table 5
fu = factor for unsymmetrical profiles, to be taken as:
= 1,00 for flat bars and symmetrical profiles (T-profiles)
= 1,03 for bulb profiles
= 1,15 for unsymmetrical profiles (L-profiles)
C: = permissible bending stress coefficient as defined in Table 3 for the acceptance criteria given in
Table 4
Comox = coeffident, as defined in Table 4
[ = coefficient, as defined in Table 4
B = coeffident, as defined in Table 4.
Donde:
o f, = factor del perfil, que en nuestro caso emplearemos perfiles bulbo, con lo que f, =
1,03
(Pt3 Ch6 Sec5 pag 23)
fu = factor for unsymmetrical profilas, to be taken as:

1.00 for flat bars and symmetrical profiles (T-profiles)
1.03 for bulb profiles
1.15 for unsymmetrical profiles {L-profilas)

o fhyg = factor del momento flector. fbdg = 12
(Pt3 Ch6 Sec5 pag 24)

Table 5 stiffeners, definition of fyyy and f,

For continuous .
) . Far non-continwous
stiffeners with <tiffeners
For continuous stiffeners with fixed ends one fixed end with simply
» Acceptance and one simply supparredina‘s
Coefficiant criteria supported end
Horizontal stiffeners Lower end ) :
and upper end of of vertical ; nt.?." and HDJ.Tzarrt.‘a."and
vertical stiffeners criffeners vertical stiffeners vertical stiffeners
AC-1, AC-II,
Fog Pt 12.00 10.00 8.00 8.00
AC-1 2.00 2.33 1.77
F -
" AC-II, AC-III 1.60 1.8 1.42
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¢ lyag = longitud o tramo de flexion efectivo en el refuerzo, el cual valdra la separacion
entre bularcamas establecidas en 3 claras de cuadernas (3*900 = 2700 mm). lpag =
2,7m
(Pt3 Ch3 Sec7 pag 59)

IS

fn-Jg

A A

F
F

e Cs = coeficiente elastico permisible que vale 0,85 para la zona de actuacion del
doble casco referente a AC-Il.

Recordando la formula del médulo:
2
st

_ FulPls g
fbdg{(‘sHeH

Z

Z=847,11cm?
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A partir de este valor acudimos al catalogo de perfiles bulbo, donde seleccionaremos un
perfil que tenga un modulo superior al calculado anteriormente, por lo que el perfil

seleccionado sera:

Bulb Flatls

Dimension range, weight/m and static values

Width  Thicknass Height Radius Area Weight W
r
:'um :nrn Enrn mm am? kg/m an?
1 4% 15 58.8 4561 947
340 IE 49 15 465.5 51.5 1014

Perfil seleccionado: 340 x 12 de Z = 947 cm?®
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4.10 Longitudinales del costado y del doble costado

(Pt3 Ch6 Sec3 pag 14)

Table 2 Minimum net thickness for stiffeners and tripping brackets

Element Location Net thickness

Tank boundary, boundary of carge halds for dry bulk
cargo, single strength deck and shell up to freeboard deck

4.5+ 0.01 L,

Structures in deckhouse and superstructure and decks for

vessels with more than 2 continuous decks above 0.7 0 [ 4.0
from baseline

Stiffeners and attached end brackets

Other structure 4,5+ 0,005 L,

Tripping brackets 4.5+ 0.01 L,

3 Primary supporting members

3.1 Minimum thickness requirements

3.1.1 The net thickness of web plating and flange of primary supporting members in mm, shall not be taken
less than:

t=a+ bl
whera:

a = coefficient as defined in Table 3
b = coefficient as defined in Table 3.

Table 2 Minimum net thickness for primary supporting members

Element E b
Bottom centreline girder and lower strake of centreline wash bulkhead 5.0 0.03
Other bottom girders 5.0 0.017
Floors 5.0 0,015

PSM at tank boundaries, boundaries of holds intended for cargo in bulk, single

strength deck and shell up to freeboard deck +.3 0.015%
PEP-'I_in deckhouses and superstructures a_nd decks for vessels with more than 2 a5 o.0a
continuous decks above 0.7 D from basealine

Other PSM 4.5 0.01
PSM in peak tanks 5.0 0.025"

1) bL, <50

2} blL, = 2.5 for stringers in double side next to dry space not intended for carge in bulk.
3) b, =20

L; = eslora de escantillonado, L; =323 m

t=4,5+0,01x323xV1

t=7,8mm
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(Pt3 Ch6 Sec5 pag 22)

1 stiffeners subject to lateral pressure

1.1 General

1.1.1 Web plating
The minimum net web thickness, in mm, shall not be taken less than the greatest value calculated for all

applicable design load sets as defined in Sec.2 [2], given by:

-'r..'\.'i‘:rl'l’l"i "'.-.'ﬁr
W dskrErTrH
whera:
finr = shear force distribution factor as defined in Table 1. For stiffeners with end fixity deviating from the

ones included in Table 1, with complex load pattern, or being part of a grillage, the requirements
given in [1.2] apply.

Table 1 Definition of fop,

For continuous stiffeners with fixed end Fm.-an finuous ners
with simply supported ends
Coefficient — v
. . Uipper end ol Lower end o .
Horizontal stiffeners vertical stiffeners vertical stiffensrs All stffeners
Eonr 0.5 0.4 0.7 0.5

C£; = permissible shear stress coefficient for the acceptance criteria being considered, as defined in Table 2.

Table 2 stiffeners, definition of C;

Acceptance criteria Structural member Ct
AC-1 All stiffenars 0.75
AC-II All stiffeners 0.90
AC-III All stiffenars 0.95
Donde:

e fsn = factor de distribucién de la fuerza cortante. fsnr = 0,5
e P = presiéon maxima establecida en el costado. P = 135 + 34,48 = 170,226 KN/m?Z.
e s = separacion propuesta para los refuerzos secundarios del mamparo. s = 900 mm
e |snr= tramo cortante efectivo del refuerzo, donde se tomara:
(Pt3 Ch3 Sec7 pag 61)

1.1.4 Effective shear span of stiffeners
The effective shear span, Ly, in m, of stiffeners shall be measured as shown in Figure 4 for single skin
structures and Figure 5 for double skin structures.

Regardless of support detail, the full length of the stiffener shall be reduced by a minimum of /4000 m at
each end of the member, hence the effective shear span 4, shall not be taken greater than:

5
fshr =4&- 2000

The effective shear span may be reduced for brackets fitted on either the flange or the free adge of the
stiffaner, or for brackets fitked to the attached plating on the side opposite to that of the stiffener

If brackets are fitted at both the flange or free edge of the stiffener, and to the attached plating on the side
opposite to the stiffener the effective shear span may be reduced using the longer effective bracket arm.

s =900 mm
| =900 mm
Ishr = 0,45

Pagina 62 de 93



Cuaderno 8: Cuaderna maestra
Manuel Garcia Pensado

e dsn = profundidad de corte efectiva expresado en milimetros, para los refuerzos
perpendiculares a la chapa.
(Pt3 Ch3 Sec7 pag 76)

1.4.3 Effective shear depth of stiffeners
The effective shear depth of stiffeners, in mm, shall be taken as:

depe = her + by for 75° < g, < 90°
depe = (hg + tp:l sin o, for ¢, < 75°
where:
h;_;»' = height of stiffener, in mm, as defined in Sec.2 Figure 1
ty = net thickness of the attached plating, in mm, as defined in Sec.2 Figure 1
@y = angle, in deg, as defined in Figure 17.
Donde:

hst = altura de los refuerzos secundarios en milimetros que se establece en 45
mm para este calculo
t, = es el espesor afadido, el cual serd de 1mm por la corrosiéon del agua salada
a la que se exponen
dshr =45 + 1 =46 mm
e C;= coeficiente de esfuerzo cortante permisible.
(Pt3 Ch6 Sec5 pag 22)

L; = permissible shear stress coefficient for the acceptance criteria being considered, as defined in Table 2.

Table 2 stiffeners, definition of C;

Acceptance criteria Structural member Cr
AC-T All stiffenars 0.75
AC-TT All stiffeners 0.90
AC-ITI All stiffenars 0.95
Ci=0,9
e Ten = esfuerzo limite cortante expresado en N/'mm?2. En el caso del acero naval Ren =
235 N/mm?,

Pt3 Chl Sec4 pag 29)

specified shear yield stress,

Tan _ RE‘H N/mim
T =T

Ten = 135,68 N/mm?

Recordando el valor del espesor era:

|P|s fshr

shrctreh’

_fshr
wo d

tw = 6,2 mm
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4.11 Médulo minimo de los refuerzos secundarios
(Pt3 Ch6 Sec5 pag 23)

1.1.2 Section modulus
The minimum net section modulus, in cm”, shall not be taken less than the graatast value calculated for all
applicable design load sets as defined in Sec.2 [2.1.2], given by:

2
F
_ 'up -:u‘bd_

FhdgCelten
whera:
ﬁm‘g = bending moment factor as defined in Table 5. For stiffeners with end fixity deviating from the
ones included in Table 5, with complex load pattern, or being part of a grillage, the requirement
given in [1.2] applies
fm = bending moment ratic between end support and midspan as defined in Table 5
fu = factor for unsymmetrical profiles, to be taken as:
= 1,00 for flat bars and symmetrical profiles (T-profiles)
= 1,03 for bulb profiles
= 1,15 for unsymmetrical profiles (L-profiles)
C: = permissible bending stress coefficient as defined in Table 3 for the acceptance criteria given in
Table 4
Comox = coeffident, as defined in Table 4
[ = coefficient, as defined in Table 4
B = coeffident, as defined in Table 4.
Donde:
o f, = factor del perfil, que en nuestro caso emplearemos perfiles bulbo, con lo que f, =
1,03
(Pt3 Ch6 Sec5 pag 23)
fu = factor for unsymmetrical profilas, to be taken as:

1.00 for flat bars and symmetrical profiles (T-profiles)
1.03 for bulb profiles
1.15 for unsymmetrical profiles {L-profilas)

o foyg = factor del momento flector. fpgg = 12
(Pt3 Ch6 Sec5 pag 24)

Table 5 stiffeners, definition of fyyy and f,

For continuous .
) . Far non-continwous
stiffeners with <tiffeners
For continuous stiffeners with fixed ends one fixed end with simply
» Acceptance and one simply u rredina's
Coefficiant criteria supported end Pea
Horizontal stiffel Lo v
a-nd: a; ;ndn;rs ava:Jr-'t?cal' Horizontal and Horizontal and
verti Pfs rifeners ot Hmm vertical stiffeners vertical stiffeners
AC-1, AC-II,
Fodg it 12.00 10.00 8.00 8.00
; AC-1 2.00 2.33 1.77
" AC-II, AC-III 1.60 1.8 1.42
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¢ lyg = longitud o tramo de flexion efectivo en el refuerzo, el cual valdra la separacion
entre bularcamas establecidas en 3 claras de cuadernas (3*900 = 2700 mm). lpag =
2,7m
(Pt3 Ch3 Sec7 pag 59)

IS

fn-Jg

A A

F
F

e Cs = coeficiente elastico permisible que vale 0,85 para la zona de actuacién del
doble casco referente a AC-Il.

Recordando la formula del médulo:
2
st

_ FulPls g
fbdg{(‘sHeH

Z

Z =480 cm?
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A partir de este valor acudimos al catalogo de perfiles bulbo, donde seleccionaremos un
perfil que tenga un mdodulo superior al calculado anteriormente, por lo que el perfil
seleccionado sera:

Bulb Flatls

Dimension range, weight/m and static values

Width  Thicknass Height Rodius irm:t Weight I W
a

:Inm. :nrn Enm :rm an? ka/m om g an?

1 36.1 283 16,2 2477 455

260 11 3; 11 3a.7 303 16.0 2610 474

12 37 11 41. 324 158 2770 493

Perfil seleccionado: 260 x 12 de Z = 493 cm?®
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4.12 Longitudinales del fondo y doble fondo

(Pt3 Ch6 Sec3 pag 14)

Table 2 Minimum net thickness for stiffeners and tripping brackets

Element Location Net thickness

Tank boundary, boundary of carge halds for dry bulk
cargo, single strength deck and shell up to freeboard deck

4.5+ 0.01 L,

Structures in deckhouse and superstructure and decks for

vessels with more than 2 continuous decks above 0.7 0 [ 4.0
from baseline

Stiffeners and attached end brackets

Other structure 4,5+ 0,005 L,

Tripping brackets 4.5+ 0.01 L,

3 Primary supporting members

3.1 Minimum thickness requirements

3.1.1 The net thickness of web plating and flange of primary supporting members in mm, shall not be taken
less than:

t=a+ bl
whera:

a = coefficient as defined in Table 3
b = coefficient as defined in Table 3.

Table 2 Minimum net thickness for primary supporting members

Element E b
Bottom centreline girder and lower strake of centreline wash bulkhead 5.0 0.03
Other bottom girders 5.0 0.017
Floors 5.0 0,015

PSM at tank boundaries, boundaries of holds intended for cargo in bulk, single

strength deck and shell up to freeboard deck +.3 0.015%
PEP-'I_in deckhouses and superstructures a_nd decks for vessels with more than 2 a5 o.0a
continuous decks above 0.7 D from basealine

Other PSM 4.5 0.01
PSM in peak tanks 5.0 0.025"

1) bL, <50

2} blL, = 2.5 for stringers in double side next to dry space not intended for carge in bulk.
3) b, =20

L; = eslora de escantillonado, L; =323 m

t=4,5+0,01x323xV1

t=7,8mm
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(Pt3 Ch6 Sec5 pag 22)

1 stiffeners subject to lateral pressure

1.1 General

1.1.1 Web plating
The minimum net web thickness, in mm, shall not be taken less than the greatest value calculated for all

applicable design load sets as defined in Sec.2 [2], given by:

-'r..'\.'i‘:rl'l’l"i "'.-.'ﬁr
W dskrErTrH
whera:
finr = shear force distribution factor as defined in Table 1. For stiffeners with end fixity deviating from the

ones included in Table 1, with complex load pattern, or being part of a grillage, the requirements
given in [1.2] apply.

Table 1 Definition of fop,

For continuous stiffeners with fixed end Fm.-an finuous ners
with simply supported ends
Coefficient — v
. . Uipper end ol Lower end o .
Horizontal stiffeners vertical stiffeners vertical stiffensrs All stffeners
Eonr 0.5 0.4 0.7 0.5

C£; = permissible shear stress coefficient for the acceptance criteria being considered, as defined in Table 2.

Table 2 stiffeners, definition of C;

Acceptance criteria Structural member Ct
AC-1 All stiffenars 0.75
AC-II All stiffeners 0.90
AC-III All stiffenars 0.95
Donde:

e fsn = factor de distribucién de la fuerza cortante. fsnr = 0,5
e P =presiéon maxima establecida en el fondo. P = 152,8 KN/m?2,
e s = separacion propuesta para los refuerzos secundarios del mamparo. s = 900 mm
e |snr= tramo cortante efectivo del refuerzo, donde se tomara:
(Pt3 Ch3 Sec7 pag 61)

1.1.4 Effective shear span of stiffeners
The effective shear span, Ly, in m, of stiffeners shall be measured as shown in Figure 4 for single skin
structures and Figure 5 for double skin structures.

Regardless of support detail, the full length of the stiffener shall be reduced by a minimum of /4000 m at
each end of the member, hence the effective shear span 4, shall not be taken greater than:

5
fshr =4&- 2000

The effective shear span may be reduced for brackets fitted on either the flange or the free adge of the
stiffaner, or for brackets fitked to the attached plating on the side opposite to that of the stiffener

If brackets are fitted at both the flange or free edge of the stiffener, and to the attached plating on the side
opposite to the stiffener the effective shear span may be reduced using the longer effective bracket arm.

s =900 mm
[=900x3=2700mm=2,7m
Ishr = 2125
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e dsn = profundidad de corte efectiva expresado en milimetros, para los refuerzos
perpendiculares a la chapa.
(Pt3 Ch3 Sec7 pag 76)

1.4.3 Effective shear depth of stiffeners
The effective shear depth of stiffeners, in mm, shall be taken as:

dpe = hser+ b5 for 75° < o, = 90°
depe = (hgy + £,) sin gy, for ¢, < 75°
whera:
h;_of = height of stiffener, in mm, as defined in Sec.2 Figure 1
iy = net thickness of the attached plating, in mm, as defined in Sec.2 Figure 1
@y = angle, in deg, as defined in Figure 17.
Donde:

hsit = altura de los refuerzos secundarios en milimetros que se establece en 260
mm para este calculo
tp = es el espesor afadido, el cual serd de 1mm por la corrosion del agua salada
a la que se exponen
dshr = 260 + 1 = 261 mm
o C;= coeficiente de esfuerzo cortante permisible.
(Pt3 Ch6 Sec5 pag 22)

L; = permissible shear stress coefficient for the acceptance criteria being considered, as defined in Table 2.

Table 2 Stiffeners, definition of C;

Acceptance criteria Structural member Cr
AC-T All stiffeners 0.75
AC-TT All =tiffeners 0.90
AC-ITI All stiffeners 0.95
Ci=0,9

e Ten = esfuerzo limite cortante expresado en N/mm?2. En el caso del acero naval Ren =
235 N/mm?,
Pt3 Chl Sec4 pag 29)

specified shear yield stress,

Tay N/mim

T
Ty ;|

Ten = 135,68 N/mm?

Recordando el valor del espesor era:

|P|s fshr

shrCtTeH

_fshr
wo d

tw = 4,85 mm, tomaremos ty, =5 mm
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4.13 M6édulo minimo de los refuerzos secundarios
(Pt3 Ch6 Sec5 pag 23)

1.1.2 Section modulus
The minimum net section modulus, in cm”, shall not be taken less than the graatast value calculated for all
applicable design load sets as defined in Sec.2 [2.1.2], given by:

2
F
_ 'up -:u‘bd_

FhdgCelten
whera:
ﬁm‘g = bending moment factor as defined in Table 5. For stiffeners with end fixity deviating from the
ones included in Table 5, with complex load pattern, or being part of a grillage, the requirement
given in [1.2] applies
fm = bending moment ratic between end support and midspan as defined in Table 5
fu = factor for unsymmetrical profiles, to be taken as:
= 1,00 for flat bars and symmetrical profiles (T-profiles)
= 1,03 for bulb profiles
= 1,15 for unsymmetrical profiles (L-profiles)
C: = permissible bending stress coefficient as defined in Table 3 for the acceptance criteria given in
Table 4
Comox = coeffident, as defined in Table 4
[ = coefficient, as defined in Table 4
B = coeffident, as defined in Table 4.
Donde:
o f, = factor del perfil, que en nuestro caso emplearemos perfiles bulbo, con lo que f, =
1,03
(Pt3 Ch6 Sec5 pag 23)
fu = factor for unsymmetrical profilas, to be taken as:

1.00 for flat bars and symmetrical profiles (T-profiles)
1.03 for bulb profiles
1.15 for unsymmetrical profiles {L-profilas)

o fhyg = factor del momento flector. fbdg = 12
(Pt3 Ch6 Sec5 pag 24)

Table 5 stiffeners, definition of fyyy and f,

For continuous .
) . Far non-continwous
stiffeners with <tiffeners
For continuous stiffeners with fixed ends one fixed end with simply
» Acceptance and one simply supparredina‘s
Coefficiant criteria supported end
Horizontal stiffeners Lower end ) :
and upper end of of vertical ; nt.?." and HDJ.Tzarrt.‘a."and
vertical stiffeners criffeners vertical stiffeners vertical stiffeners
AC-1, AC-II,
Fog Pt 12.00 10.00 8.00 8.00
AC-1 2.00 2.33 1.77
F -
" AC-II, AC-III 1.60 1.8 1.42
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e Ingg = longitud o tramo de flexion efectivo en el refuerzo, el cual valdra la separacion
entre bularcamas establecidas en 3 claras de cuadernas (3*900 = 2700 mm). lpag =
2,7m

(Pt3 Ch3 Sec7 pag 59)

s

bug

Yy

A A

e Cs = coeficiente elastico permisible que vale 0,85 para la zona de actuacion del
doble casco referente a AC-II.

51"2

Recordando la formula del médulo:
‘bdg

fulP
fbdgcsHeH

Z

Z = 430,786 cm?®
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A partir de este valor acudimos al catalogo de perfiles bulbo, donde seleccionaremos un
perfil que tenga un modulo superior al calculado anteriormente, por lo que el perfil
seleccionado sera:

Bulb Flatls

Dimension range, weight/m and static values

Width  Thicknass Height Radius irm:t Weight I Wa*
r 2

:'lm :nrn Enrn mm am? kg/m em o an?

11 36.1 28.3 16.2 2477 455

260 %? g; 11 38.7 30.3 15.0 2410 474

12 37 11 32.4 158 2770 493

Perfil seleccionado: 260 x 10 de Z = 455 cm?
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4.14 Baos

(Pt3 Ch6 Sec3 pag 14)

Table 2 Minimum net thickness for stiffeners and tripping brackets

Element Location Net thickness

Tank boundary, boundary of carge halds for dry bulk
cargo, single strength deck and shell up to freeboard deck

4.5+ 0.01 L,

Structures in deckhouse and superstructure and decks for

vessels with more than 2 continuous decks above 0.7 0 [ 4.0
from baseline

Stiffeners and attached end brackets

Other structure 4,5+ 0,005 L,

Tripping brackets 4.5+ 0.01 L,

3 Primary supporting members

3.1 Minimum thickness requirements

3.1.1 The net thickness of web plating and flange of primary supporting members in mm, shall not be taken
less than:

t=a+ bl
whera:

a = coefficient as defined in Table 3
b = coefficient as defined in Table 3.

Table 2 Minimum net thickness for primary supporting members

Element E b
Bottom centreline girder and lower strake of centreline wash bulkhead 5.0 0.03
Other bottom girders 5.0 0.017
Floors 5.0 0,015

PSM at tank boundaries, boundaries of holds intended for cargo in bulk, single

strength deck and shell up to freeboard deck +.3 0.015%
PEP-'I_in deckhouses and superstructures a_nd decks for vessels with more than 2 a5 o.0a
continuous decks above 0.7 D from basealine

Other PSM 4.5 0.01
PSM in peak tanks 5.0 0.025"

1) bL, <50

2} blL, = 2.5 for stringers in double side next to dry space not intended for carge in bulk.
3) b, =20

L; = eslora de escantillonado, L1 =323 m

t=5+0,017 x 323 x V1
t=10,6 mm
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(Pt3 Ch6 Se4 pag 16)

1.1 General

1.1.1 Plating
The net thickness, in mm, shall not be taken less than the greatest value for all applicable design load sats,
as defimed in Sec.2 [2.1.3], given by:

171

t= 00158 b, |
o 1.'-:31.!?”

whera:
Ca = pearmissible bending stress coefficient for plate taken equal to:
C =g - 'TaJ;E[ not to be taken greater than Cyrax
el
Fa = coeffident as defined in Table 1
[ = coefficient as defined in Table 1
Comae = maximum permissible bending stress coefficient as defined in Table 1.
correction factor for the panel aspect ratio to be taken as follows but not to be taken greater than
tty - L1l.0: .
; @ =12———
" ZJda
Donde:
a = 28000 mm
b =900 mm
ap,=1,18>1,porloque o, =1
C 1,05-1 205
a= —1X——
’ 235

Ca=0,1776

P = presidon maxima establecida en la cubierta. P = 34,3 KN/m?.

t= U.DlSchpb

t=12 mm
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4.15 Médulo minimo de los refuerzos secundarios

(Pt3 Ch6 Sec6 pag 27)

2 Primary supporting members

2.1 Scantling requirements

2.1.1 Section modulus

The section medulus, in cm”, of primary supporting members subjected to lateral pressure shall not be taken
less than the greatest value for all applicable design load sets defined in Sec.2 [2], given by:

i
plsed,
7= mgﬂj_liz'_

Fog.0.R

Fhdg™ 5 el
whera:
Z = ZFoen required net section modulus in crnj, only applicable for ships with class notation ESP
= Zg required gross section modulus in em”, for other ships
fba‘g = bending moment distribution factor; as given in Table 1
C: = permissible stress coefficient to be taken as:
£ = 0.70 for AC-I
£ = 0.85 for AC-IT and AC-III.
Donde:

e P = presion maxima establecida en la cubierta. P = 34,3 KN/mZ.
e s = separacion entre refuerzos primarios, la cual para este elemento se dispondra de
una separacion acorde con el espaciado comprendido de tres claras de cuaderna.

s=3x900 =2700 mm

e fuag = factor del momento flector. fodg = 12
(Pt3 Ch6 Sec5 pag 24)

Table 5 Stiffeners, definition of fygy and £,

For continuous .
. . For mon-conbinueous
stiffeners with <tiffeners
For continuous stiffeners with fixed ends one fixed end with 5.‘m;:-|'y
- Acceptance and one simply
Coefficient c."r'fe =" supported end supported ends
Horizontal stiffeners Lower end ) S : S
and upper end of of vartical Hearizonta!l and Horizontal and
verti .'s;.‘ﬁ‘ene"s tiffeners vertical stiffeners | wvertical stiffeners
fiio :g::._l.n.c-n, 12.00 10,00 £.00 g.00
. AC-T 2.00 2.33 1.77
o AC-I1, AC-III 1.60 1.86 1.42

¢ |y = longitud o tramo de flexion efectivo en el refuerzo, el cual no serd toda la
longitud de separacion entre refuerzos primarios. Se considerara un 95% de la
longitud del elemento primario, el cual en elste caso en la varenga con una longitud
en 3 claras de cuadernas valdra (0,95*(3*900) = 2565 mm). lpqg = 2,565 m

(Pt3 Ch3 Sec7 pag 60)
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e Cs = coeficiente elastico permisible que vale 0,85 para la zona de actuacion del
doble casco referente a AC-II.
¢ Ren = limite elastico del acero naval normal. Ren = 235 MPa

Recordando la formula del médulo:

2
‘P‘S{’
7 = 1000 cffﬂ
fbdg s eH
Z =254,2cm?
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4.16 Varengas
(Pt3 Ch6 Sec3 pag 14)

Table 2 Minimum net thickness for stiffeners and tripping brackets

Elemant Location Net thickness

Tank boundary, boundary of carge helds for dry bulk
cargo, single strength deck and shell up to freeboard deck

4.5+ 0.01L,

Structures in deckhouse and superstructure and decks for
vessels with more than 2 continuous decks above 0.7 0 | 4.0
from baseline

Stiffeners and attached end brackets

Other structure 4,5+ 0,005 L,

Tripping brackets 4,5+ 0,01L,

3 Primary supporting members

3.1 Minimum thickness requirements

3.1.1 The net thickness of web plating and flange of primary supporting members in mm, shall not be taken
less than:

t=a+blak

whera:

coefficient as defined in Table 3
coefficient as defined in Table 3.

a
b

Table 2 Minimum net thickness for primary supporting members

Elament E b

Bottom centreline girder and lower strake of centreline wash bulkhead 5.0 0.03
Other bottom girders 5.0 0.017
Floors 5.0 0.015
PSM at tank boundaries, boundaries of holds intended for cargo in bulk, single 45 0.015%
strength deck and shell up to freeboard deck

PEP-'I.in deckhouses and superstructures a.nd decks for vessels with more than 2 45 0.1
continuous decks above 0.7 D from baseline

Other PSM 4.5 0.01
PSM in peak tanks 5.0 o0.025"

1) BL, <50

2} hL, = 2.5 for stringers in double side nest to dry space not intended for carge in bulk,
3 bL, =20

L, = eslora de escantillonado, L1 =323 m

t=5+0,03x323 xV1
t=14,8 mm
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(Pt3 Ch6 Se4 pag 16)

1.1 General

1.1.1 Plating
The net thickness, in mm, shall not be taken less than the greatest value for all applicable design load sats,
as defimed in Sec.2 [2.1.3], given by:

171

t= 00158 b, |
o 1.'-:31.!?”

whera:
Ca = pearmissible bending stress coefficient for plate taken equal to:
C =g - 'TaJ;E[ not to be taken greater than Cyrax
el
Fa = coeffident as defined in Table 1
[ = coefficient as defined in Table 1
Comae = maximum permissible bending stress coefficient as defined in Table 1.
correction factor for the panel aspect ratio to be taken as follows but not to be taken greater than
tty - L1l.0: .
; @ =12———
" ZJda
Donde:
a = 2500 mm
b =900 mm
ap,=1,02>1,porloqueap,=1
C 1,05-1 205
a= —1X——
’ 235

Ca=0,177
P = presiéon maxima establecida en el doble fondo. P = 152,8 KN/m?2.

t= U.DlSchpb

t=27,25mm
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4.17 Médulo minimo de los refuerzos secundarios
(Pt3 Ch6 Sec6 pag 27)

2 Primary supporting members

2.1 Scantling requirements

2.1.1 Section modulus

The section medulus, in em”, of primary supporting members subjected to lateral pressure shall not be taken
less than the greatest value for all applicable dasign load sets defined in Sec.2 [2], given by:

pleed
7= mgﬂJ_Iﬂz'_

AL

Y hdg™ s eMN
whera:
Z = Zoen required net section modulus in crnj, only applicable for ships with class notation ESP
= Zg, required gross section modulus in em”, for other ships
fwg = bending moment distribution factor;, as given in Tabla 1
£: = permissible stress coefficient to be taken as:
C; = 0.70 for AC-I
C; = 0.85 for AC-II and AC-III.
Donde:

e P = presiéon maxima establecida en el doble fondo. P = 152,8 KN/m?2.
e s =separacion entre refuerzos primarios, la cual para este elemento se dispondrauna
separacion acorde con el espaciado comprendido de tres claras de cuaderna. s = 3 X

900 = 2700 mm
o foyg = factor del momento flector. fpgg = 12
(Pt3 Ch6 Sec5 pag 24)

Table 5 stiffeners, definition of fyyy and fy

For continuous .
) . Far mron-contineous
stiffeners with tiffeners
For continuous stiffeners with fixed ends one fixed end with sfm::-n'}r
- Acceptance and ane simply
Coefficiant c.-'r'fe =" supported end supported ends
Horizontal stiffeners Lower end ) L : L
and upper end of of vertical Horizontal and Hn-nzc_lnra.' and
vert .'séfﬁ‘enE"s tiffeners vertical stiffeners | wvertical stiffeners
fiig :g::'.l'"":'nf 12.00 10.00 8.00 8.00
R AC-T 2.00 2.33 1.77
o AC-I1, AC-III 1.60 1.86 1.42

¢ |y = longitud o tramo de flexion efectivo en el refuerzo, el cual no serd toda la
longitud de separacién entre refuerzos primarios. Se considerara un 95% de la
longitud del elemento primario, el cual en este caso en la varenga con una longitud
en 3 claras de cuadernas valdra (0,95*(3*900) = 2565 mm). lpqg = 2,565 m

(Pt3 Ch3 Sec7 pag 59)

Pagina 79 de 93




Cuaderno 8: Cuaderna maestra
Manuel Garcia Pensado

< =

a)

fose
- o -
'r‘ i

p—a
-~

e Cs = coeficiente elastico permisible que vale 0,85 para la zona de actuacién del
doble casco referente a AC-II.
¢ Ren = limite elastico del acero naval normal. Ren = 235 MPa

Recordando la formula del médulo:

2
‘P‘S{de‘g

Z =1000
fbdgCSREH

Z=1132,38 cm?
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4.18 Vagras

(Pt3 Ch6 Sec3 pag 14)

Table 2 Minimum net thickness for stiffeners and tripping brackets

Element Location Net thickness

Tank boundary, boundary of carge halds for dry bulk
cargo, single strength deck and shell up to freeboard deck

4.5+ 0.01 L,

Structures in deckhouse and superstructure and decks for

vessels with more than 2 continuous decks above 0.7 0 [ 4.0
from baseline

Stiffeners and attached end brackets

Other structure 4,5+ 0,005 L,

Tripping brackets 4.5+ 0.01 L,

3 Primary supporting members

3.1 Minimum thickness requirements

3.1.1 The net thickness of web plating and flange of primary supporting members in mm, shall not be taken
less than:

t=a+ bl
whera:

a = coefficient as defined in Table 3
b = coefficient as defined in Table 3.

Table 2 Minimum net thickness for primary supporting members

Element E b
Bottom centreline girder and lower strake of centreline wash bulkhead 5.0 0.03
Other bottom girders 5.0 0.017
Floors 5.0 0,015

PSM at tank boundaries, boundaries of holds intended for cargo in bulk, single

strength deck and shell up to freeboard deck +.3 0.015%
PEP-'I_in deckhouses and superstructures a_nd decks for vessels with more than 2 a5 o.0a
continuous decks above 0.7 D from basealine

Other PSM 4.5 0.01
PSM in peak tanks 5.0 0.025"

1) bL, <50

2} blL, = 2.5 for stringers in double side next to dry space not intended for carge in bulk.
3) b, =20

L; = eslora de escantillonado, L1 =323 m

t=45+0,01x%x323xV1
t=7,8mm
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1.1 General

1.1.1 Plating
The net thickness, in mm, shall not be taken less than the greatest value for all applicable design load sats,
as defimed in Sec.2 [2.1.3], given by:

171

t= 00158 b, |
o 1.'-:31.!?”

whera:
Ca = pearmissible bending stress coefficient for plate taken equal to:
C =g - 'TaJ;E[ not to be taken greater than Cyrax
el
Fa = coeffident as defined in Table 1
[ = coefficient as defined in Table 1
Comae = maximum permissible bending stress coefficient as defined in Table 1.
correction factor for the panel aspect ratio to be taken as follows but not to be taken greater than
tty - L1l.0: .
; @ =12———
" ZJda
Donde:
a=2700 mm
b = 2500 mm
o = 0,76
C 1,05-1 205
a= —1X=—
’ 235
Ca=0,177

P = presiéon maxima establecida en el doble fondo. P = 152,8 KN/m?2.

t= U.DlSchpb

t=20,7 mm
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4.19 Médulo minimo de los refuerzos secundarios
(Pt3 Ch6 Sec6 pag 27)

2 Primary supporting members

2.1 Scantling requirements

2.1.1 Section modulus

The section medulus, in em”, of primary supporting members subjected to lateral pressure shall not be taken
less than the greatest value for all applicable dasign load sets defined in Sec.2 [2], given by:

pleed
7= mgﬂJ_Iﬂz'_

AL

Y hdg™ s eMN
whera:
Z = Zoen required net section modulus in crnj, only applicable for ships with class notation ESP
= Zg, required gross section modulus in em”, for other ships
fwg = bending moment distribution factor;, as given in Tabla 1
£: = permissible stress coefficient to be taken as:
C; = 0.70 for AC-I
C; = 0.85 for AC-II and AC-III.
Donde:

e P = presiéon maxima establecida en el doble fondo. P = 152,8 KN/m?2.
e s =separacion entre refuerzos primarios, la cual para este elemento se dispondra de
una separacion acorde con el espaciado comprendido de tres claras de cuaderna.

s =3x900=2700 mm
o foag = factor del momento flector. fpgg = 12
(Pt3 Ch6 Sec5 pag 24)

Table 5 stiffeners, definition of faay and fy

For continuous .
) . Far mon-continuous
stiffeners with ctiffaners
For continuous stiffeners with fixed ends one fixed end with sfm::-n'}r
- Acceptance and one simply
Coefficient c.-'r'fe =" supported end supported ends
Horizontal stiffeners Lower end ) L : L
and upper end of of vertical Horizontal and Hn-nzc_lnta.' and
vertical sé.‘fl‘ene rs stiffeners vartical stiffeners | wvertical stiffeners
fiig :g::'.l'"":'nf 12.00 10.00 8.00 8.00
i AC-I 2.00 2.33 1.77
o AC-IL, AC-III 1.60 1.86 1.42

¢ lyag = longitud o tramo de flexion efectivo en el refuerzo, el cual no seré toda la
longitud de separacién entre refuerzos primarios. Se considerara un 95% de la
longitud del elemento primario, el cual en este caso en la vagra con una longitud en 3
claras de cuadernas valdra (0,95*(3*900) = 2565 mm). lpgg = 2,565 M

(Pt3 Ch3 Sec7 pag 59)
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e Cs = coeficiente elastico permisible que vale 0,85 para la zona de actuacion del
doble casco referente a AC-II.
¢ Ren = limite elastico del acero naval normal. Ren = 235 MPa

Recordando la formula del médulo:

2
‘P‘S{’
7 = 1000 cffﬂ
fbdg s eH
Z=1132,4 cm?
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4.20 Bularcamas

(Pt3 Ch6 Sec3 pag 14)

Table 2 Minimum net thickness for stiffeners and tripping brackets

Element Location Net thickness

Tank boundary, boundary of carge halds for dry bulk
cargo, single strength deck and shell up to freeboard deck

4.5+ 0.01 L,

Structures in deckhouse and superstructure and decks for

vessels with more than 2 continuous decks above 0.7 0 [ 4.0
from baseline

Stiffeners and attached end brackets

Other structure 4,5+ 0,005 L,

Tripping brackets 4.5+ 0.01 L,

3 Primary supporting members

3.1 Minimum thickness requirements

3.1.1 The net thickness of web plating and flange of primary supporting members in mm, shall not be taken
less than:

t=a+ bl
whera:

a = coefficient as defined in Table 3
b = coefficient as defined in Table 3.

Table 2 Minimum net thickness for primary supporting members

Element E b
Bottom centreline girder and lower strake of centreline wash bulkhead 5.0 0.03
Other bottom girders 5.0 0.017
Floors 5.0 0,015

PSM at tank boundaries, boundaries of holds intended for cargo in bulk, single

strength deck and shell up to freeboard deck +.3 0.015%
PEP-'I_in deckhouses and superstructures a_nd decks for vessels with more than 2 a5 o.0a
continuous decks above 0.7 D from basealine

Other PSM 4.5 0.01
PSM in peak tanks 5.0 0.025"

1) bL, <50

2} blL, = 2.5 for stringers in double side next to dry space not intended for carge in bulk.
3) b, =20

L; = eslora de escantillonado, L1 =323 m

t=45+0,01x%x323xV1
t=7,8mm
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1.1 General

1.1.1 Plating
The net thickness, in mm, shall not be taken less than the greatest value for all applicable design load sats,
as defimed in Sec.2 [2.1.3], given by:

171

t= 00158 b, |
o 1.'-:31.!?”

whera:
Ca = pearmissible bending stress coefficient for plate taken equal to:
C =g - 'TaJ;E[ not to be taken greater than Cyrax
el
Fa = coeffident as defined in Table 1
[ = coefficient as defined in Table 1
Comae = maximum permissible bending stress coefficient as defined in Table 1.
correction factor for the panel aspect ratio to be taken as follows but not to be taken greater than
tty - L1l.0: .
; @ =12———
" ZJda
Donde:
a=2700 mm
b =900 mm
ap,=1,04>1,porloqueap,=1
C 1,25 -0,5 205
a= — X —
’ ’ 235

Ca=0,82
P = presiéon maxima establecida en el doble fondo. P = 152,8 KN/m?2.

t= U.DlSchpb

t=12,7 mm
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4.21 Médulo minimo de los refuerzos secundarios

(Pt3 Ch6 Sec6 pag 27)

2 Primary supporting members

2.1 Scantling requirements

2.1.1 Section modulus

The section medulus, in cm”, of primary supporting members subjected to lateral pressure shall not be taken
less than the greatest value for all applicable design load sets defined in Sec.2 [2], given by:

i
plsed,
7= mgﬂj_liz'_

Fog.0.R

Fhdg™ 5 el
whera:
Z = ZFoen required net section modulus in crnj, only applicable for ships with class notation ESP
= Zg required gross section modulus in em”, for other ships
fwg = bending moment distribution factor; as given in Table 1
C: = permissible stress coefficient to be taken as:

C; = 0.70 for AC-I
C; = 0.85 for AC-1T and AC-III.

Donde:
e P = presiéon maxima establecida en el doble fondo. P = 152,8 KN/m?2.

e s =separacion entre refuerzos primarios, la cual para este elemento se dispondra de
una separacion acorde con el espaciado comprendido de tres claras de cuaderna.
s =3x900=2700 mm
o foyg = factor del momento flector. fbdg = 24
(Pt3 Ch6 Sec5 pag 28)

Table 1 Definition of bending moment and shear force factors, fy4, and fy,

Bending moment and shear force
Load and boundary condition distribution factors (based on load
at mid span, where load varies)

Position 1 2 3
1 2 3 Fodgt Fodgz Fodgs
Load mode! ) ¥
m Support Field Suppart [ A - Fonea

N

12.0 24.0 12.0
0.50 - 0.50

: L]

TS

- 0.62

‘ ‘ | | | | | ‘ | ‘ | ‘ é - w2 0
B % 0.38
2

% % 0.50 - 0.50
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¢ lyyg = longitud o tramo de flexion efectivo en el refuerzo, el cual no sera toda la
longitud de separacion entre refuerzos primarios. Se considerara un 95% de la
longitud del elemento primario, el cual en este caso sera una longitud en 3 claras de
cuadernas valdra (0,95*(3*900) = 2565 mm). lpgg = 2,565 M
(Pt3 Ch3 Sec7 pag 59)

< =
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| ,

fr
. il E.

{

—3
—F

e Cs = coeficiente elastico permisible que vale 0,85 para la zona de actuacion del
doble casco referente a AC-II.
¢ Ren = limite elastico del acero naval normal. Ren = 235 MPa

Recordando la formula del médulo:

2
‘P‘S{’
Z = 1000 C{’,fg
fbdg s eH
Z =566,2 cm?

Pagina 88 de 93



Cuaderno 8: Cuaderna maestra
Manuel Garcia Pensado

5 TABLA RESUMEN DE ESPESORES Y MODULOS

Espesores en funcion de la t (mm)
presion
Chapa del fondo 16,2
Chapa del doble fondo 14,68
Chapa del costado 15,5
Mamparo 20,58
Refuerzos Espesor t, (mm) Médulo (cm3)
Longitudinales del mamparo 11 847,11
Long. del costado y doble costado 6,2 480
Long. del fondo y doble fondo 4,85 430,786
Baos 12 254,2
Varengas 27,25 1132,38
Vagras 20,7 1132,38
Bularcamas 12,7 566,2
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7 ANEXO: CATALOGO DE PERFILES BULBO
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Bulb Flais

Cuaderno 8: Cuaderna maestra
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Jumbo Bulb Flats

Welded bulb flats, for very large and ulira large corrier/vessels
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Lo Espesores  t(mm)

] Fondo 16,2
B @ ] Doble fondo 14,68
T Costado 15,5

Mamparo 20,58

T T
-
L1t

- Refuerzo t (mm) Médulo (cm3)
I Long. mamparo 11 847,11
B O ] Long. costado y doble casco 6,2 480

- Long. fondo y doble fondo 4,85 430,786
Lo Baos 12 2542
B O ] Varengas 27,25 1132,38

L Vagras 20,7 1132,38

1 Bularcamas 12,7 566,2

O
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