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1    
 

 

1.1 ─  

  IACS ⌐ ∆╢∆═≡─ ≢│ 90 m ─┌╠

┘ 150 m ─ ♃fi◌כ⌐ ⇔≡ CSR BC & OT

1)╩ ⌐ ⇔≡™╢ CSR BC & OT │ ┌╠ ┘♃fi◌כ⌐ ∆╢

─ │ ⅜ ⌐ ╘≡™√⅜ CSR BC & OT ⌐╟╡

↕╣ ≢─ ⌐ ∆╢ ─ │ ↄ⌂∫√  

CSR BC & OT ≢│ ⅜ ⇔ↄ⌂∫√↓≤╛ ↄ─ ⌐ ⇔≡ ⱷ

♇◦ꜙ─ ╩ ∆╢ ╙№╡ ─ ⌐ ═≡ ⌐ ╩ ∆

╢ ⅜ ∂≡™╢ ⌐╟∫≡│ ↓╣╕≢⌐ ─ ™ ≢╙ ⌂

⅜ ≤⌂∫≡™╢ ∆⌂╦∟ CSR BC & OT ╩ √⇔√ ─ ≢

│ ─ ⅜ ↕╣╢↓≤⅜ ↕╣╢  

 

 

1.2 CSR ─  

1999 ─ⱨꜝfi☻─Ⱪꜟ♃כ♬ꜙ ≢◄ꜞ◌ ─ 2) (Fig.1-1 ) 2002

─☻Ɑ▬fi─●ꜞ◦▪ ≢─ⱪ꜠☻♥▫כ☺ ─ 3) (Fig.1-2 )⅜ ⇔

⌐ ⌂ ╩╙√╠⇔√ ╕√ 1980 1990 ⌐⅛↑≡

─┌╠ ╖ ─ ⅜ ⇔ ↄ─ ⅜ ╦╣√ ↓╣╠╩ ⌐

International Maritime Organization IMO ⅜ ⌐ ∆═⅝≤

─ ⅜ ╕╡ 2003 5 ⌐ ↕╣√ IMO 77 Maritime 

Safety Committee MSC 77 ⌐⅔™≡ ╩ ∆╢√╘─ ╩ ╘√

Goal Based Standard GBS 4)╩ ⇔≡™ↄ↓≤⅜ ↕╣

2004 5 ⌐ ↕╣√ MSC 78 ⅛╠ ⌐ ⅜ ↕╣√  
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Fig. 1-2 Oil spill accident of Prestige (oil tanker).6) 

 

 

Fig. 1-1 Oil spill accident of MV Erika (oil tanker) 5) 
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GBS │ IMO ≤∕─ ─ ⅜ ╩ ⇔ ─ ╩ ╩ꜟכꜟ─╘√╢╘

∆╢ ╖╩ ╘╢╙─≢№╢  

↓─ ╖│ Fig. 1-3 ⌐ ∆╟℮⌂ Tire I Tire V ⅛╠⌂╢ 5 ≈─ ≢ ↕╣

≡™╢ ⌂⅔ Tire I ─ Goals ≤│ ₈ │ ─ ⌐⅔™≡

┘ ⌐ ⇔≡ ┘ ↕╣⌂↑╣┌⌂╠⌂™ ₉≤™℮╙─≢№╡ ↓─

╩ ∆╢ ⅜№╢ ⅜ Tire II ⌐ ↕╣≡™╢ ↓─ 5 ≈─ ─℮∟

Tire I Tire III ⌐│ IMO ⅜ ∆╢ ⅜ ╘╠╣≡⅔╡ Tire IV ┘ Tire V ⌐

│ ∕╣∙╣ ⌂≥─ ┘ ⅜ ≠↑╠╣≡™╢  

 

 

Tire IV ⌐ ∆╢ ⌂ ╛ ⌂≥ ╩ ╘╢

⌂≥─ │ Table 1-1 ⌐ ∆ Tire II ⌐ ↕╣╢₈ ₉⌐ ⇔⌂↑╣┌

⌂╠∏ ⇔≡™╢⅛≥℮⅛╩ ∆╢√╘─ ⅜ Tire III ⌐ ↕╣≡™╢  

2003 5 ⌐ ↕╣√ MSC 77 ⌐⅔™≡ IMO GBS ╩ IMO ─ ≤⇔≡

∆╢↓≤ ┘∕─ ⌂ │ IACS ⅜ ∆╢↓≤⅜ ↕╣√ ↓╣╩ ↑

2003 6 ⌐ ↕╣√ 47 IACS ⌐⅔™≡ ⌐ ∆╢ ─

╩ ⇔ ╟╡ Robust ⌂ ╩ ∆╢↓≤╩ ≤⇔≡ ┌╠ ≤

♃fi◌כ─ ─ ╩ ∆╢ ╩ ∆╢↓≤⅜ ↕╣

√  

Fig. 1-3 GBS framework 
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∕─ 2005 12 ⌐ ↕╣√ 52 IACS ⌐⅔™≡ ┌╠ ⌐

∆╢ Common Structural Rules for Bulk Carriers 7) ┘ ♃fi◌כ

⌐ ∆╢ Common Structural Rules for Double Hull Oil Tankers 8)─ ≈─

CSR ⅜∕╣∙╣ ↕╣ 2006 4 1 ⌐ ⅜ ╦╣√ ─ ↕⅜ 90 m

─┌╠ ┘ ─ ↕⅜ 150 m ─ ♃fi◌כ⌐ ↕╣╢↓

≤≤⌂∫√  

2006 4 1 ╟╡ ⅜ ↕╣√┌╠ ┘ ♃fi◌כ ─∕

╣∙╣─ CSR │ ≢ ∆╢√╘⌐ IACS ≢ ⌐ⱶכ♅─≈ ⅛╣≡ ⅜

╘╠╣√ ∕─√╘ ≤™∫√ ⌐ ╠⌂™

≈⅛─ ⌂ ⌐≈™≡│ ⌂╢▪ⱪ꜡כ♅⅜ ↕╣√╕╕

↕╣√  

CSR ─ ⅛╠ ╟╡ ⌐ ╠∏ ≢ ℮↓≤─≢⅝╢

⌐≈™≡│ ∆═⅝≢№╢≤─ ™◖ⱷfi♩╩ ∫≡™√⅜ IACS │∕─╕╕ 2 ≈

─ CSR ╩ ⇔ ⌐ ≈─ CSR ╩ ∆╢↓≤≤⇔√  

╕√ 2010 5 ⌐ ↕╣√ MSC 87 ⌐⅔™≡ IMO GBS ⅜ ↕╣√↓≤╩

↑ IACS ≢│ IMO  GBS ⌐ ↕╣╢ ─℮∟ CSR ⅜◌Ᵽכ∆═⅝

⌐≈™≡│ ─ CSR BC & OT ≢ ∆╢≤─ ⅜ ╘╠╣√  
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Table 1-1 Functional requirement for GBS 9) 

Design 

1 Design life 
The specified design life is not to be less than 25 years. 

2 Environmental conditions 
Ships should be designed in accordance with North Atlantic environmental conditions and relevant 

long-term sea state scatter diagrams. 

3 Structural strength 
Ships should be designed with suitable safety margins: 

.1 to withstand, at net scantlings**, in the intact condition, the environmental conditions anticipated 

for the shipôs design life and the loading conditions appropriate for them, which should include full 

homogeneous and alternate loads, partial loads, multi-port and ballast voyage, and ballast 

management condition loads and occasional overruns/overloads during loading/unloading 

operations, as applicable to the class designation; and 
 

.2 appropriate for all design parameters whose calculation involves a degree of uncertainty, 

including loads, structural modelling, fatigue, corrosion, material imperfections, construction 

workmanship errors, buckling and residual strength. 
 
The structural strength should be assessed against excessive deflection and failure modes, including 

but not limited to buckling, yielding and fatigue. Ultimate strength calculations should include 

ultimate hull girder capacity and ultimate strength of plates and stiffeners. The shipôs structural 

members should be of a design that is compatible with the purpose of the space and ensures a 

degree of structural continuity. The structural members of ships should be designed to facilitate 

load/discharge for all contemplated cargoes to avoid damage by loading/discharging equipment 

which may compromise the safety of the structure.   
 
** The net scantlings should provide the structural strength required to sustain the design loads, 

assuming the structure in intact condition and excluding any addition for corrosion. 

4 Fatigue life 
The design fatigue life should not be less than the shipôs design life and should be based on the 

environmental conditions in II.2. 

5 Residual strength 
Ships should be designed to have sufficient strength to withstand the wave and internal loads in 

specified damaged conditions such as collision, grounding or flooding. Residual strength 

calculations should take into account the ultimate reserve capacity of the hull girder, including 

permanent deformation and post-buckling behaviour. Actual foreseeable scenarios should be 

investigated in this regard as far as is reasonably practicable. 

6 Protection against corrosion 
Measures are to be applied to ensure that net scantlings required to meet structural strength 

provisions are maintained throughout the specified design life. Measures include, but are not 

limited to, coatings, corrosion additions, cathodic protection, impressed current systems, etc. 

 

II.6.1 Coating life  

Coatings should be applied and maintained in accordance with manufacturersô specifications 

concerning surface preparation, coating selection, application and maintenance. Where coating is 

required to be applied, the design coating life is to be specified. The actual coating life may be 
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longer or shorter than the design coating life, depending on the actual conditions and maintenance 

of the ship. Coatings should be selected as a function of the intended use of the compartment, 

materials and application of other corrosion prevention systems, e.g. cathodic protection or other 

alternatives. 

 

II.6.2 Corrosion addition  

The corrosion addition should be added to the net scantling and should be adequate for the specified 

design life. The corrosion addition should be determined on the basis of exposure to corrosive 

agents such as water, cargo or corrosive atmosphere, or mechanical wear, and whether the structure 

is protected by corrosion prevention systems, e.g. coating, cathodic protection or by alternative 

means. The design corrosion rates (mm/year) should be evaluated in accordance with statistical 

information established from service experience and/or accelerated model tests. The actual 

corrosion rate may be greater or smaller than the design corrosion rate, depending on the actual 

conditions and maintenance of the ship. 

 

7 Structural redundancy 
Ships should be of redundant design and construction so that localized damage of any one structural 

member will not lead to immediate consequential failure of other structural elements leading to 

loss of structural and watertight integrity of the ship. 

 

8 Watertight and weathertight integrity 
Ships should be designed to have adequate watertight and weathertight integrity for the intended 

service of the ship and adequate strength and redundancy of the associated securing devices of hull 

openings. 

9 Human element considerations 
Ships should be designed and built using ergonomic design principles to ensure safety during 

operations, inspection and maintenance of shipôs structures. These considerations should include 

stairs, vertical ladders, ramps, walkways and standing platforms used for permanent means of 

access, the work environment and inspection and maintenance considerations. 

10 Design transparency 
Ships should be designed under a reliable, controlled and transparent process made accessible to 

the extent necessary to confirm the safety of the new as-built ship, with due consideration to 

intellectual property rights. Readily available documentation should include the main goal-based 

parameters and all relevant design parameters that may limit the operation of the ship. 

CONSTRUCTION 
11 Construction quality procedures 

Ships should be built in accordance with controlled and transparent quality production standards 

with due regard to intellectual property rights. The ship construction quality procedures should 

include, but not be limited to, specifications for material, manufacturing, alignment, assembling, 

joining and welding procedures, surface preparation and coating. 

12 Survey 
A survey plan should be developed for the construction phase of the ship, taking into account the 

ship type and design. The survey plan should contain a set of requirements, including specifying 

the extent and scope of the construction survey(s) and identifying areas that need special attention 

during the survey(s), to ensure compliance of construction with mandatory ship construction 

standards. 
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IN-SERVICE CONSIDERATIONS 
13 Survey and Maintenance 

Ships should be designed and constructed to facilitate ease of survey and maintenance, in particular 

avoiding the creation of spaces too confined to allow for adequate survey and maintenance 

activities. The survey plan in II.11 should also identify areas that need special attention during 

surveys throughout the shipôs life and in particular all necessary in-service survey and maintenance 

that was assumed when selecting ship design parameters. 

14 Structural accessibility 
The ship should be designed, constructed and equipped to provide adequate means of access to all 

internal structures to facilitate overall and close-up inspections and thickness measurements. 

RECYCLING CONSIDERATIONS 
15 Recycling 

Ships should be designed and constructed of materials for environmentally acceptable recycling 

without compromising the safety and operational efficiency of the ship. 
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1.3 ─  

  ≈─ CSR ─ ≤™℮ CSR BC & OT ─ ─ ⅛╠ ⅎ╢≤ ⅜

⇔™ ⌐ ⅝∏╠╣ ⌐⌂∫≡™ↄ↓≤⅜ ↕╣╢ ╕√ ≤ ─

─ ↕⅛╠ ⅎ╢≤ ─ ≢ ╠ ⅜ ⇔≡™⌂™ ⌐≈™≡╙

⌂ ⅜ ↕╣╢↓≤⌐⌂∫√√╘ ↓─ ⌐ ∆╢ ─

⅜ ≢№∫√↓≤│ ╘⌂™  

∕↓≢ ≢│ ⌐╟╡ ⌂ ╩ ∆╢↓≤⅜ ↕╣≡™╢ ⌐

⇔≡ ⇔™ ╩ ╡ ╣╢↓≤≢ ⌂ ╩ ⇔≈≈ ⌐╙ ⌐

╙ ⌂ ╩ ⌐∆╢↓≤╩ ⌐ ─ ─ ╩ ╘╢ ⌐

⇔ ╩ ∆╢↓≤⌐⇔√  

⌐ ╠∏ ─ ─ │ ⅜ ≢ ╡ ─ │ ─

─ ─ ╙ ╡ ╩ ≤∆╢ ⅜ ™ ∕─√╘

⌐ ╠⅛─ ╩ ∆↓≤≢ ╩ ╣┌ ╕⇔ↄ ─

≤⇔≡ ₁⌂╙─⅜ ↕╣≡™╢  

│ ⌐│ ─ ⅜ ↕╣╢ ╩ ⌐

╩ ∆╢╙⇔ↄ│ ╩ ∆╢√╘─ ╩ ∆↓≤≢№╢

─ ≢ ↕╣≡™╢ ≤⇔≡│ ─ ╩ ∆╢

≢№╢◓ꜝ▬fi♄ Fig.1-5 ⌐╟╢ ─ Fig.1-4 ⅜

≢№╢ ⌐╟╡ │ 2 ⌐ ╢≤ ≢╙ ↕╣≡™╢  

╕√ ╩ ∆╢ ≤⇔≡│ IIW  Recommendations on methods for 

improvement the fatigue strength of welded joints10)≢│ Burr grinding ╛ TIG dressing ⌂≥

╩ ↕∑≡ ╩ ╠⅛⌐∆╢ ╙ ╡ →╠╣≡™╢  

╩ ∆╢ ≤⇔≡ Hammer peening ╛ Needle peening ─╟℮⌐ ⌂

⅜№╢ ↓╣╠│ HFMI High Frequency Mechanical Impact 11)≤⇔≡

╪⌐ ⅜ ╦╣≡™╢ ↓─ │ ─

™∏╣⅛╩ ™≡ ╩ ≢ ↕∑⌂⅜╠ ─ ⌐ ⇔

∟ ╗↓≤≢ ╩ ↑√ ⌐ ╩ ∂↕∑╢↓≤≢ ╩ ╠

⅛⌐⇔≡ ╩ ∆╢≤≤╙⌐ ╙ ∆╢╙─≢№╢ ─

peening ⌐ ⇔≡ ╩ ≢⅝╢⌂≥─ ⌐ ╣╢≤≤╙⌐ ⅜

↕™─≢ ╩╟╡ ╠⅛⌐ →╛∆™≤™℮ ╩ ⇔≡™╢ ≢│

╩ ™╢╙─≤⇔≡ UIT Ultrasonic Impact Treatment UP Ultrasonic Peening

UPT Ultrasonic Peening Treatment HiFIT High Frequency Impact Treatment UNP
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Ultrasonic Needle Peening ⅜ ╩ ™╢╙─≤⇔≡ PIT Pneumatic Impact 

Treatment ⌂≥⅜№╢ Fig.1-6 ⌐ Peening ─ Fig.1-7 ⌐ Peening ─

╩ ∆  

Fig. 1-4 Welding toe shape after Grinder 

treatment 
Fig. 1-5 Grinder instrument 

Fig. 1-6 Peening treatment 

Fig. 1-7 Welding toe after Peening treatment 
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⌐ ∆╢Ⱨכ♬fi◓ ⌐╟╢ ─ⱷ◌♬☼ⱶ│

⌐╟╢ ─ ≤ ⌐╟╡ ╩ ↕∑╢↓≤─

≢№╢ ↓↓≢ ⌐╟╢ ╩ ↕∑╢ ⌐ ∆╢≤

─ ─ ≈≢№╢Ⱪꜝ☻♩ │ ─ ╩ ⌐

∂↕∑≡™╢↓≤⅜ ↕╣╢  

IMO ≢ 2006 ⌐ ↕╣√ PSPC 12) ┘↓╣╩ ↕∑╢

SOLAS II-1 3-2 ─ ⌐ ∆╢√╘ Ᵽꜝ☻♩♃fi◒ ─Ⱪꜝ☻♩

⅜ ≤⌂∫√ ⅎ≡ Ᵽꜝ☻♩♃fi◒ ≢╙ⱱכꜟ♪ ⌂≥≢Ⱪꜝ☻♩ ⅜

Ⱪꜝ☻♩ Fig. 1-10 Fig.1-11 ≢ ↄ ↕╣╢╟℮⌐⌂∫√ Ⱪꜝ☻♩

≢│ Fig. 1-8 ⌐ ∆╢ ⅛™ ≢ Fig. 1-9 ⌐ ∆╢ ⌐╟╡ ╩

∆╢↓≤⅛╠  Ⱨכ♬fi◓≤ ─ ⅜ ╠╣╢↓≤⅜ ↕╣╢ ⌐ ⱦ

⌐♪כ ⇔≡│ ⌂Ⱪꜝ☻♩ ⅜ ↕╣≡™╢√╘ ⌐ ∆╢꜠

ⱬꜟ─ ⅜ ⌐ ↕╣≡™╢≤ ↕╣╢  

─╟℮⌂ ⅛╠─ ⌐ ∆╢ ≢│⅛⌂╡─

⅜ ↕╣ ∏⅛╠ ╙ ╕╕─ ⌐ ↕╣≡™╢↓≤

⅜ ↕╣╢ ∆⌂╦∟ Ⱪꜝ☻♩ ╩ ⌐ ⇔≡™⌂™ ─

│ ⌐ ⇔≡ ╩ ⇔≡™╢↓≤⅜ ↕╣╢ ⌂⅔ ↓─╟℮⌂

─Ⱪꜝ☻♩ ⅜ ⌐ ╓∆ ⌐≈™≡│ Hensel13)╠╛ Gericke14)

╠⌐╟╢ ⅜ ↕╣≡™╢  

≢│ ⌐ ⇔≡Ⱨכ♬fi◓ ≤ ⌐Ⱪꜝ☻♩ ⌐⅔™

≡╙ ⅜ ∆╢⅛ ⅛─ ╩ ⇔√  
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Fig. 1-8 Steel grid. 

Fig. 1-9 Shot blasting equipment. 
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Fig. 1-10 Shot blasting Factory. 

Fig. 1-11 Inside of Shot blasting Factory. 
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1.4 ─  

 

│ ─ 5 ⅛╠ ↕╣≡™╢  

1 │ ≢ ─ ≠↑ ┘ ⌐≈™≡ ═╢  

2 ≢│ ─ ⅜Ⱪꜝ☻♩ ⌐╟╡ ⇔≡™╢⅛ ⅛╩

∆╢√╘ Ⱪꜝ☻♩ ┘ ╩ ≤⇔≡ ↕╣╢Ⱨכ♬fi◓ ╩

⇔√ ─ ╩ ⇔ ╕╕ ─ ≤ ∆╢↓≤

≢ Ⱪꜝ☻♩ ⌐╟╡ ∂╢ ─ ╩ ⇔√  

3 ≢│ Ⱪꜝ☻♩ ↕╣√ ─ ╩ ∆╢√╘⌐ ╩

⇔ Ⱨכ♬fi◓ ↕╣√ ┘ ╕╕ ≤─ ╩ ∫√ ╕√ CSR 

BC & OT ⌐╟╡ ─ ⌐ ™╢↓≤⅜ ↕╣≡™╢ S-N

≤─ ╙ ∫√  

4 ≢│ ⌐⅔™≡Ⱪꜝ☻♩ ─ ⌐≈™≡ ⇔√↓≤╩

╕ⅎ Ᵽꜟ◒◐ꜗꜞ▪╩ ⌐ CSR BC & OT ≢ ↕╣√ ⌐⅔™≡

─ S-N ╩ ∆╢↓≤≢ ≥─ ─ ⅜ ╠╣╢─⅛╩

⇔√ ╕√ ⅜ ⇔√↓≤╩ ⇔≡ ╩ ∫√ ⌐ ≥─

⌐ ⅜ ∂╢─⅛⌐≈™≡╙ ⇔√  

5 ≢│ ≢ ╠╣√ ─╕≤╘≤ ╩ ∆  
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2   ─ ⌐⅔↑╢  
 

2.1  

 ≢│ ─ ⅜ ╩ ⇔⌂™ ╕╕─

⌐Ⱪꜝ☻♩ ╩ ⇔√ ⌐ ⌐Ⱨכ♬fi◓

╩ ⇔√ ─ 3 ⌐⅔™≡ ™⅜ ╢─⅛ ∆╢√╘ ╩ ∆

╢↓≤≢ ⇔√  

≢│ ◘▬◒ꜟ─ ≤ ─ ─ ─ ╩

↑ ─ ⅜ ∆╢↓≤⅜ ↄ ╠╣≡™╢ 1 ≢╙ ═√╟℮⌐

Ⱨכ♬fi◓ ╩ ℮↓≤⌐╟╡ ⌐ ⅜ ⅎ╠╣ ⅜

⌐ ∆╢ ↓─ Ⱨכ♬fi◓ ⌐╟╡ ╕╕╟╡╙ ⅜ ∆

╢↓≤⌐⌂╢  

Ⱪꜝ☻♩ ╙ ╩ ∆╢↓≤⌐│ ╦╡⌂™─≢ Ⱪꜝ☻♩

⇔√ ─ ─ ⅜Ⱨכ♬fi◓ ≤ ⌐ ≢№╣┌

╕╕─ ╟╡╙ ⅜ ∆╢↓≤⅜ ↕╣╢  

≢│ ⌐ ↕╣ ⅛≈ ╩ ⇔√™ ≤⇔≡∆

╖ ≤ ∑ ╩ ⇔≡↓─ ─ ╩ ⇔ Ⱪꜝ☻♩

┘Ⱨכ♬fi◓ ╩ ⇔√╙─ ┘ ╕╕─ ⌐⅔↑╢ ╩

⇔ ∕─ ╩ ⇔√  

 

2.2  

2.2.1 T ─  

│ KA ┘ KA36 │ 15 mm ≤ 25 mm ≤⇔

√ ─ ┘ ╩ Table 2-1 ┘ 2-2 ⌐ ∆  

 

Table 2-1 Mechanical properties of applied materials. 
 Plate thickness 

(mm) 
YP 

(N/mm2) 
TS 

(N/mm2) 
EL 
(%) 

Mild Steel KA  15 293 442 31 

25 331 468 27 

High Tensile Steel 
KA36  

15 411 530 22 

25 383 520 25 

[Note] YP: Yield Point / TS: Tensile Strength / EL: Elongation 
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Table 2-2 Chemical Component of applied materials. 

 T  
C 

x 100 
Si 

x 100 
Mn 
x 100 

P 
x 1000 

S 
x 1000 

Cu 
x 100 

Ni 
x 100 

Cr 
x 100 

Mo 
x 100 

Nb 
x 100 

V 
x 100 

T.Al 
x 100 

Ceq1 
x 100 

   TE1 
x 100 

Tl 
x 100        Ceq2 

x 100 

KA 
15 19 9 65 20 8        30 

25 15 20 101 16 8        32 

KA3
6 

15 16 22 105 
21 
2 

8 
2 

1 1 2 0 0 0 32 34 

25 16 23 105 
20 
2 

7 
2 

2 1 2 0 0 0 25 34 

[Note] T: Plate Thickness (mm) / T.Al: Total Aluminum content / Ceq1: Carbon equivalent (JIS) / 

Ceq2: Carbon equivalent (IIW) 

 

 

Fig. 2-1 ⌐ ∆ 1,000 mm ─ T ╩ 200 mm Ⱨ♇♅≢

⇔≡ Fig. 2-4 ⌐ ∆ ╩ ⇔√ ─ │ Fig. 2-2 ⌐ ∆╟℮⌐ CO2

⌐╟╡ ∆╖ ⌐≡ ⇔√ ╩ Table 2-3 ⌐ ∆  

 

 

 

 

 

 

 

 

 

 

Table 2-3 Welding conditions 

Position and type of joint: Horizontal fillet welding 

Welding method: CO2 Arc welding with automatic welding carriage 

Welding consumable: PL-22 (JIS Z 3313 T49J0T1-0CA-U, Wire dia. 1.4 mm)  

Current: 280 A 

Voltage: 32 V 

Travel speed: 35 cm/min 

Welding leg length: 5mm 

The number of weld pass: 1 

 

Fig. 2-1 T-shaped joint. 
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│ ╕╕─ Ⱪꜝ☻♩ ╩⇔√ כ▪◄ ◓fi♬כⱧꜟ♪כ♬

Portable Pneumatic needle-Peening: PPP 15)╩ ⱦכ♪ ⌐ ∫≡

⇔√ ─ 3 ╩ ⇔√ │ Table 2-7 ⌐ ∆╟℮⌐ ⅜ 15 mm ≤ 25 

mm ⅜ KA ┘ KA36 │ ╕╕ Ⱪꜝ☻♩ Ⱨכ♬fi◓≢─ ╖

╦∑≢ 12 ─╙─╩ ⇔√  

Ⱪꜝ☻♩ │ ≢ ⇔≡™╢Ⱪꜝ☻♩ ⌐ 1,000 mm ≢ ⇔

√ ╩ ≤⇔≡ 200 mm ⌐ ⇔√ ⌐ ∟ ╖ ┼─Ⱪꜝ☻♩ ╩

⇔≡™╢ ⅜ ≤ ─ ה ≢ ⇔√ Ⱪꜝ☻♩ │ Table 

2-4 ⌐ ∆ ╕√ ⌐ ╩ ╗Ⱪꜝ☻♩ ⇔√ ╩ ⌐≡ FROSIO 

Level III16)╙⇔ↄ│ NACE Level 217)─ ╩ ∆╢☻♃♇ⱨ⅜ ⇔ PSPC

╩ ∆╢↓≤╩ ⇔≡™╢  

 

 

 

 

 

 

Fig. 2-2 Semi-auto Welding to fabricate test welded joints. 
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Table 2-4 Shot Blast specification. 
Steel Grid: SB HYVALUE GRIT G-7HV (Sintokogio,LTD) 

Steel Grid size: 0.5mm (50%) / 0.7 mm (50%) 

Steel Grid Vickers hardness more than HV700 

Average amount speed: 10 kg/min 

Distance to welding bead: Abt. 20 cm 

Blast shooting area abt. 28cm2 (circle abt. 6 cm across) 

Travel speed: 3 5 cm/s 

Target surface cleanliness 18) Sa 2.5 

 

PPP │ Fig. 2-3 ⌐ ∆ ╩כ▪◄ ≤⇔Ⱨ☻♩fi⌐╟╢ ╩ ∆╢

≢ Ⱨכ♬fi◓Ⱬ♇♪⌐ ⇔ Ⱨכ♬fi◓Ⱬ♇♪─ ⌐ ╡ ⌐ꜟ♪כ♬√╣╠↑

⇔≡Ⱨ☻♩fi─ ◄Ⱡꜟ◑כ╩ ╩ꜟ♪כ♬╡╟⌐≥↓╢∆ ⌐

⌐ ⇔ ⌐ ╩ ↕∑╢≤ ⌐ ─☻ⱶכ☼⌂

┼ ∆╢↓≤⌐╟╡ ╩ ↕∑╢ Ⱨכ♬fi◓─ ─ ↕│Ⱨכ♬fi◓

Ⱬ♇♪⌐ ↕╣╢ ─ ╩ ∆╢↓≤⌐╟╡ ╦╣╢ PPP─ ╩Table 

2-5 ⌐ ∆  

 

 

 

 

 

 

 

 

 

 

 

Fig. 2-3 Portable Pneumatic Needle-Peening (PPP). 19) 
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Fig. 2-4 Specimens. 
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Table 2-5 Specification of PPP. 19) 

Peening Head 

Type NP1000F20 

Length 297 mm 

Weight 2.0 kg 

Max. Air Pressure 0.6 MPa 

Needle Radius f3.0 mm 

 

Control Box 

Type TPC01 

Size 453(W) x 462(H) x 170(D) mm 

Weight Abt. 9.0 kg (include Battery weight) 

Power supply 
single΅phase current 

100 V -240 V (50/60Hz) 

power consumption 10 W 

Driving power Source AC power / Battery 

(Max. 8 hours continuous driving) 

Power Cable Length 3 m 

Operating Temperature Limits 0 -40 ϴ 

Max. Air Pressure 0.7 MPa 

 

Battery 

Type TPC01-BTP-77 

Battery lithium-ion battery 

Input Voltage DC 20.5 V 

Output Voltage Range DC 13.0 – 16.4 V 

Normal Output Voltage DC 14.4 V 

Max. Output Current 3A 

Capacity Abt. 77 Wh 

Charging Time Abt. 10 hours 

Operating Temperature Limits 0 -40 ϴ 
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Ⱨכ♬fi◓ │ ⱷכ◌כ─ ⌐ ™ ∆╖ ≢│ ⌐ ⇔≡

60Á 80Á─ ⌐⌂╢╟℮⌐Ⱨכ♬fi◓Ⱬ♇♪─♬כ♪ꜟ─ ╩ ⇔

≡≡ Ⱨכ♬fi◓Ⱬ♇♪╩ ⌐ ↕∑⌂⅜╠ 0.3 m/min ─ ≢ ⇔√ Ⱨ

ꜟ♪כ♬─♪♇fi◓Ⱬ♬כ 3 mm 0.6 MPa ⌐≡ ⇔√ ∑ │

⌐ ⇔≡ ⌐ ⇔ ≡≡ ∆╖ ≤ ─ ≢ ⇔√ Ⱨכ♬fi◓─

─ │ ⌐ ≢ ⌂╦╣≡™╢ ≤ ⌐ ⌐╟╡ ⇔

≢№╢ ─ ⌐ ∫≡Ⱨכ♬fi◓─ ⅜ ⇔≡ ↕╣ ─

─ ⅜ ⅎ⌂ↄ⌂╡ ╠⅛⌂ ⅜ ↕╣≡™╢↓≤╩ ⇔√  

Ⱪꜝ☻♩ ┘Ⱨכ♬fi◓ ⅜ ⌐ ╓∆ ╩ ∆╢√╘⌐

╕╕ Ⱪꜝ☻♩ ┘Ⱨכ♬fi◓ ∕╣∙╣─ ╩ ⇔√

╩ Table 2-6 ╩ ∆ ↓─ ⅛╠ Ⱨכ♬fi◓≢│ ⅜ ─╙─⌐

═ ╛⅛⌐⌂∫≡™╢↓≤⅜╦⅛╢ ╕√ ╕╕≤Ⱪꜝ☻♩≢│

│ ≢№∫√↓≤⅛╠ Ⱪꜝ☻♩ ⌐╟╢ ─ │ ™↓≤⅜

↕╣√  

 

Table 2-6 Comparison of weld toe radius. 

 
Measurement 

number 
Welding toe radius [mm] 

Ave. Max. Min. 

As welded 6 0.53 0.86 0.36 

Blast 6 0.47 0.53 0.39 

Peening 4 1.03 1.52 0.77 
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Table 2-7 Specimens used 

ID Name Treatment Material 
Base Plate 
thickness 

1 M15W-T As welded KA 15 mm 

2 M15B-T Blast KA 15 mm 

3 M15P-T Peening KA 15 mm 

4 H15W-T As welded KA36 15 mm 

5 H15B-T Blast KA36 15 mm 

6 H15P-T Peening KA36 15 mm 

7 M25W-T As welded KA 25 mm 

8 M25B-T Blast KA 25 mm 

9 M25P-T Peening KA 25 mm 

10 H25W-T As welded KA36 25 mm 

11 H25B-T Blast KA36 25 mm 

12 H25P-T Peening KA36 25 mm 

 

 

2.2.2 ∑  

│ T ≤ ⌐ KA ┘ KA36 │ 15 

mm ≤⇔√ ⇔√ ─ ╩ Table 2-8 ╩ Table 2-9 ─

╩ Fig. 2-5 ⌐ ∆  

 

Table 2-8 Mechanical properties of applied materials. 
 Plate thickness 

(mm) 
YSהYP 
(N/mm2) 

TS 
(N/mm2) 

EL 
(%) 

Mild Steel KA  15 315 449 28 

High Tensile Steel KA36  15 452 567 21 

[Note] YS: Yield Strength / YP: Yield Point / TS: Tensile Strength / EL: Elongation 
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Table 2-9 Chemical component of applied materials. 

 T 

C 
x 100 

Si 
x 100 

Mn 
x 100 

P 
x 1000 

S 
x 1000 

Cu 
x 100 

Ni 
x 100 

Cr 
x 100 

Mo 
x 100 

Nb 
x 100 

V 
x 100 

TA1 
x 100 

Ceq1 
x 100 

   TE1 
x 100 

Tl 
x 100        Ceq2 

x 100 

KA 15 18 11 64 13 4        29 

KA36 15 16 34 101 
22 

2 

7 

2 
3 2 3 0 0 0 34 

 

34 

[Note] T: Plate Thickness (mm) 

 

 

 

 

 

 

 

 

 

 

Fig. 2-5 Welding groove configuration. 

 

∑ ╩ ℮ 2 ─ ⌐ Fig.2-7 ⌐ ∆╟℮⌂ ≡≤ ╩ ╡ ↑≡

Fig.2-6 ⌐ ∆ ╩ ™≡ Table 2-10 ⌐ ∆ ≢ 1,500mm ─

∑ ╩ ⇔√ ⇔√ ╩ Fig. 2-8 ⌐ ∆╟℮⌐ ↕ ⌐ 3 ⇔

╩ ╕╕─ Ⱪꜝ☻♩ ⇔√ ⅔╟┘Ⱨכ♬fi◓ ╩∆╢√╘ PPP

╩ ⱦכ♪ ⌐ ⇔√ ─ 3 ╩ ⇔√ Ⱪꜝ☻♩ │ 3 ⇔√

─ ≈╩ T ≤ ⌐Ⱪꜝ☻♩ ╩ ⇔√ ∕─ ⌐ ⇔

√ │ Table 2-11 ⌐ ∆ 6 ⇔√  

пл

D!tҐпƳƳ

aŀȄΦ оƳƳ

aŀȄΦ оƳƳ
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Fig. 2-6 Automatic welding carriage. 

 

Fig. 2-7 Back side of welding with the jig and backing material attached. 

 

 
Table 2-10 Welding conditions 

Position and type of joint Flat position, butt welding 

Welding method 
MAG (CO2) welding with automatic welding carriage  
(One side welding with backing plate) 

Welding wire PL-22 (JIS Z 3313 T49J0T1-0CA-U, Wire dia. 1.4 mm)  

Welding Pass No. 
Current 

(A) 
Voltage 

(V) 
Travel Speed 

(cm/min) 

 

1 220 26 20 

2 280 30 35 

3 280 30 30 

4 260 30 25 
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Fig. 2-8 Specimens 

 

 

Table 2-11 Specimens used 

ID Name Treatment Material 
Base Plate 
thickness 

1 M15W-B As welded KA 15 mm 

2 M15B-B Blast KA 15 mm 

3 M15P-B Peening KA 15 mm 

4 H15W-B As welded KA36 15 mm 

5 H15B-B Blast KA36 15 mm 

6 H15P-B Peening KA36 15 mm 
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2.3  

─ ⌐│ X ─ cos ɖ ╩ ≤∆╢ⱳכ♃

Ⱪꜟ X Ɽꜟ☻♥♇◒ ɛ -X360s 20)╩ ⇔√ │

Ⱪꜝ◦⌐≡ ⌐ ╩ꜟכ◔☻≢≥↓╢∆ ⇔√ ⌐ cos 

a ◖ꜞⱷכ♃ 1.0 mm ⌐≡ ⇔√  

⇔√ ≤ ∂ ─ ╩ Fig. 2-9 ╩ Table 2-12 ⌐ ∆  

 

 

Fig. 2-9 Portable X-ray Residual Stress Analyzer.20) 

 

Table 2-12 Specification of Potable X-ray Residual Stress Analyzer. 20) 

Measurement items 
Residual Stress / FWHM / Retained austenite 

(Optional) 

Measurement method 
Single incident angle X-ray exposure (cos ɖ ) 

method 

Collimator size 
Standard: ɫ1.0mm 

(illumination area at surface Approx. ɫ2.0mm) 

X-ray tube cooling method Air cooling 

Power supply AC 100~240V, 50/60Hz, 130W 
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T ─ ─ │ Fig. 2-10 ⌐ ∆ ─ ╩

⅛╠ 100 mm ─ ≢ ⇔√ ─ │ Fig. 2-11 ⌐ ∆╟℮⌐ ⅛╠

10 mm ╕≢│ 0.5 mm Ⱨ♇♅ 10 mm 30 mm ─ │ 1 mm Ⱨ♇♅ 30 mm 50 mm ─

│ 2 mm Ⱨ♇♅ 50 mm 100 mm ─ │ 5 mm Ⱨ♇♅≤⇔√  

 

 

 

 

 

 

 

Fig.2-10 Measurement pitch. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2-11 Measurement position of fillet weld specimens. 

 

 

∑ ─ ─ │ Fig. 2-12 ⌐ ∆╟℮⌂ ─ ╩

⅛╠ 130 mm ─ ≢ ⇔√ │ Fig. 2-13 ⌐ ∆╟℮⌐

⅛╠ 10 mm ╕≢│ 0.5 mm Ⱨ♇♅ 10 mm 20 mm ─ │ 1 mm Ⱨ♇♅ 20 mm 30 

mm ─ │ 2 mm Ⱨ♇♅ 30 mm 90 mm ─ │ 4 mm Ⱨ♇♅ 90 mm 130 mm ─ │

5 mm Ⱨ♇♅≤⇔√  
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Fig. 2-12 Specimen to measure residual stress. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2-13 Measurement pitch. 
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2.4  

2.4.1. T ─  

╩ Fig. 2-14 2-25 ⌐ ∆ │ⱦכ♪ ⅛╠─ ╩ ⇔ │

MPa ╩ ∆  

Fig. 2-14 Fig. 2-25 ⌐ ⇔√ ─ ╟╡ ╕╕─ ≢│ ─

≢│ ─ ⅜ ⇔≡™╢ ↓╣⌐ ⇔≡Ⱪꜝ☻♩ ⇔√ ─

≢│ ⅜ ↕╣≡™╢↓≤⅜ ≢⅝╢ ⅎ≡ ╕╕

─ Ⱨכ♬fi◓ ⇔√ ≤ ⌂╡ ⅛╠ ╣√ ≢│ ─

≤⌂∫≡™╢ ⅜ ≢⅝╢ Ⱨכ♬fi◓ ⇔√ ≢│

⌐ ⅝⌂ ⅜ ↕╣≡™╢  

─╟℮⌂ ─ ⅛╠ Ⱪꜝ☻♩ ↕╣√ ─ │

╕╕ ⌐ ═ ⇔≡™╢≤ ↕╣╢ ⅎ≡ ⅛╠ ╣√

≢╙ ⌐ ⅜ ↕╣≡™╢√╘ ⌐ ⇔≡╙ ╕╕

╟╡╙ ∆╢ ⅜ ∂╢≤ ↕╣╢  

╕√Ⱨכ♬fi◓ ╩ ∫√ ─ ⌐│ ⅝⌂ ⅜ ∂≡™

╢↓≤⅛╠ ╕╕ Ⱪꜝ☻♩ ╩ ∫√ ⌐ ═≡ │ ⅝ↄ ⇔

≡™╢↓≤⅜ ↕╣╢  
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Fig. 2-14 Specimen M15W-T (As welded, KA, 15 mm) 

 

 

Fig. 2-15 Specimen M15B-T (Blasted, KA, 15 mm) 
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Fig. 2-16 Specimen M15P-T (Peening, KA, 15 mm) 
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Fig. 2-17 Specimen H15W-T (As welded, KA36, 15 mm) 

 

 

Fig. 2-18 Specimen H15B-T (Blasted, KA36, 15 mm) 
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Fig. 2-19 Specimen H15P-T (Peening, KA36, 15 mm) 
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Fig. 2-20 Specimen M25W-T (As welded, KA, 25 mm) 

 

 

Fig. 2-21 Specimen M25B-T (Blasted, KA, 25 mm) 
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Fig. 2-22 Specimen M25P-T (Peening, KA, 25 mm) 
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Fig. 2-23 Specimen H25W-T (As welded, KA36, 25 mm) 

 

 

Fig. 2-24 Specimen H25B-T (Blast, KA36, 25 mm) 
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Fig. 2-25 Specimen H25P-T (Peening, KA36, 25 mm) 
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2.4.2. ∑ ─  

╩ Fig. 2-26 2-31 ⌐ ∆ │ⱦכ♪ ⅛╠─ ╩ ⇔ │

MPa ╩ ∆  

Fig. 2-26 Fig. 2-31 ⌐ ⇔√ ─ ╟╡ Ⱪꜝ☻♩ ╩ ∫√ │ ─

╟╡╙ ⌐╦√╡ ─ ⅜ ⇔≡™╢↓≤⅜╦⅛╢ ╕√Ⱨכ♬fi◓

╩ ∫√ │ ≢ ⅝⌂ ⅜ ⇔≡™╢↓≤⅜╦

⅛╢ ↓╣│ T ≤ ─ ≢№╢  

≤ ≢ ⌐ ⅜ ╠╣⌂™↓≤╙ T ≤ ≢№∫√  
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Fig. 2-26 Specimen M15W-B (As welded, KA, 15 mm) 

 

 

Fig. 2-27 Specimen M15B-B (Blasted, KA, 15 mm) 
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Fig. 2-28 Specimen M15P-B (Peening, KA, 15 mm) 

 

  

-400

-350

-300

-250

-200

-150

-100

-50

0

50

100

150

200

250

0 25 50 75 100 125

R
es

id
ua

l s
tre

ss
 [M

Pa
]

Distance from weld center, y [mm]

W
el

d 
be

ad



42 
 

 

 

Fig. 2-29 Specimen H15W-B (As welded, KA36, 15 mm) 

 

 

Fig. 2-30 Specimen H15B-B (Blasted, KA36, 15 mm) 
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Fig. 2-31 Specimen H15P-B (Peening, KA36, 15 mm) 
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2.5  

≢│ ⌐⅔↑╢Ⱨכ♬fi◓ ╩ ∆╢↓≤⌐╟╡

≤∆╢↓≤⌐╟╢ ≤ ─ ⅜◦ꜛ♇♩Ⱪꜝ☻♩╩ ∆╢ ⌐╟╡

╠╣╢─⅛╩ ∆╢√╘⌐ ⌐⅔↑╢ ─ ╩ ⇔√  

─ ⅛╠ ─ ⅜ ╠╣√  

 

1) Ⱪꜝ☻♩ ╩∆╢↓≤⌐╟╡ ─ │ ╕╕─╙─╟╡

╙ ≤⌂╢↓≤╩ ⇔√  

 

2) Ⱨכ♬fi◓ ╩⇔√ ≢│ ⅜ ⅝ↄ ≤⌂╢⅜ Ⱨכ♬fi

◓ ╩⇔√ ─╖≢№╡ №╢ ╣√ ≢│Ⱪꜝ☻♩ ⇔√ ─

⅜ │ ≢№∫√  

 

3) ─ Ⱪꜝ☻♩ ╩ ∫√ │ ⇔√ ⌐╦√╡ ─

⅜ ⇔≡™╢↓≤⅜ ↕╣√ ╕√Ⱨכ♬fi◓ ╩ ∫√ ≢

│ ≢ ⅝⌂ ⅜ ⇔≡™╢↓≤╩ ⇔√  
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3  Ⱪꜝ☻♩ ⌐╟╢ ─ ─

  

 

3.1  

⌐≡ Ⱪꜝ☻♩ ─ ─ │ ╕╕─ ≤

∆╢≤ ⅜ ⌐ ⇔ ╕╕─ │ ≢№∫√╙─⅜

≤⌂∫≡™╢ ╙ ∆╢↓≤⅜ ↕╣√ ╕√ Ⱪꜝ☻♩ ╩ ⇔√

│ ⌐ ╡ ─ ⅜ ↕╣≡™╢↓≤╙ ↕╣√  

↓╣╠─ ⅛╠ Ⱪꜝ☻♩ ⇔√ │Ⱨכ♬fi◓ ╩ ∫√ ╟╡│

│ ⌂™╙── ╕╕─ ≤ ∆╢≤ ⅜ ⇔≡™

╢↓≤⅛╠ ⅜ ⇔≡™╢↓≤⅜ ↕╣╢  

≢│ Ⱪꜝ☻♩ ⌐╟╡ ─ ⅜ ⇔≡™╢⅛─ ╩ ℮√

╘⌐ ╩ ⇔√ │ ╩ ⇔√╙─≤ ─ T

∑ ⌐ ⇔≡ ⇔√ ⌐≈™≡╙ ⌐ ╕╕ Ⱪꜝ☻♩

Ⱨכ♬fi◓ ╩ ⇔√ ─ ╩ ™ ─ ╩ ∫√  

 

3.2  

3.2.1 T ─  

╩ ⇔√ ≤ ─ ≢ T ╩ ⇔≡ ∕↓⅛╠

─ ╩ ⇔√ T │ ≤ ⌐ ╕╕─ ≤Ⱪꜝ☻♩

╩ ∫√╙─ Ⱨכ♬fi◓ ╩ ∫√╙─╩ ⇔√  

│ Fig. 3-1 ⌐ ∆╟℮⌐ 30 mm ≢ ⇔ Fig. 3-2 ⌐ ∆

╩ ⇔√ ∕╣╠─ ╩ ∫≡ → ╩ ⇔√ │ Table 

3-1 ⌐ ∆ 12 ─╙─≢ ⇔√  
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Fig. 3-1 Cutting plan for specimens 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3-2 Fatigue test specimen used (unit in mm). 
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Table 3-1 Fatigue test specimens taken from the T-shaped joint. 

ID Name Treatment Material 
Base Plate 
thickness 

1 M15W-T As welded KA 15 mm 

2 M15B-T Blast KA 15 mm 

3 M15P-T Peening KA 15 mm 

4 H15W-T As welded KA36 15 mm 

5 H15B-T Blast KA36 15 mm 

6 H15P-T Peening KA36 15 mm 

7 M25W-T As welded KA 25 mm 

8 M25B-T Blast KA 25 mm 

9 M25P-T Peening KA 25 mm 

10 H25W-T As welded KA36 25 mm 

11 H25B-T Blast KA36 25 mm 

12 H25P-T Peening KA36 25 mm 

 

3.2.2 ∑ ─  

─ ≢ ⇔√ ≤ ─ ≢ Fig. 3-3 ⌐ ∆ ∑ ╩

─ ⌐│ ⌐Ⱪꜝ☻♩ ┘Ⱨכ♬fi◓ ╩ ⇔ ╕╕─ ╩ ╘≡

─ ╩ ⇔√ │ Table 3-2 ⌐ ∆ 6 ≢№╢  

 

 

 

 

 

 

 

 

 

Fig. 3-3 Welded joint and specimen configuration used. 

 

60mm 

400mm 
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Table 3-2 Fatigue test specimens taken from the butt welded joint. 
ID Name Treatment Material Plate thickness 

1 M15W-B As welded KA 15 mm 

2 M15B-B Blast KA 15 mm 

3 M15P-B Peening KA 15 mm 

4 H15W-B As welded KA36 15 mm 

5 H15B-B Blast KA36 15 mm 

6 H15P-B Peening KA36 15 mm 

 

3.3  

T ─ ⌐ ⇔≡│ Fig. 3-4 ⌐ ∆ ADH912

100kN ╩ ™≡ 3 →─ ╩ ∫√. ∑ ─ ⌐ ⇔

≡│ Fig. 3-5 ⌐ ∆ Ⱳכ◘   V-0235

500 kN ╩ ™≡ ╩ ∫√  

→ ≢│ 150 MPa 350 MPa 0.05 ⇔ 1 x 

107 ∟ ╡≢ ∫√ ↓↓≢ ≤│ ⌐ ↕╣╢ ─

↓≤≤∆╢ ∕─ ─ │ ISO/TR 14345:2012 21)⌐ ⇔≡ ⇔√  

│ 100 MPa 350 MPa 0.1 ⇔ │ ⌐

∆╢ ╩ ⇔≡ 2 x 106 ⌐≡ ∟ ╡≤⇔≡ ⇔√ ⌂⅔ ↓↓≢╙

│ ISO/TR 14345:2012 21)⌐ ⇔≡ ⇔√  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3-4 Applied 3-point bending fatigue test machine. 
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Fig.3-5 Applied tensile fatigue test machine. 

 

3.4  

─ ─ ╩ Fig. 3-6 ┘ Fig. 3-7 ⌐ ∆⅜ ╕╕ Ⱪꜝ☻♩

┘Ⱨכ♬fi◓ ⌐ ⌂ↄ │∆═≡─ ⌐⅔™≡ ≢

⇔√↓≤╩ ⇔√  

  

 

 

 

 

 

 

 

 

 

 

Fig. 3-6 Examples of broken T-shaped welded joint specimen. 
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Fig. 3-7 Example of broken butt-welded joint specimen. 

 

 

3.4.1 T ─  

→ ⅛╠ ╠╣√ S-N ╩ Fig. 3-8 Fig. 3-11 ⌐ ∆ ◓ꜝⱨ─

│ │ ⇔ ╩ ∆ ↓╣╠─ ⅛╠ │ ⌂™╙─

─ │Ⱨכ♬fi◓ Ⱪꜝ☻♩ ╕╕ ─ ≢

™↓≤⅜ ↕╣√ ↓─ │ ⌐ ∆╢ ─ ⅝↕≤ ─

≢№╢  
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╕√ ╛ ⌐╟╢ ─ ⅜ ™↓≤╙ ≢⅝╢ ↓╣╠─ ≢│

Ⱪꜝ☻♩ │ ╕╕ ╟╡ ⌂ ╩ ∆╢↓≤⅜ ╠⅛⌐⌂

∫√ ≢│↓─ │ ↕╣≡™⌂™√╘ Ⱪꜝ☻♩ ↕╣√

│ ≢ ↕╣╢ ─ ╩ ⇔≡™╢≤ ↕╣╢  

 

 

 

 

Fig. 3-8 S-N curves of T-shaped joint specimens. (Base Plate thickness 15 mm, KA) 
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Fig. 3-9 S-N curves of T-shaped joint specimens. (Base Plate thickness 15 mm, KA36) 

 

  

100

150

200

250

300

350

400

1.E+04 1.E+05 1.E+06 1.E+07 1.E+08

S
tr

es
s 

ra
ng

e 
[M

P
a]

Cycles

H15W-T

H15B-T

H15P-T

104                                105                              106                             107                             108



53 
 

 

 

 

  

Fig. 3-10 S-N curves of T-shaped joint specimens. (Base Plate thickness 25 mm, KA) 
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Fig. 3-11 S-N curves of T-shaped joint specimens. (Base Plate thickness 25 mm, KA36) 
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3.4.2 ∑ ─  

⅛╠ ╠╣√ S-N ╩ Fig. 3-12 Fig. 3-13 ⌐ ∆ ↓╣╠─◓ꜝⱨ─

│ │ ⇔ ╩ ∆  

↓╣╠─ ⅛╠ T ⌐ ∆╢ ≤ ⌐ Ⱪꜝ☻♩ │ ╕╕

╟╡╙ ⅜ ™↓≤⅜ ↕╣√ ↓─ ⅛╠ ♃▬ⱪ─

∑ ⌐ ⇔≡╙ Ⱪꜝ☻♩ ⌐╟╡ ≢ ↕╣╢ ⌐ ─

╩ ⇔≡™╢≤ ↕╣╢  

≢Ⱨכ♬fi◓ │ KA ≢ 250 MPa ≤ 200 MPa KA36 ≢ 350 MPa

≤ 300 MPa ≢│ ╕╕ ╟╡ ™ ⅜ ↕╣√⅜ ∕╣ ≢│

╕╕ ╟╡╙ ⅜ ⅛∫√ ↓╣│ → ⌐╟╡ ╠╣√

≡─ ⌐⅔™≡Ⱨכ♬fi◓ ─ ⅜ ╣≡™√ ≤│ ⌂╢

≢№╢ Ⱪꜝ☻♩ ⌐ ⌐ ⅝⌂ ⅜ ↕╣√Ⱨכ♬

fi◓ ⅜ ╙ ™ ╩ ∆↓≤⅜ ≤ ╦╣╢√╘ ─ │Ⱨ

◓fi♬כ ⌐ ╠⅛─ ⅜№∫√ ⅜ ↕╣╢  

╕√Ⱨכ♬fi◓ ≢ ⌐ ⅜⌂⅛∫√≤ ↕╣╢ ─ │

Ⱪꜝ☻♩ ≤ ⌐ T ─╟℮⌐ ⅜⌂™↓≤⅜ ↕╣√ ↓─

↓≤⅛╠ ∑ ≢│Ⱨכ♬fi◓ ≤Ⱪꜝ☻♩ ≢ ⅜∕╣╒

≥ ╦╠⌂™↓≤⅜ ↕╣╢  
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Fig. 3-12 S-N curves of butt-welded specimens. (Base Plate thickness 15 mm, KA). 
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Fig. 3-13 S-N curves of butt-welded specimens. (Base Plate thickness 15 mm, KA36) 
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3.5  

≢│ T ┘ ∑ ─ ─ ╩ ⇔≡ ╕╕─

≤ ═ Ⱪꜝ☻♩ ┘Ⱨכ♬fi◓ ╩ ∆↓≤⌐╟╢ ╩ ⇔

√. 

╠╣√ ─ ╩ ⌐ ∆. 

 

1) → ─ │ ⌐Ⱪꜝ☻♩ ⌐╟╡ ╕╕╟

╡╙ ⅜ ∆╢↓≤╩ ⇔√  

 

2) ─ KA ≤ KA36 ≢ ─ │ ™  
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4  Ⱪꜝ☻♩ ⌐╟╢ ─

┼─  
 
 

4.1  

 ↓╣╕≢─ ─ Ⱪꜝ☻♩ ╩ ℮↓≤⌐╟╡ ─ ⌐⅔↑╢

│ ─ ╩ ╦⌂™ ╕╕─ ╟╡╙ ↄ⌂╢ ≢№╢↓≤⅜

↕╣√  

≢│ Ⱪꜝ☻♩ ╩ ℮↓≤⌐╟╡ ≥─ ─ ⅜ ╠╣≡

™╢─⅛╩ CSR BC & OT ≢ ⌐ ™╠╣╢ S-N ╩

≤⇔≡ ⇔√ ─√╘ Ⱨכ♬fi◓ ⌐ ⇔≡╙ ─ ╩ ⇔√  

↕╠⌐ ─ ⌐ ≠⅝ Ⱪꜝ☻♩ ╛Ⱨכ♬fi◓ ↕╣√ ─

S-N ╩ ≢⅝╢≤ ⇔√ ⌐≥─ ─ ⅜ ∂╢─⅛⌐

≈™≡ ⇔√. 
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4.2 CSR BC & OT ─ S-N ≤─  

CSR BC & OT ≢ ™╠╣╢ S-N │ DEn 1990 22) ┘ HSE 1995 23)

⌐≡ ↕╣≡™╢╙─╩ ⇔≡ ↕╣≡™╢ │ ⌐╟╡

↕╣╢ ⌐№╢√╘ ≤ ⌐⅔↑╢ S-N ⅜ ↕╣≡

™╢ ↓╣╠╩ Fig. 4-1 Fig. 4-2 ⌐ ∆ ─ ╩ ℮ │ D ─

S-N D Ⱪכ◌ ╩ ™ ╛ⱨꜞכ◄♇☺⌂≥─ ─ ╩

℮ │ B ─ S-N B Ⱪכ◌ ╕√│ C ─ S-N C

Ⱪכ◌ ╩ ™╢╟℮⌐ ↕╣≡™╢  

⌐ ⇔√ ╩ CSR BC & OT ─ S-N ⌐ⱪ꜡♇♩∆╢↓≤

≢ ╕╕ Ⱪꜝ☻♩ Ⱨכ♬fi◓ ─ ⌐⅔↑╢ ─ ⅜ CSR 

BC & OT ─ S-N ⌐⅔™≡≥─ ≢№╢⅛ ∆╢ T

15mm ┘ ∑ 15 mm ⅛╠ ⇔√ ⌐╟╢ ╩ Fig. 

4-1 ⌐ ⇔√ CSR BC & OT ─ ─ S-N ⌐ⱪ꜡♇♩⇔√╙─╩ ∕╣

∙╣ Fig.4-3~Fig.4-6 ⌐ ∆  
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Fig.4-1 Basic S-N design curves (In-air environment) 1) 

 

 

Fig.4-2 Basic S-N design curves (Corrosive environment) 1) 
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Fig. 4-3 Fatigue test results of T-shaped welded joints with base plate thickness 15 mm  

(Steel KA) plotted on CSR BC & OT S-N curves in-air environment. 
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Fig. 4-4 Fatigue test results of T-shaped welded joints with base plate thickness 15 mm  

(Steel KA36) plotted on CSR BC & OT S-N curves in-air environment. 
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KA ╩ ™≡ ↕╣√ T ⌐ ∆╢ ≢№╢ Fig. 4-3 ╩ ∆╢

≤ ╕╕─ ⌐ ═≡Ⱪꜝ☻♩ ╩ ⇔√ │ CSR BC & OT ─

S-N ─ D ≥Ⱪכ◌ C Ⱪכ◌ ─ ╩ ⇔≡™╢↓≤⅛╠ S-

N ⌐⅔↑╢ 1 ꜝfi◒ ─ ─ ╩ ∆╢↓≤⅜ ≢⅝╢ ╕√ Ⱨ

◓fi♬כ ╩ ⇔√ │Ⱪꜝ☻♩ ╩ ⇔√ ╟╡╙ S-N

⌐⅔↑╢ 1 ꜝfi◒ ─ ─ ╩ ∆╢↓≤╩ ⇔√ ⌂⅔ Fig. 4-4 ⅛

╠ KA36 ⌐⅔™≡╙ ─ ⅜№╢↓≤⅜╦⅛╢  

Fig. 4-5 ⅔╟┘ Fig. 4-6 │ ∑ ─ ╩ⱪ꜡♇♩⇔√╙─≢№╢ KA ╩ ™

≡ ↕╣√ ⌐ ∆╢ ≢№╢ Fig. 4-5 ╩ ∆╢≤ T ⅛╠

⇔√ ≤ ⌐ ╕╕─ ╟╡Ⱪꜝ☻♩ ╩ ⇔√ │ ⅔⅔╟∕ 1

ꜝfi◒ ⅜ ⇔√↓≤⅜ ≢⅝╢ Fig. 4-6 ⌐ ∆ KA36 ╩ ™

≡ ↕╣√ ⌐ ∆╢ ≢│ Ⱪꜝ☻♩ ⇔√ ─ ⅜ ╕╕─ ╟╡

╙ │ ⇔≡™╢╙── 1 ꜝfi◒ ─ │ ™╟℮⌐╖╠╣╢ ⇔⅛⇔⌂⅜╠

KA36 ⌐╟╢ ≢│ KA ⌐╟╢ ⌐ ⅜ ⇔≡™╢↓≤⅜

≢⅝╢  

↓╣╠─↓≤⅛╠ CSR BC & OT ⌐ ∫≡ ╩ ℮ ≢│ D כ◌

Ⱪ╩ ∫≡ ╩ ℮↓≤⅜ ↕╣╢⅜ Ⱪꜝ☻♩ ↕╣√ ⌐│ 1 ꜝfi◒

⅜ ™ C ╩Ⱪכ◌ ™≡ ∆╢↓≤⅜ ≢№╡ ─ │

╩ ⇔≡™╢─≢│⌂™⅛≤ ⅎ╠╣╢  
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Fig. 4-5 Fatigue test results of butt welded joints with base plate thickness 15 mm  
(Steel KA) plotted on CSR BC & OT S-N curves in-air environment. 
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Fig. 4-6 Fatigue test results of butt welded joints with base plate thickness 15 mm  
(Steel KA36) plotted on CSR BC & OT S-N curves in-air environment. 
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4.3 Ⱪꜝ☻♩ ⌐╟╢ ⅜ ╓∆ ─  

─╟℮⌐ CSR BC & OT ─ S-N ⌐⅔™≡ Ⱪꜝ☻♩ ↕╣√

≢│ ╟╡╙ 1 ꜝfi◒ ─ ⅜ ╕╣╢≤∆╣┌ CSR BC & OT

⌐ ∫√ ⌐⅔™≡ ⌐╟╡ ⅜ ╕╢ │ Ⱪꜝ☻♩ ─

⌐╟╡ ─ ╟╡ ↕™◘▬☼≢╙ ─ ⅜ ╢↓≤⅛╠

─ ⌐ ≢⅝╢ ⅜№╢≤ ↕╣╢  

∕↓≢ ⌐⅔™≡≥─ ⌐ ⅜ ∂╢⅛⌐≈™≡

⌐⅔™≡ ⌐╟╡ ╩ ∆╢ ⅜№╢ ─ ╩ ⌐ ⇔√  

 

 

4.3.1 CSR BC & OT ⌐⅔↑╢  

─ │ CSR BC & OT 9 ⌐ ℮ CSR BC & OT ≢│ ⌂

─ ≤⇔≡ Palmgren-Miner ─ 24) 25)╩ ⇔√

S-N ⌐ ≠™≡™╢ ─ ≤⇔≡ ─ ⅜ →╠╣╢  

 

 L  150m ֔ L  500m ─  

 ─  390N/mm2  

  25 ╩ ∆╢  

  10-2꜠ⱬꜟ⌐⅔↑╢ ≤ ─ ╩ ↕

∑╢ ╩ ≤⇔ ∕─ ≢ ∆╢ ─ ≤

⌂ ╩ ↕∑╢ ≤⇔≡ ↕╣╢  

 ─Ⱡ♇♩  ─ ⌐ CSR BC & OT ≢ ↕╣╢       

─ ╩ ∆╢  

 ⌐⅔↑╢  ⌐⅔™≡ ∆╢ ⌐ ⇔≡│

ⱱ♇♩☻ⱳ♇♩ ╩ ™╢ ─ ⌐⅔™≡ ∆╢ ⌐ ⇔≡

│ ⌐⅔↑╢ ╩ ™╢  

 

4.3.1.1 ─√╘─  

⌐ ™╢ │ CSR BC & OT ≢ ↕╣≡™╢ ─

╢↑⅔⌐☻כ◔ ⌐ ∆╢ │ ⌐⅔↑╢ ≤

─ ≢ ↕╣╢ ╡ ⇔ ⌐ ∆╢ │ ╛

─ ╩ ⇔≡ ∆╢  
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┌╠ ─ ≢│ ⌂ ≤⇔≡ Fig.4-7 ⌐ ∆

ⱡכⱴꜟⱣꜝ☻♩ ⱫⱦכⱣꜝ☻♩ ⅜ →╠╣╢  

╕√ ┌╠ ⅔↑╢∕╣∙╣─ ┘ ─ a (j) │

─ BC-A BC-B BC-C ⌐ ∂≡∕╣∙╣ Table 4-1 ┘ Table 4-2 ⌐╟╢

↓↓≢ ─ BC-A BC-B BC-C ≤│ CSR BC & OT ≢ ─╟℮⌐ ↕╣

╢  

 

BC-A  BC-B ⌐ ∆╢ ⌐ ⇔≡ ⌐⅔™≡ ─ ╩ ─ ≤

⇔≡ 1.0 t/m3 ─ ╩┌╠ ╖ ∆╢╟℮⌐ ↕╣√┌╠

 

BC-B  BC-C ⌐ ∆╢ ⌐ ⇔≡ ≡─ ⌐ 1.0 t/m3 ─ ╩

┌╠ ╖∆╢╟℮⌐ ↕╣√┌╠  

BC-C  ⅜ 1.0 t/m3 ─ ╩┌╠ ╖ ∆╢╟℮⌐ ↕╣√┌╠

 

 

 

 

 

 

 

 

 

 

Fig.4-7 Loading Conditions 

 

 

Table 4-1 Loading Condition for Bulk Carriers. 

Ship type 
Full load condition Ballast condition 

Homogeneous Alternate Normal ballast Heavy ballast 

BC-A X X X X 

BC-B X - X X 

BC-C X - X X 

 

Full load condition

Homogeneous

Full load condition

Alternate

Normal Ballast condition Heavy Ballast condition

Ballast
Cargo
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Table 4-2 Fraction of Time for Each Loading Condition of Bulk Carriers. 

Ship length Loading condition 
a (j) 

BC-A BC-B, BC-C 

L < 200 m 

Homogeneous 0.60 0.70 

Alternate 0.10 - 

Normal ballast 0.17 0.17 

Heavy ballast 0.17 0.17 

L Ó 200 m 

Homogeneous 0.25 0.50 

Alternate 0.25 - 

Normal ballast 0.20 0.20 

Heavy ballast 0.30 0.30 

[Note] 

For BC-B and BC-C without heavy ballast cargo hold, fraction of time a ( j) for normal 
ballast is 0.30 and for heavy ballast is 0. 

 

⌐⅔™≡ ∆╢ EDW Equivalent Design Wave │ Fig. 4-8 ⌐

↕╣╢ HSM ♩ⱷfiכ⸗→ FSM ♩ⱷfiכ⸗→ BSR

ꜟכ꜡ BSP ⌐⅔↑╢ OST

♩ⱷfiכ⸗╡ ≢№╡ ⌐⅔™≡│ ⅜ 10-2꜠ⱬꜟ

─ ≤ ⇔™ ╩ ∂↕∑╢ ╩ ≤⇔ ∕─ ≢

∆╢ ─ ≤ ⌂ ╩ ↕∑╢ ≤⇔≡ ⇔≡™╢

Table 4-3~Table 4-6 ⌐ ─ ╩ ∆  

 

Fig. 4-8 Each wave direction component for determining the equivalent design wave. 
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Table 4-3 Ship Responses for HSM and FSM Load Cases - Fatigue Assessment. 

 

Load case HSM-1 HSM-2 FSM-1 FMS-2 

EDW HSM FMS 

Heading Head Following 

Effect Max.bending moment Max.bending moment 

VWBM Sagging Hogging Sagging Hogging 

VWSF 
Negative-aft 

Positive-fore 

Positive-aft 

Negative-fore 

Negative-aft 

Positive-fore 

Positive-aft 

Negative-fore 

HWBM - - - - 

TM - - - - 

Surge To stern To bow To bow To stern 

Ŭsurge     

Sway - - - - 

Ŭsway - - - - 

Heave Down Up - - 

Ŭheave 
  - - 

Roll - - - - 

Ŭroll - - - - 

Pitch Bow down Bow up Bow up Bow down 

Ŭpitch 
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Table 4-4 Ship Responses for BSR and BSP Load Cases - Fatigue Assessment. 

 

Load case BSR -1P BSR -2P BSR -1S BSR -2S 

EDW BSR BSR 

Heading Beam 

Effect Max.roll 

VWBM Sagging Hogging Sagging Hogging 

VWSF 
Negative-aft 

Positive-fore 

Positive-aft 

Negative-fore 

Negative-aft 

Positive-fore 

Positive-aft 

Negative-fore 

HWBM Stbd tensile Port tensile Port tensile Stbd tensile 

TM - - - - 

Surge - - - - 

Ŭsurge - - - - 

Sway To starboard To portside To portside To starboard 

Ŭsway      

Heave Down Up Down Up 

Ŭheave     

Roll Portside down Portside up Starboard down Starboard up 

Ŭroll  -   

Pitch - - - - 

Ŭpitch - - - - 
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Table 4-5 Ship Responses for BSR and BSP Load Cases - Fatigue Assessment. 

 

Load case BSP -1P BSP -2P BSP -1S BSP -2S 

EDW BSP BSP 

Heading Beam 

Effect Max.pressure at waterline 

VWBM Sagging Hogging Sagging Hogging 

VWSF 
Negative-aft 

Positive-fore 

Positive-aft 

Negative-fore 

Negative-aft 

Positive-fore 

Positive-aft 

Negative-fore 

HWBM Stbd tensile Port tensile Port tensile Stbd tensile 

TM - - - - 

Surge - - - - 

Ŭsurge - - - - 

Sway To portside To starboard To starboard To portside 

Ŭsway      

Heave Down Up Down Up 

Ŭheave     

Roll Portside down Portside up Starboard down Starboard up 

Ŭroll  -   

Pitch - - - - 

Ŭpitch - - - - 
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Table 4-6 Ship Responses for OST Load Cases - Fatigue Assessment. 

 

Load case OST-1P OST-2P OST-1S OST-2S 

EDW OST 

Heading Oblique 

Effect Max.torsional moment 

VWBM Sagging Hogging Sagging Hogging 

VWSF 
Negative-aft 

Positive-fore 

Positive-aft 

Negative-fore 

Negative-aft 

Positive-fore 

Positive-aft 

Negative-fore 

HWBM Port tensile Stbd tensile Stbd tensile Port tensile 

TM 
     

Surge To bow To stern To bow To stern 

Ŭsurge     

Sway - - - - 

Ŭsway - - - -- 

Heave Up Down Up Down 

Ŭheave     

Roll Portside down Portside up Starboard down Starboard up 

Ŭroll  -   

Pitch Bow up Bow down Bow up Bow down 

Ŭpitch     
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╖ ↑ ⌐≡ ∕╣∙╣─ ⌐⅔↑╢ ─ ╩

⇔ ↓╣⌐ ⌐╟╢ ╩ ⇔≡ ╩ ∆╢  

 

 D s FS, i(j)= fmean, i(j) fthick fwarp D s HS, i(j) 

 D s FS1, i(j)= fmean1, i(j) fthick fc D s HS1, i(j) 

 D s FS, i(j)= Ksf fmaterial fmean, i(j) fthick D s BS, i(j) 

 

D s HS, i(j)  (j)─ ╢↑⅔⌐(i)☻כ◔ ⌐╟╢ⱱ♇♩☻

ⱳ♇♩  

D s HS1, i(j)  (j)─ ╢↑⅔⌐(i)☻כ◔ ─℮∟

─ ⌐ ⇔≡±45 ⌐ ∆╢ ─ⱱ♇

♩☻ⱳ♇♩  

D s BS, i(j)  (j)─ ╢↑⅔⌐(i)☻כ◔ ⌐╟╢

 

D s FS, i(j)  (j)─ ╢↑⅔⌐(i)☻כ◔  

D s FS1, i(j)  ⱱ♇♩☻ⱳ♇♩ D s HS1, i(j)⌐╟╢  

fmean, i(j)   

S-N ─ ≤─ ™╩  

fthick    

⌐ ∂≡ ─ ™╩  

fwarp   ∕╡ ⌐╟╢  

Ɫ♇♅◖כ♫כ ─ ⌐≈™≡  

fc   ⸗♦ꜟ─ FE ⸗♦ꜟ─ ─  

Ksf   ─ ─ → ─ ™╩  

fmaterial   ⌐ ∆╢  

─ ⌐ ∂√ ─ ╩  

 

ⱱ♇♩☻ⱳ♇♩ D s HS ─ │ ─╟℮⌐ ℮  

─ⱱ♇♩☻ⱳ♇♩ │ ⌐╟╢ ⌐ ─ ⌐╟╡ ⅎ╠╣╢

╩ ∂≡ ∆╢  

─ ⌐│ ◓fi♬כꜞ◒☻ ≤ ⱷ♇◦ꜙ≢ ╩ ℮

≢ⱱ♇♩☻ⱳ♇♩ ─ ⅜ ⌂╢ ◓fi♬כꜞ◒☻ ─ ╩
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fine mesh 50mm x 50mm ⌐╟╡⸗♦ꜟ ⇔ Fig.4-9 ⌐ ∆╟℮⌐+1~+4 ─

4 ─ ─ ─ ⌐ Table 4-7 ⌐ ∆ ╩ ∂√╙─╩ⱱ

♇♩☻ⱳ♇♩ ≤∆╢ ↓↓≢ ≤│ Fig.4-9 ⌐ ⇔√ ⌐⅔™

≡ 4 ≈─ 50mm ⱷ♇◦ꜙ⅛╠ⱱ♇♩☻ⱳ♇♩ ╩ ╘╢ ≤⇔≡ ╘╠╣≡™╢  

 

 

 
Fig. 4-9 Stress evaluation points by FE analysis with shell element to determine the hotspot stress 

by applying the screening method specified in CSR BC & OT. 

 

 Table 4-7 Stress Magnification Factor 

Ship type 

 
Structural detail category Bulk hold 

Stress magnification 

factor 

Oil tanker 
Toe of stringer - 2.45 

Bracket toe of transverse web frame - 1.65 

Bulk carrier 

Lower hopper welded knuckle 
FA 2.28 

EA or C(1) 2.00 

Lower stool- 

Inner bottom 

Non-vertical 

(knuckle angle >90Á) 

FA(1) 1.81 

EA or C(1) 1.47 

Vertical 

(knuckle angle=90Á) 

FA(1) 2.09 

EA or C(1) 2.75 

(1) FA and EA means ñfull cargo hold in alternate loading conditionò and ñempty cargo hold in 

altemate loading condition ñrespectively, C means cargo hold of BC-B and BC-C bulk carriers. 

 

⌐⅔↑╢ⱱ♇♩☻ⱳ♇♩ │ very fine mesh FE ⸗♦ꜟ ⱷ♇◦ꜙ

t x t ⌐╟╢ ⅛╠ ∆╢ Bracket toe ⌐⅔↑╢ⱱ♇♩☻ⱳ♇♩

╩ ∆╢ ⱷ♇◦ꜙ─ ─ ─ ╩ Fig. 4-10 ⌐ ∆╟℮⌐

⇔√ ╩ ⇔≡ ↓╣⌐ 1.12 ╩ ∂√╙─╩ⱱ♇♩☻ⱳ♇♩ ≤∆╢  
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Fig. 4-10 Stress evaluation points by FE analysis with shell element to determine the hotspot 

stress by applying the very fine FE analysis method specified in CSR BC & OT. 

 

 

 

⌂≥≢ ↕╣√ ─ⱱ♇♩☻ⱳ♇♩ │ ─ ≢ ∆╢ Fig. 4-12

⌐ ∆ A-A ─ ה → ─ ╩ A-A ─ smembrane →

sbending≤∆╢ Ⱡ♇♩ ─ 0.5 ⌐ Xwt╩ ⅎ√ Xshift╩ ∆╢

Xshift ─smembrane sbending╩ A-A ─ Fig. 4-11 ⌐ ∆╟℮⌐

≢ ∆╢ Xshift ─smembrane sbending⅛╠ ≢ ↕╣╢sshift⅜ⱱ♇♩☻ⱳ♇

♩ ≢№╢≤∆╢ b─ │ ≤ ה ⱬⱬꜟ a⌐ ∆╢⅜ a

─ ⌐ ∂≡ ⌂╢ ⅜ ↕╣≡™╢  

 

sshift = [ smembrane (Xshift) + 0.60 sbending (Xshift)] b 

 

 

 

Fig. 4-11 Procedure for calculation of the hot spot stress at web-stiffened cruciform connections. 
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Fig.4-12 Determination of stress evaluation points for web-stiffened cruciform connections. 

 

 

│ ─╟℮⌐ ℮  
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─ )(max )(,)(,)(,max jimeanjiHSji sss +D=  

─ )(max )(,)(,)(,max jimeanjiBSji sss +D=  

( )eHeEq RR ;315max=  

smean, i(j): N/mm2 ≢ ⌐≈™≡│ CSR BC & OT 1

9 3.2.2 ⌐≈™≡│ CSR BC & OT 1 9

3.2.3  │ 3.2.4 ─ ⌐╟╢  

ReH   

─ │ ─╟℮⌐ ∆╢  

tn50 ֔ 22mm ─ fthick = 1.0 

tn50 >22mm ─ fthick = (tn50 / 22) n 

tn50  ─ ╩ ⇔ ™√  

n: ┘ ⌐ ∆╢  

 

4.3.1.2  

CSR BC & OT ≢│ ⌐№╢ ⅜ Table 4-8 ─╟℮⌐ ↕╣≡™╢  

 

Table 4-8 Time in Corrosive Environment, Tc. 

Location of weld joint or structural detail 
Time in corrosive 

environment 
TC, in years 

Water ballast tank 

10 Oil cargo tank  

Lower part(1)of bulk cargo hold and water ballast cargo hold 

Bulk cargo hold and water ballast cargo hold except lower part(1) 
5 Void space 

Other areas 
(1) Lower part means cargo hold part below a horizontal level located at a distance of 300 

mm below the frame end bracket for holds of single side skin construction or 300 mm 
below the hopper tank upper end for holds of double side skin construction ( see Pt 2, 
Ch 1, See 2,Fig.1). 
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4.3.1.3  

(j)⌐⅔↑╢ │ ⌂ ⌐☻כ◔ ⇔≡ ╠╣╢

⌐ ≠⅝ ┘ ─ ⌐ ⇔≡ ─ ⌐╟╡ ₁⌐ ⇔≡

↕╣╢ S-N │ ≢│ Fig. 4-1 ≢│ Fig. 4-2 ╩ ∆

╢   

 

Ὀ
‌ Ͻ ὔ

ὑς

Ў„ ȟ  

ÌÎ ὔ
ϳ Ͻ ‘ Ͻ ɜ ρ

ά
‚

 

 

ND: ⌐ ℮ ≢ ⌐╟╢  

)log4/()(10557.31 0
6 LTfN DD ³=  

fo: ╛ ─ ╩ ™√ ─ ╩ ⇔√ ≢ ⌐

╟╢⁹ f0 = 0.85 

a (j):  ─ Table 4-2  

D s FS, i(j): 10-2⌐⅔↑╢ N/mm2  

NR: 10-2⌐ ∆╢ ⇔ ≢ NR=100 ≤∆╢  

z : ꞉▬Ⱪꜟ ≢№╢⅜ z= 1 ≤∆╢  

G(x) : ●fiⱴ  

K2:  S-N ─ ≢ ─ │ Table 4-9 ⌐

─ │ Table 4-10 ⌐╟╢  

 m(j): S-N ─ ⅝─ m ╩ ⇔√ ≢ ⌐╟╢  

• ⌐ ⇔≡  

       ‘ ρ
ȟ ϳ Ͻ Ў ȟ

 

↓↓≢  ’
ȟ

ÌÎ ὔ  

• ⌐ ⇔≡  

m(j)= 1.0 

 

g (a, x) : ●fiⱴ  

D sq: S-N ─ N=107 ─ ⇔ ⌐ ∆╢ (N/mm2)≢

Table 4-9 ⌐╟╢  

D m: N=107 ─ S-N ─ ⅝─ ≢ D m=2 ≤∆╢  
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Table 4-9 Basic S-N curves, in-air environment  

Class 
K1 

m 

Standard 

deviation 

ə 

K2 

Design stress 

range at 107 

cycles 

Design stress 

range at 2Ĭ106 

cycles 

K1 log10K1 log10ə K2 ȹůq  N/mm2 N/mm2 

B 2.343E15 15.3697 4.0 0.1821 101.E15 100.2 149.9 

C 1.082E14 14.0342 3.5 0.2041 4.23E13 78.2 123.9 

D 3.988E12 12.6007 3.0 0.2095 1.52E12 53.4 91.3 

 

 

Table 4-10 Basic S-N curves, corrosive environment  

Class K2 m Design stress range at 2×106 cycles, N/mm2 

Bcorr 5.05×1014 4.0 126.1 

Ccorr 2.12×1013 3.5 101.6 

Dcorr 7.60×1011 3.0 72.4 

 

 

(j)⌐⅔↑╢ ┘ ─ │ ─ ⌐╟╡

↕╣╢  

 

D

C
jcorrE

D

CD
jairEj T

T
D

T

TT
DD Ö+

-
Ö= )(,)(,)(

 

DE,air(j): (j)⌐⅔↑╢ ─  

DE,corr(j): (j)⌐⅔↑╢ ─  

 TC: ⌐№╢ Table 4-8  

 TD: 25  
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╖ ↑ ≢─ ╩ ─╟℮⌐ ⇔ ─ ╩ ∆╢ ⌂⅔

D ⅜ 1.0 ≢№╣┌ 25 ╩ ∆╢  

 

ä
=

=
LCn

j
jDD

1
)(

 

nLC: ∆╢ ─ Table 4-1  

 

4.3.1.4 ─  

TF│ ─╟℮⌐ ∆╢  

 

( )CD
air

D TT
D

T
-¢ ─  

air

D
F D

T
T =  

─   
corr

air
CD

air

D
CDF D

D
TT

D

T
TTT öö

÷

õ
ææ
ç

å
+-+-=  

Dair: ≢─ ≡─ ⌐⅔↑╢ ≢ ⌐╟╢  

   
ä

=

=
LCn

j
jairEair DD

1
)(,

 

    

Dcorr: ≢─ ≡─ ⌐⅔↑╢ ≢ ⌐╟╢  

   
ä

=

=
LCn

j
jcorrEcorr DD

1
)(,
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4.3.1.5  

CSR BC & OT ≢│ ─ ╩ ≢⅝╢ ⌐≈™≡ ≢

∆╢ │ ⌐╟╢ ╩ ⇔⌂™ ≢ TD /1.47 ≤⇔⌂↑

╣┌⌂╠⌂™≤ ↕╣≡™╢  

√∞⇔ ┌╠ ─ ⌐№∫≡│ ≢ ∆╢ │

⌐╟╢ ╩ ⇔⌂™ ≢ 25 ≤⇔⌂↑╣┌⌂╠⌂™  

CSR BC & OT ≢│ ⌐╟╡ ⅜ 1.3 ⌐ ∆⌂╦∟

⅜ 1/1.3 ⌐ ⇔ ─ ⅜ Dair /2.2 ⌐ ∆╢↓≤≤ ↕╣≡

™╢  
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4.3.2 ─  

S-N ╩ 1 ꜝfi◒ →╢↓≤⅜ ⌐⅔™≡≥─ ⌐

⅜ ∂╢⅛⌐≈™≡ ⅜ ╩ ∆╢ ─ ╩ ⌐ ⇔√  

 

4.3.2.1  

Fig.4-13 ⌐ ∆┌╠ ╖ ╩ ≤⇔√ ⌂≥╩ ⌐ ∆  

 

 99,000MT DWT Bulk Carrier 

 Lpp 245.0 m B 43.0 m ↕  D 18.5 m 

♩fi  57,500 GT 

 Ɽ♫ⱴ 

 NK 

 CSR BC&OT (BC-B) 

  

 

 

Fig.4-13 Subject Vessel. 
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4.3.2.2  

│ ₁─ ─ ≢ ─ ⌐╟╡ ⅜

↕╣╢ 1 ꜡fi☺ ┘ 2 ≤ⱱ♇Ɽכ♃fi◒─ ┘ ≤

─≥ꜟכ♠☻ ≤⇔√ ꜡fi☺│ Fig. 4-14 ⌐ ∆ ≢ │ No.2 Hold 

/ No.3 Hold / No.4 Hold ≢∕╣∙╣ ⇔√ ∕╣∙╣─ⱱכꜟ♪≢ →⸗

⅜≤⌂♩ⱷfiכ ⌂╢↓≤⌐╟╡∕╣∙╣─ │ ⌂╢  

 

ᵑ No.4 Hold (Fr.117 ⅛╠ ┼ 500mm ─ )  

web: 350 mm x 11 mm + face: 200 mm x 19 mm (KA36) 

ᵒ No.3 Hold (Fr.139 ⅛╠ ┼ 500mm ─ ) 

web: 420 mm x 15 mm + face: 200 mm x 22 mm (KA36) 

ᵓ No.2 Hold (Fr.181 ⅛╠ ┼ 500mm ─ ) 

web: 350 mm x 15 mm + face: 200 mm x 22 mm (KA36) 

  

 

 

 

 

 

 

 

 

Fig.4-14 Fatigue evaluation position for the longitudinal stiffener on the bottom plate. 

 

 

Evaluation member 
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≤ⱱ♇Ɽכ♃fi◒─ ─ │ No.1 Hold ─ No.2 Hold ─

No.3 Hold ─ ─ 3 ≤⇔√ ╕√ ≤ ─≥ꜟכ♠☻ │

No.3 Hold ─ ─ Lower Stool ─☿fi♃כꜝ▬fi─ No.2 Hold ─

─ Lower Stool ─☿fi♃כꜝ▬fi─ No.1 Hold ─ ─ Lower Stool ─☿fi

─fi▬ꜝכ♃ ─ 4 ≤⇔√ ↓╣╠─ ╩ Fig. 4-15~Fig. 4-18 ⌐ ∆  

 

 

 

Fig.4-15 Fatigue evaluation position for the cross points on the inner bottom 

 

 

 

Fig.4-16 Fatigue evaluation position ( Transverse Section) Ῥ/`/ῴ. 

Ῥ ` ῴ 

Evaluation position 
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Fig.4-17 Fatigue evaluation position (Center Line Section) ῭/΅. 

 

 

 

Fig.4-18 Fatigue evaluation position (Center Line Section) ῲ/ῳ. 

 

΅ 

Evaluation position 

῭ 

Evaluation position 

ῳ 

Evaluation position 

ῲ 

Evaluation position 
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4.3.2.3 ─  

(1) ꜡fi☺ 

4.3.2.2 ≢ ⇔√ ─ ⌐≈™≡ ╩ ⇔√   

꜡fi☺─ │ ⱬכ☻≢ ℮ ─ ╩ Table 4-11 ~ Table 4-19

⌐ ⇔ D ≥Ⱪכ◌ C ─≢Ⱪכ◌ ─ ╩ Table 4-10 ⌐ ∆   

D │Ⱪכ◌ CSR BC & OT ≢ ⌐ ∆╢ S-N ≢№╡ ≢

⅜ ╕∫≡™╢ ╩ ⇔≡™╢√╘ │ ╒╓ ╩ ∆╢ 25

≤⌂∫≡™╢ ≢ C ╩Ⱪכ◌ ∫≡ ╩ ℮≤∕╣∙╣─ ≢

⅜ ⇔≡ 70 ⌐⌂╢↓≤⅜╦⅛∫√ D ≥Ⱪכ◌ C ─≢Ⱪכ◌ ─ ⅜

™∏╣╙ 2.8 ≢№╢  

 

Table 4-10 Comparison of Fatigue life due to the difference of S-N curve 

Location Scantlings(Gross) Material 

Fatigue life 

(year) 
Fatigue life 

increasing ratio 
D curve Ccurve 

ᵑ 
No.4Hold 

Fr.117+500 

F 350 x 11 

W 200 x 19 
KA36 25.7 71.8 2.79 

ᵒ 
No.3Hold 

Fr.139+500 

F 420 x 15 

W 200 x 22 
KA36 25.1 69.1 2.75 

ᵓ 
No.2Hold 

Fr.181+500 

F 350 x 15 

W 200 x 22 
KA36 25.3 70.1 2.77 

 

 

 

 

 

. 

 

 

 

 

 

 



88 
 

Table 4-11 Detail of Fatigue strength calculation. 

(No.4 Hold Fr.117+500 mm) 

 

Calculation for Fatigue stress range 

The Fatigue stress range, ȺɨFS,i(j), is taken as: 

 

Ўʎ ȟ ʎ ȟ ʎ ȟ ʎ ȟ ʎ ȟ ʎ ȟ ʎ ȟ  

ʎ ȟ ʎ ȟ ʎ ȟ ʎ ȟ ʎ ȟ   

„ ȟ

„ ȟ „ ȟ

ς
  

„ ȟ

„ ȟ „ ȟ

ς
 

Ўʎ ȟ Æ ȟ Ͻ Æ Ͻ Æ Ͻ Ўʎ ȟ  

 

 
Loading 

Condition 
Space Span 

(mm) 
Scantling 

(mm) 

LC Wave s(mm) lbdg hw(net) tw(net) bf(net) tf(net) beff(mm) tp(net) 

Full FSM-1 840 2.560 351.5 9.5 198.5 17.5 279.0 14.5 

Full FSM-2 840 2.560 351.5 9.5 198.5 17.5 279.0 14.5 

Normal B HSM-1 840 2.560 351.5 9.5 198.5 17.5 279.0 14.5 

Normal B HSM-2 840 2.560 351.5 9.5 198.5 17.5 279.0 14.5 

Heavy B HSM-1 840 2.560 351.5 9.5 198.5 17.5 279.0 14.5 

Heavy B HSM-2 840 2.560 351.5 9.5 198.5 17.5 279.0 14.5 

 

Loading  
Condition 

Corrosion 
Margine(mm) 

Stress consentration factor 
Section 

Modulus 
(cm3) 

Hull Girder  

Moment 
(kNm) 

static 
stress 

(N/mm2) 

dynamic 
stress 

(N/mm2) 

LC tp.corr tS.corr Ka Kb Kn Zeff-n50 ɓ(j)*Msw ůGS,(j) ůGD,ik(j) 

Full 3 3 1.36 1.50 1.00 1419.7 -827084 30.7 32.5 

Full 3 3 1.36 1.50 1.00 1419.7 -827084 30.7 -32.5 

Normal B 3 3 1.36 1.50 1.00 1419.7 2272000 -84.4 34.9 

Normal B 3 3 1.36 1.50 1.00 1419.7 2272000 -84.4 -34.9 

Heavy B 3 3 1.36 1.50 1.00 1419.7 1278000 -47.5 34.7 

Heavy B 3 3 1.36 1.50 1.00 1419.7 1278000 -47.5 -34.7 
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Table 4-12 Detail of Fatigue strength calculation. 

(No.4 Hold Fr.117+500 mm) 

Loading  
Condition 

Local bending 

Internal load reference point (mm) 
static 

pressure 
(kN/m2) 

dynamic 
pressure 
(kN/m2) 

LC Load1 RefPNoA x0A y0A z0A PsA PwA 

Full Empty - - - - 0 0 

Full Empty - - - - 0 0 

Normal B Ballast water 3 67.775 10.420 19.015 191.2 5.6 

Normal B Ballast water 31 109.175 10.420 19.015 191.2 1.3 

Heavy B Ballast water 3 67.775 10.420 19.015 191.2 7.5 

Heavy B Ballast water 31 109.175 10.420 19.015 191.2 -0.2 

 

Loading  
Condition 

Local bending relative displacement  

External load 
static 

pressure 
(kN/m2) 

dynamic 
pressure 
(kN/m2) 

static 
stress 

(N/mm2) 

dynamic 
stress 

(N/mm2) 

static 
stress 

(N/mm2) 

dynamic 
stress 

(N/mm2) 

LC Load2 PsB PwB ůLS,(j) ůLD,ik(j) ůdS,(j) ůdD,ik(j) 

Full External Shell 129.1 -11.7 -62.6 5.7 0 0 

Full External Shell 129.1 11.7 -62.6 -5.7 0 0 

Normal B External Shell 64.9 -10.3 61.2 7.7 0 0 

Normal B External Shell 64.9 10.3 61.2 -4.4 0 0 

Heavy B External Shell 79.4 -9.7 54.2 8.3 0 0 

Heavy B External Shell 79.4 9.7 54.2 -4.8 0 0 

 

Loading  
Condition 

Mean stress (N/mm2) 
Hot spot 

stress(N/mm2) 
Correction factor 

Fatigue 
stress 
range 

(N/mm2) 
Local 

bending 
Hull girder 

stress 
range 

mean 
stress 

mean 
stress 

thickness warping 

LC ůmLD,i(j) ůmGD,i(j) ȹůHS,i(j) ůmean,i(j) fmean fthick fwarp ȹůFS,i(j) 

Full 
0.0 0.0 76.4 -31.9 0.733 

1 1 
56.0 

Full 1 1 

Normal B 
1.7 0.0 81.9 -21.5 0.795 

1 1 
65.1 

Normal B 1 1 

Heavy B 
1.8 0.0 82.6 8.5 0.910 

1 1 
75.2 

Heavy B 1 1 
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Table 4-13 Detail of Fatigue strength calculation. 

(No.4 Hold Fr.117+500 mm) 

Calculation for Fatigue life 

The Fatigue Life, TF, is taken according to 4.3.1.3 and 4.3.1.4. 

 

S-N Curve D class 

Loading  
Condition 

stress 
range 

(N/mm2) 
S-N Curve 

Weibull 
parameter 

LC ȹůFS ȹůq ȹm n ɛ(j) K2air mair K2corr mcorr ɝ 

Full 56.0 53.4 2 0.1 0.650 1.52E+12 3 7.6E+11 3 1 

Normal B 65.1 53.4 2 0.1 0.732 1.52E+12 3 7.6E+11 3 1 

Heavy B 75.2 53.4 2 0.1 0.799 1.52E+12 3 7.6E+11 3 1 

 

Loading  

Condition 
Fatigue calculation cycle 

Damage Time  

corr. 
Fatigue Life 

in air Corr. 

LC NR Ŭ(j) f0 ND DE_air DE_corr 
TC 

(year) 

Comb.  
fatigue 

damage 

Total 
fatigue 

Damage 

Fatigue 
Life 

(year) 

Full 100 0.5 0.85 7.04E+07 0.163 0.500 10 0.298 

0.957 25.7 Normal B 100 0.2 0.85 7.04E+07 0.115 0.314 10 0.195 

Heavy B 100 0.3 0.85 7.04E+07 0.290 0.726 10 0.464 

S-N Curve C class 

Loading  
Condition 

stress 
range 

(N/mm2) 
S-N Curve 

Weibull 
parameter 

LC ȹůFS ȹůq ȹm n ɛ(j) K2air mair K2corr mcorr ɝ 

Full 56.0 78.2 2 0.1 1.721 4.23E+13 3.5 2.12E+13 3.5 1 

Normal B 65.1 78.2 2 0.1 2.222 4.23E+13 3.5 2.12E+13 3.5 1 

Heavy B 75.2 78.2 2 0.1 2.746 4.23E+13 3.5 2.12E+13 3.5 1 

 

Loading  
Condition 

Fatigue calculation cycle 
Damage Time  

corr. 
Fatigue Life 

in air Corr. 

LC NR Ŭ(j) f0 ND DE_air DE_corr 
TC 

(year) 

Comb.  
fatigue 

damage 

Total 
fatigue 

Damage 

Fatigue 
Life 

(year) 

Full 100 0.5 0.85 7.04E+07 0.030 0.121 10 0.066 

0.237 71.8 Normal B 100 0.2 0.85 7.04E+07 0.024 0.082 10 0.047 

Heavy B 100 0.3 0.85 7.04E+07 0.069 0.204 10 0.123 
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Table 4-14 Detail of Fatigue strength calculation. 

(No.3 Hold Fr.139+500 mm) 

 

Calculation for Fatigue stress range 

The Fatigue stress range, ȹůFS,i(j), is taken as: 

 

Ўʎ ȟ ʎ ȟ ʎ ȟ ʎ ȟ ʎ ȟ ʎ ȟ ʎ ȟ  

ʎ ȟ ʎ ȟ ʎ ȟ ʎ ȟ ʎ ȟ   

„ ȟ

„ ȟ „ ȟ

ς
  

„ ȟ

„ ȟ „ ȟ

ς
 

Ўʎ ȟ Æ ȟ Ͻ Æ Ͻ Æ Ͻ Ўʎ ȟ  

 

 
Loading 

Condition 
Space Span 

(mm) 
Scantling 

(mm) 

LC Wave s(mm) lbdg hw(net) tw(net) bf(net) tf(net) beff(mm) tp(net) 

Full HSM-1 840 2.560 421.5 13.5 198.5 20.5 279.0 14.5 

Full HSM-2 840 2.560 421.5 13.5 198.5 20.5 279.0 14.5 

Normal B HSM-1 840 2.560 421.5 13.5 198.5 20.5 279.0 14.5 

Normal B HSM-2 840 2.560 421.5 13.5 198.5 20.5 279.0 14.5 

Heavy B HSM-1 840 2.560 421.5 13.5 198.5 20.5 279.0 14.5 

Heavy B HSM-2 840 2.560 421.5 13.5 198.5 20.5 279.0 14.5 

 

Loading  
Condition 

Corrosion 
Margine(mm) 

Stress consentration factor 
Section 

Modulus 
(cm3) 

Hull Girder  

Moment 
(kNm) 

static 
stress 

(N/mm2) 

dynamic 
stress 

(N/mm2) 

LC tp.corr tS.corr Ka Kb Kn Zeff-n50 ɓ(j)*Msw ůGS,(j) ůGD,ik(j) 

Full 3 3 1.36 1.50 1.00 2067.2 -938800 33.4 32.8 

Full 3 3 1.36 1.50 1.00 2067.2 -938800 33.4 -32.8 

Normal B 3 3 1.36 1.50 1.00 2067.2 2180800 -77.6 33.5 

Normal B 3 3 1.36 1.50 1.00 2067.2 2180800 -77.6 -33.5 

Heavy B 3 3 1.36 1.50 1.00 2067.2 -1760250 62.7 33.3 

Heavy B 3 3 1.36 1.50 1.00 2067.2 -1760250 62.7 -33.3 
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Table 4-15 Detail of Fatigue strength calculation. 

(No.3 Hold Fr.139+500 mm) 

Loading  
Condition 

Local bending 

Internal load reference point (mm) 
static 

pressure 
(kN/m2) 

dynamic 
pressure 
(kN/m2) 

LC Load1 RefPNoA x0A y0A z0A PsA PwA 

Full Empty - - - - 0 0 

Full Empty - - - - 0 0 

Normal B Ballast water 3 109.175 10.420 19.015 191.2 8.5 

Normal B Ballast water 31 145.055 10.420 19.015 191.2 -3.2 

Heavy B Ballast water 3 109.175 10.420 19.015 191.2 9.7 

Heavy B Ballast water 31 145.055 10.420 19.015 191.2 -4.0 

 

Loading  
Condition 

Local bending relative displacement  

External load 
static 

pressure 
(kN/m2) 

dynamic 
pressure 
(kN/m2) 

static 
stress 

(N/mm2) 

dynamic 
stress 

(N/mm2) 

static 
stress 

(N/mm2) 

dynamic 
stress 

(N/mm2) 

LC Load2 PsB PwB ůLS,(j) ůLD,ik(j) ůdS,(j) ůdD,ik(j) 

Full External Shell 129.1 -7.0 -43.0 2.3 0 0 

Full External Shell 129.1 7.0 -43.0 -2.3 0 0 

Normal B External Shell 64.9 -10.3 42.1 6.3 0 0 

Normal B External Shell 64.9 10.3 42.1 -4.5 0 0 

Heavy B External Shell 79.4 -9.7 37.2 6.5 0 0 

Heavy B External Shell 79.4 9.7 37.2 -4.6 0 0 

 

Loading  
Condition 

Mean stress (N/mm2) 
Hot spot 

stress(N/mm2) 
Correction factor 

Fatigue 
stress 
range 

(N/mm2) 
Local 

bending 
Hull girder 

stress 
range 

mean 
stress 

mean 
stress 

thickness warping 

LC ůmLD,i(j) ůmGD,i(j) ȹůHS,i(j) ůmean,i(j) fmean fthick fwarp ȹůFS,i(j) 

Full 
0.0 0.0 70.3 -9.6 0.846 

1 1 
59.4 

Full 1 1 

Normal B 
0.9 0.0 77.7 -34.7 0.721 

1 1 
56.0 

Normal B 1 1 

Heavy B 
1.0 0.0 77.7 100.8 1.000 

1 1 
77.7 

Heavy B 1 1 
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Table 4-16 Detail of Fatigue strength calculation. 

(No.3 Hold Fr.139+500 mm) 

Calculation for Fatigue life 

The Fatigue Life, TF, is taken according to 4.3.1.3 and 4.3.1.4. 

 

S-N Curve D class 

Loading  
Condition 

stress 
range 

(N/mm2) 
S-N Curve 

Weibull 
parameter 

LC ȹůFS ȹůq ȹm n ɛ(j) K2air mair K2corr mcorr ɝ 

Full 59.4 53.4 2 0.1 0.650 1.52E+12 3 7.6E+11 3 1 

Normal B 56.0 53.4 2 0.1 0.732 1.52E+12 3 7.6E+11 3 1 

Heavy B 77.7 53.4 2 0.1 0.799 1.52E+12 3 7.6E+11 3 1 

 

Loading  
Condition 

Fatigue calculation cycle 
Damage Time  

corr. 
Fatigue Life 

in air Corr. 

LC NR Ŭ(j) f0 ND DE_air DE_corr 
TC 

(year) 

Comb.  
fatigue 

damage 

Total 
fatigue 

Damage 

Fatigue 
Life 

(year) 

Full 100 0.5 0.85 7.04E+07 0.204 0.597 10 0.361 

0.995 25.1 Normal B 100 0.2 0.85 7.04E+07 0.065 0.200 10 0.119 

Heavy B 100 0.3 0.85 7.04E+07 0.325 0.799 10 0.514 

S-N Curve C class 

Loading  
Condition 

stress 
range 

(N/mm2) 
S-N Curve 

Weibull 
parameter 

LC ȹůFS ȹůq ȹm n ɛ(j) K2air mair K2corr mcorr ɝ 

Full 59.4 78.2 2 0.1 2.282 4.23E+13 3.5 2.12E+13 3.5 1 

Normal B 56.0 78.2 2 0.1 1.097 4.23E+13 3.5 2.12E+13 3.5 1 

Heavy B 77.7 78.2 2 0.1 3.154 4.23E+13 3.5 2.12E+13 3.5 1 

 

Loading  
Condition 

Fatigue calculation cycle 
Damage Time  

corr. 
Fatigue Life 

in air Corr. 

LC NR Ŭ(j) f0 ND DE_air DE_corr 
TC 

(year) 

Comb.  
fatigue 

damage 

Total 
fatigue 

Damage 

Fatigue 
Life 

(year) 

Full 100 0.5 0.85 7.04E+07 0.040 0.149 10 0.084 

0.249 69.1 Normal B 100 0.2 0.85 7.04E+07 0.012 0.049 10 0.027 

Heavy B 100 0.3 0.85 7.04E+07 0.080 0.228 10 0.139 

 



94 
 

Table 4-17 Detail of Fatigue strength calculation. 

(No.2 Hold Fr.181+500 mm) 

 

Calculation for Fatigue stress range 

The Fatigue stress range, ȺɨFS,i(j), is taken as: 

 

Ўʎ ȟ ʎ ȟ ʎ ȟ ʎ ȟ ʎ ȟ ʎ ȟ ʎ ȟ  

ʎ ȟ ʎ ȟ ʎ ȟ ʎ ȟ ʎ ȟ   

„ ȟ

„ ȟ „ ȟ

ς
  

„ ȟ

„ ȟ „ ȟ

ς
 

Ўʎ ȟ Æ ȟ Ͻ Æ Ͻ Æ Ͻ Ўʎ ȟ  

 
Loading 

Condition 
Space Span 

(mm) 
Scantling 

(mm) 

LC Wave s(mm) lbdg hw(net) tw(net) bf(net) tf(net) beff(mm) tp(net) 

Full HSM-1 840 2.560 351.5 13.5 198.5 20.5 279.0 14.5 

Full HSM-2 840 2.560 351.5 13.5 198.5 20.5 279.0 14.5 

Normal B HSM-1 840 2.560 351.5 13.5 198.5 20.5 279.0 14.5 

Normal B HSM-2 840 2.560 351.5 13.5 198.5 20.5 279.0 14.5 

Heavy B HSM-1 840 2.560 351.5 13.5 198.5 20.5 279.0 14.5 

Heavy B HSM-2 840 2.560 351.5 13.5 198.5 20.5 279.0 14.5 

 

Loading  
Condition 

Corrosion 
Margine(mm) 

Stress consentration factor 
Section 

Modulus 
(cm3) 

Hull Girder  

Moment 
(kNm) 

static 
stress 

(N/mm2) 

dynamic 
stress 

(N/mm2) 

LC tp.corr tS.corr Ka Kb Kn Zeff-n50 ɓ(j)*Msw ůGS,(j) ůGD,ik(j) 

Full 3 3 1.36 1.50 1.00 1668.5 -827084 30.6 31.1 

Full 3 3 1.36 1.50 1.00 1668.5 -827084 30.6 -31.1 

Normal B 3 3 1.36 1.50 1.00 1668.5 2140817 -79.1 33.4 

Normal B 3 3 1.36 1.50 1.00 1668.5 2140817 -79.1 -33.4 

Heavy B 3 3 1.36 1.50 1.00 1668.5 1204209 -44.5 33.2 

Heavy B 3 3 1.36 1.50 1.00 1668.5 1204209 -44.5 -33.2 
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Table 4-18 Detail of Fatigue strength calculation. 

(No.2 Hold Fr.181+500 mm) 

Loading  
Condition 

Local bending 

Internal load reference point (mm) 
static 

pressure 
(kN/m2) 

dynamic 
pressure 
(kN/m2) 

LC Load1 RefPNoA x0A y0A z0A PsA PwA 

Full Empty 
    

0 0 

Full Empty 
    

0 0 

Normal B Ballast water 3 145.055 10.420 19.015 191.2 15.6 

Normal B Ballast water 31 186.455 10.420 19.015 191.2 -9.5 

Heavy B Ballast water 3 145.055 10.420 19.015 191.2 16.3 

Heavy B Ballast water 31 186.455 10.420 19.015 191.2 -9.7 

 

Loading  
Condition 

Local bending relative displacement  

External load 
static 

pressure 
(kN/m2) 

dynamic 
pressure 
(kN/m2) 

static 
stress 

(N/mm2) 

dynamic 
stress 

(N/mm2) 

static 
stress 

(N/mm2) 

dynamic 
stress 

(N/mm2) 

LC Load2 PsB PwB ůLS,(j) ůLD,ik(j) ůdS,(j) ůdD,ik(j) 

Full External Shell 129.1 -11.7 -53.3 4.8 0 0 

Full External Shell 129.1 11.7 -53.3 -4.8 0 0 

Normal B External Shell 64.9 -9.8 52.1 10.5 0 0 

Normal B External Shell 64.9 9.8 52.1 -8.0 0 0 

Heavy B External Shell 79.4 -8.5 46.1 10.2 0 0 

Heavy B External Shell 79.4 8.5 46.1 -7.5 0 0 

 

Loading  
Condition 

Mean stress (N/mm2) 
Hot spot 

stress(N/mm2) 
Correction factor 

Fatigue 
stress 
range 

(N/mm2) 
Local 

bending 
Hull girder 

stress 
range 

mean 
stress 

mean 
stress 

thickness warping 

LC ůmLD,i(j) ůmGD,i(j) ȹůHS,i(j) ůmean,i(j) fmean fthick fwarp ȹůFS,i(j) 

Full 
0.0 0.0 71.9 -22.7 0.774 

1 1 
55.6 

Full 1 1 

Normal B 
0.9 0.0 85.2 -25.8 0.779 

1 1 
66.4 

Normal B 1 1 

Heavy B 
1.0 0.0 84.3 2.9 0.903 

1 1 
76.1 

Heavy B 1 1 
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Table 4-19 Detail of Fatigue strength calculation. 

(No.2 Hold Fr.181+500 mm) 

 

Calculation for Fatigue life 

The Fatigue Life, TF, is taken according to 4.3.1.3 and 4.3.1.4. 

S-N Curve D class 

Loading  
Condition 

stress 
range 

(N/mm2) 
S-N Curve 

Weibull 
parameter 

LC ȹůFS ȹůq ȹm n ɛ(j) K2air mair K2corr mcorr ɝ 

Full 55.6 53.4 2 0.1 0.650 1.52E+12 3 7.6E+11 3 1 

Normal B 66.4 53.4 2 0.1 0.732 1.52E+12 3 7.6E+11 3 1 

Heavy B 76.1 53.4 2 0.1 0.799 1.52E+12 3 7.6E+11 3 1 

 

Loading  
Condition 

Fatigue calculation cycle 
Damage Time  

corr. 
Fatigue Life 

in air Corr. 

LC NR Ŭ(j) f0 ND DE_air DE_corr 
TC 

(year) 

Comb.  
fatigue 

damage 

Total 
fatigue 

Damage 

Fatigue 
Life 

(year) 

Full 100 0.5 0.85 7.04E+07 0.158 0.490 10 0.291 

0.981 25.3 Normal B 100 0.2 0.85 7.04E+07 0.124 0.333 10 0.207 

Heavy B 100 0.3 0.85 7.04E+07 0.303 0.753 10 0.483 

S-N Curve C class 

Loading  
Condition 

stress 
range 

(N/mm2) 
S-N Curve 

Weibull 
parameter 

LC ȹůFS ȹůq ȹm n ɛ(j) K2air mair K2corr mcorr ɝ 

Full 55.6 78.2 2 0.1 2.282 4.23E+13 3.5 2.12E+13 3.5 1 

Normal B 66.4 78.2 2 0.1 1.097 4.23E+13 3.5 2.12E+13 3.5 1 

Heavy B 76.1 78.2 2 0.1 3.154 4.23E+13 3.5 2.12E+13 3.5 1 

 

Loading  
Condition 

Fatigue calculation cycle 
Damage Time  

corr. 
Fatigue Life 

in air Corr. 

LC NR Ŭ(j) f0 ND DE_air DE_corr 
TC 

(year) 

Comb.  
fatigue 

damage 

Total 
fatigue 

Damage 

Fatigue 
Life 

(year) 

Full 100 0.5 0.85 7.04E+07 0.029 0.118 10 0.065 

0.245 70.1 Normal B 100 0.2 0.85 7.04E+07 0.027 0.088 10 0.051 

Heavy B 100 0.3 0.85 7.04E+07 0.073 0.213 10 0.129 
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(2) ≤ⱱ♇Ɽכ♃fi◒─ ≤ ─≥ꜟכ♠☻  

4.3.2.2 ≢ ⇔√ ─ ⌐≈™≡ ╩ ⇔√   

 

Ῥ No.3Hold Fr.147 ≤ⱱ♇Ɽכ♃fi◒─  

῭ No.3Hold Fr.162 ≤ ─≥ꜟכ♠☻  

΅ No.2Hold Fr.168 ≤ ─≥ꜟכ♠☻  

` No.2Hold Fr.186 ≤ⱱ♇Ɽכ♃fi◒─  

ῲ No.2Hold Fr.207 ≤ ─≥ꜟכ♠☻  

ῳ No.1Hold Fr.210 ≤ ─≥ꜟכ♠☻  

ῴ No.1Hold Fr.240 ≤ⱱ♇Ɽכ♃fi◒─  

 

≤ⱱ♇Ɽכ♃fi◒─ ≤ ─≥ꜟכ♠☻ ─

│ ⱷ♇◦ꜙ╩ ™√ FEM ╩ ™ ∕─ ╩ ™≡ ╩ ℮ FEM

─⸗♦ꜟ ╩ Table 4-21~41 ⌐ ∆ ─ ╩ Table 4-42~55 ⌐

⇔ D ≥Ⱪכ◌ C ─≢Ⱪכ◌ ─ ╩ Table 4-20 ⌐ ∆   

Ῥ ῭ `⌐≈™≡─ D ─≢Ⱪכ◌ ≢│ ⅜╒╓ 25 ≢№╢↓≤⅛╠

≢ ₁─ ⅜ ╕∫≡™╢↓≤⅜ ≢⅝╢  

΅⌐≈™≡│῭≤ ∂ ╩ ∫≡™╢√╘ ῭─ ≢ ∆╢↓≤⌐⌂╡ 25

╟╡╙ ⅜ ™  

ῲ~ῴ⌐≈™≡│ ≢ │ ╕╠⌂™ ⅜ ≢⅝╢  

↓╣╠─ ⌐≈™≡─ ─ ⅛╠ 2.6 ~4.4 ─ ─ ⅜

√  

 

Table 4-20 Fatigue life comparison for the cross point on inner bottom. 

Position 
Plate thickness 

(mm) 
Material 

D curve 
(year) 

C curve 
(year) 

Fatigue life 
increasing ratio 

Ῥ 23.5 KA36 25.1 65.3 2.6 

῭ 25.5 KA36 25.5 68.5 2.7 

΅ 25.5 KA36 32.6 96.7 3.0 

` 30.5 KA36 26.5 72.5 2.7 

ῲ 23.0 KA36 55.4 198.7 3.6 

ῳ 23.0 KA36 119.1 520.7 4.4 

ῴ 23.0 KA36 28.3 81.1 2.9 



98 
 

200 FB

Table.4-21 FEM results 

Ῥ Hopper / Inner Bottom Fr.147 No.3 Hold 

FEM Model 

 Homogeneous 

LC BSP-P1 

D
ef

or
m

at
io

n
 

 

S
tr

es
s 

co
n

to
u

r 

 



99 
 

200 FB

Table.4-22 FEM results 

Ῥ Hopper / Inner Bottom Fr.147 No.3 Hold 

FEM Model 

 Normal Ballast 

LC BSP-P1 

D
ef

or
m

at
io

n
 

 

S
tr

es
s 

co
n

to
u

r 

 



100 
 

200 FB

Table.4-23 FEM results 
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Table.4-24 FEM results 
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Table.4-25 FEM results 
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Table.4-26 FEM results 
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Table.4-27 FEM results 
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Table.4-28 FEM results 
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Table.4-29 FEM results 
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Table.4-30 FEM results 
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Table.4-31 FEM results 
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Table.4-32 FEM results 
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Table.4-33 FEM results 
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Table.4-34 FEM results 
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Table.4-35 FEM results 
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Table.4-36 FEM results 
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Table.4-37 FEM results 
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Table.4-38 FEM results 
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Table.4-39 FEM results 
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Table.4-40 FEM results 
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Table.4-41 FEM results 
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Table 4-42 Detail of Fatigue strength calculation. 

(Ῥ No.3Hold Fr.147) 

Calculation for Fatigue stress range 

The Fatigue stress range, ȺɨFS,i(j), is taken according to 4.3.1.1. 

 

Loading 
Condition 

Wave 
Case 

Hot spot stress 

stress range (N/mm2) mean stress (N/mm2) 

LC Wave ůHS,i(j) ůmean,i(j) ůmcor,i(j) 

Full BSP-P1 151.5 -45.3 -200.9 

Full BSP-P2 36.8 31.8 31.8 

Normal B BSP-P1 87.3 -63.9 -219.5 

Normal B BSP-P2 14.6 -30.6 -30.6 

Heavy B HSM-1 103.3 407.3 251.7 

Heavy B HSM-2 19.7 -33.7 -33.7 

 

Loading  
Condition 

Wave 
Case 

Correction factor 

  mean thickness correction load case  weld support 

LC Wave fmean,i(j) fthick fC f1,2 fW fS 

Full BSP-P1 0.369 1 0.95 1 0.96 0.95 

Full BSP-P2 0.986 1 0.95 0.9 0.96 0.95 

Normal B BSP-P1 0.300 1 0.95 1 0.96 0.95 

Normal B BSP-P2 0.300 1 0.95 0.9 0.96 0.95 

Heavy B HSM-1 1.000 1 0.95 1 0.96 0.95 

Heavy B HSM-2 0.300 1 0.95 0.9 0.96 0.95 

 

Loading  
Condition 

Wave 
Case Fatgue stress range (N/mm2) 

LC Wave ůFS,i(j) max. ůFS,i(j) 

Full BSP-P1 48.50 
48.5 

Full BSP-P2 28.32 

Normal B BSP-P1 22.70 
22.7 

Normal B BSP-P2 3.41 

Heavy B HSM-1 89.48 
89.5 

Heavy B HSM-2 4.60 
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Table 4-43 Detail of Fatigue strength calculation. 

(Ῥ No.3Hold Fr.147) 

Calculation for Fatigue life 

The Fatigue Life, TF, is taken according to 4.3.1.3 and 4.3.1.4. 

S-N Curve D class 

Loading  
Condition 

stress 
range 

(N/mm2) 
S-N Curve 

Weibull 
parameter 

LC ȹůFS ȹůq ȹm n ɛ(j) K2air mair K2corr mcorr ɝ 

Full 48.5 53.4 2 0.1 0.564 1.52E+12 3 7.6E+11 3 1 

Normal B 22.7 53.4 2 0.1 0.169 1.52E+12 3 7.6E+11 3 1 

Heavy B 89.5 53.4 2 0.1 0.864 1.52E+12 3 7.6E+11 3 1 

 

Loading  
Condition 

Fatigue calculation cycle 
Damage Time  

corr. 
Fatigue Life 

in air Corr. 

LC NR Ŭ(j) f0 ND DE_air DE_corr 
TC 

(year) 

Comb.  
fatigue 

damage 

Total 
fatigue 

Damage 

Fatigue 
Life 

(year) 

Full 100 0.5 0.85 7.04E+07 0.091 0.324 10 0.185 

0.996 25.1 Normal B 100 0.2 0.85 7.04E+07 0.001 0.013 10 0.006 

Heavy B 100 0.3 0.85 7.04E+07 0.528 1.222 10 0.806 

 

S-N Curve C class 

Loading  
Condition 

stress 
range 

(N/mm2) 
S-N Curve 

Weibull 
parameter 

LC ȹůFS ȹůq ȹm n ɛ(j) K2air mair K2corr mcorr ɝ 

Full 48.5 78.2 2 0.1 0.564 4.23E+13 3.5 2.12E+13 3.5 1 

Normal B 22.7 78.2 2 0.1 0.169 4.23E+13 3.5 2.12E+13 3.5 1 

Heavy B 89.5 78.2 2 0.1 0.864 4.23E+13 3.5 2.12E+13 3.5 1 

 

Loading  
Condition 

Fatigue calculation cycle 
Damage Time  

corr. 
Fatigue Life 

in air Corr. 

LC NR Ŭ(j) f0 ND DE_air DE_corr 
TC 

(year) 

Comb.  
fatigue 

damage 

Total 
fatigue 

Damage 

Fatigue 
Life 

(year) 

Full 100 0.5 0.85 7.04E+07 0.015 0.073 10 0.038 

0.276 65.3 Normal B 100 0.2 0.85 7.04E+07 0.000 0.002 10 0.001 

Heavy B 100 0.3 0.85 7.04E+07 0.145 0.374 10 0.237 
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Table 4-44 Detail of Fatigue strength calculation. 

(῭ No.3Hold Fr.162) 

Calculation for Fatigue stress range 

The Fatigue stress range, ȺɨFS,i(j), is taken according to 4.3.1.1. 

 

Loading 
Condition 

Wave 
Case 

Hot spot stress 

stress range (N/mm2) mean stress (N/mm2) 

LC Wave ȹůHS,i(j) ůmean,i(j) ůmcor,i(j) 

Full FSM-1 67.8 32.6 32.6 

Full FSM-2 6.1 -6.0 -6.0 

Normal B HSM-1 71.1 -150.1 -150.1 

Normal B HSM-2 10.3 37.5 37.5 

Heavy B HSM-1 97.6 235.5 235.5 

Heavy B HSM-2 17.6 -66.1 -66.1 

 

Loading  
Condition 

Wave 
Case 

Correction factor 

  mean thickness correction load case  weld support 

LC Wave fmean,i(j) fthick fC f1,2 fW fS 

Full FSM-1 0.948 1 0.95 1 0.96 0.95 

Full FSM-2 0.509 1 0.95 0.9 0.96 0.95 

Normal B HSM-1 0.300 1 0.95 1 0.96 0.95 

Normal B HSM-2 1.000 1 0.95 0.9 0.96 0.95 

Heavy B HSM-1 1.000 1 0.95 1 0.96 0.95 

Heavy B HSM-2 0.300 1 0.95 0.9 0.96 0.95 

 

Loading  
Condition 

Wave 
Case Fatgue stress range (N/mm2) 

LC Wave ȹůFS,i(j) max.ȹůFS,i(j) 

Full FSM-1 55.72 
55.7 

Full FSM-2 2.42 

Normal B HSM-1 18.48 
18.5 

Normal B HSM-2 8.02 

Heavy B HSM-1 84.53 
84.5 

Heavy B HSM-2 4.12 
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Table 4-45 Detail of Fatigue strength calculation. 

(῭ No.3Hold Fr.162)  

Calculation for Fatigue life 

The Fatigue Life, TF, is taken according to 4.3.1.3 and 4.3.1.4. 

 

S-N Curve D class 

Loading  
Condition 

stress 
range 

(N/mm2) 
S-N Curve 

Weibull 
parameter 

LC ȹůFS ȹůq ȹm n ɛ(j) K2air mair K2corr mcorr ɝ 

Full 55.7 53.4 2 0.1 0.647 1.52E+12 3 7.6E+11 3 1 

Normal B 18.5 53.4 2 0.1 0.113 1.52E+12 3 7.6E+11 3 1 

Heavy B 84.5 53.4 2 0.1 0.845 1.52E+12 3 7.6E+11 3 1 

 

Loading  
Condition 

Fatigue calculation cycle 
Damage Time  

corr. 
Fatigue Life 

in air Corr. 

LC NR Ŭ(j) f0 ND DE_air DE_corr 
TC 

(year) 

Comb.  
fatigue 

damage 

Total 
fatigue 

Damage 

Fatigue 
Life 

(year) 

Full 100 0.5 0.85 7.04E+07 0.159 0.492 10 0.292 

0.969 25.5 Normal B 100 0.2 0.85 7.04E+07 0.000 0.007 10 0.003 

Heavy B 100 0.3 0.85 7.04E+07 0.436 1.030 10 0.674 

 

S-N Curve C class 

Loading  
Condition 

stress 
range 

(N/mm2) 
S-N Curve 

Weibull 
parameter 

LC ȹůFS ȹůq ȹm n ɛ(j) K2air mair K2corr mcorr ɝ 

Full 55.7 78.2 2 0.1 0.564 4.23E+13 3.5 2.12E+13 3.5 1 

Normal B 18.5 78.2 2 0.1 0.169 4.23E+13 3.5 2.12E+13 3.5 1 

Heavy B 84.5 78.2 2 0.1 0.864 4.23E+13 3.5 2.12E+13 3.5 1 

 

Loading  
Condition 

Fatigue calculation cycle 
Damage Time  

corr. 
Fatigue Life 

in air Corr. 

LC NR Ŭ(j) f0 ND DE_air DE_corr 
TC 

(year) 

Comb.  
fatigue 

damage 

Total 
fatigue 

Damage 

Fatigue 
Life 

(year) 

Full 100 0.5 0.85 7.04E+07 0.029 0.119 10 0.065 

0.257 68.5 Normal B 100 0.2 0.85 7.04E+07 0.000 0.001 10 0.000 

Heavy B 100 0.3 0.85 7.04E+07 0.115 0.307 10 0.191 
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Table 4-46 Detail of Fatigue strength calculation. 

(΅ No.2Hold Fr.168)  

Calculation for Fatigue stress range 

The Fatigue stress range, ȺɨFS,i(j), is taken according to 4.3.1.1. 

 

Loading 
Condition 

Wave 
Case 

Hot spot stress 

stress range (N/mm2) mean stress (N/mm2) 

LC Wave ȹůHS,i(j) ůmean,i(j) ůmcor,i(j) 

Full FSM-1 85.4 54.3 54.3 

Full FSM-2 7.3 -4.6 -4.6 

Normal B HSM-1 89.9 -206.3 -206.3 

Normal B HSM-2 4.4 4.6 4.6 

Heavy B FSM-1 100.9 -183.2 -183.2 

Heavy B FSM-2 3.6 28.9 28.9 

 

Loading  
Condition 

Wave 
Case 

Correction factor 

  mean thickness correction load case  weld support 

LC Wave fmean,i(j) fthick fC f1,2 fW fS 

Full FSM-1 0.964 1 0.95 1 0.96 0.95 

Full FSM-2 0.647 1 0.95 0.9 0.96 0.95 

Normal B HSM-1 0.300 1 0.95 1 0.96 0.95 

Normal B HSM-2 1.000 1 0.95 0.9 0.96 0.95 

Heavy B FSM-1 0.300 1 0.95 1 0.96 0.95 

Heavy B FSM-2 1.000 1 0.95 0.9 0.96 0.95 

 

Loading  
Condition 

Wave 
Case Fatgue stress range (N/mm2) 

LC Wave ȹůFS,i(j) max.ȹůFS,i(j) 

Full FSM-1 71.30 
71.3 

Full FSM-2 3.67 

Normal B HSM-1 23.37 
23.4 

Normal B HSM-2 3.44 

Heavy B FSM-1 26.23 
26.2 

Heavy B FSM-2 2.80 
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Table 4-47 Detail of Fatigue strength calculation. 

(΅ No.2Hold Fr.168)  

Calculation for Fatigue life 

The Fatigue Life, TF, is taken according to 4.3.1.3 and 4.3.1.4. 

 

S-N Curve D class 

Loading  
Condition 

stress 
range 

(N/mm2) 
S-N Curve 

Weibull 
parameter 

LC ȹůFS ȹůq ȹm n ɛ(j) K2air mair K2corr mcorr ɝ 

Full 71.3 53.4 2 0.1 0.776 1.52E+12 3 7.6E+11 3 1 

Normal B 23.4 53.4 2 0.1 0.179 1.52E+12 3 7.6E+11 3 1 

Heavy B 26.2 53.4 2 0.1 0.223 1.52E+12 3 7.6E+11 3 1 

 

Loading  
Condition 

Fatigue calculation cycle 
Damage Time  

corr. 
Fatigue Life 

in air Corr. 

LC NR Ŭ(j) f0 ND DE_air DE_corr 
TC 

(year) 

Comb.  
fatigue 

damage 

Total 
fatigue 

Damage 

Fatigue 
Life 

(year) 

Full 100 0.5 0.85 7.04E+07 0.400 1.031 10 0.652 

0.673 32.6 Normal B 100 0.2 0.85 7.04E+07 0.001 0.015 10 0.007 

Heavy B 100 0.3 0.85 7.04E+07 0.003 0.031 10 0.014 

 

S-N Curve C class 

Loading  
Condition 

stress 
range 

(N/mm2) 
S-N Curve 

Weibull 
parameter 

LC ȹůFS ȹůq ȹm n ɛ(j) K2air mair K2corr mcorr ɝ 

Full 71.3 78.2 2 0.1 0.776 4.23E+13 3.5 2.12E+13 3.5 1 

Normal B 23.4 78.2 2 0.1 0.179 4.23E+13 3.5 2.12E+13 3.5 1 

Heavy B 26.2 78.2 2 0.1 0.223 4.23E+13 3.5 2.12E+13 3.5 1 

 

Loading  
Condition 

Fatigue calculation cycle 
Damage Time  

corr. 
Fatigue Life 

in air Corr. 

LC NR Ŭ(j) f0 ND DE_air DE_corr 
TC 

(year) 

Comb.  
fatigue 

damage 

Total 
fatigue 

Damage 

Fatigue 
Life 

(year) 

Full 100 0.5 0.85 7.04E+07 0.092 0.282 10 0.168 

0.171 96.7 Normal B 100 0.2 0.85 7.04E+07 0.000 0.002 10 0.001 

Heavy B 100 0.3 0.85 7.04E+07 0.000 0.005 10 0.002 
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Table 4-48 Detail of Fatigue strength calculation. 

(` No.2Hold Fr.186) 

Calculation for Fatigue stress range 

The Fatigue stress range, ȺɨFS,i(j), is taken according to 4.3.1.1. 

 

Loading 
Condition 

Wave 
Case 

Hot spot stress 

stress range (N/mm2) mean stress (N/mm2) 

LC Wave ȹůHS,i(j) ůmean,i(j) ůmcor,i(j) 

Full BSP-P1 116.5 -38.6 -38.6 

Full BSP-P2 54.1 38.3 38.3 

Normal B BSP-P1 53.0 -24.0 -24.0 

Normal B BSP-P2 22.6 -25.4 -25.4 

Heavy B BSP-P1 62.4 -35.9 -35.9 

Heavy B BSP-P2 29.4 22.7 22.7 

 

Loading  
Condition 

Wave 
Case 

Correction factor 

  mean thickness correction load case  weld support 

LC Wave fmean,i(j) fthick fC f1,2 fW fS 

Full BSP-P1 0.768 1 0.95 1 0.96 0.95 

Full BSP-P2 0.971 1 0.95 0.9 0.96 0.95 

Normal B BSP-P1 0.719 1 0.95 1 0.96 0.95 

Normal B BSP-P2 0.451 1 0.95 0.9 0.96 0.95 

Heavy B BSP-P1 0.669 1 0.95 1 0.96 0.95 

Heavy B BSP-P2 0.977 1 0.95 0.9 0.96 0.95 

 

Loading  
Condition 

Wave 
Case Fatgue stress range (N/mm2) 

LC Wave ȹůFS,i(j) max.ȹůFS,i(j) 

Full BSP-P1 77.45 
77.5 

Full BSP-P2 40.96 

Normal B BSP-P1 33.01 
33.0 

Normal B BSP-P2 7.97 

Heavy B BSP-P1 36.17 
36.2 

Heavy B BSP-P2 22.40 
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Table 4-49 Detail of Fatigue strength calculation. 

(` No.2Hold Fr.186) 

Calculation for Fatigue life 

The Fatigue Life, TF, is taken according to 4.3.1.3 and 4.3.1.4. 

 

S-N Curve D class 

Loading  
Condition 

stress 
range 

(N/mm2) 
S-N Curve 

Weibull 
parameter 

LC ȹůFS ȹůq ȹm n ɛ(j) K2air mair K2corr mcorr ɝ 

Full 77.5 53.4 2 0.1 0.812 1.52E+12 3 7.6E+11 3 1 

Normal B 33.0 53.4 2 0.1 0.333 1.52E+12 3 7.6E+11 3 1 

Heavy B 36.2 53.4 2 0.1 0.384 1.52E+12 3 7.6E+11 3 1 

 

Loading  
Condition 

Fatigue calculation cycle 
Damage Time  

corr. 
Fatigue Life 

in air Corr. 

LC NR Ŭ(j) f0 ND DE_air DE_corr 
TC 

(year) 

Comb.  
fatigue 

damage 

Total 
fatigue 

Damage 

Fatigue 
Life 

(year) 

Full 100 0.5 0.85 7.04E+07 0.536 1.321 10 0.850 

0.912 26.5 Normal B 100 0.2 0.85 7.04E+07 0.007 0.041 10 0.020 

Heavy B 100 0.3 0.85 7.04E+07 0.016 0.081 10 0.042 

 

S-N Curve C class 

Loading  
Condition 

stress 
range 

(N/mm2) 
S-N Curve 

Weibull 
parameter 

LC ȹůFS ȹůq ȹm n ɛ(j) K2air mair K2corr mcorr ɝ 

Full 77.5 78.2 2 0.1 0.812 4.23E+13 3.5 2.12E+13 3.5 1 

Normal B 33.0 78.2 2 0.1 0.333 4.23E+13 3.5 2.12E+13 3.5 1 

Heavy B 36.2 78.2 2 0.1 0.384 4.23E+13 3.5 2.12E+13 3.5 1 

 

Loading  
Condition 

Fatigue calculation cycle 
Damage Time  

corr. 
Fatigue Life 

in air Corr. 

LC NR Ŭ(j) f0 ND DE_air DE_corr 
TC 

(year) 

Comb.  
fatigue 

damage 

Total 
fatigue 

Damage 

Fatigue 
Life 

(year) 

Full 100 0.5 0.85 7.04E+07 0.132 0.377 10 0.230 

0.240 72.5 Normal B 100 0.2 0.85 7.04E+07 0.001 0.008 10 0.004 

Heavy B 100 0.3 0.85 7.04E+07 0.002 0.016 10 0.007 
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Table 4-50 Detail of Fatigue strength calculation. 

(ῲ No.2Hold Fr.207) 

Calculation for Fatigue stress range 

The Fatigue stress range, ȹůFS,i(j), is taken according to 4.3.1.1. 

 

Loading 
Condition 

Wave 
Case 

Hot spot stress 

stress range (N/mm2) mean stress (N/mm2) 

LC Wave ȹůHS,i(j) ůmean,i(j) ůmcor,i(j) 

Full FSM-1 67.2 55.2 55.2 

Full FSM-2 4.4 -6.3 -6.3 

Normal B HSM-1 67.3 -199.5 -199.5 

Normal B HSM-2 6.7 2.1 2.1 

Heavy B HSM-1 77.7 -167.6 -167.6 

Heavy B HSM-2 10.3 -3.4 -3.4 

 

Loading  
Condition 

Wave 
Case 

Correction factor 

  mean thickness correction load case  weld support 

LC Wave fmean,i(j) fthick fC f1,2 fW fS 

Full FSM-1 0.983 1 0.95 1 0.96 0.95 

Full FSM-2 0.323 1 0.95 0.9 0.96 0.95 

Normal B HSM-1 0.300 1 0.95 1 0.96 0.95 

Normal B HSM-2 0.931 1 0.95 0.9 0.96 0.95 

Heavy B HSM-1 0.300 1 0.95 1 0.96 0.95 

Heavy B HSM-2 0.769 1 0.95 0.9 0.96 0.95 

 

Loading  
Condition 

Wave 
Case Fatgue stress range (N/mm2) 

LC Wave ȹůFS,i(j) max.ȹůFS,i(j) 

Full FSM-1 57.22 
57.2 

Full FSM-2 1.10 

Normal B HSM-1 17.50 
17.5 

Normal B HSM-2 4.89 

Heavy B HSM-1 20.19 
20.2 

Heavy B HSM-2 6.16 
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Table 4-51 Detail of Fatigue strength calculation. 

(ῲ No.2Hold Fr.207) 

Calculation for Fatigue life 

The Fatigue Life, TF, is taken according to 4.3.1.3 and 4.3.1.4. 

 

S-N Curve D class 

Loading  
Condition 

stress 
range 

(N/mm2) 
S-N Curve 

Weibull 
parameter 

LC ȹůFS ȹůq ȹm n ɛ(j) K2air mair K2corr mcorr ɝ 

Full 57.2 53.4 2 0.1 0.663 1.52E+12 3 7.6E+11 3 1 

Normal B 17.5 53.4 2 0.1 0.101 1.52E+12 3 7.6E+11 3 1 

Heavy B 20.2 53.4 2 0.1 0.135 1.52E+12 3 7.6E+11 3 1 

 

Loading  
Condition 

Fatigue calculation cycle 
Damage Time  

corr. 
Fatigue Life 

in air Corr. 

LC NR Ŭ(j) f0 ND DE_air DE_corr 
TC 

(year) 

Comb.  
fatigue 

damage 

Total 
fatigue 

Damage 

Fatigue 
Life 

(year) 

Full 100 0.5 0.85 7.04E+07 0.177 0.533 10 0.319 

0.328 55.4 Normal B 100 0.2 0.85 7.04E+07 0.000 0.006 10 0.003 

Heavy B 100 0.3 0.85 7.04E+07 0.001 0.014 10 0.006 

 

S-N Curve C class 

Loading  
Condition 

stress 
range 

(N/mm2) 
S-N Curve 

Weibull 
parameter 

LC ȹůFS ȹůq ȹm n ɛ(j) K2air mair K2corr mcorr ɝ 

Full 57.2 78.2 2 0.1 0.663 4.23E+13 3.5 2.12E+13 3.5 1 

Normal B 17.5 78.2 2 0.1 0.101 4.23E+13 3.5 2.12E+13 3.5 1 

Heavy B 20.2 78.2 2 0.1 0.135 4.23E+13 3.5 2.12E+13 3.5 1 

 

Loading  
Condition 

Fatigue calculation cycle 
Damage Time  

corr. 
Fatigue Life 

in air Corr. 

LC NR Ŭ(j) f0 ND DE_air DE_corr 
TC 

(year) 

Comb.  
fatigue 

damage 

Total 
fatigue 

Damage 

Fatigue 
Life 

(year) 

Full 100 0.5 0.85 7.04E+07 0.033 0.131 10 0.072 

0.073 198.7 Normal B 100 0.2 0.85 7.04E+07 0.000 0.001 10 0.000 

Heavy B 100 0.3 0.85 7.04E+07 0.000 0.002 10 0.001 



129 
 

Table 4-52 Detail of Fatigue strength calculation. 

(ῳ No.1Hold Fr.210) 

Calculation for Fatigue stress range 

The Fatigue stress range, ȺɨFS,i(j), is taken according to 4.3.1.1. 

 

Loading 
Condition 

Wave 
Case 

Hot spot stress 

stress range (N/mm2) mean stress (N/mm2) 

LC Wave ȹůHS,i(j) ůmean,i(j) ůmcor,i(j) 

Full BSP-P1 49.9 61.5 61.5 

Full BSP-P2 14.9 -8.5 -8.5 

Normal B FSM-1 35.6 -294.3 -294.3 

Normal B FSM-2 3.4 21.7 21.7 

Heavy B FSM-1 32.9 -281.9 -281.9 

Heavy B FSM-2 3.5 22.1 22.1 

 

Loading  
Condition 

Wave 
Case 

Correction factor 

  mean thickness correction load case  weld support 

LC Wave fmean,i(j) fthick fC f1,2 fW fS 

Full BSP-P1 1.000 1 0.95 1 0.96 0.95 

Full BSP-P2 0.673 1 0.95 0.9 0.96 0.95 

Normal B FSM-1 0.300 1 0.95 1 0.96 0.95 

Normal B FSM-2 1.000 1 0.95 0.9 0.96 0.95 

Heavy B FSM-1 0.300 1 0.95 1 0.96 0.95 

Heavy B FSM-2 1.000 1 0.95 0.9 0.96 0.95 

 

Loading  
Condition 

Wave 
Case Fatgue stress range (N/mm2) 

LC Wave ȹůFS,i(j) max.ȹůFS,i(j) 

Full BSP-P1 43.25 
43.3 

Full BSP-P2 7.81 

Normal B FSM-1 9.25 
9.3 

Normal B FSM-2 2.67 

Heavy B FSM-1 8.56 
8.6 

Heavy B FSM-2 2.76 
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Table 4-53 Detail of Fatigue strength calculation. 

(ῳ No.1Hold Fr.210) 

Calculation for Fatigue life 

The Fatigue Life, TF, is taken according to 4.3.1.3 and 4.3.1.4. 

 

S-N Curve D class 

Loading  
Condition 

stress 
range 

(N/mm2) 
S-N Curve 

Weibull 
parameter 

LC ȹůFS ȹůq ȹm n ɛ(j) K2air mair K2corr mcorr ɝ 

Full 43.3 53.4 2 0.1 0.493 1.52E+12 3 7.6E+11 3 1 

Normal B 9.3 53.4 2 0.1 0.028 1.52E+12 3 7.6E+11 3 1 

Heavy B 8.6 53.4 2 0.1 0.024 1.52E+12 3 7.6E+11 3 1 

 

Loading  
Condition 

Fatigue calculation cycle 
Damage Time  

corr. 
Fatigue Life 

in air Corr. 

LC NR Ŭ(j) f0 ND DE_air DE_corr 
TC 

(year) 

Comb.  
fatigue 

damage 

Total 
fatigue 

Damage 

Fatigue 
Life 

(year) 

Full 100 0.5 0.85 7.04E+07 0.057 0.230 10 0.126 

0.127 119.1 Normal B 100 0.2 0.85 7.04E+07 0.000 0.001 10 0.000 

Heavy B 100 0.3 0.85 7.04E+07 0.000 0.001 10 0.000 

 

S-N Curve C class 

Loading  
Condition 

stress 
range 

(N/mm2) 
S-N Curve 

Weibull 
parameter 

LC ȹůFS ȹůq ȹm n ɛ(j) K2air mair K2corr mcorr ɝ 

Full 43.3 78.2 2 0.1 0.493 4.23E+13 3.5 2.12E+13 3.5 1 

Normal B 9.3 78.2 2 0.1 0.028 4.23E+13 3.5 2.12E+13 3.5 1 

Heavy B 8.6 78.2 2 0.1 0.024 4.23E+13 3.5 2.12E+13 3.5 1 

 

Loading  
Condition 

Fatigue calculation cycle 
Damage Time  

corr. 
Fatigue Life 

in air Corr. 

LC NR Ŭ(j) f0 ND DE_air DE_corr 
TC 

(year) 

Comb.  
fatigue 

damage 

Total 
fatigue 

Damage 

Fatigue 
Life 

(year) 

Full 100 0.5 0.85 7.04E+07 0.008 0.049 10 0.025 

0.025 520.8 Normal B 100 0.2 0.85 7.04E+07 0.000 0.000 10 0.000 

Heavy B 100 0.3 0.85 7.04E+07 0.000 0.000 10 0.000 
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Table 4-54 Detail of Fatigue strength calculation. 

(ῴ No.1Hold Fr.240) 

Calculation for Fatigue stress range 

The Fatigue stress range, ȺɨFS,i(j), is taken according to 4.3.1.1. 

 

Loading 
Condition 

Wave 
Case 

Hot spot stress 

stress range (N/mm2) mean stress (N/mm2) 

LC Wave ȹůHS,i(j) ůmean,i(j) ůmcor,i(j) 

Full HSM-1 96.4 -5.9 -5.9 

Full HSM-2 100.4 11.3 11.3 

Normal B BSP-P1 48.5 -60.0 -60.0 

Normal B BSP-P2 50.7 33.5 33.5 

Heavy B HSM-1 44.6 -64.0 -64.0 

Heavy B HSM-2 57.6 49.2 49.2 

 

Loading  
Condition 

Wave 
Case 

Correction factor 

  mean thickness correction load case  weld support 

LC Wave fmean,i(j) fthick fC f1,2 fW fS 

Full HSM-1 0.875 1 0.95 1 0.96 0.95 

Full HSM-2 0.911 1 0.95 0.9 0.96 0.95 

Normal B BSP-P1 0.405 1 0.95 1 0.96 0.95 

Normal B BSP-P2 0.989 1 0.95 0.9 0.96 0.95 

Heavy B HSM-1 0.326 1 0.95 1 0.96 0.95 

Heavy B HSM-2 0.988 1 0.95 0.9 0.96 0.95 

 

Loading  
Condition 

Wave 
Case Fatgue stress range (N/mm2) 

LC Wave ȹůFS,i(j) max.ȹůFS,i(j) 

Full HSM-1 73.08 
73.1 

Full HSM-2 71.34 

Normal B BSP-P1 16.99 
39.1 

Normal B BSP-P2 39.07 

Heavy B HSM-1 12.60 
44.4 

Heavy B HSM-2 44.36 
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Table 4-55 Detail of Fatigue strength calculation. 

(ῴ No.1Hold Fr.240) 

Calculation for Fatigue life 

The Fatigue Life, TF, is taken according to 4.3.1.3 and 4.3.1.4. 

 

S-N Curve D class 

Loading  
Condition 

stress 
range 

(N/mm2) 
S-N Curve 

Weibull 
parameter 

LC ȹůFS ȹůq ȹm n ɛ(j) K2air mair K2corr mcorr ɝ 

Full 73.1 53.4 2 0.1 0.787 1.52E+12 3 7.6E+11 3 1 

Normal B 39.1 53.4 2 0.1 0.430 1.52E+12 3 7.6E+11 3 1 

Heavy B 44.4 53.4 2 0.1 0.509 1.52E+12 3 7.6E+11 3 1 

 

Loading  
Condition 

Fatigue calculation cycle 
Damage Time  

corr. 
Fatigue Life 

in air Corr. 

LC NR Ŭ(j) f0 ND DE_air DE_corr 
TC 

(year) 

Comb.  
fatigue 

damage 

Total 
fatigue 

Damage 

Fatigue 
Life 

(year) 

Full 100 0.5 0.85 7.04E+07 0.437 1.110 10 0.706 

0.824 28.3 Normal B 100 0.2 0.85 7.04E+07 0.015 0.068 10 0.036 

Heavy B 100 0.3 0.85 7.04E+07 0.038 0.149 10 0.082 

 

S-N Curve C class 

Loading  
Condition 

stress 
range 

(N/mm2) 
S-N Curve 

Weibull 
parameter 

LC ȹůFS ȹůq ȹm n ɛ(j) K2air mair K2corr mcorr ɝ 

Full 73.1 78.2 2 0.1 0.787 4.23E+13 3.5 2.12E+13 3.5 1 

Normal B 39.1 78.2 2 0.1 0.430 4.23E+13 3.5 2.12E+13 3.5 1 

Heavy B 44.4 78.2 2 0.1 0.509 4.23E+13 3.5 2.12E+13 3.5 1 

 

Loading  
Condition 

Fatigue calculation cycle 
Damage Time  

corr. 
Fatigue Life 

in air Corr. 

LC NR Ŭ(j) f0 ND DE_air DE_corr 
TC 

(year) 

Comb.  
fatigue 

damage 

Total 
fatigue 

Damage 

Fatigue 
Life 

(year) 

Full 100 0.5 0.85 7.04E+07 0.102 0.307 10 0.184 

0.207 81.1 Normal B 100 0.2 0.85 7.04E+07 0.002 0.014 10 0.007 

Heavy B 100 0.3 0.85 7.04E+07 0.006 0.032 10 0.016 
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4.3.3 ⌐ ∆╢  

≢ ∫√ C ≥Ⱪכ◌ D ╩Ⱪכ◌ ™√ ─ ≢│ C ╩Ⱪכ◌ ℮↓

≤⌐╟╡ ⅜ ⅝ↄ ∆╢↓≤⅜╦⅛∫√ ↓─↓≤⅛╠Ⱪꜝ☻♩ ╩

⇔√ ⌐ ⇔≡ ─ ╟╡╙ ↕™ ≢ ∂ ╩ ╢≤

ⅎ╠╣╢ ↓╣⌐╟╡ ⌐ ∆╢ ─ ⅜ ≤⌂╢ ≢│ ↓─

⅜≥─ ⌐⌂╢⅛╩ ≤ ∂ ≢ ⇔√  

 

(1) ꜡fi☺ 

4.3.2.2 ≢ ⇔√ ─ ⌐≈™≡ ╩ ⇔√ ⌐⅔↑╢

S-N ╩ C ≡⇔≥Ⱪכ◌ ∕╣≢ ╩ ╢ ╕≢ ─ ⅛

╠◘▬☼♄►fi╩ ∫√ √∞⇔ ⌂≥─ ─ ╙ ↕∑╢╟℮⌐

╩ ╘√√╘ C ╩Ⱪכ◌ ™≡ ∫√ ─ │ 25 ╟╡ ⌐ ⅝

ↄ⌂∫√ ∕╣∙╣─ ─ ╩ Table 4-56~Table 4-58 ⌐ ∆  
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Table 4-56  No.4 Hold Fr.117+500mm 

S-N Curve Scantling(gross) 
TF (>25) 

(year) 

D Curve web 350.0x11.0 + face 200.0x19.0(KA36) 25.70 

ѝ 

C Curve web 350.0x11.0 + face 125.0x16.0(KA36) 50.81 

 

Table 4-57  No.3 Hold Fr.139+500mm 

S-N Curve Scantling(gross) 
TF (>25) 

(year) 

D Curve web 420.0x15.0 + face 200.0x22.0(KA36) 25.08 

ѝ 

C Curve web 350.0x11.0 + face 125.0x19.0(KA36) 42.58 

 

Table 4-58  No.2 Hold Fr.181+500mm 

S-N Curve Scantling(gross) 
TF (>25) 

(year) 

D Curve web 350.0x15.0 + face200.0x22.0(KA36) 25.30 

ѝ 

C Curve web 350.0x11.0 + face 125.0x19.0(KA36) 42.53 

 

 

⅜ ⅜╢↓≤⌐╟╢ ┼─ │ ∆═≡─ ꜡fi☺⅜ ⌐⌂╢≤

⇔≡ ⇔√ ↕ │ ─ │ ⌐ ╦∑≡™╢  

꜡fi☺─ ╩ Table 4-59 ⌐ ∆ ↓─ ⅛╠ No.4 Hold ≢ 28.4ton No.3 

Hold ≢ 47.9ton No.2 Hold ≢ 47.1ton ≤™∏╣╙ ⌂ ⅜ ≢⅝╢  
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Table 4-59 Weight impact of Bottom Longitudinal Stiffener 

Hold 
Bottom 

Longl. Size 

Length 

(mm) 

Area 

(mm2) 

Area 

difference 

(mm2) 

Number 

of 

Bottom 

Longl. 

Weight 

difference 

(ton) 

Total 

weight 

difference 

(ton) 

No.4H 

W 350x11.0 

F 200x19.0 
33620 

7650 

1800 38 18.1 

28.4  

W 350x11.0 

F 125x16.0 
5850 

W 420x15.0 

F 200x22.0 
7780 

10700 

4475 38 10.4 
W 350x11.0 

F 125x19.0 
6225 

No.3H 

W 420x15.0 

F 200x22.0 
35880 

10700 

4475 38 47.9 47.9 
W 350x11.0 

F 125x19.0 
6225 

No.2H 

W 420x15.0 

F 200x22.0 
15220 

10700 

4475 38 20.3 

47.1  

W 350x11.0 

F 125x19.0 
6225 

W 350x15.0 

F 200x22.0 
26180 

9650 

3425 38 26.7 
W 350x11.0 

F 125x19.0 
6225 
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(2) ≤ⱱ♇Ɽכ♃fi◒─ ≤ ─≥ꜟכ♠☻  

4.3.2.2 ≢ ⇔√ ─ ⌐≈™≡ ╩ ⇔√ ꜡fi☺≤ ⌐

⌐⅔↑╢ S-N ╩ C ≡⇔≥Ⱪכ◌ ─ ⅛╠ ╩

╢ ╕≢◘▬☼♄►fi╩ ∫√ ꜡fi☺≤ ⌐ ⌂≥─∕─ ─

╙ ↕∑╢╟℮⌂ ≤⇔√ ∕╣∙╣─ ─ ╩ Table 4-60 ⌐

∆  

 

Table 4-60 Comparison of Inner bottom scantling due to difference of applied S-N curves for 

fatigue strength. 

 

 

D curve C curve 

Weight impact 

(ton) 
 

Plate 

thickness 

(mm) 

Material Fatigue 

life 

(year) 

Plate 

thickness 

(mm) 

Material Fatigue 

life 

(year) 

Ῥ 23.5 KA36 25.1 23.0 KA36 62.0 1.3 

῭ 25.5 KA36 25.5 23.0 KA36 52.5 5.8 

΅ 25.5 KA36 32.6 23.0 KA36 96.7 6.2 

` 30.5 KA36 26.5 23.0 KA36 38.4 38.1 

ῲ 23.0 KA36 55.4 23.0 KA36 198.7 0 

ῳ 23.0 KA36 119.1 23.0 KA36 520.7 0 

ῴ 23.0 KA36 28.3 23.0 KA36 81.1 0 

 

─ ꜡fi☺ ┘ ≤ⱱ♇Ɽכ♃fi◒ ─ꜟכ♠☻ ≢│™

∏╣╙ C ≢Ⱪכ◌ ⇔√ ─ │ ⌐ ∆╢ ⅜

≢№╢↓≤⅜ ↕╣√ ↓╣│ ≢ ⇔√ 51.4ton │ ⌐⌂╢≤ ℮↓

≤⌐⌂╢ ↓─ │ Ⱪꜝ☻♩ ╩ ∆╢ ≢ S-N ⅜ ꜝfi◒ →

≡ ╢─≢№╣┌ ⌐⅔™≡ ╩ ⇔ ─ ╩

≢⅝╢↓≤╩ ⇔≡™╢  
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4.4  

≢│ ≢ ╠╣√ ╩ CSR BC & OT ─ S-N ⌐ⱪ꜡

♇♩⇔≡≥─ ─ ⅜№╢─⅛╩ ⇔√ ╕√ S-N ╩ D ⅛Ⱪכ◌

╠ C ⌐Ⱪכ◌ ⅎ≡ ╩ ≢ ™ ─ ≢─ ─

─ ╩ ∫√  

╠╣√ ─ ╩ ⌐ ∆  

 

1) T ┘ ∑ ─ ╟╡ ╕╕≤Ⱪꜝ☻♩ ╩ ⇔√

│ CSR BC & OT ─ S-N ─ D ≥Ⱪכ◌ C Ⱪכ◌ ─ ⅜

╠╣√  

 

2) ─ ≢ ⅜ ⇔™ ⌐≈™≡ D ╩Ⱪכ◌ C ⌐Ⱪכ◌ ⅎ≡

╩ ℮≤ ⌐ 2.6 4.4 ─ ⅜ ╠╣√  

 

3) ⌐╟╡ ⅜ ╕∫≡™╢ ⌐ ⇔≡ ╩ C ≢Ⱪכ◌ ℮

≤ ⅜ ╘╢↓≤⅜╦⅛∫√ ⌂⅔ ↓─ │ ≢╙ ≤

─ ⅜ ╠╣╢≤⇔√ ─ ≢ ╠╣√╙─≢№╢↓≤⌐

∆╢ ⅜№╢  
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5    
 

≢│ ─ ─ ≈≢№╢Ⱪꜝ☻♩ ⅜ Ⱨכ♬fi

◓ ⌐╟╢ ─ ⌐╟╢ ─ⱷ◌♬☼ⱶ≤ ─ ╩

⌐ ∂≡™╢─⅛ ╩ ∫√ ╕╕ Ⱪꜝ☻♩ Ⱨכ♬fi◓

╩ ∫√ ╩ ⇔ ─ ╩ ┘ ╩ ∫√ ╕

√ ⅛╠Ⱪꜝ☻♩ ⌐╟╡ ⅜ ╠╣√√╘ ≢№

╢ CSR BC & OT ─ ⌐⅔™≡ S-N ⅜ 1 ∆╢≤ ⇔√

≤⅝─ ⌐ ∆╢ ┘∕╣⌐╟╢ ─ ╩ ⇔√  

╩ ∂≡ ╠╣√ │ ─ ╡≢№╢  

 

1) Ⱪꜝ☻♩ ╩∆╢↓≤⌐╟╡ ─ │ ╕╕─╙─╟╡

╙ ≤⌂╢↓≤╩ ⇔√  

 

2) Ⱨכ♬fi◓ ╩⇔√ ≢│ ⅜ ⅝ↄ ≤⌂╢⅜ Ⱨכ♬fi

◓ ╩⇔√ ─╖≢№╡ №╢ ╣√ ≢│Ⱪꜝ☻♩ ⇔√ ─

⅜ │ ≢№∫√  

 

3) ─ Ⱪꜝ☻♩ ╩ ∫√ │ ⇔√ ⌐╦√╡ ─

⅜ ⇔≡™╢↓≤╩ ⇔√ ╕√Ⱨכ♬fi◓ ╩ ∫√ ≢│

≢ ⅝⌂ ⅜ ⇔≡™╢↓≤╩ ⇔√  

 

4) → ─ │ ⌐Ⱪꜝ☻♩ ⌐╟╡ ╕╕╟╡╙

⅜ ∆╢↓≤╩ ⇔√  

 

5) ─ KA ≤ KA36 ≢ ─ │ ™↓≤

╩ ⇔√  

 

6) T ┘ ∑ ─ ╟╡ ╕╕≤Ⱪꜝ☻♩ ╩ ⇔√

│ CSR ─ SN ─ D ≥Ⱪכ◌ C Ⱪכ◌ ─ ⅜ ╠╣√  
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7) ─ ≢ ⅜ ⇔™ ⌐≈™≡ D ╩Ⱪכ◌ C ⌐Ⱪכ◌ ⅎ≡

╩ ℮≤ ⌐ 2.6 4.4 ─ ⅜ ╠╣√  

 

8) ⌐╟╡ ⅜ ╕∫≡™╢ ⌐ ⇔≡ ╩ C ≢Ⱪכ◌ ℮

≤ ⅜ ╘╢↓≤⅜╦⅛∫√ ⌂⅔ ↓─ │ ≢╙ ≤

─ ⅜ ╠╣╢≤⇔√ ─ ≢ ╠╣√╙─≢№╢↓≤⌐

∆╢ ⅜№╢  

 

─ ─ ≤⇔≡ Ⱪꜝ☻♩ ⌐╟╡ ─ ⅜№╢↓≤╩

⇔√ ╕√ ⌐ ∆╢ ╩ ™ Ⱪꜝ☻♩ ╩ ∆╢↓≤⅜

⌐ ╓∆ ⅝⌂ ⅜№╢↓≤╩ ⇔√  

≢ ─ ≤⇔≡│ ─ ╛ ─ ─ ╩ ╛∆↓≤

≢ ─ ─ ↕∑╢↓≤⅜ →╠╣╢ ─ ≢│

≢─Ⱪꜝ☻♩ ⌐╟╢ ┼─ ⌐≈™≡│ ⇔≡™⌂™√

╘ ─ ⅜ ≢№╢≤ ⅎ╢ ╕√ ⌐ ≢─ │⌂™╙──

≢ ⌐ ⇔√ ⌐ ⅜ ⌐ ⇔ Ⱪꜝ☻♩ ╛Ⱨכ♬fi◓ ⌐╟

╡ ↕╣√ ⅜ ↑╢≤ ℮ ₁─ ⅜ ↕╣≡™╢ ∕─√╘

─ ≢─ ⌂≥─ ╩ ⇔ ∆

╢↓≤╙ ─ ≤⇔≡ →╠╣╢  

─╟℮⌂ ╩ ╖ ⌡≡™ↄ↓≤≢ Ⱪꜝ☻♩ ⌐╟╢ ⅜

CSR BC & OT ⌐ ≤⇔≡ ╘╠╣╢↓≤⅜ ╣┌

≢ ╦╣≡™╢Ⱪꜝ☻♩ ⌐╟╡ ⌐ ╩ ↕∑╢↓≤⅜

≡ ╩ ⌐ ℮↓≤⅜ ╢╟℮⌂╢↓≤⅜ ↕╣╢  
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│ ◦☻♥ⱶ   ─

─ ⌐ ╦╣√╙─≢№╢ ╩ ∆╢⌐№√∫≡ ⌂ ≤

╩ ⅝╕⇔√↓≤⌐ ╟╡ ⇔ →╕∆  

─ ⌐№√╡ ⌂ ╩ ⅝╕⇔√

◦☻♥ⱶ    

  ⌐ ↄ ⇔ →╕∆  

─ T ─ ≢ ╩ ™√

─  ◦☻♥ⱶ

◦☻♥ⱶ  ┘

♩ꜜ♃ ⌐ ─ ╩ ⇔╕∆  

 ∑ ─ ≢│ ─ ─ ⌐ ∆╢

╩ ™√   ⌐

─ ╩ ⇔╕∆  

 ─ ┘ ─ ┘ ⌐ ⅝

─ ╩ ⅔ ™⇔≡╙ ↄ ⅝ ↑≡ ⅝╕⇔√ ─

 ♦▫◌☻♃♦▬fi  ⌐│ ─ ╩ ⇔╕∆  

 ⌐ ─ ╩ ⅎ≡ ™√   

  ⌐ ─ ╩ ⇔╕∆ ╕√ ⌐ √╡ ⅛™

≤ ╩ ™√ ─ ⌐ ↄ ─ ╩ ⇔╕∆  
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