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1.1 ─  

 ◗ⱶ │ ─ ╛ ♪ꜟⱨ▫fi⌂≥⌐⅔™≡ ∆╢ ─ ◄Ⱡꜟ◑כ

╩ ⇔⁸ ≤ ─ ⌐⅔™≡ ╩ ∆╢◗ⱶ ─ ≢№╢⁹ │ ◄

Ⱡꜟ◑כ╩ ∆╢ ™ ⅜⌂ↄ ╛ ♃▬ꜘ⌂≥⅜ ╦╣≡™√⅜◗ⱶ ─

⌐╟∫≡ ⌐ ⇔ ─ ⌐ ⇔≡◗ⱶ ╙ ↕ 3m ⌐ ∆╢ ◘▬

☼╙ ↕╣ │╙≤╟╡ ─ ≤⇔≡╙ ↕╣≡™╢⁹ 

◗ⱶ │ ─ ─ ≢╙ ╛◖fi◒ꜞכ♩⌐ ═≡∕─ ╛ ⅜

⌂╢√╘₈ ─⇔╣⌂™ ₉≤™℮ ⅎ╠╣ ╩↕╣╢↓≤⅜ ™⁹⇔⅛⇔◗ⱶ

⅜ ↕╣ ╘≡⅛╠ 60 ⅜ ∫≡⅔╡◘▬☼╙◖☻♩╙ ⅝ↄ⌂╢≤≤╙⌐

─ ⁸⇔™≡│ ─ ╩ ℮ ─ ≤⇔≡─ ╙ ↄ⌂∫≡™╢⁹◗ⱶ

─ ⌐ ⇔≡│ ─ ─ ─ ה 1 ⁸British Standard2 ⌂≥

⌐ ⅜№╡⁸╕√ PIANC ─●▬♪ꜝ▬fi 3 ≢│ ─╖⌂╠∏ ⌐

≈™≡╙ ⌐ ╘╠╣≡™╢⁹⇔⅛⇔ ≢ ה ⌐ ∆╢ │ ™∏╣

╙ ≢│⌂™⁹ 

◗ⱶ │ ⁸ ⁸ ♀Ⱡ◖fi ⅜ ⌂∫≡™╢↓≤

⅜ ↄ∕╣∙╣─ ╙ ⌂╡⁸ ─ ╙№╕╡ ↄ ↕╣╢↓≤│⌂⅛

∫√⁹ ≤⇔≡│ 5 25 ─ ≤⇔√ ⅜⌂↕╣╢∞↑≢ ⌐≥─

─ ╩ ∆═⅝⌂─⅛ ╡ ≤⌂╢ ⅜⌂™─⅜ ≢№╢⁹ ≢⁸◗ⱶ

│ ≢№╡ ╛◖fi◒ꜞכ♩⌂≥─ ≤ ═╢≤ ⌐╟╢ │ ™⁹∕

╣≢╙ ⌂ ─ ⅜ ∆╢╕≢ │⅛⅛╢─≢ ╩ ─ ≤⇔≡

∆╢ ≢ ∆╢═⅝ ⌂ ╛∕─ ⅜⌂↑╣┌ ⌂ ─

╩ ←↓≤╙ ⇔ↄ⌂∫≡⇔╕℮⁹ 

◗ⱶ │ ─◗ⱶ ⌐ ═≡ ≢№╢ ⌐ ─ ⇔™ ⌐ ↕╣╢⌐╙⅛

⅛╦╠∏ ⁸ ─ ⌂≥─ ∆╢ │ ⌂™⁹ ╠ 4) │ ─ V ◗ⱶ

⌐ ⇔≡ ─ ⌂ ╩ ™⁸ ─ ─ ─ ╩

∆╢≤≤╙⌐ ╩ 20~25 ≤ ⇔≡™╢⁹↓─ │ British 

Standard2 ╛ PIANC ─●▬♪ꜝ▬fi 3 ⌐⅔™≡↕╠⌐ ⇔ ─ ⌐╟∫≡◗ⱶ

─ ╩ ∆╢ ⱴ♬ꜙ▪ꜟ 5)≤⇔≡ ↄ ↕╣≡™╢⁹⇔⅛⇔⌂⅜╠∕╣

╠│ ⌐╟╢ ⌂─≢ ⌐◗ⱶ ─ ≤™℮ ⅜≥─ ⇔≡™

╢⅛╩ ∆╙─≢│⌂™⁹ 

⁸ ─ ─◗ⱶ ≢│ ─◗ⱶ ⌐ ⇔≡™ↄ≈⅛ ⅜№╢⁹

╠ 7),8) │ ╖◗ⱶ ─ ⁸◗ⱶ ─ ⁸ ⌐╟

╢ⱣⱠ ─ ⌂≥ ⌂ ╩ ∫≡™╢⁹⇔⅛⇔⌂⅜╠◗ⱶ │ ⁸

⁸ ⌂≥⅜◗ⱶ ≤│ ⌂∫≡⅔╡ ≤™℮ ⇔™ ≢ ↕╣╢
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╩ ⇔√ ╩ ⁸ ⇔≡™╢⁹ ─ │╙≤╟╡⁸ ─

─ ╙ ⇔√⁹ ─ ─╖⌂╠∏⁸12 ─ │ ⇔

─ ╩ ⁸◗ⱶ─ ─ ↕ ─ ╩ ⇔≡™╢⁹ ⌐

╖ ─ ─ │№╢⅜ ─ ─╖≢№╡⁸ 1 45 ╕≢─

49 38 ⁸ 11 ⌐ ╢ │ ⅜⌂™⁹ ≤⇔≡ ─

≢│ 30 ≤™℮ ─ ⅜ ╠╣√⁹ ⁸ ─ ╛⅛⌂ ≢

│ 30 ╩ ⅎ≡╙ ⌐ ╠╣√╟℮⌂ ⌂ │ ↄ ─ ⅜ ↕╣√⁹

╕√⁸ 1 ─ ⅜ ⌐ ™╙─⅜ ╠╣√√╘ ─ ≤

⇔≡ ╩ ╘≡ ⇔≡™╢⁹ 

 4 ≢│ ─ ─ ╩ ⇔√⁹╕∏◗ⱶ ─ ╩ ∫≡

◄Ⱡꜟ◑כ╩ ╘╢⁹↓─ ⅜▪꜠♬►☻─ ⌐ ≠™√ ♦⸗ꜟכ◔☻)

ꜟ)⁸FEM⁸ ⌂≥─ ─ ≤⇔≡ ↕╣╢⁹ ─ ⌐╟

╢ ─ ─ ⁸↕╠⌐ FEM ⌐╟╢ ─ ╩ ⇔√⁹FEM ⌐│◗ⱶ

Ⱪ꜡♇◒─ ⌐╟∫≡ ↕╣√ ─ ↕ ─ ╩ ⇔ ─ ─

─ ╩ ⇔√⁹ ≤⇔≡ ─ ⌐╟╢ │ 50 70 ≤ ↕╣⁸

∕╣╕≢─ ─ ⅜ ⌐⌂∫√⁹╕√⁸ ⌐⅔™≡╙ 1 ─

⅜ ╘╠╣√⁹↓╣│ ≢ ╘≡ ╡ →≡™╢⁹ 

 5 ≢│ ─ ╩ ⇔⁸ ⅜ ≤≤╙⌐ ⇔⁸╛⅜≡ ⌐

╢╕≢─ ╩ ⇔√⁹ │ ╩ ⇔√ ╩ ™⁸ ─

⅛╠ ╩ ⇔√ ╩ ⇔√⁹ ⁸◗ⱶ ─ │

⌐ ╢╕≢ ™ ⅜⅛⅛╡ ↕╣╢ ⅜ ╣⇔√ ⌐⌂╢↓≤⅜№∫√⁹ 

╩ ∆╢↓≤⌐╟╡ ⌐ ™ ⅜ ╠╣╢╟℮⌐⌂∫√⁹↕╠⌐

╛ ⁸ ─ ⌂≥─ ╩ ⇔√ ─ ─ ⁸↕

╠⌐ ─√╘◄Ⱡꜟ◑כ ⌐╟╢ ⇔™ ─ ╙ ⇔√⁹ 

 6 ≢│⁸ ⌂≥⌐╟∫≡ ╠⅛⌐⌂∫√ ⌐╟╢ ⌐≈™

≡ ⇔≡™╢⁹ ↕╣⌂™ ≤∕─ ─ ─ ╩ ⇔√⁹↓─

│ ⌐⅔™≡ ⌂ ≤ ⌐⅛⅛╢ ─ ⌐ ∆╢↓≤≢№╢⌐╙⅛⅛

╦╠∏ ╕≢ ↕╣≡™⌂⅛∫√─≢↓─ ≢ ⇔√⁹ ∑≡⁸ ─ ⇔⌐╟╢

⌐ ╩ ∆╢ ⅜№╢⅛≥℮⅛╩ ∆╢√╘ ⌐⅔™

≡ ⌐≥─╟℮⌂ ╩∆╢⅛╩Ɫ▬Ⱪꜞ♇♪◦Ⱶꜙ꜠כ◦ꜛfi⌐╟╡ ⇔√⁹ 

7 ≢│⁸ ⁸ ≢№╡⌂⅜╠ ╕≢ ↕╣≡™⌂⅛∫√ ≢─

─ ─ ╩ ∫≡™╢⁹ ⁸ ⁸ ⁸

⌂≥⅜ ↕╣√⁹◗ⱶ ╩ ╡ ⇔≡ ⇔⁸ ╩⇔≡⅛╠ ∆

╢─│ ™ ≤◖☻♩⅜⅛⅛╡∕─ ─ ⌐╙ ⅜≢╢⁹ ≢ ⌐

⅜≢⅝⁸ ╩ ≢⅝╣┌∕─ⱷꜞ♇♩│ ⅝™⁹ ≤⇔≡│ ⌐╟∫≡

╠╣√ ─☻Ɑ◒♩ꜟ ⅜ ─ ─ ╩ ⇔≡™╢↓≤⅜ ∫√⁹ 
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 8 ≢│⁸ ≢ ╠╣√ ╩ ⇔ ─ ╩ ∆↓≤≢ ≤⇔√⁹ 
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2 ◗ⱶ ─ ≤  

 

2.1 ◗ⱶ ─  

 ↓─ ≢│ ─ ╩ ⌐∆╢√╘◗ⱶ ─ ⌂ ≤∕─ ⌐≈™≡

∆╢⁹ ℮╕≢╙⌂ↄ◗ⱶ ─ ─ ⌂ │ ⇔≡ↄ╢ ─ ◄Ⱡ

כ◑ꜟ ↓╣╩ ◄Ⱡꜟ◑כ≤ ┬ ╩ ∆╢↓≤≢№╢⁹↓╣╩▬ꜝ☻♩≢

∆≤ 2.1 ─╟℮⌐⌂╢⁹ ─ ╩ M ≤⇔≡ ╩ x ≤∆╣┌↓─ │

(2.1)─╟℮⌐⌂╢⁹ 

 

0� ������ FKxxNxM sss
������                      (2.1) 

 

VB  

Ce,Cm,Cc,Cs ◄Ⱡꜟ◑כ⌐ ╢ ⁸ ⌂≥─  

xs  ─  

M  ─  

N  ─  

K  ─  

F   

 

⁸N⁸K⁸F ╩ 0≤⅔↑┌ ◄Ⱡꜟ◑כEB│ (2.2)─ ⌐ MVBה1/2
 2⌐⌂╢⁹ 

Ὁ ὓὠ                     (2.2) 

 

⌐│⁸ ─ ╛ │ 0 ⌐│⌂╠⌂™⅜ ╩│∂╘≤∆╢

⌐╟╢ ⌐╟∫≡ ─ ≤⇔≡ ⇔≡™╢⁹1) ⌂◗ⱶ ─

≤ ─◓ꜝⱨ │ 2.2 ⌐ ∆╟℮⌐⌂╢⁹↓─ ⌐⅔™≡

2.1 ─ ≤ ─  

 

B 

B 
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≤ (x )≤─ ─ ⅜ ◄Ⱡꜟ◑כ⌐⌂╢─≢ ─ EA│ EA֕EB─

╟℮⌐ ─ ◄Ⱡꜟ◑כEB╩ ╢ ⅜№╢⁹ 

 

 

 

─ R │ ╛ ∆╢ ─ ⌐ ≤⇔≡ ∆╢─≢ ↕™ ⅜ ╕

⇔™⁹ ≢ ◄Ⱡꜟ◑כEA│ ⅝™ ⅜╟╡ ⅝⌂ ◄Ⱡꜟ◑כ⌐ ≢⅝╢⁹

∕─√╘⌐ ─ │ 2.2 ⌐ ∆╟℮⌐ ─╟℮⌂ ╩⇔≡™╢↓≤⅜

™⁹↓─╟℮⌂ ─ │ ⌐◗ⱶ ─ ⌐╟∫≡ ↕╣≡™╢⁹↓─╟

℮⌂ ╩ ≤ ┘⁸ ◗ⱶ ─ ─ ⌐⌂∫≡™╢⁹ │

◄Ⱡꜟ◑כEA╩ R≢ ⇔√EA R╩ ∆╢╟℮⌐ ↕╣╢↓≤⅜ ™⁹

↓─╟℮⌂ ╩ ⁸ ╩ ≤ ┬⁹EA R │ 1 ↕─ ╩ ≈─

≢↓╣╩◗ⱶ ↕≢ ⇔≡ ⇔√ EA (RהH) ╩◄Ⱡꜟ◑כ ≤ ┘

⌐⅔↑╢◗ⱶ ─ ╩ ∆ ⌐⌂∫≡™╢⁹ 

 ⌐⅔↑╢ ─ ╙ ≢№╢⁹ ≢╙ │ (2.1)≤ ─

╩⇔≡™╢⅜ N⁸K⁸F ─ ⅜∕╣∙╣ 0 ≢│⌂ↄ ╩ ∫≡™╢√╘ ≤⌂╡

≢ ∆╢ ⅜№╢⁹↓╣╠─ ╩ ≤ ┘ ⌐⅔™≡ ₁

⌂ ⅜⌂↕╣≡⅔╡ │ ◄Ⱡꜟ◑כ╒≥ ≢│⌂™⁹ 1)≢│ ⌐

∆╢ (2.1)╩ (2.3)─╟℮⌐ ⇔≡™╢⁹ 

 

ὓ ά Њ ὢ ὸ    ὒ Ô ʐ ὢ ʐ Äʐ Ὀ Ô ὢ ὸ  ὅ Ὃ ὢ ὸ

 Ὂ ὸ  

                  (2.3) 

↓↓≢ 

Mij ─  

◄Ⱡꜟ◑כ EA 

R
 

(k
N

) 

 x (m) 

 

( ) 

2.2 ─ ≤ ─  
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─ │ ⌐ ╖ ∫≡⅔╡ ◦Ⱶꜙ꜠כ◦ꜛfi≢ ╩ ™⁸ ╩

∆╢╟℮⌂ ⅜ ╦╣≡™╢⁹ 

 

 

 

2.2 ◗ⱶ≤ ─ ≤∕─  

 ◗ⱶ─ │ 15 ⌐◖꜡fiⱩ☻⅜ ⅛╠ ∟ ∫√ ◗ⱶ⅛╠ ╕∫√≤™╦

╣≡™╢⁹∕─ 1839 ⅜כꜘ▬♪♇◓⌐ ╩ ⇔ 1904 Ⱳכ◌⅜♅♇ꜞ♪♇◓⌐

fi ╩ ∆╢↓≤≢ ⌐ ⅛╠ ╕≢◗ⱶ─ ╩ ⅛⇔√ ⅜ ⅜

∫≡™∫√⁹◗ⱶ ≤⇔≡─ │ 1954 ⌐╦⅜ ≢ 2.5 ⌐ ∆╟℮⌂

≢ │ 2.6 ─ ⌐ ⅜ ⌐≈╣≡ ∆╢ ≤ ┌╣╢ ≢№∫√⁹ 

 

 

2.6 ≢ ⅛╢╟℮⌐ ◄Ⱡꜟ◑כ ─ ⅜ 2.2≤ ═╢≤ ↕™⁹∕╣╕

≢─ ╛ ♃▬ꜘ≤ ═╣┌ │ ∕─ ╩ √⇔≡⅝√⅜⁸─∟⌐

⅜ ∆╢≤ ⌐ ⅝ ╦∫≡™∫√⁹ 

 ─ │ 2.7⌐ ∆╟℮⌂ V ≢№╡ 1965 ↔╤⌐ ↕╣√⁹

2.4 ─ ≤ ─  

2.5 ─  2.6 ─  
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│ 2.2 ─╟℮⌂ ≢№╢⁹ 

 

─ ⌐≈╣≡ ─ ⅜ ⌐ ╡ ╣╠╣╢╟℮⌐⌂∫≡⅝√⁹∕℮⌂

╢≤ 2.7 ─╟℮⌂ V ≢│ ─ ⅜ ╠╣≡™╢─≢ ⌐ ╓∆

⅜ 600 700 N/m
2 ≤ ↄ⌂╡∆⅞╢─≢ ↄ∆╢ ⅜ ≡⅝√⁹∕↓≢ ─◗ⱶ

─ │ 2.8⌐ ∆╟℮⌂ ⌐⌂╢⁹ 2.8│ ≤

┌╣ 1968 ⌐ ↕╣ ♃fi◌כ⌂≥ ⌐ ↄ ↕╣√⁹ ─ ╩

◗ⱶ ─ ⌐ ⇔≡∕─ ⅝↕⌐╟∫≡ ⌐ ⅎ╢ ╩ ∆╢⁹ 

 

2.7 V ─  

2.8 ─  
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│ ╩ ╖ ⌡≡ ≢╙ ─◗ⱶ ─ ≤⌂∫≡™╢⁹

≢ ⌂ ≤⇔≡™╢ ◗ⱶ ╙↓─♃▬ⱪ⌐⌂╢⁹ 2.9⌐ ─

╩ ∆⁹ 2.9⌐ ─ ≢ ⇔√╟℮⌐ │ ⅜ 50%≢№∫√⅜⁸ ─

⌐╟╡ 55%⁸↕╠⌐ fiכ◖╠⅛ ( )⌐⌂╢↓≤≢ 70% ╕≢

┘≡™╢⁹ ⇔√◄Ⱡꜟ◑כ EA (RהH) ≢ ∆≤ ─ ⅜ 0.2⁸V

⅜ 0.35 0.37⁸ ⅜ 0.44⁸ fiכ◖─ ≢ 0.55 ≢№╢⁹ 

 

 

2.3 ◗ⱶ ─  

 ◗ⱶ│ ≢№╡ ⌐ ◗ⱶ(NR)│◗ⱶ─ ⌐Ɽꜝ◗ⱶⱡ◐ ⁸ ─◗

ⱶ─ ≤│ ⌂╢ ─ ꜝ♥♇◒☻ ⅛╠ ╠╣╢™╦┌₈ ₉─ ≢╙№╢⁹

◗ⱶ│ ◗ⱶ╩╕⌡≡ ⅛╠ ↕╣√╙─≢№╢⅜ ⌐ ╦∑≡ ↄ─

⅜ ↕╣≡™╢⁹◗ⱶ │ ◗ⱶ(NR Natural Ruuber)≤ ◗ⱶ─ ≢╙☻♅꜠

fiⱩ♃☺◄fi◗ⱶ SBR Styrene Butadiene Rubber ≤ ┌╣╢ 2 ─ ≢№╢↓≤⅜

™⁹ ─ ≢№╢↓≤⅛╠≥℮⇔≡╙◖fi◒ꜞכ♩─╟℮⌂ ⌐ ═

╢≤ ⇔╛∆™ ≢№╢⁹ 

 │ ◗ⱶ╩ ⌐≤╢≤ 2.10─ ⌐⌂╢⁹ 

 

 

2.9 ─ ─  

50% 55% 70% 

2.10 ◗ⱶ NR ─  
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◗ⱶ─ ⌐│ ₁⌂ ⅜№╢⅜ ⅎ┌ ─ ⌐≈™≡│ ⅜ⱨꜞכꜝ☺

◌ꜟ ≤⌂╡ ╩ ⅝ ╢ ⅜ ╠╣≡™╢ 2)⁹ ─ ⅝ ⅝⌐╟╢

│ 2.11 ─ ⌐ 2 ─ ─ ≢ ↓╡↓╣⌐╟∫≡◗ⱶ │ ↕╣◗ⱶ─

│ ⅜∫≡╝ↄ⁹ 

  

 

◗ⱶ│ ─ ≢№╡ 2.10─╟℮⌂ ⅜╡⅜ ─ ⌐ ↄ ™≡™╢⁹

≤│ ─ ⅜◗ⱶ─ ⅝ ╡≤ ∂ ⌐ ⇔⁸ ™ ╩ ⌐ →╢

─↓≤≢№╢⁹↓─ ⁸ │ ≤⌂╡ ⅜ ⇔◗ⱶ

─ ╩ ≈╟℮⌐⌂╢⁹ ◗ⱶ─ ─ ─ ╩ 2.12 ⌐ ∆⁹

⅜ ≈─ ╩⁸⸗ⱡ☻ꜟⱨ◊▬♪ ⁸2 ╩☺☻ꜟⱨ◊▬♪ ⁸3 ╩ⱳꜞ

☻ꜟⱨ◊▬♪ ≤™℮⁹ ─ ⅜ ™≤ ─ ⅜ ⇔Ⱪꜝ►fi ╩⇔╛∆™─

≢ ╛ ⅝ ⅝⌂≥─ ⌐ ╣╢⁹ ╦╡⌐ ⇔╛∆™⌂≥─ ╙№╢⅜

─◗ⱶ │↓─ⱳꜞ☻ꜟⱨ◊▬♪ ╩ ⇔≡ ╠╣╢↓≤⅜ ™⁹ 

 

₁─ │ 8 ─ ⅜ ⌐ ⇔≡⅔╡ 8 ≤ ┌╣╢⁹↓╣⅜ ⌐╟╡

™≡ꜝ☺◌ꜟ≤⌂╡◗ⱶ ─ ≤ ∆╢⁹ ∫≡ │ⱳꜞ☻ꜟⱨ◊▬♪

⅜ ™⁹∕╣⅜ ─ ╛ ─ ⌐╟∫≡ ⅜ ⇔≡╟╡ ⌂☺☻ꜟⱨ

◊▬♪ ╛⸗ⱡ☻ꜟⱨ◊▬♪ ⌐ ⇔≡╝ↄ⁹ 3 │ ⌐╟∫≡ ⌐

∆╢ ─ ─ ╩ 2.13 ─╟℮⌐ ⇔√⁹ 2.13 ⌐╟╣┌ ─

⌐│☺☻ꜟⱨ◊▬♪ ╛⸗ⱡ☻ꜟⱨ◊▬♪ │ ⌂ↄ⁸№╢ ⅜ ╪≢⅛╠ ⌐

⇔≡╝ↄ ⅜╦⅛╢⁹ 

2.11 ⅝  

2.12 ◗ⱶ─  
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◗ⱶ ⅜ ⇔≡ ╩ ↑⁸↓─ⱳꜞ☻ꜟⱨ◊▬♪ ─ ⅜ ↕╣≡╙ ─

≤≤╙⌐ ⇔≡╝ↄ⁹√∞⇔⁸ ─ ⅜ ⇔☺☻ꜟⱨ◊▬♪ │⸗ⱡ

☻ꜟⱨ◊▬♪ ┼ ╦∫≡╝ↄ√╘⌐ ⅜ ⅜∫≡ ↄ ↄ⌂╢⁸≤ ⌐

─ ⅜ ╡Ⱪꜝ►fi ⅜ ↕ↄ⌂╢√╘ ⌂≥─ ⅜ ⇔ ↄ⌂╡⁸╟

╡ ─ ╩ ∆╢ ⅜№╢⁹╕√⁸ ⌐⅔™≡ ─╕╕≢№∫√

╙ ⇔≡⅔╡ ≢╙ ⅛↑≡╝∫ↄ╡≤ ╩ ↑⁸ ╙╟╡ ⌂

⸗ⱡ☻ꜟⱨ◊▬♪ ⅜ ⇔≡╝ↄ⁹↓╣╠│◗ⱶ ╩ ⇔ ↕∑╢ ╟╡╙

⅝ↄ ⌐◗ⱶ╩ ↕∑╢ ⌐ ∆╢─≢◗ⱶ ─ │ ≤≤╙⌐

⇔≡╝ↄ≤ ↕╣╢⁹ 

 ⁸◗ⱶ⅜ ∆╢ │ ⌐╟╢ ─ ─ ⌐│ ⌐╟╢ ⅜

№╢⁹Ⱶ◒꜡⌐╖╢≤◗ⱶ─ ─ │ ≢│⌂ↄ ₁⌂ ╛ ⅜ ⇔≡™╢⁹

◗ⱶ⅜ ╩ ↑╢≤∕─╟℮⌂ ⌐╟╢ ⌂ ─ ⅜ ↓╢⁹∕─

╟℮⌂ ╩Ⱶ◒꜡Ⱳ▬♪≤ ┘∕╣⅜ ⇔≡Ⱶ◒꜡◒ꜝ♇◒─ ⌐⌂╢⁹∕↓⌐

⅜ ↓╡ⱴ◒꜡◒ꜝ♇◒⌐ ⇔⁸╛⅜≡ ⌂ ≤⌂╡╙℮ ⅜

⌐ ∫≡╙ ─╟℮⌂ │ ↓╠⌂™⁹ ─ │ ╩ ≡ ⇔≡╝ↄ↓

≤⌐⌂╢⅜◒ꜝ♇◒│ ⇔⌂™─≢◗ⱶ│ ⇔√╕╕ │ ⇔≡╝ↄ⁹ 

 ↓─╟℮⌐◗ⱶ ─◗ⱶ│ ≤≤╙⌐ ∆╢ ≤ ∆╢ ⅜ ⇔

↕╠⌐ ⌂ ≤ ⌂ ⅜№╢─≢∕╣╠⅜≥─╟℮⌐ ⌐

⇔≡ↄ╢⅛│ ↑╢ ⌐╟∫≡ ╦∫≡ↄ╢⁹ 

 

 

2.4 ◗ⱶ ─  

 ≢ ═√ ⌐◗ⱶ─ ⌐│ ╩ →╢ ≤ →╢ ⅜№╢⁹∕╣

╠─ ─ ╩ ⇔√╙─⅜ 2.14≢№╢⁹ 

 

2.13 ⌐╟╢
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⌐╟╢ ╛∕─ │ ─ ╩ ↑╛∆™⁹∕╣│◗ⱶ ─ ╩ ↕∑

╢⅜⁸ ⅎ┌ ╩ ↑╢ ─╖⅜ ⇔≡╝ↄ≤ ≤ ┌╣╢ ⌂ ╩

↕∑ ⌐ ╩ ↕∑╢⁹ ⌐≈™≡│ ─ ╙№╢─≢ ≢ ∆╢⁹

│ ⌐╟∫≡○♂fi╩ ⇔◗ⱶ ⌐○♂fi◒ꜝ♇◒≤™℮ ⅛⌂◒ꜝ

♇◒╩ ↕∑╢⁹∕↓⅜ ╩ ↑╢≤◒ꜝ♇◒⅜ ⅜╡∕↓⌐ ⌐○♂fi⅜

⇔≡ ◒ꜝ♇◒╩ ↕∑╢─≢∕─╕╕≢│ ⌐ ⇔≡╝ↄ⁹╕√⁸ ⇔≡

™√╡ ⌐ ∫√╡⇔≡™╢ ≢│◗ⱶ─ ⌐ ╕╣╢ ⅜ ∆╢↓≤≢

⅜ ╕╢⁹↕╠⌐ ≢│ ─ ╙№╢↓≤⅜╦⅛∫≡™╢⅜ ─ Ⱶꜞ─

─ ≤™╦╣≡™╢⁹ 

 

 

2.5 ⌐⅔↑╢ ─ ⅎ  

 ◗ⱶ ─ │∕╣∙╣─ ─ ╛ ─ ⅎ ⌐╟∫≡ ⅝ↄ ╦∫≡ↄ

╢⁹ 2.1 │ ⌐ ↕╣≡™╢◗ⱶ ─ ╦╣ ╩ ⇔√╙─≢№╢⁹◗ⱶ

│ №╢◗ⱶ ─ ≢╙ ⅜ ↄ⁸ ╙ ⅝ↄ∕⇔≡ ≢ ↕╣╢

⌐ ─ ⇔™ ≢№╢⁹ ∫≡∕─ ─ ⌐ ꜟכ◦│≡⇔ ╛ ╩

≤⇔≡™╢╟℮⌂ ─◗ⱶ ≤│ ⌂╢▪ⱪ꜡כ♅⅜ ⌐⌂╢⁹ 2.1 ⌐ →

√◗ⱶ ─ ≢ ⌐◗ⱶ─ ⱣⱠ ╩ ⇔√ │

◗ⱶ≤ ◗ⱶ⅜№╢⁹ ◗ⱶ│ ⌐ ═╢≤ ⅛⌐ ⅜ ↄ ─ ≢

╙ ─ ⅜ ⌐ ⅝ↄ ↕╣╢⁹╕√ ◄fi☺fiⱴ►fi♩│◄fi☺fiꜟכ

ⱶ─ ⌐ ↕╣╢√╘ ╙ ≢№╢⁹ ≢ ◗ⱶ│ ─◘▬☼⅜ ↕ↄ

╩ ∫√ ₁⌂ ⅜ ≢№╢⁹ ─◘▬☼─ ≢│ ◗ⱶ│ ⌐ ™⅜

≤─ ≢№╢√╘◗ⱶ ─ ↕│ Ⱶꜞ≢№╢⁹ Ⱶꜞ≤™℮ ─◗ⱶ ↕╩ ≈

2.14 ◗ⱶ ─  
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│◗ⱶ ⌐│⌂™⁹╕√ ◗ⱶ│ ─ ⌐ ↕╣╢─≢ ─

│ ⇔≡™╢⅜ ⅝⌂ ╩ ↑≡⅔╡ ⌐│ ⌐ ⅝⌂∑╪

⌐ ⅎ⌂↑╣┌⌂╠⌂™⁹╕√ ─ │ ─ ↑╢ ⌐ ═╢≤

⅛⌐ ≢№╢⅜∕─ │ ⅛╠ ⌐ ≢№╢⁹ ╩ ⇔≡™

╢ │ ∂≢№∫≡╙ │ ⌂∫≡⅔╡⁸⅔─∏≤ ⌐ ∆╢ ⅎ ╙◗ⱶ

─∕╣│ ◗ⱶ╛ ◗ⱶ≤ ∂≢│⌂™⁹ 

 

 

◗ⱶ ─ ╩ ∆ │ ◄Ⱡꜟ◑כ≤ ≢№╢⁹2.1─ 2.2≢ ⇔

√ ⌐ ◄Ⱡꜟ◑כ│ ─ ⌐ ∆╢ ≢№╢⅛╠ ─ ╩

∆╣┌⅔─∏≤∕─◗ⱶ ─ │ ≢⅝╢⁹ ≢◗ⱶ ─

⅜ ≢⅝╣┌ ─ ─ ⅛╠╙ ≤ ╦╣╢⁹ 

2.15 ⌐∕─╟℮⌂ ⅛╠ ⅎ╠╣╢◗ⱶ ─ ─ ╩ ∆⁹ ⅜

─ ╩ ≢ ⇔√ ⁹ ⅜ ≢№╢⁹ 2.15 ─ ™ ─

⌐◗ⱶ ─ ⅜ ∫≡™⌂↑╣┌⌂╠⌂™↓≤⌐⌂╢─≢⁸ ╙ ™─│

⇔√ ─ n1 ≢№╢⅛╠↓─ │ ⅜ n1 ≤™℮↓≤⌐⌂╢⁹

─ ⌐ ⌐ ⇔≡ ™ ─ │ ⅜ ™─≢n2 ⅜ ⌐

⌂╢↓≤╙№╢⁹ ⅜ ⌂ↄ ⌐╙ ⌐╙ ⇔⌂™≤⇔≡╙◗ⱶ │ ≤

≤╙⌐ ⇔≡╝ↄ─≢ ┘⅜ ⇔ ─ ─ ≢◗ⱶ⅜ ⇔≡⇔╕℮

↓≤╙ ↓╡℮╢⁹↓─╟℮⌂ ≢│₈ ₉╙ ↓╡℮╢─≢╛│╡ ╩

∆═⅝≢№╢⁹↓─ ╩ 2.15⌐⅔™≡ n3 ≢ ⇔√⁹ 

 ⌐⅔™≡│ ⌐ ∆╢◗ⱶ ─ ─ ╩ 0.85

1.15 ≤ ⇔≡™╢ 4) ⁹√∞⇔⁸↓╣⌐│ ─ ⌐ ⁸ ⁸ ⇔

�zFú�Ž�ì0[�I �Q#Ý�‡6ë

ꜟכ◦ ⁸ 0 5% �MF¸�…�dF¸�¶*– 1 5

♃▬ꜘ
ꜟכ◦ ⁸ ⁸

2  5% $Î!ÕF¸�MF¸�¶*–F¸
(ø�¥)z

5 7

◖fiⱬ▪ⱬꜟ♩ ⁸ 1  3% �¶*–F¸�…�d 1 5

◗ⱶⱱכ☻ ꜟכ◦ ⁸ -2  4% 3z3æ"@2AF¸�…�dF¸�¶
*–

1 10

2 3

1000 3000

◗ⱶ  30% �ú�·F¸!Õ 12

◄Ⱡꜟ◑כ 70% �MF¸(ø�¥)zF¸�¶*–F¸
�•�È

5HZ25�º

◗ⱶ 250% �M 60

◗ⱶ◒꜡כꜝ ⁸ 5 10% �¶*–F¸�…�dF¸�M

2.1 ◗ⱶ ─ ╦╣  



16 

 

⌂≥⅜ ∫≡⅔╡ ─╖≢│ 1.0 1.05 ≤ ↕╣≡™╢⁹↓─╟℮⌐

─ ⌐≈™≡│ ─╖⌂╠∏∕─ ─ ╙ ∆╢ ⅜№╢⁹ 

 

 
 

 

 

 

 

 

 

 

1) : ◦☻♥ⱶ ─ 33 2002 

2) ◗ⱶה◄ꜝ☻♩ⱴכ─ ≤ ꜝⱣכ♄▬☺▼☻♩ 2003 

3) ⌐╟╢ ◗ⱶ─ ◗ⱶ Vol.75 No.2

P49-54 2002 

4) ⌐⅔↑╢ ─

─ ☿fi♃כ No.14 pp.P55-58 2014 

 

2.15 ◗ⱶ ─ ─ ⅎ  
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3 ⅛╠ √◗ⱶ ─  

 

3.1  

◗ⱶ │ ⌐ ≤ ∆╢ ─ ╩⁸ ⌐ ↕╣≡⅛╠ ╩ ⅎ

≡ ╡ ↕╣╢╕≢─ ≤ ∆╢⁹◗ⱶ│ ⁸ ⁸ ⁸○♂fi ⁸

ה ⁸ ⁸ ⌂≥ ₁⌂ ⌐╟∫≡ ⇔≡╝ↄ⁹ ∫≡⁸ ─

⌐╟╢ ╛ ╩ ↑⌂ↄ≡╙ ⌐ ↕╣ ─ ⌐↕╠↕╣√ ⅛╠ │

╕∫≡™╢≤ ⅎ╠╣╢⁹ 

⌐ ∆╢ ⌂▪ⱪ꜡כ♅≤⇔≡╕∏ ⅔↑╢ ─ ╩ ╘⁸∕╣

╠─ ⅛╠ ≤⇔≡─ ╩ ∆╢↓≤⅛╠ ╘⁸∕─ ⌐ ⇔≡≥─

⅜≥─╟℮⌐ ⇔≡™╢─⅛╩ ∆╢⁹ ≢│∕─╟℮⌂ ⅛╠⁸ ─

⁸ ─ ⌐ ╩ ≡⁸ ◗ⱶ ─ ⌐ ─

⌐≈™≡ ∆╢⁹╕√⁸ ─ ⌐≈™≡─ ╙ ⇔√─

≢ Appendix-11 ⌐ ⇔√⁹ ─ V ⌐≈™≡│ ╠ 1)⌐╟∫≡ ⌂ ⅜⌂

↕╣≡™╢─≢⁸↓╣⌐╟╡ ↕╣≡™╢ ─ ⌐≈™≡│╒╓ ↕

╣√↓≤⌐⌂╢⁹ 

 

3.2 ─◗ⱶ  

 ╩ ≈ ─ ⌐│™ↄ≈⅛─ ⅜№╢⅜╙∫≤╙ ⌐ ↕╣

≡™╢─│ 2.8 ⌐ ⇔√╟℮⌂ ─ ≢№╢⁹ ≢│∕─ ≢╙ ─

™ ⌐≈™≡ ⇔√⁹⌂⅔⁸ │ ─ ⌐╙

⅜ ╦╣≡⅔╡ ∂╟℮⌂ ─ ╩ ∫≡™╢⁹ ╛ ⅜ ⌂

╢─≢ ─ ≤ ⌂╢ ╙№╢⅜ ⌐ ∆╢▪ⱪ꜡כ♅╩ ⌐ ℮√╘⁸

─ ╩ →╢╟╡╙ ╙ ─ ™ ⌐ ∫≡ ⇔≡™╢⁹ 

 

3.2.1 ≤  

C │1964 ⌐ ↕╣⁸ ◘▬☼│ ↕2m─C2000H⅜1966 ⁸

3 ─C3000H⅜1969 ⌐∕╣∙╣ ↕╣≡⅔╡ 1980 ↔╤⅛╠ ⱴ▬♫כ♅▼fi

☺≢№╢SUC ⌐ ↕╣⌂⅜╠⅔╟∕ ─ ─ ≢1 2 ↕╣≡™╢

⅜ ™⁹ ⅜☻☿◒▪─♃כ♦│ ≢⅛≈ ⅜ ⇔ ╘√1981

2014 ≤⇔⁸ ⅛╠ ↕2m(2000H) ─ ◗ⱶ C ⁸SUC

⌐≈™≡ꜞ☻♩▪♇ⱪ⁸∕↓⅛╠ ╖ ≤─ ⌐ ∆╢ ⅛≥℮⅛╩

⇔√⁹ ◗ⱶ ─ ─ │ 5200 ≢№╡∕─ ≢2000H

─ │1900 ⌐⌂╢⁹ ≤⇔≡│ ─ ─ ╛

─ ⁸▪fi◌כⱲꜟ♩ ─ ⌂≥ ⁸ ─ ─ ─ ⁸ ─

⌂≥╩╙≤⌐ ◘▬☼⁸ ─ ⁸ ⌂≥⌐≈™≡ ⇔√⁹ ⅜
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≢ ⅜ ≡⌂™╙─│ ⇔√⁹ ↕╣╢ ─ │ ↄ⁸ ≢⅝√

⌐Ᵽꜝ♠◐│№╢⅜ ≢48 ⁸111 ─ ╩ ≢⅝√⁹↓╣│

─ ─6 ⌐№√╢⁹ 

 

(1)  

⇔√ ─ ─ │ 3.2.1─ ⌐⌂╢⁹↓─ ⌐│↓─

ⱷכ◌כ─ ─ ─≥↔כ♫כ○╛ ─ ⌂≥⅜ ∆╢─≢

─ ╩ ⇔≡™╢≤│ ™ ™⅜⁸ ⁸ ⅜ ⌂™↓≤╩ ↑┌

─ ╩ ⇔≡™╢⁹ 

 

 

◗ⱶ │ ⁸ ⁸ ⌂≥─ ₁⌂ ≢ ⇔≡╝ↄ⅜⁸ ≢╙ ─

™ ≢│ ⅜ ↄ⌂╢↓≤⅜ ╠╣≡™╢⁹ 3.2.2⌐ ₁─ ─ ↕╣≡™

√ ─ ╩ ─ ─ 2)⅛╠ ⇔ ≤─ ╩ ⇔√⁹↓↓≢™

℮ ≤│1981 ⅛╠2010 ╕≢─ ─30 ≢№╢⁹ 3.2.2⌐╟╣┌⁸

⁸ ⁸ ≤∕╣∙╣ 4ϴ ─ ™≢ 3≈─ ⌐ ↑╢↓≤⅜≢⅝╢⅜™∏

╣─ ⌐⅔™≡╙ ⅜╡≢│⌂ↄ⁸ ∏⇔╙ ─ ™ ─ ⅜ ⌐

↕╣≡™╢≤│ ⅎ∏ ≤─ │ ╠╣⌂™⁹ ⌐╟∫≡◗ⱶ ─ ⅜

↕╣≡™√≤⇔≡╙∕╣⅜ ⌐ ⇔≡─ ⅝ ⌐⌂∫≡™╢╟℮⌂ │ ╠╣⌂™⁹ 

 

3.2.1 ─  
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(2) ≤  

3.2.3⌐ ─ ╕≢─ ╩ ⌐ ⇔√⁹ 

 

 

3.2.3⌐⅔™≡ ⌐⅔↑╢₈ ₉≤│ ⌐ ⌂ ╛ ⌐

╟∫≡ ⌂ ╩ ↑√↓≤⌐╟╢ ≢№╡ 2.4 ─ 2.14≢™ⅎ┌ ⁸ ⅜ ≢

3.2.2 ≤  

 

3.2.3 ─  
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№╢⁹╕√↓╣│ ⌐ ⇔⌂™ ⌂ ≤ ⅎ╠╣╢⁹₈○כ♫כ ⌐╟╢

₉≤│ ⌐ ─ ─ⱪ♇▪♪כ꜠◓╢╟⌐≤⌂ ≢№╡↓╣╙ ≤

│ ⇔⌂™⁹ ⁸₈ ₉│◗ⱶ ─◒ꜝ♇◒⌂≥─ ─ ⁸

⌂≥≢№╡ 2.14≢™ⅎ┌ ⁸ ⁸ ⁸ ⌂≥⅜ ≢№╢⁹↓╣╠│ 3 ─

ⱴ♬ꜙ▪ꜟ─ │∕─ ⌐ ∫≡ ≤ ↕╣√╙─⅜ ™⅜ ─╖

⌂╠∏ ─ ╛ ⌐ כ♫כ○√∂ ⌐╟╢ ─ ╙ ⇔≡™╢⁹

⌐│ ⌂₈ ₉⌐╟∫≡ ⇔⁸ ⌐ ↕╣√ ╙ ╕╣≡™╢

╙№╢⁹ ≢│ 12 43 ─ ⌐ ⇔≡™╢⁹ 3.2.3 ─ 2 ⌐ ─

Ɽכ☿fi♥כ☺╙ ⇔√⁹ │ 90%⅜ 35 ⌐ ↕╣≡™╢⁹ ⇔√ ╩♃כ♦

Appendix-1 ⌐ ∆╢⁹ 

 

3.2.2 ─  

 ≢│ ─ ╩₈ ₉⁸₈ ₉ כ♫כ○₈┘ ⌐╟╢

₉─ ≈⌐ ↑≡™╢⁹↓↓⌐⅔↑╢ ≤│ ⌂ ╛ ╠⅛⌐ ⅜

⇔√ ≢№∫≡ ↕╣⌂™╟℮⌂ ⌂ │ ╕╣⌂™⁹╕√ ╙

⌂◒ꜝ♇◒⁸ ⁸◗ⱶ ⌂≥⌐ ╠╣╢⁹⇔⅛⇔⁸ ⌐│ ─

⌂≥ ∆╢↓≤⅜≢⅝⌂™ ─ ╙ ∆╢⁹ 3.2.6⌐↓─╟℮⌂ ⅛╠

─ ≤⌂╢═⅝ ≤∕─ ─ ⌐≈™≡ ⇔√⁹ 

 

 

 

≢│⁸ ─ ⌐ ⇔≡ ╖─ ╩ ⇔≡ ⌂≥─ ╩

⇔√ ─ ╩ ∆⁹ 3.2.6 ≢™ⅎ┌ ≢ ╪∞ ⁸ ∟ ⌐ ╣≡↓⌂™

3.2.6 ◗ⱶ ─ ≤  
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╩ ⇔ ⌂ ≤∕─ ╩ ╤℮≤∆╢╙─≢№╢⁹2.4─ 2.14⌐╙ ⇔

√╟℮⌐ ─ ≤⇔≡│◗ⱶ─ ≤ ─ ─ ⅜ ⇔ ─ ≤

⌐ ∆╢⅜™∏╣╙ ⅛╠│ ≢⅝⌂™─≢ ⇔≡ ╩ ⇔⁸

─ ╩ ⅎ⁸ ⌐ 4.3⁸4.4 ─ꜟ♦⸗ꜟכ◔☻≡™⅔⌐ ╛ FEM ≤ ↑≡

─♃כ♦⌂℮╟─↓⁹√⇔ │ ╠╣≡⅔╡ │ ↕2 ─ │9 ⁸

2 ─ ה ⅜ 29 ─ 38 ⌐≈™≡─ ⅜ ≢⅝√⁹ 3.2.1⌐

⁸ ╩⇔√ ─ ╩ ∆⁹∕╣∙╣─ ⌐│ FDNo.╩ ⇔ ─

≢ ≢⅝╢╟℮⌐⇔√⁹ ─( ) │◗ⱶ ≢№╡ ⌐ (3.10)≢ ∆╢⁹ 

 

3.2.1 ╖ ꜞ☻♩ 

FDNo. ⌐ ╢
(

FDNo. ⌐ ╢
(

38 ○▬ꜟ♃fi◌כ/
C1600H

(R0)
45

37 ○▬ꜟ♃fi◌כ/
C2000H

(R1)
42

36 /
C1000H

R0)
40

35 /
C1000H

R0)
40

34 ○▬ꜟ♃fi◌כ/
C3000H

R0-10)
39

33 ○▬ꜟ♃fi◌כ/
C2250H

(R0)
39

32 ☿ⱷfi♩ /
C630H

(R0)
35

31 /
C1000H

R0)
32

30 /
C1000H

R0)
32

29 /
C1000H

R0)
32

28 /
C1000H

R0)
32

27 /
C1000H

R0)
32

26 ○▬ꜟ♃fi◌כ/
C3000H

R0-10)
32

25 LNG /
1700H

R )
31

24 LNG /
1450H

R )
31

23 LNG /
C2000H

R1)
30

22 LNG /
C2000H

R1)
30

21 LNG /
C2000H

R1)
30

20 LNG /
C2000H

R1)
30

19 LNG♃fi◌כ/
C1700H

RE)
27

18 /
C800H

R0) 1x2 
25

17 /
C800H

R0) 1x2 
25

16
/ SUC630H

(RH)
22

15 /
SUC800H

(R1)
22

14 /
SUC800H

(R0)
22

13 /
SUC800H

(RH)
22

12 LNG /
SUC2000H

R0+10)
21

11 ○▬ꜟ♃fi◌כ/
SUC630H

RS)
19

10 ○▬ꜟ♃fi◌כ/
SUC630H

RS)
19

9 ○▬ꜟ♃fi◌כ/
SUC630H

RS)
19

8 ○▬ꜟ♃fi◌כ/
SUC630H

RS)
19

7 ○▬ꜟ♃fi◌כ/
C1450H

RH)
15

6  /
SUC1450H

R0)1x2
14

5  /
SUC1450H

R0) 1x2 
14

4 ○▬ꜟ♃fi◌כ/
SUC1600H

R1)
10

3 ○▬ꜟ♃fi◌כ/
SUC1600H

R1)
10

2 ○▬ꜟ♃fi◌כ/
SUC1600H

R1)
1

1 ○▬ꜟ♃fi◌כ/
SUC1600H

R1)
1
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(1) ─  

⇔√ │♃כ♦─ ⌐ ╢ ─♃כ♦╘√─ ⅜ ∏⇔╙ ↕╣≡™

⌂™⁹ │ ─╟℮⌂ ╩♃כ♦≢ ⇔⁸ ╩ ⇔√⁹ 

a) │ 1980 ─ PIANC ─●▬♪ꜝ▬fi 4) ⌐ ≠™≡ 3 ↕╣ 2

≤ 3 ─ ╩ ⇔≡™╢⁹ ⁸ │♃כ♦─ ⅜♃כ♦⅜╢╣↕ ⇔

≡™╢╙─│ ⇔√⁹ │ 8cm/min ≢№╢⁹ 

b) ─ │ ⌐╟∫≡ ∆╢⁹ ─ │ 5)↕╣≡™╢⅜⁸

─╙─│ ─╖─ ⇔⅛⌂™╙─⅜№╢⁹ ─ ⅜ ↕╣≡™╢╙─

│∕─ ⁸ ↕╣≡™⌂™╙─│ ─ 2)⅛╠

─ ╩ ∫≡ 23ϴ≢─ ⌐ ⇔√⁹ 

c) │ ╩ 9.81 ≤⇔≡ SI (kN)⌐ ⇔√⁹ 

d) ─ ─ │ ⅜ ∫≡™╢╙─⅜ ⌂™─≢ ╩ ∆╢↓

≤≢ ⇔√⁹ │±10 №╢─≢∕╣╩ ⇔√ ≢─ ⌐⌂╢⁹ 

3.2.2⌐ ⇔√ ╩ ↕ 1600mm(1600H) ─ ≤ 1600mm ─ ה ⌐

↑⁸↕╠⌐ 10 ↔≤─ ⌐ ↑≡∕╣∙╣─ ⅛╠ ─ ╩ ⇔√⁹ ≢│

2000H ╩ ≤⇔≡ ╩ ⇔√⅜⁸2000H ─ ─ 10 19

─ ⅜ ⅛∫√√╘ 1600H ╩ ⌐ ⇔√⁹∕─ ─ ╩ ╘ ─

│ Appendix-2 ⌐ ⇔√⁹ 3.2.2⌐╟╣┌ ╙ ה ╙ ─

⅜ 30 ╩ ⅎ√ │ ⌂ ⅜≢⅝∏⌐ ⇔≡™╢⁹ ─ │

⅜ ⌂ ⁸ ה ⅜ ─ ≢№╢⁹↓╣╠│ ≢─ ⌐│

≢⅝⌂™╙─≢№╡⁸ │ ≢№∫≡╙ 30 ╩ ⅞╢↓╤⅛╠ ⌐ ╣⌂™

⅜ ⇔≡™╢≤™ⅎ╢⁹ 3.2.6 ≢ ⇔√ ⌐ ⌐│ ₁⌂ ⅜⅛⅛╦∫≡⅔

╡∕╣∙╣─ ⌐⅔™≡∕╣╠│ ⌂∫≡ ⇔≡™╢─≢ ⌐ │≢⅝⌂

™⅜↓─ ⌐⅔™≡│₈ ₉⁸₈ ₉≤₈ ₉⅜ ╩

∆╢ ∆═⅝ ≢№╢≤ ≢⅝╢⁹ 

 ╕√⁸ ─ ⅜ ™↓≤╙ ∆═⅝ ≢№╢⁹ ⁸ ─

⌐⅔™≡ 3 ⇔√ 1 ─ │ ↕╣≡⅝√⁹ │ ⌐ ⌂

╩ ∆╢ ≢₈ ₉╩ ∆╢↓≤⅜ ╘╠╣≡™╢ 5)⁹ 3.2.2─

1 ─ ™ )│ ─ ╙ ™ ─ ≢ ₁⌐ ⇔≡╝ↄ

↓≤╩ ⇔≡™╢⁹ ─ ╩ ⅎ╢≤↓╣│ ≢⅝⌂™ ⌂─≢ 6 ⌐

™≡ ∆╢⁹ 
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2500H R0) 0 - 1000H R0) LNG 0 -

1600H R1) 10 FD No.4 1450H R0) 19 FD No.10

2000H(R0+10) LNG 21 FD No.12 800H R0) 22 FD No.15

3000H R0-10) 32 years FD No.26 1000H R0) 32 FD No.30

2000H R1) 42 FD No.37 1000H R1) 40 FD No.35

40 

 1600H 1600H

0 

(

10

19 

20

29 

30

39 
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200
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)
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)
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)
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)
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)
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1
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K
N

)

(%)

1

2-3

-3%

22%

0.6%

9.5%

30%
13%

-0.5%

29% 45%

13%

18%

76%

56%

16%

1%

74%

37%

3.2.2 10 ↔≤─  
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 │◘▬☼⌐╟∫≡ ⅜ ⌂╢─≢∕─ ╩ ≤ ה ≢ ∆╢√╘∕

╣∙╣─ ≢─ ╩ ◌♃꜡◓ ≢ ⇔√╙─╩₈ ₉≤ ⇔≡

∂◓ꜝⱨⱪ꜡♇♩⇔≡╖√╙─⅜ 3.2.7 ≤ 3.2.8 ה ≢№╢⁹ ∂

⅛╠ ─ ∂ ╩ ⇔√╙─│Ɫ▬ⱨfi─ ⌐ ╩ ⇔≡™╢⁹ 

 

 

 

3.2.7 ─ 1600H  

 

3.2.8 ─ ה 1600H  
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╖─ ⌐⅔™≡│∕─ ⁸ ┼─ ─↕╣ ⁸◗ⱶ ─ ↕⁸

⁸ ⌂≥─ ™⌐╟∫≡ ─ ⌐╙ ⅝⌂┌╠≈⅝⅜№╢≤ ⅎ╠╣╢⁹

3.2.7 ≤ 3.2.8 ≢ ⅛╢╟℮⌐ ⌐╟∫≡ ⇔ↄ ⇔≡™╢╙─│

⅜ ↄ⁸ ה ◘▬☼⅜ ⌐ ╩ ↑╢ ⅜ ⅝™√╘⌐ ╟╡╙┌╠

≈™≡™╢⁹ ⌐ │ ⌐ ⇔≡ ⇔≡™╢╟℮⌐ ⅎ╢⁹ ⌐ ─

╩ ∆╢√╘ 25 ─ ╩ ≤⇔≡ ∂ 25 ─ ≢ ⇔≡₈

₉╩ ⇔⁸∕─ ╩ ╢⁹ 3.2.9 │ 2-3 ─ ─ ╩ ⇔√╙─

≢№╢⁹ 3.2.9 ≢│ ≤ ה ─ ─ │♃כ♦⁹™⌂⇔╡⅝∫││™ ⌐ ↄ

⌐≈╣≡Ᵽꜝ≈⅝⅜ ⇔⁸ ≤⇔≡│ ╛⅛⌐ ⅜╡⁸ ∟ ≤≤╙⌐

⅜ ⇔≡ ↄ╟℮⌐ ⅎ╢⁹ ╩∆╢≤ 0.368 ─ ⌐⌂╢⁹ 

 

 

3.2.9 ⌐⅔↑╢ ─ │ 99 ─ ≤ ⅜⅝≈ꜝⱣ─♃כ♦⁹╢№≢

⅝™─≢⅛⌂╡ ↄ⌂╢⁹↓╣╠│♦כ♃─ ─ ( )⌐ ⌂ↄ

╩ ≤⇔√ ⌐⌂╢≤ ⇔≡™╢⁹ ─ │ (3.1)─╟℮⌐

⌂╢⁹ 

 

3.2.9 ─ ─  2-3 ⁸ 25  
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öö
÷

õ
ææ
ç

å -
-=

2

2

2 22

1

n

n

n

n

)x(
exp)x(f

s

m

ps
⁷               (3.1) 

↓↓≢⁸ 

xn  :  ─ n ─ CR  

ůn : xn ─  

 CR   y  

  CR│ ≢ ⇔≡™╢⁹ 

 

        
SPR R/RC =                          (3.2) 

  Rp ⇔√ ─ 25 ─  

   Rs 25%─ ◌♃꜡◓  

 ɛ xn ─  

 

╕√⁸ CR╩ y ≤⇔≡ ┘ │ (3.3)⁸(3.4)⁸(3.5) ─ ⌐ ╕╢⁹ 

 

y ─   y Ŭȯx ŭ                 (3.3) 

y ─   y Ŭȯx ŭ+ɓů                 (3.4) 

y ─   y Ŭȯx ŭ ɓů               (3.5) 

 

↓↓≢⁸ 

Ŭ ─  

ŭ ─  

ɓ  

ů  

x  

 

↓╣╠─ │◄◒☿ꜟ─ ╩ ™╣┌ 3.2.3─╟℮⌐ ╘╠╣╢⁹ 

 

3.2.3 ─ ≤  

    
 

SLOPE  Ŭ 0.00368 
 

STEYX xy  ů 0.09584 
 

INTERCEPT  ŭ 1.05254 
 

NORMS.INV 99  ɓ 2.57583  99.5% 
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─ ─ │ 3.2.4 ─╟℮⌐⌂╢⁹ 

 

3.2.4 ─ 2-3 ⁸ 25  

  ─  

x)  99%  99%  

0 1.0525 1.2994 0.8057 

5 1.0710 1.3178 0.8241 

10 1.0894 1.3362 0.8425 

15 1.1078 1.3547 0.8609 

20 1.1262 1.3731 0.8793 

25 1.1446 1.3915 0.8977 

30 1.1630 1.4099 0.9162 

35 1.1814 1.4283 0.9346 

40 1.1999 1.4467 0.9530 

45 1.2183 1.4651 0.9714 

50 1.2367 1.4836 0.9898 

 

3.2.4≢ ⅛╢╟℮⌐ 0 ─ │ 0.806 1.299 ⌐⌂∫≡™╢⁹ ⌐│

─ │ 0.90 1.10 ≢№╢─≢ 2.5 ⌐ ⅜∫≡™╢↓≤⌐⌂╢⁹ ─

│ ⌐╟∫≡ ⌂╡∕╣╠─ ⅜ ⌐╦√∫≡∕╣∙╣─ ⌐⅛⅛╢

≤∆╣┌ ≤≤╙⌐ ─Ᵽꜝ≈⅝⅜ ⅜∫≡╝ↄ─│№╢ ≤™ⅎ╢⁹∕

╣╩ ─ ≢ ∆√╘ ─ ↕⌂≤↓╤≢│Ᵽꜝ≈⅝╩ ⅝ↄ ╙╡

⅜∟⌐⌂╢⁹ ─ ≤≤╙⌐ ╙ ⇔≡╝ↄ╟℮⌂ ╩ ™╣┌

⌐ ∂√ ╩ ∆╢↓≤⅜≢⅝╢⁹ ⌐⁸ ╩ ™≡ ≤≤

╙⌐ ⅜ ∆╢ ─ ╩ ╘≡╖╢⁹ 

 

(2 ─ ⌐╟╢  

 x ≤≤╙⌐ ∆╢ ůn ╩ (3.6)─ ⌐ 2 ≢ ∆╢⁹ 

 

    ůn ɓ0 ɓ1x ɓ2x 2                         3.6  

 

 ↓↓≢⁸ 

  ůn ⌐⅔↑╢  

  ɓ0 ─  

  ɓ1 ─ 1 ─  

 ɓ2 ─ 2 ─  
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3.2.9≤ ∂ⱪ꜡♇♩⌐ ⌡≡╖╢≤ 3.2.11─ ⌐⌂╢⁹ 3.2.11⌐╟╣┌ 30

╩ ⌐ ─ ⅜ ╩ ∫≡™╢⁹30 ╩ ─ ≤ ⅎ╣

┌ ─ ╩ ∫√ ⅜ ─ ⅜ ↕ↄ⌂╢↓≤⅜╦⅛╢⁹ 

 ⁸ ⌐│ ╩ ⌐⇔≡ ⌂≥⌐ ↕╣≡™╢⁹↓─╟℮⌂

╩ ™╢↓≤│ ⌐⅛⌂∫≡™╢⅜ ≤ ╩ ⌐ ™╟℮⌐ ⌐

™ ↑╢↓≤│ ≢│⌂™⁹╕√ (3.6)─╟℮⌐ ⌐ ⇔≡ 2 ⌐

⅜ ⇔≡╝ↄ↓≤⅜ ⇔≡™╢⅛≥℮⅛⌐≈™≡╙╕∞ ⅜ ≢№╢⁹

Appendix-4 ⌐Ᵽꜝ≈⅝─ ╛ ─ ╩ ⅎ√™ↄ≈⅛─ ╩ ∆⁹

─♃כ♦ ╛ ⌂ ⌂≥╩ ⇔≡ ⌂ ─ ⅜─∙╕⇔™⅜

♃כ♦─ ≢│ ⌐ ↕╣≡™╢ ─ ≢ │⌂™≤ ╦╣╢⁹ 

 

 

 (3) ─ ─  

 ↕╣√ │◒ꜝ♇◒╛◗ⱶ ⌂≥─ ─ ╛ ─ ⌐

╖√ ⌂ ⌐╟∫≡ ↕╣≡™╢╙─╙ ™⁹ ⇔≡ ╩ ⇔√

≢⁸ ⌂ ≢№∫√⅛⁸╙℮ ⇔ ≢⅝√⅛≥℮⅛╩ ∆╢↓≤│

≢№╢⁹ 3.2.1╛ 3.2.2 ╟╡₈ ₉≤₈ ─ ₉⅜ ╩ ∆╢

⌐⌂∫≡⅔╡⁸ ─ ╩ ∆╢ 2 ≢№╢↓≤⅜ ∫√⁹↓↓

≢│ ╩ ∆╢ ≤⇔≡ ≤ ─ ┘ ─ ⌐ ⇔√⁹ 

 

3.2.11 ─ ─  ─  
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 ≤│ ⅜ ⌐ ↕╣≡╙ ⌐ ⇔ ─ ╩ ≈ ╩

∆⁹ ─ ⌐⌂╢≤ ↕╣√ ⌐ ╠ ⌐ ╣≡ ⅜ ≤⌂╡№╢═⅝

⅜ ⇔ ◄Ⱡꜟ◑כ⅜ ⅜∫≡⇔╕℮⁹ ─ │™ↄ≈⅛ ⅎ╠╣

╢⅜⁸ ≤⇔≡│ ⅎ┌ ╩ ↑╢ ≤ ↑⌂™ ─◗ⱶ ─ ─

™⁸◒ꜝ♇◒─ ─ ™⌂≥⅜№╢⁹ ─ ≤⇔≡│ ⌂╙─│ 3.2.7⌐

≢ ⇔√ ≈⅜№╢⁹ ⌐╟╢∑╪ ≤│ ─ ≢ ─ ⌐╟╡∑

╪ ╩ ↑╢↓≤≢№╢⁹ ╙ ⌂─│ 3.2.7 ─ ─╟℮⌐ ─╟

℮⌂ ⅜ ⌐ ∫ ⅛∫√ ≢ │ⱪכ꜡ ⅛╣⁸↕╠⌐∕─╕╕ ⅜

↑╠╣ ⅜ ⅜╢↓≤≢№╢⁹↓─╟℮⌂ │fiכ▼♅♩▬▼►⁸ ↕╣

⅜ ⇔≡⇔╕℮↓≤╙№╢⁹ ⌐╙ ⌐ ⅜ ⅛╠─ ⌐╟∫≡ ⌐

⇔ ↑╠╣⁸ ─≤⌂◓fiꜞכ꜡⌐ ╩∆╢≤↓─╟℮⌂∑╪ ╩ ↑╢↓≤

⅜№╢⁹╙℮ ≈─ ≤⇔≡ →╠╣╢─│ ─ ╣≢№╢⁹ ─ ╣≤

│ ⌐ ⅜ ─ ╩ ⅎ⅝╣∏⌐ ⌐∑╪ ⇔≡⇔╕℮↓≤≢№╢⁹ⱷ

│≢כ◌כ ⌐╟╢ ╣ ⅜ ↕─ 3 ╩ ⅎ╢╟℮⌂ ⌐fiכ▼♅♩▬▼►│

╟∫≡ ╕≢ ╡ →╢↓≤╩ ⇔≡™╢⁹ 3.2.7 ─ ⅜fiכ▼♅♩▬▼►│

∆⅞≡ ─ ╩ ⅎ≡™⌂™ ≢№╢⁹↓╣╠─ │№╢ ─

⌐╟∫≡ ∆╢↓≤⅜≢⅝╢⁹ 

 

 

 

 

3.2.7 ─ ─  
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 ⌐ ∫≡◗ⱶ─ │⁸ ⁸ ⌂≥─ ≢ ⇔ ┘⅜ ⅜╢↓

≤⌐╟∫≡ ⌐ ⇔≡ ╣╛∆ↄ⌂╢⁹ ⅜ ↕╣╢≤ ─ ⌐│ ⅜

∆╢─≢ ◒ꜝ♇◒ ⅜ ∆╢⁹∆╢≤ ─ ╕≢ ╛○♂fi⅜

∆╢╟℮⌐⌂╢─≢ ⅜ ╕≢ ⇔⁸ ⇔ ╩ ↑╢√┘⌐ ⇔≡╝ↄ↓≤⅜

ⅎ╠╣╢⁹ │ ─ ╕≢ ∆╢─≢ ⅜ ─ ╕≢ ⇔≡™╢

≤ ⅝⌂ ⌐ ⅎ╠╣∏⌐ ◗ⱶ╕≢ ╣≡ ∆╢╟℮⌂ ╣⌐ ∆╢ ╣⅜

№╢⁹ ≢│ ⅜⁸ ⅜ ─ ╕≢ ∆╢ ╣⅜№╢≤ ⇔√ ⌐

│ ╩ ⇔≡™╢⁹ 

 

ה ─  

 2 ─ 2.15≢ ⇔√ ⌐ ─ ⌐≈™≡│ ─ ≤ ⅜№╢⁹

│ ≢№╡ ╛ ─ ⅛╠ ↕╣╢⁹ │ ─ ◄Ⱡꜟ

╩כ◑ ∆╢√╘⌐ ≤↕╣╢ ─ ≢№╢⁹ ∫≡⁸ ⌐╟∫≡↓╣╠─

│ ╦∫≡ↄ╢√╘ ⌐│ ╘⌐ↄ™⁹ ⁸ ─

⌐⅔™≡ ≤↕╣≡™╢0.85 1.156)≤ ≢№╢0.9 1.1╩ ⌐⇔≡⁸

─╟℮⌐ ⇔√⁹ ─╟℮⌂ │ ⌐ ⇔≡ ─ │∕╣╒≥

≢│⌂™⁹↓↓≢│ 1.15 ─ ⌐ 1.20 ─ ╩ ⇔√⁹ ⌐ │ ◄Ⱡꜟ◑כ⌐

∆╢─≢ ─ ─ 2 ≢ ⇔ ─Ᵽꜝ≈⅝⌐ ⅝⌂ ╩ ↑╢⁹

0.85 ⌐ ⇔≡ 0.05─ ╩ ⇔≡ 0.8 ╩ ≤⇔√⁹ 

╩ CRm ≤∆╢≤  

⌂  0.9֔CRm֔1.1 

─  0.85֔CRm 0.9 ╕√│ 1.1 CRm֔1.15 

─  0.80֔CRm 0.85 ╕√│ 1.15 CRm֔1.2 

─  CRm 0.8 ╕√│ 1.2 CRm 

╩ ⇔≡ ─ ⌐╟╢ ─ ╩ 3.2.8 ─╟℮⌐ ⇔√⁹ 
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0
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3.2.8 ─ ⌐╟╢  

 

3.2.9 ─ ⌐╟╢ ─  

-1
FDNo.22⁸2000H⁸30 ⁸40

─╖⌐ ╣╢ ─ ™

-2
FDNo.26⁸3000H⁸32 ⁸20

⇔≡™⌂ↄ≡╙ ╠⅛⌐ ≢
⅛╡ ∆╢≤ ⅜╢

-3
FDNo.35⁸1000H⁸40 ⁸30

⌐╟∫≡ ⌐ ⅜╡ ╣⌐
∆╢

-4
FDNo.4⁸1600H⁸10 ⁸50

╕≢─ ≢ ─
⅜ ╢

-5
FDNo.12⁸2000H⁸21 ⁸50

╕≢─ ≢ ⅜ ╠⅛
⌐ ╘⌐⌂∫≡™╢

-6
FDNo.37⁸2250H⁸42 ⁸45

─ ≢ⱨꜝfi☺⅜ ⌐☻
ꜝ▬♪∆╢
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╩╕≤╘√╙─⅜ 3.2.10 ≢№╢⁹↓╣╠─ ─℮∟⁸ 3.2.1⌐⅔↑╢₈

⌐ ╢ ₉─ ≢₈ ─ ₉≤ ↕╣≡™╢╙─│◗ⱶ ─ ●▬

♪ꜝ▬fi 3 ─ ⌐╟∫≡ ⌐ ⅜ 6 ╩ ⅎ⁸₈ ₉≤⌂∫√╙─≢

№╢⁹↓↓≢│⁸∕╣╠ ─ ≤│ ⌂ↄ ─ ≤ ≢╖─♃כ♦

╩ ⇔≡™╢⁹ 3.2.8≢ ⇔√╙─│ 6 ╩ ⇔≡™╢⁹ ╛

⌐╟∫≡ ╩ ⌂ↄ↕╣╢ ⅜╒≤╪≥≢№╢⅜ ╠⅛⌐ ≤⇔≡

∆╢↓≤│ ≤ ⅎ╠╣╢√╘ 2 ─ ⌐⌂∫≡™╢⁹ 3.2.10⌐⅔™≡

⌂↓≤│ 30 ╩ ⅎ≡⅛╠│ ⅜ ≤ ↕╣≡™╢↓≤≢№

╢⁹ ⌂≥│ ─ ⌐╟∫≡ ↕╣╢ ⅜№╢─≢↓╣⅜ ⌐

─ ≤⇔≡ ⅛≥℮⅛│↕╠⌐ ⅜ ≢№╢⅜ ─ ≤⇔≡ 30 ⅜

─ ≤ ⅎ╠╣╢⁹ 
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3.2.3 ◗ⱶ ─  

 ◗ⱶ │ ⁸ ⌂≥─ ≢ ∆╢↓≤│ 2 ≢ ═√⁹ │ ─

⇔™ ⌐↕╠↕╣≡™╢ ⁸ │ ≢№╡ ─ ─╖≢№╣┌ ┼─

│ ╠╣╢⁹ │ ⅛╠─ ≤ ⌐╟╢ ⁸ │ ≢─ ⌂

≥ ≤│ ⌂╢ ─ ⅜ ↓∫≡™╢≤ ↕╣╢⁹∕╣╠╩ ≢ ∆╢√╘

⇔√ ─℮∟ 3.2.11 ⌐ →√ ⌐≈™≡ ⌐ ⇔≡ ╩

™ ↕ ─ ─ ╩ ═≡™╢⁹ ≢│ ╩ ↄ ↑╢ ≤ ↑⌂™

⌂≥ ⌐⅔↑╢ ╩ ∆ ╩ ⌐ ⇔⁸ ♃כ♦ │ Appendix-3 ⌐ ⇔√⁹ 

 

 

 

 

 

 

 

 

 

FDNo.
(

⌐ ╢
♅▼♇◒ C R

1 /2-3

1.365 ≢

1.138 40%╕≢

1.277 ≢

1.108 40%╕≢

◒ꜝ♇◒ 1.211

─Ⱳꜟ♩ 0.995 ◒ꜝ♇◒

1.449

1.006

2 ─ ≢

1.041 45 ╕≢

◒ꜝ♇◒ 1.216 ◒ꜝ♇◒

0.965

╣ 1.302 ╣

1.089

╣ 1.514 ╣

1.227

╣ 1.371 ╣

1.227

╣ 1.430 ╣

1.140

1.168
9

2

2

8

8

4

11

9

5

3

9

23 LNG /
C2000H

R1)

2007/ /12-

13
30

26 ○▬ꜟ♃fi◌כ/
C3000H

R0-10)
2007/7/1 32

21 LNG /
C2000H

R1)

2007/ /12-

13
30

22 LNG /
C2000H

R1)

2007/ /12-

13
30

19 LNG♃fi◌כ/
C1700H

RE)
2010/2/3 27

20 LNG /
C2000H

R1)

2007/ /12-

13
30

17 /
C800H

R0)
2006/7/28 25

18 /
C800H

R0)
2006/7/28 25

SUC2000H

R0+10)
2009/7/10 21

2 ─
◗ⱶ ⌐╟╢ ⁸

12

2 ─
◒ꜝ♇◒(0.5 1.3m)

─Ⱳꜟ♩

6  /
SUC1450H

R0) 1x2 
2006/2/8 14

2 ─
◒ꜝ♇◒(0.5 1.3m)

─Ⱳꜟ♩

5  /
SUC1450H

R0) 1x2 
2006/2/8 14

LNG /

3.2.11 ╩ ⇔√  
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(1)  

⇔√ ⅛╠─◗ⱶ◘fiⱪꜟ─ ╡ ⇔│ ─╟℮⌂ ≢ ⇔√⁹ ╩

3.2.12⌐ ∆⁹ 

 
 

⅝⌂◘▬☼─ │ ─√╘ ╡ ⇔ ⌐│ ⅜ ℮⁹ 3.2.12─ ─▬

ꜝ☻♩─ ⌐ ≢ ╩ 300mmẽ⌐ ↑√ ⁸ ─ ╩ ∆╢ ╩ ∫√⁹

╡ ⇔√◗ⱶⱩ꜡♇◒│ 30mm 50mm ↕─ ⌐ ⇔≡⅛╠ ↕ 2mm ⌐☻ꜝ▬☻⇔√⁹

☻ꜝ▬☻⌐ ⇔≡│ ⅜ Ᵽꜝ≈ↄ─≢◗ⱶ⅜♃כ♦≥™ ⅜ ╠⅛⌐⌂╢╟℮⌐

⌐ ∆╢ ⅜№╢⁹╕√◘fiⱪꜟ─ ∟ ⅝ ⌐⅝≈ꜝⱣ─♃כ♦╙ ∆╢⁹

⌂ ≤ │ Appendix-6 ⌐ ⇔√⁹ 

 

 │ ─ ⌐ ≠™≡ ⇔√⁹ 

ה ↕     JIS K6253-3 ♦ꜙ꜡ⱷכ♃ ↕♃▬ⱪA 

ה  JIS K6251 ♄fiⱬꜟ3  

ה ┘  JIS K6251 ♄fiⱬꜟ3  

 

│3◘fiⱪꜟ⌐≈™≡⁸ ╕≢─ ╩ ⇔⁸ ╩ ∆╢⁹ ─

─ ╩ 3.2.13⌐ ∆⁹ 

3.2.12 ─ ◘fiⱪꜟ ╡ ⇔ 
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◗ⱶ │∕╣∙╣─◗ⱶ ⌐╟∫≡╙ ⌂╢⁹ 3.2.10⁸ 3.2.11 ⌐⅔↑╢◗ⱶ◓꜠כ

♪│ ─ (3.10)─ ≢ ⅜ ⇔≡™╢⁹ 

 

R1  R0-10  R0  R0+10  RH  RS  RE           (3.10) 

 

3.2.14│ FDNo.26 C3000H(32 )─ ↕⁸ ⁸ ┘ ┘ ─ ↕ ─

╩ ⇔√╙─≢№╢⁹X │ ⅛╠─ ↕╩ ⇔ X=500mm │ ╩ ∆⁹ 

3.2.14≢│ ⅛╠ 70 ←╠™╕≢─ ≢ ⌐ ⅛∫≡ ↕│ ⅜╡⁸ │

⅜╡⁸ ┘│↕╠⌐ ⌐ ⅜∫≡™╢⁹ 

─♃כ♦ 3.2.13  
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(2) ↕⌐╟╢ ─ ™ 

│◗ⱶ◓꜠כ♪⌐╟∫≡ ⌂╢─≢ ╩╟╡ ╛∆ↄ∆╢√╘⁸ (3.11)─

⌐ ─ ≢ ⇔≡ ⇔≡ ⇔√⁹ 

 

 ─  = ─ ─   3.11  

 

≢№╣┌ ≢ ∆╢─⅜ ≢№╢⅜ ─╟℮⌂ ─ ⁸

≤ ≢│ ⅜ ∂≢│⌂™─≢ ⌐╟∫≡ ╙ ≢│⌂™⁹

≢│ (3.11)─ ╩ ™≡ ╩ ╘≡╝ↄ⁹ 

FDNo.26 ─ (3000H⁸32 )│ 3.2.12≢ ⇔√╟℮⌐ ⁸ ⁸ ─ 3ﬞ ⅛╠◘

fiⱪꜞfi◓⇔≡™╢⁹ ⌐ ⌐╟╢ ─ ╩ ∆╢⁹ 3.2.15⁸ 3.2.16⅔╟

┘ 3.2.17│∕╣∙╣ ⁸ ⁸ ⌐ ⅛∫≡ ─ 3ﬞ ─ ↕⁸ ┘⁸

─ ─ ─ ≢№╢⁹ 3.2.15⁸ 3.2.16≢│ ≤ ⁸ ≤

≤╙⌐∕─ ─ ⌐ ⅝⌂ ™│ ╠╣⌂™⁹ 3.2.17─ ≢╙ │№╕

╡ ╦╠⌂™⁹╕√⁸ ↕ 100 400 ─ ≢│ ─┌╠≈⅝│№╢⅜╒╓

⌐⌂∫≡™╢⁹↓╣│↓─ ↕⌐⌂╢≤ ╛ ─╟℮⌂ ⌂ ⌐╟╢ ╩

↑≡│™⌂™↓≤╩ ⇔≡™╢⁹╕√⁸ 2 3mm ≢│ ⅜ ╖∆⅞≡™╢─≤

3.2.14 ─ ↕ FDNo.26 C3000H(32 ) 
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⅜ ╩ ∫≡™╢√╘⁸℮╕ↄ☻ꜝ▬☻∆╢↓≤⅜≢⅝∏ 1 2 ─↔ↄ ─

│ ≡™⌂™⁹ ⌐╟╢ │∕─╟℮⌂↔ↄ ⌐ ╠╣╢╟℮≢№╢⁹ 

 

 

3.2.15 ─ ↕ FDNo.26 C3000H(32 ⁸ ) 

 

3.2.16 ─ ↕ FDNo.26 C3000H(32 ⁸ ) 
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3.2.15⁸ 3.2.16 ⅔╟┘ 3.2.17≢│ ⅛╠ 50 100mm ─ ↕─ ≢ ─

⅜ ≢№╢ ⁸ ⌐╟╢ │ ≢│⌂™⁹ │ 2 ╡ ↑─ ╩ ∆⁹ 

 3.2.18│ 2 ╡ ↑ 1x2 ─ ∂ ◦☻♥ⱶ⌐⅔↑╢ 4⅛ ─ ⌂╢

⅛╠◘fiⱪꜞfi◓⇔√ ≢№╢⁹FDNo.26 ─ 3.2.15⁸ 3.2.16⁸ 3.2.17≤ ⌐

↕ 50 100mm ♃כ♦─ ⅜ ↄ⌂╢─≢ ⅛≢│⌂™⅜ ─ ─ ╙

≡™╢⁹ ⇔⁸ ─ │ ⁸ ─ 3⅛ ╟╡╙ ⅜ ╪≢™╢ ⌐ ⅎ╢⁹

FDNo.5 ≤ FDNo.6 ─ SUC1450H │ ⅜ ≢№╡⁸FDNo.26 │ ≢№

╢─≢ ─ │ 8ϴ╒≥─ ⅜№╢⁹ ∫≡ 14 ≤ 32 ─ ─ ╩ ⌐╟╢

─ ⅜ ⇔≡™╢≤ ⅎ╢↓≤╙≢⅝╢⁹™∏╣⌐∑╟ ⅛╠ 10 ─ ─

⇔≡™╢ ⌐⅔↑╢ ─ │ ⁸ ⌂≥─ ╩∕╣╒≥ ⌐│ ↑≡™

⌂™╟℮⌐ ⅎ╢⁹ 

 

3.2.17 ─ ↕ FDNo.26 C3000H(32 ⁸ ) 
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(4) ─  

 ─ ╟╡╙ ─ │ ⅜ ≢ ⇔≡™⌂™↓≤⅜╦⅛∫√─≢

⌐ ─ ⌐ ⇔≡ ─ ╩ ╢⁹ 3.2.19≤ 3.2.20 ─○꜠fi☺ ─

ⱪ꜡♇♩│ 8)─ ⌐⅔↑╢ C3000H⁸14 ≢№╢⁹ ≤⇔≡ ╠ 7) ─◒

ꜞ♥▫◌ꜟ ↕⌐ ™≤↓╤╩ ≢ ⇔√⁹C3000H ─ 14 │ ⅜ ≢№╡

⅜ 7.6ϴ⇔⅛⌂ↄ◒ꜞ♥▫◌ꜟ ↕⅜ 101.8mm ≤⌂╢⁹14 ≤™℮ ⅜ ™─⅛

╙⇔╣⌂™⅜ ─ │ 30 40 ⌐ ⅎ╢⁹ ╕⅛⌐│ ⅜ ™ ⅜ ─

⅜ ─╟℮⌐ ⅎ╢⅜ ⌐│ ╙№╢⁹ ⅎ┌ FDNo.18 ─ ↕│ (3.12)≢

↕╣√◒ꜞ♥▫◌ꜟ ↕╟╡╙⅛⌂╡ ↄ 20 30 ≢№╢⁹ 2 ╡ ↑─

≢ ─ ╩ ↑⌐ↄ™↓≤⅜ ─ ╙№╢⁹ 

 

 

3.2.19 ─ ┘─ ↕   
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─ ╙ ┘─ ⌐ ≡™╢⁹ │ ─ √╢ ╟╡╙ ─

⅜ ↕™⁹FDNo.6│ ─ 14 ≢№╡ ─32 ≢№╢≤↓╤─FDNo.26─ ⌐ ™⁹

≢─ ⌐⅔↑╢ ≤ ─ ™│ ╒≥ ≢│⌂™⁹ 

 

 

3.2.20 ─ ┘─ ↕   

 

3.2.21 ─ ─ ↕   
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↕─ ⌐≈™≡─ │ ┘╛ ╒≥ ⌐│ ╣⌂™⁹↓╣│ ↕≤™℮

─ ≢№╡ ⇔≡™⌂™≤™℮↓≤≢│⌂™⅜ ⌐∆╢≤ ⅜ ⌂ↄ⌂╢⁹ ─

╛ ╩ ╢⌐│ ┘─ ╩ ∆╢≤╦⅛╡╛∆™⁹ 

 

 

 

 

3.2.22 ─ ─ ↕   

 

3.2.23 ─ ↕─ ↕   
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 ─ ⌐ ─◗ⱶ ─ ╩╖≡⅝√⅜⁸ 3.2.10≤ ═≡╙ ─ ╛

─ ≤ ┘≈↑╢╟℮⌂ ⌂ │ ╠╣⌂⅛∫√⁹Ⱶ◒꜡◒ꜝ♇◒─ ⌂

⌂≥ ≢ ≢⅝⌂™ ⅜ ⌐⌂∫≡™╢─⅛╙⇔╣⌂™⁹ 

 

(5) ─ ─  

 3.2.25│ ─ ─ ─ ╩ ⌐ⱪ꜡♇♩⇔√╙─≢№╢⁹

─ │ 3.13 ⌐╟∫≡ ╘√⁹ 

 

( ) ─ ─ ┘  

≤∆╣┌⁸ 

( ─ ) ─ ─ ─ ◗ⱶ─  3.13  

  

3.2.25╟╡ ◗ⱶ─ ╙ ≤ ⌐ ╛⅛⌐ ⇔≡™╢↓≤⅜ ╢⁹╕√

≤ ≢│╒≤╪≥ │ ╠╣⌂™⁹↓╣│ ⌂≥ ⅛╠─ ⅜ ⌐ ⅎ╢

│№╕╡ ⅝ↄ⌂™↓≤╩ ⇔≡™╢⁹ ≢ ╪∞╙─⅜ ≤ ↕╣√╙─≢№

╢⁹ ─ │ ─ ⁸ ─ ⌂≥⌐ ∆╢≤ ↕╣╢⅜ 3.2.25≢│ 21

─╙─ FDNo.12 ⅜ ™⌐╙⅛⅛╦╠∏ ⌐⌂∫≡™⌂™ ◒ꜝ♇◒⁸ ─

│ ⇔≡⅔╡ │ỏ ─≢ ⌂ │ ≢⅝⌂™⁹ 

3.2.24 ─ ↕─ ↕   
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3.2.26⌐│ ─ ─ ┘─ ╩ ∆⁹↓∟╠│ ≤≤╙⌐

⇔≡⅔╡ ⌐ ℮ ─ ╛ ⌐ ⇔≡™╢≤ ╦╣╢⁹√∞⇔ ⌐╟∫≡│

15 ⅜ ⌐⌂∫≡™╢╟℮⌐╙ ⅎ╢⁹14 ─ⱪ꜡♇♩│ FDNo.6 ≢№╡ ⌂─≢

⅜ ™↓≤⅜ ⇔≡™╢ ⅜№╢⁹ 

 

 

3.2.25 ◗ⱶ─ ─  

 

3.2.26 ◗ⱶ─ ┘ ─  
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3.3 ◗ⱶ ─  

 ─ ≤⇔≡ ─ ⅛╠ ⇔√ ─ ─

⌐≈™≡ ═╢⁹ │ ⅜ ⌐ ⅛ №╡ A ⅜ 1989 ⁸

B ⅜ 1997 ⌐∕╣∙╣ ⇔≡™╢⁹↓╣╠│ ≢╙ ─⌂™

≢№╡⁸∕─ ≢╙ │ ⌂ ╩ √⇔≡™╢⁹ ─ ─ ─ 9

≢│ ─ ≤⇔≡ ⌂ ╩ ╘≡⅔╡ ≢╙ 5 10 ≢ ╡

⇔≡ ╩ ⇔≡™╢⁹ ה☻● ≢│ 2013

⅛╠ ─ ─ ╩ ╘≡™╢ 10)⁹ ☿fi♃₈╠⅛כ

⌐⅔↑╢ ─ ─ ₉10 ⅜ ↕╣≡⅔╡ │

╠⌐╟∫≡╕≤╘╠╣≡™╢ 6)⁹ ≢ ╠╣╢ ⌂ ה ─ ⌂™◗ⱶ

─ ⌂ ╩ ∆╢ ≢ ⌂ ⅜ ╠╣≡⅔╡ ≢│∕─ ╩

⇔⌂⅜╠ ∆╢⁹ 

 

(1) A  

88 kl L390m×B97m×H27.6m ×5  

◗ⱶ  C3000H RH ×40  

       C2250H RH ×20  

⌐╟╢ ◦☻♥ⱶ─ ╩ 3.3.1 ⌐ ∆⁹꜡♇♪ │♪ꜟⱨ▫fi─

⌐ ╩ ⇔ ─ ⌐ ꜡♇♪╩ ⇔≡ ≤ ⇔≡ ╩ ∆╢

◦☻♥ⱶ≢№╢⁹ 

 

 

 

 

 

3.3.1 ⌐╟╢ ◦☻♥ⱶ A 
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(2) B  

 70 kl L397m×B82m×H25.4m)×8   

◗ⱶ ◗ⱶ SUC2500H RH) ×128  

    

 

─ ≢№╣┌ ⇔≡⅔╡◗ⱶ ─ ●▬♪ꜝ▬fi 3) ─ ⌐

≠™≡ ⌂ ╛ ⌐╟∫≡ ↕╣╢≤↓╤≢№╢⅜↓╣╠─

│ ╛ ─ ⁸ ─ ⌐╟╢ ⌂≥─ ─ ≢№╣┌ ↑

╢≤ ↕╣╢ ⌂ ╛ ╩ ↑≡⅔╠∏⁸ ╙ ╕≢─≤↓╤ 10

Ɽכ☿fi♩⇔⅛ ↕╣≡™⌂™⁹ ∫≡ │ ⌐ ─ │⌂™⁹⇔⅛⇔⌂⅜╠

2 ≢ ═√╟℮⌂ ⌐ ⅎ⌂™ │ ╪≢™╢≤ ⅎ⌂↑╣┌⌂╠⌂™⁹ 

 

3.3.1 ─  

 ≢│ ⌐ ╩ ⇔≡ ╩ ⇔≡™╢⁹ ≈─ ⌐≈™

≡ ╩⅔™≡ ⇔√╡⁸ ⌂╢ ╩ ⁸≢─╢№⅜♃כ♦╢™≡⇔ A ≤

B ≢─ ─ ╩ 3.3.1≤ 3.3.2⌐∕╣∙╣ ∆⁹ 

∕╣∙╣─ │ ─ ╡⁹ 

 

 

  

◘▬☼ ◦ꜞ▪ꜟNo.

⁷⁷25%

⁷⁷⁷ 1 ─25% ≢─ N

⁷⁷⁷2-3 (kN)⁷

3.3.2 ⌐╟╢ ◦☻♥ⱶ  
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H
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1 ⇔√ ─  

 3.3.3⌐ ─ 25 ─ ╩ ≤⇔≡ ∂ 25 ─ ─

≢ ⇔≡₈ ₉╩ ⇔⁸∕─ ╩ ╢⁹ ─ ─ ≤ ⌂

╡↓╣╠─ ─ ─ ╙∆═≡ ↕╣≡™╢─≢◌♃꜡◓ ≢│⌂ↄ

─ ≢ ⇔√⁹ No.1 4⁸No.14 17 ⌐ 0 ≢─ 1.0 ⅜ ™≡™

╢─│∕╣∙╣─ ─ ╩ 1.0 ≤⇔≡™╢√╘≢№╢⁹ 3.3.4⌐│

─√╘─ ─ ╩ ∆⁹ 

 

 

 

 

(x )
C Rm

y

1 0.00 1.000 0.992
2 0.00 1.000 0.992
3 0.00 1.000 0.992
4 0.00 1.000 0.992
5 0.00 1.000 0.992
6 6.81 1.006 1.019 N6X8-13
7 7.33 1.068 1.021 D2Y8-16
8 11.84 1.040 1.038 P4Z4-11
9 12.33 1.093 1.040 D2Y8-16
10 17.26 0.942 1.060 P4Z3-10
11 17.84 0.940 1.062 D2Y8-16
12 22.93 1.030 1.082 R2Y2-33
13 23.43 0.993 1.084 R2Y2-33
14 0.00 1.000 0.992
15 0.00 1.000 0.992
16 0.00 1.000 0.992
17 0.00 1.000 0.992
18 6.00 1.011 1.015 5D1B3-3
19 21.00 1.050 1.075 5D7A1-2
20 26.50 1.094 1.096 6D9E2-1
21 28.17 1.122 1.103 6D9E2-1
22 25.94 1.168 1.094 L-2
23 29.67 1.185 1.109 L-2
24 30.18 1.194 1.111 L-2

25 28.98 1.129 1.106

26 28.98 1.144 1.106

B

A

A

R3000H

A

R2250H

3.3.3 ─ ─  
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◗ⱶ │ⱷ2כ◌כ ≢ ╠╣≡⅔╡ C3000H⁸C2250H⁸SUC2500H │ A ⁸

R3000H ≤ R2250H │ B ≢№╢⁹╕√ R2250H ─◦ꜞ▪ꜟ No.NG-1 ≤ NG-2 │

≤⇔≡ ⌐ 29 ↕╣≡™√╙─≢№╡ ≢№╢⁹↓╣╠─ ─ ™⅛

╠ │ R2250H ╩ ™≡ ∫≡™╢⁹ ─◓ꜝⱨ╩ 3.3.3 ⌐ ∆⁹∕╣∙╣─

♃כ♦ │ Appendix-5 ⌐ ∆╢⁹ 

 

 

 

─ │ 0.394%≢№╡⁸ ─ 0.368%⌐ ™⁹ │

3.1.5 ≤ 3.3.5╩ ═╢≤ 0 ≢─ ⅜ 1.299ќ1.132⁸ ⅜ 0.805ќ0.852 ≤⌂╡

≢─ ⌐ ═╢≤⅛⌂╡ ⅜ ⇔≡™╢⁹↓╣│ ⌐ ↑╢

⅜ ⇔≡™╢↓≤⌐╟╢╙─≤ ↕╣╢⁹ 3.3.3≢│ ≤ ∂╟℮⌐

│ ≤≤╙⌐ ╛⅛⌐ ⇔≡╝ↄ↓≤⅜ ↕╣√⅜⁸ ↄ ≡╖╢≤

A ≤ B ≢│ ⅜ ⌂∫≡™╢╟℮⌐ ⅎ╢⁹ ⌐ A ≤ B ╩ ↑√

╩ ∆⁹ 

SLOPE Ŭ 0.003943
STEYX ů 0.05436
INTERCEPT ŭ 0.9918
NORMS.INV ɓ 2.576

3.3.4 ─√╘─  

3.3.3 ─ ─ 10) 
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 3.3.6│ A ╩↑∞♃כ♦─ ⇔√ ─ ⁸ 3.3.7│ ─

⁸ ⌐ 3.3.8 │ B ╩↑∞♃כ♦─ ⇔√ ─ ⁸ 3.3.9│

─ ≢№╢⁹∕╣∙╣─◓ꜝⱨ│ 3.3.4⁸ 3.3.5⌐ ∆⁹ 

 

 

A&B

x )
=0.00394x

0 1.132 0.8518 0.9918
5 1.152 0.8715 1.012

10 1.171 0.8912 1.031
15 1.191 0.9109 1.051
20 1.211 0.9306 1.071
25 1.230 0.9503 1.090
30 1.250 0.9701 1.110
35 1.270 0.9898 1.130
40 1.290 1.009 1.150
45 1.309 1.029 1.169
50 1.329 1.049 1.189

C Rm

3.3.5 ─ ─  

3.3.6 ─√╘─ A 

SLOPE Ŭ 0.005405
STEYX ů 0.03259
INTERCEPT ŭ 0.9927
NORMS.INV ɓ 2.576

3.3.7 ─ ─ A 

A

x )
=0.00541x

0 1.077 0.9088 0.9927
5 1.104 0.9358 1.020

10 1.131 0.9628 1.047
15 1.158 0.9898 1.074
20 1.185 1.017 1.101
25 1.212 1.044 1.128
30 1.239 1.071 1.155
35 1.266 1.098 1.182
40 1.293 1.125 1.209
45 1.320 1.152 1.236
50 1.347 1.179 1.263

C Rm
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3.3.8 ─√╘─ B 

    
 

SLOPE   -0.0004360  
 

STEYX XY   0.04448  
 

INTERCEPT   1.013  
 

NORMS.INV 99   2.576   99.5% 

 

3.3.9 ─ ─ B 

B  CRm 

x) 
99%  99%  

 

-0.0004 +1.013  

0 1.127  0.8980  1.013  

5 1.125  0.8958  1.010  

10 1.123  0.8936  1.008  

15 1.121  0.8915  1.006  

20 1.118  0.8893  1.004  

25 1.116  0.8871  1.002  

30 1.114  0.8849  0.9995  

35 1.112  0.8827  0.9973  

40 1.110  0.8806  0.9951  

45 1.107  0.8784  0.9929  

50 1.105  0.8762  0.9908  

  
3.3.4 ─ ─ A

10) 
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3.3.4≤ 3.3.5≢ ⅛╢↓≤│ A ⅜ ⅜╡ 0.54%/ ≢

B ⅜╒╓ ( -0.04%/ )⌐⌂∫≡⅔╡⁸∕─ ≤⇔≡ ↑ ─

⌐ ™ 0.368%/ ≤⌂∫≡™╢↓≤≢№╢⁹↓─ ⌐╟╢ ™─ │ ⌐│

⅛∫≡™⌂™⁹ ≢№╣┌ ⇔≡ ╩ ℮↓≤⅜ ╕⇔™⁹ 

 ⌐⁸ ─ ╩ ≡╖╢⁹ 3.3.6│ A ─ C3000H⁸ 3.3.7│

B ─ SUC2500H ─ ╩ ≢ ⇔√╙─≢№╢⁹ ⅜ ╛

⅛⌂─≢ 3.2.7⁸ 3.2.8 ⌐ ═╢≤┌╠≈⅝⅜ ⌂™⁹

B ─ 6.81 ≤ 7.33 │ 10%⁸25%⁸35%─ 3 ⅛⇔♃כ♦─ ∫≡™⌂⅛∫√─≢ⱪ꜡

♇♩ ≢ ⇔√⁹ ╩ ─ ≢ ⇔√⅜ ≢ │╒≤╪≥ ╦╠

∏ ⌂∫≡⇔╕℮─≢ ╩ⱪ꜡♇♩⇔√⁹ 

 

 

3.3.5 ─ ─ B
10) 



57 

 

 

 

 

3.3.6 ─ 2-3 ⁸ A- C3000H 

 

3.3.7 ─ 2-3 ⁸ B- SUC2500H 
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3.3.8│ B ─ R3000H ≤ 3.3.9⅜ R2250H⁸™∏╣╙ A ⅛╠ ⇔√╙

─≢№╢⁹5~20 ─ ≢─™⌂⅜♃כ♦─ ╩ ♃כ♦│⌐╢ ∞⅜ A

─╙─≤ ⁸ ⅜№╢⁹ 3.3.9─ R2250H │ 29 ≤⇔≡ ─ ⌐

↕╣≡™√ ≢№╢⁹∕╣≢╙ R3000H ≤ ─ ⅜ ╠╣╢⁹ ─

⅜⌂ↄ ≢ ─ ⅜ ↓∫≡™╢↓≤⌐⌂╢⁹↓─ ─ ╩

⇔≡ ╩∆╢ ⅜№╢⁹ 

 

3.3.8 ─ 2-3 ⁸ A  R3000H 

 

3.3.9 ─ 2-3 ⁸ A  R2250H 
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 ─ ─ ╩ 3.3.10 ⌐ ∆⁹ ⌐◒ꜝ♇◒⅜ ⇔√√╘∕─ ╩◒꜡

│◒♇ꜝ◒─╠╣↓ⱪ⇔√⁹♇▪☼כ ⌐─╖ ⇔ ╩ ∆≤ ∂≡⇔╕∫≡

⇔⌐ↄↄ⌂╢⁹ ─ ≢◒ꜝ♇◒│ ≢⅝╢╟℮⌐ ⅜╢⅜ ◗ⱶ⌐ ⇔≡╝

ↄ╟℮⌂ │ ╠╣⌂⅛∫√⁹ 

 

3.3.10  C3000H(◦ꜞ▪ꜟ 6D9E2-1)⁸ 28  

 

 

 

 

 

 

 

 

  

♪ꜟⱨ▫fi  

ⱨ꜠כⱶ  

30% 50% 

10% 

◒ꜝ♇◒ 10% ◒ꜝ♇◒ 40% 
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3.3.2 ◗ⱶ ─  

 ─ ─ ╩ ∆╢√╘ A ⅛╠ C3000H ◦ꜞ

▪ꜟ No.6D9E2-1 ╩ ⌐ ⇔≡◗ⱶⱩ꜡♇◒╩ ╡ ⇔⁸ 3.2.2≤ ∂

≢ ─ ╩ ∫√⁹ ─ C3000H │◗ⱶ ↕⅜ 500mm №╢─≢◗ⱶ ╡

⇔⌐│ ⅜ ℮⁹ 3.3.14⌐ ╩ ∆╢⁹ 

 

 

 

 

3.3.15 ⌐ ╠⅛♩כ◦√⇔☻▬ꜝ☻⌐℮╟∆ ◘fiⱪꜟ╩ ∟ ⅝ ╩ ℮⁹ 

 

   3.3.14 C3000H─ ◘fiⱪꜟ ╡ ⇔ 

 

3.3.15 ◘fiⱪꜟ ∟ ⅝≤  
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(1) ↕  

◗ⱶ─ ↕│ ↕ ╩◗ⱶ ⌐ ⇔ ≡ ─ ™ ╖ ↕⌐╟∫≡ ≢ ∆⁹ 

   JIS K6253-3 2012  

2mm 3  

23 2  

          

A  

 

 

 

(2)  

 │◗ⱶ◘fiⱪꜟ⌐ ╩ ⅝⁸ ⌂⅜╠ ⅛╠ ╩⁸ ╩ ─⌂™

≢─ ≢ ⇔≡ ≤∆╢⁹ 

JIS K6251 2004  -  

 3  7  N=3  

23 2  

200mm/min 

5567A INSTRON  

         AVE  INSTRON  

         100N 

 

 ⅛╠│ ─ ⅜ ╠╣╢⁹ ─ ♃כ♦ ≤ ╩ 3.3.17 ⌐ ∆⁹

│ 3 ◘fiⱪꜟ⌐≈™≡ ⇔ ⱷ☺▪fi ╩ ∆╢⁹ 

          Tb    MPa  

   Eb    

       Md  

3.3.16 ◗ⱶ  
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100 00%  Md100 10% Md10 50%

Md50  

75% 100% Md100 

3.3.17 Appendix-6  

   

 

3   

3.3.18 ⌐ ↕ ─ ↕─ ╩ ∆⁹↓─ C3000H │ ─ ≤

⇔≡ ⇔≡ ↕╣╢↓≤╩ ⇔ ╩ ∆╢ ≢ ◗ⱶ─ ↕╩

25 ⌐⇔≡™╢⁹ ◗ⱶ≤ ◗ⱶ─ ─ ╩ ∆╢√╘ ─ ⌐

™ ≢◗ⱶ◦כ♩─ ╩ ⇔√⁹∕─ ╩ 3.3.18⌐ ◗ⱶ╩ ⁸

◗ⱶ╩○꜠fi☺─ ≢ ∆⁹X ─ 0 ⅜ ⁸ 500 ⅜ ≢№╢⁹

◗ⱶ─ ↕│ ─ │ ↕ↄ⁸Ᵽꜝ♠◐│№╢╙──╒╓ ─ ≤⌂∫

≡™╢⁹ ◗ⱶ⅜ ⌐╦√∫≡╒╓ ⌐ ⇔≡™╢─⌐ ═ ─ ◗

ⱶ│ ⌐ ™╒≥ ⅝ↄ ⇔≡™╢⁹╕√ ─ ↄ─ ⅜ ⁸ ⌐

═ ⇔™⁹ ⌐⅔™≡│ ╟╡╙⅛⌂╡ ↕─ ™ ─√╘⁸ ≤ ─

─ ↕─ ⅜ ⅝™⅜ 28 ⌐│ ◗ⱶ─ ↕⅜╟╡ ⅜∫≡∕─ ⅜

↕ↄ⌂∫≡™╢⁹ 

 

 

3.3.17 ─ ─ ♃כ♦  
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3.2 ─ (3.12)≢ ⇔√◒ꜞ♥▫◌ꜟ ↕ 7) │ ≢│⌂ↄ ◗ⱶ─ ∞↑≢

⅜ ╪≢™╢╟℮⌐ ⅎ╢⁹ ↄ─ 2 │ 16.8ϴ≢№╡∕╣⅛╠

↕╣╢◒ꜞ♥▫◌ꜟ ↕│ 70.13 ≢№╢⁹ 3.3.19 ⌐ ─⧵╩♃כ♦ ≢ ⇔

√ ─ ╩ ∆⁹ ─ ─ ╩ (3.3.1)⌐ ∆⁹ 

 

─ ─ ─            (3.3.1) 

 

◗ⱶ≤ ◗ⱶ─ ─ ™⅜ ↕╣≡ ─ ⅜ ⅎ≡ↄ╢⁹

─ ↕│ ⅜ 40 50mm⁸ ⅜ 50 70 ⌐ ⅎ╢⅜№╕╡│∫⅝╡≤│⇔⌂™⁹

╗⇔╤ │ ─ ≢ ⅎ╠╣≡ ⅜ ↄ⌂∫≡™╢╟℮⌐ ⅎ╢⁹ 

 

 

3.3.18 C3000H─ ↕  
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3.3.20⌐ ↕ ─ ─ ╩ ∆⁹ ╙ ◗ⱶ─ ↕ ⌐╒╓

≢№╡ ↕⌐╟╢ │№╕╡ ≢│⌂™⁹ 

 

3.3.19 C3000H─ ↕─  

 

3.3.20 C3000H─  
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─ ◗ⱶ≢─ │╦∏⅛≢№╢⅜⁸ ⌐ ─ ↄ⌐⅔™≡│ ⇔

™⁹ ↄ─ ◗ⱶ≤ ≤─ ─ ⅜ ⌂™≤™℮↓≤│ ╛ ⌂≥─

⅜ ◗ⱶ╕≢ ╪≢⅔╠∏⁸ ─ │ ™ ⌐╟╢ ─ ≤

─ ─ ≢│⌂™⅛≤ ↕╣╢⁹∕─ ⌐ ◗ⱶ─ ⅜ ⇔™─≢

◗ⱶ─ ⇔™ ⅜ ┼─ ─ ╩ ⇔≡™╢ ⅜№╢⁹ 3.3.21│

─ ≢№╢⁹ 

 

 

3.3.22 │ ┘ ┘ ─ ⁸ 3.3.23 │ ┘─ ─ ≢№╢⁹ ┘

│ ↕⌐ ═≡ ⅝╘⌐ ⇔≡™╢⁹ ⌐ ◗ⱶ─ ┘─ ⅜ ⇔™⁹

◗ⱶ│ ⌐ ═≡ ┘─ ™◗ⱶ╩ ⇔≡™╢⅜ 28 ─ ─ ≢ ⅛╠

─ ⅜ ╖ ≢│ ↕ 10 ≢ ◗ⱶ─ ┘╩ ∫≡⇔╕℮⁹

3.3.23─ ╩ ╢≤↓╣╙ ↕╣√◒ꜞ♥▫◌ꜟ ↕╟╡╙ ─ ─ ↕⅜

ↄ⌂∫≡™╢↓≤⅜╦⅛╢⁹ 

   

 

 

3.3.21 C3000H─ ─  
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3.3.24 │ 100 ⸗☺ꜙꜝ☻ Md100 ─ ⁸ 3.3.25 │∕─ ─ ≢№

╢⁹ 

 

3.3.22 C3000H─ ┘ ┘  

3.3.23 C3000H─ ┘ ┘ ─  
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3.3.24 C3000H─100 ⸗☺ꜙꜝ☻ Md100  

3.3.25 C3000H─100 ⸗☺ꜙꜝ☻ Md100 ─  
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◗ⱶ⌐≈™≡ ⅛╠─ ↕╩Ɽꜝⱷכ♃⌐⇔≡ⱣⱠ ╩ ∆╢≤

3.3.26─╟℮⌐⌂╢⁹↓╣╠─ⱪ꜡♇♩≢╦⅛╢╟℮⌐⁸ ⅜ ╗╒≥ ⅛╠─

⅜ ⅝ↄ⌂∫≡™╢╟℮⌐ ⅎ╢⁹ ⌐⅔™≡⁸ ◗ⱶ─ ─ │ ╛⅛

≢№╡⁸ ◗ⱶ─ ⌐╟∫≡ ─ ⅜ ⅎ╠╣≡™╢⁹∕─ ╦╡ ◗ⱶ─

│ ⇔ↄ ⌐ ─ ╛ ─ ⅜ ⅝ↄ ⇔≡™╢⁹ ◗ⱶ╙

⅛╠─ ↕⌐╟∫≡ ─ ⅜ ↕╣≡™√⅜⁸ ─ │ ⇔√╒≥ ⌐

│ ╣⌂⅛∫√⁹ ◗ⱶ─ ↕ 25mm ≤ ⅜ ╩ ⇔≡™╢≤ ╦╣╢⁹ 

 

 

⌐ ─ ⌐ ╩ ≡≡ ╩ ∆╢⁹ 3.3.27⅜ ↕─

⁸ 3.3.28 ⅜ ⁸ 3.3.29⅜ ┘─ ⁸ 3.3.30 ⅜ 100%⸗☺ꜙꜝ

☻─ ≢№╢⁹ ≤│ ─ ⁸ ≤│ ─ ⅛

╠─ ↕╩ ⇔≡™╢⁹™∏╣─ ⌐╙⁸ ⁸ ─ ⌐╟╢≤ ╦╣╢ │

⅛⌂╡│∫⅝╡≤ ╣≡™╢⁹ ⁸ ⅜ √╠⌂™│∏─ ⅜⁸ ⁸ ⁸

⌐ ⌐ ↑∏ ╠∏ ⇔≡™╢⁹ ╙◐♠ꜝⱣ─♃כ♦│ ⅝ↄ ─

╟℮⌐ ⅎ⁸ ⌐╟╢ ≤│ ⌂╢⅜ ≤ ─ ⅜ ↓╢≤™℮↓≤│

∆╢ ⅜№╢⁹ ⁸ ↕ 24 ─≤↓╤─ ─ │ ─ ↕╩ ⇔≡™╢⁹

│ 2 ╒≥ ╘⌐⌂∫≡™╢╟℮⌐ ⅎ╢⁹ 

 

3.3.26 C3000H─ ↕ ─⸗☺ꜙꜝ☻ 
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3.3.27 ─ ─  

3.3.28 ─ ─  

3.3.29 ─ ┘─  
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⌂≥─ ⅛╠ ↑╢ │⁸ ↕⌐ ⇔≡ ⌂ ╩∆╢↓≤⅜

↕╣⁸∕─ ≢│ 3.3.30 ⌐⅔™≡ ─ ⸗☺ꜙꜝ☻─ ⅜ ─

⌐ ⌐ ↄ⌂∫≡™╢↓≤│ ⌐⅛⌂∫≡™╢⁹ ⌂≥ ─ ™⅜

⌐ ╣⁸ ─ ↕⌐│ ™⅜ ≡™⌂™⁹ 

 

3.3.30 ─100 ⸗☺ꜙꜝ☻ Md100 ─  

 

3.3.31 ≤ A ─ ─  
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3.3.31⌐ 32 ≢ ⇔√ C3000H ≤ 28 ⇔√ A ─

C3000H ─ ╩ ═≡ ⇔√⁹ ↄⱢ▬ꜝ▬♩⇔√ │ ◗ⱶ≢№╢⁹

─ │ ⅜ ⇔ↄ⁸ ─ ╩ ⇔≡ ─ ↕╩ ⌡

⇔≡™╢⁹ ─ │ ◗ⱶ─ ↕ 50 100mm ╕≢ ⅜ ⇔≡

™╢⅜ ─ A ≢│ ◗ⱶ┼─ ⅛╠─ │╒≤╪≥⌂™╟℮⌐ ⅎ╢⁹

⇔⅛⇔ ◗ⱶ─ ≢│ ─ ≤∕─ ⅜ ⅝ↄ ◗ⱶ≤─ ≢ ⅜ ╠

╣╢⁹ 

 ─ ⌐╟╡ ─ ─ ⌐│ ─ √⇔≡™╢ ⅜ ⅝™↓≤⅜

∫√⁹ ⅜ ⇔≡ ∆╢↓≤⌐╟╡ ◗ⱶ─ ╩ ⇔≡⅔╡↓╣⅜ ─

™ ─ ─ ≤─ ™⌐⌂∫≡ ╣≡™╢≤ ╦╣╢⁹↓╣╩

≢ ∆≤ 3.3.32─╟℮⌐⌂╢⁹ 

 

 ⅜ ↕╣╢≤ ⌐ ⅜ ∆╢⁹ ─ ─ ┘⅜ ⅜∫≡™╣

┌∕↓⌐ 3.3.32─ ─╟℮⌐◒ꜝ♇◒⅜ ∆╢⁹ ─ ⅜ ╪≢™╣┌ ╣≡

⇔╕℮⅜ ◗ⱶ⅜ ∂ ⌐⅔™≡ ┘⌐ ⇔≡™⌂↑╣┌ ╣√ ◗ⱶ≤ ◗

ⱶ≤─ ⌐ ∫≡ ╣⅜ ⇔≡ ─ ⌐ ⇔⌂™⁹ ™ ⅎ╣┌ ─

⅜ ─╟℮⌐ ◗ⱶ╩ ⇔≡™╢≤ ⅎ╢↓≤⅜≢⅝╢⁹ 

 ─╟℮⌐ ─ ⌐≈™≡│ 30 ╩ ⅎ√╙─⌐ ⇔≡╙

≤ ∆═⅝ │⌂ↄ⁸ ⌐ ╠╣√╟℮⌂ ⁸ ⁸

─™∏╣╙ ↕╣∏⁸ ≢╙ ─ ╩ ↑┌ ◗ⱶ│⁸

│ №╢╙── ◗ⱶ≤⇔≡─ ╩ ∫≡™√⁹↓╣│ ⌐⅔™≡╙

─ ╛ ⁸ ◗ⱶ─ ⌂≥⌐╟∫≡ ╩ ≢⅝╢ ╩

⇔≡™╢⁹ 

3.3.32 ─ ─  
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3.4 ╕≤╘ 

 ─╟℮⌐ 3 ≢│⁸ ─ ⁸ ─

⌐≈™≡ ⌂ ╩ ─ ⅛╠ ⇔√⁹ ⁸ ─

─ ─ ─ ≤⇔≡│ 30 ≤ ↕╣√⁹ │ ⌐ ⇔≡ 0.3

0.4%─ ≢ ⇔≡™√⁹ ─ ⌐≈™≡│╕∞

⌐ ≤⇔≡─ ╩ ⇔≡⅔╡ 30 ╩ ⅞√ ≢│ ≤⇔≡─ │ ≢⅝

≡™⌂™⁹╕√⁸ ─ ⁸ │ ⇔≡™╢╙── ─◗ⱶ │

◗ⱶ≤⇔≡─ ╩ ∫≡⅔╡ ─ │ ─ ⅜№╢↓≤⅜ ↕╣√⁹ 

 

 

 

 

1) ─ ≤ ⌐≈™≡ 1997

9 No. 878 

2) ⱱכⱶⱭכ☺ www.jma.go.jp 

3) ☿fi♃כ: ◗ⱶ ─ ●▬♪ꜝ▬fi 2013 3  

4) PIANC ─ ◦☻♥ⱶ─ ⁸pp.122-123⁸1980 3  

5) : ◦☻♥ⱶ ─ 33 2002 

6) ⌐⅔↑╢ ─

─ ☿fi♃כ No.14 pp.55-58 2014 

7) ◗ⱶ─ ⌐ ∆╢

A No.801 pp.185-196 2005 10  

8) ◗ⱶ─ ≤ ⁸ 50 ◗ⱶ ◦fiⱳ☺►ⱶ⁸p.38⁸1997 

9 ─ ─ ─ ה  и

1980 9  

ה☻● (10 ⁸ ☿fi♃כ

─ ─ ⌐ ∆╢ ,

27 3  
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4 ⌐╟╢◗ⱶ ─  

 

4.1  

3 ≢│ ─ ⅛╠ ─ ─ ╩ ╖ 30 ≤™℮ ╩ √⁹

∕╣│ ⌂ ⅎ─ ≈≢│№╢⅜⁸№╢ ─ ╠╣√ ─◗ⱶ ─

⌐ ∆╢ ≢№∫≡⁸ ⌂ ⁸ ─ ⌐ ∆╢ ⌂ ╩ ⅎ╢╙─

≢⌂™⁹╕√№ↄ╕≢ ⌂─≢ ─ │╙∫≤ ™⅛╙⇔╣⌂™⁹∕⇔≡

╙ ╛ ╩ ⅎ╢≤№╕╡ ⌐ ≢⅝╢╙─≢│⌂™⁹ ≢│↓─╟

℮⌂ ⅛╠◗ⱶ ─ꜟ♦⸗ꜟכ◔☻╛ ⁸FEM ╩ ⇔⁸ ≤

∆╢↓≤≢ ─ ⌂ ╩ ⇔√⁹╕∏⁸◗ⱶ ─ ⌐╟╢

╩ ⌐ ⇔≡ ◄Ⱡꜟ◑כ╩ ⇔⁸∕╣⌐ ⌐ꜟ♦⸗ꜟכ◔☻≡™≠

╩ ⇔≡ ─ ╩ ⇔√⁹ ⌐◗ⱶ─ ⌐╟∫≡◗ⱶ─ ⅛

╠─ ⌐╟╢ ─ ╩ ⇔⁸∕─ ⇔√ ╩ ⇔≡ FEM ≢ ─

╩ ∆╢↓≤⅜≢⅝√⁹∕╣⌐╟╡ 3 ≢ ⇔√ ─ ≤ ╩ ℮≤

≤╙⌐ ─ ⁸◘▬☼⁸ ⌐⅔↑╢ ─ ⅜ ⌐⌂╡ ─

╩ →╢↓≤⅜≢⅝√⁹ 

 

4.2 ◗ⱶ ─  

 ⌐ ─ ⌐ ↕╣≡™╢╙─≤ ∂ RH ◗ⱶ⅔╟┘ ◗ⱶ─◘fi

ⱪꜟ◦כ♩╩ ⇔ ╩ ⅎ≡ ╩ ⇔√⁹ │ ⌂ ≤

─ ╩ ∆╢√╘─◘fi◦ꜗ▬fi►▼◙כⱷכ♃כ⅔╟┘ ─ 3

╩ ⇔√⁹ ─ │ RH ◗ⱶ ─ ⌐╟∫≡ ⌂ ╩

⇔⁸ ⅛╠─ │◘fi◦ꜗ▬fi►▼◙כⱷכ♃כ⌐╟╢ ≤

6)≤ ╩ ⌐ ℮↓≤≢ ─ ⌂╢ ╛ ─ ⌂ ╩ ℮

√╘─ ─ 2 ─ ╟∫≡ ⇔⁸ ◗ⱶ⌐│ ≤ ∂ ╩

⇔√╙─≤ ╩ ⇔≡ ╘⅛╠ ⇔≡™⌂™ 2 ╩ ⇔√⁹⇔√⅜∫≡⁸

⅜ 3 ⁸◗ⱶ ╙ 3 ─ ╖ ╦∑⌐⌂╢⁹ 

 

(1) ⌐╟╢  

 ◗ⱶ ─ ╩ ⌐╟╢ ≤ ⇔≡ ╩ →╢↓≤≢ ╩

℮⁹◗ⱶ ─ ⌐│ ╩ ™⁸ ±1ϴ≢ ─ ╩◖fi♩꜡כꜟ⇔≡

™╢⁹ ⁸ ⇔√ ─ │ ⌐ ↕ 25 ─ ◗ⱶ╩ ⇔≡™

╢⁹⇔√⅜∫≡ ◗ⱶ≤ 2 ─ ◗ⱶ ─ ⌐≈™≡ 80ϴ⁸90ϴ⁸

100ϴ─ 3 ≢─ ╩ ⇔√⁹100ϴ│◗ⱶ ─ ╩ ℮ ─

≤™╦╣≡⅔╡∕╣ ⌐⌂╢≤ ≤│ ─ ─ ⅜ ⅝ↄ⌂╡

⅜ ⅝ↄ⌂╢≤™╦╣≡™╢⁹╕√ ◗ⱶ⌐│ ⅜ ↄ ↕╣≡™╢⅜
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≢ ⇔≡ ⇔≡⇔╕℮╙─╙№╢─≢ ╩│∂╘⅛╠ ⇔≡™⌂™

◗ⱶ╙ ∑≡ ⇔√⁹◗ⱶ─ ≤⇔≡│ ↕⁸ ⁸ ┘⁸100 ⸗☺ꜙꜝ☻(

100%≢─ )⌂≥╩ ⇔≡™╢⁹ │ 3.3.1 ⌐ ⇔√ ─ ≤

⌐ ─ JIS ⌐ ∫≡ ⇔≡™╢⁹ 

ה ↕  JIS K6253-3 2012 ₈ ◗ⱶ⅔╟┘ ◗ⱶ ↕─ ╘

♦ꜙ꜡ⱷכ♃ ↕₉ 

ה ⁸ ┘⁸100%⸗☺ꜙꜝ☻ JIS K6251 2004  ₈ ◗ⱶ ┘

◗ⱶ- ─ ╘ ₉ 

⌂⅔⁸ ↕│ 5 ─ ⁸ ⁸ ┘⁸100 ⸗☺ꜙꜝ☻│ 3◘fiⱪꜟ─

╩ ∫≡™╢⁹⌂⅔⁸◗ⱶ◘fiⱪꜟ│ ↔≤⌐ ∆╢╕≢ ╢─≢◗ⱶ◘fiⱪꜟ│

↔≤⌐ ⌂╡ ∂◘fiⱪꜟ╩ ─ ⌐ ∆╢↓≤│⌂™⁹ 

 ◗ⱶ─ ╩ 4.2.1⌐◓ꜝⱨ╩ 4.2.2⌐ ∆⁹ ↕≤100%⸗☺ꜙꜝ☻│ ⇔⁸

≤ ┘│ ⇔≡⅔╡ 3 ─ ─◗ⱶ ≤ ⇔√ ⌐⌂∫≡™╢⁹ 

 

 

 

 

(MPa

100%

(Mpa

0 70 26.2 480 4.56
20 75 21.6 340 6.37
40 76 19.6 300 6.82
70 77 15.5 210 7.49

110 78 13.0 170 7.95
150 79 11.6 140 8.48
185 81 10.2 110 9.75

0 70 26.2 480 4.56
10 76 19.9 320 5.91
20 76 15.8 240 6.57
40 76 11.0 150 7.45
60 79 7.79 90
80 84 9.51 70

100 89 10.2 40
0 70 26.2 480 4.56
5 76 17.4 250 6.79

10 76 15.3 220 6.82
20 77 9.60 130 7.25
30 80 7.95 70
40 86 9.64 50
50 91 8.28 20

4.2.1 ◗ⱶ─ 8) 
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4.2.1⌐⅔™≡ ─≤↓╤│ ┘⅜ 100% ─√╘⌐ 100%≢─ ⅜ ⇔

≡™⌂™ ≢№╢⁹↓╣│ ⌐ FEM ⌐⅔™≡◒ꜝ♇◒─ ╩ ∆╢≤⅝⌐

⌐⌂╢⁹FEM ⌐⅔™≡ ⅜ ╕≢ ↕╣√≤⅝⌐ ∆╢ ╩ ┘⅜

╢╕≢─ ⅜№╢≤ ⌐╟╢◒ꜝ♇◒─ ⅜ ≢⅝╢⁹ 

 

 

  

4.2.2 ◗ⱶ─ 8) 
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4.2.2 ≤ 4.2.3 │ ◗ⱶ─ №╡─ ≢№╢⁹ ⌂↓≤≤⇔≡

⇔√ ⅜ ⌐ ∂⁸╛⅜≡ ⇔≡™╢⁹↓╣│ ⇔√◗ⱶ⅜

⌐ ⇔ ⌐ ⅜ ⅜∫√╙──⁸ ┘⅜╒╓♀꜡⌐⌂╡ ∆╢≤

⌐ ⅜ ∟≡ ⇔≡™╢≤ ⅎ╠╣╢⁹ ◗ⱶ⌐╙╦∏⅛⌐∕─ ⅜ ╠╣

╢⅜ ◗ⱶ╒≥ ≢│⌂™⁹ 

 

 

(MPa

100%

(Mpa

0 60 23.3 580 2.29
10 69 19.5 450 3.55
20 71 17.8 350 4.33
35 71 12.4 260 4.58
50 75 11.2 200 5.61
70 74 8.59 150 5.89

140 81 7.57 80
210 86 9.44 50
280 93 13.2 40
350 98 21.8 20

0 60 23.3 580 2.29
3 69 21.1 3.46
5 70 19.3 480 3.87

10 70 15.2 400 4.23
20 70 9.73 210 4.78
40 73 7.42 120 6.44
75 84 8.51 60

110 93 12.3 30
150 98 16.5 0
185 100 9.43 0

0 60 23.3 580 2.29
1 67 21.3 500 3.16
3 69 17.7 400 3.7
5 70 14.1 300 4.04

10 68 7.91 170 4.66
20 79 6.86 90
40 88 9.12 40
65 98 13.4 0
90 98 5.78 0

110 99 5.34 0

4.2.2 ◗ⱶ №╡ ─ 8) 
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4.2.3 ◗ⱶ №╡ ─ 8) 
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4.2.3 ≤ 4.2.4 │ ◗ⱶ─ ─ ™╙── ≢№╢⁹ ─№

╢╙─⌐ ═≡ ╛ ┘─ ⅜ ≢№╢⁹ 

 

 

(MPa

100%

(Mpa

0 66 24.2 530 2.56
5 66 20.7 450 3.12

10 66 16.2 380 3.21
20 67 12.0 290 3.31
35 69 8.23 200 3.60
70 77 7.35 90

140 90 10.8 40
210 97 20.4 20
280 99 24.9 0
350 99 13.2 0

0 66 24.2 530 2.56
3 66 17.5 420 3.06
5 67 15.4 350 3.33

10 69 9.21 240 3.52
20 68 6.56 150 4.08
40 77 7.18 70
75 93 14.5 20

110 99 11.3 0
150 99 9.21 0
185 99 0.54 0

0 66 24.2 530 2.56
1 66 20.3 450 3.1
3 68 12.9 300 3.35
5 67 9.26 220 3.45

10 67 6.25 160 3.75
20 79 6.46 60
40 93 10.1 0
65 96 6.34 0
90 98 5.22 0

110 98 2.66 0

4.2.3 ◗ⱶ ⌂⇔ ─ 8) 
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(2) ▪꜠♬►☻─ ⌐╟╢  

⌐⁸ ⌐╟╢ ⅜ ─ ≤ ⌐№╢≤™℮ ⌐ ≠™√▪꜠♬

►☻─ ⌐≈™≡ ═╢ 1)⁹ ╠│ 2)  ⌐⅔™≡▪꜠♬►☻─ ⌐ ≠™

√ ⌐╟╢ ╩ ∫≡ ⌂ ╩ ≡™╢⁹ ◗ⱶ ≤™℮ ≢│

╙ ≢№╢⅜ ≤™℮ ⅜ ⌂╢⁹▪꜠♬►☻─ │ (4.2.1)≢ ↕

╣╢⁹ 

 

                                   (4.2.1) 

 

↓↓≢⁸ 

  K   ∆╢  

  A  ∞⅜ ⌐│ ↕╣≡⇔╕℮  

  E  ◄Ⱡꜟ◑כ j/mol/K  

  Ra  =0.008315 j/mol/K  

  T  K  

≤│ T0 ─◗ⱶ╩№╢ ™ Ty ╕≢ →√ ⁸∕─ ™ Ty ≢─

4.2.4 ◗ⱶ ⌂⇔ ─ 8) 

 

ö
ö
÷

õ
æ
æ
ç

å
-Ö=

TR

E
expAK

a

c
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ty ≢ ↑╢ ⅜ T0≢№╣┌≥─ ─ t ⌐⌂╢⅛╩ ∆╢ ≢№

╢⁹∕╣│ (4.2.2)≢ ↕╣╢⁹ 

 

                            (4.2.2) 

 

↓↓≢⁸ 

  t T0 ─ ─ ∂ ╩ ↑╢  

  ty Ty ⌐⅔↑╢ ⌐ ╣≡⅔ↄ  

   T0  : 23ϴ  

 

◗ⱶ─ ≤⇔≡│ ↕⁸ ⁸ ┘⁸100 ⸗☺ꜙꜝ☻⌂≥─ ⅜№╢⅜

─ ⌐╙∫≤╙ ⇔≡™╢─│ (⸗☺ꜙꜝ☻)≢№╢⁹≥─ ≢─⸗☺ꜙ

ꜝ☻╩ ∆╢⅛│ ⌐╟∫≡ ⌂╡⁸ ─ ╩ ∆╢ ≢ ─ ⌂

≢№╢⁹↓─ ◗ⱶ ≢│ 100 ⸗☺ꜙꜝ☻(Md100)⅜ ↕╣≡™╢⁹

↓↓≢│╕∏↓─ Md100 ╩ ⌐≤∫≡▪꜠♬►☻─ ╩ ∆╢⁹╕∏⁸ (4.2.3)─

⌐ 4.2.1─ 100%⸗☺ꜙꜝ☻─ ╩ 0─ 4.56(MPa)≢ ⇔≡ ⌐ ∆╢

≤⇔√╙─╩ ≤ ⇔⁸ 4.2.4 ⌐ ◗ⱶ⌐≈™≡─ ─ ╩ ∆⁹ 

 

 ─ ─ ─           4.2.3  

 

 

 

0 4.56 1.00
20 6.37 1.40

80 40 6.82 1.50
70 7.49 1.64

110 7.95 1.74

150 8.48 1.86
185 9.75 2.14

0 4.56 1.00
90 10 5.91 1.30

20 6.57 1.44
40 7.45 1.63

0 4.56 1.00
100 5 6.79 1.49

10 6.82 1.50
20 7.25 1.59

MPa)

4.2.4 ◗ⱶ─  

ö
ö

÷

õ

æ
æ

ç

å
-Ö= )

11
(exp

0 y

y
TTR

E
tt
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4.2.4╩◓ꜝⱨ⌐ ∆≤ 4.2.5─╟℮⌐⌂╢⁹ 

  

 

▪꜠♬►☻─ ≢│ ( )╩Ɽꜝⱷכ♃⌐⇔≡ 4.2.4╩ ⅝ ∆ ⅜№╢⁹

⁸ 4.2.5 ─╟℮⌐ ⱪ꜡♇♩╩ ≢ ┘ ∆╢ ╩ ∆╢≤

4.2.5 ─ ⌐⌂╢⁹ 

 

4.2.5 ◗ⱶ─  

1.0 0.00

1.2 10.08

80 1.3 15.12

1.4 20.62
1.5 40.90
1.6 61.31

1.0 0.00
1.2 6.76

90 1.3 10.27

1.4 17.18

1.5 26.14

1.6 36.50

1.0 0.00

1.2 2.04

100 1.3 3.07

1.4 4.09

1.5 10.47
1.6 21.07

4.2.5 ⌐╟╢ Md100⁸ ◗ⱶ  
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▪꜠♬►☻─ │ ─ 1/T ≤ t ─ ─ ─ ≢№

╢─≢∕╣╠╩ ⇔√╙─⅜ 4.2.6 ≢№╡ ⇔√╙─⅜ 4.2.6 ≢№╢⁹ ─

⅜ / a ⌐⌂╢─≢ a ╩⅛↑╣┌ ◄Ⱡꜟ◑כ ⅜ ╕╢⁹ 4.2.6 ╩

⌐▪꜠♬►☻ⱪ꜡♇♩≤ ┬⁹ 

 

 

 

 

↓↓≢▪꜠♬►☻─ ─ ⌐≈™≡ ╣≡⅔ↄ⁹∕╣∙╣─ ─ ─

│ ⇔∏≈─∏╣⅜№╢⁹ ⁸↓╣╠│ ∂ ≢№╢↓≤⅜ ∞⅜ ⌐⅔™≡ ↄ

∂ ╩ ∆↓≤│ ⇔™⁹ (4.2.2)⌐╟∫≡ ≢─ ╩ ≢─

⌐ ∆╢≤™℮↓≤│ 4.2.7 ─ ⌂ ◓ꜝⱨ─ ╩ ℮↓≤⌐ ⌂╠⌂™⁹

80 90 100
353.15 363.15 373.15

1/T 0.00283 0.002754 0.002680

E/R a E kj/mol/K

1.2 -2.3103 -1.9104 -0.7153 -10458 86.95
1.3 -2.7158 -2.3295 -1.1208 -10457 86.94
1.4 -3.0264 -2.8439 -1.4085 -10582 87.98
1.5 -3.7110 -3.2633 -2.3480 -8949.9 74.41
1.6 -4.1160 -3.5973 -3.0478 -7034.4 58.49

-9496.26 78.96

Ln(1/t)

4.2.6 ▪꜠♬►☻ⱪ꜡♇♩♦כ♃ Md100⁸ ◗ⱶ  

 

4.2.6 ◗ⱶ─▪꜠♬►☻ⱪ꜡♇♩ Md100 
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4.2.6 ≢│╒╓ ⌐ ⅎ╢ ╙ 23ϴ╕≢ ∆╢≤ ≥℮⇔⅜ ⇔≡⇔╕∫

≡ ─ ≤™℮ ⇔√ ⌐⌂╢⁹ 

 

 

 

∕↓≢ 4.2.6 ─ ⌐ ⇔√ ⌐ ─ ╩ ╢≤ 4.2.8 ─ ⌐ ∑∏⌐

≢⅝╢⁹ ─ ⌐ ⁸ ╩ ╢⌂≥─ ╙№╢⅜ ╙◦fiⱪꜟ⌂

╩ ⇔√⁹ 4.2.8≢ ─ 23ϴ─ ╩ Y ╕≢ ⇔√ ⅜ 23ϴ⌐⅔↑

╢ ≢№╡ (4.2.2 ─ ─ t ⌐⌂╢⁹ 

 

4.2.7 ◗ⱶ─▪꜠♬►☻ⱪ꜡♇♩  

4.2.8 ◗ⱶ─▪꜠♬►☻ⱪ꜡♇♩  

(1/K) 

(1
/

) 
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─ꜟ♦⸗ꜟכ◔☻ 4.3  

 ≢│◗ⱶ ⌐ ∆╢ ╩ ─ꜟ♦⸗ꜟכ◔☻│≢↓↓⁹√⇔ ⌐

≈™≡ ⌐ꜟ♦⸗ꜟכ◔☻⁹╢∆ ⇔≡╙ ≢ ╠╣√ ◄Ⱡꜟ◑כ╩

™≡ (4.2.2 ⌐╟∫≡ ─ ⅛╠ ─ ⌐⅔↑╢ ╩ ∆╢↓≤

⅜≢⅝╢⁹ ≢│∕─ ≤ ⌐≈™≡ ∆╢⁹ │ B ⌐ ↕╣≡

™╢ SUC ─ SUC2500H ─ 1/25 ╢№≢ꜟ♦⸗ꜟכ◔☻─ ↕ 100 ─ SUC100H ╩

⇔√⁹◗ⱶ │ ∂ RH ◗ⱶ≢№╢⁹ ─ ⌂ │ ⌂ ≢№╢⅜

─ ⌐⅔™≡│ ⌂ ≤⇔≡ ⇔ ⱪ⁸כꜞ◒⁸

⌂≥╙ ↕╣≡™╢⁹↓╣╠─ ⅜ ⇔√ ≥─╟℮⌐ ∆╢

⅛─ ─ ╙ ⇔√ 8)⁹ ₁─ │♃כ♦ Appendix-7 ⌐ ∆╢⁹ ⇔

ⱪכꜞ◒≥ │ ≤⇔≡ ⇔√⅜↓↓≢│ ≤─ │⌂⅛∫

√─≢ Appendix-12 ⌐ ⇔√⁹ 

 

─ꜟ♦⸗ꜟכ◔☻ 4.3.1 ⌐≈™≡ 

│◘▬☼⁸ ⅜ ⅝ↄ ₁⌂ ╩ꜟ♦⸗ꜟכ◔☻│ ∑↨╢╩ ⌂™⁹

↓↓≢│ ─ ⌂ ⌐ ⇔≡™╢ ╡│ ∂ ⁸ ─ ♦⸗ꜟכ◔☻─

ꜟ╩ ⅎ┌ ─ ╩∆╢↓≤⅜≢⅝╢⁹↓╣│ ─╟℮⌂ ⅎ ⌐╟╢⁹ 

⁸ ─◘▬☼╩ ⁸⸗♦ꜟ╩ ≤◘ⱨ▫♇◒☻╩ ↑⁸ ╩ (4.3.1)≢ ∆

╢⁹ 

     = HR Hm                        (4.3.1) 

↓↓≢⁸ 

    

R  ◗ⱶ ( ) ↕  

m  ◗ⱶ (ꜟ♦⸗ꜟכ◔☻) ↕  

 

⸗♦ꜟ≤ ⅜ ⌐ ∆╢─│ ─ ⇔⅛⌂™↓≤⌐⌂╢─≢⁸ ⇔≡™╢

⅜ ⌐ ↄ⌂╢ ⌂ ╩∆╢↓≤⌐⌂╢⁹ ⅎ┌ ≢│ ╙⸗♦ꜟ

╙ ∂ ╩ ™⁸ ╙ ∂⌐⌂╠↨╢╩ ⌂™─≢ ╩ ≈ ╣─ ⅜

⌐⌂╢╟℮⌐ⱨꜟכ♪ ╩ ╦∑╢↓≤≢ ╛ ╩ ∆╢⁹↓─√╘⌐│

─◗ⱶ│ ⌐ ⌂℮╟─כꜞ♀™⅛╠ ╩ ™╢ ⅜№╡ ⌐│ ≢№╢⁹

⁸ ╛ ╡─ ╣⌂≥─ ≢│꜠▬ⱡꜟ☼ ╩ ╦∑╢╟℮⌐ ╛

╩ ∆╢⁹↓↓≢│∕─╟℮⌂ ╩ ∆╢─≢│⌂ↄ ─ ⌐

╩ ╡⁸∕─√╘⌐◗ⱶ⌐ ∆╢ ≤ ╩ ⌐⇔√™⁹ ⁸ ⌐ 4.3.1 ⌐ ∆╟

℮⌂ ─◗ⱶⱩ꜡♇◒ ⅜№╡⁸∕─ 3 ─ 1 ─⸗♦ꜟ╩ ∆╢≤∆╢⁹ ⁸

≤⸗♦ꜟ─ ╩ ∂╙─≤∆╢≤⁸ 4.3.1 ⌐⅔↑╢ │ ─╟℮⌐ ↕

╣╢↓≤⅜╦⅛╢⁹ 
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4.4 ⌐╟╢ ─ ─  

╩ꜟ♦⸗ꜟכ◔☻│≢  ∫≡⁸◗ⱶ◦כ♩─ ≢ ╠╣√ ◄Ⱡꜟ◑

╡╟⌐כ ─ ╩ │≢ꜟ♦⸗ꜟכ◔☻⁹√∫ ⁸ ⅜ ↕╣

⅜ ™─≢⁸↓─ ≢│ ─ ⁸ ⌂╢ ⌐╙ ≢⅝╢╟℮⁸

FEM ⌐╟∫≡ ─ ╩ ∆╢↓≤╩ ╖╢⁹ ⅜

⌐⌂╢─≢ 4.4.1.1 ⌐ FEM ─ ╣╩ ⇔√⁹ 

 

 
4.4.1.1 FEM ⌐╟╢ ─ ─ ─☻♥♇ⱪ 

 

4.4.1 ⸗♦ꜟ 

│ ─ ╩ ∟⁸⇔⅛╙ │ ╩ ℮ ⌐⌂╢─≢ FEM ⌐│

≤™℮ ⅜ ↕╣≡™╢⁹ ⇔⁸ ⌐ ↕╣╢⌐≈╣≡ ╙♃כ♦

⌂ ⅛╠ 2 ⁸ ⌂≥ ⌂╙─⅜ ⌐⌂∫

≡⅝≡™╢⁹ ╩♃כ♦─ ╗ ─ │♃כ♦ JIS K625110 ⌐ ≠™√ 3 ♄fiⱬ

ꜟ─ ⌂─≢ ⌐│∕╣╠╩ ™≡ ≢⅝╢ ⌂╙─⅜ ╕⇔

™⁹ 

─ ╟╡⁸ⱪ꜡◓ꜝⱶ│ ABAQUS ╩ ™⁸ ⸗♦ꜟ≤⇔≡ Yeoh ⸗♦ꜟ 11

4.4.1 ABAQUS Yeoh

4.4.2

28 3000H

(1)

�W1400

(2) 2-3

�W 2-3

FEM

4.4.3 

(1)

FEM

0 10 20 30 40 50 60 70

400H 1000H 1600H 2250H 2500H 3000H 

4.4.4 

(1) 3

(2)

(3)

FEM ABAQUSYeoh C10,C20,C30
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4.5 ╕≤╘ 

 ─╟℮⌐ ─ ─ꜟ♦⸗ꜟכ◔☻╢╟⌐ ≤ FEM ⌐╟╢

≤™℮ ≈─ ⅛╠ ─ ─ ╩ ∫≡⅝√⁹ ↄ─ ⌂╢▪ⱪ꜡כ

♅ ⅜ ╠╣≡™╢─≢ 4.5.1⌐ ╩ ⇔≡╖╢⁹ 

 

 

 

≤⇔≡ ∆═⅝╙─╩▪ⱪ꜡כ♅↔≤⌐ ╢≤ ─╟℮⌐⌂╢⁹ 
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5. ◗ⱶ ─ ≤  

 

5.1  

╕≢─ ╛ ⌐╟∫≡ ⅜ ≤≤╙⌐ ⇔≡╝ↄ ≤◗ⱶ

─ ⅛╠ √ ≤⇔≡─ ─ ⅜ ↕╣√⁹ ≢│ ∕─╙─⅜

↕╣≡⇔╕℮╕≢─ ─ ⌐ ╩ ⇔√ ╩ ⇔√⁹

╕√ │ ⌐╟╡ ⇔√─≢ ≤≤╙⌐ ⌐╟╡ ⇔≡╙

∆═⅝ ◄Ⱡꜟ◑כ⅜ ≢⅝⌂ↄ⌂╢╟℮⌂ ⌐│⌂╠⌂⅛∫√⁹ 

 

─ꜟ♦⸗ꜟכ◔☻ 5.2  

 │╒≤╪≥─ ≡∫╟⌐ꜟ♦⸗ꜟכ◔☻ ─ꜟ♦⸗ꜟכ◔☻⁹╢╣╦

⌐│™ↄ≈⅛─ ⅜№╢⁹ 

ה ⇔ ⌐╟╢ ≤ ⅛╠─ │◘▬☼─ ⅜ ╡ √⌂™⁹ │ ⌐ 

⇔ │ ⌐ ∆╢─≢ ⅝⌂ ─ ⅜◗ⱶ ─ ⅜ ↄ ∆╢⁹ 

ה ≤ ⌐ ╙ ⇔◗ⱶ⌐ ⅜ ↓╡℮╢⁹ 

ה ⌐╟╢ ⅜ ⌐│⌂™⅜ ─ ≢│ ∆╢⁹ 

ה ╛ ─ ≢ ⌐ ┼─ ⅜ ↄ⌂╢⁹ 

 5.2.1 │ ╠ 1)⌐╟╢ ─ ≢№╢⁹630H ⅜ ─ ◘▬☼⁸100H ⅜☻

⁹╢№≢ꜟ♦⸗ꜟכ◔ 20 ⅜ ≢№╢⅜⁸630H⅜ ⌐─⌂כ♄כ○─103 ⇔≡ 100H │

106╕≢ ⇔≡™╢─≢↓─ ╩ ╢ ╡≢│◘▬☼⅜ ⅝™ ⅜ ⅜ ™↓≤⅜╦

⅛╢⁹ 

 

5.2.1 ⌐⅔↑╢◗ⱶ ─  

─ 1.0 │ 2-3 ─  
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8.  

│ ─ ⌐ ∆╢ ⌂ ╩ ╢↓≤╩ ≤⇔≡⁸

◗ⱶ ╩ ≤⇔⁸ ↕╣√ ─ ─ ╩ ⇔√ ≢⁸

─ ─ ╛⁸◗ⱶ ─ ≤∕─ ⁸⌂╠┘⌐ ─ ╩ ∆

╢√╘─ ⌐≈™≡ ⅛╠─ ╩ ⇔√⁹ ╠╣√ ≤ ╩

⌐ ∆╢↓≤≢ ≤∆╢⁹ 

 

(1) ─ ⅛╠ ╠╣√   

1 45 ╕≢─ ╖─ ◗ⱶ 38 ─ ⁸ 11

─ ⌐╟╢ ─ ╩ ⇔√ ─ ⅜ ╠╣√⁹ 

¸ ↕╣√◗ⱶ ─℮∟ ⌐ ─⌂™╙─≢╙ 30 ╩ ⅎ╢ ─◗

ⱶ │ ≤─ ⌐⌂∫√⁹30 ⅜ ⅛╠ √ ≤ ⅎ╠╣

╢⁹ ─ ≤⇔≡ 3.2.8⁸ 3.2.9╩ ⇔√⁹ 

¸ ↕╣√◗ⱶ ╩ ⇔≡ ─ ─ ╩ ⇔√ ⁸ ⅛╠─

≢◗ⱶ│ ↄ ↄ⌂╢⅜ ─ ─ ↕│50mm 100mm ⌐ ╕∫≡™√⁹

∕╣╟╡ ≢│ ↕ ─ ─ ™ ╛⅛⌂ ⅜ ╪≢⅔╡⁸ ─

│ 0.3 0.4%≢№∫√⁹ 

─ ≤⇔≡│ 5 15 ─ ⅜♃כ♦─ ⇔≡™╢⁹╕√

─ ◗ⱶ ─ ╙♃כ♦─ ─ ╩∆╢↓≤⅜ ╕╣╢⁹ 

 

(2) ⌐ ≠ↄ ─ ─ ⌐ ∆╢   

 │◗ⱶ ≡™≈⌐ꜟ♦⸗ꜟכ◔☻⁸ ⁸◘fi◦ꜗ▬fi►▼◙כⱷ⁸כ♃כ

─ 3 ╩ ⁸ ⌐≈™≡▪꜠♬►☻─ ╩ FEM ⌂≥⌐ ⇔ ─╟℮

⌂ ╩ √⁹ 

¸ ▪꜠♬►☻─ ⌐ ≠⅝ ◄Ⱡꜟ◑כ╩ ™≡ ⌐╟╢ ─

╩⇔√ ⁸ ─ ─ ⁸FEMꜟ♦⸗ꜟכ◔☻╩ ⌂≥≢ ∆╢

↓≤⅜≢⅝√⁹ 

¸ 68 102 ─ ≢◗ⱶ ─ ⌐╟╡1 ─ ⌐ ⅎ╠╣∏

⌐ ⇔√⁹68 ⅜◗ⱶ ─ ─ ⅛╠ √ ─ ≤ ⅎ╠╣╢⁹ 

─ꜟ♦⸗ꜟכ◔☻√⇔ ¸ ⌐╟╡⁸ ╩ ⇔√

⌐⅔™≡ ╩ ∆╢↓≤≢ ⌂ ─ ⅜ ↑√⁹ 

╛╟╡ ≢─ ─ ⌐╟╢ ◄Ⱡꜟ◑כ─ ⁸◄Ⱡ

כ◑ꜟ ⌐╟╢ ─ ⌂≥ ≤ ⌂╢ ─ ╩ ⇔√⁹ 

 

(3) ⌐⅔↑╢ ─ ⅎ ─  

 ⁸◗ⱶ ╩ ∆╢ ⌐ ⅜ ↕╣╢↓≤│⌂⅛∫√⅜⁸ 2.15 ─ ⌂
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№≤⅜⅝ 

 

 │ 1978 ⌐ Ⱪꜞ♆☻♩fi⌐ ⇔⁸ ─ ⅜ ◗ⱶ ╩

⁸╕∞ ≢№∫√ ─ ⌐ ∆╢√╘─

≢№∫√⁹∕─ ⁸↓─ ⅜ ⇔√↓≤│ ™≡™√⅜ ─ ≤⌂╡

⇔≡™√√╘ ╩ ╢ │⌂⅛∫√⁹ ⁸ ╩ ⌐⁸∕─

─◗ⱶ ─ ─ ╩ ∆╢↓≤⌐⌂╡⁸Ⱪ♇◒◄fi♪─╟℮⌐ ╠─

─ ≤ ⌐ ∆╢↓─ ⌐ ⅛╠⌠ ╩ ∂≡™╢⁹ 

 ◗ⱶ─ ─ │ ♃▬ꜘ≢№╡⁸◗ⱶ │ ≤≤╙⌐ ⇔≡⅝√⁹

◗ⱶ │ ™⌐ ⇔⁸ ∆╢↓≤≢ ⇔≡⅝√⅜⁸ ™⌐ ⇔⁸ כ♦

♃╩ ⌐ ⇔№℮╟℮⌂ ⌐│ ╖⅜ ⅛∫√≤™∫≡™™⁹ ⁸ ה

│ ⅜ ⇔ ↑ ╦⌂↑╣┌ ▬fiⱨꜝ─╟℮⌂ ⅝⌂ⱪ꜡☺▼◒♩│ ≢⅝

⌂™⁹↓╣│ ─ ≢№╢⅜∕─╟℮⌂ ─ ─ ™⅜⁸◗ⱶ ─ ⌂

─♃כ♦ ⌂™⇔ ⅜ ─ ⌐ ═≡ ⌂ↄ⁸ ─ⱡ►Ɫ►⌐ ⌡╠╣

≡™╢ ⅜ ™ ≢│⌂™⅛≤ ℮⁹◗ⱶ│ ╛◖fi◒ꜞכ♩─╟℮⌂ ─ ™

─ ⌐№∫≡∕╣╠─ ╩ ℮ ╩ ∫≡™╢⁹⇔√⅜∫≡ ⌂ │♃כ♦

↕╣⌂↑╣┌ ╛◖fi◒ꜞכ♩─ ⌐│ ⇔≡ ⇔≡™√∞↑⌂™≤ ∂≡™╢⁹ 

╩ ↄ⌐№√∫≡⁸ ⌐⅔™≡ ↕╣√◗ⱶ ⌐╙⁸

™ ⌐ ∫≡™√ ↄ─ ╩♃כ♦ ╡ ↓⇔√⁹ ≤⇔√ ◗ⱶ

│∆≢⌐ ╩ ⅞≡ ─ ⌂╢◗ⱶ ┼≤ ╩⇔≡™╢ ≢№

╢⁹ ⁸∕╣╠─ ─ ⁸ ⌐ ⌐ ∆╢ ╩ ⇔≡ ┼ ⅎ≡⅔ↄ↓

≤│ ─ ⌐ ↕╣√ ™ ≢№╢╟℮⌐ ℮⁹ 

╩ ╘╢⌐≈╣≡⁸ ─ ↕⁸ ╡ →─ ↕⅜ ⅎ╢╟℮⌐⌂╡⁸ ╩

√⇔♩כ♃☻≡→ │⅛↕╩ ⇔≡│™╢╙──⁸↓╣│◗ꜟⱨ─♥▫כ◦ꜛ♇♩─

⌂╙─≢ ⅛⅜ ╩ √⌂↑╣┌ ╕╠⌂™≤ ⅎ≡™╢⁹╕∞╕∞◓ꜞכfi│

ↄ⁸◌♇ⱪ│ ⌐╙ ∫≡™⌂™⅜ ≤⅛ⱨ▼▪►▼▬╩◐כⱪ⇔ ∫√ ┼│

≡™⌂™≤ ™√™⁹ ⅛⅜▪ⱪ꜡⁸♅כ∕⇔≡Ɽ♃כ≤ ⅝ ™≢ↄ╣╣┌⁸™≈⅛₈◗

ⱶ≤™℮ ─⇔╣⌂™ ₉≤™℮ ⅛╠ ≢⅝╢─≢│⌂™⅛≤ ⇔√™⁹  

∕─ ≢↓─ ≢│ ⁸ ╛♃כ♦ ─ ╩ ≢ ⇔⁸ ∂ ≢ⱪ

꜡☿☻╩ ⅎ╢╟℮⌐ ⇔√⁹∕─ ⁸ ⅜ ↄ⌂∫≡⇔╕™Ɑכ☺ ╙ 300 Ɑכ

☺╩ ⅎ≡⇔╕∫√⁹↕∆⅜⌐◄◒☿ꜟ─꞉כ◦◒כ♩│ ∑╠╣⌂⅛∫√⅜Ⱡ♇♩⅛╠

♄►fi꜡כ♪∆╢ ⌐⌂∫√─≢∕─╟℮⌂ ─▪♇ⱪ꜡כ♪╙ │ ⌐⌂∫≡

╝ↄ╙─≤ ℮⁹Ⱶ☻─↔ ⁸↔ ⌂≥│ⱷכꜟ▪♪꜠☻ akiyama_htnm@yahoo.co.jp

⌐↔ ™√∞↑╣┌ ╙↓─▪♪꜠☻│ ⌐⇔≡⅔ↄ⁹↓─ ╩⅝∫⅛↑≤⇔

≡◗ⱶ ─ ⅜ ≤⇔≡ ⇔⁸ ≤⇔≡ ⇔≡ ⇔≡™√∞↑

╢╟℮⌐⌂╢↓≤╩ ∫≡№≤⅜⅝≤∆╢⁹ 
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A.4.1 

 

Appendix-4  ╖ ─♃כ♦ ⌐⅔↑╢  

 

A.4.1  

3.2.2⌐⅔™≡ ╖ ─ ─♃כ♦ ╩ ∫≡ 99% ─

╩ ╘√⁹∕╣∙╣ ⌂╢ ╛ ─ ╩ ↑≡ ≤≤╙⌐

─Ᵽꜝ≈⅝⅜ ⅜∫≡™ↄ≤ ⅎ╠╣╢─≢ ⅜ ⅎ╢≤≤╙⌐ ⅜ ⇔≡

╝ↄ≤ ⅎ╠╣╢⁹♦כ♃ ╙ ↄ⌂™─≢⁸ │ ⌐ ↕╣≡™╢

≢ ╩ ⇔≡ │⌂™⁹⇔⅛⇔ ⅜♃כ♦⁸ ⅎ≡ↄ╣┌ ⌐ ∂√

─ ⅜ ╩ ∫≡ↄ╢≤ ╦╣╢⁹ ≢│ ╩ ⌐⇔√ ≤ 2

≢ ↕∑√ ╩ ⇔√⅜↓↓≢│ ╩ 1 ⁸2 ⅔╟┘ ≢

⇔√ ⁸ ┘ ─ Ᵽꜝ≈⅝ ─ ╩ ⇔√ ⌐≈™≡ ⇔

√⁹ 

 

A.4.2 ─ ⌐╟╢  

 3.2.9 ⌐⅔™≡ │ ≤≤╙⌐ ⇔≡™╢≤ ╦╣╢⅜∕─ ─ │

╠⅛≢│⌂™⁹↓↓≢│ ─ ⌂ ≢ ∆╢≤ ⅎ≡∕╣∙╣─ ╩ ∫√⁹ 

(1)  

0ss =  

(2) 1  

x10 bbs +=                         (A.4.1) 

(3) 2  

2

210 xx bbbs ++=                      (A.4.2) 

(4)  

ů = exp(ɓ0+ɓ1x)                     (A.4.3) 

↓↓≢⁸ 

  ů   

  ů0 ( ) 

  ɓ0 ─  

  ɓ1 ─ 1 ─  

 ɓ2 ─ 2 ─  

 x   





























































































A.8.1 

 

Appendix-8 ─√╘─ ↕ - ≤ Yeoh ⸗♦ꜟ─   

 

4.4.4⌐⅔™≡ ─◘▬☼⁸ ⌐ ≢⅝╢╟℮⌐ ─ ↕ ─ ⅛

╠ ╩ ⇔ ─◘▬☼≤ ⌐ ⇔≡ ─ ╩ ∫√⁹ ⌐ ⌐

⇔√◗ⱶ ─ ↕ ─ - ≤ Yeoh ⸗♦ꜟ─ ⌐≈™≡ ∆╢⁹ ≢

─Ɫ▬ꜝ▬♩│ ◗ⱶ╩ ⇔⁸ │ ⅜ ┘╩ ⅎ√√╘⌐ ⅜ ⇔⌂

™ ╩ ∆⁹ 

 

◘▬☼ 400H⁸1000H⁸1600H⁸2250H⁸2500H⁸3000H 

 0 ⁸10 ⁸20 ⁸30 ⁸40 ⁸50 ⁸60 ⁸70  

─ 2 3 ─ -  

 

 

¸ 400H ─ ↕ -  

 

 

 

 

dn (mm) 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% C 10 C 20 C 30

Skin-1 0 0.3833 0.5996 0.7516 0.8956 1.0087 1.1517 1.3033 1.4980 1.7964 0.520904 0 0
6~15 Main-1 0 0.5324 0.8832 1.1493 1.3909 1.6003 1.8485 2.1648 2.5791 3.3136
15~35 Main-2 0 0.5324 0.8832 1.1493 1.3909 1.6003 1.8485 2.1648 2.5791 3.3136
35~56 Main-3 0 0.5324 0.8832 1.1493 1.3909 1.6003 1.8485 2.1648 2.5791 3.3136

Skin-2 0 0.3833 0.5996 0.7516 0.8956 1.0087 1.1517 1.3033 1.4980 1.7964 0.520904 0 0

 (%) -  

0.803209 0 0.01422

A.8.1  ↕ - ≤ Yeoh─ 400H- 0   

dn (mm) 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% C 10 C 20 C 30

Skin-1 0 0.4348 0.7254 0.9711 1.1972 1.4293 1.6662 1.9345 2.2755 2.7567 0.692697 0 0.014066
6~15 Main-1 0 0.6685 1.1307 1.5175 1.8796 2.2148 2.6242 3.1050 3.7489 4.7999 1.071140 0 0.037739
15~35 Main-2 0 0.6557 1.1088 1.4695 1.8090 2.1275 2.5111 2.9671 3.5823 4.5879 1.034730 0 0.033577
35~56 Main-3 0 0.6479 1.0957 1.4406 1.7665 2.0750 2.4431 2.8842 3.4821 4.4605 1.011240 0 0.032370

Skin-2 0 0.4331 0.7063 0.9150 1.1028 1.3011 1.4951 1.7240 2.0279 2.4538 0.655510 0 0.006156

 (%) -  

A.8.2  ↕ - ≤ Yeoh ─ 400H-10   

dn (mm) 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% C 10 C 20 C 30

Skin-1 0 0.6048 1.0628 1.4786 1.8675 2.2917 2.7186 Break Break Break
6~15 Main-1 0 0.6996 1.2061 1.6471 2.0654 2.4685 2.9181 3.4604 4.1680 5.3081 1.1596 0 0.0475
15~35 Main-2 0 0.6897 1.1769 1.6013 2.0003 2.3759 2.8166 3.3381 4.0267 5.1429 1.06767 0.08738 0.01436
35~56 Main-3 0 0.6837 1.1593 1.5738 1.9612 2.3202 2.7556 3.2646 3.9417 5.0435 1.10765 0 0.04267

Skin-2 0 0.4400 0.7154 0.9422 1.1489 1.3563 1.5698 1.8235 2.1385 2.5821 0.670880 0 0.009003

 (%) -  

A.8.3  ↕ - ≤ Yeoh─ 400H-20   

dn (mm) 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% C 10 C 20 C 30

Skin-1 0 1.0825 1.9326 Break Break Break Break Break Break Break
6~15 Main-1 0 0.7133 1.2734 1.7542 2.2334 2.6737 3.1821 3.7590 4.5326 5.6948 1.232180 0 0.053934
15~35 Main-2 0 0.7025 1.2250 1.6765 2.1128 2.5269 2.9932 3.5465 4.2707 5.4194 1.178580 0.00857 0.046055
35~56 Main-3 0 0.6985 1.2029 1.6421 2.0582 2.4583 2.9069 3.4470 4.1525 5.2899 1.157060 0 0.046767

Skin-2 0 0.4334 0.7154 0.9549 1.1731 1.3960 1.6279 1.8900 2.2198 2.6890 0.681586 0 0.012794

 (%) -  

A.8.4  ↕ - ≤ Yeoh─ 400H-30   



















































http://www.kouwan.metro.tokyo.jp/yakuwari/choui/kako1-index.html


A.10.1 

 

Appendix-10 Ɫ▬Ⱪꜞ♇♪ ◦Ⱶꜙ꜠כ◦ꜛfi─ ≤ ─ ─  

 

 ↓↓≢│ A─ ⌐⅔™≡ ⅜ √ ─ ─ ╩ ⇔⁸ ⌐

╟╢ ⅜ ⌐≥─╟℮⌂ ╩ ╓∆⅛╩ ∆╢⁹ 

 

A.10.1 Ɫ▬Ⱪꜞ♇♪ ◦Ⱶꜙ꜠כ◦ꜛfi≤│ 

Ɫ▬Ⱪꜞ♇♪ ◦Ⱶꜙ꜠כ◦ꜛfi≤│☻◔כꜟ⸗♦ꜟ─ ≤ PC ╩ ⇔

PC≢ ─ ◦Ⱶꜙ꜠כ◦ꜛfi╩ ─ꜟ♦⸗ꜟכ◔☻╠⅜⌂⇔ ╩ ⌐ ™ ↕

╣√ ꜟכ◔☻╩ ⇔≡ ⌐ ⇔⌂⅜╠ ╩∆∆╘⁸ ─ ╩

∆╢ ≢№╢⁹ ╩ A.10.1⌐⁸ ╩ A.10.2 ⌐ ∆⁹◗ⱶ │◗ⱶ ─

⌂ ─√╘⌐⁸ ⁸ ⁸ ⁸ ⌂≥─ ≢ ⅜ ⇔∕╣╩ ⇔≡

◦Ⱶꜙ꜠כ◦ꜛfi⌐ ╖ ╗─│ ≢№╢⁹∕─√╘◗ⱶ ─ ה ─

⌐ꜟ♦⸗ꜟכ◔☻╩╖─ ╡ ⇔≡ ⇔≡╝ↄ╙─≢№╡⁸↓─ ╩ ™╣┌

⌐◗ⱶ ⅜╙╖╒←↕╣⌂⅜╠ ↕╣≡╝ↄ ╩ ∆╢↓≤⅜≢⅝╢⁹ 

 
A.10.1 Ɫ▬Ⱪꜞ♇♪ ◦Ⱶꜙ꜠כ◦ꜛfi  

















A11-1 

 

 Appendix-11  ◗ⱶ ─ 5  

 

A.11.1  

 ≢│◗ⱶ ≤⇔≡ ≢ ╩╙≈ ╩ ≤⇔≡⅝√⁹

╕√⁸V ╩ ≤∆╢ ─ │ ╠⌐╟∫≡ ↕╣≡™╢ 1)⁹ │⁸

⌐⅔↑╢ │ ─ ≢ ↕╣╢ ─ V ⅜ ↕╣≡⅝√⁹⇔⅛⇔

⌂⅜╠ ⌐⅔↑╢◗ⱶ ─ │ ─∕╣≤│ ⌂╡ ⌐☼כ♬─

∫√◗ⱶ ─ ⅜ ≢№╢≤─ ⅛╠ ╩כꜞ◗♥◌℮™≥ ⇔⁸

⌐ ∫√◗ⱶ ─ ⅜ ╦╣≡™╢ 2 ⁸3 ⁹ │ 2014 ⅛╠

ⱶ◗ה ⌐⅔™≡ ─ ⌐⅔↑╢ ─ ⌐ ⇔

≡⅝√⁹ ⌐⅔↑╢◗ⱶ ─ ─ ╩ ╘≡╝ↄ√╘⌐│

─╖⌂╠∏ ⌐≈™≡╙ ╩ ∆╢↓≤⅜ ≤ ⅎ⁸ ⌐≡ ∆╢⁹ 

 

A.11.2 ≤│ 

 │ ─ ≢ ↕╣≡™╢ V ⌐ ═≡ ─╟℮⌂ ╩ ∫

≡™╢⁹ 

(1) ╛ ─ → ⌂≥ ─ ─ ⌐ ⇔≡ ╩ ⇔ ↕

╩ ╢ ╡ ↄ ⅎ≡™╢ 

(2) ─ ⇔ ™ ⅝⌐ ⇔≡ ╩ ╢ ╡ ↄ ╢√╘ ╩

⌐⇔≡™╢⁹ 

(3) ∆╢ ─ ⌂ ⅝⌐╟╢ ╩ ╠∆ ╩ ╠⅛⌐⇔≡™╢⁹ 

(4) ⌂≥─ ─ ≤ ═≡ │ ─Ᵽꜝ≈⅝⅜ ⅝™√╘ ◄Ⱡ

⌐כ◑ꜟ ╩ √∑≡™╢⁹ 

V ≤ ─ ─ ╩ A.11.1⌐ ∆⁹™∏╣╙ⱷכ◌כ

⌐╟∫≡ ™│№╢─≢ ─ ⌂ ≢№╢⁹↓↓≢│ ⱷכ◌כ─ ⌐ ╖

╪∞ │ ╦∏⁸№ↄ╕≢ V ≤ ≤™℮ ≈─☺ꜗfiꜟ─ ⌐≤≥╘╢⁹ 

 

 

 

V                  

A.11.1  V ≤ ─  





























A.12.1 
 

Appendix-12  ⇔ ⱪכꜞ◒⁸ ─  

 

A.12.1 ⇔ ─  

─ ⌂ ─ ≈≤⇔≡ ⇔ ─⸗♦ꜟ ╩ ∫√⁹ │

╡ ⇔ ╩ ↑╢≤ ⅜ ∆╢⅜ ⅜ ╗⌐≈╣≡ ─ ⅜ ⇔ ∆

╢⁹ ─ ≢│ ─ ╙™╤™╤ ⌂╢─≢ ─ ≢│ 3 ⇔≡ 2-3

─ ╩ ≤⇔≡ ⇔≡™╢⁹ ⁸ ─╟℮⌐ ⇔≡ ╩ ↑

↑╢ ╩ ⇔≡ 1)≢│ ─ ≈≤⇔≡ 40% ╩ 10 ╡ ⇔≡

⅜ ⇔≡╝ↄ ╩ ⇔ 2-3 ─ ⌐ ⇔≡ 90% ╩ ≈╟℮ ╘≡™╢⁹ 4.3.1

⌐ ꜟ♦⸗ꜟכ◔☻√⇔ SUC100H ─ ≢ ∂ ─ 3 ─ ⁸2 ─

⌐≈™≡│ ╡ ⇔ ╩ ⇔√─≢ ⌐ ╩ ∆⁹↓↓≢│ ╡ ⇔ ⌐

⅜≥─╟℮⌐ ∆╢⅛╩ ∆╢⁹ 

 

│⁸ ─╟℮⌐⌂╢⁹ 

1mm/s 

  40% 

10   

23ϴ 

 

─ ╩ A.12.1≤ A.12.1 ⌐ ∆⁹ A.12.1 ≢ ⅛╢╟℮⌐ 1 ─ ⅜

™⅜ 2 │ ⇔≡™╢⁹ A.12.1 ≢│Ⱨכ◒ ╩ ≢ ⇔≡™╢⁹4

ↄ╠™⅛╠ 25%─Ⱨכ◒ ⅜ ⅜∫≡⅝≡ ─ 40%─ ─╒℮⅜ ™ ╙№╢⁹

25% ─ ╩ ⌐ ⌐∆╢≤ A.12.2 ─ ⌐⌂╡⁸◓ꜝⱨ⌐∆╢≤ A.12.2─ ⌐

⌂╢⁹ 

 

(1)  

A.12.2│ ⇔√⸗♦ꜟ∕╣∙╣─ 10 ╕≢─ 25% ─Ⱨכ◒ ╩ ⇔√⁹

◓ꜝⱨ⌐∆╢≤ A.12.2 ─╟℮⌐⌂╢⁹ ∆╢↓≤≢ │ ⅜∫≡™╢⅜ ∂╟℮⌐

╡ ⇔ ╩ ↑√ ─ ⅜╡ ╙ ⌐ ⅜∫≡™╢╟℮⌐ ⅎ╢⁹ ─

A.12.2─ 0 ╩ 1.0 ≤⇔√ ─ ─ ╩╖╢≤ A.12.3 ≤ A.12.3 ─╟

℮⌐⌂╡ ⌂∫≡ↄ╢( ╩ ⇔≡™╢)⁹↓─╟℮⌐ ⇔√⸗♦ꜟ─ ╡ ⇔

│ ∆╢ ─ ≤ ⇔≡⅔╡ ∆╢↓≤⌐╟╢ ⌂ │ ╠╣⌂⅛

∫√⁹ 

⌐⁸◘fi◦ꜗ▬fi ≤ ⌐ ⇔≡╙ ─ ╩∆╢⁹∕╣∙╣─ ─

╖╩ ∆⁹ 
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