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SANDRA ALLEGUE GARCIA
CUADERNO 8

1 INTRODUCCION

En este Cuaderno se realizaran todos los calculos relacionados con la Cuaderna Maestra
del buque, tanto el dimensionamiento como el calculo del médulo. También se elegira el
tipo de estructura y el tipo de quilla que tendra el buque

El plano usado no es el del buque proyecto, pero se asemeja bastante y por ello es el
elegido como referencia, en el Ultimo apartado se haran las correcciones pertinentes al
escantillonado con todas las diferencias entre el calculo y el plano.

Las dimensiones del buque proyecto son las siguientes:

Lpp = 78,58 m
Loa=85,78 m
B=19,13m
T=6,58m
D=8,26m
BHP = 1985 kW
A=7.742t
Fn=0,241
Cb=0,764
Cm = 0,989
Cp=0,772
Cf=0,925

Acubierta = 0,7-Lpp-0,9-B = 947 m?
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SANDRA ALLEGUE GARCIA
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2 DISENO CONCEPTUAL DE LA CUADERNA MAESTRA

A continuaciodn, se desarrollaran todas ... antes de proceder al calculo del escantillonado.

2.1 QuiLLA

Se elige un tipo de quilla que es el tinel de quilla (duct keel). Este tipo de quilla se utiliza
en algunos buques para que pasen todos los tubos y cables del doble fondo. Ademas,
debido a que la cAmara de maquinas se encuentra en proa, se usa para hacer la conexion
desde los motores generados principales hasta el motor eléctrico que accionan los
propulsores.

El tinel de quilla suele tener la siguiente estructura:

Ships
¢

g ‘*/ Stifoner QJ """ U

' Solid —Side girder |Piping—21 Solid
' floor L

| L
W ) Stiffener L m

.—.—.—.—.—
]
(@]
o
-

e e,

-y

El tunel de quilla en el buque proyecto cuenta con una manga de 2 m y una altura, que
corresponde a la altura del doble fondo, de 1,5 m y se extiende desde el mamparo de popa
de la cdimara de maquinas hacia la popa del buque.

2.2 TIPO DE ESTRUCTURA
Hay que definir el tipo de estructura que va a tener el buque proyecto, existen dos tipos:

— Estructura transversal
— Estructura longitudinal

La principal diferencia entre estas dos disposiciones es la direccion en la cual estaran
situados los refuerzos para que absorban las tensiones en sentido longitudinal o
transversal.

Normalmente, la estructura transversal se utiliza en buques de poca eslora. Esto es debido
a que segun aumenta la eslora aumentan las cargas en sentido longitudinal.

Como el buque tiene una eslora de 85 m y debido a las actividades que va a desempeiar
el buque se van a crear mas tensiones longitudinales, se opta por una estructura
longitudinal.
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2.3 DOBLE FONDO

El buque tendra una estructura longitudinal, como ya se ha mencionado a continuacion,
por lo que la estructura del doble fondo tendra la siguiente estructura:

Solid floor

Solid floor

Bottom
longitudinals

Intercostal

side girder
Continuous
centre girder

~

Flat plate keel

Inner bottom longitudinals
Tank top 9

Continuous centre girder Shlgs

| Olntercostal
Air holes

hole Iﬂ m | Drain holes | ‘ m ﬂ]

Yo lo n ..

Bottom longitudinals

SOLID FLOOR

Tank top (inner bottom) Inner bottom longitudinals

! — Intercostal
— | — ide girder | |

|~ Flange ) Ei‘iaﬁte‘rj';rr side girder —Angle strut
1 1

Bracket

Flange — O

Bracket

Bottom longitudinals

BRACKET FLOOR

2.4 PLANO DE REFERENCIA DE LA CUADERNA MAESTRA

Para el plano de referencia se ha escogido la siguiente imagen ya que se aproxima bastante
al buque proyecto:
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3 ESCANTILLONADO LOCAL DE LA CUADERNA MAESTRA

3.1 DIMENSIONES

3.1.1 Eslora de escantillonado

En buques que no tengan mecha del timén la eslora de escantillonado sera igual 97% de
la eslora tomada al calado de escantillonado:

L =0,97-834=28090m

3.1.2 Calado de escantillonado
El calado de escantillonado sera el francobordo maximo de verano:
TSC = 6,593 m= 6,59 m

3.1.3 Manga de escantillonado
La mayor manga del buque, en m, mediad en el medio del buque al calado 6,59 m:
B =19,13m

3.1.4 Puntal de escantillonado
Distancia vertical, en m, medido desde la linea base hasta la cubierta continua mas alta:
D =8,26m

3.1.5 Coeficiente de bloque

Coeficiente de bloque al calado Tsc:

C = A (para Tsc)
571,025 L-B- Ty

De las hidrostaticas se saca el desplazamiento al calado de 6,59 m:



SANDRA ALLEGUE GARCIA
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Draft Amidships m 6,590
Displacement t 7667
Heel deg -0,5
Draft at FP m 6,841
Draftat AP m 6,339
Draft at LCF m 6,550
Trim (+ve by stern) m -0,502
WL Length m 83,574
Beam max extents on WL m 19,131
Wetted Area m”"2 2317,925
Waterpl. Area m”2 1382,196
Prismatic coeff. (Cp) 0,770
Block coeff. (Cb) 0,739
Max Sect. area coeff. (Cm) 0,982
Waterpl. area coeff. (Cwp) 0,919
LCB from zero pt. (+ve fwd) m 37,271
LCF from zero pt. (+ve fwd) m 33,004
KB m 3,576
KG fluid m 6,133
BMt m 5,002
BML m 87,131
GMt corrected m 2,444
GML m 84,573
KMt m 8,578
KML m 90,702
Immersion (TPc) tonne/cm 14,168
MTc tonne.m 82,521
RM at 1deg = GMt.Disp.sin(1) tonne.m 327,075
Max deck inclination deg 0,5937
Trim angle (+ve by stern) deg -0,3658

Resolviendo:

7667

Cp

3.1.6 Claras entre cuadernas

- 1,025 -80,90 - 19,13 - 6,59

=0,733

El buque tiene la siguiente disposicion de separacion de cuadernas:

— De popa hasta la cuaderna 12 - s = 600 mm
— Delacuadernal2ala110 - s=700 mm
— Delacuaderna 110 a proa = s = 600 mm

A su vez se considera:

— Varengas dispuestas cada 3 claras de cuaderna
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3.2 DIMENSIONAMIENTO DEL FONDO

3.2.1 Calculo de parametros basicos

En este apartado se calcularan los siguientes parametros basicos:

C, = wave coefficient, in m, shall be taken as:
C, = 0.0856L for L <90
— 315
C, =10.75 — (3055) for 90 <L < 300
C,, = 10.75 for 300 < L < 350
_ L—350\1.5
c, = 1075 — (L220) for 350 < L < 500

3.2.2 Coeficiente de ola Cw (Part 3, Ch.4, Sec. 4)
Como la eslora del buque es de 80,90 m:
C, = 0,0856 -80,90 — C,, = 6,92

=
Cv ﬁ, maximum 0.2
50
Cv
/80,90
Cy=—5—— €, =0,18

3.2.2.1 Parametro comun de la aceleracion, ao (Part 3, Ch. 4, Sec. 3)

ag = acceleration parameter, shall be taken as:

a, = (1.55 - G.4?EH](% +3 - ':;”—E”]

A 34 600
\/80,90 80,90 80,902

3.2.2.2 Periodo de balance y angulo de balance, Tey 0 (Part 3, Ch. 4, Sec. 3)

a, = (1,58 -0,47-0,733) - ( ) —ay=0,74
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SANDRA ALLEGUE GARCIA

CUADERNO 8
The roll period, in s, shall be taken as:
2.3mk,
07 oo

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

- 9000[1.4— 0'035Tu]fpfax
L1556 + 55)m

where:

I = coefficient shall be taken as:
fp = fps for strength assessment

fp = fR[:CI.EB —AfB - 1[}_'1') for fatigue assessment

fex = shall be taken as:
fgge = 1.2 for ships without bilge keel
fggx = 1.0 for ships with bilge keel

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

kr = 0.39 B in general
k., = 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 B. 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

_23-m-0,39-19,13
~ J/9,81-0,07 19,13
9000 - (1,4 — 0,035 - 14,87) - 1- 1,2

B = 27°
7 (1,15-19,13 + 55) -7 — 0 =39,

Ty — Ty =14,87s
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3.2.2.3 Periodo de paso y angulo de paso, ¢ (Part 3, Ch. 4, Sec. 3)

The pitch pericd, in s, shall be taken as:

{2l
| [

e . i
e

where:
A, =081+ frL

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

. 5 ey 1,2
@ = gzufrr:.""*”{l.u + (i;) }

fp = coefficient shall be taken as:
fF. = .FF,E for strength assessment

£ = fpl(0.27 —0.02f,) — (13 =5, ) - L- 1077] for fatigue assessment.

. 2706 (1+1)-8090
= — =
¢ 981 o= /905

2,57

1,2
@ =920-1-80,90798% .11 + (—) — @ = 24,26°
v9,81 - 80,90
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3.2.2.4 Aceleracion longitudinal (ax), transversal (ay) y vertical (az) (Part 3, Ch. 4,
Sec. 3)

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

by = fﬁ[( — Cxggsin 'iﬁ‘] + CxsOerge + Cxplpicch(z — RJ]
3.2.2 Transverse acceleration
The transverse acceleration at any position for each dynamic load case, in m/s”, shall be taken as:
ay=f E|Cm§5mﬂ + Cysmay — Crrtran(z — R)I
3.2.3 Vertical acceleration
The vertical acceleration at any position for each dynamic load case, in m,ﬂ'sz, shall be taken as:

az = f-ﬁ[ExH“heaue + Copttpny — CIPapitch(I - D'd'-';‘l‘}]

Donde:

The longitudinal acceleration due to surge, in m,.’sz, shall be taken as:

. 1.5
Gyurge = 02(16 + 75 2,9

where:

fo = coefficient shall be taken as:
f, = fs for strength assessment

fp = fH[D.E? — (15 + 4f'rJL - 10_5] for fatigue assessment.

1,5
Asyrge = 0,2 (1,6 + —) -1-0,74- 9,81 — agyrge = 2,39 m/s?

V9,81 - 80,90

iy . ; 2
The transverse acceleration due to sway, in m/s”, shall be taken as:

N 20
sway = 0-3(2.25 - m)fp“uﬂ

where:

o = coefficient shall be taken as:
fp = fps for strength assessment

fn= fR|0.24 - [ﬁ - ZfT}E - 1{]_4| for fatigue assessment.

) -1-0,74- 9,81 — Ggyqy = 3,34 m/s>

20
a = 0,3.(2,25——
sway V9,81 -80,90
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The vertical acceleration due to heave, in m,fsz, shall be taken as:

_ . . 2L .5
ppqve = 08(1+0030)(0.72 + m}(].w —ﬁ)fprxug L <100m
PR 04+L)1+003v3—i (115—£]fa 100 £ L < 150 m
heave — |V T Z5g ' o) )\ VoL ) p%od =
_ 6.5
e = (1.15— \,-'g;,]fpaﬂ'"? L =150m
where:
v = unless otherwise specified in Pt.5, to be taken as:
0 ktfor L < 100 m
Sktforl = 150 m
linear interpolation for L between 100 m and 150 m.
f}, = coefficient shall be taken as:
fp = fm for strength assessment
JFI-‘ = Jr'R[{D.Z? i []I.EIZ;"T] —17L 10| for fatigue assessment.
0,8-(1+0,03-0) (072+2'80’90> (115 i ) 1-0,736-9,81
a =0,8" , . . , _ 1. , [ — - 0, -9,
heave 700 V9,81 -80,90

Aneave = 5,05 m/s?
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. . . 2
The pitch acceleration, in rad/s”, shall be taken as:

2
_ - (0.72 + 2L 22| = [2m
@yyen = 08(1 +0.050)f (072 + 700)[1'75 \.-'_qL]quHU[I“‘J L <100 m
L L 22 T | &m z
Bpipch = [M + ﬁ](I + 0.05»[3 —ﬁ])fp(l.?.ﬁ _Z-g_t]"’ﬁ(ﬁ] 100 <L < 150 m
22 x [2n)?
Diech = IP[I.TS —m] m(c) Lz2150m
where:
@ = pitch angle in deg, using f, equal to 1.0
v = as defined in [2.2.3]
fo = coefficient shall be taken as:
fp = J"pg for strength assessment
fp = JFHIU.-ICH - (5 + 61".1..]1. . 10_5] for fatigue assessment.

2

)

2- 22 T (2T
iten = 0,8(1+0,05-0)1 (0,72 —) (1,75 - —) 24,26—( )
Apitch 1+ ) 00 9.81- 80,90 180\7,88

Apitcn = 0,198 rad/s?

) i z
The roll acceleration, a0, in rad/s", shall be taken as:

2
T | 2w
on = f 8780 {'I_ﬁ)

where:

a = roll angle in deg, using fp equal to 1.0

fa = coefficient shall be taken as:
fo=10s for strength assessment
;"p = leL'I.Z.'i —4f;8 - 1ﬂ_4] for fatigue assessment.

1.3927 - — (2'”>2 0,122 rad/s?
a =1- e —a = rad/s
roll Y 180 14"87 roll )

Para los siguientes coeficientes se ha elegido la condicion dinamica HSM-2 que maximiza
el momento flector vertical por olas en la parte media del buque:
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Load component LCF HSM-1 HSM-2 HSA-1 H5A-2 FSM-1 FSM-2
My Cv -1 1 -0.7 0.7 —0.4fr— 0.6 | D.4fr+ 0.6
Hull gil'dEI' Qwv CQW —1.E|ﬁ|n ]_.D.lrﬁp —D.Sﬁp U.Sﬁ‘n —l.ofw 1'Dfl‘D
loads Mwr | Cwm 0 0 0 0 0 0
Mt Cwr 0 ] 0 0 0 0
Fsurge Cxs | 0.3-0.2f | 0.2fr—0.3 0.2 -0.2 0.2 - 0.4fF | 0.4Ffr— 0.2
Longitudinal ] _ _ _
mcoclerations | Feiechx | Cxp 0.7 0.7 1.0 1.0 0.15 0.15
gsing | Cxe 0.6 -0.6 D.4fr + 0.4 | —0D.4fr — 0.4 -0.2 0.2
Beway Cyg 0 ] 0 0 0 0
Transverse
accelerations Frolly Cvr o 0 o o o o
g sinB Cyg 0 0 0 0 0 0
Sheave | Czy | 0.5fr— 0.15| 0.15 - 0.5f 0.4 -0.4 0 0
Vertical
accelerations Aroll-= Czr 0 0 0 0 0 0
Bpirchz | Czp -0.7 0.7 -1.0 1.0 0.15 -0.15
Cye = —0,6
C 0,2 69 0,3 =-0,1
XS I —Uo =4,
6,59
CXP = 0,7
Cye =0
Cys =0
CYR = 0
Czy =015-0,5-1=-0,35
CZR = 0
CZP = 0,7
fg = heading correction factor, shall be taken as:
for strength assessment:
fg = 1.0 in general
R = vertical coordinate, in m, of the ship rotation centre, shall be taken as:
T, .
o Len
H = min T + —5 ?]
8,26 + 6,59 536
_— _— m
4 2 ’
8,26
=4,13m
2

R = min(5,36,4,13) = 4,13 m

Para hallar el valor de x y z, se toma como punto de referencia el centro de gravedad del
buque:

XG =3929m,KG =5,52m
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El centro de gravedad de la cuaderna maestra es de:
XGmaestra = 27,5m,KGaestra = 413 m
Por lo tanto, la x y la z en este caso son:
x=-11,79m,z=-1,39m
Calculando ahora las aceleraciones:
«=1-[(+0,6-9,815sin(24,26)) —0,1-2,39+0,7-0,198 - (—1,39 — 4,13)]
a, =1,41m/s?
ay,=1-[0-9,81-5in(39,27) +0-3,34 - 00,122 - (—1,39 — 4,13)]
a, = 0 m/s?
a,=1-[-035-505+0-2,39-0—-0,7-0,198 - (—11,79 — 0,45 - 80,9)]
a, = 4,91 m/s?

3.2.3 Calculo de las presiones (Part 3, Ch. 6, Sec. 2)

Para elegir la presion con la que dimensionar la chapa se calculara la presiéon que ejerce
el agua de mar sobre el fondo:

Design Loading
Design 4) Acceptance| condition for
Structural be load Load t D ht
ructural memoer load set oF 3 02a componen raug criteria definition of
scenario GM and k,
External shell and P s+ Py Pp T sc Full I_ng
exposed deck SEA-1 5 AC-II condition
Superstructure side max{Pyuy; Ps)
External shell SEA-2 1 P g T sc AC-1 -
Siendo Ps:
Table 1 Hydrostatic pressure, PS
Location Hydrostatic pressure, Pz, in kNdm®
z = Tic £g (T — =)

z > Tip o
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IAT___T,.T..L.;.,__

7
[/

=
r
',
=
=
r.
.

Por lo tanto, la presion en el fondo debido al mar es de:
Ps=p-9 (T,c—2)
Como se especifica en la tabla se usara Trc=Tsc.
P, =1,025-9,81- (6,59 — 0) — P, = 66,26 kN/m?
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Table 2 Hydrodynamic pressures for HSM load cases

>
Wave pressure, in kN/m™

Load case ZET-M TM_—{'.?-E h‘l-"l’+T.'.E 2>hW+TLC
HSM-1 Py =max{ — Py apglz—T,.]}
F w = Pwuw — palz — Tic) Py =00
HSM-2 PW = max{.f’”s;pg{z—i",_{.)}
where:
fl,+2—125

PHS = C_f'],. fp.y fnf' Jr.h ku kp f}rx L-w ‘||I L

{:'rr = f7+ 05— (0.7fr- 0.2)Cg
[re = coefficient considering non-linear effects, to be taken as:
for extreme sea loads design load scenario:
fyu=07atfg =0
fop= 0.9 at fig = 0.3
fp= 0.9 atfg = 0.7
feu=06atfy =1
for ballast water exchange design load scenario:
fyu=0.85atfy =0
fo=0.95atfy = 0.3
fy=0095atf, = 0.7
fe=080atfy, =1
Intermediate values are obtained by linear interpolation

fJ.: = girth distributicn coefficient, to be taken as:
3 & .
I_}lz_cx'?'_'{-[z_c;c]fyﬁ!'l--l
L
Cx = coefficient to be taken as:
€, =15-2=05
i = coefficient to be taken as:

fp=30(1.21—066f;)

ko = amplitude coefficient in the longitudinal direction of the ship, to be taken as:
. o ) 20 2 i
ke = (05 +f1)|(3—2yF5) — 57— 6yFou)| + 501 - £7) for [y, <015
k, =10 for 015 = f, <07
. 40 18 . -
ko= 14 (= 021y =5} 4 2(1 = £y | Lol - 07) - 025@ - 1)} for £z 07
A = wave length of the dynamic load case, in m, to be taken as: A = 0.6{1 + fIL
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.fcp = phase cosfficient to be obtained from Table 3. Intermediate values shall be interpolated
Table 3
Fur o 0.3-01f 0.35-01F 0.8 - 0.2 fr 0.9-0.2F 1.0
k, —0.25 f{1 + f,g) -1 1 1 -1 -1
Lv) S -
I'."E:Z' el
é ! P,
i
IIT— _-,,' .
!,-f

l\Q'J_LLL_LLJ_L T J_L'_§>’

6,59

T=559 1

Cr=1+05-(0,7-1-0,2)-0,733 — C¢r = 1,13

fyz =134

Cx

f= 0.9 at fig = 0.3
fa=0.9atfy =0.7

fo=3-(121-066-1) — f, = 1,65

=15

6,59

far =09
k,=1
k,=1
|27,5 - 0,5 - 80,90|
80,90
fyB =0

— C, = 1,34

+(2-134)-0+1—f, =1

Ly

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

Ly =110m
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A=063-(14+1)-8090—1=101,93m

110 + 101,93 — 125
80,90

Pys=113-1-09-165-1-1-1-6,92 j — Pys = 12,04 kN /m?

1,025-9,81- (0 — 6,59) = —66,26 kN /m?
Py, = max(12,04,—66,26) = 12,04 kN /m?
La presion externa debida al mar sera de:

Ps + Py = 66,26 + 12,04 = 78,30 kN /m?

3.2.4 Calculo del espesor de la chapa (Part 3, Ch. 6, Sec. 3)

En este apartado se calculara el espesor de la chapa del fondo y también el de la quilla, el
material sera de acero clase A de 235 N/mm?Z.

Los espesores minimos se calculan de la siguiente manera:

Table 2 Material factor, k
Specified minimum yield stress Ray, in N,.f'mmz k
235 1.00
315 0.78
355 0.72
390 0.66
460 0.62
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1.1.1 The net thickness of plating, in mm, shall not be taken less than:
t=a+blyk

where:

coefficient as defined 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

Element Location a b
Keel 5.0 0.05
Bottom and bilge 4.5 0.035
From upper end of bilge plating to Tge + 4.6 m 0.035
Shell Side shell and From Tsc + 4.6 mto Tec + 6.9 m 0.025
superstructure 4.0
zide From Tsc + 6.9 mto Tsc+ 9.2 m 0.015
Elsewhere®! 0.01
Sea chest boundaries 4.5 0.05
Weather deckl)’2]‘3}'4], strength deck??) and platform deck in machinery space 0.02
Deck Boundary for cargo tanks, water ballast tanks and hold intended for cargo in bulk 4.5 0.015
Other decks?H4)) 0.01
Inner Cargo spaces loaded through cargo hatches except container holds 5.5 0.025
bottom Other spaces 4.5 0.02
Bulkheads for cargo tanks, water ballast tanks and hold intended for cargo in bulk
Peak bulkheads and machinery space end bulkheads 4.5 0:015
Watertight bulkheads and other tanks bulkheads 0.01
Bulkheads
Non-tight bulkheads in tanks 0.005
Other non-tight bulkheads > [i]
Walls in accommodation 4.5 0

Para la quilla:
t =5+ 0,05-80,90 - V1 = 9,05 mm
Para el fondo:

t =45+ 0,035-80,90-V1 = 733mm
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El espesor de la chapa de fondo sera de:

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:

= 7]
t= ﬂ.ﬂiEBapb F

a el
where:
Ca = permissible bending stress coefficient for plate taken equal to:
74g
C =B —a 1 gl not to be taken greater than Ca-max

a i a RBH
Ba = coefficient as defined in Table 1
g = coefficient as defined in Table 1
Comamx = mMaximum permissible bending stress coefficient as defined in Table 1.

Table 1 Plating, definition of B, a_ and C,_,,.x

Acceptance criteria Structural member Bs o 5 Ca-max
Longitudinal stiffened plating 0.90 0.50 0.80
Longitudinal members
AC-I Transverse stiffened plating 0.90 1.00 0.80
Other members 0.80 0.00 0.80
o Longitudinal stiffened plating 1.05 0.50 0.95
Longitudinal members
AC-II Transverse stiffened plating 1.05 1.00 0.95
Other members 0.95 0.00 0.95
Longitudinal bulkhead members | Longitudinal stiffened plating 1.25 0.5 1.15
including possible bench
structures between tanks and
dry spaces or dry cargo h_DIdS Transverse stiffened plating 1.15 1.0 1.15
not intended to carnry liguid or
bulk cargo
Longitudinal stiffened plating 1.10 0.50 1.00
Other longitudinal members
Transverse stiffened plating 1.10 1.00 1.00
Ac-HI Transverse boundaries of ballast water tanks
Transverse boundaries between tanks and dry spaces or dry cargo 1.15 0.00 1.15
holds not intended to carry liquid or bulk cargo
Other members 1.00 0.00 1.00
Longitudinal watertight Longitudinal stiffened plating 1.25 0.50 1.15
boundaries Transverse stiffened plating 1.15 1.00 1.15
Other watertight boundanes 1 1.15 0.00 1.15
1) Only applicable for flooding pressure
1,2 07 1
ad, = 1, ———m =
p 2,1-21

C,=1,05-0,5 205—061
@ 235
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t=0,0158-1-700- —t=745mm

Comparandolo con el espesor minimo es un valor mayor, por lo tanto, el valor de la chapa
toma un valor de:

Espesor quilla:t = 9,5 mm

Espesor del fondo:t = 7.5 mm

3.2.5 Calculo de las varengas (Part 3, Ch. 6, Sec. 6)

El m6dulo minimo necesario de las varengas sera de:

2.1.1 Section modulus
The section modulus, 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:

2
P|S5E
7= 1000M

fbdngReH
where:
Z = Z,zp, required net section modulus in cm?, only applicable for ships with class notation ESP
= Zg, required gross section modulus in cm’, for other ships
fbdg = bending moment distribution factor, as given in Table 1
Ce = permissible stress coefficient to be taken as:

C ;= 0.70 for AC-T
C ;= 0.85 for AC-II and AC-IIL.

La varenga se va a dimensionar suponiendo que los extremos se encuentran empotrados,
es decir, no va a permitir el giro:

Bending moment and shear force
Load and boundary condition distribution factors (based on load
at mid span, where load varies)
Position 1 2 Kj
1 2 3 fbdg1 fbdgz Tbdg3
Load model Support Field Support fopri - fobrs
Z
A 12.0 24.0 12.0
0.20 - 0.20
4
B8 - 14.2 8.0
0.38 - 0.63
D7 7
- 8.0 -
c 0.50 - 0.50
72 2
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Z = 1000 7830-21-39" 7 = 1043,4 cm?
= . SN =
12-0.85 - 235 aem

Se eligen perfiles llanta bulbo:
370x13deZ = 1210 cm®

Se comprobara que este perfil adecuado comprobando que cumple con el espesor minimo
recomendado, que se calcula de la siguiente manera:

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+blLyk

where:

a = coefficient as defined in Table 3

b = coefficient as defined in Table 2.

Element a 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
rjgﬂuﬁl(.lﬂpa?lting zide shell, ballast tank, cargo tank and hold intended for cargo 4.5 0.015
Other PSM 4.5 0.01
PSM in peak tanks 5.0 0.025Y

1) The value of bLs does not need to be greater than 5.0.

2) For stringers in double side next to dry space not intended for cargo in bulk, the value of bL; does not need to be
taken greater than 2.5.

3) Other specific requirements related to ship types are given in Pt.5.

t =45+0,015-80,90-V1 — t = 57 mm

Se observa que el perfil elegido cumple con el requisito del espesor minimo, por lo tanto,
la eleccién es valida.

3.2.6 Calculo de los refuerzos secundarios (Part 3, Ch. 6, Sec. 5)

El médulo necesario sera de:

Pagina 25 de 50




SANDRA ALLEGUE GARCIA
CUADERNO 8

The minimum net section modulus, in cma, shall not be taken less than the greatest value calculated for all
applicable design load sets as defined in Sec.2 [2.1.3], given by:

where:

fodg

fm
Ju

Cs
C.s‘-mﬂx

Bs

z_qu sl

f bdgcsReH

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

bending moment ratio between end support and midspan as defined in Table 5

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)

permissible bending stress coefficient as defined in Table 3 for the acceptance criteria given in
Table 4

= coefficient, as defined in Table 4

coefficient, as defined in Table 4
coefficient, as defined in Table 4.

Table 3 stiffeners, definition of C.

For continuous

Structural Sign of hull Lateral pressure -
) i Coefficient Cg
member girder stress, opg acting on
Tension (positive) Stiffener side -
Cs=Bs—ag Rh
el

Compression (negative) | Plate side
but not to be taken greater than Cg_ oy

stiffeners Tension (positive) Plate side .
Csz-fm ﬁs_as Ry
Compression (negative) | Stffener side
but not to be taken greater than Co o
Tension (positive) Plate side &
C.=B.—all
s H SR,y
For non- Compression (negative) | Stiffener side
continuous but not to be taken greater than Csmax
stiffeners

Tension (positive) Stiffener side
C 5 = Csmax

Compression (negative) | Plate side
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Table 4 stiffeners, definition of B, a. and C. 5«

Acceptance
ariterio Structural member Bs a . Cs-max
Longitudinal members 0.95 1.00 0.85
AC-I
Other members 0.85 0.00 0.85
Longitudinal members 1.10 1.00 0.95
AC-II
Other members 0.95 0.00 0.95
In general 1.20 1.00 1.00
Longitudinal members :
On watertight 1.20 | 1.00 | 1.15
boundaries
AC-IIT
In general 1.00 0.00 1.00
Other members :
On watertight 1.15 | o.o0 | 1.5
boundaries
1) Only applicable for flooding pressure

Table 5 Stiffeners, definition of fpgg and £y,

~1,03-78,30-700 - 2,12

12-0,23-235

Con este valor se entra en las tablas de perfiles comerciales y se elige un perfil llanta bulbo
con chapa asociada de:

240x11deZ =391 cm®

— 7 = 383,85 cm?3

For continuous .
stiffeners with For non-continuous
tiffe
For continuous stiffeners with fixed ends one fixed end 5';,& {'ﬁerslr
Acceptance and one simply SUWJ r:;jirfds
Coefficient criteria supported end PPO
Hz:;o:rtaf fiﬁzn:;s t‘;t‘::tf;‘? Horizontal and Horizontal and
ve rﬁcgfjtfffeners stiffeners vertical stiffeners vertical stiffeners
AC-T, AC-TI
f bdg P ' 12.00 10.00 8.00 8.00
AC-I 2.00 2.33 1.77
fm -
AC-II, AC-III 1.60 1.86 1.42
205
Cs=110—-1-——=0,23
235

Se comprobard que este perfil cumple con el espesor minimo requerido mediante la

formula:

where:

fshrlp |s fshr
w dshrctreh’

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:

feinr = 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.
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Table 1 Definition of f .

For continuous stiffeners with fixed end Fﬂr. naq—conhnuous stiffeners
with simply supported ends
Coefficient
5 ) Upper end of Lower end of .
Horizontal stiffeners vertical stiffeners vertical stiffeners All stiffeners
fsx‘w’ 0.5 0.4 0.7 0.5

Cy = 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 Cp
AC-I All stiffeners 0.75
AC-TI All stiffeners 0.90
AC-III All stiffeners 0.95

También es necesario calcular la altura efectiva de los refuerzos:

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

dshr = hstf + tp for 75° < @,, < 90°

dspr = (hser + fp) sin @y for @, < 759
where:
hst = 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.

Para un perfil llanta bulbo:

‘Iﬁtp—gr

Bulb and similar profiles

dsnr =34+ 7,5=41,5mm
Ahora se puede calcular el espesor minimo recomendado de los refuerzos:
- 0,5-78,30-700-2
W 41,5-0,9-135,7

Como se observa el perfil cumple con el espesor minimo recomendado por lo tanto el
perfil elegido es adecuado.

— t, = 10,8 mm
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3.3 DIMENSIONAMIENTO DEL DOBLE FONDO

3.3.1 Calculo de las presiones ((Part 3, Ch. 6, Sec. 2)

Se haran dos estudios de la presion para dimensionar el doble fondo: la presién de los
tanques de agua de lastre situados en el mismo y la presiéon de los tanques de cemento
situados encima.

Primero se calcularan la presién de los tanques de lastre:

Internal structures in

2 P, T - -
tanks INT-1 1 int sC AC-I

The internal pressure due to liquid acting on any load point of a tank and ballast hold boundary, in kN/m?, for
the static plus dynamic (S + D) design load scenarios shall be derived for each dynamic load case and shall
be taken as:

Pin = Py + Py but not less than 0

where:

Py = static pressure due to liguid in tanks and ballast holds, in kN,’mz, as defined in [1.2.1] to [1.2.6]

Pyy; = dynamic inertial pressure due to liquid in tanks and ballast holds, in kN,’mz, as defined in [1.2].
Siendo:

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

Poe 1= F.q0; Hlizm:-‘ - z} + Ppy for tanks arranged with pressure relief valves

Poe_ = ,nL_g(zw,?— z] for other cases.
= ¥

Siendo:

pL=1,025t/m3

Ztop = punto mas alto del tanque en la coordenada Z, en m
Como en este caso el tanque no tiene una valvula de seguridad:

P, =1,025-9,81- (1,5 - 0) — P;,_, = 15,08 kN /m?
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1.3.1 The dynamic pressure due to liquid in tanks and ballast holds, in I<N/rnz shall be taken as:

Peg= f:dPLI"z(‘o = ’) - ".(xo —") + [t = 8y(¥o — Y)I
where:

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

for strength assessment:

fq = 0.62 for cargo tanks filled with any liquids inclusive water ballast
fuq = 1.0 for other cases

for fatigue assessment:

f =05+ m-‘ﬂ for cargo tanks and ballast holds
ull=e¢ = U [P
full.e = 1.0 for other cases
e 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 hold hatch coaming, in m

fure = transverse acceleration correction factor to account for the ullage space above the liquid in tanks
and ballast holds, taken as:
for strength assessment:
fure = 0.67 for cargo tanks filled with any liquids inclusive water ballast
fur.e = 1.0 for other cases
for fatigue assessment:

I'o"l 180 f K m I
[utime =05+ » = 'or cargo tanks and ballast holds
op

fure = 1.0 for other cases

bep = 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 = Xcoordinate, in m, of the reference point
Yo = Y coordinate, in m, of the reference point
Zg = Zcoordinate, in m, of the reference point.

The reference point shall be taken as the point with the highest value of V;, calculated for all points that
define the upper boundary of the tank or ballast hold as follows:

V= ay(x;—xg) + ay(y,— vg) + (az + 9)(2,— 2)

where:

Xp = X coordinate, in m, of the point j on the upper boundary of the tank or ballast hold
Vi = Y coordinate, in m, of the point j on the upper boundary of the tank or ballast hold
z = Z coordinate, in m, of the point j 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
area equal Ay, of the top of the tank or the ballast hold hatch coaming is acceptable, see Figure 1:

X; =X, 105 &

Yi=Yeop - < O'Sbmp
where

= X coordinate, in m, of the centre of the rectangular area A, at the top of the tank or the ballast
hold hatch coaming

Ytop = Ycoordinate, in m, of the centre of the rectangular area A,,, at the top of the tank or the ballast

hold hatch coaming

Xtop

Awp = € & - bep: The area of an rectangular shape at the top of the tank or the ballast hold hatch
coaming, in m®.
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Se hallaran las coordenadas de referencia para los tanques de agua de lastre 4BR y 4ER,
comparando los puntos y se elegiran en los que vj tenga el mayor valor.

4BR
Xj1 =35+05%x7=7m
Xjo =35—-05x7=0m
i1 =395+05%79=79m
Yj2=395-05%«79=0m
v;=141-(7-35)+0-(79-0) +(491+9,81) - (1,5 - 1,5) — v; = 4,94
v;=141-(0-3,5+0-(0-0)+(491+981)-(1,5-1,5) — v; = —4,94
4ER
Xj1 =35+05%x7=7m
Xj =35-05%7=0m
Yj1 = —3954+0,5x79=0m
Yi2=-395-05%x79=-79m
v;=141-(7-35)+0-(0—-0)+(491+981)-(1,5-1,5) — v; =494
v;=141-(0-3,5)+0-(=79-0)+(491+981)-(1,5—-1,5) > v; = —4,94

Por lo tanto, los puntos de referencia de los tanques seran el xj1 y el yj1 en ambos casos.

fed = factor for joint probability of occurrence of liquid carge density and maximum sea state in 25
years design life, to be taken as:

for strength assessment with FE analysis of cargo tanks filled with for oil or oil
products cargo with p; = 1.025 t/m*

fq=0.88
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fun-¢ = longitudinal acceleration correction factor for the ullage space above the liquid in tanks and ballast
holds, taken as:

for strength assessment:

fur-e = 0.62 for cargo tanks filled with any liquids inclusive water ballast
fure = 1.0 for other cases

for fatigue assessment:

|"D_z| 180

for cargo tanks and ballast holds
!f'.'; L

fui—e =05+

fure = 1.0 for other cases
fun-« shall not be less than 0.0 nor greater than 1.0
U5 = cargo tank length at the top of the tank or length of the ballast hold hatch coaming, in m

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

for strength assessment:

fui-¢ = 0.67 for cargo tanks filled with any liquids inclusive water ballast
fu-e = 1.0 for other cases

for fatigue assessment:

|“u_”|@

by op G

fu.!r— e = 05+ for cargo tanks and ballast holds

fu-e = 1.0 for other cases

Para el tanque situado a babor:

P, =0,88-1,025-[491-(1,5+1,39)+0,62-1,41-(7+11,79) + 0,67 -0- (7,9 — 0)]
Py = 27,62 kN /m?

Para el tanque situado a estribor:

Py =088-1,025-[491-(1,5+1,39)+0,62-1,41-(7+11,79) + 0,67 -0- (0 — 0)]

Py = 27,62 kN /m?

Calculando la presién interior total:

P4+ 2Py =15,08 + 55,23

P, = 70,31 kN /m?

A continuacion, se calculara la presion ejercida por los tanques de cemento:

) MNormal
TK-1 2 P 151 + Pig— (Ps + Pw) T ga AC-II ballast
condition
Boundaries of tanks other 1) max(Tgas;
than ballast water tanks TK-2 4 P 5T - Pg AC-III
0.25Tgc)
max(Tga
TK-3 1 P e - Pst) BaLr AC-I -
0.25Tgc)

Siendo:
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The tank testing pressure, in I-(N,*‘mz, shall be taken as:
Pye_ sy = 10(zgp — 2)
where:

zgy = testing load height, in m, as defined in Table 1.

The actual tank testing shall be carried out in accordance with Pt.2 Ch.4 Sec.6.

Table 1 Design testing load height z51

Compartment ZsT
The greater of the following:
Double bottom tanks ZsT = Zpop + Nair
ZoT = Zpd

The greater of the following:

H ide tanks", topside tanks®, double side tanks, fore and
opper side tanks apside Tanks ouble si1de Tanks re an ZST= Zrop + har’r

aft peaks used as tank
ZgT = Zpgp + 2.4

The greater of the following:
3)
; ZsT ' = Zigp + Nai
Tanks‘”, deep tanks, fuel cil bunkers, cargo tanks? for =0
ZeT = Zpgp + 2.4

Zgr = ZEOFI + 0.1 PPL"

Ballast hold ZsT =24 + 0.9

Chain locker Zer = 2,

The greater of the following:

Independent tanks ZsT = Zpop + Nair
ZgT = Zpgp + 0.9

Testing load height corresponding to ballast pump

Ballast ducts .
maximum pressure
where:
zZpg = Z coordinate, in m, of the bulkhead deck
oo = Z coordinate, in m, of the top of hatch coaming
Zp = Z coordinate, in m, of the top of chain pipe.

1) Applicable to double bottom tank connected with hopper side tanks, topside tanks or double side tanks.
2) Tank test load is not applicable for cargo tanks carrying LNG.

3) Mot applicable for cargo tanks.

4) Tank test load is not applicable for L.O. sump. tanks and other small tanks, e.g. in engine room.

Zst = Ztop + hgir =55+ 05=6m
Zst = Ztop + 24 = 554+24=79m
Zsr = Zop + 0,1 - Ppy =55+0,1-50=6m
Se tomara por lo tanto el segundo valor ya que es el mayor.
Ps=p-g - (Tyc —2z) =25-9,81-(6,59 —1,5) = 124,83 kN /m?
Por lo tanto, se dimensionara el doble fondo para la mayor presién de estas dos:

P = 124,83 kN/m?

3.3.2 Calculo del espesor de la chapa (Pt. 3 Ch. 6 Sec. 3)

El espesor minimo de la chapa del doble fondo se halla segin la férmula:

Innar Cargo spaces loaded through cargo hatches except container holds 5.5 0.025

bottem Other spaces 4.5 0.02
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t=a+b-L, Vk
t =55+ 0,025-80,90-V1 = 7,53 mm

El espesor de la chapa viene dado por la siguiente férmula:

t=0,0158-a, b - /_IPI
o P C, R
a eH

Acceptance criteria Structural member Ba o, Caemax
Longitudinal stiffened plating 0.90 0.30 0.80
Longitudinal members
AC-T Transverse stiffened plating 0.90 1.00 0.80
Other members 0.20 0.00 0.80
T

=1,2 0.7 =1
= eTo 121
C,=09-0,5 205—046
a — ) ) 235_ )

t =0,0158-1-700 124,83 t=11,9
= . . . —_> —
’ 0,46 - 235 2 mim

Este espesor es mayor que el espesor minimo, por lo que cumple. El espesor de la chapa
sera de:

Espesor del doble fondo:t = 12 mm

3.3.3 Calculo de los refuerzos secundarios (Part 3, Ch. 6, Sec. 5)

El médulo de los longitudinales se obtiene mediante la siguiente férmula:

_fu'|P|'5°llz)dg

7 =
fbdg : Cs : ReH
Acceptance

criteria Structural member B @ . Cormax
Longitudinal members 0.95 1.00 0.85

AC-I
Other members 0.85 0.00 0.85
Longitudinal members 1.10 1.00 0.95

AC-II
Other members 0.95 0.00 0.95

C.=1,10—-1 205—023
ST 235

- 1,03 - 124,83 - 700 - 2,12
N 12-0,23- 235

— 7 =612 cm?
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Con este valor se entra en las tablas de perfiles comerciales y se elige un perfil llanta bulbo
con chapa asociada de:

300x11deZ =671 cm®
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3.4 DIMENSIONAMIENTO DEL COSTADO

3.4.1 Calculo de las presiones (Part 3, Ch. 6, Sec. 2)
Para el calculo 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 agua dulce situado en el doble caso.

Primero se calcula la presion estatica externa debida al mar (la altura del punto para
mediar la presion se sitia a un tercio de la distancia del costado):

Pk=p-g  (Trc—2)
P, =1,025-9,81- (6,59 — 2,2) — P, = 44,14 kN /m?
Y ahora la presion dindmica:
6,59
fr= 6,@ =
Cr=1+4+05-(07-1-0,2)-0,733 — Cpr = 1,13
fps =1
27,5
far = 8090 0,34
fu =09
fh=3-(121-066-1) — f, = 1,65
k,=1
k,=1
|27,5 —0,5-80,90|
- 80,90
fyg =0

2,2
fyz = 1,34-@+ (2-134)-0+1— f,, =145

C, =15

— C, = 1,34

Lo rule length, L, but not to be taken less than 110 m
Ly =110m
A=063-(1+1)-8090 —>1=10193m

110 + 101,93 — 125
80,90

PHS=1,13~1,45~O,9~1,65-1-1-1-6,92-\/

PHS == 17,4’5 kN/mZ
1,025-9,81 - (2,2 — 6,59) = —44,14 kN /m?
Py, = max(17,45,—44,14) = 17,45 kN /m?
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La presion externa debida al mar sera de:
Ps + Py = 44,14 + 17,45 = 61,59 kN /m?

Ahora, la presion debida al tanque de agua dulce se calcula mediante la férmula:

Internal structures in
- P T o ¥
tanks INT-1 1 ine sc AC-T

The internal pressure due to liquid acting on any load point of a tank and ballast hold boundary, in kN/m?, for
the static plus dynamic (S + D) design load scenarios shall be derived for each dynamic load case and shall
be taken as:

Pin = Py + Py but not less than 0

where:
Py = static pressure due to liquid in tanks and ballast holds, in kN,’mz, as defined in [1.2.1] to [1.2.6]
Pg; = dynamic inertial pressure due to liquid in tanks and ballast holds, in kN,’mz, as defined in [1.3].

P, =1,025-9,81- (8,26 —6,59) — P;;_; = 16,79 kN/m?
Para el calculo de Pid hay que hallar el punto de referencia del tanque:
xXjp = 2,1+ 05%x42=42m
Xj =2,1-05%42=0m
Y1 =05+05+x1=1m
Vj2 =05—-05«1=0m
v;=141-(42-21)+0-(1-0) +(491+9,81) - (8,26 —8,26) — v; = 2,96
v, =141-(0—-21)+0-(0—-0) + (491 +9,81) - (8,26 —8,26) — v; = —2,96
Se coge como referencia os puntos xj1 e yj2. Por lo tanto, el valor de Pld es:
Py =0,88-1,025-[4,91-(8,26 +1,39) +0,62-1,41-(42+11,79) + 0,67 -0 - (1 — 0)]
P, = 55,35 kN /m?
La presion que ejerce el interior del tanque es de:
P, = 16,79 + 55,35 = 72,14 kN /m?

Se elige entre las dos la presiéon maxima para la cual se dimensionara la chapa y los
longitudinales:

P = 72,14 kN/m?
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3.4.2 Calculo del espesor de la chapa (Pt. 3 Ch. 6 Sec. 3)

El espesor minimo de la chapa del costado se halla segtin la férmula:

t=a+b-L, Vk

Elemant Location a b
Keel 5.0 0.05
Bottom and bilge 4.5 0.035
From upper end of bilge plating to Te-+ 4.6 m 0.035
Shell Side shell and From Tee + 4.6 m to Tee + 6.9 m 0.025
superstructure 4.0
side From Tsc+ 6.9 mto Tsc + 9.2 m 0.015
Elsewhera® 0.01
Sea chest boundaries 4.3 0.05

t=4+0,01-8090-V1=481mm

Ahora se calculara el espesor del costado, la separacion de refuerzos en el costado se
seguira considerando 700 mm:

Acceptance criteria Structural member Ba s Camax
Longitudinal stiffened plating 0.90 0.50 0.80
Longitudinal members
AC-1 Transverse stiffened plating 0.90 1.00 0.80
Other members 0.80 0.00 0.80
Longitudinal stiffened plating 1.05 0.50 0.95
Longitudinal members
AC-TI Transverse stiffened plating 1.05 1.00 0.95
Other members 0.95 0.00 0.95
|P|
t =00158-a, b |[——
Ca ' ReH
1,2 0.6 1
a, =12————=
p 2,1-1,8

C,=1,05-0,5 205—046
x> 235

t =0,0158-1-600- —t=774mm

Que es mayor que el espesor minimo requerido, por lo tanto, se elige una chapa de:

Espesor del costado:t = 8 mm

3.4.3 Calculo de las cuadernas (Part 3, Ch. 6, Sec. 6)
El médulo de la cuaderna se obtiene mediante la siguiente formula:
|P| * S * ll%dg

Z=1000 - ——
fbdg ’ Cs ’ ReH
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La bularcama se va a dimensionar suponiendo que los extremos se encuentran
empotrados, es decir, no va a permitir el giro:

Bending moment and shear force
Load and boundary condition distribution factors (based on load
at mid span, where load varies)
Position 1 2 Kj
1 2 3 fbdg1 fbdgz Tbdg3
Load model Support Field Support fopri - fobrs
Z
A 12.0 24.0 12.0
0.20 - 0.20
4
B8 - 14.2 8.0
0.38 - 0.63
D7 7
- 8.0 -
c 0.50 - 0.50
72 2
72,14 -2,1- 5,82 5
Z =1000 - — Z =2126,1cm

12-0,85-235

Se eligen perfiles llanta bulbo:

400 x 14 de Z = 2144 cm?

En este caso se hara la comprobacién mediante el espesor minimo recomendado y el area
minima recomendado, debido a que es un elemento sometido a presion lateral.

El espesor se calcula mediante la férmula:

t=a+bL2\/E

Element a 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
FSM SuﬂJpa?ltiﬂg side shell, ballast tank, cargo tank and hold intended for cargo 4.5 0.015
in bulk

Other PSM 4.5 0.01
PSM in peak tanks 5.0 0.025%

1) The value of bl > does not need to be greater than 5.0.

2) For stringers in double side next to dry space not intended for carge in bulk, the value of bL; does not need to be
taken greater than 2.5.

3) Other specific requirements related to ship types are given in Pt.5.

t =45+ 0015-8090-V1 —t =5,7mm
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El 4rea, por otro lado, se calcula de la siguiente manera:

The shear area, 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:

‘Fshr|P| § fsd'n'

Ay =1
shr Cetan
where:
Aghr = Ashrnso, required net shear area in cmz, only applicable for ships with class notation ESP
= Acprgr required gross shear area in cm?, for other ships
finr = shear force distribution factor, as given in Table 1
Ce = permissible shear stress coefficient to be taken as:

C = 0.70 for AC-I
C ¢= 0.85 for AC-II and AC-III.

2 10 05-72,14-2,1-2 2 1313 em?
= . — =
shr 0,85 - 135,7 shr = 22,23 €
El area del perfil elegido es de 98,7 cm? por lo que cumple con este requerimiento.
También cumple con el requerimiento del espesor, por lo tanto, el perfil elegido es valido.

3.4.4 Calculo de los refuerzos secundarios (Part 3, Ch. 6, Sec. 5)

El médulo de los longitudinales se obtiene mediante la siguiente férmula:

furIPLs By

/=
fbdg ’ Cs ) ReH
Acceptance Structural b g a c
criteria ructural member . - s
Longitudinal members 0.95 1.00 0.85
AC-I
Other members 0.85 0.00 0.85
Longitudinal members 1.10 1.00 0.95
AC-II
Other members 0.95 0.00 0.95
C=110—-1-—=10,23
S
’ 235 '
1,03 - 72,14 - 600 - 1,82
= — 7 = 223 cm?
12-0,23-235

Con este valor se entra en las tablas de perfiles comerciales y se elige un perfil llanta bulbo
con chapa asociada de:

200x9deZ =225 cm?

Se comprobard que este perfil cumple con el espesor minimo requerido mediante la
férmula:

_fshr'lpl © S lspr
dshr ' Ct *Ten

w
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Table 1 Definition of f .

For continuous stiffeners with fixed end Fﬂr. naq—conhnuous stiffeners
with simply supported ends
Coefficient
5 ) Upper end of Lower end of .
Horizontal stiffeners vertical stiffeners vertical stiffeners All stiffeners
fsx‘w’ 0.5 0.4 0.7 0.5

Cy = 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 Cp
AC-I All stiffeners 0.75
AC-TI All stiffeners 0.90
AC-III All stiffeners 0.95

También es necesario calcular la altura efectiva de los refuerzos:

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

dshr = hstf + tp for 75° < @,, < 90°

dspr = (hser + fp) sin @y for @, < 759
where:
hst = 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.

Para un perfil llanta bulbo:

‘Iﬁtp—gr

Bulb and similar profiles

dsnr =43 +8 =51mm
Ahora se puede calcular el espesor minimo recomendado de los refuerzos:
- 0,4-72,14-600 -2
W 51-0,9-135,7

Como se observa el perfil cumple con el espesor minimo recomendado por lo tanto el
perfil elegido es adecuado.

— t, = 556mm
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3.4.5 Calculo de palmejares (Part 3, Ch. 6, Sec. 3)
Se estudiara el palmejar como elemento estructural de refuerzo del costado.

Se dispondra un palmejar a una altura de 5 m sobre la linea base, la manga abarcari el
doble costado del buque, 1 m.

El espesor minimo viene dado por la férmula:

Table 2 Minimum net thickness for stiffeners and tripping brackets

Element Location Net thickness

Tank boundary 4.5+ 0.01 L1

Structures in deckhouse and superstructure and decks for
Stiffeners and attached end brackets | wessels with more than 2 continuous decks above 0.7 D 4.0
from baseline

Other structure 4.5 + 0.005 Ly

Tripping brackets 4.5+ 0.01 L1

t=45+0,01-8090—t=531mm

El médulo minimo requerido se calcula mediante la férmula:

_fu'lPl'S'llgdg

fbdg : Cs : ReH
Acceptance

ariteria Structural member Bs o Co-max
Longitudinal members 0.95 1.00 0.85

AC-I
Other members 0.85 0.00 0.85
Longitudinal members 1.10 1.00 0.95

AC-II
Other members 0.95 0.00 0.95

T

C-=110—1 205—023
ST 235

En este caso, solamente se tiene un palmejar por lo tanto la separacion entre palmejares
sera la distancia maxima entre la cubierta o el doble fondo:
~1,03-72,14- 5000 - 2,12
Bl 12-0,23-235

Con este valor se entra en las tablas de perfiles comerciales y se elige un perfil llanta bulbo
con chapa asociada de:

— 7 = 1856 cm?3

430 x15de Z = 1935 cm?

El espesor minimo es de 5,31 mm por lo tanto este refuerzo se considera aceptable ya que
cumple con el minimo requerido.
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3.5 DIMENSIONAMIENTO DE CUBIERTA

3.5.1 Calculo de las presiones (Part 3, Ch. 6, Sec. 2)

Para el calculo de las presiones en la cubierta se tiene en cuenta que es una cubierta

expuesta y que ademas va a soportar cargas, se supondran que las cargas son siempre
distribuidas para el calculo:

P s + Pl Normal
Exposed decks and uDL-1 ) 2 : T sar 3) AC-II ballast
non-axposed decks and Fus +Fuqd condition
platfarms with distributed P
load ubL-2 2 1 obs - AC-T -

F U-s

The pressure, in kN/m?, due to this distributed load for the static plus dynamic (S + D) design load scenario
shall be derived for each dynamic load case and shall be taken as:

Po=Py_stPy_q

where:

Pyrs static pressure, in kN/m?, due to the distributed load, to be defined by the designer
Pyrq = dynamic pressure, in I-(N,r‘mzr due to the distributed load
Pap-s - az/g

Las cargas que pueden soportar las cubiertas en este tipo de buques van desde 5 t/m? a
10 t/m2. En este caso se supondra el caso extremo en el que se transporte 10 t/m2, por lo
tanto:

Pdl—S = 98,07 kN/mz

az = vertical envelope acceleration, in m,’sz, as defined in Sec.3 [3.3.3]. Optionally, the acceleration for
the considered dynamic load case, according to Sec.3 [3.2.3], may be applied.

Como también es posible hacer el calculo con la aceleraciéon vertical calculada
anteriormente se utilizara este valor:

a, =491 m/m,

)

1
— 2
531 = 4908 kN/m

La presion total que ha de soportar la cubierta sera de:

Py = 98,07 + 49,08 — P4 = 147,16 kN/m?

Pdl—d == 98,07 .

3.5.2 Calculo del espesor de la chapa (Pt. 3 Ch. 6 Sec. 3)

El espesor minimo de la chapa del costado se halla segtin la férmula:

t=a+b-L, Vk
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weather deck™ "), strength deck™* and platform deck in machinery space 0.02
Dack Boundary for cargo tanks, water ballast tanks and held intended for carge in bulk 4.5 0.015
Other decks™"*"* 0.01
t =4+0,02-80,90-v1=7562mm
Para el calculo del espesor de la cubierta:
t=0,0158-a,b 1P
=0, “ay b [———
Ca “Ren
Lengitudinal stiffened plating i.05 0.50 0.95
Longitudinal members
AC-1II Transverse stiffened plating 1.05 1.00 0.95
Other members 0.55 0.00 0.95
1,2 07 1
a, = —_—_— =
p ’ 2,1-2,1

C,=1,05-0,5 205—061
x> 235

147,16
0,61 - 235

t =0,0158-1-700-

—t= 11,21 mm

Este espesor es mayor que el espesor minimo, por lo que cumple. El espesor de la chapa

sera de:

Espesor de la cubierta:t = 11,5 mm

3.5.3 Puntales

Para dimensionar los baos de la cubierta se disponen de puntales, para que asi estos
actien como soporte de los baos, disminuyendo su luz y asi su tamafio.

La separacion de los puntales sera de tres claras de cuaderna para que formen parte de
los anillos transversales (buldrcamas) y la maxima distancia transversal sera de 5,8 m,

que corresponde a la maxima luz de los baos.

3.5.4 Calculo de los baos (Part 3, Ch. 6, Sec. 6)

El médulo del bao se obtiene mediante la siguiente férmula:

El bao se va a dimensionar suponiendo que los extremos se encuentran empotrados, es

IP|-S 134,

Z =1000 - —m—
fbdg ! Cs ‘Rey

decir, no va a permitir el giro:
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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 fodgs fodgz fodg3
Load model Support Field Support foprt - fobrz
Z
A 12.0 24.0 12.0
0.50 - 0.50
7
B - 14.2 8.0
0.38 - 0.63
T %
- 8.0 -
c 0.50 - 0.50
% 7
147,13 -2,1-5,8° 3
Z =1000 - — 7 =4441,5cm

12-0,85-235

Para los baos se eligen perfiles en T:

630x12de Z = 4636 cm®

Se comprobara que este perfil adecuado comprobando que cumple con el espesor minimo
recomendado, que se calcula de la siguiente manera:

t=a+bL2\/E

Element a 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
F'SM sui:ipa?lting zide shell, ballast tank, cargo tank and hold intended for cargo 4.5 0.015
in bulk

Other PSM 4.5 0.01
PSM in peak tanks 5.0 0.025Y

1) The value of bLs does not need to be greater than 5.0.

2) For stringers in double side next to dry space not intended for cargo in bulk, the value of bL; does not need to be
taken greater than 2.5.

3) Other specific requirements related to ship types are given in Pt.5.

t=45+0,01-80,90-V1 —>t=54mm

Como se observa el perfil cumple con el espesor minimo recomendado por lo tanto el
perfil elegido es adecuado.
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3.5.5 Calculo de las esloras (Part 3, Ch. 6, Sec. 3)

Encima de los puntales se situaran esloras para que hagan continuacion con los puntales
y soporten mejor las cargas.

El espesor minimo viene dado por la férmula:

Table 2 Minimum net thickness for stiffeners and tripping brackets

Element Location Net thickness

Tank boundary 4.5+ 0.01 Ly

Structures in deckhouse and superstructure and decks for
Stiffeners and attached end brackets | wessels with more than 2 continuous decks above 0.7 D 4.0
from baseline

Other structure 4.5 + 0.005 Ly

Tripping brackets 4.5+ 0.01 Ly

t=45+0,01-8090—t=531mm

El médulo minimo requerido se calcula mediante la férmula:

fur 1Pl s By

/=
fbdg ’ Cs ’ ReH
Acceptance
criteria Structural member B a - [
Longitudinal members 0.95 1.00 0.85
AC-I
Other members 0.85 0.00 0.85
Longitudinal members 1.10 1.00 0.95
AC-TI
Other members 0.95 0.00 0.95
T
C=110—-1-—=10,23
S ) )
235

La separacién entre esloras es la misma que la separacion entre puntales, 5,8 m:
_1,03-147,13 - 5800 - 2,12
B 12-0,23- 235

Con este valor se entra en las tablas de perfiles comerciales y se elige un perfil en forma
de T con chapa asociada de:

— 7 = 5976 cm?

735x12de Z = 6319 cm?

El espesor minimo es de 5,31 mm por lo tanto este refuerzo se considera aceptable ya que
cumple con el minimo requerido.

3.5.6 Calculo de los refuerzos secundarios (Part 3, Ch. 6, Sec. 5)

El médulo de los longitudinales se obtiene mediante la siguiente féormula:
_fu‘|P|'5‘l§dg
~ foagCs Ren

AC-II

| Ochar mambars 095 | poo | pas
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205
(s=110—-1-—==0,23

,_ 1031471370021
= e =
12-0.23 - 235 ol em

Con este valor se entra en las tablas de perfiles comerciales y se elige un perfil llanta bulbo
con chapa asociada de:

300x13deZ =728 cm®

Se comprobara que este perfil cumple con el espesor minimo requerido mediante la
férmula:

_fshr'lpl © S lspr
dshr : Ct *Teq

w

Table 1 Definition of f,,

For continuous stiffeners with fixed end Far naq—conh'nuous stiffeners
with simply supported ends
Coefficient
5 ) Upper end of Lower end of .
Horizental stiffeners vertical stiffeners vertical stiffeners All stiffeners
Fehr 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 Cp
AC-I All stiffeners 0.75
AC-II All stiffeners 0.90
AC-III All stiffeners 0.95

También es necesario calcular la altura efectiva de los refuerzos:

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

dshr = hsr + tp for 75° < @, < 90°
dspr = (hser + fp) sin @y for @, < 759
where:
hst = 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
@ = angle, in deg, as defined in Figure 17.

Para un perfil llanta bulbo:
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‘I:n—g(

=

Bulb and similar profiles

denr =43+ 11,5 =545mm
Ahora se puede calcular el espesor minimo recomendado de los refuerzos:
0,5-147,16 - 700 - 2
'w= 54509 1357

Como se observa el espesor minimo es mayor que el espesor que tiene el perfil que se ha
seleccionado, por lo tanto, se elegira un perfil que cumpla con el requerimiento:

400 x16 de Z = 1666 cm?

— t, = 15,5mm
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4 PLANO DE LA CUADERNA MAESTRA

A cotninuacién se muestra un plano de la cuaderna mastre, indicando todos los valor
calculados a lo largo de este Cuaderno.
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ANEXO: CATALOGO DE PERFILES



Welded Angles and T-Sections

a
% s
b |-
L .
Dimension range, weight/m and static values
¥ Width  Height Thickness Thickness  Area  Weight I w*
a b s t A e
mm mm mm mm em? kg/m om ant an3
315 100 12 15 51.0 40.8 19.6 5329 764 Plote
340 120 12 15 57.0 456 21.6 6995 946 cross
-Sections 370 120 12 20 6.0 52.8 242 9523 1235 |— secfional
395 120 12 20 9.0 552 254 11387 1350 3§00 cm?
425 120 12 25 78.0 62,4 282 14750 1682
450 120 12 25 81.0 648 296 17250 1885
455 120 12 30 87.0 69.6 30.7 1863¢ 2118
450 120 12 35 93.0 74.4 3.6 19900 2350
475 120 12 25 84.0 47.2 31.0 20010 2030
525 120 12 25 $0.0 72.0 33.8 26300 2330
525 150 12 25 97.5 78.0 351 28420 2685
530 150 12 30 105.0 84.0 36.4 30590 3026 Plate
535 150 12 35 112.5 90.0 37.5 32590 3364 | OB
575 150 12 25 103.5 82.8 37.9 36420 3033 area
585 150 12 35 118.5 94.8 40.5 41716 3775 150 em?
4625 150 12 25 109.5 87.6 40.7 45700 3395
A 630 150 12 30 117.0  93.6 421 49110 3799
635 150 12 35 124.5 99.6 434 52260 4200
625 200 12 25 122.0 97.6 42.8 50440 4094
630 200 12 30 132.0 105.6 443 54120 4636
- 635. 200 12 35° 142.0 113.6 457 57450 5172
Angles ‘
‘""d_ 1 675 200 12 25 128.0 102.4 457 62190 4602
T-Sections 685 200 12 35 148.0 i18.4 48.7 70810 5782
725 200 12 25 134.0 107.2 48.5 75510 5054
735 200 12 35 154.0 123.2 ° 51.7 85940 6319
775 200 12 25 140.0 112.0 51.3 90480 5520
780 200 12 30 150.0 120.0 53.1 96990 6197 Plote
785 200 12 35 160.0 128.0 54.7 102920 4870 crose
i 830 200 14 30 172.0 137.6 54.5 127070 7003 |- sectional
; 835 200 4 35 182.0 145.6  56.1 134890 7707 O 2
880 200 14 30 179.0 143.2 57.2 148920 7572
B85 200 14 35 189.0 151.2 589 158020 8317
930 200 15 30 195.0 156.0 59.3 180990 833
935 200 15 35 205.0 164.0 61.0 191950 9110
985 200 15 35 212.5 170.0  63.7 221100 9768
1035 200 15 35 220.0 176.0 6.5 252890 10440

* Inclusive plate as nofed

Welded I-Sections are also available in heights from 350 ~1500 mm

2 INEXAOPROFIL

Butt /Fillet
welded

Full penetration
welds by special
agreement.

Orders

must include
the following
megasurements:
axbxsxt.

Standard
lengths

8-18m,
Other lengths
by speciai
agreement.

By special
agreement other
dimensions and
combinations
can be offered
to satisfy
required area
and/or strength.

Heights up to
1500 mm can
be offered.

Static values
for required
combination
can be given.




Universdls

Dimension range and weight/m

Width  Thickness

a s
mm mm
12 14 15 20 25 30 35 40

150 35.3 412 471
175 41.2 481 550
200 23.6 31.4 393 47.1 550  62.8
225 : 265 353 442 53.0 61.8 707
250 23.6 275 294 393 49 58.9 68.7  78.5

a7s 259 302 324 432 540 648 756 864
300 283 330 353 471 589 707 824 942
Y395 306 357 383 510 638 765 893 1021
450 330 385 412 550 687 824 962 1099
475 353 412 442 589 736 883 1030 1178
W00 377 440 47 628 785 942 1099 1256
425 400 467 500 667 834 1001 1168 1335
450 424 495 530 707 883 1060 1236 1413
475 447 522 559 746 932 1119 1305 149.2
so0 471 550 589 785 981 1178 1374 1570
55 495 577 618 824 1030 1234

S50 518 604 648 864 1079 1295

575 542 632 677 903 1128 1354

400 565 659 707 942 1178 1413

625 58.9 687 736 981 1227 1472

650 412 714 765 1021 1276 1531

700 65.9 769 824 1099 1374 1649

750 707 824 883 117.8

g00 75.4 87.9 942 1256

g50 80.1  93.4 1001 1335

900 84.8 989 1060 1413
Vj000 942 1099 117.8 1570

1035 97.5 1137 1219 1625

Other dimensions are rolled by special agreement.
Static values available upon request.

Standard lengths
8-18m.

Other lengths by speciol agreement. ]s

EEm e e

a
Orders
must include the following measurements:
Qa xs. )
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Bulb Flats

Dimension range, weight/m and static values _,_% .
T Xy
Width  Thickness Height Rodius Area Weight By W e
a H c r A e l
mm mm mm mm an? kg/m an ané em? Iv
)‘?  Fn s TE3 A e i e e T ORL, T L
b l A
60 4 13 3.5 3.58 281 382 122 13 € ls
5 13 3.5 418 328 3.70 14.4 14 |
& 13 3.5 4.78 3.75  3.62 16.4 16 X
B0 5 14 4 5.40 424 489 338 23
& 14 4 .20 487 478 390 25 :
7 14 4 7.00 550  4.69 433 27
Delivery by special agreement. Standard lengths 6-12 m Sta ndard
. R : lengths
100 & 155 4.5 7.74 6.08 598 76.1 s 6-18
7 155 4.5 8.74 6.86  5.87 853 41 ~ion.
8 15.5 4.5 9.74 7.65 578 94.3 45 Plote cross Other lengths by
120 6 17 5 9.31 7.31 720 133 54 | sedfional special ogreeme )
7 17 5 10.5 825 7.07 148 59 80 om2
8 17 5 11.7 9.19 696 164 .63 cm
140 7 19 5.5 12.4 9.74 831 241 80 Orders
sooBon o om oW w ¥ mustinclode
: : : : the following
160 7 22 6 14.4 11.4 9.66 373 110 : u ts:
.8 22 é 16.2 12.7 9.49 411 118 easuremenis
9 22 é 17.8 14.0 9.36 448 124 : axs.
180 8 25 7 18.9 148 109 609 157
g 25 7 20.7 162 107 663 144
10 25 7 22.5 17.6 106 717 177
200 9 28 8 23.6 18.5 12,1 941 225
10 28 8 25.6 20.1 11.9 1020 237
11.5 28 8 28.4 225 1.7 1126 255
220 10 3 ¢ 29.0 228 13.4 1400 302
1.5 31 9 32.3 254 131 1550 323
240 10 34 10 32.4 25.4 14.7 1860 - 368
1 34 10 34.9 27.4 14.6 2000 391
12 34 10 37.3 29.3 144 2130 406
260 10 a7 1 36.1 283 162 2477 455
1 a7 11 387 303 160 2610 474
12 37 11 41.3 32.4 158 2770 493 Plate cross
sectional
280 11 40 12 42.6 33.5 17.4 3330 546 = area
12 40 12 45.5 357 17.2 3550 590 100 cm?
300 1t 43 13 46.7 367 189 4190 671
12 43 13 497 390 187 4460 701
13 43 13 52.8 415 185 . 4720 728
320 12 46 14 54.2 425 201 5530 819
13 44 14 57.4 450 -19.9 5850 849
340 12 49 15 58.8 46.1 215 4780 947
14 49 15 5.5 51.5 21.1 7540 1014
370 13 53.5 16.5  69.6 54.6 235 9470 1210
15 53.5 165 770 40.5  23.0 10490 . 1278
400 14 58 18 81.4 63.9 25.5 12930 1580 Plate cross
16 58 18 89.4 702  25.0 14220 1666 | sectional
N ar
430 15 §2.5 19.5 941  73.9  27.4 17260 1935 150 cm?
17 42.5 19.5 103.0 80.6  26.9 18840 2034

* Inclusive plate as noted

INEXAOPROFIL | >



Jumbo Bulb Flats

Welded bulb flats, for very large and ultra large carrier/vessels

T R T T L O SR e R R M R T

Dimension range, weight/m and static values

»*

Width Thickness Height Bulb bottom  Rodius  Areo Weight 1 w
‘)m s b f I 4 A e X x
. mm mm mm mm am? kg/m an ond em?
400 12 1Mo 17 5.0 92.1 - 72.3 28.4 13530 2104
14 110 17 5.0 98.7 77.5 27.6 14990 2144
450 12 110 17 5.0 98.1 77.0 31.5 18900 2457
14 110 17 5.0 105.7 83.0 30.6 20920 2512
500 12 110 17 5.0 104.1 81.7 34.5 25440 2825
14 110 17 5.0 112.7 88.5 33.5 28110 2897 Plate cross
L sectional
550 12 110 17 5.0 110.1 86.4 37.5 33220 3208 orea 150 cm?
14 110 17 5.0 119.7 94.0 36.4 36670 3298
600 12 110 17 5.0 1161 21.1 40.4 42340 3604
14 110 17 5.0 126.7 99.5 39.3 46700 374
650 12 110 17 5.0 122.1 95.9 43.3 52870 4014
14 116 17 5.0 133.7 105.0 42.1 58290 4147

* |nclusive plate as noted

Other dimensions by special agreement.

30°
...-—-—-—...\/x

,_ _/ - © I —

L ONE ?‘-—'l

b
r
f

Standard lengths
8§-18m.
Other lengths by spacial ogreement.

Orders
must include the following measurements:
o X S.

" INEXAOPROFIL




Rolled Angles

a
X ‘ 5
; e
i |
’ oo A
r
s _‘\' X ry
r,
. ) _ ) o s
Dimension range, weight/m and static values
Width  Height Thickness Area Weight iy Ww*
a s r ra i e
mm mm mm mm mm an? kg/m an emd ond
180 90 10 147 262 206 11.72 880 244 Plate cross
180 90 12 14 7 312 245 11.63 1040 283  sedional area
180 90 14 47 36.1 283 11.54 1190 319 60em?
* |nclysive plote es nofed
Standard lengths Orders
8-18m. must include the following measurements:

Other lengths by special agreement.

axbxs.

Welded Angles 1o NJA Standard

Butt/Fillet welded

Full penetration welds

by special agreement.

Dimension range, weight/m and static values

Width Height  Thickness Thickness  Area Weight L w,*

a b ] t A e

mm mm mm mm an? kg/m om an? an?

200 g0 9 12 27.7 21.8 13.3 1159 308

250 20 g 13 33.0 25.9 16.3 2181 437

230 20 10.5 15 38.2 30.0 16.2 2502~ 495

250 %0 11.5 16 41.3 32.4 161 2697 527

300 100 10.5 15 44.9 35.3 19.3 4276 681

300 100 11.5 16 48.7 38.2 19.1 4615 725
325 120 10.5 14 49.5 38.8 21.1 5564 820

325 120 11.5 15 53.7 42.1 21.0 6017 8746

350 120 10.5 16 54.3 42.6 22.9 70464 975

350 - 120 11.5 18 59.8 46.9 22.9 7738 1068

375 120 10.5 18 59.1 46.4 24.7 8805 1142

375 120 11.5 20 64.8 50.9 24.7 9609 1242

400 129 11.5 23 710 557 266 11893 1516 |-

* |nelusive plate as noted

INEXAPROFIL

-

¥

Plate
cross
sectional
area
100 em?

[s

Standard lengths
8-18 m.

Other lengths by
special agreement.

Orders

must include
the following
measurements:
axbxsxt

Plate cross secfional

grea 150 cm

1




Welded Angles and T-Sections

F

Dimension range, weight/m and static values

-
t

) Width Eeighi Thickness ;l'hickness ﬁreo Weight L w*
:1m mm fnm mm cm? kg/m sm ont on?
315 100 12 15 51.0 40.8 19.6 5329 744
340 120 12 15 57.0 456 21.6 6995 946
T-Sections 370 120 12 20 66.0 52.8 242 9523 1235
g5 120 12 20 9.0 552 254 11387 1350
425 120 12 25 78.0 62.4 28.2 14750 1682
450 120 12 25 81.0 64.8 29.6 17250 1885
455 120 12 30 87.0 6%9.6 30.7 18630 2118
460 120 12 35 93.0 74.4 31.6 19900 2350
475 120 12 25 84.0 647.2 31.0 20010 2030
525 120 12 25 90.0 72.0 33.8 26300 2330
525 150 12 25 7.5 78.0 35.1 28420 2685
530 150 12 30 105.0 84.0 36.4 30590 3026
535 150 12 35 112.5 90.0 37.5 32590 3364
575 150 12 25 103.5 82.8 37.9 36420 3033
585 150 12 35 118.5 94.8 40.5 41710 3775
625 150 12 z5 109.5 87.6 40.7 45700 3395
R 630 150 12 30 117.0  93.6 421 49110 3799
635 150 12 35 1245 99.6 434 52260 4200
625 200 12 25 122.0 97.6 42.8 50440 4096
630 200 12 30 132.0 105.6 443 54120 4636
635 200 12 35 142.0 113.6 457 57450 5172
Angles
and  — 475 200 12 25 128.0 102.4 457 62190 4602
T-Sections 485 200 12 35 148.0 118.4  48.7 70810 5782
' 725 200 12 25 134.0 107.2 485 75510 5054
735 200 12 35 154.0 123.2 517 85940 4319
775 200 12 25 140.0 112.0 51.3 90480 5520
780 200 12 30 150.0 1200 53.1 96990 6197
785 200 12 35 160.0 128.0 54.7 102920 6870
830 200 14 30 172.0 137.6 545 127070 7003
835 200 4 35 182.0 145.6  56.1 134890 7707
880 200 14 30 179.0 1432 57.2 148920 7572
885 200 14 a5 189.0 151.2 58.9 158020 8317
930 200 15 30 195.0 156.0 59.3 180990 8331
935 200 15 a5 205.0 164.0 61.0 191950 9110
985 200 15 35 212.5 170.0 3.7 221100 9768
1035 200 15 35 220.0 1760 66.5 252890 10440

* Inclusive plate as noted

Plate
cross
I— sectional
orea
100 ecm?

Plate
cross

- sectional

area
150 em?

Plate
cross
- sectional
areg
175 em?

Welded I-Sections are also available in heights from 350 -1500 mm
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Butt /Fillet
wel

Full penetration
welds by special
agreement.

Orders

must include
the following
measurements:
axbxsxt

Standerd
lengths

8-18m,
Other lengths
by special
agreement.

By special
agreement other
dimensions and
combinations
can be offered
to satisfy
required area
and/or strength.

Heights up to
1500 mm can

be offered.

Static volues
for required
combination
can be given.




