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& Technology
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(12 d 4
The subject of marine industrial activity: the
investor ;
()il g
The ocean wealth to which the interests of the
investor intended to master these resources ;
(3)if ¥ T A2 (i Ay)
The marine engineering, in particularly, the
commercial vessel.

3.2 @A REF RN

The approaches in the Naval Architecture could be
of another kind of Applied economy.
—Besides the applied economy , also including the
hydrodynamics , structural mechanics , computer
science , physics , mathematics , etc.

33 MERMARTA :

Aim at the optimization of the commercial
vessel/the marine technical complex/the marine (or
ocean) engineering system and the property
complex of read assets as a part of the marine
company /other marine object , evaluated as a
complex.

scenee
soeee

3.4 08 TR T
The ocean wealth to which the interests of the of
the investor directed to master these resources.
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{Principal particulars) «
—HRGMHIETTHERERLEF  CRERAEA
£ 4+ i 4% 4-hydrodynamics , structural mechanics ,
computer science , physics , mathematics, etc.

A ha R LI 2 PR
The subject of the commercial vessel design: the
determination of characteristics and particulars of
the vessel and subsystems, the process of the drafts
» The commercial vessel project characteristics
D, DW, PCG, GRT, NRT, W, ..., v,, EPS (or Ne), ...
» The commercial vessel project particulars
LW,B,TW, 4, H, ...
(Length, Breadth, Draft, Block coeff., Depth)
* The project characteristics of the vessel subsystems:
the characteristics of separate structures, devices and
cngimeering
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The independent project characteristics are to be set,
the others characteristics —dependent are to be
determined
For example:
o set of some of the independent characteristics of
DW, PCG, GRT,NRT, W, ..., v,
» let to determine the dependent characteristic
D, ..., EPS (the options could be)
o The vessel displacement equations of balance is applied

4. s fb A S TR B Z IR

o s An i fE S 69 2 R (EEDI - MACC)
GBS# &)l A xR E
REHBEREHE

JE ff KA 72 & B (BWMS)

4.1 Energy Efficiency Design Index (EEDI)
MARPOL ANNEX 1V
and
Marine Environment protection

Koichi Yoshida

How ships contribute to global war
IMO GHG Slud.t (I\MRI is one of lhe member] reports

GHG from i
estimated about 870 Million tones
About 2.7% of global emission of CO,.

g in 2007 is

a0
o Tmuy
400 | — = oo T 3567
— o 2007 4
0 A o /
PR ————— ;.
T g e . ,r
200 T4 Tanmare i
R =

= = T wiay P o)

Fust Consumption (Milon o]

050 1960 o7 198y 900 2000 ;010

Ll
ene
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CO, emissions from shipping compared with global total
emissions (IMO GHG Report) .

L I ——
Marine  pastice, 15%,

Buribers, 2.7%._, Domeateiiiophe

| pand Fishing. 0.6%

/- Domestic Avistion,
Residential , 6.9%

Oeher Energy..

industries, 4 TH

Unalloeated

Autoproducers,
18%

What is going on internationally

UNECCC (May 9 1992)

il } 5 (UN) adopted United Nations Framework Convention on Climate
Changn. (I_'\FCCC}(:n‘J ay 1992, aiming at stabilizing Green house Gas (GHG)
in atmosphere and preventing hanmful impact of human behaviors of excessive
emission of such gas.

UNFCCC specifies “e but differentiated resp ibilities” to members
listed in A‘J”JEX I (50 called “developed cmlnrru.s "). and members not listed in
ANNEX I (so called “developing countries™).

Kyoto protocol to UNFCCC (December 1997)

The article 2.2 paragraph 2 of Kyoto protocol specifies:

“The Parties included in Annex 1 shall pursue limitation or reduction
of emission of greenhouse gases from aviation and maritime bunker
fuels, working through the International Civil Aviation organization

and the International Maritime organization. respectively.” =

Fi k of CO2 emissi Juction
being considered in IMO MEPC

Technical measures

| New ships | | Energy Efficiency Design Index (EEDI)

y reduction of

Ship Energy Efficiency management Plan |SEEMP| J

| Best practice for CO2 emission reduction

ined EEDI |

Energy Eff':naru:\! Operational Indicator |

mmw i fund |m2¢mlnioncap |
{l‘.h!m per fuel) m

[No More Favorable Treatment: NMFT (iIM0) |
ibility: CBDR (UNFCCC) | »

le But Differentiated Resp

IMO MEPC adopted on 18 July 2011
Resolution MEPC.203(62)
Amendments to the ANNEX of the Protocol of 1997 to am nd ‘the
International Convention for the Prevention of Pollution from
Ships,

(inclusion of regulations on energy efficiency for ships in
MARPOL Annex V1)

The amendment will enter into force on
1 January 2013 to ships

1. For which the building contract is placed on or after 1 January
2013; or

2 In the absence of a building contact, the keel of which is laid or
which is at a similar stage of construction on or after 1 July
2013; or

The delivery of which is on or after 1 July 2015

RO - VI B SR - AR A =

FHAERE $8H
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Technical requirements are placed i
MARPOL ANNEX VI new chapter 4

Regulation 19 Application
= Apply to all ships of 400 gross tonnage and above:

® Not apply to ships solely engaged in vovages within the water of the flag state;
it

« Not apply to ships having diesel-electric prop . turbine prop
hybrid propulsion systems;

+ Administration may waive the requirement from complying with regulation 20
and 21, but this waiver shall notapply to ships
e For which the building contract is placed on or afier 1 January 2017; 0r
® In the absence of a building contract, the keel of which is laid or which is at

a similar stage of constructionon or after 1 July 2017: or

e The delivery of which is no or after 1 July 2019; or

« Major conversion on or after | January 2017.

Calculation of attained EEDI

¥ o
n;[:m Cramyy SFCu |+(Pis Crar SFCue)e | n,n \“m -‘_ﬁ‘ Puses Cra SFCa | T fiew P Cra SFCa

i cqpmln T I-
€02 from propulsion system + CO2 from auxiliary — €02 emission reduction
DWT x Speed

EEDI=

Pyyi: Main engine power (kW)

Py auxiliary engine power (kW)

SFC: Specific fuel consumption (g/kW)

C: Fuel to CO2 factor (g Co2/g Fuel) (nearly 3)
Capacity: for cargo ships DWT, for passenger ships GT
V.. reference speed (nm/hour)

[z correction factor for capacity

f . correction factor for performance in real weather
f: correction factor for efficiency

For detail of calculation of EEDI, see MEPC51/WP.10
Guidelines on calculation of attained EEDI should be finalized at ISWG-

EE2 (Jan. 9 - 13 2012) and adopted at MEPC63 (Feb. 2012) "
Reference line value =a x b -

Shp ype defined n reguiaton 1 L] b 3

T Eulk carmer 1R ] TWT e s (X i)
226 Gt \arkar 112000 DWT of e shep D48
227 Tanker [FILE) TWT ol the shp (-]
228 Contmner shp 174z CAVT ol the siap [¥1]
T30 General carge 3o Tares TWT ol e shp [Fil3
230 Heingerated carga camer Zm DWT ol e st 0244
731 Combration camer 1600 TWT ol e shp (X}

Required EEDI is not appliedto

2.32 Passenger ship

2.33 Ro-ro cargo ships (vehicle carrier)
2.34 Ro-ro cargo ship

2.35 Ro-ro passenger ship

At the beginning of Phase 1 and at the midpointof Phase 2, IMO shall review the status of
technological developments and, if proven necessary, amend the time pericd, the EEDI
reference parameters for relevant ship types, and reduction rates. o

Required EEDI
Aftained EEDI sﬂmrldEEﬂlﬂﬂ -X/100) x reference line value
X = reduction factor as bel
Prane Prase 1 Phase 2 1
Ship Typm e 1 Jum 2013 - Tdan 2015 - | 1 dee 2000 - 1 Jam 285
31 Dec 2004 1 Dec 2008 Miec 0 | and oowands
20,000 OWT and abow ] " n »
e Cam
10,000 - 20,000 OWT " [ o -
10,000 WY e sbows ] " n »
Gias ks
2000 - 10,000 OWT " s | o sxr
20,000 CWT and abow 0 0 | ) »
Tabar
4,000 — 30,000 TWT n (2 | (=3 [E7
15,000 WY and abo 0 " | Ll »
Contaner ship
10,000 - 15,000 DWT - s | o [
i 16,030 CWT and above ] w | " »
- 3,000 = 15,000 OWT " [ [ sxr
5,000 DIWT st sk " " »
[re—— L
- 1,500 - 5 008 OWT -\-. s (et [
20,000 DWT e stows [] n n »
Comtnsten came
000 -0 ENT - e | e [
Rammh:mrmhnmm the tow values u
I "
| Required EEDI against Reference line

Future work plan on EEDI ( MEPC&2/WP15)

EED|
(gCO,Mon mile)

Phase 0
- Phased .
Phase2 |
Phase3

Y (own Z (OwWT)

= MEPC |MEPC | MEPC | MEPC | MEPC [MEPG | MEPCT BEFE
MEPCsession:| "2 " |83 | 64 | 65 | 66 | o7 | of Qo%
Febn
i Octobse ch
Dt (for 201230 2018, the dates are teetative) || 34 A |05 L B I Y L
T e T 1
aeyhlm ameworks (refererce knes and reduc ks
4 shps ‘ason
- To-0 Cago ships
- 1040 passenger ships.
st-wmu EELH caluabon
elecin plopusson. hatee umm Finalz | Adopt
Ws Propuision and cihar propuison sysioms of dual ation
Hmdamm 5
requrements for smal Finakz
snosewmsum
ingar reduchon facions
- in u«.mm 21 [review
g pric
Rewew Ol EEDiTor 1 T ]
b ﬂeﬂﬂld Finakz
§ GBIWS
- Feveew of sechnological
adut the Sme penod
and reducson fach =TT
in Phases 2 and
an'ww pencess 2)

Future work plan on EEDI ( MEPC62/WP15) Challenge to reach 30% reduction of CO, emission 3
o8
T . . P ial reductions of CO, emissions from shipping by using known ° .~
Seesajeen) S | T | SORR [ [ hnology and practices (IMO GHG Study Report 2009)
hn.:.-:lmf 2010, 04 e F075, it st e Sy | Fetwary 2012 | Cesser 2012 | ity 2003] I:Jvzr g
DESIGN (New sips) Saving of €O, fomne mils Combined Combiaed
e N Comey ek =
Dy L] ﬂlMll ?"\Qm Foraizanon - i i
Aheman ¢ gt T et Pt
et 15%
Compuisation of C0y abatarsent technsiogpen S 100kie 005
Canen b AT TN |
(tbree sessions sher mcong progoial o achedue Frshraion "
Whamn 1 B 18 The eat T Dot Lbeiry | 1*et0 10%
Lol It T
Contotwaton of Guntwbrms o0 progutian piwes sewded o
i ey 4 o oo -
RALINN and BevepTen Of Gher Qudeenes o
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GHG ; CO2 equivalent
IPCC, 4th assessment report {AR4)

IPCC, 2nd assessment report (SAR) -
Greeahome Gan [— 108 year CWP (AR} Ilrum"'"“w
Carbon Seide co2 1
Mrthane =T
Nirem ode X0 b
Sicdpar henafberde SF6 00
Iydrafuesacarbans (HFCs)

HFC-I3 CHF} 14,800
HFC-31 CHIF!

Perfuarecarbeas (PFCa)

Perfhuoromettune or 850 7,390
Perfscrorthane CIFs X 12,200
erfbscropropans o BE30
Perfsrobutane B,B60
Perflaoracyclobumans 10,300
P fscroperz e o 13,300
Perflerohesnne CEF14 9,300

How to comply with MARPOL Annex VI 2011 for EEEDI ?

:B L °

o IMO Study on GHG 2009 is giving some information how to approach on lhi{"‘
question by MACC (Marginal Abatement Cost Curve analysis) (MEPCS E

 Some organizations has conducted similar analysis/studies

« NMRI also conducted a study on MACC for various ship types using information

of IMO GHG studies and ad 1 I inv

Marginal Abatement Cost Curve analysis (MACC)

MC: Cost of GHG emission reduction (USS)
FC: Relati t of fuel ¢ ion (USS)
A: GHG reduction (ton of CO,)

Schematic expression of MAC
MAC = (MC+FC) / A

* Based on many estimations and assumption on
— Future ship fleet size, ships’ life and trend of new ship building
— Fuel consumption and fuel cost in future
— Methods/ technologies for CO, emission reduction and their cost
— Economic growth and interest rate

All ship types 2020 Fuel 5005/ton, interest rate 4.0%, value as today

e b et F & | =1 |
| [

All ship types 2030 Fuel 5005/ton, interest rate 4.0%, value as today

1 Retrofit hull improvements

2 Cther retrofit cptions: towing kite
3 Air lubrication

4 Propeller maintenance

5 Voyage and operationsoptions

& Hull systems

.
7 Waste heat recovery

-
8 Speed reduction -
9 Hull coating and maintenance :

10 Main engine retrofit
11 Propeller/propulsion system upgrades
12 Auxiliary systems

500
400
300
200
100

-100 ==
12 3 45 6 7 8 9 10 11 12

Cost efficiency (USS/ton of CO2)

-200
] 100 200 300 400 500
Maximum Abatement Potential (Million Ton)

All ship types 2020 Fuel 500$/ton, Interest rate 4.0%, value as today

1 Retrofit hull improvements 7 Waste heat recovery
2 Other retrofit options: towing kite B Speed reduction &9
3 Aiir lubrication 9 Hull coating and maintenance M
4 Propeller maintenance 10 Main eI“SiI"e f!".ON .
5 Voyage and operations options 11 Propeller i

6 Hull systems 12 Auxiliary systems

400

g

B
=]
=]

g

o
it

Cost efficiency (USS/ton of €O2)

T 2 34 5 6 7 8 9 10 11 12

8

0 100 200 300 400 500 600 700 @00 200 1,000
Maximum Abatement Potential (Million Ton)

All ship types 2030 Fuel 500$/ton, interest rate 4.0%, value as today

Ship and environment

»  Ships have closed relation with their environment (water and air) from their constru li;(l.
through operation, until decommission and recycling.

«  World flect size of ships is increasing.

The enviromment is a finite world

#  Ships need to be fmendly with the environment.

.

NOx 50x PM

Ballast water

Um_ierwater A Anti-Fouling
no'se Garbage, Waste Oil / Chemical ~ System (AFS),
and Wash-water (Fuel/cargo) voc

Harmonization / Sustainability

- Py T G x 1]

« Sustainable activities are those that fulfil society’s present needs without | »
impacting on the ability of future generations 16 provide for their needs.

# Actions designed to improve environmental sustainability shall also be
affordable and acceptable by the society.

* A measure to be taken to improve an aspect of environmental protection
should not degrade the other aspect of environmental protection.

» lmpact analysis of risk control option to all the aspect of safety and
environmental protection shall be condueted, and methodology for such
impact analysis shall be developed

ene

Example: Impact of Ballast Water Management System (BWMS) to other aspects

Sadety sl WO SO B S

e0e

Green ship f are
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Green ship future
Innovative design concept
L]

ISOMCE is challenging toward "Environmentally Friendly ships®

» Cleanerfuel / gas fuel / hydrogen fuel by supporting industries and IMO

» Clean engine room — integrated bilge treatment system(IBTS)
» Design for recycling Ship recycling — 150 30000 series (TCAWG)
« Container ships Anti-fouling systems (AFS) - ISO 13073 series (TCESC2)

: . : .. . O] Spill response — 1SO 21072 series, 150 17329 series (TCESC2)
s Diesel-generators installed in bottom of ships; usage of space above for container Ship-board garbage mmagemest IS0 21070 (TCSC2)

cargo :!Wld . o . : Port Reception Facilities - 150 16304 (TCESC2)
o Electric propulsionsystem (possibility of front drive + rear side-thruster) Underwater moise - 150 16554 (TCESC2)

» Forecastle navigation bridge and accommodation and use aft for cargo Ballast water mamagement ~ sampling of ballast water (TCESC3 and SC2)

Green House Gas (GHG) Emission (TCSSC2 and SC6)

» Non-ballast water ship Sea trial standard 1SO 15016

o Toadi " & iut ti i i . -
o Moot aifichent gsystem andj EEeie Caleulation method of Energy Efficiency of Design Index of new ships (EEDI)
® Oil tankers C ion method and of Energy Efficiency Operational indicator (EEQT)
o Non-ballast water ships NO% 0% PM emission
o Semi-submerged tanker
B ™

IMO MSC89 May 2011

” Safet ding Lifeboat release hook
4.2 Recent IMO movement in 2011 e S —
5 e Enhances Survey Programme (ESP)
for Maritime safety e Measures against Piracy

e GBS generic guidelines
e Torremorinos Convention and related matters

Koichi Yoshida

December 2011

Lifeboat release hook
Amendment to SOLAS III — MSC Resolution 317(89)
(enter into force on 1 January 2013)

4.3 Lifeboat release hook

SOLAS IIT Regulation 1 new paragraph §

= Notwithstanding paragraph 4.2, for all ships, not later than the first scheduled dry-docking
after 1 July 2014, but not later than 1 July 2019, lifeboat on-load release mechanisms not

o IMO Ship Design and Equig Sub-C ittee (DE) had idered and complying with paragraphs 4.4.7.6.4 to 4.4.7.6.6 of the Code shall be replaced with
developed methods to avoid such aceidents. equipment that complies with the Code.

« Many seafarers were killed at drills and maintenance of lifeboat due to
accidental release of lifeboat from the hooks

+ Following instruments are revised or newly adoptedat MSC89:

New LSA Code4.4.7.6
o Amendment to SOLAS 111 o 3

A 1o provide hook stability, the release mechanism shall be designed so that, when it is fully

« Amendments to LSA Code Chapter IV reset in the closed position, the weight of the lifeboat does not cause any force 1o be
s MSC circular on Guidelines for evaluation and replacement of lifeboat 110 the op & mecl :
release and retrieval systems .5 locking devices shall be designed so that they can not tum to open due to forces from the
3 s ; hook load:;
e Amendment to MSC Res. 81(70) testing on LSA (lifeboat hook) 6 ifahyd interlockis provided, it shal ly reset upon litng the boat from
* MSC Circular for early implementation the water,
w 2

Lifeboat release hook

Amendments to LSA Code Chapter IV - SURVIVAL ﬂv“ MSCH Adsst e
CR‘\FT SOLAS 1N 1.5, Posable 1o starl Slart design new LRS
rsod LSA Code evakaation Start sof-assossment and
MSC Resolution 320(89) (enter into force 1 January 2013 an rotated - May stait chock
s Guidalnas and Cire Ihesr ships' LRS:
4.4 General requirements for lifeboats i
44.7  Lifeboat fittings ~
44.7.6 Release mechanism 02
New paragraph .2 to .6 were added:
Paragraph .2 was reworded and renumbered as .7; I
New paragraph .9 was added; 2013 Reveed SOLAS May start process of approval of
New paragraph 15 and 16 were added; and :l:;-:l..l;‘::-“ A Lo?;am hplleas
Some words were changed. :2 AT
(= e
Lifeboat release hook wabiflion
MSC Res. 321 (89) o
Amendment to MSC Res. 81(70) testing on LSA (lifeboat hook) Wiy 1 Amd SOLAS W15 Mroquirg]] LRH
entae inbo force syslom Sl be
ropiaced
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Piracy and Armed Robbery against Ships

Recent statistics
o In 2009: 406
o In 2010: 489 (East Africa 172, Indian Ocean 77, Arabian Sea 16, South
China Sea 134, South America 40, west Africa 47, etc.)
e Jan. to April 2011:214
» Seafarers: killed 2, injured 30; hostage/kidnapped 1027
» Ships: hijacked 57, largely off the coast of Somalia
Dijibouti Code of Conduct

United Nations Security Council; res. 1964 (2010),1972(2011)and 1976(2011)

Piracy and Armed Robbery against Ships
Privately Contracted Armed Security Personnel (PCASP)
military Vessel Protection Detachments (VPDs)

MSC 86
» MSC.1/Circ. 1333 R o G
piracy and armed robbery against ships
®  MSC./Cire. 1334 Guidance to shipowners and ship operators, shipmasters and crews on
preventing and suppressing acts of piracy and armed robbery against ships
+ Forlegal and safcty reasons, Elag States should strongly dlﬁm«lmgc the carrying and use of
firearms by seafarers for p or for the p a ship.
+  Theuse of unarmed security personnel is a matier fnrmdl\ idual slnpowncrs. compariics,
and ship operators 1o decide.
# The use of privately i armed security 1 on board ships may lead 1o an
escalation of vielence. The carriage of such personnel and their weapons is subject to flag
Smc legislation and policies and is a matier for flag States to determine in consultation with
: and ship if and under which conditions this will be

for preventing and suppressing

allowed.
»  Theuse of military, or law officers duly the G ofthe
flag State to carry fircarms rurlllc security of the ship is a matter for the flag State to

authorize in ¢ I with ship commp and ship o

Piracy and Armed Robbery against Ships
Privately Contracted Armed Security Personnel (PCASP)
military Vessel Protection Detachments (VPDs)

MSC 89 approved

o  MSC.1/Circ. 1404 on Guidelines to assist in the i i of crimes of piracy and
armed robbery against ships
® MSC.1/Circ.1405 on Interim Guidance to hi d shi on

p

the use of privately contracted armed security pc'rsonnclu:l board shipsinlhr‘ High Risk

406 on Interim Recommendations for flag States regarding the use of
armed security 1{PCASP) on board ships in the High Risk

MSC 90 will discuss

« cmbarkation and discmbarkation of PCASP

= embarkation and disembarkation of firearms for use of PCASP
bark of security-related

- ion and di

for use of PXASP

Goal-based New Ship Construction Standard (GBS)
for Oil Tankers and Bulk Carriers

®  MSC Resohwicn MSC JE7(E7) - THE INTERNATIONAL GOAL-BASED SHIP CONSTRUCTION STANDARDS FOR BULK
CARRIERS AND OIL TANKERS adopted ou 20 May 2010

®  MSC Resohsion MSC 2H8(57) - Amendment 10 SOLAS emer imo force on | Jamary 2012
Regulation 310 Goal baved hip comvtruction stasdards for bulk carmiers aad o taaken
This srpelation shall gy 1o o taskery of 150 in bength mmcd sbove ad 0 bl o of 190 i vl md b,
ecrntructed with single deck top-tide ks sl boppes ke bk i1 arge ipaces, cacheing ine carviony dnd comduution
corne
1 for which the buibling coutract is placed va or after | July 2016,
of abaddmg conact, the kech of which are laid or which e of 3 imilar stage of comsbruction sa e after

3t delboery of which s on ox s 1 Juy 200
Shigrs shall be desipned and consructed for a spociied design M 10 be safe: and emvironmentally fiendly, when properdy
operwed aod mamained wnder the pecfied operang and emwonmental condoons, i e d specfied damage
condiiom, thoughow e e
The requvments of paagapn 210 15 dhall be schieved fuough ssdfring sppbcsble srsctnal mgarenests of m
cepsation which is pecoputed by e Adumnmation & sccordimer wilb e provions of sepdation 31111, er nasomad
stamlardi of the Ademistiation, cosfremng 10 the Anctivaal requerments of the Goal-baied Shy Conitucticn. Stmdads for
Bk Cariens asd O Taskms

4 ASHy Commuson Fe wib fiemation on how the fawtiona] reqarments of the Godl hased S Comstruction
Staeuleds for el Carviers asel O4 Taskers have bees spplied in the b design and compuction dhall be provided mpen
debvery of nmew ship, snd kept on board the dhip mador athore® sl ugelited m sppropeisns teoaghout the i’y service The
contents of the Ship Conswuction File shall, af least, conforms to the puidefines developed by the Organination
AMSC 1 Cire 1145)

IMO to develop ’_Goal
Tier 11
Functional
; requirements
Tier 1
Verification methods
Tier IV
Rules and Standards for ships

Rule by Administration and/or
Classification societies

Industry and/or 150

/ Tier V
To develop /

Industrial standards and practices

Goal-based New Ship Construction Standard (GBS)
for Oil Tankers and Bulk Carriers

e | January 2012 — SOLAS II-1/3-10 (GBS) enters into force

® 31 December 2011 — deadline for nomination of experts for audit of
classification rules

¢ 31 December 2013
rules to IMO

o 2014 to 2015 - IMO review (audit) process on classification societies
rules

 May 2016 — final decision by MSC on audit on classification societies
rules

e | July 2016

deadline for classification societies to submit their

classification societies mles atart applying new ships

Goal-based standard
MSC.1/Circ.1394 GENERIC GUIDELINES FOR DEVELOPING IMO
GOAL-BASED STANDARDS

- . vmericii < Lifesaving -.

Fire rtight ™ )
regrity . appila

-_!_mn:unn_ -'\-f'__ W nt_a_a b i A

IMO DES6
LSA Framework

“Structural strength

Fatigue life

Residual strength
Protection sgainst corrosion
Coating life

\= o, Tierll

GBS in IMO future B
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