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Motivacao

Fatores de Seguranca
Possuem Base Empirica

com base na experiéncia
previa

Danos e Defeitos Comprometem a Integridade Estrutural!
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Por Que as Estruturas e Componentes
Mecanicos Falham?

Ocorréncia de
Defeitos Durante a
Vida em Servico

Erros Humanos, Uso de Novas

Construtivos e Concepcoes de

Operacionais Projeto ou Novo
ateriais
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Navio Titanic

Temperatura de Transicao Ductil-Fragil
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Navio Titanic
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Modos de Falha

Deformacao excessiva
Escoamento / Colapso Plastico
Fadiga

Fratura

Flambagem

Corrosao

Creep
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Deformacao

Normas: limitam deslocamentos maximos.
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Escoamento

Escoamento a temperatura ambiente

*Material
Geometria

«Carregamento

i

€

Escoamento ?

Projeta-se para que as tensdes nos pontos criticos ndo ultrapassem o ..
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Fig. 2.2.1 Vertical bending due to waves

Prof. Dr. Diego Sarzosa Burgos- 2023



Figure 18.55 Hull Girder Vibration—Mode #3 {Principia Marine-France)
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Fratura Fragil

ano
2000

Falha acontece mesmo sob tensdes menores que o limite de escoamento
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Fratura Fragil
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Flambagem
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Figure 18.43 A Stiffened Steel Panel Under Biaxial Compression/Tension,
Biaxial In-plane Bending, Edge Shear and Lateral Pressure Loads. (a) Stiffened
Panel—Longitudinals and Frames {4), and (b} A Generic Stiffened Panel {38).

-

Figure 18.44 Modes of Failures by Buckling of a Stiffened Panel (2).

{a) Elastic buckling of plating between stiffeners (serviceability limit state).

{b) Flexural buckling of stiffeners including piating (plate-stiffener combination,
mode [Hl).

{c) Lateral-torsional buckling of stiffeners |tripping—maode V).

(d) Overall stiffened panel buckling (grillage or gross panel buckling—mode ).
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Flambagem Painel
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Flambagem Viga-Navio
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Fratura Ductil
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Breve Revisao de Mecanica dos Solidos

Definicao de Tensao e Estado de Tensoes

Definicao de Deformacao

Relacdes Tensao vs. Deformacoes Elasticas
Critério de Escoamento de Von Mises
Modelos Elasto-PLasticos

RelacOes Tenséao vs. Deformacodes Plasticas
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Concelto de Tensao
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Estado de Tensoes
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Tensoes Principails

Planos Principais :

[ ot ot _
Oxy=0 xz=0 y; =

Tensoes Principais :

(01,0,,03)

i

Maximas Tensoes Atuantes
nos Planos Principais
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Deformacoes
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Relacoes o vs. & Elasticas
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Estado Plano de Deformacoes :
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Comportamento Elasto-PLastico

Convencional

Verdadeira
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Modelos Elasto-Plasticos

(0 > 0y)
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Critério de Von Mises
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Projeto Estrutural

Carregamento

Geometria . Tensoes
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Cargas

RIENES
— Carga
— Lastro
— Consumiveis

Externas

— Ondas
—Vento
— Correnteza

Combinacoes
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Carregamento

Estatico
Dinamico
Combinacoes

Incertezas no valor do Carregamento
— Deterministico
— Probabilistico
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Estaticas
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Dinamicas

urgos- 2023



Dinamicas

DEFLECTION
(EXAGGERATED]

_WAVE
/ PROFILE
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Cargas Ocasionais ( Impacto)
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HAZBURD
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Agua no CONVES

Green Seas [oading:

 Dominant for hatch covers and twd deck structure

(incl. deck equipment, doors, openings etc)




Incertezas nas Cargas

;_ : "4 ’
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Somewhere out there
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Probabilidade de Falha

Falhas por:
Colapso plastico
Demank Capability Flam bag em

Fratura fragil

P X, PeX)

Probability density function

Stress X

‘ig. 1.6.2 Probability of fracture

Pr= [ QulX}R{X}ax = | (1-0c{X})Pd{X}ax

where

P;{X }: probability density function of demand
P.{X }: probability density function of capacity
Q4{X }: probability of demand exceeding certain value
Q.{X }: probability of capacity exceeding certain value




Wave Loads

Colapso Plastico Flambagem

| |
'

Onda que causa a Max. Demanda (Carga)

Pior Demanda - Maior Onda excedida uma vez
em 108 Ciclos é usada na analises.




Wave Loads

T=7s
dias
320 Ano

10%ciclos —— =25anos
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M-FRIGATES
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Wave Loads

Momento Fletor
Vertical

— Alquebramento

— Tosamento (Sagging)

Momento Fletor
Horizontal

— Forcas horizontais
agindo no costado
do navio.

Momento Torcao
— Variacao das

Fig. 2.1.1 Ship in oblique waves superficie da onda
em diferentes
secOes do navio
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Wave Loads

T=FxA




Wave Loads

TOTAL

Static Dynamic

Max at the bottom Max around the waterline
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Wave Loads

Estaticat+Dinamica

® Plotted sea pressure curve
1s a sum of the static and
dynamic contribution

® Constant in the midshi]lj

area, increasing towarc
ends

S

Local sea pressure
(example for a bottom longitudinal)
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Momento Fletor

Total hull girder bending moment My = M watee T M

wave

| Mtotal

M

still water

M

wave

BM limits
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Geometria

Comprimento

DimensoOes da secao transversal
— Area

— Momento de Inércia

— Momento polar

Apoio
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Geometria

flange

sz

Prof. Dr. Diego Sarzosa Burgos- 2023



Tensoes admissivels

Tensao de Escoamento

Tensdo Ultima
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Tensoes admissivels

Impacto
Fadiga

Colapso
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Tensoes admissivels

Cam1
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Tensoes admissivels

eyy [1] -Lagrange
0.100

e
=
&

i
;
I
I
\
ﬂ
j
.
|
l

Prof. Dr. Diego Sarzosa Burgos- 2023



EScopo

Motivacao
— Falhas Estruturais ( Modos de Falha)

Repasso de Mecanica dos Solidos
vs. Projeto segundo
Norma

Sociedades Classificadores de Navios
— |ACS

Dimensionamento de Estruturas Navais
— Oil Tankers ( Caso de Estudo)mas

Prof. Dr. Diego Sarzosa Burgos- 2023



Projeto Racional

Resisténcia Longitudinal
— Estrutura Primaria (Viga-Navio)

— Estrutura Secundaria
 Leves
« Pesados

— Estrutura Terciaria

Resisténcia Transversal
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Tensoes Secundarias

~ 1 % —
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Deflexao dos perfis leves



Tensoes Terclarias

Y
W

painel estrutural

rotacdo nula nos apoios

Prof. Dr. Diego Sarzosa Burgos- 2023



Hierarquia dos Componentes
Estruturais do Navio

Cargas em cada estrutura (componente) podem ser
tratadas como independentes.

Transferéncia das cargas nos suportes entre componentes
locais para estruturas maiores.

Transverse web Unidade de chapeamento

—_—

—-.___‘__-’__.-- —--,_,'_‘-/"

Longitudinal stiffeners

Water pressure

Fig. 2.1.3 Bottom structure under water pressure Prof. Dr. Diego Sarzosa Burgos- 2023



Hierarquia dos Componentes
Estruturais do Navio

Cargas em cada estrutura (componente) podem ser
tratadas como independentes.

Transferéncia das cargas nos suportes entre componentes
locais para estruturas maiores.

Unidade de chapeamento

|

7 Ref. Longitudinal (suporte
da chapa)
|

Ref. Transversal (suporte
do IongitudinTl)

V.= | J Resisténcia Global do
Panel
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Hierarquia dos Componentes
Estruturais do Navio

> Illl

—  Stiffener - Stringer / girder —

Stresses 1n a hull plate due to external sea pressure, are transferred
further into the hull structure through the hierarchy of structures.
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Hierarquia dos Componentes

Estruturais do Navio

Platin
Stiffener \

Tl

/"W ater pressure

A strip of plating
considered as a beam
with fixed ends and
evenly distributed load
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Hierarquia dos Componentes
Estruturais do Navio

Longitudinal Leve

[
[ /9

! ) A , P :( “ (/,/
Longitudinal between two web frames

Symmetric load fwd and aft of
web frames gives no rotation -
fixed ends
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Hierarquia dos Componentes
Estruturais do Navio

Il Beam with fixed ends and

L

i

concentrated loads from the

Oy

Max shear and bending
moment towards ends

bhd.




Hierarquia dos Componentes
Estruturais do Navio

Lon_gitud_inal Pesado

Longitudinal girder between two
transverse bulkheads

Max shear and bending
moment towards
transverse bulkheads

i

Single beam with fixed ends and concentrated loads from the transverse web frames

Max Shear and bending moment towards ends
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Hierarquia dos Componentes
Estruturais do Navio

i
NI | I.ongitudinal
s | bulkhead f
B |
‘.
Single skin structure
BRREN

Loads taken up by the bottom plating [

are transferred through the hierarcy
of structures into the hull '

Transverse bottom
gudel /web frame

'
F\i\\ﬁ
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Cconexoes

Quais forcas devem ser
transmitidas?

Bending
Moment
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Conexoes dos Reforcos
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Rule-based Design

ABS (USA)

DNV (Noruega)

RINA (Italia)

GL (Alemanha)

BV (Franca)

NGERETETe)

Bureau Colombo — RBNA (Brasil)
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International
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Classification
Societ

acs.org.L

International
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IAcS Cl ation a 2 a About
Soc

rce on 1st July 2

“ommon Structural Rules consist of two parts. Part One provides requirements common to both Double Hull Oil

s and Bulk Carriers and Part Two provides additional requirements applied to either Double Hull Oil Tankers or Bulk
Tiers

CSR for Bulk Carri

Oil Tankers org.uk or via a Class Society member of IACS._

Industry comment may be given via

‘Common Structural Rules olidated 01 Jan 2 fe /e date 01 July

2 Rule Change Proposal 1 to 01 JAN 2023

Rule Change Proposal to Common Structural Rules 01 Jan 2023.

Previous (
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https://iacs.org.uk/
https://www.ccs.org.cn/ccswzen/globalSearch?selectValue=1&searchKey=rules
https://www.ccs.org.cn/ccswzen/globalSearch?selectValue=1&searchKey=rules

BOCIEDADE CLASSIFICADORA

Home A Empresa v Servigos v Publicagées v Treinamento Informagdes v Empresas homologadas

Home » Publicagdes > Regras

Regras para Classificagao e Construgao de Navios de Ago para Navegacao Interior

Contato Pesquisa de satisfagdo

Download Completo

International
Association of
Classification
Societies



https://www.rbna.org.br/#/publicacoes/regras
https://www.rbna.org.br/#/publicacoes/regras

el Rule-based

[ACS COMMON STRUCTURAL RULES Tr a.t am e n to
“simplificado”

PART 8 CHAPTEER. 1

COMMON STRUCTURAL RULES FOR :
DOUBLE HULL OIL TANKERS Extenso conhecimento
WITH LENGTH 150 METRES AND ABOVE adquirido experiéncia

JANUARY 2007 com embarcacdes em

sServigo.
CONTENTS

Introduction

Eule Principles

Eule Application

Basic Information Fornecem
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Materials and Welding tabelas e
Loads
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General Requirements
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Hull Girder Ultimate Strength

Structural Strength Assessment
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Projeto segundo Norma

Hull Structure Arrangement
Longitudinal Strength of Hull Girder
Transverse Strength of Ship
Torsional Strength

Shell Structure

Bulkheads

Deck Structure

Double Hull Structure

Fore Construction

Engine Room

Stern Construction
Superstructure
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Nomenclatura Estrutural

TRANSVERSE
FRAME

GUTERFLA.TIHE .
I N S T
_--"'f

-
STANCHION ‘

BILGE STRAKE

STRAKES A, B, C, AND SO ON
GARBOARD STRAKES

BILGE STRAKE LONGITUDINAL FRAWME
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Nomenclatura Estrutural

DECK
LONGITUDINAL

LIGHTENING Poufo
OPEN FLOCR

BMRfCa01
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Nomenclatura Estrutural

Hopper side

Flat facing bar

Transverse web

Side girder

Hopper side
longitudinals

Flat stiffener

Tank top

Inner bottom
longitudinals

Ship's

Stiffening web ¢

/
Bt /.
3" i'kh v C:}
[i

O i O} C
a5

) | T
1A
A,

§ I

Pipe
tunnel

-
Bottom Side girder

longitudinals

Tank top (inner bottom)

Lightening

Side girder SQLID FLOOR

hole .
Continuous

centre girder
Inner bottom

_—longitudinals

™~

Side -
Bottom girder

longitudinals

1

I ]
Side —4

Flat stiffener girder

] /

ALTERNATE FRAME SPACE
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Nomenclatura Estrutural

Floors can be of three types: Solid Floors, Plate Floors and Bracket
Floors.

Solid floor requirements of water tightness or oil tightness like in tanks.

Upper decic— ;7;—.’_ —

+—Inner bottom

——

o e _..:f-}f-'-—'_Solid Floor
Cn i [

—_— :f—-"—Centre ginder

Side girde T =L,
uter bottom
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Nomenclatura Estrutural

Floors can be of three types: Solid Floors, Plate Floors and Bracket Floors.

Plate floors have openings
mainly used to reduce
unnecessary weight and free
passage of fluids like fuel,
lubes, or water as required.
Bracket floors have large
openings and are primarily
1L constructed of brackets fitted

‘ e —a— at ends. They are used in
Tanks'deracket—'—" ', ey o — :j‘-——sond Floor areas where there is a lesser

———entre ginder requirement of strength.

Side girde ":'"""\’-
uter bottom

So, floors are essentially the lower components of a frame that extend from the bilge strake to
the keel on either side. Besides stiffening the bottommost or outer shell plating, they also serve
as foundations for supporting the inner bottom plating (for double bottom constructions) and
tank boundaries or machinery foundations.

\

Lightening hol — ) @
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Nomenclatura Estrutural

Floors can be of three types: Solid Floors, Plate Floors and Bracket Floors.

Upper deck———————a — — )
y e e ——() @ CK BEaM

e = — ey

il
Q—\L.i—lnner bottom

¥
#»
{

.

Gyl Ty |
. I X 2 = S _“. / )
Tankside Bracket,\ y \ T Solid Floor

Lightening hol _— S ] Hentre ginder

Side girde =L,
uter bottom

The type of floor is chosen based on the requirement and the modulus
of loading in that particular region of consideration. The depth of the
floor is also decided based on the strength requirements.
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Nomenclatura Estrutural

Side Frames

The upper part of the frames welded to the side shell and run vertically is also
known as side frames. For tank construction, the part of the side frame associated
with the tank or hold region is also known as the holding frame, and the part of
this frame above the upper tank boundary, which continues to the main deck level,
is known as the tween frame.

These side frames are mainly composed of bulb plates or L-beams. The scantlings
of these frames depend on the area of disposition and the estimated extent of
transverse loading that may incur.

UL

o¥olofofolelolofolololol  bfofoferq
NQ |7 lli
Hllll L

—_—

I
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Nomenclatura Estrutural

They are special types of frames that are heavier in scantlings and generally have greater
depths and thicknesses. They consist of plate web and face flat, the web being much deeper
than conventional frames. They occur after every 4 or 5 normal frames for all practical
purposes. Still, they may have a higher occurrence in high-strength regions like machinery
spaces or in the forward and the aft regions to increase the structural rigidity.

The frames are disposed of along the vessel’s length regularly for all practical purposes. The
distance between two successive frames is known as frame spacing and is also highly
considered for several purposes by the designer. This is at least 600 mm or more for most
sea-going cargo ships, depending on the requirement.

Side plating with
longitudinals Inner side plating
with longitudinals

MANAGING RISK 757
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Secao Mestra Tipica

Longitudinal And Transverse Framing
In a longitudinal frame, there are more closely spaced longitudinal members than

transverse ones.
oending or T1exIbility are more

prominent. The transverse framiRg-ueper aeck
Deck longitudinal

system hasmore closely spaTat—emine
frarmes-with broader spacing
hetween lopgitudinal merbers——sukhead

side frame

These are for shorter vessels,

Lightening

whefé there is more prominence of

transverse and hydrostatlc loading

Tankside

as’tompa re to longitudinah—— e gircer
Bottom >
longitudunal : - Centre girder
Solid floor t i
Bottom plate
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Secao Mestra Tipica

Longitudinal And Transverse Framing
Long. frames are primarily for longer ships where longitudinal effects like bending or
flexibility are more prominent. The transverse framing system has more closely spaced
frames with broader spacing between longitudinal members. These are for shorter
vessels, where there is more prominence of transverse and hydrostatic loading as

compared to longitudinal.

Brackel—————————

Side Shel|=———————p

Transverse
side frame

Lightening
hole

Tankside >
bracket

Bottom : >

longitudunal

Solid floor

| p per deck

e Deck longitudinal
beam knee

Prr———B U |k head

— Gl

4+—Centre girder

T-—-Bottom plate

Prof. Dr. Diego Sarzosa Burgos- 2023



Nomenclatura Estrutural

(Perforated Flat)
Panting Stringer
(Perforated Flat)

Panting Stringer
(Perforated Flat)

Sohid Floor
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Secao 6 - Materiais

1 STrEEL GRADES

1.1 Hull Structural Steel

1L.1.1 Scope

1.1.1.1 Materials used during construction are to comply with the Rules for Materials of the
individual Classitication Society. Use of other materials and the corresponding
scantlings will be specially considered.

1.1.2 Strength

1.1.2.1 Steel having a specitied minimum yield stress of 235N/ mm? is regarded as normal
strength hull structural steel Steel having a higher specified minimum yield stress
is regarded as higher strength hull structural steel

1.1.3 Material grades

1.1.3.1 Material grades of hull structural steels are referred to as follows:
(a)| A, B, D and E denote normal strength steel grades
(b) AH, DH and EH denote higher strength steel grades.

Prof. Dr. Diego Sarzosa Burgos- 2023




Secao 6 - Materiais

Valores caracteristicos

This approach is very common in engineering. When we say that steel
has a yield strength of 300MPa, we don’t mean that the average strength
is 300MPa, we mean that no more than 5% of the tested values fall below
300MPa. This 1s because if more than 5% are below, the steel would fail

to be rated at 300MPa. There are cases where none of the samples would

be below 300, possibly with a minimum test at 320MPa, but yet the steel
is rated as 300MPa.
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Secao 6 - Materiais
Valores caracterl'ticos

We define values such as the 5% value as Characteristic Values. We
might be more specific and call this the 5% characteristic value. In naval
architecture we use the term ‘significant wave height’ which we might

call Hs. Hs, is approximately equal to the average of the highest one-third
of the waves. This is a ‘characteristic value’, at about the 10% level (est.).

Note: Hs is calculated precisely using;:
Hs = 4.0 * sqrt(mO)

where mO is the variance of the wave displacement time series
acquired during the wave acquisition period.




Secao 6 - Materiais

Lioyd’s rule

C Max

Si

0,21

2

0,50 max

0,21

0,80 min

0,35 max

0,21

0,60 min

0,10- 0,35

0,020 min

0,18

0,70 min

0,10-0,35

0,020 min

0,18

0,07-1,60¢

0,50 max

0,020 min

0,020 -0,050

0,18

0,90-1,60

0,5 max

0,020 min

0,020- 0,050

0,18

0,90-1,60

0,5 max

0,020 min

0,020- 0,050

Total Aluminum
2. % manganese not less than 2,5 times % carbon

3. Residual elements are restricted to the following maximum: copper £ 0,35%; chromium = 0,20% nickel
< 0,40%; molybdenum £ 0,08%
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Secao 6 - Materiais

Ductile

Mechanical Prope Requiremens as specified by Lloyd’s rules

Grade Tensile Minimum Minimum Charpy V =Notch *
Strength Yield stress Elongation "2 Impact test in the
(MPa) ( MPa) (%) Longitudinal direction

ransition
mperature

Energy Absorbed on Impact —

A
Temperature —»

Test temperature(°C) Minimum average
energy (J)

400-520

400-520

400-520

E 400-520

AH36 490-620

DH36 490-620

EH36 490-620

Notes:

1. Gauge length 5,65VSo, , where S, is the original cross section area of the tensile test specimen

2. Applicable to round tensile specimens only.
3. Longitudinal, full size test specimen.
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Secao 6 - Materiais

1.1.4 Higher strength steel factor

1.1.41 For the determination of hull girder section modulus, where higher strength hull
structural steel is used, a higher strength steel factor, kis given in Table 6.1.1.

Table6.1.1
Values of &

Specified minitmmum yield stress, N/mn¢é

K

235
265
315
240
255
220

1.00
0.93
0.75
0.74
0.72
0.63

Ilote
1.

Intermediate values are to be caleulated by linear interpolation.
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Secao 6 - Materiais

Aplicacao do material

Table 6.1.2
Material Grades

Thickness, ¥ M aterial Class

i1l 1T I

=15 ' , AH

15 =¢t=20 ] , AH
2=t=25 ' . AH
2h =30 ] , DH
A0 =f=35 : , DH
35 =t =40 ' , DH
40 =¢=51 ] , EH
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SECTION 6 - MATERIALS AND WELLDING

COMM O STRUCTUR AL EULES FOR JIL TAMEERS

Table 6.1.3

Material Class or Grade of Structural Members

Structural member category

Material Class or Grade

Within 0.4L
Amidships

Outside 0.4

Secondary

Longitudinal bulkhead strakes, other than those
belenging to primary category

Deck plating exposed to weather other than that
belenging to primary or special category

Side plating

Class I

Grade A%/ AH

Primary

Bottom plating including keel plate

Strength deck plating, excluding that belonging to the
special category (10

Continuous longitudinal members above strength deck,
excluding longitudinal hateh coamings

Uppermost strake in longitudinal bulkheads
Vertical strake (hatch side girder) and upper sloped
strake in top wing tank

Class I

Grade A /AH

Special

Sheer strake at strength decl (102310

Stringer plate in strength decl (11213110

Deck strake at longitudinal bulkhead (214110

Strength deck plating at outbeard corners of cargo hateh
openings

Bilge strake (21518)

Continuous longitudinal hateh coamings

Class IO

ClassII
[Class I cutside
0.6L amidships)

Other Categories

Plating for stern frames, rudder horns, rudders and shaft
brackets (7

Strength members not referred to in above categories (M

Grade AGY/ AT

Clas=1I

Grade A /AH

MNote

1. Mot to be less than E/EH within 0.4L amidships in vessels with length, L, exceeding 250m.
2. Single strakes required to be of material clags IIl or E/EH are, within 0.4L amidships, te have breadths
tiot less than 800+ 5L, but need not be greater than 1800mm.




Secao 8 - Escantilhoes

Resisténcia Longitudinal
— Loading Guidance
— Loading Manual

— Viga Navio (Hull Girder)

* Resisténcia a flexao
* Resisténcia ao Cisalhamento
* Flambagem
- Fadiga
— Continuidade Estrutural
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Secao 8 - Escantilhoes

Cargo Tank Region:

aplica-se a estrutura do navio na
regiao de carga ( chapa do fundo,
conves, duplo fundo, anteparas,
reforcos leves e pesados)

— Geral

— Hull envelope plating

- Keel plating, bottom shell plating, bilge
plating, side shell plating, sheer strake,
deck plating.

— Hull Framing

Prof. Dr. Diego S

arzosa Burgos- 2023



Secao 8 - Escantilhoes

Cargo Tank Region:

— Inner Bottom
* Plate
* Longitudinals

— Bulkheads
— Membros Primarios

Prof. Dr. Diego Sarzosa Burgos- 2023



Elementos

Navio Petroleiro




LONGITUDIMNATS
oo
COMWES SICORDAS

TRAWESEAS

FELUMO

27

— ESC04

WALS — ]
= LOMGITUDINAIS
I - oo
—. COSTADO
I
_Iu_
N

=l

2,

]

R

[
]
(SN

pElem)|

LOMGARETMA

CHAPA
QUILHA

FL
HEHEEKHHLDNGITUDINEIE HASTILRAS

OE
ELMDO

Prof. Dr. Diego Sarzosa Burgos- 2023



Modos de falha

2 CRITERIA

2.1 General

211

Criteria are prescribed in the Rules to check the relevant limit states for the various structural elements. The
strength assessments included in the Rules are defined in terms of yield check, buckling check, ultimate
strength check, and fatigue check as indicated in Table 2.

Table 2 : Structural assessment

Ultimate
strength
check

Local Stiffeners Y Y@

Yielding Buckling

i
Structural Elements check check

Primary supporting members Y Y@
Hull girder Y Y

“¥" indicates that the structural assessment is to be carried out.
The ultimate strength check is included in the buckling check.
The ultimate strength check of plating is included in the yielding check formula of plating.

The buckling check of stiffeners and plating taking part in hull girder strength is performed against stress due to hull
girder bending moment and hull girder shear force.
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Design Load

Table 1 : Design load sets

ltem Design Load Draught | DeS1EN Loading condition
load set | component load
External shell and SEA-L Pex Po Tsc S+D | Full Load condition @
exposed deck SEA-2 P, Tec S Harbour condition @
WB-1 P, -P, ® Tans S+D | Normal ballast condition
Water ballast tank (oil Mormal ballast condition
; WB-2 P -P, @ T S+D
tanker and bulk carrier) e AL Water ballast exchange
WE-3 P,-P, @ 0.25T,. 5 Harbour,/test candition
Design Load Design . o
Item load set | component Draught oad Loading condition
WB-4 P,-P, ™ Taay ™ S5+D Heavy ballast condition
Water ballast tank (bulk n T saLH v
carrier) and bulk cargo @) ~ @ @ Heavy ballast condition
hold assigned as ballast We-5 Pin = Pe Teas Stb Water ballast exchange
hold
WB-6 ® P, S Harbour/test condition
oT-1 Py, Tse S5+D Full Load condition
Cargo oil tank oT-2 P, 0.6T.. S+D | Partial load condition
0T-3 P, 5 Harbour/Test condition
BC-1 P Tse S+D Homogeneous loading, fully
BC-2 Plr.v g filled
BC-3 P, Tse S+D | Homogeneous heavy cargo,
A n -~ nartiallv filled (BC-A. B shins)
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Section 8

Longitudinal Strength
— Loading Guidance
— Loading Manual

ANTLIMNG REQUIEEMENTS (ZOMMC UCTORAL RULES FCE OIL T ANEERS

ol BIC, +0.7)-107°  m?

efined in Secfion

adth, inm, as

efined in Serkion 4111111
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Secao 8
Resisténcia Longitudinal

‘Ill"fH'1 I: + :I = +I:I. ]. qf__r| {__lj Li B r__l;_l |: kN -m }
Mw(—) = —0.11C,C2IIB(C, +0.7)  (kN-m)

where
Mw(+): the wave bending moment of hogging
Mw(—): the wave bending moment of sagging

C1: the parameter determined by ship length
0.3L 0.4 0.65L 0.7L

A \ 1.3
300—L e
J ) Ly < 300m Distance from L End

10.75 — -
100
'r:_'l — 10.75 I00m ._ LJ _ 350m Fig. 2.2.2 Coefficient C2 : distribution factor

1350 13
10.75 (u) 350m < L,

. 100
C3: distribution factor along ship length as specified in Fig.

Ly: ship length (m)
B: ship breadth (m)
Cy: block coefficient

2727

i
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Secao 8
Resisténcia Longitudinal

106 The design stillwater bending moments amidships (sag-
ging and hogging) are normally not to be taken less than:

P‘»L‘b — hig 0 {kNﬂ]}

Mgo = —0.065 Cyy L-B (Cg+0.7) (kNm) in sagging
C WU L B [U 1225 -0.015C B} LN]]].] ]J] hUL_ glﬂg
Cwu Cyy for unrestricted service.

Ship Length L Wave Coefficient C

90 <L <300 m 10.75 — [(300 — L)/100]3?
300 <L <350m 10.75
350<L 10.75 — [(300 —L)/150)3*
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Secao 8

Resisténcia Longitudinal

TABLE 18.11 Reference Horizontal Bending Moments

Class Society My [N - m]

ABS (8) 180 C,L°DCg

BV (9) RINA (10) 1600 L*! TCy

DNV (11) 220 LT + 0.3B)Cy
NKK (12) 320L,C TYL-35/L

TABLE 18.1I Examples of Reference Values for Wave Torque

Class Society 0, [N - m] (at mid-ship)
—~ - 5 e . e 0 14 0.5
ABS (bulk carrier) 2700 LBLT[{_C w—0.5)" + :J_l] 0.13 - ﬁ[ ? ]

(e = vertical position of shear center)

125

250 — 0.7L 3 }

19:;11.33(?%‘,{3_13 -
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Instabilidade

142 Buckling assessment

1421 The buckling assessment of plate panels and longitudinals is to be determined
according to Section 10/3.1 with hull girder stresses calculated on net hull girder
sectional properties.

The buckling strength for the buckling assessment is to be derived using local net
scantlings, tn:, as follows:

t =t,.—10t, ~—mm
Where:
tors gross plate thickness, in mm

teorr corrosion addition, in mm, as defined in Section 6/3.2

The hull girder compressive stress due to bending, omensso, for the buckling
assessment is to be calculated using net hull girder sectional properties and is to be
taken as the greater of the following:

_ | {Z — ZNA—1eiS0 XMF:L‘—P&HH—EM + Mw—a]
O hgnetso = |

10°  N/mm?
Ia—mﬁﬂ |
30
Tho—netso = L

N/ mm?

Where:

M permsea  permissible still water bending moment for seagoing
operation, in kNm, as defined in Section //2.1.1, with signs
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The fatigue life for the deck structure as required by Section 9/3 and Appendix C is
normally satisfied providing the net vertical hull girder section modulus at the
moulded deck line at side, Zo-naso, as defined in Section 4/2.6.1.1, is not less than the
required hull girder section modulus, Z.:, defined as:

M M

wo—hog ~ L' wm—sag

1000R,,

m?

Zi'—ﬁat =

Where:

Mitioe hogging vertical wave bending moment for fatigue, in kINm,
as defined in Section //3.4.1

Mivv-saz sagging vertical wave bending moment for fatigue, in kINm, as
defined in Section //3.4.1

Ra allowable stress range, in N /mm?
= (0.17L + 86 for class F-details
= (.15L + 76 for class F2-details

rule length, in m, as detfined in Section 4/1.1.1.1
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Regiao dos Tangues de
Carga

%ureau %Iombﬂ %msil
| -

ociedade Classificadora

8.1.1.1 - Espacamento de Cavernas

8.1.1.1.1 - O espacamento de cavernas transversais, desde 0,2.L a ré da PPAV ateé a antepara de colisdo
aré, deve ser determinado através da seguinte formula:

a, =L/500+048 [m];a,. =1.0m

8.1.1.1.2 - A vante da antepara de colisdo de vante e a ré da antepara de coliso aré, o espacamento de
cavernas ndo deve, geralmente, exceder 600mm.
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Regiao dos Tanques de

C Shell Plating

c.A Minimum thickness

The minimum thickness t,;, of the shell plating is defined as:

tyin = 3.5 mm

c2 Bottom plating

c2.1 The thickness tp of bottom plating is not to be less than determined by the following formula:

tg =13 —  |[=— [am] With tp, 2ty
a7

- standard frame spacing [t], defined as:

L
ag=——+0.43
500

- minimum thickness according to .1

Prof. Dr. Diego Sarzosa Burgos- 2023



Regiao dos Tangues de
Carga

C.6.2 Plate floors

C6.2.1  Thefloor spacing shaould, ingeneral, not exceed 5 timesthe mean longitudinal frame spacing.

C.3 Side girders

C.31 Arrangement

At least one =ide girder iz to be fited in the engine room and in way of 025 L att of F.P. In the other parts
of the double bottom |, one zide girder iz to be fitted where the horizontal distance betvween ship's side and
centre girder exceeds 4.5 m. Two side dgirders are to be fited where the distance exceeds 8m, and three
zide girderz where it exceeds 105 m The distance of the side girders from each other and from centre
girder and ship's side rezpectively iz not to be greater than:

l12m inthe engine room within the engine seatings

45m where one zide girder is fited inthe other partz
of double bottom

40m where two side girders are fitted in the ather
parts of double bottom

35m where three zide girders are fitted inthe other
parts of double bottom
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Regiao dos Tangues de
Carga

8.2.3.8 - Se os escantilhdes de longitudinais forem determinados por calculos de resisténcia, a tenséo
total resultante das tensdes devidas a flexdo local e das tensdes normais devidas a flexdo longitudinal,
ndo deve exceder.

o= 230/k [N/mm?]

Atensdo de flexdo local ndo deve exceder:

Ty 150/k [N/mm?], para aqueles carregamentos para os quais, conforme 8.2.3 1, ofatorn = 0,55
a,, 120/k [N/mm?], para aqueles carregamentos para os quais, conforme 8.2.3.1, o fatorn =0,70.

8.2.3.9 - Quando escoras, conforme a Secao 7, item 7 2 7 6, sdo colocadas entre longitudinais do fundo
e do teto do fundo duplo, os maédulos de secdo das longitudinais podem ser reduzidos em 40%.

8.2.4 - Cavernas Laterais Gigantes

8.2.4.1 - O modulo de se¢do de cavemas laterais gigantes suportando longitudinais do costado, ndo deve
ser menor que:

W=0,57.k.e.m?. p[em?]

= espacamento de cavernas laterais gigantes, em [m]
= vao, sem apoio, em [m], conforme Se¢do 2, 2.3.

Area seccional minima da alma:
f=0,058.k.e.m.p[ecm?

8.2.4.2. - Se as cavemnas laterais gigantes estdo dimensionadas com base em calculos de resisténcia,
as seguintes tensdes ndo devem ser excedidas:

6, = 140/k [N/mm ]
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Regiao dos Tangues de
Carga

601 The section modulus requirement of bottom and inner bottom frames 1s given by:

C 600 Transverse frames

ﬂ.ﬁl!zs P Wy
= “..m..i..lm..m

[cml}

p = pptops(whenrelevant) as given in Table B1.

Rules for Ships, January 2016
Pt.3 Ch.1 Sec.6 Bottom structures - Page 93

602 Struts fitted between bottom and inner bottom frames are in general not to be considered as effective
supports for the frames.

The requirements given in 601, however, may be reduced after special consideration. When bottom and inner
bottom frames have the same scantlings, a Z-reduction of 35% will be accepted if strut at middle length of span.

603 The thickness of web and flange shall not be less than the larger of:
t = 45+k+t (mm)

b
1.5+ “éﬁ:

001I5L,
5.0 maximum

= web height in mm

= 75 for flanged profile webs
41 for bulb profiles

= 22 for flat bar profiles.

+1y
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0S Tangues de

Rules for Ships, January 2016
Pt.3 Ch.1 Sec.7 Side structures — Page 104

C 700 Bottom longitudinals

701 The section modulus requirement 1s given by: B100 Local loads on side structures

101  All generally applicable local loads on side structures are given in Table B1, based upon the general loads

B. Design loads

23 IZ S NW given in Sec.4. In connection with the various local structures, reference is made to this table, indicating the
_ PWy fcm3 ) relevant loads in each case.
a Table Bl Design loads
) . Load P (kN/m?)
p = pjtops(when relevant) as given in Table Bl type T i
. . Seh pissane balow s s loai widacline P1= 0+ Py
g = ﬁllﬂ“’ﬂh]ﬁ stress {mﬂ.‘-ﬁlml.lm Iﬁ{] f‘]] glVEI‘I ]'J}" Sea pressure below summer load waterline p
External P2=(pdp_(4 +0.2 ks) h()’”

Sea pressure above summer load waterline . =
P minimum 6.25 +0.025 L,

p3=p(go+05a,)h;—10hy
o pPs=pgohs—10h, +p,

Ballast, bunker or liquid cargo in side tanks in general
ps=0.67(pgo hp + A pgyn) — 10 hy

Above the ballast waterline at ballast, bunker or _ ) > 11 Ak
Internal | liquid cargo tanks with a breadth > 0.4 B Pe = P2ol0.67(h, + ¢b) - 0.12 /H ¢b,]
Above the ballast waterline and towards ends of
tanks for ballast, bunker or liquid cargo with
length > 0.15 L

Py = PEgl0.67(h + 61)~0.12 [HET]

In tanks with no restriction on their filling pe = ,D[3 _B_]b
height 2 8 100]°°

1)  For ships with service restrictions, p; and the last term in p; may be reduced by the percentages given in Sec.4 B202
2) For tanks with free breadth b, > 0.56 B the design pressure will be specially considered according to Sec.4 C305.

hy = vertical distance in m from the waterline at draught T to the load point

T = rule draught in m, see Sec.1 B

z = vertical distance from the baseline to the load point, maximum T (m)

Pap, ks = as given in Sec.4 C201

L; = ship length, need not be taken greater than 300 (m)

a, = vertical acceleration as given in Sec.4 B600

hg = vertical distance in m from load point to top of tank, excluding smaller hatchways.

h, = vertical distance in m from the load point to the top of air pipe

hy = vertical distance in m from the load point to the minimum design draught, which may normally be

taken as 0.35 T for dry cargo vessels and 2 + 0.02 L for tankers. For load points above the ballast
waterline hy, =0
Po = 25in general
= 15 in ballast holds in dry cargo vessels
= tank pressure valve opening pressure when exceeding the general value
P = density of ballast, bunker or liquid cargo in t/m?, normally not to be taken less than 1.025 t/m3
(Lepgg=10)
ADa. = as o1ven 1n Sec 4 C300




Regiao dos Tangues de

2.1.5 Minimum thickness for plating and local support members

2.1.5.1 The thickness of plating and stiffeners in the cargo tank region is to comply with the
appropriate minimum thickness requirements given in Table 8.2.1.

Table 5.2.1
Minimum Net Thickness for Plating and Local Support Members
in the Cargo Tank Region

MNet Thickness

Scantling Location (mm)

Hull envelope up to | Keel plating 5.5+0.03L;
T+ 4.6m Bottom shell/bilge /side shell 3.5+0.03L;

Hull envelope above
T+ 4.6m

Side shell /upper deck 4.5+0.02L;

Hull internal tank boundaries 4 5+0.021;

Hull internal Non-tight bulkheads, bulkheads
structure between dry spaces and other 4.5+0.01L;
plates in general

Local Local support members on tight boundaries 3.5+0.01512
support

members
Tripping brackets 5.0+0.015Lz
Where:

T.. as defined in Section 4/1.1.5.5

Ls rule length, L, as defined in Section 4/1.1.1.1, but need not be taken greater than 300m

Local support members on other structure 2.5+0.015L;
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Regiao dos Tangues de

Carga

2.1.5 Minimum thickness for plating and local support members

2.1.5.1 The thickness of plating and stiffeners in the cargo tank region is to comply with the
appropriate minimum thickness requirements given in Table 8.2.1.

Table 5.2.1
Minimum Net Thickness for Plating and Local Support Members
in the Cargo Tank Region

Scantling Location Net }"l?il;ness
Hull envelope up to | Keel plating 5.5+0.03L;
T+ 4.6m Bottom shell/bilge /side shell 3.5+0.03L;
;M,,l :Eflﬂpe abOVe | ¢ de shell /upper deck 4.5+0.02L
Plating Hull internal tank boundaries 4.5+0.02L,

Hull internal Non-tight bulkheads, bulkheads
structure between dry spaces and other 4.5+0.01L;
plates in general

Local Local support members on tight boundaries 3.5+0.015L:
z?fnﬁzfrs Local support members on other structure 2.5+0.015L;
Tripping brackets 5.0+0.015Lz
Where:

T.. as defined in Section 4/1.1.5.5
Ls rule length, L, as defined in Section 4/1.1.1.1, but need not be taken greater than 300m

| 1] 1] 1] 1] 1] TT1T
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Regiao dos Tangues de
Carga

SECTION 8 — SCANTLING REQUIREMENTS COMMON STRUCTURAL RULES FOR OIL TANKEE

Table 8.2.2
Minimum Net Thickness for Primary Support Members
in Cargo Tank Region

Net Thickness

Scantling Location
(mm)

Double bc:-ttmn centrelme E"]I'dET 5.5+0.025L;
Dl'her duuhle bc-ttc-m gj.rdew 5.5+0.02L,

Double thtDm ﬂmrs, web phtes -:rf 51de h“anﬁverse*s and Jh‘mcrﬂs in 5.0+0.015L
duuble hu]l

Web a;nd ﬂanges DI ver tu:al web frame5 on lnngi’mdmﬂ bulkhead
horizontal stringers on transverse bulkhead and deck transverses (above 2.5+0.015L>
and below upper deck)

Where:
L rule length, L, as defined in Section 4/1.1.1.1, but need not be taken greater than 300m
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Regiao dos Tangues de
Carga

2.2 Hull Envelope Plating

2.21 Keel plating

2211 Keel plating is to extend over the flat of bottom for the complete length of the ship.
The breadth, by, is not to be less than:

b; =800+5L, mm
Where:

L> rule length, L, as defined in Section 4/1.1.1.1, but not to be
taken greater than 300m

2.21.2 The thickness of the keel plating is to comply with the requirements given in 2.2.2.

2.2.2 Bottom shell plating

2221 The thickness of the bottom shell plating is to comply with the requirements in Table
824,

2.2.3 Bilge plating

2.23.1 The thickness of bilge plating is not to be less than that required for the adjacent
bottom shell, see 2.2.2.1, or adjacent side shell plating, see 2.2.4.1, whichever is the
creater,

The net thickness of bilge plating, ty: without longitudinal stiffening is not to be
less than:
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Regiao dos Tangues de

2.2.4 5ide shell plating

2241 The thickness of the side shell plating is to comply with the requirements in Table
8.2.4.

2.2.42 The net thickness, fu, of the side plating within the range as specified in 2.2.4.3 is
not to be less than:

] 0.25
; BT
b= 25{ >4 n.:«*] = mm
1000 o,

Where:

5 stitfener spacing, in mm, as defined in Section 4/2.2

Jarnuary 2007 DET NORSKE VERITAS SECTION 8.2/PAGE 4

SECTION § - SCANTLING REQUIREMENTS ConON STRUCTURAL RULES FOR OTL TANKERS

moulded breadth, in m as defined in Section 4/1.1.3.1
scantling draught, in m, as defined in Section 4/1.1.5.5

specitied minimum yield stress of the material, in N/mm?
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Regiao dos Tangues de
Carga

LW ee o Hel all O arrniicls = W1lele e L L € C [T1E
0.9B, and a section forward of amidships where the breadth at the waterline
exceeds 0.6B

(b) vertical extent:

e between 300mm below the minimum design ballast waterline, Tta, amidships
to 0.25Ts: or 2.2m, whichever is greater, above the draught T

Figure- 822
Extent of Side Shell Platin

breadth greater breadth greater

an 0.9 . 6B
than 0.9E than 0.65 the greater of

02537 or22m
5

waterline at T

F o o
& A i)
g g g F g FFFF FF FFFFFFFFFFFFFFFFFFTS ~ ~ R
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Regiao dos Tangues de
Carga

Cavernamento

2.3 Hull Envelope Framing

2.3.1 General

2.3.1.1 The bottom shell, inner bottom and deck are to be longitudinally framed in the
cargo tank region. The side shell, inner hull bulkheads and longitudinal bulkheads
are generally to be longitudinally framed. Where the side shell is longitudinally
framed, the inner hull bulkheads are to be similarly constructed. Suitable
alternatives which take account of resistance to buckling will be specially

considered.

JANUARY 2007 DET NORSEKE VERITAS SECTION 8.2 /PAGE D
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Regiao dos Tangues de
Carga

Membros Primarios

SECTION 8 - SCANTLING REQUIREMENTS ConnioN STRUCTURAL RULES FOR OIL TANEERS

Figure 8.2.4
Depiction of Applicable Extents

Transverse primary support members
within cargo /ballast tanks \

{

ol TRl T

Horizontal stringers on
transverse bulkhead

- st

Transverse Double bottom girders ,,-ff Transverse

Bulkhead in cargo region Bulkhead
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Caverna Vertical Gigante

2.6.6.2 The net section modulus, Z,ess, of the vertical web frame is not to be less than:

1000 M

Copr O

Z

et 30 =

Where:
M design bending moment, in kNm, as follows:

=c,P5 Img_m2 tor upper part of the web frame

=c,PS IMS_WQ tor lower part of the web frame

where a cross tie is fitted and lpgp o 1s greater than 0.7l o,
then lyge-ow in the above formula is to be taken as lnge-u-ct.

design pressure for the design load set being considered,
calculated at mid point of the eftective bending span, lsig-vw, of
the vertical web frame located at mid tank, in kN /m?

effective bending span of the vertical web frame on the
longitudinal bulkhead, between the deck transverse and the
bottom structure, in m, see Section 4/2.1.4 and Figure 8.2.7.

effective bending span of the vertical web trame on
longitudinal bulkhead, between the deck transverse and mid
depth of the cross tie on ships with two longitudinal
bulkheads, in m, see Section 4/2.1.4

primary support member spacing, in m, as detined in Section
4/2.2.2
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Reforcadore sob pressao lateral

IACS 2023

1 STIFFENERS SUBJECT TO LATERAL PRESSURE

1.1 Yielding check

1.1.1 Web plating

The minimum net web thickness, t,, in mm, is not to be taken less than the greatest value calculated for all
applicable design load sets as defined in Ch 6, Sec 2, [2], given by:

fihr |P| 5 l(SJIr

t, =
Aone X Ci Tan

with 7 C, not to be taken greater than 1.0.

where:
Fonr : Shear force distribution factor taken as:
* For continuous stiffeners with fixed ends, f,,, is not to be taken less than:
f.., = 0.5 for horizontal stiffeners and upper end of vertical stiffeners.
f.,, = 0.7 for lower end of vertical stiffeners.

* For stiffeners with reduced end fixity, variable load or being part of grillage, the requirement in
[1.2] applies.

C, : Permissible shear stress coefficient for the design load set being considered, taken as:

» C,=0.75 for acceptance criteria set AC-5.

PART1 CHAPTER6 SECTION 5

+ C,=0.90 for acceptance criteria set AC-SD.

COMMON STRUCTURAL RULES 01 JAN 2023
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Reforcadore sob pressao lateral

112 Sect !

The minimum net section modulus, Z in cm?, is not to be taken less than the greatest value calculated for all
applicable design load sets as defined in Ch &, Sec 2, [2.1.3], given by:

with y C, not to be taken greater than 1.0.
where:

f, : Bending moment factor taken as:

dg

+ For continuous stiffeners with fixed ends, f,, is not to be taken higher than:

. fn,_h, = 12 for horizontal stiffeners and upper end of vertical stiffeners.

*  fue = 10 for lower end of vertical stiffeners.

blg

+ For stiffeners with reduced end fixity, variable load or being part of grillage, the requirement in
[1.2] applies.

: Permissible bending stress coefficient as defined in Table 1 for the design load set being considered.

: Hull girder bending stress, in N/mm?, as defined in Ch 6, Sec 2, [1.1], calculated at the load
calculation point as defined in Ch 3, Sec 7, [3.2].

: Coefficient as defined in Table 2.
: Coefficient as defined in Table 2.
: Coefficient as defined in Table 2.

Table 1 : Definition of C,

Sign of hull girder Lateral pressure Coefficient
bending stress, g, acting on

TF‘II‘%IGI'I lDﬂ&III\l‘E] - —
C. = Le R-H

Compression (negative)

Tension (positive)
Compression (negative) | Stiffener side

Table 2 : Definition of 7,  andC, .

Acceptance criteria set Structural member --m

Longitudinal strength member

Transverse or vertical member

Longjtudinal strength member

but not to be taken greater than

IACS 2023
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Figure 3.5.4
Definition of Overall Span of Stiffeners, Inn

Double Skin Construction

Single Skin Construction
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Regiao dos Tangues de
Carga

LW ee o Hel all O arrniicls = W1lele e L L € C [T1E
0.9B, and a section forward of amidships where the breadth at the waterline
exceeds 0.6B

(b) vertical extent:

e between 300mm below the minimum design ballast waterline, Tta, amidships
to 0.25Ts: or 2.2m, whichever is greater, above the draught T

Figure- 822
Extent of Side Shell Platin

breadth greater breadth greater

an 0.9 . 6B
than 0.9E than 0.65 the greater of

02537 or22m
5

waterline at T

F o o
& A i)
g g g F g FFFF FF FFFFFFFFFFFFFFFFFFTS ~ ~ R
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Estudo de Caso
Navios /%ya Fetrotoio

' |

FIGURA 3.3: Secgio de um Petroleiro com Duplo Casco
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Calculo Secao Mestra

Neutral azxis

Equlvalent girder Effective fore-and- aft ]
members stress
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Fracture Toughness K¢

AK = Kpax - Kinin
air /
/ 5‘;1 = C (AK)"
— scawater

Fdhind data
€.2. (BS4360 50D steel)

C=209x10"12
n=2323

Lower limit

crack g é,mwth (m per cycle)

Figure 6. Crack growth diagrams (Paris Law)
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FEA MODEL




Column

MV/

+— Pontoon

: Longitudinal shear force between the pontoons
: Split force between the pontoons
: Torsional moment about a transverse horizontal axis
: Longitudinal acceleration of deck mass
: Transverse acceleration of deck mass
: Vertical acceleration of deck mass
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SOLDAGEM

Processo de juncao de pecas pela
crlacao de wuma forte

metallrgica entre as mesmas seja
por calor, pressao ou calor+pressao.

O material fundido deve ser
do ambiente para evitar a deposicao
de impurezas na solda
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Processo de Soldagem

Arco Elétrico com Eletrodo revestido:
SMAW - Shielded Metal Arc Welding

l Eletrodo < POrta‘e,etmd
o}
Méquina Arco
de solda \

—
Cabo m

terra Peg¢a sendo
soldada

Cabo de trabalho : » ; ;
O revestimento é consumido junto com o
S— eletrodo, transformando-se parte em gases
evestimento : 5
Inertes, parte em escoria.

Prote¢do gasosa

Pogo de fusdo

Escéria

L, ////////////// ,‘

it/ 1)
Metal soldado \
g\\\\\\\“‘\e\%\'\{&\\

Ref. "Curso Basico de Estruturas de Aco”, Péricles Barreto de Andrade, Ed. IEA, 1994,
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Classificacao

Solda de FILETE (fiflef) Solda de ENTALHE Solda de TAMPAQ
(80%) . (groove weld) (plug/siof)

SOLDA DE FILETE: SOLDA DE PENETRAGAD TOTAL:
DESCONTINUIDADE DO MATERIAL FLUXO DE TENSOES SEM ALTERAGAO
ALTERA FLUXC DE TENSDES

MA TRANSMISSED DO ESFORGO

RESSALTO A
SER EVITADO

\ ~SOLDA DE ENTALHE
PARA EVITAR O RESSALTO
! DE FI
&L/"_ R

Ref: “Ligagdes em Estruturas Metalicas”, Instituto Brasileiro
de Siderurgia, IBS/CBCA, 2004.
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Material de Solda

Compatibilidade do metal-base com o metal da solda:

Grupo 1

Metal base Metal da solda compativel
Arco elétrico Arco elétrico | Arco eletrico
. , com eletrodo | Arco submerso | com prote¢io  com fluxo no
ABNT ASTM profes :
revestido gasosa nucleo
(SMAW) (SAW) (GMAW) (FCAW)
NBR 6648 (CG-24 - | A36 (7= 20 nun ) AWS A5 1 - AWS A5.17 - AWS A5.18 - AWS A5.20 -
£<20 mm) A500 Grau A EGOXX. FEXN-EXXX. ER70S-X. EGXT-X.
NBR 6648 (CG-26 - | A500 Grau B E7T0XX F6XX-ECXXX, EEGCE-KC E6XT-XM.
£ <20 mm ) A570 Grau 40 L F7XX-EXXX. E70C-XM E7XT-X.
} - AS70 Gran 45 AWS A557- F7XX-ECXXX (excelo -GS) E7XT-XM
NBR 6649/(CF-24) 1 77 0 E70XX-X (exceto -2, -2M, -
NBR 6649 (CF-26) AWS A523 3. AWS A5287. | 3,-10,-13,-14¢ -

NBR 6650 (CF-24)
NBR 6630 (CF-26)

NBR 7007 (MR 250 -

£ 20 mm )

F7X-EXNN-NY
FIXX-ECKXX-XX

ER70S-XXNX,
ET0C-XXX

GS eexceto-11
COLL espessura
supertor a 12 mum)

AWS A520 Y.
E6XTX-X.
E6XT-XM.
E7XTX-X,
E7XTX-XM

Tabela 7 — NBR 8800

Prof. Dr. Diego Sarzosa Burgos- 2023
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Material de Solda

Compatibilidade do metal-base com o metal da solda:

Metal base

Metal da solda compativel

ABNT

ASTM

Arco eletrico
com eletrodo
revestido
(SMAW)

Arco submerso

(SAW)

Arco elétrico
com protecio
gasosa
(GMAW)

Arco elétrico
com fluxo no
nucleo
(FCAW)

Grupo 11

NBR 5000 (G-30)
NBR 5000 (G-35)

NBR 5004 (F32/Q32)
NBR 5004 (F35/Q35)

NBR 5008 (Classes
1,2e2A -

{<100 pum ) *
NBR 5920 ¥

NBR 5921 ¥

A36 (7> 20 mm )
AS70 Grau 50
AS70 Grau 55
AST72 Gran 42
AS72 Gran 50
AS5T72 Grau 55

A588(r <100 mm )

A913 Grau 50
A992

AWS A5 -
ET0L5,
ET016,
ET0LS.
ET028

AWS AS s ).

ET7015-X,
E7016-X.
E7018-X

AWS A517 -
F7TXN-EXXX,
FTXXN-ECXXX

AWS A5.23 7 -
TXX-EXNX-XX,
FIXX-ECXXX-XX

AWS A5.18 -
ER70S8-X,
E70C-XC,
ET0C-XM
(exceto -GS)

AWS AS 28 V.
ER70S-XXX.
E70C-XXX

AWS A5.20 -
E7TXT-X,
E7XT-XM
(exceto -2, -2M. -
3.-10.-13.-14e -
GS e exceto -11
com espessura
superior a 12 mm)

AWS AS520 7.

NBR 7007 (AR-290)
NBR 7007 (AR-345)
NBR 7007 (AR-COR
345A0uB)?

NBR 8261 (Graus B
el’)

ETXTX-X,
E7XTX-XM

Tabela 7 — NBR 8800 AWS D1.1

Prof. Dr. Diego Sarzosa Burgos- 2023



Material de Solda

Os materiais utilizados na solda tém resisténcia a ruptura superior a dos
acos para os quais sao especificados.

E6GO0 = f, = 60 ksi = 415 MPa
E7/0 = f, =70 ksi = 4835 MPa

Em solda por arco com eletrodo revestido:

E/OXY

tipo de corrente e de revestimento

Plana [ ]

Horizental [H]

——+ posicao de soldagem:1 - qualquer
2 - pos horiz

—— f,emKksi
— Eletrodo

Vertical [V] Sobre—cobeca [OH]
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Longitudinal Stiffener'
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Stress and Strain

: ltem to be performed
: ltem to be omitted

Assume structure

Presume |oad
Evaluate

Assume
failure
mode

response

strength

analysis method : :
criteria

Fig. 3.1.2 Procedure of FEM structure analysis




Defeitos em Juntas Soldadas ()
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Defeitos em Juntas Soldadas (lI)

Desalinhamento
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Defeitos em Juntas Soldadas (lIl)

Deposicao Incompleta
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Defeitos em Juntas Soldadas (I1V)

Trinca de Raiz

Prof. Dr. Diego Sarzosa Burgos- 2023



Defeitos em Juntas Soldadas (V)

Concavidade na Ralz
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Defeitos em Juntas Soldadas (VI)

“Mordeduras”’
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Defeitos em Juntas Soldadas (Vi)

Porosidades
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Defeitos em Juntas Soldadas (VIIl)

Falta de Penetracao
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Figure824
Depiction of Applicable Extents

Transwerse prirnary supp ort mermbers
within c argn /ball ast tanls \

L T IND I D]

Horizontal stringers on

trarsverse bullhead

-~

o~

Transverse ~_.. Double bottom girders _—"
Bulkhead incargo region
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Flambagem de Reforcos

Torsional Buckling of Stiffeners — Tripping

A stiffener may buckle by twisting (or rofating) about its line of attachment to the plating. This is referred to as tripping,
This is not the same as the column or beam-column type of buckling we have discussed previously for stiffeners, and it 1s
not the same as local compressive buckling of the web or buckling of the flange. Tripping of several stiffeners in a
uniaxially-loaded panel is illustrated in the below figure. Note that the plate may also rotate to some extent to
accommodate the stiffener rotation — this 1s not plate buckling, but rather part of the stiffener tripping phenomenon.
Tripping could be elastic or plastic, but usually plastic and catastrophic.

I—-'

— 2
— 1| ,.(h
s [ Gl::r—tripping =—| T E[_] Isz
da
T o 4 5P
— bt —-
— A
i Section
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Tripping

A slightly simplified solution for stiffener tripping is presented in Hughes. The result is that for stiffener tripping due to a

2
1| ,.(h
oo =i () e

uni-axial compression:

h = distance (height) from plate to shear center of stiffener

A, = stiffener area (flange + web)

Ly = polar moment of inertia of stiffener about center of rotation (I, + 1)

L. = moment of inertia of stiffener about axis through centroid of stiffener and paralle!l to web (1)

Yy ¥

| @

point of rotation |

|
~ |
i

centroid
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Painel Reforcado

Stiffened
Panel.

;'.-S.econdary
. Web Frame

Hl_*—'

\lum \\ ebh Frame

Flgure 18.22 A Standard Stiffened Panel
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Painel Reforcado

Figure 18.36 A Stiffened Panel with Uniformly Distributed Longitudinals, 4
Webframes, and 3 Girders.
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Side plating with
longitudinals Inner side plating

with longitudinals
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Flambagem

G - = .
ult “Ideal” (Euler) critical buckling stress 6, =

Ultimate strength
(stress)

“short” columns “long” (“slender”) columns
- L

Slenderness ratio
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Comportamento estrutural de navio sob flexao

0 Modelo numérico de uma navio tanque suezmax —
Compartimento entre gigantes transversais a meia-nau

Caracteristicas principais do navio:

a Comprimento Total (Loa) =254 m

a Comprimento entre perpendiculares (Lpp) = 244 m
a Boca (B) =42 m

o Pontal (T)=15m

o Deslocamento = 126.000 ton

A regido analisada foi um espagamento entre gigantes transversais de
um porao tipico a meia-nau de dimensoes:

o Comprimento do pordo: 31,36 m
o Espacamento entre gigantes transversais: 4,48 m
Altura do duplo fundo: 2,3 m

Largura do dulho costado: 2,5 m
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0 Elementos Iongltudlnals da secdo estudada
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QO Posicao da regiao analisada no navio

Conveés 15" — Simetria

Antepara Antepara
[Transversal : Tmnsx-q_r;al

-
-

E - : - ¥ L
! 1

Gig. Trans . Gig. Transv.

' Duplo Fundo

Fundo J

?'v'IDdClD F.lumérj co
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O Imperfeicao geométrica inicial representada pela expressao.

W(xa y) = Whax Sln(m—”) > Sin(n . ﬂ-)
a b

tiidd GESAEE

f% 83300

Painel construido em CAD

Modelo geométrico com simetria longitudinal
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Comportamento estrutural de navio sob flexao

0 Condicao de carregamento

2 A condicdo de carregamento de

tosamento e alquebramento séao
efetuadas através de rotagdes
incrementais controladas aplicadas
em todos os nos da extremidade do
modelo;

Rotacbées incrementais séo
aplicadas em um ponto de
referéncia e transmitida a toda
extremidade de carga;

O ponto de referéncia foi
posicionado no eixo neutro inicial. A
extremidade de carga permanece
plana e normal a linha neutra
durante o carregamento.
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Comportamento estrutural de navio sob flexao

0 Condi¢bes de contorno

Ponto de referéncia
. UY = Uz =0
. Bx =0

Simetria longitudinal

O Propriedades do ago

0, = 235 N/mm?
E =210,000 N/mm?;
v=0.3
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34 Boundary conditions
341 Centerline plane
3411 For symmetrical structural configuration and load cases (e.g. conditions 1, 2, 3 and 6), half
breadth FE model (e.g. port) may be taken, with following symmetrical restraint conditions applied
to all nodes on longitudinal centerline plane (in Figure 3.4.1):
Restraint of displacement along transverse axis, i.e. 4, = 0;
Restraint of rotation around longitudinal axis, i.e. &, = 0;

Restraint of rotation around vertical axis. 1.e. 8. = 0.
3422 All nodes within the fore and aft end planes of the model (see figure 3.4.1) are restrained as

follows:
Plane A:  Restraint of displacement along ship’s longitudinal axis, 1e.d =0;
161
area for
strength assement
/
end plane
A
Notes:
. ALY NWTB - nonwatertight
el e \\ transverse bulkhead
WTB - watertight transverse
bulkhead
Figure 3.4.1 Symbols for Boundary Conditions for Calculation Conditions
Restraint of rotation around ship’s transverse axis, le. 8 =0;
Restraint of rotation around ship’s vertical axis. 1.e. 8 =0.
Plane B:  Restraint of rotation around ship’s transverse axis, le. 8 =0;

Restraint of rotation around ship’s vertical axis. e 6 =0. Prof. Dr. Diego Sarzosa Burgos- 2023



Comportamento estrutural de navio sob flexao

O Analises

Magnitude das imperfeicdes baseada na maxima amplitude
recomendada pela DNV;

w_=0.005b

Para estes modelos ambos reforgadores e reforgcos transversais
foram assumidos como geometria sem imperfeigcdes
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333

The overall longitudinal bending moment of hull girder consists of still water bending moment

and wave bending moment. The still water bending moment 15 taken as the maximum permissible

hogging moment within 0.4 L amidships under all loading conditions as indicated in loading manual,

and the wave bending moment (hogging) is calculated according to Chapter 2, PART TWO of the

Rules.
334 The load components to be included are as follows:
&  the light weight;
&  the container loads;
&  the hydrostatic pressure due to draft;
& the additional pressure due to local wave crest, as stated in paragraph 3.3.5;
s the longitudinal loads acting on containers due to longitudinal acceleration of ship, to
be calculated according to paragraph 3.3.7.
335 The additional wave pressure acting on side and bottom is shown in Figure 3.3.5:
at waterline: P =k =3iC, kN/m*
at baseline: Po=k, = 15C, kN/m?
at side top: P =0 kN/m?
k=11
K, =135
linear interpolation between P, and P,
€, — wave coefficient:
C,=10.75 = ((300 = L) / 100)"* 90m = L= 300m
C,=10.75 MW m=Lo=350m
C,=10.75 = ((L - 350) / 150)"* 350m=L = 500m
P
i I
P,=33C, —
P 225C, _—
d dran of structure e
linear interpolation between ds —=
P and P, —
] | E
S EEEEEE
1

Figure 3.3.5  Distribution of Wave Crest at Side and Bottom of Container Ship
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Comportamento estrutural de navio sob flexao

0 Resisténcia ultima a flexao

Relacdo momento-curvatura obtida para os modelos 1 (m=1) e
2 (m=4 - modo natural de falha) para as conticdes de
tosamento e alquebramento

) - Alquebramento — Momento ultimo

'_"'-._._____
bl ==

Alquebramento Modelo 1: 9.67 E+09 N.m
Modelo 2: 8.15 E+09 N.m

(= ] %] g o =]
L n 1 1

Diferenca do 1 para o 2: 15.72%

20 10 00 10 20 30 40 50 6.0
- Tosamento — Momento ultimo

Momento de flexdo vertical (EH09 N.m)
Ced
=

o) 61 Modelo 1: 7.92 E+09 N.m
-8 1
Tosamento ol Modelo 2: 6.34 E+09 N.m
Curvatura (E-04 1*"1“)_Mndelﬂl Diferénca do 1 para o 2: 19.95%
— = Modelo 2
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O Imperfeicao geométrica inicial foram idealizadas para estudar painéis entre
gigantes transversais de uma compartimento caracteristico a meia-nau;

O Ambas amplitude e modo de distribuigao das imperfeicdes séo a principal
causa de diferentes cargas ultimas em painéis nominalmente idénticos;

O Os painéis reforcados sao analisados para identificar a iniciacdo do
colapso em um painel particular e a sua influencia na seqiiéncia de falha;

0 Interagdes entre painéis e reforgcadores sao identificados para melhor
descrever o modo de falha global.

Prof. Dr. Diego Sarzosa Burgos- 2023



Estudo de Caso

Navio Petroleiro
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