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1 

 

第1章 緒言  

 

1.1 研究の背景  

⅜ ⌐⅔™≡ ⇔√ ─☻♩♇◒│ ₁ ⇔≡™╢ ⅎ┌

⌐≈™≡│ ∕─ ↄ⅜ ⌐ ↕╣√√╘ ∕─

│ 40 ≤⌂∫≡™╢ ⌐≈™≡│ ─ ─ ⅜

⅛╠ ⌐ ⌂╦╣√√╘ ⌐ ⇔≡ ↄ ↕╣≡™╢

⅜ ↄ ⇔≡™╢ ╠⅜ 1980 ⌐ ─ ⌐≈™≡ ⇔√

1)≢│ ─ ≢ ⅛╠ 50 ⇔√ ⅜ ╩ ╘≡™╢

╕√ ╠⅛─ ╩ ≤∆╢ ╙ ≤≤╙⌐ ⇔≡™╢⌂≥ ─

─ ─ ⅜ ⅛╠ ↕╣≡™╢  

─ │ ⅛≈≡ 50 ≤ ⌐ ╦╣≡⅝√⅜ ≢│

100 ─ ╩ ≤∆╢⌂≥ ╩ ⇔ ↑╢↓≤╩ ≤⇔

√ ⅜ ╘╠╣≡™╢ 2) , 3 ) ↓─ ≤⇔≡ ⌐ ∆╢

─ ╛ ⌂≥⌐╟╢ ─ ╛ ⅜ ─

ה ⌂≥⌐╟╢ ⌐≤╙⌂℮ ─ ⅜ →╠╣╢

↓╣╠─ ⅛╠ ─ ╩ ⅛≈ ⌐ ∆╢√╘─

⌂ ─ ⅜ ╘╠╣≡™╢  

─ ╩ ↕∑ ⌐ ╩ ╓∆ ⌂ ≤⇔≡

≤ ⌐╟╢ ⅜ →╠╣╢ ⌐≈™≡│ ⅛╠ ₁⌂ ⅜

╘╠╣≡⅔╡ ∕─ ⌐ ≠⅝ ₈ ₉ ╛₈

₉ ⌂≥ ≢

⅜ ה ↕╣≡™╢ ⌐≈™≡│ ⌐ ∆╢ ⅜

⌐ ┬↓≤╛ ⌐ ↕╣╢ ─ ⅜ ≢ ⌂

⅜ ™↓≤⌂≥─√╘ ⅜ ⌐ ↕╣≡™╢≤│ ⅎ⌂™  

 ─ ⌐│ ╛ ─ ⌂≥⅜ →

╠╣ ↓╣╠─ ≢╙ ⌂ │ ≢№╢ ⅎ┌

◖☻♩ ≢│ ₁⌂ ╩ ≤⇔≡ Uhlig ⌐╟╢ ה

⅛╠ ⇔√ ╩ 1974 ≤ 1997 ⌐ ⇔≡⅔╡ ─

│ 23 ─ ⌐ 1.5 ≤⌂∫≡™╢↓≤ ™∏╣─ ⌐⅔™≡╙

⅜ ─ ╩ ╘≡™╢↓≤⌂≥⅜ ↕╣≡™╢ 4) ↓╣╠

╩ ∆╢≤ ⌐╟╢ ─ ╛ ╩ ⅛≈

⌐ ∆╢ ⅜ ⅎ╢  

 ≢ ↕╣╢ │ ─ ╩ ╕ⅎ≡ 2

⌐ ↕╣╢ ≈│ ─ ⅛╠ ∆╢ ─ ╛ ─
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⌂≥⌐╟╢ ╛ ─ ⌐ ≠ↄ ≢№╢ ╙℮ ≈│

─ ⅜ ≢│⌂™ ≢ ⇔√√╘⌐ ─ ⅜

≢ ∂╢↓≤⌐╟∫≡ ∆╢ ≢№╢ ≢│ ─

╩ ≤ ┬  

⅜ ↕╣╢─│ ╛ ⌂≥─ ─ ™

⌐ ↕╣≡⅔╡ ─ ⅎ╩ √ ≢№╢↓≤⅜

⌐ ╠╣≡™╢ ⇔√⅜∫≡ │ ⅜ ⇔√ ≢ ⅎ╢

⌐ ╛ ─╒⅛ ⅜ ↕╣√ ≢ ↕╣╢↓≤⌐╟╢

╙─≤ ↕╣╢  

⌂⅔ ⌐╟╢ ─ │ ₁⌂ ≢ ⌐ ↕╣≡™╢ ⅎ

┌₈ ₉≢│  1-1 ⌐ ∆ ISO 9223 Corrosion of metals 

and alloys ï Corrosivity of atmospheres ï Classification, determination and estimation

≢ ↕╣╢ ◌♥◗ꜞ╩ ⌐ ◌♥◗ꜞ C4 ─ ╩

∕╣ ─ ╩ ≤⇔≡™╢ 5) ⌐⅔™≡╙ ─

⌐ ≠⅝ ISO9223 ≢ ↕╣╢ ◌♥◗ꜞ C4 ─ ╩

≤ ┬↓≤≤∆╢   

─ │ ≢№╢↓≤⅜ ™⅜ ⌐ ⇔√ ≢

⅜ ∆╢↓≤⌐╟╢ ─ ╩ ℮↓≤╛ ⅎ ─ ™

⌐⅔™≡ ⇔ ⅝⌂ ╩ ∆ ⌐№╢↓≤⌂≥⅛╠ ↕╣╢

↓≤⅜ ™ ⌂ ╩  1-1 ⌐ ∆ 5)
 

 

 1-1 ISO 9223 ⌐ ↕╣╢ ◌♥◗ꜞ─  

 

◌♥◗ꜞ  

─ 1 ─ r co r r  

▬ⱷ ☺   

g /  m2 a  

╖  

mm / a  

C1 r c o r r֔ 10 r c o r r֔ 1.3 
─ ╩ ↑⌂™

─⌂™ ⌂≥  

C2 10 r c o r r֔ 200 1.3 r c o r r֔ 25 
─ ╩ ↑⌂™

─№╢ ⌂≥  

C3 200 r co r r֔ 400 25 r c o r r֔ 50 
─ ╩ ↑⌂™ ה

─ ™ ⌂≥  

C4 400 r co r r֔ 650 50 r c o r r֔ 80 

─ ╩℮↑╢ ⌐ ™

─ ─

╩ ↑╢ ∆╢

⌂≥  

C5 650 r co r r֔ 1500 80 r c o r r֔ 200 
≢─ ⌂≥─

─ ™  

CX 1500 r co r r֔ 5500 200 r co r r֔ 700 
─ ⌂≥ ─

⅜ ⌐ ⅝™  

a: ╩ ∆  



3 

 

  
⌐╟╢ ╣  ⌐╟╢ ╣  

  

  
─ ⌐╟╡  

⅜ ⇔√  

─ ⌐╟╡  

⅜ ⇔√  

 1-1 ⌂  

 

─ │ ⌐ ↕╣≡⅔╠∏ ⌂ ╩

∂╢ ⌐ ∫≡™⌂™ ↓─√╘ ⌐╟╢ ⅜ ↕╣╢

⌐⅔™≡│ ╛ ╩ ™√ ⌂ ╟╡╙

⌂ ⅜ ⌂ ⅜ ╘╠╣≡™╢ ≢│ Ⱪꜝ☻♩ ⅜

⅛≈ ⌐ ╩⅔⅔╗⌡ ≢№╢≤⇔≡ Ⱪꜝ☻♩ ─

╩ ≤⇔√ ⅜ ↕╣╢ 6)⌂≥ ╩ ⌐ ⅜ ╖≈≈

№╢  

⇔⅛⇔⌂⅜╠ Ⱪꜝ☻♩ ─ ⅜ ↄ ∆╢⌐│ ∫≡™⌂™ ↓─

─ ≈⌐ Ⱪꜝ☻♩ ╩ ∆╢ ⌐│ ─ ╩ ≤∆╢↓≤⌂≥

⌐╟╡ ⌂ ≤ ⇔≡ ≢№╢↓≤⅜ →╠╣╢ 7) ∕─

√╘ ─ ─ ™ ╩ ∂╢ ─╖╩Ⱪꜝ☻♩

─ ≤∆╢⌂≥─ ╩ ∆╢↓≤⅜ ╕⇔™ ⇔⅛⇔⌂⅜╠

≢│ ─ ⅜ ─√╘ ─ ╩ ∆

╢↓≤⅜ ⌐⌂╢ ╕√ ⅎ─ ─Ⱪꜝ☻♩ ─ ╩ꜝ▬ⱨ◘▬◒

ꜟ◖☻♩─ ⌂≥⅛╠ ∂╢√╘ ≤ ─ ≤─ ╩

⌐ ∆╢↓≤⅜ ≤↕╣╢  
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⅛╠ ┼─ ⅜ ≤↕╣╢ ╩ ⌐

∆╢√╘⌐│ ─ ⌐≈™≡ ∆╢ ⅜№╢≤ ⅎ╢  

ה ─ ─  

ה ─ ─ ™ ╩ ∂╢ ─ ─  

ה ≤ ─ ≤─ ⌂ ─  

 

1.2 既往の研究  

1.2.1 鋼材の腐食挙動と腐食性評価に関する研究  

≢ ∂╢ │ ⌐ ⅜ ∆╢↓≤≢ ∂╢ ≢№

╡ ≤⌂╢ ⌐ ≤ ⅜ ∆╢ ⅜№╢ ╕√ │

≢№╡ ─ ╩ ∂╢ ▪ⱡכ♪ ≤ ╩ ∂

╢ ♪כ♁◌ ⅜ ∆╢ ─ ─ ≤⇔≡ ⌐

⅜ ∆╢ ─ ─ ╩  1-2 ⌐ ∆  

 

 

 1-2 ─ ─  

 

─ ≢│ ─ ╩ ⅔╟┘▬○fi ⅜ ∆╢√╘

⌐│ ⅜ ∆╢ ⌐ ⇔ ─ ⌐ ∆╢▬○fi

⌐│ ╛ ⌂≥⌐ ∆╢ ▬○fi╛ ─

▬○fi⌂≥⅜ →╠╣╢ 8) ╕√ │ ≢№╢↓≤⅛╠

│ ⌐╙ ╩ ↑╢   

↓─╟℮⌐ ─ ⌐ ∆╢ │ ⌐╦√╢ ↓─√╘ ≈─

≤ ─ ─ │ ⌐≤≥╕╢↓≤⅜ ™ ⌐

∆╢ ─ ⌐ ∆╢ ⅔╟┘ ⌐ ∆╢ ≤⇔≡│ ─

⌐ ∆╢ ─ 9) , 10 )╛ ─ ╣ ─ 11) -13 )⌂≥⅜

↕╣≡™╢ √∞⇔ ─ ⅜ ⌐╟∫≡ ⌂╢↓≤╩ ∆

⌐ ╕╡ ─ ─ ╩ ⌐ ∆╢╕≢⌐│ ∫≡™⌂™

↓─╟℮⌂ ⅛╠ ☿fi◘─ ⅛╠ ─ ╩ ∆╢⸗♬♃

♪כ♁◌
─

▪ⱡכ♪
─

2e΅ Fe

Fe2+

O2

2e΅

O2
OH-

H2O

O2

OH-
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ꜞfi◓ ⅜ ₁⌂ ⅛╠ ↕╣≡⅝√  

─ ─⸗♬♃ꜞfi◓ ─ ≤⇔≡│ 1920 ⌐

⇔√ ╛ ─ ≤ ─ ╩ ⇔√ ⅜№╢ 14) , 15 ) ╕√

⌐⅔╟┬ ⅛╠ ─ ⌐│ ╛ ─

⅜ ∆╢↓≤⅜ ╠⅛⌐⇔≡™╢ 16) , 17 )  

1970 │ ─ ─ ⅜ ╖ ╛ ╩

™√ ─ ─ ה ╩ ⌐⇔√ ⌂≥⅜ ™╠╣╢╟℮⌐

⌂∫√ 18) -2 1 ) ≢│ ACM Atmospheric Corrosion Monitor ☿fi◘╩ ™√

⅜ ↄ ↕╣≡™╢ ACM ☿fi◘≤│ ⌐ 2 ─ ╩

™⌐ ⇔√ ≢ ⇔√ ─☿fi◘≢ ╛ ⌂≥⌐╟╡ ⅜

∆╢≤ ∕─≤⅝⌐ ∆╢ ╩ ∆╢↓≤⅜≢⅝╢ ↓─ ╩

⇔ ╠│ ─ ⇔⌂™ ≢│ ACM ☿fi◘─ ⅛╠ ─

╩ ≢⅝╢↓≤╩ ⇔√ 22) , 23 ) ╕√ ╠│ ≢─ ╩

⌂™ 24) , 25 )
 ─ ⌐ ╦╠∏ ≢ ⇔√ ─ ╩

≢№╢↓≤╩ ⇔√ ╕√ ☿fi◘ ⌐⅔↑╢ ─ ⌐ ∆╢ 26)

╛ ⅔╟┘ ╩ ≤⇔√ ⌐ ∆╢ 27)⅛╠ ACM

☿fi◘╩ ™√ ─ ─ ╩ ∆╢⌂≥ ─ ╩ ∆╢

≤⇔≡─ ⅜ ↕╣≡™╢ ≢│ ─ ─ ⌐

∆╢ ╖⅜ ⌂╦╣≡™╢ 28) , 29 ) √∞⇔ ACM ☿fi◘≤ ─ │

⌐ ⌂╢↓≤⅛╠ ─ ∆⌂╦∟ ─ ⌐╟∫≡ ─

⅜ ≤≤╙⌐ ∆╢ ╩ ⌐ ⇔√ │╕∞ ⌂™  

ACM ☿fi◘ ⌐ ─ ╩⸗♬♃ꜞfi◓∆╢ ≤⇔≡│ ▬fiⱧכ

♄fi☻ ╛ QCM ⌂≥⅜ →╠╣╢ 30) ▬fiⱧכ♄fi☻ │ 2

─ ╩ ⌐ ┼ ╘ ╪∞ ─☿fi◘╩ ™ ▬fiⱧכ♄

fi☻ ⌐╟╡ ╩ ∆╢╙─≢№╢ 31) √∞⇔ ACM ☿fi◘≤

─ ╩ ⌐ ∆╢⌐│ ∫≡™⌂™ QCM │

╩ ™≡♫ⱡ◓ꜝⱶ○כ♄כ─ ╩ ∆╢↓≤⌐╟╡ ─

╩ ∆╢╙─≢№╡ 32) ≢│ ─ ⅜ ↕╣≡

™╢ 33) √∞⇔ ⌂ ╩ ∆╢ ≢№╡ ─ ╩ ∆

╢↓≤│ ≢№╢  

↓─╟℮⌐ ─ ╩ ∆╢ │ ↕╣≡™╢⅜

─ ╩ ⌐ ∆╢ │ ⌂™─⅜ ≢№╢ ─ ╩

∆╢ ─ ≈⌐ ꞉♇Ɑfi ⅜ →╠╣╢ 34) , 35 ) ↓╣│

≤ ─ ⸗♬♃ꜞfi◓ ╩ ⌐ ⇔ ∕─ ⅛╠

─ ╩ ∆╢ ≢№╢ ⸗♬♃ꜞfi◓ ─ ╛
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⌐╟∫≡ ─ ≤ ⌂╢ ⅜ ╠╣╢⌂≥─ ─ ⅜ →╠

╣╢⅜ ≢│ ╠⅜⸗♬♃ꜞfi◓ ─ ╛ ⸗♬♃ꜞfi◓

─ ╩ ↕╛↕┘ ╖ ↕╠⌐│ ACM ☿fi◘─ ⌂≥⅛

╠ ⌐ ∆╢ ╩ ⇔≡⅔╡ 36) -3 8 ) ╩ ꜠ⱬꜟ≢ ∆╢

⅜ ↕╣≡™╢ ⇔⅛⇔⌂⅜╠ ⸗♬♃ꜞfi◓ ─ ≤

─ ─ ─ ⌐≈™≡│↓╣╕≢ ↕╣≡™⌂™  

 

1.2.2 塗装による防食機構に関する研究  

⌐╟╢ ⌐│ ─ ╩ ≤⇔√ ⅎ⅜ ↄ⅛╠

↕╣≡™╢ 39) ↓╣│ ⌐ ↕╣╢ ⌐

⇔≡ ≤⌂╢ ╩ ≢ ∆╢↓≤≢ ╩ ╘

≡ ↕ↄ∆╢ ∆╢ ↓≤≢№╢ ─▬○fi ⌐≈™≡│ ─

ⱳꜞⱴכ ⅜ ⇔≡™╢↓≤⅜ ↕╣≡™╢ 40)
 

─ ≤⇔≡│ ─ ╛ ⌐╟╢

─ ⌂≥⅜ →╠╣╢  

│ ╛ ⌂≥─ ⌐ ╦╢ ─ ╩ ⇔≡⅔╡

─ ⌐ ≠ↄ ⅜ ↕╣≡™╢ 41) ↓─≤⅝ ─ │

╩ ∆╢ ⌐╟∫≡ ⌂╢↓≤╛ ≢ ⅜ ∂√ ─

│ ─ ⌐ ∆╢↓≤⅜ ↕╣≡™╢ 42) ↕╠⌐ ↓

↓≢ ╡℮╢ ⌐│ ▪ⱡכ♪ ♪כ♁◌┘╟⅔ ─ ⌐ ∂≡

⌂ ╣⅜ ∆╢ ₁─ ╣⌐▪ⱡכ♪ ♪כ♁◌≥ ⅜

⅛╣╢ ≤ ₁─ ╣⅜ ∆╢ ─ ╣⌐▪ⱡכ♪ ≤◌♁

♪כ ⅜ ∆╢ ↕╠⌐↓╣╠─ ╩≤╡℮╢ ─ ╣⌐▪

ⱡכ♪ ♪כ♁◌≥ ⅜ ∆╢⅛ ╙⇔ↄ│◌♁כ♪ ─╖─ ⌐

↕╣ ↓╣╠│ ─ ╛ ⌂≥≢ ∆╢↓≤⅜ ↕╣≡™╢ 43)

─ ╩  1-3 ⌐ ∆   
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a) ⌂ ╣⅜ ∆╢  

 

 

b) ₁─ ╣⅜ ∆╢  

 

 

c) a)⅔╟┘ b)─ ╩≤╡℮╢  

 

 

 1-3 ▪ⱡכ♪ ♪כ♁◌ ─ ⅜ ⌂╢ ─  

 

⌐ ∆╢ ≤⇔≡│ ╩ ∆╢ ╩ ∆╢

44)╛ ≤─ ╩ ⇔√ 45) , 46 )⌂≥⅜ →╠╣╢  

─ ⌐≈™≡│ ™∏╣╙ ≢ ∂╢ ─ ⌐≈™≡

↕╣√╙─⅜ ™ ↓╣│ ≢─ ⅜ ⇔√ ─

⌐ ⅎ≡ ─ ╙ ∆╢ ⅜№╢√╘∞≤ ↕╣╢

⇔√⅜∫≡ ⌐╟╡ ⇔ↄ ⇔√ ⌐ ∆╢ ─ ⌐≈

™≡ ↓╣╕≢⌐ ⌐ ↕╣√ │ ⌂™  

─ ⅜ ⇔√ ≢ ⇔√ ─ ⌐ ∆╢

≤⇔≡│ ₈↕┘ ₉ 47)⅜№╢⅜ ↕╣

♪כ♁◌ ▪ⱡכ♪ ♪כ♁◌
2e΅

O2
O2

OH- OH-

2e΅

H2O H2O

H2O

Fe2+

Fe

♪כ♁◌ ▪ⱡכ♪ ♪כ♁◌

O2O2

OH- OH-

2e΅

H2O H2O

H2O

2e΅

Fe2+

Fe2e΅

♪כ♁◌
▪ⱡכ♪ ♪כ♁◌

♪כ♁◌ ▪ⱡכ♪ ♪כ♁◌

O2O2

OH- OH-

2e΅

H2O H2O

H2O

2e΅

Fe2+

Fe2e΅

♪כ♁◌
▪ⱡכ♪ ♪כ♁◌
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√ ─ ─ ⌐ ╕∫≡™╢ ╠ 48)╛ ╠ 49)│

─ ⌂╢ ⌐ ⇔≡ ─ ≢⅝╢ ╩ ⇔

─ ╩ ⌐ ה ⇔≡™╢⅜ ⌐⅔↑╢

╛ ↕╣√ ─ ⌐≈™≡│ ↕╣≡™⌂™ ─

╩ ⌐╟╡ ⇔√ ╙№╢ 50) -52 )⅜ ™∏╣╙ ─

⌐≈™≡│ ↕╣≡™⌂™╒⅛ ⌐ ⇔√ ⅛╠─

⅛╠ ╩ ⇔≡⅔╡ ⌂ ≢ ∂╢ ⌐≈™≡│ ↕╣

≡™⌂™  

╠│ ⅜ ↕╣√ ≢ ⇔√ ─ ╩

⅛╠ ⇔ ─ ⌂≥⌐╟╡ ─ ⅜ ⌐ ∆

╢↓≤╩ ⇔≡™╢ 53) │ ⇔√ ╩ ⌂∫√ ─ ─

╩ ⌂™ ⅔╟┘ ⅛╠ ↕╣╢ ⌐╟╢

⅜ ∆╢↓≤╛ ─ ⌐╟∫≡ ⌂ ⅜

↕╣╢↓≤⌂≥╩ ⇔≡™╢ 54) ⇔⅛⇔ ≤╙ ⌐⅔↑╢ ≢№

╡ ⌐⅔↑╢ ─ ⌐≈™≡│ ↕╣≡™⌂™  

 

1.2.3 実構造物の塗膜耐久性に関する研究  

⅜ ⌐⅔↑╢ ─ ─ ╕╡│ ⅛╠≤↕╣≡™╢

↕╣√ │ ─ Ɑ▬fi♩≢№╡ ─ ╩ ≤⇔√

─ │ 1880 ⅛╠ ↕╣√ 55) ─ ⌐│ ⅜ ™

╠╣≡™√⅜ ⅔╟┘ ─ ╩ ⌐ ₁⌂ ⅜ ↕╣√ 1960

⌐│ ─ ╩ ↑ ⌂≥─ ─ ™ ⌐ ⇔≡

╩ ∆╢ ─ ⅜ ╘╠╣√ 56) - 59 ) ∕─ ≤│

⌂╡ 2 ≢№╢↓≤⅛╠ ⅜ ⇔√╙── ™ ╛

╩ ∆╢◄ⱳ◐◦ ╛ⱳꜞ►꜠♃fi ⌂≥╩ ™√ ⅜

↕╣ 60) ⌂ ⌐ ↕╣√ ⌐⅔™≡╙ 1990 ⅛╠ ↄ

↕╣╢╟℮⌐⌂∫√  

↓─╟℮⌐ ⌐ ↕╣╢ │ ⌐╟∫≡ ⌂╢ ↕╠⌐

╩ ⅎ╢ ⌐│ ⌂≥⅛╠ ≤ ↕╣√ ╩ ≤ ⇔≡

∆↓≤≢ ⌐ ↕∑╢ ⅎ⅜ ⌐ ↕╣≡™╢ ⇔√⅜∫≡ ─

⅜ ⌂ ↕╣√ ≢│ ∆╢ ─ ⅜ ⌐

⌂╢ ─ ⌐╟╡ ↕╣≡™╢ ─ ╩  1-4 ⌐ ∆  
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 1-4 ─ ⅜ ≤⇔≡ ⇔≡™╢ ─  

 

↓╣╠─ ⌐╟╡ ─ ⌐ ∆╢ ⌐≈™≡│ 1.2.1

≢─ ╩ ╘≡ ↄ ↕╣≡™╢⅜ ─ ─ ⌐≈™≡│

╩ ╦∏ ⌂ ⌐ ╕╢↓≤⅜ ™ ∆⌂╦∟ ↕┘╛ ╣

⅜╣⌂≥─ ╛ ─ ╩ 4 5 ⌐ ⇔ ─

─ ≤⇔≡ ⇔√ ⅜ ↄ ↕╣≡™╢ 61) -64 )╙── ™∏╣─

⌐⅔™≡╙ ─ ╛ ─ ≤ ≤─ ⌐≈™≡

⌐ ↕╣≡™⌂™  

╕√ ─▬fiⱧכ♄fi☻⅔╟┘ ╩ ⇔√ 65)╛ ╩ ⇔

≡ ⌂≥─ ╩ ⇔√ 66)⅜№╢⅜ ≢─ ╩

∆╢╕≢⌐│ ∫≡™⌂™ ↓─╟℮⌐ ─ ꜠ⱬꜟ≢│ ⌐

⅔↑╢ ─ ╩ ⌐ ∆╢↓≤⅜ ⌂ ⌐№╢  

 

1.2.4 塗替え塗装時の鋼素地調整に関する研究  

1.2.2 ≢ ═√ ─ ⌐⅔™≡ ⌐ ╛ ⌂≥─

⅜ ⇔≡™╢≤ ─ ⅜ ∆╢ ↓╣│ ─ ⌐╟

∫≡ ⌐ ∆╢ ─ ⅜ ∆╢√╘≤↕╣≡™╢ 41) ╕√ ⌂≥─

⅜ ⇔√ ≢ ∆╢≤ ⌐ ℮ ─ ─ ⌐

╟∫≡ ⌐ ℮ ╣⅜ ⇔╛∆ↄ⌂╢≤─ ⅜№╢ 67) , 68 ) ⇔√

⅜∫≡ ─ │ ─ ⌐ ⅝ↄ ∆╢≤ ⅎ╢  

⌐│ 69)≤ 70 , 71 )⅜ →╠╣ ⌐

│ ⌐ ⅜ ↕╣╢ ─ ≢│Ⱪꜝ☻♩ ⅜ ™╠

╣╢─⌐ ⇔≡ ⅎ ⌐│ ─ ה ╛ ⌂≥╩

╕ⅎ ♦▫☻◒◘fi♄כ╛◓ꜝ▬fi♄כ⌂≥─ ╩ ≤⇔√
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⅜ ™╠╣╢↓≤⅜ ™ Ⱪꜝ☻♩ ╩ ∆╢ ⌐│ ⇔√

─ ╩ ╕ⅎ≡Ᵽ◐ꜙכⱶⱩꜝ☻♩ 72)╛ ╩ ™√Ⱪꜝ☻♩ 73) ,  

74 )⌂≥─ Ⱪꜝ☻♩ ─╒⅛⌐ ♩☻ꜝⱩכꜗ♅☻▬⸗ ♇▼☺♃כ◊►╛(75

♩Ⱪꜝ☻♩ 76)⌂≥─ Ⱪꜝ☻♩ ⅜ ↕╣≡™╢⅜ ╛

⌂≥⌐⅔™≡ ⌂ ⅜ ™↓≤⅛╠ ꜝⱶⱩכꜙ◐ⱪfiⱩꜝ☻♩⅔╟┘Ᵽכ○

☻♩⅜ ⌐ ™╠╣≡™╢  

 ─ ≤ ─ ⌐ ∆╢ ≤⇔≡ №╠↕╛

─ ⌂≥⅛╠ ⇔√ ⅜ ↄ ↕╣≡™╢ 77) -81 ) √∞⇔ ╛

⌐≈™≡│∕─ ╩ ⌐ ⇔⌐ↄↄ ⌐ ⇔√

│ ⌂™ Ⱪꜝ☻♩ ≢│ ⇔≡™⌂™ ⌐ ⌂ №╠↕

╩ ╢√╘─ ⌐≈™≡ ─ ╛ ╩Ɽꜝⱷכ♃≤⇔

√ ⅜ ↕╣≡™╢ 82) -8 5 ) ⇔⅛⇔⌂⅜╠ ⇔√ ─ ⌐

∆╢ ⌂ ⌐≈™≡│╒≤╪≥ ↕╣≡™⌂™ ↓╣│ ≤∆╢

─ ⌐╟∫≡ ─ ╛ ⅜╡⅜ ⌂╢√╘≢№╢  

─ ⅛╠ ─ ⌐≈™≡│ ⌐ ≠ↄ ⌂ ≤

⇔≡ ⅜ ™╠╣╢ ⅜ ™ ─ ⌐≈™≡╙ ISO ≢ ╘╠╣

╢ ISO 8501-1 -Rust grades and preparation of uncoated steel substrates and steel 

substrates after overall removal of previous coatings ï ─╒⅛

─ SSPC-SP ─ SPSS ⌂≥⅜ →╠╣╢ ≤⇔≡

ISO8501-1 ⌐ ↕╣≡™╢ ╩  1-2 ⌐ ∆ 86)
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 1-2  ISO8501-1 ⌐ ↕╣≡™╢ ≤ ⌐╟╢  

 
   

Ⱪꜝ☻♩  

Sa 1 
™ Ⱪ ꜝ ☻ ♩

 

⌂⇔≢ ⌐│ ⌐ ⅎ╢

☻כꜞ◓ ⅔╟┘ ↄ ⇔√Ⱶ

ꜟכ◔☻ꜟ ↕┘ ⅜⌂™↓

≤   

Sa 2 
⌂ Ⱪ ꜝ ☻

♩  

⌂⇔≢ ⌐│ ⌐ ⅎ╢

☻כꜞ◓ ⅔╟┘ ↄ ⇔√Ⱶ

ꜟכ◔☻ꜟ ↕┘ ⅜⌂™↓

≤ ⇔√∆═≡─ ╣│ ⇔√╙

─≢№╢↓≤  

Sa 2 1/2 
↕ ╠ ⌐ ⌂

Ⱪꜝ☻♩  

⌂⇔≢ ⌐│ ⌐ ⅎ╢

☻כꜞ◓ ⅔╟┘ ↄ ⇔√Ⱶ

ꜟכ◔☻ꜟ ↕┘ ⅜⌂™↓

≤ ╣─ ≡─ ⇔≡™╢ │

№╢™│∆∂ ─ ⅛⌂ ╖≤⇔

≡─╖ ╘╠╣╢↓≤   

Sa 3 

⌂

╩ ╢ √

╘ ─ Ⱪ ꜝ ☻ ♩

 

⌂⇔≢ ⌐│ ⌐ ⅎ╢

☻כꜞ◓ ⅔╟┘ ↄ ⇔√Ⱶ

ꜟכ◔☻ꜟ ↕┘ ⅜⌂™↓

≤ │ ⌂ ╩⇔≡™╢↓

≤  

ה

 

St 2 

⌂

⅔ ╟ ┘

→  

⌂⇔≢ ⌐│ ⌐ ⅎ╢

☻כꜞ◓ ⅔╟┘ ↄ ⇔√Ⱶ

ꜟכ◔☻ꜟ ↕┘ ⅜⌂™↓

≤  

St 3 

↕ ╠ ⌐ ⌂

⅔ ╟ ┘

→  

St 2 ≤ ≢№╢⅜ ─ ╩

∆╢╕≢ ╟╡ ⌂ ╩ ℮↓

≤  
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1.3 研究の目的  

≢│ ⌐ ∂╢ ─ ╩ ⇔

⌐⅔↑╢ ─ ⌂ ╩ ∆╢↓≤╩ ≤∆╢  

─ ─ │ ╩ ≤⇔√ ⌐╟╡ ⌂∫√

─ ⌐≈™≡│ ≢ ∆╢ ⌐╟╡ ∆╢↓≤≤

⇔ ∕─ ─ ⌐≈™≡╙ ⇔√ ↕╠⌐ ─ ⅛╠

─ ╩ ⇔ ⌐ ∆╢ ⌂ ╩ ⇔√

↓╣╠─ ⌐ ≠⅝ ⌐ ∆╢ꜝ▬ⱨ◘▬◒ꜟ◖☻♩─ ⅛╠ ⌂

ⅎ ╩ ⇔ ⌐⅔↑╢ ╩ ≤⇔√

╩ ⇔√   

 

1.4 本論文の構成  

│ 1 ⅛╠ 6 ╕≢─ 6 ≈─ ≢ ↕╣≡™╢ ─ ≤

⇔≡ ⱨ꜡כ╩  1-5 ⌐ ∆≤≤╙⌐ ─ ╩ ⌐ ═╢  

 

 

 1-5 ─ ⱨ꜡כ  

 

1 ≢│ ─ ─ ⅔╟┘ ⌐≈™≡ ═╢≤≤╙⌐

⌐ ∆╢ ─ ≤⇔≡ ─ ╛ ╩≤╡╕ↄ ⅔╟

┘ ─ ─ ⌐ ∆╢ ה ─╒⅛ ─

╛ ─ ≤ ⌐ ∆╢ ה ⌂≥⌐≈

™≡ ═√  

2 ─

3 ╩ ™√
─

4 ⅜ ┼
ⅎ╢

5 ─

1

6
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2 ≢│ ─ ⌐ ∆╢ ─ ╩ ≤⇔≡

⌐ ↕╣√ ─ ╩ ≤⇔√ ⅔╟┘

╩ ⇔√ ↓─ ╛ ─ ⌂≥⌐ ⇔≡

─ ╛ ⌂≥╩ ⇔ ≤ ≤─ ╛

─ ╩ ╠⅛⌐⇔√  

3 ≢│ ⌐⅔↑╢ ─ ╩ ∆╢√╘

─ ╩ ⇔√ ╩ ─ ⌐ ⇔

⇔√ ─ ╩ ∆╢↓≤≢ ─ ─ ╩

∆╢ ╩ ⇔√ ╕√ ─ ╩ ∆╢√╘ ─ ⌂╢

⌐ ≤ ╩ ∆╢↓≤≢ ₁─ ╩ ה ⇔

√ ↕╠⌐ ≤ ∆╢ ─ ╩ ⇔≡

─ ╩ ⇔√  

4 ≢│ 3 ≢ ⇔√ ⌐╟╡ ↕╣╢ ─ ™

─ ⅜ ↕╣╢ ⌐⅔™≡ ⅎ ─ ⌂ ╩

∆╢√╘─ ╩ ⌂∫√ ≢│ ⌂ ≢

№╢ Ⱪꜝ☻♩╩ ⇔√ ⌐ ⇔≡ ↕╣╢

─ ╩ ⇔√ ≢ ─ ─ ╛ ⌂≥╩ ∆

╢↓≤⌐╟╡ ─ ╛ ⌂≥⅜ ─ ⌐ ╓∆

╩ ╠⅛⌐⇔√  

5 ≢│ ⌐ ↕╣√ ─ ╩ ∆╢√

╘ ─ ≤⇔≡ ╙ ⌂ ≤ ⅎ╠╣╢Ⱪꜝ☻♩ ─

╩ ⇔√ ↓─ ⌐ ⇔≡ ╕∏ ╛ ≤ ≤─

╩ ∆╢√╘─ ╩ ⌂™ ≤⇔≡ ≤ ⅎ╠╣╢

╩ ╠⅛⌐⇔√ ⌐ ⅎ ⌐⅔↑╢ꜝ▬ⱨ◘▬◒ꜟ◖☻♩─

⅛╠ Ⱪꜝ☻♩ ╩ ™√ ⌂ ╩ ⇔√ ↕╠⌐ ⌂Ɽꜝⱷכ

♃╩ ∆╢ ≤⇔≡ ─ ≤

ꜝ▬ⱨ◘▬◒ꜟ◖☻♩╩ ⇔√ ≢ ⌐⅔↑╢ ╩ ≤

⇔√ ╩ ⇔√  

6 │ ≢ ╠╣√ ╩ ⇔ ─ ≤⇔√  
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第2章 高腐食性環境における鋼構造物の塗膜劣化と腐食度の調査  

 

╩ ╡ ↄ ╩ ⌐ ⇔√ │ ≢│

↕╣≡™⌂™ ↓─√╘ ⌐╟╢ ╛ ╩

∆╢√╘⌐│ ─ ⅜ ≤⌂╢ ≢│ ⌐ ↕╣

√ ╩ ⌐ ─ ─ ⅔╟┘ ╩ ⇔

≤─ ⌐≈™≡ ⇔√ ╕√ ─ ╛ ⌐ ∆╢

╩ ⌂™ ─ ╩ ⇔√ ↕╠⌐ 1 ≢ ═√╟℮⌐

⇔√ ≢│ ⅜ ⌂ ⅜№╢√╘ ─

╩ ∆╢√╘─ ⅔╟┘ ╩ ⇔√  

 

2.1 対象構造物  

⇔√ │ 1911 3 ⌐ ↕╣√ ≢№╢

│ 2010 7 ⌐ ↕╣≡⅔╡ 100 ↕╣√ ─

╩  2-1 ⌐ ∆ ─ │ 310m ≢№╡ 22 ─ ⱪ꜠כ●♩כ

♄≤ 11 ─♩꜠♇☿ꜟ ⅛╠ ╢ ─ ↕│ 40m ≢№╢

│ ─ ⌐ ↕╣ │ 100m ≢№╢ ∕

─√╘ ─ ─ ╩ ↄ ↑╢↓≤⅛╠ ─ ⅜ ⇔ↄ

⌐ ⅎ ╛ ⅜ ⌐ ╦╣√ 1) ↓─√╘ ─

כfi◓Ᵽ◦כ꜠ │ ≡ ↕╣√⅜ ⅔╟┘ ─

│ ─ ─╕╕ ╕≢ ↕╣√ ─ ╩  2-2 ⌐

∆  

 

 

 2-1 ─ ⅜  
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─       ─  

 2-2 ─  

 

│ ⌐ ⇔√ ≢№╡ ─ ⅜ ↕ ⅔╟

┘ ⌐╟∫≡ ⅝ↄ ⌂╢≤ ⅎ╠╣╢ ⌐ ─ ╩

⇔√ ⅜№╡ ↓─≤⅝⌐│ 1989 ⅛╠ 1994 ╕≢─ 5 ⌐ ╡

⌐⅔™≡ ─ ♀כ●┘╟⅔ ⌐╟╢

⅜ ⌂╦╣√ 2) ⌐│ JIS G 3101₈ ₉⌐ ↕

╣╢ SS400 100×150×10mm ⅜ ™╠╣ 2,4,5,7 ⅔╟┘

10 ─ ™∏╣╙ ⌐ 5.7 ⇔ ≤

─ ⅛╠ ╩ ⇔√ │ JIS Z 2381₈

♀כ●─₉ ⌐ ⇔ ─ ⅔╟┘ ≢ ⇔√ ⌐

⅔↑╢ ─ ≤ 4 ≢ ⇔√

╩  2-3 ⌐ ∆ 2,4,5 ─ ≢│ ⅜ ⇔ↄ ⇔√ ≢

╛ 7,10 ─ ≢│ ⌂≥─ ⌐ ∆╢ ≢№

╢⌂≥ ⌐╟∫≡ ⅜ ⅝ↄ ⌂╢↓≤⅜ ↕╣≡™╢ ╕√

│ ⅜ ⇔ↄ ≤ ≢ ⅜ ⌂∫√ 4 ─

≢│ ⅜ 70mg/(m
2

day) ≢ 170mg/(m
2

day)≤⌂╡ ⅜ ∆⌐

≈╣≡ ⅜ ↕ↄ⌂╢ ⌐№╢↓≤⅜ ↕╣≡™╢ ⌂⅔ ⌐

╟∫≡ ⅜ ⌂╢ ≤⇔≡│ ⌐ ∆╢ ─

≤ ─ ⌐ 178 ⅜ ⇔≡™╢↓≤⅛╠ ─ ⅜ ⌐

╟╡ ⌂╢↓≤╛ ─ ⅜ ─ ≤ ≢ ⌂╢√╘ ⌐

∆╢ ⌐ ™⅜ ∂≡™╢↓≤⌂≥⅜ →╠╣╢  
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─ │ ─ ╩ ∆  

    Ν 50mg/(dm 2 day) ,  Ν 30mg/(dm 2 day)   Ν 10mg/(dm 2 day)   Ν 5mg/(dm 2 day)  

 2-3 ─Ⱶ◒꜡  

 

─ ⌐⅔↑╢ ╩  2-1 ⌐ ∆ 1) ⅛╠ 1950

╕≢│ ↕┘ ╘ ≤ Ɑ▬fi♩⌐╟╢ 1960 ⅛╠

1970 ≢│ ↕┘ ╘ ≤ⱨ♃ꜟ ⌐╟╢

─ B ⌐ ⅜ ™╠╣≡⅔╡ 3 ─ ™ ≢ ⅎ╠╣

≡™√ 1971 ⌐│ ◗ⱶ ╩ ™√ ⅜ ↕╣ │ 4 5

⌐⌂∫√ 1981 ⌐│ ◄ⱳ◐◦ ╩ ™√

─ G ⌐ ⅜ ↕╣ ↕╠⌐ 1990 ⌐│ ╡ ╩

ⱳꜞ►꜠♃fi ≤⇔√ ─ T ⌐ ⌐╟

∫≡ 7 8 ≢ ⅎ╠╣√ ↓─╟℮⌐ ⅛╠─ │ 10 ─

ⅎ ⅜ ↕╣√ ╕√ ─ ⅛╠ ⌐≈™≡│ 1980

⌐ ◔꜠fi -1 ─ ≢ ⅔╟┘ ─ ⌐╟

╡ ⅜ 70% ≤⌂╢ ≢ ⇔√ ⌐ ⅎ⅜ 2

↕╣√↓≤╩ ⇔≡⅔╡ ↕╣√ ≢│ ⅎ ─ ⅎ ─

╖⅜ ∆╢≤ ⅎ╠╣╢ G ⅔╟┘ T ─ ╩  2-2 ⌐ ∆  

 

 

 

 

 

 

 

1P 2P 3P 4P 5P 6P 7P 8P 9P 10P 11P
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 2-1 ─ ─ 1950 2000  

 

 2-2 G ⅔╟┘ T ─  

 

G T 

 
 

(g/m2)  
 

 

(g/m2)  

1   200  200 

2   200  200 

3   200  200 

4   200  150 

 

╩  2-4 ⌐ ∆ │ ─ ≢╙ ⅜ ╙ ↕ↄ

─ ⅜ ⅝™≤ ↕╣╢ 3 ─ 4 ─ ≤⇔ ⌐

∂≡∕╣∙╣₈ ₉₈ ₉₈ ₉₈ ₉≤ ∆╢ ⌂⅔ ⌐

≤⇔≡ ∆╢♃▬ⱪ꜠כ♩⅔╟┘ │ ⅜ ─√╘

≤⇔√  

│ ⌐ ↕╣ ≡─ │ ↕ ⌐ 5 ↕╣√

↕╣√ ╩ ⌐ ™ ⅛╠ ⌐ 1 5 ≤ ┬↓≤≤∆╢

─ │ ♃▬ⱪ꜠כ♩ ↑ ⅔╟┘ ─ ╩ ™√ ≤⇔

 2-4 ⌐ ∆╟℮⌐ ♃▬ⱪ꜠כ♩ ↑ ╩ A ∕─ ─ ╩ B

D ≤⇔√ ↓─≤⅝ ⌐⅔↑╢ ─ │∕╣∙╣ ⌂╢

⌐ ↕╣≡™√ ─ ╩ ⇔√ ╩  2-3 ⌐ ∆  

 

1 ╡╞℮ ─ 1950 2000  

 1960 1970 1980 1990 2000 

 

1P ộ Ộ     ợ  Ỏ Ợ Ừ  Ừ  

2P ộ Ộ  ẽ Ẽ ẽ   ợ 

Ợ 

 Ợợ   ủ   Ừ   Ừ  

3P ộ Ộ   Ẽ ẽ   ợ  ỢỎ ủ ừỪ   Ừ  

4P ộ Ộ   Ẽ ẽ   ợỢ

Ợ 

 ợỎỎ  ủ   Ừ     

Ừ 

  

5P ộ Ộ  ẽ     

ẽ 

  Ợợ

Ợ 

ợ ỎỎ  ủ   Ừ     

Ừ 

  

6P Ộ Ộ    ẽ     

ẽ 

  Ợợ

Ợ 

 ợỎỎ  ủ ừ  Ừ   Ừ  

7P Ộ Ộ    ẽ     

Ẽ 

ợ  ợ  Ợợ  ủ    Ừ   Ừ  

8P ỘỘỘỘ    ẽ     

ẽ 

ợ  ợ   Ỏợ    Ừ     Ừ  Ừ  

9P ỘỘỘỘ    ẽ     

Ẽ 

 ợ  

ợ 

  Ỏợ    Ừ     Ừ  Ừ  

10P ộ Ộ  ẽ   ợ  

ợ 

 Ợ Ỏ ủ  Ừ     Ừ  Ừ  

11P Ộ Ộ    ợ  Ỏ ủ    Ừ  Ừ  

─ │ ─ ╩ ∆  

ộ, ỘΝ ↕┘ ╘ ≤ Ɑ▬fi♩⌐╟╢ ộ│ Ộ│ ─  

ẽ, ẼΝ ↕┘ ╘ ≤ ⱨ♃ꜟ ⌐╟╢ ẽ│ Ẽ│ ─  

ợ, ỢΝ ◗ⱶ ─ ợ│ Ợ│ ─  ỎΝ♃כꜟ◄ⱳ◐◦ ─  

ủ, ừΝ ◄ⱳ◐◦ G-7 ─ ủ│ ừ│ ─  

ỪΝ ◄ⱳ◐◦ + ⱳꜞ►꜠♃fi T-7 ─  
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⇔√ ─       ─  

 2-4  

 

 2-3 ⌐⅔↑╢ ─  

─    ─    

╕√│  

 

A  

╕√│  

 

A  

B  B  

C  C  

D  D  

│  2-4 ─ ⌐ ∆ ╡≢№╢  

 

3 ≢ ╠╣√ ⌂ ╩  2-5 ⌐ ∆ ─◄♇☺

⅔╟┘ꜞⱬ♇♩ ╩ ⌐ ⌐╟╢╙─≤ ⅎ╠╣╢ ╣╛

╣⌐ ™ ⅜ ⇔≡™╢ ─ ⌐⅔™≡╙ ⌐

≢│№╢⅜ ─ ⅜ ∂≡™╢ ╕√ ⌐ ⇔™ ⅜ ∂≡

⅜ ⇔√≤ ⅎ╠╣╢ ─ ╙ ⇔≡™╢  

 

  
A ─    C ─  

 2-5 3 ─  

Ŷ  Ÿ 
3  

ŷ  

 Ŷ  Ÿ 

 
 

Ź  

3  

─ ┘  

C 

D B 

A 
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⌐ ↕╣√ ⅎ ─ G ⅔╟┘ T │ ◄ⱳ◐◦

╩ ≤⇔√ ─ ≢⅝╢ ≢№╢ ─ ╩

⌐ ↕╣√ ≢│ ≤ ─ ⌐⅔™≡╙ 30

⌐ ╡ ╩ ⇔√ ⅜№╢ 3) ↓─√╘ ≢ ↕╣√

│ ⌐ ⇔√ ≢ ⌐ ╩ ≢⅝∏⌐ ↕╣

≢ ⅜ ∆╢↓≤≢ ⇔√≤ ↕╣╢ ↓↓≢│ ╩ ∂√

╛ ─ ⌐≈™≡ ⌐ ∆ 3 ⌐ ⇔√  

(a) ─ ╛ ╣ ╣⌂≥─ ⅜ ╠╣∏ ⌐

╩ ∂≡™⌂™≤ ↕╣╢  

(b) ᵑ  2-6(a) ⌐ ⌂ ╩ ∂≡ ⅜ ⌐ ⇔

≡ↄ╓╖╩ ⇔≡™╢⅜ ⅎ ⌐ ⅜ ⌐ ↕╣√≤

↕╣ ≢│ ╣╛ ╣⌂≥─ ⅜ ↕╣∏ ⅜

╒≤╪≥ ⇔≡™⌂™≤ ⇔√  

(c) ᵒ  2-6(b) ╣⅜ ∂≡⅔╡ ⅜ ⇔≡™╢

≤ ⇔√ ╕√│ ╣⌐╟∫≡ ⅜ ⇔ ╠⅛⌐

⌐ ⅜ ∂≡™╢≤ ↕╣√  

 

  
(a) ᵑ─    (b) ᵒ─  

 2-6 ᵑ≤ ᵒ─  
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2.2 調査方法  

2.2.1 調査項目  

⌐ ↕╣√ ─ ╩ ∆╢√╘

─ ─ ─

╖≤ ─ ╩ ⌂∫√ ⇔√ ╩ ⌐ ═╢  

（1）塗膜断面調査  

∆╢ ─ ⅔╟┘ ≢ ∂╢ ─ ─ ╩ ≤

⇔≡ ⅔╟┘ ᵒ⌐⅔↑╢ ≤ ─ ╩ ∫√  

（2）腐食生成物の性状分析  

⌐⅔↑╢ ─ ≤ ─ ≤─ ╩ ∆╢√╘

ᵒ⌐≈™≡ ─ ⌂╢ ╩ ⇔ X ⌐╟╢

─ ─ ⅔╟┘ ▬○fi◒꜡ⱴ♩◓ꜝⱨ▫כ⌐╟╢ ─

╩ ⌂∫√  

（3）塗膜変状箇所の変状厚みと板厚減少量の測定  

⌐⅔↑╢ ≤ ─ ─ ╩ ∆╢√╘

ᵒ╩ ≤⇔≡ ─ ╖╩ ⇔√ ⌐ ╩ ⇔

─ ╩ ⌂∫√  

（4）外観調査に基づく変状面積の測定  

─ ╛ ↕ ⌐╟╢ ─ ™╩ ∆╢√╘ ᵑ⅔

╟┘ ᵒ─ ╩ ⇔ ה ↕ ≢ ⇔√ ─ ⌐

∆╢ ─ ╩∕╣∙╣ ⇔√  

 

2.2.2 各項目の調査方法  

（1）塗膜断面調査  

  2-1 ─ ╟╡ 3 4 ─ │ ≤ ⅎ╠╣╢

∕↓≢ ╩ ─ 1 5 ─ D ≤⇔√   

─ ⅔╟┘ ᵒ⌐⅔™≡ ◌♇♩ ╩ ™≡

╩ ⇔√ ◌♇♩ ≤│ ≢ ╩ ⌐≡∆╡

⌐ ∆╢ ≢№╢ ╕√ ╩ ™≡ ⇔√ ─

╩ 10 ⇔ ∕─ ╩ ⇔√ ◌♇♩ ≢ ⇔√ ╩

⇔ ─ ─ ⅔╟┘ ╖⅛╠ ╩ ⇔√ ╕√

⅜ ∆╢ ⅛╠ ⅜ ⇔√ ╩ ⇔√   

 

（2）腐食生成物の性状分析  

 ⌐│ ─ ⌂╢ ⅜ ↄ ∆╢ 5 ─
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╩ ⇔√ │ ᵑ⅔╟┘ ᵒ⅛╠∕╣∙╣

⇔√ √∞⇔ ᵒ⌐≈™≡│ ╣⅜ mm mm

≢ ⇔≡™√√╘ ╣─ ⅝↕╩ ⌐ ⇔ ∕╣∙╣⌐ ⇔≡ 2

∏≈ ⇔√ ⇔√ ─ ╩  2-7⌐ ∆ ⌐≈™≡

Ᵽfi♪♁כ╩ ™≡ ⅜ ⇔⌂™╟℮⌐ 15mm×20mm ─ ≢ ╩

╡ ⇔√  2-8 ⌂⅔ ⌐│ ▬○fi ⅔╟┘ ─ 2

╩ ⇔√  

 

  

╣₈ ₉     ╣₈ ₉  

  

╣₈ ₉     ╣ ⇔  

 2-7 ⇔√ ╣─  

 

 
╣₈ ₉─  

 

 2-8 2 ─ ─ ⇔  
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─ │ ⱳꜞ◄☻♥ꜟ ⌐ ╖⇔√ ─

─ ⅜ ≢⅝╢╟℮⌐ ≢כ♃♇◌ ה ⇔√ ↓─

⌐≈™≡ SEM ╩ ™√ ╩ ⌂™ ↕╠⌐

X ≢№╢ ⱴ▬◒꜡▪♫ꜝ▬◙ EPMA ⌐╟╡

⌐ ∆╢ ≤ ─ ⱴ♇Ⱨfi◓╩ ⇔√  

─ ─ ⌂ ╩ ⌐ ∆  

1) ╩ ™≡ ─ ╩ ⇔√ ⌐ ☻╛ⱨ▬♫כ♃♇◌

Ɽ♅ꜙꜝכ⌂≥─ ╩ ™≡ ─ ⅔╟┘ ╩ ⇔

√  

2) ⇔√ ─ ╩ ™≡ X ╩ ⌂™ ╩ ∆

╢ ─ ⌐≈™≡ ╩ ⌂∫√ ↓─≤⅝ ⇔√

│ ╩ ™≡ ⅜ 100mm ⌐⌂╢╟℮⌐ ⇔√ ⌐│ ◗

♬○ⱷכ♃─ X ╩ ™ ⅔╟┘ │ 200mA ⅔╟┘ 50kV

≤⇔√ ⌐│ Cu ╩ ™ ☻ꜞ♇♩⅔╟┘ ☻ꜞ♇♩│ 0.5

☻ꜞ♇♩│ 0.15mm ≤⇔√  

3) ⇔√ ⅔╟┘ ≤ ⇔√ ⅜ ∆╢ ─∕╣

∙╣⌐≈™≡ 40ml ≤ ⌐ⱦכ◌⌐ ⇔ 60ϴ─

≢ 10 ⇔ ∕╣∙╣─ ⌐ ╕╣╢ ▬○fi╩ ⇔√  

4) ▬○fi◒꜡ⱴ♩◓ꜝⱨ▫כ╩ ™≡ ─ ▬○fi ╩ ⇔

⌐ ╕╣╢ ╩ 2-1 ⅛╠ ⇔√ ↓↓≢ x │ ─

(gC l/m
2
) Y │  (ppm) L │ ─  (g) A │ ─

─  (m
2
)╩ ∆  

 

A

LY
x

³³
=

-610
                       2-1  

 

（3）塗膜変状箇所の変状厚みと板厚減少量の測定  

 ᵒ─℮∟ ⌂╙─╩ 2 ⇔√ ─

╖⅔╟┘ ↕─ ⌐│ CCD ◙כ꜠ ☻ⱳ♇♩ :ű30mm

:0.05mm ╩ ™ Ⱪꜝ☻♩⌐╟╢ ⅔╟┘ ─ ─

╩∕╣∙╣ ∆╢↓≤≢ ╖⅔╟┘ ↕╩ ⇔√ ↓─≤⅝

≢│ ─ ⌐ ⅜ ∆╢√╘ ╖⌐│ ╙

╕╣╢ ∕↓≢ ─ ⅛╠ (1) ≢ ⇔√ ╩ ⇔

™√ ╩↕┘ ╖≤⇔√  
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（4）外観調査に基づく変状面積の測定  

 ─ ╛ ↕ ⌐╟╢ ─ ™╩ ∆╢√╘ 4 ─

1 5 ⌐⅔™≡ ᵑ⅔╟┘ ᵒ─ ╩ ⇔ ⅔╟┘

A D ─ ⌐⅔↑╢ ╩ ⇔√  

 

2.3 調査結果と考察  

2.3.1 塗膜断面調査  

─ ⌐⅔↑╢ ≢─ ≤⇔≡ 1 5

─ ⅔╟┘ 1 ─ ⌐⅔↑╢ ─ 10 ╩  2-4⌐ ∆

↓╣╟╡ ⌐⅔↑╢ ─ │ 430 507mm ─ ⌐ ⇔

─┌╠≈⅝╩ ∆╢≤ ∕─ │ ↕™≤ ⅎ╠╣╢  

 

 2-4 ─ ─  

  
10  (mm) 

  

1  
D 482 54 

 436 34 

2  D 443 24 

3  D 507 20 

4  D 449 31 

5  D 451 31 

 

╕√ ◌♇♩ ≢ ⇔√ ⌐⅔™≡╙ ⌐ ⅝⌂ ™│

╠╣⌂⅛∫√ ≤⇔≡ 1 ─ ⅔╟┘ ᵒ≢ ⇔√

─ ╩  2-9 ⌐ ∆ ─ ⅛╠ │ 8 ≢№╡

G ⅔╟┘ T ⅜ 2 1986 1997 ─ ⅎ ≤⇔≡

⇔≡™╢↓≤⅜ ↕╣√ ╕√ ᵒ≢│↓╣╠─ ⅎ ≤

─ ⌐ ⅜ ⇔≡™√ ⇔√⅜∫≡  1 ─ ᵒ│ 1986

─ ⅎ ⌐ ⇔√ ─℮∟ ⌐ ╩ ≢⅝⌂⅛∫√

≢№╡ 1997 ─ ⅎ ⌐ ↕∑∏⌐ T-7 ⅜ ╡ ⌡╠╣√

≤ ⅎ╠╣╢ ↓─↓≤⅛╠ 1997 ─ ≢│ ∫√ │ ⇔≡⅔

╠∏ ∕─ ─ ╣│ 1997 1986 ─ ⅛╠ 11

25 ⌐ ≤⌂∫√↓≤⅜ ↕╣╢  
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╣ │ ⌂ ≢⌂™√╘ ⌐ ╖⅜ ∂≡™╢  

 2-9 ⅔╟┘ ─  

 

2.3.2 腐食生成物の性状および含有塩分量の分析  

（1）塗装鋼材の断面観察と元素分析  

 ╩ SEM ⇔√ ≤⇔√ ≡─ ≢ ─ ≢№∫√

─ ≤⇔≡ ╣₈ ₉─ ╩  2-10 ⌐ ∆  2-9 ≤

⌐ 2 ─ ⅎ ⅜ ↕╣√  

 

 

 
┤ↄ╣₈ ₉─  

 2-10 ─ SEM  

 

 

1986  

ⅎ  

1997  

ⅎ  
 

 

1997  

ⅎ  

1986  

ⅎ  

ᵒ  

1986  

ⅎ  

1997  

ⅎ  

 

1986  

ⅎ  

1997  

ⅎ  

 
ᵒ  

1997  

ⅎ  

1986  

ⅎ  
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╣ ─ ⌂╢ ─ ⅔╟┘ O

≤ Cl ─ ⱴ♇Ⱨfi◓ ╩  2-11 ⌐ ∆ ─ ⅛╠ ⌐

⅛╠ ↕╣╢ ≤ ─ ─ ⅜ ≤⌂╡ ™∏╣─

⌐⅔™≡╙ ⌐ ⅜ ∆╢≤≤╙⌐ Cl ⅜

⇔≡™╢↓≤⅜ ↕╣√ ╕√ ╣₈ ₉≢│

─ ⌐╙ Cl ⅜ ⇔≡™√ ⌂ │ ▬○fi╩╒≤╪≥ ⇔

⌂™ 4)↓≤╩ ∆╢≤ ╣─ ≤≤╙⌐ ┼ ⌂ ⅜ ∂√

↓≤⅜ ↕╣╢  

╕√  2-11 ⅛╠ ─ ╖╩ ⇔√ ╣₈ ₉≢│

0.8mm ╣₈ ₉⅔╟┘₈ ₉≢│ 2.0mm ≢№╡ ╣⅜ ⅝™

⌐│ ─ ╖╙ ⅝ↄ⌂╢ ⅜ ↕╣√  

 

 

ⱴ♇Ⱨfi◓ ⌐⅔↑╢ ─ │ > > > > ─ ⌐ ↄ ⇔

≡™╢↓≤╩ ∆  

 

 2-11 ╣ ─ ⌂╢ ─  

 

（2）X 線回折による腐食生成物の組成分析  

⅛╠ ⇔√ ─ X ╩  2-5 ⌐ ∆ ╣─

⌐ ╦╠∏ ─ │ⱴ◓Ⱡ♃▬♩ Fe3O4 ♩▬◘כ◕ Ŭ-FeOOH

⅔╟┘꜠Ⱨ♪◒꜡◘▬♩ g-FeOOH ╩ ≤⇔≡™╢ √∞⇔ ╠⅜

⇔√ ─ 1 ─ 5) , 6 )≤ ∆╢≤ ≢│ⱴ

◓Ⱡ♃▬♩─ ⅜ ⅝ↄ ─♩▬◘꜡◒♪Ⱨ꜠┘╟⅔♩▬◘כ◕ ⅜ ⌂™

↓─ ⌐≈™≡ ─ ⅛╠ ⇔√ ╠│ ⇔√ │

⌐╟∫≡ⱴ◓Ⱡ♃▬♩⅔╟┘◕כ◘▬♩─ ≤꜠Ⱨ♪◒꜡◘▬♩─ ⅜

 

 
 

 
 

 
塗膜膨れ「小」 

 
 

 
 

 
塗膜膨れ「中」 

 
 

 
 

 
塗膜膨れ「大」 

ⱴ♇Ⱨfi◓ ⌐⅔↑╢ ─ │ > > > > ─ ⌐ ↄ ⇔≡™╢↓≤╩ ∆ 

11 ╣ ─ ⌂╢ ─  

 

C l  ⱴ♇Ⱨfi◓ 

O ⱴ♇Ⱨfi◓ 

 

C l  ⱴ♇Ⱨfi◓ 

O ⱴ♇Ⱨfi◓ 

 

C l  ⱴ♇Ⱨfi◓ 

O ⱴ♇Ⱨfi◓ 

1 m m 1 m m 1 m m 

╣₈ ₉ ╣₈ ₉ ╣₈ ₉ 
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∂ ─ ⅜ ∆╢↓≤╩ ⇔≡™╢ 7) ╠│

⌐ ℮ ─ ─ ╩ ⇔√ ─ ≤≤╙⌐ⱴ

◓Ⱡ♃▬♩⅜ ⇔ ⅜♩▬◘כ◕ ⇔≡™╢↓≤╩ ⇔≡™╢ 8) ─

⅛╠ ⅜ ≤ ⌂∫√ ≤⇔≡│ ⌐╟╢

─ ╛ ⌐╟╢ ─ ⌂≥⅜ →╠╣╢  

─ ╩ ∆╢≤ ⱴ◓Ⱡ♃▬♩ ♩▬◘כ◕ ꜠Ⱨ♪◒꜡◘▬♩

─ │ ≤╙╒╓ ≢№╢ ↓─ ⅛╠ ™∏╣─ ⌐⅔™≡

╙╒╓ ─ ⅛╠ ≢─ ⅜ ⇔√╙─≤ ⅎ╠╣╢ ╕√

⇔√╟℮⌐ ⅜ ⌂ ≢│ ▬○fi╩╒≤╪≥ ⇔⌂™↓

≤╩ ∆╢≤ ╣─ ⅝↕│ ⅎ ─ ⌐⅔↑╢

─ ⌐ ↕╣≡™╢↓≤⅜ ⅎ╠╣╢ ∆⌂╦∟ ─

⅜ ↄ ▬○fi ⅜ ↄ ╕╣╢ ╒≥ ⅝⌂ ╣╩ ∂√↓≤⅜

↕╣╢  

⌂⅔ ╣₈ ₉≢│ ─ ≤ ⇔≡ⱴ◓Ⱡ♃▬♩─ ⅜ ↕

™ ↓╣│ ─ ≢ ↕╣≡™⌂™ꜟ♅ꜟ TiO2 ♃ꜟ◒ Mg3Si4O10(OH)2

Ᵽꜝ▬♩ BaSO4 ⅜ ⇔√√╘≤ ⅎ╠╣╢ ↓╣╠│ ─ ╛

⌂≥─ ⌐ ™╠╣╢ ≢№╡ ⇔√ ⌐

⅜ ⇔ X ⌐ ↕╣√≤ ⅎ╠╣╢  

 

 2-5  X ─  

─  

≤⇔√ ╣  

⇔  
₈ ₉  ₈ ₉  ₈ ₉  

 n=1 n=2  
 

n=1 n=2   n=1 n=2  

ⱴ◓Ⱡ♃▬♩  

Fe3O4  
+++  +++ +++  

 
++ +++   +++ +++  

♩▬◘כ◕  

a-FeOOH 
++  ++ ++  

 
++ ++   ++ +++  

꜠Ⱨ♪◒꜡◘▬♩  

g-FeOOH 
+  + -  

 
+ +   + +  

Ⱬⱴ♃▬♩  

a-Fe2O3  
-  - -  

 
++ -   ++ -  

ꜟ♅ꜟ  

TiO2  
-  - +  

 
++ -   + -  

♃ꜟ◒  

Mg3Si4O10(OH)2  
-  - -  

 
++ -   + -  

Ᵽꜝ▬♩  

BaSO4  
-  - -  

 
+ -   + -  

─ │ ╩ ⇔√╙─≢№╡ ─ ™ ⌐ +++ ++ 

+ -  ≤⇔√  
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─▬○fi◒꜡ⱴ♩◓ꜝⱨ▫כ ╩  2-6 ⌐ ∆ ⌐│ ⇔√

⅔╟┘ ⇔√ ⌐ ╕╣╢ ▬○fi ≤ ∕╣╠╩

⇔√ ≡─ ⌐ ╕╣╢ ♫♩ꜞ►ⱶ ─

╩ ∆ ↓╣╟╡ ▬○fi│ ⇔√ ─ ⌐ ↄ ∆╢

⌐№╢ ╕√ ╣₈ ₉≢│ ⇔√ ⌐╙ ↄ─ ▬○fi

⅜ ╕╣≡™╢ ↓╣╠─ │  2-11 ⌐⅔↑╢ ▬○fi─ ≤

─ ⌐№╢ ╕√ ≢│ ▬○fi⅜╒≤╪≥ ⇔⌂™ ≢

ᵑ⅔╟┘ ᵒ─╟℮⌂ ─ ≢│ ╣─ ⌐ ╦╠

∏ ⌐ 0.7g/m
2 ─ ⅜ ╕╣≡™╢ ╕√ ╣─ ⅜

⅝ↄ⌂╢⌐≈╣≡ ⌐ ╕╣╢ ▬○fi │ ∆╢ ⌐№

╢  

 

 2-6 ▬○fi◒꜡ⱴ♩◓ꜝⱨ▫כ  

 
╣─  

 

 ▬○fi  

(gC l/m
2
)  

 

─  

(g/m
2
)  

⇔√  

 

⇔√  

 

 ╣ ⇔  - 0.01  0.02 

ᵑ  ╣ ⇔  0.23  0.17  0.66 

ᵒ  

₈ ₉  
0.19  0.14  0.54 

0.20  0.36  0.92 

₈ ₉  
0.49  0.36  1.41 

0.18  0.48  1.10 

₈ ₉  
0.75  0.94  2.78 

1.55  1.08  4.33 

 

↓↓≢ ─ ⌐ ╕╣╢ ⌐≈™≡ ∆╢√╘ ⌐

│ ↕╣╢ │ ⌂╢⅜ ⌐ ↕╣√ ─ ─

≤─ ╩ ⌂∫√ ─ ⌐╟╢≤ ─ ⌐ 1

⇔√ ─ ⌐ ╕╣╢ │ 3.0g/m
2 ≢№╡ ⅛╠

km ╣√ ⅛╠ 9 ─ ⌐ ╕╣╢ │ 1.1g/m
2

⅛╠ 12km ╣√ ⅛╠ 11 ─ ⌐ ╕╣╢

│ 0.5g/m
2≢№∫√ 9) ,  10 ) ↓─ ╩ ∆╢≤ ╣₈ ₉≤ ⇔

√ ─ ─ ⌐│ ⌐ 1 ⇔√ ⌐ ∆╢ ⅜

╕╣≡™╢≤ ⅎ╢ ╕√ ╣⅜ ╠╣⌂™ ≢№∫≡╙ ⌐
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⇔≡ ╩ ∂√ ⌐≈™≡│ ⅛╠ 12km ╣√ ≤

─ ╩ ─ ⌐ ╪≢™╢≤ ⅎ╢   

 

（3）塗膜変状箇所の変状厚みと板厚減少量の測定  

 ⌐⅔↑╢Ⱪꜝ☻♩ ─ ≤Ⱪꜝ☻♩ ◙כ꜠─

◖fi♃כ ╩  2-12 ⌐ ∆ ↓╣╟╡ ™∏╣─ ╙Ⱪꜝ☻♩ ⌐

│ ─ ⌐╟╢╙─≤ ⅎ╠╣╢ ─ ╣╛ ╣⅜ ↕

╣╢╒⅛ Ⱪꜝ☻♩ ─ ⌐│Ⱨ♇♩ ─ ⅜ ╣─ ╟╡

╙ ╠⅛⌐ ⇔≡™╢ ╕√ ╙ ⅝⌂ ╖⅜ ↕╣√ │

╙ ⅝⌂ ↕╩ ⇔√ ≤╒╓ ⇔ ∕╣╠─ │

─ ≢№╢  

 

   

ᵑ⌐⅔↑╢  

─  

Ⱪꜝ☻♩ ─ ╖  Ⱪꜝ☻♩ ─ ↕  

◙כ꜠ ╩ ™√◖fi♃כ  

  

   

ᵒ⌐⅔↑╢  

─  

Ⱪꜝ☻♩ ─ ╖  Ⱪꜝ☻♩ ─ ↕  

◙כ꜠ ╩ ™√◖fi♃כ  

 2-12 腐食鋼材の変状厚みと腐食深さの関係  
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 ⌐ ◙כ꜠ ⌐╟╢ ⌐ ≠⅝ ↕⅜ ⅝⌂ ⌐

⅔™≡₈↕┘ ↕  = ╖  + ↕ ) - ₉≤⇔√ ─↕┘ ↕≤

↕≤─ ╩ ⇔√ │  2-12 ⌐ ∆╟℮⌐ ᵑ⅛╠ 3

ᵒ⅛╠ 2 ╩ ⇔√ ↕┘ ↕≤ ↕⌐│   2-13 ⌐

∆╟℮⌐ ─ ⅜№╢  

 

 

 2-13 ↕┘ ↕≤ ↕─  

 

（4）外観調査に基づく変状面積の測定  

⌐⅔↑╢ ᵑ⅔╟┘ ᵒ─ ╩  2-14 ⅔╟┘  2-15

∆ ↓─ ⅛╠ ™⅛⌐ ∆ ⅜ ╠╣√  

(a) 1 │ ─ ≤ ⇔≡ ᵑ─ ⅜ ⅝ↄ ᵒ─

⅜ ⌐ ↕™ ⌐№╢  

(b) ᵑ─ │ 1 ╩ ™≡ 10% ≤⌂╢ ⌐№╢ ╛

↕ ≢ ⇔√ ─ ⅝⌂ ™│ ╠╣⌂™   

(c) ᵒ─ ╩ ↕ ≢ ∆╢≤ ─ ≢ ─ ⅝

⌂ ╩ ∆╙── ≤⇔≡│ ↕─ ⌐ ∫≡ ⅜ ⅝ↄ⌂╢

⌐№╢  

(d) ᵒ─ ╩ ≢ ∆╢≤ ⅔╟┘ ─ ⅜

⅝™ ⌐№╢  

(e) ᵒ─ ╩ ≢ ∆╢≤ ⅔╟┘ ─

─ ⅜ ™ ╩ ∆ ⌐№╢  

 

 

 

0 5 10 15
0

1

2

3

4

5

↕┘ ↕ (mm)

↕
 (

m
m

)

ủ  ᵑ  

ừ  ᵒ  

y=0.4079x 

R=0.858 
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│ ─ ╡  é A é B é C é D é  

 2-14 ⌐⅔↑╢ ᵑ─  

 

 

 
 

│ ─ ╡  é A é B é C é D é  

 2-15 ⌐⅔↑╢ ᵒ─  
 

1 2 3 4 5

0
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─
 (

%
)

⅛╠─
1 2 3 4 5
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⅛╠─
1 2 3 4 5

0

10

20

30

40

50

60

─
 (

%
)

⅛╠─

1 2 3 4 5

0

10

20

30

40

50

─
 (

%
)

⅛╠─
1 2 3 4 5

0

10

20

30

40

50

─
 (

%
)

⅛╠─

  

  

  

  



37 

 

(a)─ │ ⌐│ ⇔╛∆⅛∫√⅜ ≢│ ⇔⌐ↄ™ ⌐ ⇔

√─⅜ 1 ≢ ≢№╢↓≤╩ ∆ ─ ≤ ⇔≡ ∆╢ │

≢№╢↓≤╛ │╗⇔╤ ⇔™↓≤╩ ∆╢≤ ⅎ ─

⅜ ─ ≤ ⇔≡ ∞∫√↓≤⅜ ↕╣╢  

(b)⅔╟┘ (c)─ │  2-3 ⅛╠ ↕╣╢ ─ ⅜ 1 3

≢ ⅝™√╘ ᵒ─ │ ™ ╒≥ ⅝ↄ⌂╢ ⌐ ∆╢ ↓─

≤⇔≡ ⌂ ≤↕╣≡™√ ╛ ─ ∞↑≢⌂ↄ

ⅎ ─ ⌂≥⅜ ⌐ ⅝⌂ ╩ ⅎ╢↓≤⅜ →╠╣╢

√∞⇔ ∕─ ─ │ ⅛╠│ ╠⅛⌐⌂╠⌂⅛∫√√╘ ─

≢ ╠⅛≤∆╢  

(d)─ ⅜ ╠╣√ ─ ≈⌐ ─ │ ⅜ ⇔√ ⌐

⅜ ╠╣⌐ↄ™ ≢№╢↓≤⅜ →╠╣╢ ╕√ │ ─ ╟╡╙

─ ⅜ ↕ↄ ⌐ ⇔╛∆™≤↕╣╢ ─ ╛

⅜ ↄ ∆╢↓≤⅛╠ ─ ╟╡╙ ⅜ ⅝ↄ⌂∫√≤ ⅎ╠╣

╢  

(e)─ ⌐≈™≡│ ─ ⅜ ─ ⌐⅔↑╢ ⌐ ⇔

√ ⅜№╢─≢ ─ ⅛╠ ⇔√ ─ 2 5 ⌐≈™

≡ ─ ᵒ─ ╩ ⇔ ↕╠⌐  2-3 ╩ ⌐⇔≡ ─

╩ ⌐ ⇔√ ╩  2-7 ⌐ ∆ ∂≡ ⅔╟┘ ⌐ ∆╢

─ ⅜ ™ ╩ ∆⅜ ╩ ↄ A ⅔╟┘

─ ⅜ ⇔ↄ ™ ≢ ⅔╟┘ ─ ─ ╩ ↄ

C ╟╡╙ A ⅔╟┘ ─ ⅜ ╙ ⅝™ ↓╣╠─ ⅛╠

─ ─℮∟ ⌂≥─ ⌐ ∆╢ ⅜ ⅝⌂

╩ ╓⇔≡™╢↓≤≤ ⇔╛∆™ ⅜ ─ ╩ ↄ ⌐│

⌐╟∫≡ ⅜ ⇔ↄ⌂╢↓≤⅜ ↕╣╢  

 

 2-7 ─ ╩ ⌐ ⇔√  

2 5 ⌐⅔↑╢ ᵒ─ ─  

─  

 

─ ↄ  

 A C B D 

 15.5 34.8 9.0 5.4 3.2 

 13.8 36.8 1.0 1.2 3.6 

 3.5 14.2 2.4 0.4 0.6 

 3.7 13.4 0.8 0.7 0.6 

─ │ ─ ™≡™╢ ╩ ∆  

é é é é  
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2.4 まとめ  

2 ≢│ ⌐ ∆╢ ─ ╛ ╩

∆╢√╘ ⌐ ↕╣√ ╩ ⌐ ─ ─

⅔╟┘ ╩ ⇔ ≤─ ⌐≈™≡ ⇔√ ╕√

─ ╛ ⌐ ∆╢ ╩ ⌂™ ─ ╩ ⇔√

∕─ ─ ╩ √   

(1) ─ │ ≡ ≢№╡ 2 1986 1997 ─

ⅎ ⅜ ⇔≡™╢ │ 1986 ─ ⅎ ⌐ ⅜

↕╣√√╘⌐ ⇔√≤ ↕╣╢ ↕╠⌐ 1997 ─ ⅎ ≢ ⌂

╣╩ ∂ ─ ⌐ ∫√≤ ↕╣╢  

(2) ╣─ ⅝↕─ ⌂╢ ⅛╠ ⇔√ ─ X

⌐ ⅝⌂ ™│ ╠╣⌂™ ↓─↓≤⅛╠ │™∏╣╙╒╓ ─

╩ √≤ ⅎ╠╣╢  

(3) ─ ⌐ ╕╣╢ │ ╣─ ⅝↕⌐ ∂≡

⅜ ∆╢ ⌐№╢ ↓─↓≤⅛╠ ─ │

─ ⌐ ╩ ⅎ╢≤ ⅎ╠╣╢  

(4) ─ ⌐⅔↑╢ ─ │ ⅜ ⇔⌐ↄ™

╛ ─ ™ ≢ ⅜ ⅝ↄ⌂╢ ⌐№╢  

(5) ∕─ ≢ 1 │ ─ ╟╡╙ ⇔⌐ↄ™ ⌐№╢ ↕╠⌐

⅜ ∆⌐≈╣≡ ⅜ ∆╢⌂≥ ─ ∞↑≢│ ≢⅝⌂™

╩ ⇔≡™╢ ⇔√⅜∫≡ ⅎ ─ ⌂≥⅜ ─

⌐ ⅝ↄ ∆╢≤ ⅎ╠╣╢  
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第3章 高腐食性環境における塗装鋼構造物の腐食挙動  

 

2 ⅛╠ ⌐⅔↑╢ ≢ ∂╢ ⌐│

⌐ ∂√ ⅜ ↕╣√ ≢ ⅎ∆╢↓≤⅜ ⅝ↄ ⇔≡™

╢↓≤⅜ ↕╣√ ∆⌂╦∟ ↄ⅛╠ Funke ╛ Mayer ╠⅜ ⇔ ⌐

↕╣≡™╢ ─  1-3 ─╟℮⌐ ╩ ⇔√

─ ╛ ≤ ≤─ ∞↑≢⌂ↄ ╛ ⅜ ⇔√╟℮⌐

⌐ ∆╢ ╩ ╘√ ⅜ ≢ ⇔≡ ⅜ ∂

╢≤ ⅎ╠╣╢ 1) , 2 )
 

⇔√⅜∫≡ ⌐⅔↑╢ ─ ╩ ∆╢√╘⌐│

╩ ∂╢ ─ ≢ ⌐ ∆╢ ─ ╛ ─

≤ ─ ≤─ ⌂≥╩ ∆╢ ⅜№╢ ─

│ ─ ╛ ⌐╟∫≡ ⌂╢↓≤⅛╠ ─

⌂ ⌐⅔↑╢ ╩ ∆ ╛ ╩

⇔√ ⅜ ↕╣≡™╢ 3) -5 ) ↓╣╠─ ─ ≈⌐ ─

╩ ⇔ ∕─ ─↕┘ ╛ ⇔√ ─ ⅛╠ ─ ꜠ⱬ

ꜟ─ ↕╛∕─ ╩ ∆╢ ⅜№╢ 6) ↓─ ≢│

⌐⅔™≡ ⅜ ⇔ ⅜ ⇔√ ⌐⅔↑╢ ꜠ⱬꜟ─ ╩

∆╢↓≤╩ ≤⇔≡™╢↓≤⅛╠ ─ ╩ ∆╢⌐│

╩ ≤⇔≡ ∆╢↓≤⅜ ≤ ⅎ╠╣╢  

∕↓≢ ≢│ ╩ ─ ⌐ ⇔≡ ⇔

⇔√ ⌐ ∂╢ ╩ ∆╢↓≤⌐╟∫≡

─ ─ ╩ ∆╢ ╩ ⇔√ ≢│ ↓─

─ ╩ ∆╢√╘ ≤ ─ ╩ ∆╢≤≤╙⌐

╩ ⇔√ ─ ╩ ⇔√ ╕√ ╩ ⌐

⇔ ⌐ ∆╢ ╩ ⇔√  

 

3.1 腐食鋼板の作製  

≢ ∆╢ │ ⌂╢═ↄ ≢ ∂╢ ─

╩ ⇔√╙─≢№╢ ⅜№╢ ╕√ ≢ ∆╢ ─╟℮⌐

─ ⌐ ⇔≡ ─ ╩ ∆╢ ─ ─

│ ≢№╢↓≤⅜ ╕⇔™ ╕√ ∆╢ ─ ⅜

ↄ⌂╢↓≤⅛╠ ─ ⅜ ╘╠╣╢ ∕↓≢ ≢│ ≢

─ ⌐╟∫≡ ╩ ⇔√ ↓─≤⅝ ─

⅔╟┘ ⌐ ╕╣╢ ╩ ⌂™ ⌂ ─ ╩
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⇔√  

 

3.1.1 試験片  

⌐│ JIS G 3101₈ ₉⌐ ↕╣╢

SS400 ◘fi♪Ⱪꜝ☻♩ 150×70×3.2mm ╩ ™√

─ ─╖╩ ↕∑╢√╘ ◄ⱳ◐◦ ≢ ╩ ╡ ╪∞ ⌐ JIS K 

5600-7-1₈ Ӈ 7 ─ Ӈ 1

₉⌐ ⇔√ ╩ ⌂™ ⇔≡™⌂™ ─ ╩

↕∑√ ⅜ ─ ⌐ ⅎ╢ ╩ ∆╢√╘

│ 48 ⅛╠ 840 ≤⇔√ ♫♩ꜞ►ⱶ ─ ⅜

™ ▪ⱡכ♪ ♪כ♁◌≥ ⅜ ↕╣╛∆ↄ ⅜↓┬ ─

╩ ∆ ⌐№╢⌂≥ ≢ ↕╣╢ ╩ ≢⅝⌂™ ↓

─√╘ ≢│ ♫♩ꜞ►ⱶ ─ ╩ 0.01wt%╕√│ 0.05wt%

≤⇔√  

⌐ ™√ ╩  3-1 ⌐ ∆ │ 35±1ϴ ─

│ 47±1ϴ ─ │ 0.098±0.002MPa │ 80cm
2⌐ ⇔

≡ 1.0 2.0ml/h ≤⇔√ ╕√ ⌐ ⇔√ ⌐ ⇔≡ ─ ⅜

≢│⌂™ ╩ ⇔ 24 ⌐ ⌐ ⇔√ ─ ╩ ⅎ√

⅜ ⇔√ ⌐ ⇔≡ ╩ 168 ⌂∫√ ↓╣│

─ ⌐ ∆╢ ╩ ↄ↓≤≤ ≢─ ╩

∆╢√╘≢№╢ ─ │ 23±1ϴ ≢ 3

⇔√ ⌐ ⇔√ ─╖╩ ↕∑╢√╘ ꞉▬ꜘⱩꜝ◦╩ ™

≡╝╢ↄ ∆╢ ╩ ⇔√  

 

  

 3-1 ─  
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3.1.2 腐食生成物の評価  

（1）腐食生成物の性状分析  

 ─ │ X ⌐╟╢ ─ ╩

∆╢↓≤≢ ⇔√ ↓─≤⅝ ≤⇔≡ ─ 30wt%─ ZnO ╩

⇔√ ⌐│ ◗♬○ⱷכ♃─ X ╩ ™ ⅔╟┘ │

200mA ⅔╟┘ 40kV ≤⇔√ ⌐│ Cu ╩ ™ ☻ꜞ♇♩⅔╟┘ ☻

ꜞ♇♩│ 0.33 ☻ꜞ♇♩│ 0.25mm ≤⇔√ │ 0.2 ≤⇔√  

 

（2）腐食生成物に含まれる塩分量測定  

 2 ─ ⅛╠ ╠╣√╟℮⌐ ⅜ ∆╢ ⌐⅔™≡ ⇔√

⌐│ ─ ⌐ ▬○fi⅜ ⇔╛∆™ ↓─ ▬

○fi─ │ ≢│ ≢№╡ ╛ ╩ ⌐ ⇔≡

⌐╟╡ ▬○fi╩ ∆╢ ⅜ ™╠╣╢↓≤⅜ ™ 7) ↓

↓≢│ ⌐ ∆ ╩ ™≡ ─ ╩ ⌂∫√

⌐ ∆╢ ♫♩ꜞ►ⱶ ╩ ⇔√ ⇔√ ─

⅔╟┘ ╩  3-2 ≤  3-3 ⌐ ∆  

1) 0.1mol/l ─ ◌ꜞ►ⱶ ⌐ ╩ ⇔ ╩

╩ ≤⇔≡ ⌐╟╢ 1A ─ ╩ 1 ⇔√ ↓╣⌐╟

╡ ─ ▬○fi╩ ⌐ ↕∑√  

2) JIS K 0101₈ ₉─ 3.2.1 ♅○◦▪fi (II)⌐ ↕╣╢

⌐ ⇔≡ ⇔√ ─ ▬○fi ╩ ⇔ ♫♩ꜞ

►ⱶ ⌐ ⇔√  

 

   

 3-3 ─  

 

 

 3-2  
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3.1.3 試験結果と考察  

꞉▬ꜘⱩꜝ◦ ⇔√ ─ ╩  3-4 ⌐ ∆ ─ ⌐

│ ╢™ ─ ≤∆╢ ⅔╟┘ ™ ─

≤∆╢ ⅜ ⇔≡™╢ ↕╠⌐ ⅜ ⌡ ↕╣≡ ⅜

⇔√ ⅜ ⇔≡™╢ ╕√ ⅜ ™ ⌐│ ─

≤ ─ ⅜ ⅎ╢ ⌐№╢ ≢ ⇔√ ─ ⅝⌂

™│ ╠╣⌂™  

 

 

  
0.01wt% 168  0.01wt% 840  

  

  
0 .05wt% 168  0.05wt% 840  

 3-4 ⇔√ ─ ꞉▬ꜘⱩꜝ◦  

 

⅔╟┘ ⅛╠∕╣∙╣ ⇔√ ─ X ╩  3-1

⌐ ∆ ™∏╣─ ⌐⅔™≡╙ ⌂ │ ≢№╢

FeOOH ⅔╟┘ⱴ◓Ⱡ♃▬♩ Fe3O4 ≢№╢ ⌐

≢ ↕╣╢ ♩▬◘כ◕│ Ŭ-FeOOH ▪◌●♫▬♩

ɓ-FeOOH ⅔╟┘꜠Ⱨ♪◒꜡◘▬♩ ɔ-FeOOH ≢№╡ ↓─℮∟▪◌●♫▬

♩│ ─ ⇔╛∆™ ≢ ↕╣╢ 8) ≢│ ┘╟⅔♩▬◘כ◕

꜠Ⱨ♪◒꜡◘▬♩⌐≈™≡│ ⌐ ─ ⅜ ⅝™ ⌐№╢ ∕─

≢ ─ ≢ ↕╣╢▪◌●♫▬♩⌐ ∆╢≤ ≢│╒≤╪≥

⇔⌂™ ⇔√⅜∫≡ ≤ ≢│ ∞↑≢⌂ↄ ─ ⅜

⌂╢≤ ⅎ╢  

  ─
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▪◌●♫▬♩─ │ 0.05wt%≢ ⇔√ ─ ⅜ ™ ⌐

№╢ ↓╣╟╡ ≤ ─ │ ∆╢≤ ⅎ╠╣╢ ╕√

0.01wt%≢ ⇔√ ─ ⌐⅔↑╢▪◌●♫▬♩─ │

─ ≤ ⌐ ⇔≡ 336 ≢ ≤⌂╡ ∕─ ∆╢ ⌐№

╢ ♫♩ꜞ►ⱶ─ ≢ ⅜ ∆╢ ▬○fi│▪ⱡכ♪

┼ ∆╢ ↓╣╟╡ ⅜ 336 ╕≢│ⱴ◒꜡☿ꜟ ⅜

⌂ ≢№╡ ♪כ♁◌⅜ ⅜▪ⱡכ♪ ≢№∫√↓≤

⅜ ↕╣╢ ≢ ⅜ 336 ╩ ⅎ√ ⌐│Ⱶ◒꜡☿ꜟ ⅜

⌂ ≤⌂╡ ▪ⱡכ♪ ─ ⌐ ∫≡▪◌●♫▬♩─ ⅜

⌐ ⇔√≤ ↕╣╢  

 

 3-1 ─ ─  (%) 

 ─  

0 .01wt% 0.05wt% 

96h 168h 336h 504h 840h 168h 504h 840h 

 

Ŭ-FeOOH 2.8  1 .6  1 .9  1 .9  1 .6  2 .9 1.1 2.6 

ɓ-FeOOH 0.5  1 .2  1 .9  0 .7  0 .3  1 .1 1.8 0.8 

ɔ-FeOOH 1.1  0 .6  1 .2  1 .0  0 .8  1 .6 0.0 0.2 

Fe3O4  23.6  29.6  20.4  23.6  20.3  21.0 21.8 27.7 

∕─ ─  

╗  
71.1  65.8  73.4  71.7  74.7  73.3 74.0 68.7 

 

Ŭ-FeOOH 4.4  3 .2  2 .9  2 .0  2 .7  3 .3 2.7 5.2 

ɓ-FeOOH 0.0  0 .0  0 .1  0 .0  0 .0  0 .1 0.0 0.0 

ɔ-FeOOH 1.4  1 .3  2 .0  1 .8  2 .6  1 .4 1.3 3.1 

Fe3O4  22.8  24.2  24.1  24.1  21.1  17.7 20.4 20.3 

∕─ ─  

╗  
69.9  69.7  69.7  70.9  70.8  76.6 73.8 71.2 

 

⇔√ ─ ╩  3-5 ⌐ ∆ ⅜ ∆╢≤

⌐⅔↑╢ ─ │ ╟╡╙ ∆╢ ⌐№╢ ↓─↓≤⅛╠

⌂╢ ≢ ╩ ∆╢≤ ─ ─ │

≤ ⇔≡╟╡ ⅝ↄ ∆╢≤ ↕╣╢   

⌂⅔ 2 ≢ ⇔√ ─ ─  2-5 ≢│

╩ ⇔≡™⌂™╙── ⱴ◓Ⱡ♃▬♩⅜ ╙ ↄ ⇔ ◘כ◕≢™

▬♩ ꜠Ⱨ♪◒꜡◘▬♩─ ⌐ ⇔≡⅔╡ ≤ ∆╢≤ ⅝⌂
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│ ™ ↓╣⌐╟╡ ⌐ ∂╢ ╩ ∆╢⌐№√╡

⌐╟╡ ⇔√ ╩ ∆╢↓≤│ ≤ ⅎ╠╣╢  

 

 

 3-5 ─ ─  

 

⌐ ╕╣╢ ╩  3-6 ⌐ ∆ ─ ⌐ ∫≡

⅜ ∆╢⅜ ∕─ ⌐ ⇔≡ │ ↄ ₁⌐ ─

⅜ ⇔≡™╢ ↓─ ≤⇔≡ ⌐ ∆╢ ─ ╖⅜

∆╢↓≤≢ ─ ╩ ⇔√↓≤⅜ ↕╣╢ ↓─ ⅛╠

⌐╟╡ ≢⅝╢ ─ ⌐ ╕╣╢ │ 3g/m
2

╕≢─ ≢ ≢⅝╢≤ ⅎ╢  

 

 

 3-6 ─  
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3.2 高腐食性環境における塗装鋼構造物の腐食挙動の評価  

╩ ™√ ─ ─ ⌐№√╡ ─

╩ ∆╢√╘─ ╩ ⇔√   

3.2.1 試験項目  

│ ─ ⌐ ∆╢ ─

╩ ™√ ─ ≢№╢ ⇔√ ─ ╩

⌐ ∆  

（1）塗装腐食鋼板の腐食度評価  

⌐ ∂╢ ≢─ │ ⅔╟┘ ─ ה

⌐╟╢╙─≢№╢ ↓╣╠─ ⅜ ∂╢√╘⌐│ ╩ ∂≡

┼ ∆╢ ─ ╛ ⅜ ≢№╡ ↓╣│ ─ ⅜

∆╢ ─ ≤ ≢№╢ √∞⇔ ⅜ ≢ ╦╣√ ≢─↓╣╠─

─ │ ≤ ⌂╢↓≤⅜ ↕╣╢ ≢│

─ ╩ ∆╢√╘ ⅔╟┘ ╩ ⇔≡

─ ╩ ה ⇔√  

 

（2）鋼構造物に対する鋼板の温度追従性評価  

 ╩ ™√ │ №ↄ╕≢ ⌂ ─ ╩ ≤⇔≡

™╢ ⇔√⅜∫≡ ≤ ↑√ ─ ╩ ⇔⌂™↓≤⅛╠

≤ ─ ╩ ↕∑╢ │ ™ ≢│ ╩

™≡ ─ ╩ ∆╢↓≤╩ ≤⇔≡⅔╡ ≤

─ ╩⌂╢═ↄ ⌐∆╢ ⅜№╢ ⌐ ─ ↑⌐

│ ─ ╩ ⇔≡ ⌐ ⱪכ♥ ⅜ ™╠╣╢⅜ ⌐ ⅎ≡

⅜ⱪכ♥ ⌐ ∆╢≤ ≤ ≤─ ⌐ ╩ ∂╢ ⅜

№╢  

│ ─ ⅔╟┘ ⌐ ∆╢√╘ ≤

─ ⅜ ⌂╢≤ ─ ╩ ─ ⅛╠ ∆╢↓≤⅜

≤⌂╢ ∕↓≢ ≢│ ⅔╟┘ ↑ ─ ─

╩ ⇔≡ ╛ ─ ╩ ⇔√  

⌂⅔ ⌐ ∆╢ ─ ╛ ⌐ ↕╣╢ ⌂≥ ⌐≈

™≡│ ≤ ⇔⌂™ ╕√│ ─ ⌐ ∑∏

≤ ≤─ ™│ ⅝ↄ⌂™≤ ⅎ╠╣╢ ∕─√╘ ─

⅛╠ ⇔√ ╕√ ≢│ │ ™∏ Ⱪꜝ☻♩ ⌐

⇔√╙─╩ ™√ ↓╣│ ─ ╖│ mm ≢№╡ ↕╠⌐

∆╢↓≤≢ ─ ╩╒≤╪≥ ↑⌂™≤ ⅎ√√╘≢№╢  
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（3）塗装腐食鋼板を用いた塗装鋼橋の腐食度評価  

─ ╩ ∆╢√╘ ⌐ ↕╣√ ⅔╟

┘ ─ ™ ≢№╢ ─ ─ ╩ ≤⇔≡

⅔╟┘ ╩ ⇔ ─ ⌐ ∆╢ ╩ ⇔√   

 

3.2.2 試験方法と評価方法  

≢ ™√ ─ │ ≡ JIS G 3101 ⌐ ↕╣╢

SS400 ◘fi♪Ⱪꜝ☻♩ ≢№╢ √∞⇔ ⌐╟∫≡ ╛

⇔√ ⅜ ⌂╢ ≢ ™√ ⅔╟┘

─ ╩  3-2 ⌐ ∆  

 

 3-2 ≢ ™√ ⅔╟┘ ─  

 

 
─  

 

─  

 

╩  

™√ ─  

 

 

 150×70mm 150×70mm 75×70mm 

╖  3.2mm 
3.2mm, 6mm, 

10mm 
3.2mm 

 

 

 

 

0.01wt% 168  

0.05wt% 168  
- 

0.01wt% 168  

0.05wt% 168  

 

 

꞉▬ꜘⱩꜝ◦  

◌♇ⱪ꞉▬ꜘ  

Ⱪꜝ☻♩  

- ꞉▬ꜘⱩꜝ◦  

 
B  

T 
T 

B  

T 

╩ ⇔√ │ ─ ─ ≤ ─ ⌐

∆╢ ╩ ∆╢√╘ ╩ 168 ⌂∫√ ⌐ 23±1ϴ

≢ 1 ﬞ ⇔√  

 

（1）塗装腐食鋼板の腐食度評価  

a)  

│ 150×70×3.2mm ─ ⅔╟┘ ≤⇔√ ™∏╣─

⌐≈™≡╙ ─╖╩ ↕∑╢√╘ ─ ╩◄ⱳ◐◦ ≢ ╡

╪∞ ─ │ 3.1 ≤ ─ ≢ ↕∑√ ⌐

─ ╩ ⇔√╙─╩ ™√ ⌐│ JIS K 5600-7-1 ⌐ ⇔√

⌐ ⇔ ─ ╩ ↕∑≡⅛╠ ─ ╩

⌂™ ∕─ ⌐ ≢ ⌐ ↕╣╢ ╩ ⇔√  
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⌐ ™╢ ─ │ ─ ─

⌐ ╕╣╢ ╩ ∆╢√╘ 0.01wt%╕√│ 0.05wt%≤⇔ 168 ⇔

√  

⌐│ ─ ╩ ⅎ╢√╘ ꞉▬ꜘⱩꜝ◦ ◌♇

ⱪ꞉▬ꜘ Ⱪꜝ☻♩ ─ 3 ╩ ⇔√ ╩ ─

─ ⅝™ ⌐ ═╢≤ ꞉▬ꜘⱩꜝ◦ ◌♇ⱪ꞉▬ꜘ Ⱪꜝ☻♩

≤⌂╢ ╩ ⇔√ ─ ╩  3-7 ⌐ ∆  

ᵑ꞉▬ꜘⱩꜝ◦  

 ꞉▬ꜘⱩꜝ◦╩ ™≡ ⌐╝╢ↄ ∆╢ ╩ ⇔√ ↓─

│ ∆╢ ⅜⌂ↄ⌂╢╕≢ ↑√  

ᵒ◌♇ⱪ꞉▬ꜘ  

 ꞉▬ꜘⱩꜝ◦ ╩ ◌♇ⱪ꞉▬ꜘ╩ ™≡ ⌐ ∆╢

╩ ⇔√ ↓─ ╙ ∆╢ ⅜⌂ↄ⌂╢╕≢ ↑√  

ᵓⱩꜝ☻♩  

 ꞉▬ꜘⱩꜝ◦ ╩ Ⱪꜝ☻♩ ⌐╟╡ ╩⅔⅔╗⌡ ⇔

√ Ⱪꜝ☻♩ ⌐│ ─◄▪Ⱪꜝ☻♩ⱴ◦fi╩ ™ │ 0.6MPa

Ⱪꜝ☻♩ⱡ☼ꜟ ű10mm ⅛╠ ╕≢─ │ 150mm ≤⇔√

⌐│ JIS Z 0312₈Ⱪꜝ☻♩ ₉⌐ ↕╣╢◓ꜞ♇♩

─ⱨ▼꜡♬♇◔ꜟ ╩ ™√ ─ 50% │ 0.77mm

≢№╢ ⅜╡⌐≈™≡│ ISO 8501-1 -Rust grades and preparation of uncoated 

steel substrates and steel substrates after overall removal of previous coatings -⌐

↕╣╢ D Sa 2 ─ ≢ ⌐ ∆╢ ╩ ⇔√  

⌐ ⇔√ │ ≢─ ↄ─ ╩ ∆╢

B ┘↕כꜞⱶⱨ꜡◒ה ╘Ɑ▬fi♩ ⱨ♃ꜟ ⅔╟

┘ ╕√│ T ◄ⱳ◐◦ ⱳꜞ►꜠♃fi

≤⇔√ ⌂⅔ B ≤⇔≡™╢─│ B ≢ ↕

╣≡™╢ ↕┘ ╘ ⅜ ≢№╡ ┘↕כꜞⱶⱨ꜡◒ה ╘

⌐ ⇔√√╘≢№╢ ─ ╩  3-3 ⌐ ∆  
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꞉▬ꜘⱩꜝ◦  ◌♇ⱪ꞉▬ꜘ  Ⱪꜝ☻♩  

 3-7 ╩ ⇔√ ─  

 

 3-3 B ⅔╟┘ T ─  

 

B  T 

 
 

(g/m
2
)  

 
 

(g/m
2
)  

1 ה  ↕┘ ╘  140   200 

2 ה  ↕┘ ╘  140  200 

3   110  200 

4   105  150 

 

b) ⅔╟┘  

 ⇔√ ⅔╟┘ ╩ ►◄◙ꜞfi◓♥☻♩☿fi♃כ

⌐ ⇔√ │  JIS Z 2381₈ ₉⌐

∂√ ≤⇔ ⌐ ⇔≡ ╩ 30 ≤⇔√ ╕√ ⌐ ↕╣√

⅛╠ ─ ⅜ ⇔≡™╢ 2 2

⌐ ╩ ⇔√ 9) ─ ╩  3-4 ⌐ ∆ │

⌐ ⇔√ ⌐≈™≡│ 2015 4 ⅛╠ 6 ﬞ ≤⇔ ∕╣

─ ⌐ ⇔√ ⌐≈™≡│ 2013 12 ⅛╠ 1 ≤⇔√  
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 3-4 ─  

 

ה  
 

⌐ ∆╢  

─  

 

 

Lat.33°35'N 

Long. 130°12'E 

⅛╠ 2.5km ⅛

╠ 5.3km ⌐ ∆╢ ─ │№

╢⅜ ─ ╩╒≤╪≥ ↑⌂

™  

45  

 

 

Lat.33°35' N 

Long.130°21'E 

─ ⅛╠ 70m ⌐ ∆

╢ ─√╘ ─ ╩ ↑∏

⅜ ™  

0  

 

 

Lat.26°15'N 

Long.127°46'E 

─ ⅛╠ 2.3km

⅛╠ 4.4km ⌐ ∆╢

─ ⅜№╡ │ ™  

45  

 

 

Lat.26°32' N 

 Long.127°57'E 

─ ⅛╠ 30m ⌐

∆╢ ─√╘ ─ ╩

↑∏ ⅜ ™  

0  

 

─ │ ≢─ ⌐ ∆╢≤ ⅎ╠╣╢ ╣─

⅛╠ ⇔√ ╣─ │ ₈ ─ ₉╩ ⌐⇔√ 10)
 

─ │ ─ ─ ⅛╠ ⇔√ ⅛╠

⇔√ ⌂⅔ ─ ─ ─ ⌐│ JIS Z 2383₈ ─

╩ ∆╢√╘─ ┘∕─ ─ ₉⌐ ↕╣╢

╩ ™√ ⌐│ 75 90ϴ⌐ ⇔√◒◄fi ▪fi⸗♬►ⱶ

50w/v% ⌐ ╩ 20 ⇔ ─ ⌐ ∆╢

╩ ⇔√ ↓─≤⅝ ∞↑≢⌂ↄ ╙╦∏⅛⌐ ∆╢√╘

⇔≡™⌂™ ─ ╩ ⌐ ⇔ ─ ╩

─ ─ ≤⇔≡ ⇔√ ─ ╩ ⇔√  

 

（2）鋼構造物に対する鋼板の温度追従性評価  

a) ⅔╟┘ ↑  

 │ 150×70mm ─◘fi♪Ⱪꜝ☻♩ ⌐ ⇔≡  3-3 ⌐

∆ T ╩ ⌐ ⇔√╙─≤⇔√ ─ ⌐╟╢ ┼─

╩ ∆╢√╘ ─ │ 3.2mm, 6mm, 10mm ─ 3 ≤⇔√

─ ⌐│ 3 ─ ╩ ™ ─ ™ ╩ ⇔

√ⱳꜞ►꜠♃fi ╩ ™≡ ⌐ ⇔√ ™≡ ╛ ⌂

≥⌐╟╢ ╩ ∆╢√╘ ─ ╩ ꜟ▪┘╟⅔ꜟכ꜡♅☻

Ⱶ♥כⱪ≢ ∫√ 11) ╩ ⇔√ ─ ╩  3-8 ⌐ ∆  
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⅔╟┘▪ꜟⱵ♥כⱪ≢─  

 

 
⅔╟┘▪ꜟⱵ♥כⱪ≢─  

 3-8 ─  

 

 ╩ ↑╢ ⌐│ 2 ≢ ⇔√ ─ ╩ ╡ ⇔

√ ╡ ⇔ ≤ ┬ ╩ ™√ ╡ ⇔ ─ ╩  3-9 ⌐

∆ ╡ ⇔ ─ │ 9.0m ↕ 1.6m ─ ⱪ꜠כ●♩כ♄≢

⌐ ⅜ꜞⱬ♇♩ ↕╣≡™╢ ╡ ⇔ │ ⌐

↕╣≡⅔╡ ⅜ ╩ ↄ╟℮⌐ ↕╣≡™╢╒⅛ ≤ ⱨꜝfi

☺ ─ ⅜ 0.8m ≤⌂╢╟℮⌐◖fi◒ꜞכ♩ ≢ ↕╣≡™╢ ⌂⅔

╡ ⇔ ─ ⌐│ ╩ ╢╟℮⌂ ╛ │ ⇔⌂™  

 

 

 3-9 ╡ ⇔ ─  
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b)  

 ╡ ⇔ ─ ⅔╟┘ ⱨꜝfi☺ ⌐ ╩ ⇔

⅔╟┘∕─ ─ ╡ ⇔ ─ ╩ ⇔√ │ 2013 4

≤⇔√ ─ ⌐│Ⱪ♅ꜟ◗ⱶ ─ ┘╟⅔ⱪכ♥ ╩♩כ◦

™ ╩ ™≡ ╩ ⇔√ ⌐ ↑√ ⇔√ ─♩כ◦

│ 1.2W/m K JIS R 2616₈ ╣╪⅜─ ─ ₉─

≢№╢ ↓─≤⅝ ╩ ™≡ ─ ╩ ⇔√

─ ╩כ●꜡♃כ♦│⌐ ™√ │ 2 ≤⇔ ♃כ♦ ⌐

─ 10 ⅔╟┘ 1 №√╡─ ϴ  / min ╩ ⇔√

╕√ ╡ ⇔ ≤ ─ ⌐ ⇔≡ ╡ ⇔ ─ ─

╩ ∆╢√╘ ╡ ⇔ ─ ⌐≡ ─ ╩ ⇔≡

⌐ ╩ ↑ ≤ ─ ╩ ⇔√ ⅔╟

┘ ─ ╩  3-10 ⌐ ∆  

 

 

 3-10 ─  

 

（3）塗装腐食鋼板を用いた塗装鋼橋の腐食度評価  

a)  

│ 75×70×3.2mm ─ ⅔╟┘ ≤⇔√

─ ⌐≈™≡│ ─╖╩ ↕∑╢√╘ ─ ╩◄ⱳ◐◦

≢ ╡ ╪∞ ∕─ JIS K 5600-7-1 ⌐ ⇔√ ⌐ 168

╕√│ 840 ⇔≡ ─ ╩ ↕∑√ ꞉▬ꜘⱩꜝ◦ ⌐╟╡

╩ ⇔√ ⌐  3-3⌐ ∆ B ╕√│ T╩ ⇔√   

b) ⅔╟┘  

 ╩ ∆╢ │  3-11 ⅔╟┘  3-12 ⌐ ∆ 4 ─

A D ≤ ┬ ≤ 2 ⌐ ∆╢ ─ ≢ ™√

  

 

 

─  

╩  

┼ ╡ ↑√  
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╡ ⇔ ≤⇔√ ≤⇔√ │™∏╣╙ ⌐ ↕╣≡⅔╡

⌐ ⇔™ ⅜ ⌐ ⇔≡™╢↓≤⅛╠ ≢№╢↓≤⅜

↕╣≡™╢ ⌂⅔ ╡ ⇔ ─ │ ⇔√╟℮⌐

≢№╡ ─ ™ ≢№╢  

 

 3-11 ╩ ∆╢ ─  

 

  
A  B  

  
C  D  

 3-12 ╩ ∆╢ ─  

 

╡ ⇔  

A  

D  

B  

C  
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─ │ ─ ⌐ ∆╢ I ─ ⅔╟┘ ⱨꜝfi☺

≤⇔ ┘╟⅔ⱪכ♥ ╩♩כ◦ ™≡ ╩ ↑√ ╩

⇔√ ─ ─ ╩  3-13 ⌐ ∆ ⌂⅔ ─ │ A

─╖ ≢ ⇔≡⅔╡ ─ ╛ ⅜ ─ ≤ ⌂╢ A

≢─ │ 2013 10 ⅛╠ 2014 10 ╕≢─ 1 ≢№╡ ∕╣

│ 2014 8 ⅛╠ 2015 8 ╕≢─ 1 ≢№╢ │ A ─╖ S1

S3 ⅔╟┘ M1 M3 ≢№╡ ∕╣ │ S1 S2 M3 ≢№╢ ╕√ A ─╖◌

♇ⱪ꞉▬ꜘ ⇔√ ╩ ⇔≡™⌂™ ─ ⅔╟┘

─ ╩  3-5 ⌐ ∆  

─ │ 1 ─ ≤ ⌐ ⇔√ ∆⌂

╦∟ ─ │ ╣─ ⅛╠ ⇔ ─ │

─ ─ ⅛╠ ⇔√ ╩ ™≡ ⇔√  

 

   

 

 3-13 ─ ─ ⅔╟┘ ─  

 

 3-5 ─ ⅔╟┘ ⇔√  

   
─  ─  

 S1 S2 S3 M1 M2 M3 

A  10m  Gd ủ  ủ  ủ  ủ  ủ  ủ  2013.10 2014.10 

B  200m Gt ủ  ủ     ủ  2014.10 2015.10 

C  10m  Gd ủ  ủ     ủ  2014.10 2015.10 

D  50m Gt ủ  ủ     ủ  2014.10 2015.10 

─ │ ủΝ ╩ ⇔√ Ν ╩ ⇔≡™⌂™

≢№╢  

 

S1 

S3 

S2 

 

M1 

M3 

M2 
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3.2.3 試験結果と考察  

（1）塗装腐食鋼板の腐食度  

⌐ ⇔√ ─ ⌐ ∆╢ ╣

╩  3-14 ⌐ ∆ ⌐⅔™≡ ╙ ⅝⌂ ╣ ╩ ⇔

√─│꞉▬ꜘⱩꜝ◦ ⌐ ⇔√ ≢№╡ ™≢ ⅝⌂ ╣

≤⌂∫√─│◌♇ⱪ꞉▬ꜘ ⌐ ⇔√ ≢№╢ ⌂⅔ Ⱪꜝ☻♩

⌐ ⇔√ ≢│ ╣⅜ ↕╣⌂⅛∫√√╘ ╩ ┼

⇔≡™⌂™ ↓╣╠─ ⅛╠ ╣ │ ─ ⌐

∆╢≤ ⅎ╢  

⇔√ ⌐ ∆╢≤ ™∏╣─ ⌐⅔™≡╙ B

╩ ⇔√ ─ ⅜ ⅝⌂ ╣ ╩ ∆ ⌐№╢ ↓─ ─

≈⌐ T ⌐ ↕╣╢ ─ ⅜ ╛ ─ ⅜ ™√╘⌐

─ ╩ ↕∑√↓≤⅜ →╠╣╢   

 

   

   

 3-14 ⌐ ⇔√ ─ ╣  

 

 

0 2 4 6 8

0

10

20

30

40

50

╣
 (

%
)

0 2 4 6 8
0

20

40

60

80

╣
 (

%
)

T 

B  

ừ꞉▬ꜘⱩꜝ◦  

0 .01wt%  

ƶ◌♇ⱪ꞉▬ꜘ  

0 .01wt%  

ủ꞉▬ꜘⱩꜝ◦  

0 .05wt%  

ỏ◌♇ⱪ꞉▬ꜘ  

0 .05wt%  
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™≡ ⌐ ∆╢ ─ ╩ ⇔√ ↓─≤⅝

╣╛ ⅜╣⌂≥⌐╟∫≡ ⅜ ⇔ↄ ∆╢ ⌐≈™≡│ ≢─

⅜ ⇔√ ≤™ⅎ⌂™ ↓─√╘ ╣─╖╩ ∂≡⅔╡ ⌐

╣╛↕┘ ─ ⅜ ╠╣⌂™ ╩ ⇔√ ≤ ⅛╠ 3 ﬞ ⅔

╟┘ 6 ﬞ ⌐⅔↑╢ ─ ╩  3-15 ⅛╠  3-18 ⌐ ∆ B

╩ ⇔√ ≢│ Ⱪꜝ☻♩ ⇔√ ╩ ⅝ 3 ﬞ ⌐│

╣─ ⌐ ∫≡ ⇔√ ⅜ ⇔≡™╢ ╕√ Ⱪꜝ☻♩ ⇔√

⌐≈™≡│ ─ ╡ ⌐ ╦╠∏ ╣⅜ ⇔≡⅔╠∏

╩ ≢№╢ ∕↓≢ ╣─╖╩ ∂≡⅔╡ ⌐ ╣╛

↕┘ ⅜ ⇔⌂™ ≤⇔≡ ꞉▬ꜘⱩꜝ◦ ⌐ T ╩ ⇔√

╩ ⇔√  

 

   
 

꞉▬ꜘⱩꜝ◦  

 

◌♇ⱪ꞉▬ꜘ  

 

Ⱪꜝ☻♩  

   
3 ﬞ  

꞉▬ꜘⱩꜝ◦  

3 ﬞ  

◌♇ⱪ꞉▬ꜘ  

3 ﬞ  

Ⱪꜝ☻♩  

   
6 ﬞ  

꞉▬ꜘⱩꜝ◦  

6 ﬞ  

◌♇ⱪ꞉▬ꜘ  

6 ﬞ  

Ⱪꜝ☻♩  

 

 3-15 ⅔╟┘ ─ ─ B 0.01wt%  
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꞉▬ꜘⱩꜝ◦  

 

◌♇ⱪ꞉▬ꜘ  

 

Ⱪꜝ☻♩  

   
3 ﬞ  

꞉▬ꜘⱩꜝ◦  

3 ﬞ  

◌♇ⱪ꞉▬ꜘ  

3 ﬞ  

Ⱪꜝ☻♩  

   
6 ﬞ  

꞉▬ꜘⱩꜝ◦  

6 ﬞ  

◌♇ⱪ꞉▬ꜘ  

6 ﬞ  

Ⱪꜝ☻♩  

 

 3-16 ⅔╟┘ ─ ─ B 0.05wt%  

 

   
 

꞉▬ꜘⱩꜝ◦  

 

◌♇ⱪ꞉▬ꜘ  

 

Ⱪꜝ☻♩  

   
3 ﬞ  

꞉▬ꜘⱩꜝ◦  

3 ﬞ  

◌♇ⱪ꞉▬ꜘ  

3 ﬞ  

Ⱪꜝ☻♩  

   
6 ﬞ  

꞉▬ꜘⱩꜝ◦  

6 ﬞ  

◌♇ⱪ꞉▬ꜘ  

6 ﬞ  

Ⱪꜝ☻♩  

 

 3-17 ⅔╟┘ ─ ─ T 0.01wt%  
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꞉▬ꜘⱩꜝ◦  

 

◌♇ⱪ꞉▬ꜘ  

 

Ⱪꜝ☻♩  

   
3 ﬞ  

꞉▬ꜘⱩꜝ◦  

3 ﬞ  

◌♇ⱪ꞉▬ꜘ  

3 ﬞ  

Ⱪꜝ☻♩  

   
6 ﬞ  

꞉▬ꜘⱩꜝ◦  

6 ﬞ  

◌♇ⱪ꞉▬ꜘ  

6 ﬞ  

Ⱪꜝ☻♩  

 

 3-18 ⅔╟┘ ─ ─ T 0.05wt%  

 

꞉▬ꜘⱩꜝ◦ ⌐ T ╩ ⇔√ ─ ⌐ ∆╢

╩  3-19 ⌐ ∆ ─ │ ≤≤╙⌐ ⌐ ⇔≡™

╢ ↓╣│ ╣╩ ∂√ ≢│ ⅜ ⇔≡™╢↓≤╩ ∆  

⌂ ≢│ │ ⌐╟╡ FeOH2 ╛

FeOOH ⱴ◓Ⱡ♃▬♩ Fe3O4 ⌂≥─ ⌐ ∆╢ ⅜

∆╢ ⌐⅔™≡╙ ⌐ ∆╢ ─ ≤ ─ ⌐╟∫

≡ ⅜ ∆╢↓≤⅜ ↕╣≡™╢ 2) ⇔√⅜∫≡  3-19 ⌐ ∆ ─

─ ⅛╠ ≢ ⇔√ ≢│ ⌐ ≢─

⅜ ⌐ ⇔≡⅔╡ ∕─ │ ⅜ ↄ⌂╢╒≥ ⅝ↄ⌂╢ ⌐

№╢≤ ⅎ╢  
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 3-19 ꞉▬ꜘⱩꜝ◦ ⌐ T ╩ ⇔√ ─  

 

⌐ ─ ≤ ─ ╩  3-20 ⌐ ∆ ─ │

─ 4-1 ⌐ ∆╢↓≤⅜ ╠╣≡™╢ 5) ↓↓≢ y │ a ,b │

Ɽꜝⱷכ♃ x │ ≢№╢   

 

y  = a×x
b
                                                        4-1  

 

4-1 ╩ ™≡ ⌐╟╡ ╩ ⇔√ │

⌐╟ↄ ⇔ ⅜ ┘╢╒≥ ─ │ ↕ↄ⌂╢ ⌐№

∫√ ↓╣│ ⌐ ∆╢ ⌐ ⇔≡ ⅜ ╩ ⇔√

√╘≤ ⅎ╠╣╢  

─ ⅛╠ ─ │ ≤ ⌂╢ ╩ ∆≤ ⅎ╢

↓─ ≤⇔≡ ─ ⅜ ≢─ ⌐≤╙⌂∫≡ ⇔√

≤ ⅜ ⌐ ⇔≡ ╩ ↕⌂™ ⅜ →╠╣╢

∆⌂╦∟ ≢─ ⌐╟∫≡ ⅜ ⇔ →╠╣≡ ╣≤⇔≡

∆╢ ⌐⅔™≡ ─ ╣⅜ ∆╢⌂≥─ ⌐╟╡ ─

⅜ ⇔ ⅜ ↄ⌂╢╒≥ ≢─ ⅜ ⇔╛∆™ ≤⌂∫

√↓≤⅜ ↕╣╢ ╕√ ⅜ ∆╢ ⌐│ ⌐ ∆╢

─℮∟ ⅔╟┘ ─ ⅜ 4-2 ⌐ ∆ ╩

∂╢ 2)
 

 

8FeOOH + Fe
2+

 +2e
-
 = 3Fe3O4  + 4H2O                                 4-2  

 

↓─≤⅝ ─ ⌐≤╙⌂℮ ⅜ ∂╢√╘ ╩ ∆╢

⅜ ↕╣╢↓≤⌐⌂╢ ↓─√╘ ╩ ╛ ⅜ ⇔

ↄ⌂╡ ⌐ ∆╢ ╩ ↕⌂™↓≤⅜ ↕╣╢  

0 2 4 6 8
0

0.2

0.4

0.6

0.8

 (
g
)

ủ  0 .05wt% 

ừ  0 .01wt% 
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 3-20 ─ ≤ ─  

 

─ ≢ ⇔√ ╩ ╘√ ≤⇔≡

1 ─ ╣ ≤ [9]⌐ ↕╣√ ─ ≤─ ╩  3-6

⌐ ∆ ↓↓≢ ─ ⌐≈™≡│ 1 ─ ≤⇔≡™╢

─ ╣ ≤ ─ ╩ ≢ ⇔√

─ │ ∆╢ ⌐№╡ ╙ ⇔√ ⅛╠ ⌐ ═╢≤

ԇ ≤⌂╢ ⇔√⅜∫≡ ⅜ ⇔╛∆™

≢│ ╙ ⌐ ⇔╛∆ↄ⌂╢≤ ⅎ╠╣╢  

 

 3-6 1 ─ ╣ ≤ ─ 9)≤─  

     

─ 6)
 0.022mm 0.022mm 0.031mm 0.036mm 

╣  

 

B ה  

ᵑ  
0.6% 0.4% 1.5% 3% 

B ה  

ᵒ  
2% 0.5% 10% 17% 

Tה ᵑ  1% - 3% 3% 

Tה ᵒ  5% - 7% 6% 

1 ᵑ ᵒ│ ⌐ ⇔√ ─ ╩ ∆  

ᵑé 0.01wt% ᵒé 0.05wt% 

2 ─Ɫ▬ⱨfi│ ╩ ⇔⌂⅛∫√↓≤╩ ∆ .  

 

 

0 0.2 0.4 0.6 0.8
0

0.02

0.04

0.06

0.08

 (
m

m
)

y  = 0.076 × x
0 . 7199

 

R = 0.97 

 
(m

m
) 
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（2）塗装腐食鋼板の温度追従性  

─ ─ ╩ ⇔√ ⌐╟╢≤ ™∏╣─ ⌐≈™≡

╙ │ 1 2mm ≢№╢ ⇔√⅜∫≡ ─ │ ⌐╙ ╡ ⌡╠

╣√ ™ ≢№╢≤ ⅎ╢  

╡ ⇔ ─ ⌐⅔↑╢ ≤ ─ ╩  

3-21 ⌐ ∆ ⅛╠ ⌐⅛↑≡│ ─ ─ ⅜╦∏⅛⌐ ↄ ⅛╠

⌐⅛↑≡│ ─ ─ ⅜ ™ ⌐№╢ ↓─ ─ ≈⌐ ─

─ ™⅜ →╠╣╢ ⌐ │ ╟╡╙ ↕™ ≢№╢√╘ ⇔╛

∆ↄ ╘╛∆™↓≤⅛╠ ⅜ ╠╣√╙─≤ ⅎ╠╣╢  

╕√ ⅔╟┘ ─ ╩ ↕∑╢◄Ⱡꜟ◑כ│ ≢№╢↓≤⅛╠

≤ ─ ╩ ∂╢ ≤⇔≡ ─ ⅜ →╠╣╢ ─

⅜ ™ ⅜ ─╟℮⌂ ╩ ⇔ ─ ⅜ ╟

╡╙ ↄ⌂╢≤ ⅎ╠╣╢ ⇔⅛⇔⌂⅜╠ ≢│ ─ ─ ⅝™

⌐⅔™≡ ≤ ─ │╒≤╪≥ ∂≡™⌂™ ⇔√⅜∫

≡ ⌂ ⅜ ╩ mm ≢ ∫≡™≡╙ ⅛╠

┼─ ⌐│╒≤╪≥ ⇔⌂™≤ ⅎ╠╣╢  

 

 3-21 ≤ ─ 2013 4 ⌐  

 

╡ ⇔ ─ ⱨꜝfi☺ ⅔╟┘ ⌐ ↑√ ⅔╟┘ ─

╩  3-22 ⌐ ∆ ⌐ ™ ⅜ ⇔√ ≢─ ╩

™ ⌐ ═╢≤ ™∏╣╙ ╡ ⇔ ԇ 3.2mm 6mm

10mm ≤⌂╢ ⇔√⅜∫≡ 3.2mm ─ │ ╡

⇔ ≤ ⅜ ≤⌂╢╟℮⌂ ⅜ ╠╣≡™⌂™≤ ⅎ╢ ↓

─ ≤⇔≡ ╖─ ⅝⌂ ╒≥ ╩ ∂╢ ─ ≈⌐ ─

0

8

16

24

32

-2

-1

0

1

2

0 6 12 18 24

 (
ϴ

)

 (
 -

 
) 

(ϴ
)

 (  - )
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─ ™⌐ ℮ ─ ™⅜ →╠╣╢  

⅜ ⇔√ ≢─ ─ ─ ╩ ∆╢≤ ╟╡╙

ⱨꜝfi☺ ─ ⅜ ⅝™ ⱨꜝfi☺ ─ ⅜ ╟╡╙ ™ ≢№╢↓

≤⅛╠ ⌐ ℮ ─ ⅜ ⅝™ ⌐ ─ ⌂╢

≢ ╩ ∂√ ⅜№╢  

 

  

ⱨꜝfi☺   

  

ⱨꜝfi☺  

≤─  

 

≤─  

 3-22 ⌐ ↑√ ⅔╟┘ ╡ ⇔ ─  

 

ⱨꜝfi☺ ⌐⅔↑╢ ─ ╩  3-23 ⌐ ∆ ↑ ⅛

╠ 6 ╕≢│ │ 0.05ϴ /min ≢№╡ ≢─ ⅝⌂ ™

│ ╠╣⌂™ ⇔⅛⇔⌂⅜╠ 6 ╩ ⅞≡ ─ ⅜ ⅝ↄ⌂╡

⅜ 0.1ϴ /min ≤⌂∫√ ≢ 10mm ─ ⅜ ─ ≤ ⇔≡

↕⌂ ╩ ∆ ⌐№╢ ↓╣╟╡ ⅔╟┘ ╩ ↑√ ─

│ ╛ ─ ⌐ ╩ ↑╢↓≤⅜ ↕╣╢ √∞⇔ ↓─

│ ⅜ ⅝™ 10mm ─ ─╖⌐ ╠╣√ ≢№╢ ⇔√⅜

0

9

18

27

36

 (10mm)
 (6mm)
 (3.2mm)

0 6 12 18 24

 (
ϴ

)

0

9

18

27

36

 (10mm)
 (6mm)
 (3.2mm)

0 6 12 18 24

 (
ϴ

)

-6

-4

-2

0

2

4

6

 -  (10mm)
 -  (6mm)
 -  (3.2mm)

0 6 12 18 24

 (
ϴ

)

-6

-4

-2

0

2

4

6

 -  (10mm)
 -  (6mm)
 -  (3.2mm)

0 6 12 18 24

 (
ϴ

)
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∫≡ ⌐ ↕╣╢ 3.2mm ─ ⌐≈™≡│ ↑√ ≤─

│╒≤╪≥ ∂⌂™≤ ⅎ╠╣╢  

 

 

 3-23 ⱨꜝfi☺ ⌐⅔↑╢ ─  

 

（3）塗装腐食鋼板を用いた塗装鋼橋の腐食度  

⅔╟┘ ╡ ⇔ ⌐ ⅔╟┘ ╩ 1 ⇔

√ B ╩ ⇔√ │™∏╣╙ ⌐ ─ ╣╛ ⅜╣

⅜ ∂ ⇔√ ⅜ ⇔√ ∕─ ≤⇔≡ B ⌐ ⇔√

╩  3-24 ⌐ ∆ 1 ─ ≢ ═√╟℮⌐ ╣╛

⅜╣⌂≥⌐╟∫≡ ⅜ ⇔ↄ ∆╢ ⌐≈™≡│ ≢─ ⅜

⇔√ ≤™ⅎ⌂™ ∕↓≢ B ─ │ ⇔√  

 

  

0.01wt% B ⌐  0.05wt% B ⌐  

 3-24 ╣⅔╟┘ ⅜╣╩ ∂√ B  

 

 

-0.1

0

0.1

0.2

6 10

 (
ϴ

 /
 m

in
)

10mm
6mm
3.2mm

4 8
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─ ╩  3-7 ⌐ ∆ ╕√ ─ ╣ ╩  3-8

⌐ ∆ ╡ ⇔ ⌐ ⇔√ ─ ⅔╟┘ ╣ │ A D

─ ≤ ⇔≡ ╙ ↕™ ⌐№╢ ⇔√⅜∫≡ │ ≤

─ ╩ ≢⅝╢≤ ⅎ╠╣╢  

⌐ ⇔√ ─ ╩ ⌐ ∆╢≤ ╡ ⇔ ⌐

⇔√ ⌐│ ⅝⌂ ™⅜ ╠╣⌂™─⌐ ⇔≡ A D ⌐ ⇔√ ⌐

│ ─ ⇔⌐ↄ™ ⱨꜝfi☺ ≢ ╙ ⅜ ⅝ↄ⌂╢ ⌐№

╢ ∕─ ≢ ─ ╣ ╩ ⌐ ∆╢≤ ╙

⅝⌂ ╣ ╩ ⇔√─│ ⱨꜝfi☺ ⌐ ⇔√ ≢│⌂ↄ ╡

⇔ ≢│ ╩ ↄ ⌐ ⇔√ A D ≢│ ╩ ↄ ⌐

⇔√ ⌐ ╙ ⅝⌂ ╣ ╩ ∆ ⌐№╢  

 

 3-7 1 ⇔√ ─ mm  

─  

 
A  B  C  D  ╡ ⇔  

S1 0.04 0.04 0.11 0.04 0.02 

S2 0.13 0.06 0.16 0.13 0.02 

S3 0.02 - - - - 

M1 0.20 - - - - 

M2 0.20 - - - - 

M3 0.02 0.02 0.10 0.10 0.01 
 

1 ╡ ⇔ ≢│ ╩ ↄ ⌐ ⇔√╙─╩ ╩ ↄ ⌐

⇔√╙─╩ ≤⇔√  

2 │ ─℮∟ ╙ ⅝⌂ ≤⌂∫√ ╩ ∆  

 

 3-8 1 ⇔√ T ─ ╣ %  

─  

 

A  B  C  D  ╡ ⇔  

 ᵑ  ᵒ    ᵑ  ᵒ    ᵑ  ᵒ    ᵑ  ᵒ    ᵑ  ᵒ   

S1  30 50   15 35   20 40   16 38   0.1 7  

S2  5 2   10 13   10 17   9 15   0 4  

S3  3 2   - -   - -   - -   - -  

M1  20 15   - -   - -   - -   - -  

M2  3 15   - -   - -   - -   - -  

M3  4 20   1 13   10 20   7 30   0 4  
 

1 ╡ ⇔ ≢│ ╩ ↄ ⌐ ⇔√╙─╩ ╩ ↄ ⌐

⇔√╙─╩ ≤⇔√  

2 ╩ ↕∑╢ ─ ⅜ ᵑé 0.01wt% ᵒé 0.05wt%≢№╢↓

≤╩ ∆   

3 │ ─℮∟ ╙ ⅝⌂ ≤⌂∫√ ╩ ∆  
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⌐╟∫≡ ≤ ─ ⅜ ⌂╢ ⌐≈™≡ ─

╟℮⌐ ⇔√ ─ ⇔√ │ ─ ⌐ ∆╢↓≤

⅛╠ ⅜ ⇔⌂™╟℮⌂ ∆⌂╦∟ ⅜⅛╡─ ™ ⌐⅔™

≡ ╙ ⅜ ⅝ↄ⌂╢≤ ⅎ╠╣╢ ∕─ ≢ │ ↕╣

≡™╢√╘ ╛ │ ∆╢╙── ▬○fi⌂≥─ ⌐ ∆╢

▬○fi│╒≤╪≥ ⇔⌂™ 12) ⇔√⅜∫≡ ⇔√ ─ │

─ ⌐ ⅝⌂ ╩ ╓↕⌂™ ⅜№╢ ⌐ A ≢│

─ ╩ ⇔≡™╢ ⇔√ ⅔╟┘ 1 №√╡─

─ ╩  3-25 ⌐ ∆ ─ ≢ ∆╢≤ ─

≢│ ↄ─ ⅜ ⇔≡⅔╡ ╛ ⌂≥⌐╟∫≡ ⇔√ ⅜

↕╣╛∆™⅜ ─ │ ™↓≤⅜ ⅎ╠╣╢ ⇔√⅜∫≡

─ ⌐╟╢ ⌐╟∫≡ ⅜ ─ ⌐ ↕╣╛∆™ ≤⌂

╡ ⅜ ⇔√↓≤⅜ ↕╣╢  

╕√ ─ ⅛╠ ─ │ ⱨꜝfi☺╟╡╙ ↄ⌂╡╛∆™

│ ⌐ ∆╢↓≤⅛╠ ─ ╙ ⌐ ⇔√ ⅜

╩ ⇔╛∆™ ⌐№∫√↓≤⅜ ↕╣╢  

─ ⅛╠ ─╟℮⌂ ⅜ ⇔√ ─ │

─ ⇔⌐ↄ™ ⌐⅔™≡ ╙ ⅝ↄ⌂╢ ≢ ⌐⅔↑╢

≢─ │ ⌐ ╩ ↄ ≢ ╙ ⅝ↄ⌂╢⌂≥ ─

⌐╟∫≡ ⇔╛∆™ ⅜ ⌂╢  

╕√ ╩ ™≡ ─ ╩ ∆╢ ─

⅛╠ ╙ ⅜ ⅝ↄ⌂╢ ╩ ∆╢↓≤⅜ ╕⇔™ ↓─√╘

─ ⌐ √∫≡│ ╩ ↄ ╩ ≤∆╢─⅜ ≢№╢≤

ⅎ╢  

⌂⅔ ≢│ ─ ─╖╩ ≤⇔≡⅔╡ ─ ⌐≤╙⌂

℮ ┼─ ⌐≈™≡│ ⇔≡™⌂™ ─ │ ─

⌐ ⅜ ∂√ ─ ≤ ─ ≢№╡ ↓─ ⌐

│ ─ ╩ ╣ ⅛╠ ∆╢ ⅜№╢≤ ⅎ╠╣╢  
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 3-25 ⌐⅔↑╢  

3.3 まとめ  

3 ≢│ ╩ ─ ⌐ ⇔≡ ⇔ ∕─

⇔√ ─ ╩ ∆╢↓≤⌐╟∫≡ ─ ─

╩ ∆╢ ╩ ⇔√  

─ ╩ ∆╢√╘ ≤ ─ ╩ ∆╢≤

≤╙⌐ ╩ ⇔√ ⌐ ∆╢ ╩ ⇔√ ╕√

╩ ⌐ ⇔ ⌐ ∆╢ ╩ ⇔√ ∕─

╩ ∆╢↓≤⌐╟∫≡ ─ ─ ╩ ≢⅝╢

╩ √ ⌐ ╠╣√ ╩ ∆  

(1) ╩ ⇔√ ─ ─ ⌐ ℮ ╣

─ │ ─ ─ ⌐ ⇔≡™╢  

(2) ─ │ ≤ ⌂╢ ╩ ⇔ ⅜ ↄ⌂╢╒

≥ ⅜ ⅝ↄ⌂╢ ⌐№╢  

(3) ⌐ ⇔√ ─ │ ≤│ ⌐│ ⌂╡

╛ ─ ⌂≥⌐╟∫≡ ╩ ∂╢ ⌂⅔ 3.2mm ─

╩ ™╢ ⌐│ ↑√ ≤─ │╒≤╪≥ ∂⌂™  

(4) ⌐ ⇔√ ─ │ ─ ⇔⌐ↄ™ ⌐

⅔™≡ ╙ ⅝ↄ⌂╢ ↓─ ≤⇔≡ ▬○fi⌂≥ ─ ⌐ ∆

╢ ─ ⅜ ⅝™↓≤⅜ →╠╣╢  

(5) ≢ ─ │ ⌐⅔™≡ ⅝ↄ⌂╢ ⌐№╡

⌐ ╩ ↄ ⌐ ⇔√ ⌐ ≤⌂╢ ↓─ ≤⇔≡ ┼

⅜ ⇔≡ ∆╢↓≤≢─ ╣ ─ ╛ ≤ ⱨꜝfi☺─ ⌂

≥⅜ ↕╣╢  
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(6) ╩ ™≡ ─ ╩ ∆╢ ─

⌐ √∫≡│ ╩ ↄ ╩ ≤∆╢─⅜ ≢№╢≤ ⅎ╢  
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第4章 鋼素地調整の方法が塗膜の防食性能に及ぼす影響  

 

⌐⅔™≡ ⇔√ ─ ─ ╩ ∆╢

⌐╟╡ ─ ™ ─ ⅜ ↕╣╢ ╩ ∆╢↓

≤⅜ ≤ ⅎ╠╣╢ ↓─╟℮⌂ │ ⌐ ⅜ ∆

╢↓≤≢ ⌐ ⇔≡™╢ ≢№╡ ─ ⌐№√∫≡

≤ ─ ╛ ⅎ ─ ⌐╟╢ ╩ ⇔≡╙

─ ╩ ∆╢↓≤│ ≤ ⅎ╠╣╢  

⌐ ↓╣╠─ ≢│ ─ ⅛╠ ╢ ⅛╠◄ⱳ◐◦

╩ ≤⇔√ ─ ≢⅝╢ ⌐ ↕╣≡™╢ ⅜

™ ↓─√╘ ─ ⌐╟╡ ╩ ↕∑╢╟╡╙ ⅎ

⌐ ⌂ ╩ ∆╢ ╩ ∆╢↓≤⅜ ╕⇔™≤ ⅎ╠╣╢   

∕↓≢ ≢│ ⅎ ─ ⌂ ╩ ∆╢↓≤╩ ≤⇔≡

⌐ ↕╣≡™╢ ─ ╛ ⌂≥⅜ ─ ┼

╓∆ ⌐≈™≡ ⇔√  

 

4.1 腐食生成物が塗膜の防食性能に及ぼす影響  

⌐ ∆╢ ─ ≤ ─ ╩ ⌐ ∆

╢√╘ 2 ─ ─ ≢ ↕╣√ ─ ≤

─ ╩ ╗ ╩ ⇔ ∕─ ⌐ ⇔√ ─ ─

╩ ⅛╠ ⇔√ ↓─≤⅝ ⌐ ₁─

╩ ⇔ ─ ⅜ ─ ⌐ ⅎ╢ ╩ ⇔√  

 

4.1.1 試験方法  

（1）腐食鋼板の製作  

│ JIS G 3101₈ ₉⌐ ↕╣╢ SS400

◘fi♪Ⱪꜝ☻♩ 150×70×3.2mm ≢ ─╖╩ ↕∑╢√╘

⌐◄ⱳ◐◦ ≢ ╩ ╡ ╪∞ ⌐ JIS K 5600-7-1₈

Ӈ 7 ─ Ӈ 1 ₉⌐ ⇔√

╩ ⌂℮↓≤≢ ─ ╩ ↕∑√ ⌂⅔ ─ ⌐│

⅛╠ 5mm ─ ╩ⱪכ♥⌐ ↑≡ ⇔⌂™ ╩ ↑√  

∆╢ ♫♩ꜞ►ⱶ ─ │ ≢ ↕╣╢ ╩

∆╢√╘ 0.01wt%≤⇔√ │ 168 ╕√│ 840 ≤⇔√ ↓

─≤⅝─ ⌐ ╕╣╢ │∕╣∙╣ 0.85g/m
2

1.5g/m
2≢№╡

2 ≢─ ⌐⅔↑╢ ╣₈ ₉⅔╟┘₈ ₉─ ⌐ ╕╣
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╢ ⌐ ∆╢  

─ │ 35±1ϴ ─ │ 47±1ϴ ─

│ 0.098±0.002MPa │ 80cm
2 ⌐ ⇔≡ 1.0 2.0ml/h ≤⇔√ ╕√

┼─ ╩ ⌐∆╢√╘ 24 ⌐ ─ ─

╩ ⅎ√  

╩ ⇔√ │ ╩ 168 ⌂∫≡ ─

⌐ ∆╢ ╩ ™√ ⌐ 23±1ϴ ≢ 1 ﬞ ⇔√

⌐ ꞉▬ꜘⱩꜝ◦╩ ™≡╝╢ↄ ∆╢ ╩ ⇔√ ⇔√

─ ╩  4-1 ⌐ ∆  

 

  

ⱪכ♥ ⱪכ♥   

 4-1 ⇔√ ─  

 

（2）塗装前の腐食鋼板における腐食生成物の評価方法  

⌐╟∫≡ ⇔√ ─ │ ⌐╟∫≡ ≤

⌐ ↕╣ ─ ╩ ∆╢ ─ │ ⌂╢ ↓╣╠

─ │ 3 ≢ ⌐ ⇔≡™╢ ≢│ ─ ╩ ⇔√

─ ─ ╩ ∆╢√╘ ⌐⅔↑╢ ─

◙כ꜠╩ ⌐╟∫≡ ⇔√ ╕√ ⇔√ ⌐ ╕╣╢

╩ ⇔√  

⌐ ╕╣╢ ─ ≢│ ╕√│Ⱪꜝ☻♩╩ ™≡

⇔√ ⌐ ⇔≡ ╩ ⌂∫√ ◙כ꜠ ⌐╟╢ ─

≢│ ─ ⌐ ⇔≡ ꞉▬ꜘⱩꜝ◦ Ⱪꜝ☻♩

─ ≢ ╩ ⌂™ ∕╣∙╣─ ╩ ⇔√ ─ ╩

⇔√ ╕√ ─ ─ ⅛╠ ─ ╖╩ ⇔

√ ↓─≤⅝ ╛Ⱪꜝ☻♩ ╩ ∆╢≤ ─ ╙

∆╢ ⅜№╢√╘ ─ ╖╩ ∆╢√╘─ ╩

⇔ 3 ≤ ⌐◒◄fi ▪fi⸗♬►ⱶ ╩ ™√ ⌐╟∫≡

╩ ⇔ ─ ⅛╠ ─ ╖╩ ⇔√  

⌂⅔ ⌐│◌♇ⱪ꞉▬ꜘ╩ ™√─≢ ╩◌

  ⱪכ♥
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♇ⱪ꞉▬ꜘ ≤ ┬ ╕√ Ⱪꜝ☻♩ ⌐│ ─◄▪Ⱪꜝ☻♩ⱴ◦fi╩

™ │ 0.6MPa Ⱪꜝ☻♩ⱡ☼ꜟ ű10mm ⅛╠ ╕≢

─ │ 150mm ≤⇔√ ⌐│ JIS Z 0312₈Ⱪꜝ☻♩

₉⌐ ∆╢◓ꜞ♇♩ ─ⱨ▼꜡♬♇◔ꜟ ╩ ™√ ─

50% │ 0.77mm ≢№╡ ─Ⱪꜝ☻♩ ⌐ ⌐ ↕╣╢◓

╩♪כ꜠ ⇔√ ╕√ ≤⇔≡ ↕╣≡™╢ ─ ╩  4-1

⌐ ∆ ⅜╡⌐≈™≡│ ISO 8501-1 -Rust grades and preparation of uncoated 

steel substrates and steel substrates after overall removal of previous coatings -⌐

↕╣╢ D Sa 2 ─ ≢ ⌐ ∆╢ ╩ ⇔√  

⌐ ™√ ─ ╩  4-2 ⌐ ∆≤≤╙⌐

─ ╩ ⌐ ∆╢  

 

 4-1 ⌐ ™√ ─  

 SiO2  Fe2O2  Al2O3  CaO MgO 

 53.2 8.0 2.6 5.1 28.7 

 

 4-2 ⌐ ™√ ─  

 

 
 

⅔╟┘ ⇔√
1
 

─  

 

◙כ꜠  

 

168  

꞉▬ꜘⱩꜝ◦  ủ   

꞉▬ꜘⱩꜝ◦ +◌♇ⱪ꞉▬ꜘ  ủ   

꞉▬ꜘⱩꜝ◦ +Ⱪꜝ☻♩ 2
 ủ   

840  

꞉▬ꜘⱩꜝ◦  ủ  

ừ 3
 ꞉▬ꜘⱩꜝ◦ +◌♇ⱪ꞉▬ꜘ  ủ  

꞉▬ꜘⱩꜝ◦ +Ⱪꜝ☻♩ 2
 ủ  

1 ─ │ ─ ╡ ủé ⅜ ⇔√ ừé ⅛╠ 5mm ─

╩ ↕∑≡™⌂™  é ╩ ⌂╦⌂™↓≤╩ ∆  

2 Ⱪꜝ☻♩ ─ │ ISO 8501-1 ⌐ ↕╣╢ D Sa 2 ≤⇔√  

3 ꞉▬ꜘⱩꜝ◦  Ÿ ◌♇ⱪ꞉▬ꜘ  Ÿ Ⱪꜝ☻♩ ─ ⌐ ⇔

⌐⅔↑╢ ╩ ⇔√  

 

a) ⌐ ╕╣╢ ─  

 ⌐ ∆╢ ─ ─ ⌐│ 3 ≢ ⇔√ ≤

⌐ ⌐ ∆ ╩ ™√ ⌐│ 0.1mol/l ─ ◌ꜞ

►ⱶ ⌐ ╩ ⇔ ╩ ╩ ≤⇔≡

⌐╟╢ 1A ─ ╩ 1 ⇔√ ↓╣⌐╟╡ ─
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▬○fi╩ ⌐ ↕∑√ ™≡ JIS K 0101₈ ₉─ 3.2.1 ♅

○◦▪fi (II)⌐ ↕╣╢ ⌐ ⇔≡ ⇔√ ─

▬○fi ╩ ⇔ ↕╠⌐ ♫♩ꜞ►ⱶ ⌐ ⇔√  

 

b) ꜠כ◙ ╩ ™√ ─  

─ ⌐ ◙כ꜠√⇔ ─☻ⱳ♇♩ │ 80mm

│ 1mm ≢№╢ X-Y ☺כ♥☻ ⌐ ╩ ⇔ ╩ ↕∑╢↓≤⌐

╟╡ ╩ ⌂∫√ Ⱨ♇♅│ ≢ 50mm ≢ 165mm ≤⇔

√ │ 70×35mm ≤⇔ ─ ╩ ⇔√ ─ ⅔

╟┘ ╩  4-2 ⌐ ∆  

 

 

  

       ─               

◙כ꜠ 4-2  ─ ⅔╟┘  

 

（3）塗装腐食鋼板の室内促進劣化試験  

a)  

 ⇔√ ─ ⌐ ⇔≡ ꞉▬ꜘⱩꜝ◦ ◌♇ⱪ꞉

▬ꜘ ╕√│Ⱪꜝ☻♩ ╩ ⇔√ ⌐ B ╩ ⇔ ה

⇔√╙─╩ ≤⇔√ ↓↓≢ B ╩ ™√─│ ─

╩ ⌐ ∆╢√╘≢№╢  

╕√ ─ ⌐≤╙⌂℮ ─ ╩ ⇔≡ ∆╢√╘

╩ ─ⱪ▬♃כꜘꜞ◒™⌂⇔ ⱨ♃ꜟ ╩ ⇔√ ╩

⇔√ ↓─≤⅝ │ ─ ⱨ♃ꜟ ≤ ≤⇔

│ 3 ≤⇔√ ╕√ ─ │ 840 ≤⇔

─ │꞉▬ꜘⱩꜝ◦ ◌♇ⱪ꞉▬ꜘ Ⱪꜝ☻♩ ─ 3

≤⇔√ Ⱪꜝ☻♩ ⇔√ ⌐≈™≡│ ╩♪כ꜠◓─ D Sa 2

35mm

◙כ꜠  

 

 

 

X-Y ☺כ♥☻  
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≤⇔≡ ╩╦∏⅛⌐ ↕∑√  

─ ╩  4-3 ⌐ ∆ ⌂⅔ ─ ╡ ⇔ │ 2 ≤⇔√  

 

 4-3 ─  

 

B כꜘꜞ◒  ╩ ™√  

 
 

(g/m
2
)  

 
 

(g/m
2
)  

1 ה  ↕┘ ╘  140   110 

2 ה  ↕┘ ╘  140  110 

3   110  110 

4   105  

 

b)  

⌐│ ─ ≤⇔≡₈

₉ ─ C ⌐ ↕╣≡™╢

◘▬◒ꜟ ╩ ™√ 1) ─ ◘▬◒ꜟ │ mm ≤⌂╢

─ ─ ╩ ⌐ ↕╣√╙─≢№╢ ◘▬◒ꜟ─ │

─ ⅔╟┘ ─ ╩ ≤⇔√○♂fi ≤ ─

╩ ≤⇔√ ─ 4 ⅛╠ ╢ ○♂

fi ⌐╟╡ ─ ╩ ↕∑ ↕╠⌐ ─ ⌂ ╩

∆╢↓≤≢ ─ ה╣ ─ ⇔╩ ↕∑≡™╢ ↓╣╠─

⌐╟╡ mm ≤⌂╢ ─ ─ ⌐ ╩

∆╢↓≤⅜≢⅝╢ 2)
 

≢│○♂fi ─ ⅔╟┘ 2 ≈─ ╩ ∆╢

◘▬◒ꜟ ╩ ⇔√ ◘▬◒ꜟ ⅔╟┘ ⇔√ ─

╩  4-4 ⅔╟┘  4-3 ⌐ ∆  
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 4-4  

 

 
      

 

 

─  

 

1 ◘▬◒ꜟ─  

1 
○♂fi  

 

O3 700±50ppm

80cm
2⌐

⇔≡ 0.3 0.5cm
3
/h 35±2ϴ

RH 95±3% 

12h 2 

 

2 
 

 

80cm
2⌐

⇔≡ 1 2cm
3
/h 40±2ϴ  

RH 95±3% 

4h 3 

3 
 

 

80cm
2⌐

⇔≡ 1 2cm
3
/h 40±2ϴ  

RH 95±3% 

44h 4 

4  45±2ϴ RH 30%  48h 2 

2 ⅛╠ 4 ─ │ 1 ◘▬◒ꜟ⌐≈⅝ 3 ╡ ∆  

 

 

  
(a)  

 

   
(b) ◘▬◒ꜟ  

 4-3 ⌐ ™√ ─  

 

 

 

1

2

3

4

2

15

20

20
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c)  

3 ≢ ⇔√╟℮⌐ ⌐╟╡ ⇔√ ╩꞉▬ꜘⱩꜝ◦

⇔√ ─ ⌐ ∂≡ ≤ ⌐ ↕╣╢╒⅛ ─

⅜ ∆╢ ≢│ ─ ⅜ ─ ⌐ ⅎ╢ ╩

∆╢√╘ ⌐↓╣╠─ ─ ╩ ⇔√ ╕√ ⌐╟∫≡

⇔√ ─℮∟ ╣─ ╩◘▬◒ꜟ ⌐ ∆╢≤≤╙⌐

╣ ╩ ⇔√  

⌂⅔ ◘▬◒ꜟ ─ │ JIS ≢ ↕╣╢ ◘▬◒ꜟ ⌂

≥╟╡╙ ™√╘ ⅜ ⌐ ∆╢╕≢⌐│ ╩ ∆╢ ⅜

№╢ ∕↓≢ ⌐ ∆╢ ╩ ⇔≡ ─ ╩ ╖√

─ ≤ ─ ╛ ≤ ─

⌐≈™≡│ ₁⌂ ⅜ ⌂╦╣≡™╢⅜ 3) -5 ) ⌐│ ꜡☺☻

♥▫♇◒ ⌐ ℮≤ ⅎ╠╣≡™╢ ∕↓≢ 11 ◘▬◒ꜟ╕≢─ ╩ ⌐

⇔√꜡☺☻♥▫♇◒ ╩ ⌂™ ─ ⌐ ∆╢≤ ↕╣╢◘▬

◒ꜟ ╩ ⇔√ ꜡☺☻♥▫♇◒ ⌐│ ─ 4-2 ⅔╟┘ 4-3

╩ ™√  

ze
xp

-+
=

1

1
)(                         4-3  

ba +=z                           4-4  
 

( ) ( ) ( ) ( )[ ]ä -³-+³= )(1ln)(lnln jjjjj xpdnxpdL           4-5  

 

 a b│ 4-4 ⌐ ∆ L ╩ ⌐∆╢≤⅝─ ≢ ↓─℮∟b│

ln(L) ╩ ⌐∆╢ ≢╙№╢ d j │ ◘▬◒ꜟ─ ╣

m │ ─◘▬◒ꜟ n j│ ─ ≢ ⌐

⅜ ∆╢≤ ⇔ 100%≤⇔√  

 

4.1.2 試験結果と考察  

1 ─  

a) ⌐ ╕╣╢ ─  

₁─ ╩ ⇔√ ⌐ ∆╢ ─ ╩  4-5

⌐ ∆ ╩ ∆╢ ─ ⅜ ™╒≥ │ ⅝ↄ⌂╡

⌐╟╡ ─ ⅜ ⅝™╒≥ │ ↕ↄ⌂╢ ⌐№

╢ √∞⇔ Sa 2 ╕≢Ⱪꜝ☻♩ ╩ ⌂∫≡╙ │꞉▬ꜘⱩ
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ꜝ◦╩ ⇔√ ─ 30% 40% ╕≢⇔⅛ ≢⅝⌂™ ↓─ ≤⇔≡

⅜ ⌐ ⌐ ⇔≡™╢∞↑≢⌂ↄ ⌐ ⇔

╘╠╣√ ⅜ ⌐ ⇔≡™╢↓≤⅜ →╠╣╢  

 

 4-5 ⌐ ╕╣╢ ─  

 
─  (g/m

2
)  

168  840  

꞉▬ꜘⱩꜝ◦  0.77 1.50 

◌♇ⱪ꞉▬ꜘ  0.55 1.16 

Ⱪꜝ☻♩  0.35 0.42 

Ⱪꜝ☻♩ ⌐⅔↑╢ │ ISO 8501-1 D Sa 2 ╩ ≤⇔√  

 

∕↓≢ 168 ⌐╟╡ ⇔√ ⌐ ⇔≡ Sa 3 ╩

⌐Ⱪꜝ☻♩╩ ⇔√ ─ ╩ ≢ ⇔

⅜ ∆╢ ⌐│ ─ ╩ ⱴ♇Ⱨfi◓⌐╟╡ ⇔√ ╩  

4-4 ⌐ ∆ Sa 3 ≢Ⱪꜝ☻♩⇔√ ⌐⅔™≡╙ ⌐│ ⅜

⇔≡™╢ ↕╠⌐ ↓╣╠─ │ ─ ⌐ ⇔≡™╢╟℮⌐ ⅎ╢ ↓

╣│ ─◄Ⱡꜟ◑כ⌐╟╢╙─≤ ↕╣╢  

─ ╩ ⇔√ ⅔╟┘ ⅛╠ ↕╣╢ ≤◔▬ ╩

≤∆╢ ─ 2 ⅜ ∆╢↓≤╩ ⇔√ ⌐ ⇔√ │

 4-1 ⌐ ∆╟℮⌐ ◔▬ ⅔╟┘ ╩ ╪≢⅔╡ ⌐ ↕╣

√◔▬ ⅔╟┘ │ ⌐ ∆╢≤ ⅎ╠╣╢ ⇔⅛⇔⌂⅜╠

⌐│ ▬○fi│ ╕╣≡™⌂™↓≤⅛╠ ─ ⅜ ≡

≤⇔√ ▬○fi─ ╩ ≢⅝⌂™ ⇔√⅜∫≡ │ ⌐

∆╢ ⅔╟┘ ≢№╢≤ ⅎ╠╣╢  
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─  

  

ᵑ─  ᵒ─  

   
Fe ( ) O ( ) Si  (◔▬ ) 

ᵑ─ ⱴ♇Ⱨfi◓  

   
Fe ( ) O ( ) Si  (◔▬ ) 

ᵒ─ ⱴ♇Ⱨfi◓  

 4-4 Ⱪꜝ☻♩⇔√ ─  

 

 

 

 

 

ᵑ  ᵒ  

50mm 

 

50mm 
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b) ꜠כ◙ ╩ ™√ ─  

╩ 840 ⌂℮↓≤≢ ⇔√ ⌐≈™≡ ⌐

⅔↑╢ ─ ─ ⅔╟┘◖fi♃כ ╩  4-5 ⌐ ∆ Ⱪꜝ☻♩

─◖fi♃כ ⅛╠ │ ⌐ ↑√ ╟╡╙ ⇔≡™╢

◌♇ⱪ꞉▬ꜘ ≤Ⱪꜝ☻♩ ─◖fi♃כ ╩ ∆╢≤ ⇔√

⌐│Ⱪꜝ☻♩ ╟╡╙ ↕⅜ ⅝⌂ ⅜ ⇔≡⅔╡ ◌♇ⱪ꞉▬ꜘ

≢│ ≢⅝⌂™ ⅜ ⇔≡™╢ ╕√ ꞉▬ꜘⱩꜝ◦ ≤◌♇

ⱪ꞉▬ꜘ ─ ⅛╠ ꞉▬ꜘⱩꜝ◦≢ ≢⅝⌂™ │ ⌐

ↄ ⇔≡™╢ ⇔√⅜∫≡ ─ ⇔≡™╢ │╙≤╙≤ ≢№∫

√⅜ ⅜ ⌐ ⇔≡ ↄ ∑∏ ꞉▬ꜘⱩꜝ◦ ─ ⌐ ≡

─ ⅜ ⇔√ ≤ ⅎ╠╣╢  

╕√ ꞉▬ꜘⱩꜝ◦ ─ ≤Ⱪꜝ☻♩ ─◖fi♃כ ⅛╠ ⌐╟╢

─ │ ─ ⅜ ⅝™ ⌐№╢ ⌐⅔↑╢ ─

⌐≈™≡ ─ ╖⅛╠ ⇔√ ─ ╖⌐≈™≡│

─℮∟ 5×5mm ─ ╩ ⇔ ∟℮─♃כ♦ ─♃כ♦─5%

╩ ─ ╖≤⇔√ ╩  4-6 ⌐ ∆ ↓╣╟╡

─ ≤≤╙⌐ ─ ╖⅜ ∆╢ ⌐№╢≤≤╙⌐ ⌐⅔

↑╢ ─ ⅜ ⅝⌂ ╖╩ ⇔≡™╢ ↓─ │ 3 ≢ ═√╟℮⌐

│ ≢ ∂╢ ─▪ⱡכ♪ ⌐ ⇔ ⅜

⌐╟∫≡ ╛ⱴ◓Ⱡ♃▬♩⌂≥─ ⅜ ↕╣√√╘≤

ⅎ╠╣╢  
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꞉▬ꜘⱩꜝ◦ ─  

 

◌♇ⱪ꞉▬ꜘ ─  

 

Ⱪꜝ☻♩ ─  

 

   

꞉▬ꜘⱩꜝ◦ ─  

◖fi♃כ  

◌♇ⱪ꞉▬ꜘ ─  

◖fi♃כ  

Ⱪꜝ☻♩ ─  

◖fi♃כ  

◙כ꜠ 4-5   

 

 4-6 ─ ╖  

  ─ ╖  (mm) 

168  
 1.2×10

2
 

 0.4×10
2
 

840  
 3.1×10

2
 

 1.3×10
2
 

 

（2）塗装腐食鋼板の室内促進劣化試験  

a) B ╩ ⇔√  

B ╩ ⇔√ ≢│ ◘▬◒ꜟ ⌐ ™ ≡─

⌐ ⅝↕─ ⌂╢ ╣⅜ ⇔√ ◘▬◒ꜟ ≤ ╣ ─

⌐≈™≡ n=2 ≤꜡☺☻♥▫♇◒ ╩ ⇔√╙─╩  4-6

⌐ ∆  

─ ╣─ ╩ ≢ ∆╢≤ ╣

─ ⅝™ ⌐ ꞉▬ꜘⱩꜝ◦ ◌♇ⱪ꞉▬ꜘ Ⱪꜝ☻♩ ≤⌂╢ ⇔

 

 

─  

 

0.00mm

0.75mm

0.00mm

0.75mm

0.00mm

0.75mm
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√⅜∫≡ ─ │ ⌐⅔↑╢ ─ ─ ⌐

∆╢≤ ⅎ╢ ╕√ ─ ≢ ∆╢≤ ™∏╣─

⌐⅔™≡╙ 840 ─ ⅜ ⅝⌂ ╣ ╩ ∆ ↓─

≤⇔≡  4-6 ≢ ⇔√╟℮⌐ ─ ⅜ ™╒≥ ─

⌐╟∫≡ ⅜ ↄ ⇔≡™╢↓≤╛ ─ ⌐≤╙⌂∫≡

⌐ ⌂ ⅜ ↕╣╢↓≤≢ ⌐╟╢ ─ ⅜ ⌐⌂

╢↓≤⌂≥⅛╠ ⅜ ⇔╛∆™ ⌐№╢↓≤⅜ →╠╣╢ ╕√

3 ≢ ⇔√╟℮⌐ ─ ─ ⌐≤╙⌂™

⌐ ╕╣╢ ▬○fi⅜ ⇔≡™╢≤ ⅎ╠╣╢ ▬○fi│ ─

╩ ↕∑╢ ≢№╢√╘ ─ ⅜ ™╒≥ ⅝⌂

╣ ╩ ⇔√─│ ⌐ ╕╣╢ ▬○fi─ ╙ ⅎ╠

╣╢ ↓─ ─ ⌐≈™≡│ ∆╢↓≤≤∆╢  

™≡ ◘▬◒ꜟ ≤ ╣ ≤─ ⌐≈™≡ ∆╢ Ⱪꜝ☻♩

⇔√ ≢│ ≤⇔≡ 1mm ─ ⌂ ╣⅜╦∏⅛⌐

⇔√─╖≢№╡  10 ◘▬◒ꜟ ⇔√ ─ ╣ │⅔╟∕

1% ≢№╢ ⇔√⅜∫≡ ╩ ⌐ ⌂ ⌐ ∫≡™⌂™

≤ ⅎ╠╣╢  

∕─ ≢ ◌♇ⱪ꞉▬ꜘ ⇔√ ⌐≈™≡│ 10 ◘▬◒ꜟ ─

╣ │ 5 10%≢№╡ ꞉▬ꜘⱩꜝ◦ ⇔√ ⌐≈™≡│ 20 60%

≢№╢ ↓─ ≢ ─ ╩ 100%≤ ⇔≡ ⇔√

≤╟ↄ ⇔√─│ 168 ─꞉▬ꜘⱩꜝ◦ ⇔√ ─╖≢№╡

840 ─꞉▬ꜘⱩꜝ◦ ⇔√ ╛ ◌♇ⱪ꞉▬ꜘ ⌐╟╡

⇔√ ╩ ⌡ ⇔√ ≢│ 8 ◘▬◒ꜟ ⌐⅔™≡

─ ⅜ ⇔ 11 ◘▬◒ꜟ─ ≢│ ⅜ ╩ ∫

≡™╢ ∆⌂╦∟ ≢ ⇔√ ≢│ ⅜꜡☺☻♥

▫♇◒⌐ ⌐ ⅜∫≡™ↄ─≢│⌂ↄ ⇔╛∆™ ≤ ⇔⌐ↄ™

⅜№╢≤ ⅎ╠╣╢ ↓╣│ ─ ⅜ ≢│⌂ↄ ⅔╟

┘ ⌐ ⇔√ ─ ─ ™╛ ─ ⌂≥⅜ ⇔≡™

╢≤ ↕╣╢ ∕↓≢ ↓╣╠─ ≤ ─ ⅛╠ ⇔√

⅔╟┘ 13 ◘▬◒ꜟ ─ ─ ╩  4-7 ⌐ ∆   
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 4-6 ◘▬◒ꜟ  

 

 

 

 

 

 

0 10 20 30
0

20

40

60

80

100

◘▬◒ꜟ

╣
 (

%
)

0 10 20 30
0

20

40

60

80

100

◘▬◒ꜟ

╣
 (

%
)

0 10 20 30
0

10

20

30

40

◘▬◒ꜟ

╣
 (

%
)

0 10 20 30
0

10

20

30

40

◘▬◒ꜟ

╣
 (

%
)

0 10 20 30

0

2

4

6

8

10

◘▬◒ꜟ

╣
 (

%
)

0 10 20 30

0

2

4

6

8

10

◘▬◒ꜟ

╣
 (

%
)

ǒ n=1 

ƺ n=2 

168  

Ⱪꜝ☻♩  

 

840  

Ⱪꜝ☻♩  

 ǒ n=1 

ƺ n=2 

a=-8.7,  b=0.33  

a=-8.6,  b=0.28  
a=-5.8,  b=0.11  

a=-8.1,  b=0.18  

168  

꞉▬ꜘⱩꜝ◦  

840  

꞉▬ꜘⱩꜝ◦  

 ǒ n=1 

ƺ n=2 

ǒ  n=1 

ƺ n=2 

a=-3.3,  b=0.14  

a=-5.0,  b=0.10  

a=-3.4,  b=0.18  

a=-3.7,  b=0.40  

168  

◌♇ⱪ꞉▬ꜘ  

 

840  

◌♇ⱪ꞉▬ꜘ  

 ǒ n=1 

ƺ n=2 

ǒ  n=1 

ƺ n=2 

a=-4.1,  b=0.14  

a=-4.2,  b=0.13  

a=-4.1,  b=0.18  

a=-4.2,  b=0.18  
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꞉▬ꜘⱩꜝ◦  ◌♇ⱪ꞉▬ꜘ  13 ◘▬◒ꜟ  

 

ˈ 

 
168  ꞉▬ꜘⱩꜝ◦  (n=1)  

 

ˈ 

 
168  ꞉▬ꜘⱩꜝ◦  (n=2)  

   
168  ◌♇ⱪ꞉▬ꜘ  (n=1)  

   
168  ◌♇ⱪ꞉▬ꜘ  (n=2)  

 

ˈ 

 
840  ꞉▬ꜘⱩꜝ◦  (n=1  

 

ˈ 

 
840  ꞉▬ꜘⱩꜝ◦  (n=2)  

   
840  ◌♇ⱪ꞉▬ꜘ  (n=1)  

   
840  ◌♇ⱪ꞉▬ꜘ  (n=2)  

│  4-8 ⌐ ∆ ─ ╩ ⇔√ ╩ ∆  

 4-7 ◘▬◒ꜟ  
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  4-7 ╟╡ ™∏╣─ ⌐⅔™≡╙ ╣│ ⅔╟┘ ─

─ ≢ ∂╢ ⌐№╢ ↓─ ╩ ⌐ ∆╢√╘ ─

⌐⅔™≡ ⅔╟┘ ─ ≤ ╩ ⇔ ∕

╣∙╣─ ╩ ⇔√  

 4-7 ─ ⌐⅔↑╢ ─ ╩  4-8 ⌐ ∆ ꞉▬ꜘⱩꜝ◦ ⇔

√ ≢│ ⅝⌂ ╣⅜ ⇔≡⅔╡ ─≥─╟℮⌂

⅛╠ ╣⅜ ⇔≡™╢─⅛ ≢№╢ ∆⌂╦∟ ─

╩ ≤⇔√ ⅜ ≤ ⅎ╠╣╢ ∕─ ≢ ◌♇ⱪ꞉▬ꜘ ⇔√

≢│ ↕⌂ ╣⅜ ⇔≡⅔╡ ₁─ ╣⅜≥─ ⅛╠ ⇔

≡™╢─⅛╩ ∆╢─⅜ ≤ ⅎ╠╣╢ ∕↓≢ ╣ Sb l

⅔╟┘ ─ Sda ,  S l i ─ ─ S s t ╩ ∆╢

≤≤╙⌐ ─ ╩ ⇔√  

ה ⅔╟┘ ─ ─ ⌐ ∆╢ ╣ ≤ ⅔╟┘

─ ─ ⌂╡ ℮ ─ Sa  

ה ╣─ ⌐ ∆╢ ⅔╟┘ ─ ≤ ╣ ⅜ ⌂

╡ ℮ ─ Sb  

 ꞉▬ꜘⱩꜝ◦ ⇔√ ≢│ Sa ◌♇ⱪ꞉▬ꜘ ⇔√ ≢│ Sb⌐╟

╡ ⇔√ ─ ⅔╟┘ ─ ╩  4-7 ⌐ ∆  
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n=1 n=2 n=1 n=2 

168  

꞉▬ꜘⱩꜝ◦  

 

168  

◌♇ⱪ꞉▬ꜘ  

 

    
n=1 n=2 n=1 n=2 

840  

꞉▬ꜘⱩꜝ◦  

 

840  

◌♇ⱪ꞉▬ꜘ  

 

╣ ≤ ─ ≤─ ⌂╡№℮ ╩ ∆√╘

╣ ╩ ─ ≢ ⇔√  

 4-8  4-7 ─ ⌐⅔↑╢ ─  

 

 4-7 ─ ─  %  

 168  840  

 
꞉▬ꜘⱩꜝ◦  

 

◌♇ⱪ꞉▬ꜘ  

 

꞉▬ꜘⱩꜝ◦  

 

◌♇ⱪ꞉▬ꜘ  

 

╡ ⇔  
 

n=1 n=2  
 

n=1 n=2  
 

n=1 n=2  
 

n=1 n=2  

Sb l   
22.2 38.6  

 
11.6 10.0  

 
55.5 55.2  

 
22.3 16.8  

Sda  
 

15.3 19.9  
 

23.9 16.1  
 

30.9 16.7  
 

24.7 15.6  

S l i   
84.3 79.4  

 
75.5 83.5  

 
46.4 68.5  

 
48.7 53.2  

S s t   
0.4 0.7  

 
0.7 0.4  

 
22.7 14.8  

 
26.6 31.1  

Sa  
 

72.1 78.1  
 

35.9 37.3  
 

62.4 64.5  
 

24.4 18.8  

Sb  
 

51.1 41.6  
 

76.3 61.3  
 

60.3 36.8  
 

58.7 52.3  

 

 

 

╣  ( )  ( ) 

─  ( ) 

 ( ) 
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꞉▬ꜘⱩꜝ◦ ⇔√ ≢│ ™∏╣─ ⌐⅔™≡╙ Sa⅜ 60% ≤

⌂╡ ⅔╟┘ ─ ─ ⅜ ╣ ≤ ⌂╡ ∫≡™╢

╕√ ◌♇ⱪ꞉▬ꜘ ⇔√ ≢│™∏╣╙ Sb⅜ 50% ≤⌂╡

─ ╣ │ ⅔╟┘ ─ ≤ ⌂╡ ∫≡™╢ ↓─ ⌐≈

™≡ ─ ⅛╠ ⇔√  

╩ ⇔√ ≢ ⇔ ∕─≤⅝─ ─ ─ ⌐

≈™≡ ⇔√ 6 )⌐╟╢≤ ⅜ ↕╣√ ≢ ⇔√

─ ≢№╢꜠Ⱨ♪◒꜡◘▬♩ g-FeOOH ≤ X

⅜ ╩ ↑≡ⱴ◓Ⱡ♃▬♩ Fe3O4 ⅜ ⇔ ↕╠⌐

─ ⌐ ▬○fi⅜ ↄ ∆╢ ⅜ ∆╢ ▬○fi─

⌐╟∫≡▪ⱡכ♪ ⅜ ↕╣╢↓≤⌐╟╢ⱴ◒꜡☿ꜟ ⅜ ∂ ↓─

♪כ♁◌─⅝≥ │ ⌐ ™ ≤⌂╢↓≤⅜ ↕╣≡™╢  

↓─↓≤╩ ∆╢≤ 3 ≢ ⇔√╟℮⌐ ≢ ⇔√ ─

⌐│ ▬○fi⅜ ⇔≡™╢↓≤⅛╠ ⌐╟∫≡ ≢─

⅜ ∆╢≤⅝ │ ─ ⌐⅔↑╢▪ⱡכ♪ ≤⌂╢ ∕─

│ⱴ◒꜡☿ꜟ ╩ ∂ ╩ ⌐ ⌐ ⅜ ∆╢

↓≤⌐⌂╢ ⌂⅔ ─ ⌐≈™≡╙ ╙≤╙≤ ∞∫√↓≤⅜

↕╣≡™╢√╘ ≤ ─ ╩ ↓∆ ⅜№╢ ↓─√╘

⅔╟┘ ─ ⌐⅔↑╢ ≢─ │ ≤ ⇔≡ ⅝ↄ ∕

─ ─ ⌐≤╙⌂℮ ╣╩ ∂√╙─≤ ↕╣╢  

⌂⅔ ◌♇ⱪ꞉▬ꜘ ╩ ⌂∫√ ⌐╙ ⌐⅔™≡ ╣⅜ ∂√

─│ ⌐╟∫≡ ⌐ ∂√ ⌂ ╖⌐ ⅜ ⇔≡⅔╡

╩ ⌐ ≢⅝≡™⌂™√╘∞≤ ⅎ╠╣╢  

↓─╟℮⌂ ─ ⌐≈™≡ ≤─ ⌐≈™≡

⇔√ ꞉▬ꜘⱩꜝ◦ ⇔√ ─◘▬◒ꜟ ⌐ ∆╢ Sa─ ╩  4-9

⌐ ∆ ◘▬◒ꜟ ⅜ ⇔≡╙ Sa│╒≤╪≥ ⇔≡™⌂™ ↓─ ≤⇔

≡ ╛ │ ⌐ ≢⅝╢⅜ ▬○fi⌂≥─ ⅝⌂▬○fi│

⌐╒≤╪≥ ≢⅝⌂™↓≤⅜ →╠╣╢ ↓─√╘ ─ ▬

○fi│ ≤⌂╡ ⅜ ∆╢ │╒≤╪≥ ⇔⌂™√╘⌐ Sa│

─ ≤⌂╢↓≤⅜ ↕╣╢  
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 4-9 ꞉▬ꜘⱩꜝ◦ ⇔√ ─◘▬◒ꜟ ⌐ ∆╢ Sa─  

 

™≡ ⌐⅔↑╢ ⌐≈™≡ ∆╢ [6]─ ⅎ ⌐ ≠ↄ

≤ ≢ ⅜ ∆╢ ⌐ ▬○fi⅜ ↕╣⌂⅛∫√ │◌

♪כ♁ ≤⌂╡ ▪ⱡכ♪ ≤⇔≡─ │ ∂⌂™≤ ⅎ╠╣╢ ↓

─√╘ ≢│ ⌂ ⅜ ∑∏ ╣≤™∫√ ⌂

╩ ∂⌂⅛∫√╙─≤ ↕╣╢  

⌂⅔ 840 ─ ⌐ ⇔√ ≢│ ꞉▬ꜘⱩꜝ◦

⇔√ ─ Sa ⅔╟┘◌♇ⱪ꞉▬ꜘ ⇔√ ─ Sb ─™∏╣╙

168 ─ ≤ ⇔≡ ⇔√ ↓─ ─ ≈⌐ ⌐⅔™≡

↕⌂ ╣⅜ ⇔√↓≤⅜ →╠╣╢ ∆⌂╦∟ ─ ≤

≤╙⌐ ─ ⅜ ⇔ ≢№∫√ ⌐ ⅜ ⇔√ ⅜

→╠╣╢ √∞⇔ ≢│ ─ ╩ ≢ ∆╢ ─

⅜⌂ↄ ↓─╟℮⌂ ─ ╩ ⌐ ╠⅛⌐∆╢↓≤│≢⅝⌂⅛∫√

─ ≤⇔≡ ⌐ ∆╢ ─ ⌐ ∆╢ ╩

⌐ ⌂ ⌐≈™≡ ∆╢ ⅜№╢  

 

b) ◒ꜞꜘכ ╩ ⇔√  

כꜘꜞ◒  ╩ ⇔√ ≢│ ⅛╠─ ⇔™ ⅜◘▬◒ꜟ ⅛

╠ ↕╣√ ↓─√╘ 5 ◘▬◒ꜟ≢ ╩ ⇔√ ╩  4-10 ⌐

∆ ꞉▬ꜘⱩꜝ◦ ╙⇔ↄ│◌♇ⱪ꞉▬ꜘ ⇔√ ─ ⌐

∆╢ ≢│ ─ ⌐ ⅝⌂ │ ╠╣⌂™ ∕╣ ─ ⌐≈

™≡│ ⅜ ⇔ↄ ≢ ─ ╩ ⇔ ™ ⌐│ ꞉▬

ꜘⱩꜝ◦ ⇔√ ≢│ ╣⅜ ⌐ ⇔√╒⅛ ─ ≢

0 5 10 15 20
0

20

40

60

80

100

◘▬◒ꜟ

S
a
 (

%
) 

ƶ 168  (n=1) 

ỏ  168  (n=2) 

ừ  840  (n=1) 

ủ 840  (n=2) 
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│ ⌂ ╣⅜ ⇔ ↓╣⌐ ∫≡ ⅜ ⇔≡™╢ ◌♇ⱪ꞉▬ꜘ

⇔√ ≢│ ⅔╟┘ ─ ∞∫√ ≢ ⌂ ╣⅜

⇔ ↓╣⌐ ™ ⅜ ⇔≡™╢ ⇔√⅜∫≡ ─

│ ⌂╢╙── ╣─ │ B ╩ ⇔√ ≤ ⌡

⇔≡™╢  

 

   
─꞉▬ꜘⱩꜝ◦ ╩  

⇔√  
─  5 ◘▬◒ꜟ ─  

꞉▬ꜘⱩꜝ◦ ⌐ ⇔√  

   
─꞉▬ꜘⱩꜝ◦ ╩  

⇔√  
─  5 ◘▬◒ꜟ ─  

◌♇ⱪ꞉▬ꜘ ⌐ ⇔√  

 4-10 ꞉▬ꜘⱩꜝ◦ ╕√│◌♇ⱪ꞉▬ꜘ כꜘꜞ◒⌐ ╩

⇔√ ─  

 

∕─ ≢Ⱪꜝ☻♩ ⇔√ ≢│ ─ │ ╠╣⌂™╙──

⌐ ⌐╟╢ ⅜ ⌐ ⇔≡™╢ ╕√ ↓─ ─ ⌐

│⌂ↄ ╛ ─ ≢╙ ⇔≡™╢ ─ ⅜ ⇔√

─ ≈⌐ Ⱪꜝ☻♩ ─ ╩ D Sa 2 ≤⇔√↓≤≢╦∏⅛⌐ ↕╣√

⅜ ─ ╩ ⇔ ↕™ ≢─ ─ ≤

⌂∫√↓≤⅜ →╠╣╢  

√∞⇔ ꞉▬ꜘⱩꜝ◦ ╛◌♇ⱪ꞉▬ꜘ ⇔√ ─╟℮⌐ ─

≤™∫√ │╖╠╣∏ ≢│ ─ ⅜ ─ ⌐⅔╟╓

∆ │ ↕™≤ ⅎ╠╣╢ ╕√ ▬○fi╩ ╗ ⅜ ↕╣

≡™√≤ ↕╣╢ ─ ╛ ⌐⅔™≡ ─ ─ ╛

⅜ ∆╢⌂≥─ │ ╠╣⌂⅛∫√ ↓─↓≤⅛╠ ▬○fi╩ ╗

⅜ ⌐ ⇔≡™≡╙ ─ ╩ ⌐ ↕∑╢√╘

⌐│ ⅜ ≢№╡ D Sa 2 ─Ⱪꜝ☻♩ ╩ ⌂ⅎ┌

─ ⌐ ╩ ╓↕⌂™↓≤⅜ ↕╣╢  
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─꞉▬ꜘⱩꜝ◦ ╩  

⇔√  
─  5 ◘▬◒ꜟ ─  

כꜘꜞ◒ 4-11  ╩ ⇔√ ─  

Ⱪꜝ☻♩ ⌐ ⇔√  

 

4.2 鋼素地の残留塩が塗膜の防食性に及ぼす影響  

╟╡ ↕╣√ ─ ⌐ ╕╣╢ ▬○fi⅜ ─

┼ ╩ ⅎ╢ ⅜№╢↓≤⅜ ↕╣√ ↓─↓≤╩ ∆╢

─ ╩ ⅎ∏⌐ ─ ▬○fi ─╖╩ ↕∑╢

⅜№╢ ⇔⅛⇔⌂⅜╠ ⌂╪╠⅛─◄Ⱡꜟ◑כ╩ ⅎ∏⌐

⌐ ∆╢ ▬○fi╩ ∆╢↓≤│ ≢№╢ ≤⇔≡ ≢ ™

√ 0.01wt%─ ╩ 168 ⇔√ ╩ 200ml ⌐ ⇔√ ─

─ ▬○fi ╩  4-12 ⌐ ∆ ⌐│ 0.5g/m
2─ ▬

○fi⅜ ╕╣≡⅔╡ ≡─ ▬○fi⅜ ⇔√ ─ ─ ▬○

fi │ 25ppm ≤⌂╢ ⇔⅛⇔⌂⅜╠ ╩ ↕∑√ ─

─ ▬○fi │ 0.7ppm ≢№╡ ≡─ ▬○fi⅜ ⇔√

─ ─ 3% ≢№╢ ⇔√⅜∫≡ ╩ ⌐ ⇔√∞↑≢│

▬○fi│╒≤╪≥ ⇔⌂™≤ ⅎ╢ ↓╣│ ┼ ∆╢≤ ─

⅜ ∂≡ ⅜▪ⱡכ♁◌≥♪כ♪⌐ ⇔ ∕─ ⌐▪ⱡכ♪ ⌐│

▬○fi⅜ ⌐ ↕╣╢√╘≤ ⅎ╠╣╢  
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 4-12 ╩ ⌐ ⇔√ ─ ─ ▬○fi  

 

∕↓≢ ≢│ ─ ⅜ ∆╢ ⅜№╢╙── 4.1

≢ ™√ ⌐╟╡ ⅛╠ ▬○fi╩ ⇔ ⇔√

─ ─ ╩ ⇔√  

 

4.2.1 試験方法  

 ─ ⌐│ ≤ ⌐ ≢─ ╩ ⇔√

⌐│ JIS G 3101 ⌐ ↕╣╢ SS400 ◘fi♪Ⱪꜝ☻♩

150×70×3.2mm ─ ╩◄ⱳ◐◦ ≢ ╩ ╡ ╪∞ ⌐ JIS K 

5600-7-1 ⌐ ⇔√ ⌐╟∫≡ ─ ╩ ↕∑√

♫♩ꜞ►ⱶ ─ │ 0.01wt%≤⇔ │ 168 ╙⇔ↄ│ 840

≤⇔√ ─ │꞉▬ꜘⱩꜝ◦ ≤⇔ ╝╢ↄ ∆╢

⅜ ⇔⌂ↄ⌂╢╕≢ ╩ ⌂∫√  

 ─ ▬○fi─ ⌐≈™≡╙ ≢ ™√

╩ ⇔√ ⌐│ ꞉▬ꜘⱩꜝ◦ ⇔√ ╩ 0.1mol/l ─

◌ꜞ►ⱶ KNO3 1000ml ⌐ ⇔ ╩ ╩ ≤

⇔≡ ⌐╟╡ 1.0A ─ ╩ 60 ⇔√ ↓─≤⅝ ⌐ ∆

╢ ▬○fi─ ╩ ∆╢√╘ ╩ 5 10 ≢ 20ml

⇔ ╩ ™≡ ⇔√ ▬○fi ╩ ⇔√  

╕√ ≤⇔≡ ─ ▬○fi╩ ⇔⌂™ ⌐≈

™≡│ ∑∏⌐ KNO3 ⌐ 60 ⇔√  

⌂⅔ ╩ ⇔√ ─ ⌐ ∆╢ ⌐≈™≡│ ╩

™≡ ╩ ⇔ ∕─ ─ ▬○fi╩▬○fi◒꜡ⱴ♩◓ꜝⱨ▫

≡∫╟⌐כ ⇔≡™╢ ↓─ ▬○fi─ │ ≢№

0 50 100 150 200
0

1

2

3

4

5

 (min)

▬
○
fi

 (
p
p

m
)
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╡ ▬○fi│ ⌐╒≤╪≥ ⇔≡™⌂™↓≤╩ ⇔≡™╢  

 

（3）塗装腐食鋼板の製作および室内促進劣化試験  

⇔√ ▬○fi─ ╩ ⌂∫√ ╩ ⌐ ⇔

⌐ ∆╢ KNO3╩ ⇔√ ⌐ 1 ⌐ ⇔√ ∕─ B

⅔╟┘ T ╩ ⇔√ ─ ╩  4-8 ⌐ ∆  

 

 4-8 ─  

 

B  T 

 
 

(g/m
2
)  

 
 

(g/m
2
)  

1 ה  ↕┘ ╘  140   200 

2 ה  ↕┘ ╘  140  200 

3   110  200 

4   105  150 

 

⅔╟┘ ─ │ ≤ ≤⇔√ ∆⌂╦∟

⌐│  4-4 ⌐ ∆ ◘▬◒ꜟ ╩ ⇔ ─

│ ⌐ ↕╣╢ ╣╛ ↕┘⅛╠ ╣ ╩

⇔≡ ⌂∫√ ↕╠⌐ 4-3 4-5 ╩ ™≡ ⇔√ ╣

╩ ⌐⇔√꜡☺☻♥▫♇◒ ╩ ⌂™ ─ ╣ ≤⌂╢─⌐

∆╢◘▬◒ꜟ ╩ ⇔√  

 

4.2.2 試験結果と考察  

1 ⌐ ╕╣╢ ▬○fi─ ─  

≤ ─ ▬○fi ─ ╩  4-13 ⌐ ∆

⌐╟∫≡ ▬○fi─ │ ⌂╢⅜ ≤╙ ⅛╠ 50

⇔√ ≢ ▬○fi │ ≤⌂∫≡™╢ ⇔√⅜∫≡ ⌐

╕╣╢ ▬○fi│ ⅛╠ 1 ⌐╒≤╪≥ ↕╣√≤ ⅎ╢  

─ ─ ╩  4-14 ⌐ ∆ ⌐│ ⅜

⌐ ⌐ ⇔≡™╢ ↓╣│ ⌐≤╙⌂℮ ⌐╟∫≡

⅜ ↕╣ ⱴ◓Ⱡ♃▬♩⌐ ⇔√√╘≤ ↕╣╢  
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 4-13 ⌐ ∆╢ ─ ▬○fi  

 

 
─              ─  

840 ⌐╟╡ ⇔√  

 4-14 ─ ─  

 

─ ⅜ ⇔√↓≤╩ ∆╢√╘ 168 ╕√│ 840

⌐╟∫≡ ↕∑√ ⌐ ⇔≡ ⌐⅔↑╢ ⅔╟┘ ─

╩ ⇔ X ⌐╟╢ ─ ╩ ⌂∫√ ↓─≤⅝

⇔√ │ ╩ ™≡ ⅜ 100mm ⌐⌂╢╟℮⌐ ⇔√

⌐│ ◗♬○ⱷכ♃─ X ╩ ™ ⅔╟┘ │ 200mA

⅔╟┘ 50kV ≤⇔√ ⌐│ Cu ╩ ™ ☻ꜞ♇♩⅔╟┘ ☻ꜞ♇♩│

0.5 ☻ꜞ♇♩│ 0.15mm ≤⇔√  

╩  4-15 ⌐ ∆ ↓╣╟╡ ─ ╛ ─

⌐ ╦╠∏ ─≤⌂♩▬◘꜡◒♪Ⱨ꜠╛♩▬◘כ◕ ⌐

∆╢Ⱨכ◒⅜ ⌐ ⇔≡™╢↓≤⅜ ↕╣√ ↓╣╟╡ ⌐

∆╢ │ ─ ⌐╟∫≡ⱴ◓Ⱡ♃▬♩⌐ ⇔√

↓≤⅜ ↕╣√  

 

 

0 20 40 60
0

2

4

6

8

10

 (min)

▬
○
fi

 (
p
p

m
)

840  

168  
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Ν◕כ◘▬♩╩ ∆Ⱨכ◒ Ν꜠Ⱨ♪◒꜡◘▬♩╩ ∆Ⱨכ◒  

Νⱴ◓Ⱡ♃▬♩╩ ∆Ⱨכ◒  

 4-15 ─ X  

 

2  

 ◘▬◒ꜟ ≤ ╣ ─ ╩  4-16 ⌐ ∆ ╕√ ╣

⅜ 10%╕√│ 50%⌐ ∆╢╕≢⌐ ∆╢◘▬◒ꜟ ╩꜡☺☻♥▫♇◒ ⌐╟∫

≡ ⇔√ ╩  4-9 ⌐ ∆ ⅔╟┘ ⌐ ╦╠∏

⌐ ⌐ ╕╣╢ ▬○fi╩ ⇔√ ─ ⅜

╩ ∂⌐ↄ™ ⌐№╢ ꜡☺☻♥▫♇◒ ⌐╟╢ 10%╕√│ 50%─

╣ ⌐ ∆╢╕≢⌐ ⌂◘▬◒ꜟ ╩ ∆╢≤ B ─ ⌐

│ 1.5 2 ⌐ ⇔≡™╢ T ─ ⌐│ ⌐╟∫≡ ⅝ↄ

⌂╡ 168 ≢│ 1.5 840 ─ ⌐│

0 10 20 30 40 50 60 70 80
2ɝ (°)

0 10 20 30 40 50 60 70 80
2ɝ (°)

0 10 20 30 40 50 60 70 80
2ɝ (°)

0 10 20 30 40 50 60 70 80
2ɝ (°)

(c) 840   (d) 840   

(a) 168   (b) 168   

Fe ⌐  
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⌐ ⇔≡™╢  

↓─╟℮⌂ ╩ ⇔√ ─ ≈≤⇔≡ ⌐ ▬○fi╩ ╗

⅜ ⇔⌂™√╘ 4.1 ≢ ═√ ⌐⅔↑╢ⱴ◒꜡☿ꜟ

⅜ ↕╣√↓≤⅜ →╠╣╢ ╕√ ⌐▬○fi ⅜ ⇔⌂™√╘

⌐ ─ ⅜ ⇔ ┼ ⅜ ⇔⌐ↄↄ⌂╢↓≤⌐╟╡ ─

⅜ ↕╣√↓≤⅜ →╠╣╢ ⌐ T │ B ≤ ⇔

≡ ™ ╩ ∆╢√╘ ⌐ ╕╣╢ ▬○fi╩ ∆

╢↓≤⌐╟∫≡ ┼─ ─ ⅜ ⌐ ↕╣ ∕─ ╣

─ ⅜ ⅝ↄ ⇔√≤ ↕╣╢  

 

 

 

 4-16 ╣ ─  

 

 

 

0 10 20 30
0

20

40

60

80

100

◘▬◒ꜟ

 (
%

)

168
168 ( )
840
840 ( )

0 10 20 30 40 50
0

20

40

60

80

100

◘▬◒ꜟ
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%

)

168
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840
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 4-9 ꜡☺☻♥▫♇◒ ─  

 
─  

 

168   840   

10%≤⌂╢ ─  

◘▬◒ꜟ  

50%≤⌂╢ ─  

◘▬◒ꜟ  

10%≤⌂╢ ─  

◘▬◒ꜟ  

50%≤⌂╢ ─  

◘▬◒ꜟ  

B  

 6.6 11.4 5.1 7.9 

 11 15.2 10.1 14.8 

T 

 10.9 15.6 0.3 6.6 

 16.2 21.2 12.1 28.9 

 

4.3 塩の除去程度と塗膜防食性の関係  

 4.2 ⌐⅔™≡ ─ ⌐╟╡ ─ ⅜ ⅝⌂ ⇔√ ∆

⌂╦∟ ╩ 840 ⌂℮↓≤≢ ⇔√ ⌐ T ╩ ⇔√

⌐≈™≡ ─ ╩ ⅎ√ ─ ─ ╩ ⇔√  

 ↓↓≢│ ─ │ 4.2 ≤ ≤⇔ ╩ 0 , 1 , 4 , 60

≤⇔√ ↓─≤⅝⌐ ⌐ ∆╢ ▬○fi │  4-13 ⅛╠

≢ 0.85, 0.75, 0.55, 0g/m
2≤⌂╢ ∕─ ─ ⌂≥│ ≡

4.2 ≤ ⌐ ⌂∫√  

 ⇔√ ⌐≈™≡ ◘▬◒ꜟ ≤ ╣ ─ ╩  4-17 ⌐

∆ ─ ⅜ ⅝™╒≥ ╣ │ ∆╢ ⌐№╢ ™≡

─ ⌐ ∆╢ ▬○fi ≤ 9 ◘▬◒ꜟ─ ⌐⅔↑╢ ╣

─ ╩  4-18 ⌐ ∆ ▬○fi ⅜ ∆╢╒≥

│ ⌐ ∆╢ ⌐№╢  
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 4-17 ◘▬◒ꜟ ≤ ╣ ─  

 

 

 4-18 ─ ▬○fi ≤ 9 ◘▬◒ꜟ ─ ╣ ─  

 

 ⌐╟╡ ─ ⅜ ⇔√ ⌐≈™≡ ─

⅜ ─ ┼ ⅎ√ ⌐≈™≡╙ ∆╢ 4-11 ≢ ⇔√╟℮⌐

⌐╟╡ ⌐ ╕╣╢ ▬○fi╩ ∆╢≤ ─

│ ↕╣≡ⱴ◓Ⱡ♃▬♩⌐ ∆╢≤ ⅎ╠╣╢ ↓─≤⅝

[4]≢ ═╠╣≡™╢╟℮⌐ │ ≢ ⅜ ∆╢ ⌐ ⌂

≢№╢≤↕╣≡™╢ ⇔√⅜∫≡ ⌐╟╡ ─

⅜ ⇔√√╘ ≢─ ⅜ ↕╣√ ⅜№╢ √

∞⇔ ↓─ ⌐≈™≡│ ─ ⌐ ℮ ─ ─

╩ ∆╢ ⅜№╢≤ ⅎ╠╣╢  

 

 

 

0 4 8 12 16
0

20

40

60

80

100

◘▬◒ꜟ

╣
 (

%
)

0 0.2 0.4 0.6 0.8 1
0

20

40

60

80

100

▬○fi  (g/m
2
)

╣
 (

%
)

⌐ ∆╢ ▬○fi  

0.85g/m
2
 

0.75g/m
2
 

0.55g/m
2
 

0.00g/m
2
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4.4 まとめ  

4 ≢│ ⌐ ⅜ ∆╢ ⌐ ⇔≡ ⅎ ─

⌂ ╩ ∆╢↓≤╩ ≤⇔≡ ⌐╟∫≡ ⇔√

─ ╩ ∆╢≤≤╙⌐ ⅜ ↕╣√ ⌐ ⇔

√ ─ ╩ ⌐╟∫≡ ⇔√ ╕√

⌐ ╕╣╢ ⅜ ─ ⌐ ⅎ╢ ╩ ∆╢√╘ ⌐

╟∫≡ ─ ╩ ⇔√ ⌐ ⇔√ ─ ─

╩ ⇔√ ∕─ ─ ╩ √  

(1) ⌐╟∫≡ ⇔√ ─℮∟ ⌐⅔↑╢ │

⌐ ↄ ∆╢ ⌐№╢ ╕√ ≢│ ⌐╟╢ ⅜ ⅝

™ ⌐№╢  

(2) ─ │ ─ ∞↑≢⌂ↄ ─ ⌐

╩ ↑╢ ╩ ╗ ⅜ ∆╢ ╛ ─ ≢│ ≢

─ ⅜ ╟╡╙ ⅝™ ⌐№╢  

(3) ∕─ ≢ ─ ™ ─ ≢╙ ↕⌂

╣╩ ∂╢ ⌐№╢ ─ ≤≤╙⌐ ─ ⅜

⇔ ≢№∫√ ⌐ ⅜ ⇔√ ⅜ →╠╣╢  

(4) Ⱪꜝ☻♩ ⇔√ ≢│ ≢ ⌐ ⅜ ∆╢ ⌐№╢

√∞⇔ ⌐ ⅝⌂ │╖╠╣∏ ─ ╩ ⌐ ↕∑

╢√╘⌐│ ─ ⅜ ⇔≡™╢ ⅜№╢≤ ↕╣╢   

(5) ─ ⌐╟∫≡ ─ ▬○fi⅜ ↕╣╢≤

≤╙⌐ ─ ⅜ ⇔ ─ │ ∆╢ ↓─ │

─ ™ ⌐⅔™≡ ≢№╢  

 

↓╣╠─ ⅛╠ №╢™│ ⌂ ╩ ™≡ ⅔╟┘∕

╣⌐ ╕╣╢ ╩ ∆╢↓≤⌐╟∫≡ ─ ⅜ ≢⅝╢≤ ⅎ╢

⌐ ⌐╟╢ │ ─ ≢№╢ ─

⌂ ⌐ ⇔≡ ⌂ ≤⌂╡℮╢ ⅜№╢  

⇔⅛⇔⌂⅜╠ ≢│ ┼─ ╩ ⇔√ ⌂

⅜ ↕╣≡™⌂™ ⇔√⅜∫≡ ⅜ ≤↕╣╢ ╛

─ ⌂╢ ⌂≥╩ ─ ≤⇔√ ⅜ ─ ⌐⌂╢≤ ⅎ╠

╣╢  
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1) 2013. 
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pp.182-186 1990. 

4) ─ ⌐⅔

↑╢ ─ ─√╘─ ╖ Vol.38 No.7 pp.243-252 1994. 

5) RBM ╩ ™√ ─

─ Ή ≤ ─ ⱪꜝfi♩◄fi☺♬▪

Vol.40 No.8 pp.13-19 2008. 

6) ↕┘ ─↕┘ ≤ Vol.34 No.11

pp.479-485 1990. 
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第5章 鋼構造物の維持管理費用低減のための防食性能向上法  

 

3 ⅔╟┘ 4 ⅛╠ ⌐ ↕╣╢ ⅔╟┘∕╣⌐ ╕╣

╢ ╩ ∆╢↓≤⌐╟∫≡ ─ ╩ ≢⅝╢↓≤╩ ⇔

─ │ ─ ─ ╩ ╢ ╩ √  

⇔⅛⇔ ≢│ ⌐ ∆╢ ⌂ │ ↕╣≡⅔╠∏ ∕─

⌐≈™≡╙ ∆╢ ⅜№╢ ╕√ ⌂ ⌐≈™

≡╙ ∕╣╠─ ╩ ⌐∆╢ ╙№╢  

─ ⅎ ⌐⅔™≡ ↕╣╢ │ ה ╩

™√ ≤Ⱪꜝ☻♩ ≢№╡ 3 ⅔╟┘ 4 ─ ⅛╠╙ Ⱪꜝ☻♩

─ ⅜╟╡ ╩ ≢⅝╢≤ ⅎ╢ √∞⇔ Ⱪꜝ☻♩ │ ╛ ₁

─ ─ ╩ ≤∆╢╒⅛ ─ ╩ ⇔⌂↑╣┌⌂╠⌂™⌂≥

≤∆╢ ─ ה ╛ ⌐╟∫≡│ ─ ≤

⇔≡ ⅜ ⌐⌂╢≤ ╦╣≡™╢ ↓─√╘ ↓╣╕≢⌐ ↄ ↕

╣╢⌐ ∫≡™⌂™ ╕√ ⇔ↄ ⇔√ ⌐ ⇔≡Ⱪꜝ☻♩╩

∆╢ ─ ╛ ≤ ─ ─ ⌐≈™≡ ⌐ ↕

╣√ ⅜ ⌂™ ⅎ┌ ≢│◓ꜞ♇♩ ╩ ∆╢ⱨ▼꜡♬♇◔ꜟ

☻ꜝ◓─ ⅜ ∞⅜ Ⱪꜝ☻♩─ │ ∆╢ ─ ╛

⌐╟∫≡ ⌂╡ ≤∆╢ ⌐ ∂≡ ⌂ ╩ ∆╢ ⅜

№╢≤ ↕╣≡™╢ 1) ↓─╟℮⌐ Ⱪꜝ☻♩ ⌐⅔™≡ ⌂ ╩

∆╢↓≤⅜ ⌂ ⌐№╡ ⌐╟∫≡│ ⌂ ╩ ⌂∫≡™

╢ ⅜№╢  

∕↓≢ ≢│ ─ ⅎ⌐ ∆╢ ⌐ ⇔

╛ ⌂≥─ ⅛╠Ⱪꜝ☻♩╩ ∆╢ ─ ⌂ ╩

∆≤≤╙⌐ ╩ ⌂ ⌐≈™≡ ⇔√  

 

5.1 ブラストの性能評価  

5.1.1 試験方法  

（1）試験体  

│ 2 ≢ ⇔√ ─ ⅛╠ ╡ ⇔√ ╩

™√ │ ╙ ⌐ ™ ≢№╢ ⅛╠ 3 ≈ ─ ─

⅛╠ ╡ ∆↓≤≤⇔ ╠⅛⌐ ⅜ ∂≡™╢ ╩ ⇔≡

350×350mm ─ ≢ ╡ ⇔√ ⌂⅔ ─ │ 450mm ≢№╡

G-7 ◄ⱳ◐◦ 4 ≤ T-7 ◄

ⱳ◐◦ 3 + ⱳꜞ►꜠♃fi 1 ⅜∕╣∙╣ 1986
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≤ 1997 ⌐ ↕╣≡™╢ ─ ⅔╟┘ ╩  5-1

⌐ ∆  

 

 
─  

 

 
─ ◌♇♩ ⌐╟╢ ─  

 5-1 ─ ⅔╟┘  

 

 ⌂⅔ ─ ─ ⌐≈

™≡│ ─ ≢│ ⌐╟╢ ─ ⅜ ⇔™↓≤╛ ─

⅜ ⅝™↓≤⌂≥⅛╠ ╩ ⌂℮─⅜ ≤ ⅎ╠╣√ ∕↓≢ JIS 

G 3101₈ ₉⌐ ↕╣╢ SS400 ◘fi♪

Ⱪꜝ☻♩ 150×70×3.2mm ╩ ™≡ JIS K 5600-7-1 ⌐ ⇔√

⌐╟╢ ╩ ⇔√ ↓─≤⅝ ≤⇔≡ ⇔

√ ♫♩ꜞ►ⱶ ─ ⅔╟┘ ╩  5-1 ⌐ ∆ ⌂⅔

─ ⌐ ∆╢ ⌐≈™≡│ ─ ╩ ⅝ↄ∆╢

√╘ 3 4 ≢ ⇔√ ╟╡╙ ╩ ↄ ⇔≡

1500 ≤⇔√ ⇔√ ╩  5-2 ⌐ ∆  

 

 5-1 ♫♩ꜞ►ⱶ ─ ⅔╟┘  

  (wt%)  (hour) 

 0.05 1500 

 0.05 840 

1986年
塗替え

1997年
塗替え

素地

1997年
塗替え

1986年
塗替え
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Ν 0.05wt% Ν 1500  

 5-2 ─  

 

（2）ブラスト方法  

 Ⱪꜝ☻♩ ⌐│ ─◄▪Ⱪꜝ☻♩ⱴ◦fi╩ ™ ╙ ⌂Ⱪꜝ☻♩

♩☻ꜝⱪfiⱩכ○╢№≢ ╩ ⇔√ Ⱪꜝ☻♩│ 3.5×

⅝ 5.0× ↕ 4.0m ╡ ─╖ ≢ ⌂∫√ │ 0.7MPa ≤⇔

Ⱪꜝ☻♩ⱡ☼ꜟ ű10mm ⅛╠ ╕≢─ │ 90cm ≤⇔√

╩  5-3 ⌐ ∆  

 

 

 5-3 Ⱪꜝ☻♩ ─  

 

∆╢ │ ≢ ⌐ ↕╣≡™╢ⱨ▼꜡♬♇◔ꜟ☻ꜝ◓

≤⇔ ─ ⌂╢ 4 ╩ ™√ ⌂⅔ ⅛≈≡ ≢№∫√

≢№╢↑™ ⌐≈™≡│ 2007 ⌐ ↕╣√ JIS Z 0312₈Ⱪꜝ☻♩

₉≢ ↕╣≡™╢√╘ ─ ≤⇔√ ⇔√

─ ⅔╟┘ ╩  5-2⅔╟┘  5-4⌐ ∆ ↓↓≢ ∆ 50% ≤│

─ ⌂╢ ┤╢™╩ ∆╢ ─ ⅜ 50%≤⌂╢≤⅝─ ≢№╢  

⌂⅔ ─√╘─ ⌐≈™≡│  5-2 ⌐ ∆ A ╩ ™≡

╩Ⱪꜝ☻♩⇔ ╩ Sa 2 ╕√│ Sa 3 ≤⇔√  
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 5-2 ⌐ ⇔√ ─  

   
╖⅛↑  

(kg/dm
3
)  

כ⸗

☻  

↕  

50%  

(mm) 

A 

ⱨ▼꜡♬♇◔ꜟ  

☻ꜝ◓  

◓ꜞ♇♩  

3.1 7.5 

0.77 

B ◓ꜞ♇♩  0.52 

C ◦ꜛ♇♩  1.22 

D ◦ꜛ♇♩  0.73 

 

    
A B C D 

 5-4 ⇔√ ─  

 

（3）各評価試験の方法  

a)  

╩Ⱪꜝ☻♩⇔ ─ ⌐⌂╢╕≢ ⅔╟┘ ╩

∆╢╕≢─ ╩ ⇔√ ↓─≤⅝ ↄ ⇔≡™⌂™ ⌐≈™≡╙Ⱪꜝ☻

♩⇔ ⌂ ─ ╩ ⇔√℮ⅎ≢ ─ ╩ ─

⌐╟╡ ⇔√  

 

( )

2

1 01.01

3600 v

xAt

xA
v

-
-

³
=                      5-1  

 

↓↓≢ v1 │ ─ m
2
/h v2 │ ─ m

2
/h A

│ ─ m
2

x │ ─ % t │Ⱪꜝ☻♩⌐ ⇔√

sec ≢№╢  

─ │ Ⱪꜝ☻♩ ─ ╩ ⇔ ╖─ ∂≡™

╢ ╩ ≤⇔≡ ∕─ ╩ ─ ≢ ⇔√╙─╩ ™√

─ ≤⇔≡ Ⱪꜝ☻♩ ─ ─ ╩  5-5 ⌐ ∆  
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Ⱪꜝ☻♩ ─  Ⱪꜝ☻♩ ─  

B ╩ ™≡ Sa2 1/2 ≤⇔√  

 5-5 Ⱪꜝ☻♩ ─  

 

Ⱪꜝ☻♩─ │ ≤ ─ №╠↕⅛╠ ⇔√ ⌐≈

™≡│ ISO 8501-1 -Rust grades and preparation of uncoated steel substrates and steel 

substrates after overall  removal of previous coatings -⌐ ⇔√ Sa 2 ⌂Ⱪꜝ☻

♩ Sa 2 1/2 ↕╠⌐ ⌂Ⱪꜝ☻♩ Sa 3 ⌂ ╩ ╢

√╘─Ⱪꜝ☻♩ ─ 3 ╩ ≤⇔√ ─ №╠↕⌐≈™≡

│ ─ №╠↕ ╩ ™≡ JIS B 0601:1982₈ ─ GPS  

- - ┘ Ɽꜝⱷ₉♃כ─ №╠

↕ Rz J IS82 ╩ ⇔√ ╕√ Ⱪꜝ☻♩ ─ ─ ╩ ∆╢√╘

─ 50% ╩ ⇔≡ ─ ≤ ⇔√  

 

b)  

─ │Ⱪꜝ☻♩↕╣≡ ⌂ ╩ ∂≡⅔╡ ╩ ™

√ ─ ╡ ≢│ ⅜ ∫⅛⅛╢⌂≥─ ⌐╟╡ ≢⅝⌂™ ╕√

─ ⌐│ ⅝⌂ ⅜ ↕╣≡⅔╡ ∆⅝ ⅜ ∂╢√╘⌐

─ ╙ ∆╢↓≤⅜≢⅝⌂™ ∕↓≢ Ⱪ꜠☻ꜟ ⌐╟╢

╩ ⌂∫√ ⌐│ Ɽ♇♅╩ ⌐ ↑ 2ml ╩

ה ⇔√ Ᵽ▬▪ꜟ ⌐ ⇔ ▬○fi◒꜡ⱴ♩◓ꜝⱨ▫כ╩ ™≡

─ ▬○fi ╩ ⇔√ ╩  5-6 ⌐ ∆  
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Ɽ♇♅─  Ɽ♇♅ ↑ ─  

 5-6 Ⱪ꜠☻ꜟ ⌐╟╢  

 

c)  

Ⱪꜝ☻♩⇔√ ⌐ ⇔√ ─ ─ ╩ ∆╢√╘

─ ⌂ ≢№╢▪♪ⱥ☺ꜛfi ≤ ╩ ⌂∫√ ⌂

⅔ ▪♪ⱥ☺ꜛfi ⌐≈™≡│ ⅜ ⇔√√╘ ◦

ꜛ♇♩ ─ ─╖ ⇔√  

▪♪ⱥ☺ꜛfi ≢│ JIS K 5600-5-7₈  Έ 5 ─

- 6 ⱪꜟ○ⱨ ₉⌐ ∂≡ ▪ꜟⱵ♬►ⱶ ☺◓╩

2 ◄ⱳ◐◦ ≢ ⇔ ⌐ ∫≡ ⇔√≤⅝─ ⅔

╟┘ ─ ╩ ⌂∫√ ⌂⅔ ─ │ ─

─ ╟╡╙ ™↓≤⅜ ™ ↓╣│ ╩ ∆╢ ─

⅜ ↕™↓≤⌐ ∆╢≤ ⅎ╠╣╢ ↓─√╘ ≢│ ╩ ™

∏ Ⱪꜝ☻♩ ─ ⌐ 2 ◄ⱳ◐◦ ╩ ⇔√  

│ JIS K 5600-5-6₈  Έ 5 ─

- 6 ◒꜡☻◌♇♩ ₉⌐ ∂≡ ⌂∫√ ⌐│ Ⱪꜝ☻♩

⌐ ◄ⱳ◐◦ ╩ 60mm─ ≤⌂╢╟℮⌐ 1 ⇔

1 ≢ ⇔√ ╩כ♃♇◌ ™≡ 1mm ─ ╩ 5×5 ⱴ

☻ ⇔ ☿꜡Ɫfi♥כⱪ≢ ∫√ ─ ≤ ─ ╩ ⌂

∫√  

 

d)  

 ╩Ⱪꜝ☻♩⇔√ ─  4-8 ⌐ ∆ B ⅔╟┘

T ╩ ⇔√ ⅔╟┘ ⇔√ ─  4-4 ⌐ ∆ ◘▬

◒ꜟ ⌐ ⇔√ ⌐╟∫≡ ⅜ ⇔√ ⌐│ ∕─ ╩

◘▬◒ꜟ ⌐ ∆╢≤≤╙⌐ ╩ ∂√ ─ ╩ ⇔√  
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5.1.2 試験結果  

a) ─  

⌐⅔↑╢ ⌂ ─ ─ ╩  5-3 ⌐ ∆ ↓─

⅛╠ ◓ꜞ♇♩ ─ ╩ ™√ ─ ─ │ 8 10m
2
/h ≢№╡

⌐╟╢ ⅝⌂ │ ╠╣⌂™ ◦ꜛ♇♩ ─ ╩ ™√

D ─ ─ │ C ╩ ™╢ ≤ ⇔≡ ≢№╢

─ ⌂╢ ╩ ∆╢ ⌐│ ─ ↕™ ⅜ ┼─ ⅜

↕™↓≤⅜ ↕╣≡™╢ 2)⅜ ⌐⅔™≡│ ─ ╙ ⇔≡™╢

≤ ⅎ╠╣╢ ∆⌂╦∟ ◓ꜞ♇♩ ─ ⌐│ ─ ╩ ↑⌐ↄↄ

─ │ ≤⌂╢ ⌐№╢≤ ⅎ╢  

 

 5-3 ╩ ™√ ─ ─  

 A B C D 

 ◓ꜞ♇♩  ◦ꜛ♇♩  

50%  (mm) 0.77 0.52 1.22 0.73 

Ⱪꜝ☻♩  (sec) 55 45 50 95 

─  (m
2
/h) 8.0 9.8 8.8 4.6 

 

⌐⅔↑╢Ⱪꜝ☻♩ ≤ ─ №╠↕ ⇔√ ─

50% ╩  5-4 ⌐ ∆ ↓╣╟╡ ─ №╠↕│ 5

≢ 60 80mmRz J IS82≤⌂╡ ╩ ∆╢≤ ⅝⌂ ™│╖╠╣⌂™

≢│ ⅎ ─ №╠↕│ ⌐ ↕╣≡™⌂™⅜

─ ─Ⱪꜝ☻♩ ╩ ∆ ≢ ↕╣╢ №╠↕

╩ 80mmRz J IS82 ≤ ⇔≡™╢ 3) ≢│™∏╣─ ╩ ™√

⌐⅔™≡╙ ─ ╩╒╓ ⇔≡⅔╡ №╠↕⌐⅔™≡ ⌐

╩ ∂╢ │ √╠⌂™↓≤⅜ ↕╣√  

 50% ⌐≈™≡│ ─ ≢ ∆╢≤ ⌂ ⅜ ╘╠╣

⌂™ ≢ ≢ ∆╢≤ ↕™ ─ ⅜ ™ ╩ ⇔ ┼

⇔√ ─ ⅜ ↕™ ↓╣│ ⇔√╟℮⌐ ─ ↕™ ⅜

┼─ ⅜ ↕™↓≤⌐ ⇔≡™╢≤ ⅎ╠╣╢  
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 5-4 ╩ ™√ ─Ⱪꜝ☻♩ №╠↕ 50%  

 

 

─  

 

(%) 

─  

 

Ⱪꜝ☻♩  

 

(sec) 

№╠↕  (mmRz J IS82) 
50%  

 5   

A 

40.4 Sa 3 98 67 17 

30.7% 45.6 Sa 2 1/2 67 79 9 

52.1 Sa 2 42 82 10 

B 

28.5 Sa 3 88 60 7 

24.8% 17.6 Sa 2 1/2 51 61 5 

42.5 Sa 2 39 74 12 

C 

28.2 Sa 3 69 71 8 

34.3% 41.8 Sa 2 1/2 49 71 10 

58.6 Sa 2 39 80 14 

D 

37.0 Sa 3 88 78 7 

13.2% 35.4 Sa 2 1/2 69 72 14 

30.4 Sa 2 49 58 8 

 

╩ ⇔√ ─ ─ ⌐≈™≡ 5-1 ╩ ™≡

⇔√ ╩  5-7 ⌐ ∆ ⅜♪כ꜠◓─ ↄ⌂╢╒≥ ─

│ ∆╢ ⌐№╢ Sa 3 ─ ⌐│ ™∏╣─ ╩ ™√

⌐⅔™≡╙ │ 2.5m
2
/h ≢№╢ ∕─ ≢ Sa 2 ╩ ≤

⇔√ ⌐│ ◓ꜞ♇♩ ─ A B ╩ ™√≤⅝─ │ C

─ ╩ ∫≡™╢ ↓╣╟╡ ◓ꜞ♇♩ ─ │ ╩№

╢ ∆╢─⌐ ╣╢ ╩ ⇔ ─♪כ꜠◓™ ╩ ↕╣╢≤∕

─ │ ↕ↄ⌂╢↓≤⅜ ↕╣╢ ◦ꜛ♇♩ ─ ⌐≈™≡ ⌐

╟╢ ╩ ∆╢≤ D ─ ─ ⅜ ↕™ ↓╣╟╡ ─

╩ ⇔√ ≤ ◦ꜛ♇♩ ≢│ ⅜ ↕ↄ⌂╢≤

─ ⅜ ∆╢≤ ⅎ╠╣╢  
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 5-7 ─ ─  

 

b) ─  

─ ⌐⅔↑╢ ╩  5-5 ⌐ ∆ ─√╘ ↓╣╕≢⌐

⇔≡™⌂™≤ ↕╣╢ ⌂ ≢─ ╙ ∑≡ ∆ ─

╩ ™√ ⌐⅔↑╢ ≤ ≤─ ╩ ∆╢≤ ─◓꜠

⅜♪כ ↄ⌂╢╒≥ │ ↕ↄ⌂╢ ⌐№╢ √∞⇔ ↓╣╕≢⌐

⇔≡™⌂™≤ ↕╣╢ ≢│ ⅜╒≤╪≥ ↕╣⌂⅛∫√─⌐ ⇔

≡ ⌐⅔™≡│™∏╣─ ≢╙ ⅜ ↕╣≡™╢  

⌐ ™√ ─ ─ │ 2 ≢─ ⌐╟╡ 1

4g/m
2 ≢№╢↓≤⅜ ↕╣≡™╢ │↓─ ≤│⌂╠⌂™⅜

ⅎ ─ ≢Ⱪꜝ☻♩∆╢ ⌐ ⌂ ≤↕╣╢↓≤─ ™

Sa2 1/2 ⌐⅔™≡╙ ─ │ 200mg/m
2 ≢№╢ ╕√

─ ─ ⌐≈™≡│ ™∏╣─ ─ ≢╙ ─ ⅝™ ⅜ ⇔≡

↕™ ╩ ∆ ⌐№╢  

 ─ ⅛╠ ⌂ Ⱪꜝ☻♩ ≢│ ╩ ∂√ ─

│ ≢№╡ ─ ⅜ ∆╢≤ ⅎ╢  

 

 

 

 

 

 

 

 

0

4

8

12

16

Sa 3 Sa 2 1/2 Sa 2

─
 (

m
2
/h

)

ƴ A 

ƴ B 

ƴ  C 

ƴ  D 
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 5-5 ─  mg/m
2

 

 A B C D 

 ⱨ▼꜡♬♇◔ꜟ☻ꜝ◓  

 ◓ꜞ♇♩  ◦ꜛ♇♩  

─  

 

-  10  10  10  10  

Sa 3 10 130 20 50 

Sa 2 1/2 320 190 260 500 

Sa 2 320 630 710 790 
 

↓╣╕≢⌐ ⇔≡™⌂™≤ ↕╣╢ ⌂ ⌐⅔™≡ Sa 3 ≢

→√ ─ ╩ ∆  

 

c) ─  

Ⱪꜝ☻♩⇔√ ⌐ ⇔√ ─ ≤⇔≡ ▪♪ⱥ☺ꜛfi

⅔╟┘ ╩ ⌂∫√ ╩  5-6  5-8 ⅔╟┘  5-9 ⌐ ∆ ↓╣

╟╡ ≢│ │ ╠╣⌂™╙── ™∏╣─ ⌐⅔™≡╙

─│⅜╣⅜ ↕╣∏ ⌂ ╩ ⇔≡™╢≤ ⅎ╢  

▪♪ⱥ☺ꜛfi ≢│ ─ ™⌐╟╢ │╖╠╣∏ ™∏╣─ ⌐⅔

™≡╙ ↕│ 10MPa ≢№╢ ╕√ ⅜♪כ꜠◓─ ™╒≥

⅜ ↄ⌂╢ ⌐№╢ ─ ⅛╠ ⅜♪כ꜠◓─ ™╙─╒≥

ↄ─ ─ ⅜ ⇔≡⅔╡ ─ ⌐╟∫≡ ─ ⅜ ⇔

√↓≤⅜ ↕╣╢ ⌂⅔ ↓─ │ Sa 3 ─ ⌐╙ ↕╣≡™╢

∕↓≢ ─ ⱴ♇Ⱨfi◓⅛╠ ─ ╩ ⌂∫√  

C ╩ ™≡Ⱪꜝ☻♩⇔√ ─ ☺◓ ─ ╩  

5-10 ⅔╟┘  5-11 ⌐ ∆ ↓╣╟╡ │ ⅔╟┘ ⅛╠ ↕╣╢╙─

≤◔▬ ╩ ≤∆╢╙── 2 ⌐ ≢⅝╢ ╕√ ◔▬ ⅛╠ ╢ ─

│ Sa 3 ─ ⌐ ↄ⌂╢ ⌐№╢ ◔▬ │ ⌐ ↄ ╕╣

≡⅔╡ ─Ⱪꜝ☻♩⌐ ⇔√ ⌐╙ ╕╣≡™╢ ↓╣╟╡

│ ⌐ ∆╢ ⅔╟┘ ≤ ⅎ╠╣╢  
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n=1 n=2 

 ☺◓   ☺◓  

Sa 3  

    

Sa 2 1/2 

    

Sa 2  

    

 5-8 C ╩ ⇔√ ─▪♪ⱥ☺ꜛfi  

 

 
n=1 n=2 

 ☺◓   ☺◓  

Sa 3  

    

Sa 2 1/2 

    

Sa 2  

    

 5-9 D ╩ ⇔√ ─▪♪ⱥ☺ꜛfi  
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 5-6  

 

 

─  

 

▪♪ⱥ☺ꜛfi   

n=1 n=2 n=1 n=2 

↕  

(MPa)  

─  

 

↕  

(MPa)  

─  

 

 

 

 

 

 

 

 

 

A 

Sa 3 

 

100% - 100% - 

Sa 2 1/2 100% - 100% - 

Sa 2 100% - 100% - 

B 

Sa 3 100% - 100% - 

Sa 2 1/2 100% - 100% - 

Sa2 100% - 100% - 

C 

Sa 3 13.7 ỏ  17.5 ỏ  100% - 100% - 

Sa 2 1/2 13.7 Ỏ  14.6 ỏ  100% - 100% - 

Sa 2 10.8 ×  13.1 Ỏ  100% - 100% - 

D 

Sa 3 16.2 ỏ  14.3 ỏ  100% - 100% - 

Sa 2 1/2 15.9 ỏ  15.0 ỏ  100% - 100% - 

Sa 2 15.0 ×  12.7 Ỏ  100% - 100% - 
 

─ │ ≢ ╠╣√ ─ ╩ ⌐ ⇔√╙─≢№

╢  

×é % ⇔≡™╢ ƶé╦∏⅛⌐ ⇔≡™╢ ỏé╒≤╪≥ ⇔≡™⌂™  
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☺◓─  ─  

   

O ( ) Fe ( ) Si  (◔▬ ) 

─ ⱴ♇Ⱨfi◓  

 5-10 Sa 2 ≤⇔√ ─▪♪ⱥ☺ꜛfi ─  

 

  

☺◓─  ─  

   

O ( ) Fe ( ) Si  (◔▬ ) 

─ ⱴ♇Ⱨfi◓  

 5-11 Sa 3 ≤⇔√ ─▪♪ⱥ☺ꜛfi ─  
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d)  

 ◘▬◒ꜟ │ 7 ◘▬◒ꜟ╕≢ ⇔√ ─ ╣─

─ ╩  5-12 ⌐ ∆ ╕√ 7 ◘▬◒ꜟ ─ ─ ╩

⇔√ ╩  5-13 ⌐ ∆  

T-7 ╩ ⇔√ ≢│ ≥∟╠─ ⌐⅔™≡╙ │ ∂

≡™⌂™ ∕─ ≢ B ╩ ⇔√ ≢│ ⌐ ╠∏

1mm ─ ⌂ ╣⅜ ⇔√ ╣│ 2 ◘▬◒ꜟ ⅛╠ ↕╣

∕─ │ ≤≤╙⌐ ⇔√ Sa 2 ≤⇔√ ─ ⅜ ⅝⌂

╩ ∆ ⌐№╡ 7 ◘▬◒ꜟ─ ⌐⅔™≡ Sa 2 ─ ⌐│ 5%

Sa 3 ─ ⌐│ 3%─ ╣ ≤⌂∫√  

 

 

 

 5-12 ─ ╣─ ─  

 

   

T-7 

 Sa 2  

B-7 

 Sa 2  

B-7 

 Sa 3  

 5-13 7 ◘▬◒ꜟ ─ ╩  

 

 

0 2 4 6 8

0

2

4

6

◘▬◒ꜟ

╣
 (

%
)

5mm 5mm 5mm 

ủ  B  ( Sa 2)  

ừ  B  ( Sa 3)  

ỏ  T ( Sa 2) 

Ỏ  T ( Sa 3) 
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↓↓≢ 3 ⅔╟┘ 4 ⌐⅔™≡Ⱪꜝ☻♩⇔√ ─ ╩

⇔√ ╩ ∑≡  5-7 ⌐ ∆ ─ ⌐│ כꜘꜞ◒™⌂⇔ ─

╩ ↄ≤ ◘▬◒ꜟ ⅔╟┘ ╩ ∂≡ 1% ─

╣╩ ∂√─│ ╩ ↕∑╢ ╩ 840 ≤⇔≡

B ╩ ⇔√ ─╖≢№╢ ↓─ ⅛╠ ─ ─ ™

≢ ⇔√ ╒≥ Ⱪꜝ☻♩╩ ⇔≡╙ ⌐ ╩ ∂╢

⅜№╢↓≤ ↓─ │ ╩ ™√ ╩ ∆╢ ⌐ ∆

╢ ⅜ ™↓≤⌂≥⅜ ↕╣╢  

√∞⇔ 4 ≢ ═√╟℮⌐ ⌐ ⅜ ∆╢↓≤≢

⌐ ⇔≡™╢ ≢│ T ⌂≥─ ─ ≢⅝╢ ⅜

™╠╣╢↓≤⅜ ™ ↓─ ⌐⅔™≡│ ⌐╟╢ ─

™│ ╠╣⌂⅛∫√ ⇔√⅜∫≡ ╕√│ ⅜ ™√╘⌐

─ ⌐≈™≡│ ⌂ ╩ ∆╢╙── Ⱪꜝ☻♩─ ─◓꜠

⅜♪כ ™ ⌐⅔™≡╙ ⌐ ⅝⌂ ™│⌂™ ⅜№╢≤ ⅎ╠

╣╢  

 

 5-7 ⌐⅔™≡Ⱪꜝ☻♩⇔√ ─  

 

─  

 

╣ 1% ─  

─   

  

(wt%)  

 

(hour) 
◘▬◒ꜟ   

B  

0.01 

168 

Sa 2  

 ủ  

3  

0 .05  ủ  

0 .01 

840 

×  (5cyc. )  ủ  4  

0 .05 ×  (2cyc. )   

5  

0 .05 Sa 3  ×  (2cyc. )   

כꜘꜞ◒  0 .01 840 Sa 2  ×  (1cyc. )   4  

T 

0.01 

168 

Sa 2  

 ủ  

3  

0 .05  ủ  

0 .05 

840 

ủ   

5  

0 .05 Sa 3  ủ   

Ɫ▬ⱨfi│ ╩ ⇔≡™⌂™↓≤╩ ⇔ ủ│ ╣⅜ ∂⌂⅛∫√

↓≤╩ ∆  
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5.2 塗替え費用のライフサイクルコスト（LCC）評価  

ⅎ⌐ ∆╢ ─ LCC ╩ ∆╢⌐№√∫≡ ∆╢ ⅜№╢Ɽ

ꜝⱷכ♃│ ⅎ ≤ ⅎ ≢№╢ ↓─≤⅝ ⅎ │

∆╢ ─ ⌐ ⇔ ∕─ ─ │ ⅎ ─ ⌐

∆╢↓≤│↓╣╕≢⌐ ═√≤⅔╡≢№╢  

∕↓≢ ≢│ ⌐ ⇔≡ ⅎ ≤ ⅎ ╩

⇔√ LCC ⌐≈™≡ ⇔ ⸗♦ꜟ ⌐ ⇔≡ LCC ╩ ⇔√

─ ╩ ╖√  

 

5.2.1 塗替え施工費用の算出方法  

ⅎ ⌐│

⌂≥⅜ →╠╣╢ ⌐ ≤─ ∆╢ ≤

⇔≡ ⌐≈™≡ ═╢ ⌂⅔

─ ⌐≈™≡│ ≢─ ╛

1987 1 ⌐ ↕╣╢ ─ ╩ ⌐⇔√

≤⇔≡ ╩ ⌐⇔√ ─ ╩ ⌐ ∆  5-8 ⌐ ⌐

╟╢ ⅔╟┘ ─ ╩ ∆ ≤ ╩ ∂╢↓

≤≢ ╩ ⇔ ↕╠⌐ ╘╠╣≡™╢ 1 №√╡─

╩ ∂╢↓≤≢ ╩ ⇔√ ⌂⅔ ⅔╟┘ ─ │

╛ ⇔√ ─ ⌐╟∫≡ ⌂╢√╘ ╩ ◔꜠fi

≤ ⇔≡ ─ ⌐╟∫≡ ⇔≡™╢  

 

 5-8 ⌐⅔↑╢ ⅔╟┘ ─ 1m
2№√╡  

 ◔꜠fi  
─  

 

─  

 

70%  ◔꜠fi -1 0.09 0.055 

30 50% ◔꜠fi -2 0.05 0.055 

15 25% ◔꜠fi -3 0.03 0.055 

5%  ◔꜠fi -4 0.02 0.04 

 

1  

│ ─ ╛ ⌂≥≢ ↕╣≡⅔╡ ∕╣∙╣ ⌂╢

⅛╠ ╢ √∞⇔ ⌐ ∆╢ ─ ⌐≈™≡│

≢ ⅝⌂ ™│⌂™ ╕√ ∆╢ ה ⌂≥⌐╟∫≡ ⅜ ⌂╢

⅜№╢⅜ ─ ⌐ ⇔≡│ ─ ≤ ┌╣╢
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⅜ ↕╣╢ ∕↓≢ ≢ ≤∆╢ │ ⌐ ↕╣╢

─ ⅛╠ ∆╢↓≤≤⇔√  

≤⌂╢ │ G T L J ≢№╢ 3)

─ ╩  5-9 ⌐ ∆ ⌂⅔ ≢ ⌐⇔≡™╢ │ ─

─╖⌐ ∆╢ ╩ ∆ ↓─√╘ ◔꜠fi ⌐╟∫≡ ∆╢

⅜ ⌂╢↓≤⌐⌂╢  

 

 5-9 ─  

 

G T 

 
 

(g/m2)  
 

 

(g/m2)  

1   200  200 

2   200  200 

3   200  200 

4   200  150 

 

 

L J 

 
 

(g/m2)  
 

 

(g/m2)  

1   300  300 

2   200  300 

3   200  200 

4   200  200 

5   200  130 

6  ˈ  110 

⌐⇔≡™╢ │ ─ ─╖⌐ ∆╢ ╩ ∆  

 

L ≤ J ─ 1 ⌐│☺fi◒ꜞ♇♅ ⅜ ™╠╣╢ ☺fi◒ꜞ

♇♅ │ ⌐ ∆╢↓≤≢─ ⌐╟╡ ∆╢ ≢№╢

√╘ ⌐│Ⱪꜝ☻♩ ─ ⅜ ╕⇔™ ⅔╟┘

╩ ™≡ ∆╢ ⌐│ ⌐ ╩ ∆╢ ⅜№╢↓≤⅛

╠ G ╕√│ T ╩ ∆╢─⅜ ≢№╢ ⌂⅔ G ≤

T ⅔╟┘ L ≤ J ─ ™│ ≢№╡ ─ ⌐ ⅝

⌂ ™│⌂™  

⅛╠ ≢ ≤∆╢ │ ─ ™⌐╟╡ 2

∆╢↓≤≤⇔ ─ ™ T ⅔╟┘ T ≤ ⇔√ ≢№

╢ J ╩ ⇔√  
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2 ⅔╟┘  

 ⅔╟┘ │ ⌐╟╢ ╛ ⅔╟┘ ─

⌂≥⅛╠ ↕╣╢  

Ⱪꜝ☻♩ ─ │ ╦╠⌂™⅜ ─ ™⌐╟╢

╛ ─ ⅛╠ √╡─ │Ⱪꜝ☻♩─ ⅜ ≤⌂╢↓

≤⅜ ≢№╢ ⇔⅛⇔⌂⅜╠ ↓╣╕≢─ ⅜ ⌂™↓≤╙№╡

⌐⅔™≡│Ⱪꜝ☻♩ ⌐ ∆╢ ⌂ ⅜ ↕╣≡™⌂™ ∕↓≢

≢│ ∆╢⸗♦ꜟ ⌐ ⇔√ ─ ⌐≡ ↕╣√ Ⱪ

ꜝ☻♩≢─ ⅎ ╩ ⌐⇔√ ⌂⅔ ↓─ ⅎ ─Ⱪꜝ☻

♩⌐╟╢ │ ISO 8501-1 ⌐ ↕╣╢ Sa 2 1/2 ≢№╢ ─ ╟╡

─ ™⌐╟╢ ┼─ │ ↕™≤ ⅎ ↓↓≢│ ─

╩∕─╕╕ ⇔√  

ה ⌐╟╢ ╩ ∆╢ ⌐│ ⇔√╟℮⌐

 5-8 ⌐ ∆ ─ ≤ ╩ ∂╢↓≤≢ ╩ ⇔

╩ ∂╢↓≤≢ ⇔√ √∞⇔ ⇔ↄ ⇔√ ⌐⅔™≡│

ה ─ ≢│ ⅜ ↕╣╢↓≤⅜ ™ ∕↓≢

╩ ⅔╟┘ ⌐╟╡ ⌐ ∆╢ ─ ⌐≈™≡

⇔√  

│  3-11 ⌐ ∆ A ─●☿♇♩ ≤⇔√ ⅔╟┘ ╩

™≡ ⌐ ╩ ⇔√ ∆⌂╦∟ ISO8501-1 ⌐ ↕╣

╢  St 3 ⌐ ╢╕≢─ ╩ ⇔ ⌂ ≤ ⇔√

─ ─ ╩  5-14 ⌐ ∆ ─ ⌐ ⇔√ │  5-10

⌐ ∆ ╡≤⌂╡ ⌂ ╟╡╙ 20 ─ ╩ ⇔√⌐╙

╦╠∏ ⌐ ℮ ⌐ ─ ⅜ ⇔√  
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─  
⇔√ ╩  

⇔√ ─  

⇔√ ╩  

⌡ ⇔√  

 5-14 ─ ─  

 

 5-10 ⌐ ⇔√  

─  

─  

─  

 (min)  (m
2
/h) 

⅜ ╢ ⌂  2 3 

⌡  45 0.1 

 

3  

│ ≤∆╢ ─ ╛ ⌂≥⌐ ∆╢

⌐╟∫≡╙ ╩ ∆╢ ⅜№╢ ↓─√╘ │

≤∆╢ ⌐ ∂≡ ∆╢ ─ ה ⌂≥╩ ⇔≡ ⇔√

⌐ Ⱪꜝ☻♩ ╩ ∆╢ ⌐│ ╛ ⇔√ ⅔╟┘

─ ╩ ∆╢√╘ ╩ ⌐∆╢√╘─ ⅜ ≤⌂╢ ↓

─√╘ Ⱪꜝ☻♩ ╩ ∆╢∆╢ ─ │ ╩ ≤

∆╢ ≤ ⇔≡ ⌐⌂╢─⅜ ≢№╢ √∞⇔ ≤

≢│Ⱪꜝ☻♩╩ ∆╢ ─ ⌐ ∆╢ ⌂ ⅜ ↕

╣≡™⌂™ ∕↓≢ ⌐ ↕╣√ ⅎ ╩ ⌐⇔≡

─ ╩ ⇔√  

 

5.2.2 塗替え周期の算出方法  

 ⅎ ─ ⌐│ ⅎ ─ ⅔╟┘ ∆╢ ╩

⇔√ ₈ ₉≢│ ⌐⅔↑╢

─ ╩ 18 ≤ ⇔≡™╢ 3) ╩ ⇔√

╩ ⌐ ⇔√ ⅛╠ 35 ⅜ ⇔≡™╢⅜

Ν ⅜ ∆╢  
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⅛╠ ─ │ ≢№╢↓≤⅜ ↕╣≡™╢ 4) ⇔⅛⇔⌂

⅜╠ ─ ─ ⌐╟╢ ╛ Ⱨfiⱱכꜟ ─ ╛

⌐⅔↑╢ ╩ ⌐ ⇔√≤ ↕╣╢ ⅜ 10

≢ ⇔ ⅛╠ 15 ⌐ ⅎ ⅜ ↕╣≡™╢ ↓─╟℮⌐

╛ ─ ─ ⌐╟∫≡ ╩ ∂╢↓≤╩ ⇔

≢│ ╩ ↕∑⌂™ ─ ⅎ ╩ 15 ≤ ⇔√  

™≡ ⅜ ↕╣√ ≢ ⇔√ ─ ⌐≈™≡

⇔√ ⅜ ↕╣√ ≢│ ≢ ⌐ ℮ ╣

╩ ∆╢↓≤⅜ ⌐ ╠╣≡™╢ ╕√ 3 ≢ ⇔√◌♇ⱪ꞉▬ꜘ

╩ ⇔√ ─ ⌐ ⇔≡ 4 ≢ ⇔√꜡☺☻♥

▫♇◒ ╩ ∆╢≤ ⅜ ⌂™√╘⌐ ─ ≢ ╩ ∆╢╙─

─  5-15 ⌐ ∆╟℮⌐ 1 ≢ ⅜ 10% ⌐⌂╢↓≤⅜

↕╣╢ ∕↓≢ ⇔√ ─ ─ ⌐╟∫≡ ─ ╩ ∆╢↓

≤≤⇔ ⇔ↄ ⇔√ ⌐ ⇔√ ─ ─ │ 1 ∕℮≢⌂

™ ⌐│ 15 ≤ ⇔√  

 

 

│ 3.2 ≢ ═√ ─ ≢№╢  

840 ◌♇ⱪ꞉▬ꜘ T ╩  

 5-15 ⇔√ ─꜡☺☻♥▫♇◒  

 

 

 

 

 

 

 

0 1 2

0

10

20

30

╣
 (

%
)
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5.2.3 LCC の算出方法の提案  

⌐⅔↑╢ LCC │ ↓╣╕≢⌐ ═√ ⅎ ⅔╟┘ ⅎ ─

╩ ⇔≡ ∆╢  1 ─ ⅎ ⌐ ∆╢ ╩ 5-2 ⌐

∆ ↓↓≢ C │ ⅎ ─ Ca │ Cb │ Cc

│ Ce│ Cd│∕─ ─ d │ ╩ ∆  

 

( )( )edcba CCCCCdC +++++= 1                  (5-2) 

 

LCC ≢│ ⌐ ∫≡⅛⅛╢ ╩ ∆╢↓≤⌐⌂╡ ⌂╢ ─

╩ ╡ ℮ ⅜№╢ ⌐│ ∆╢ ⌐ ⅝ ⅎ╢ ╩

™≡ ∆╢ ⅜ ™ │ 5-3 ≢ ↕╣╢ ↓↓≢ C t│ t

⌐⅔↑╢ ⅎ ≢№╡ r │ ≢№╢ ≢│ ╩ 4%⌐

⇔√ 5) ╕√ t │ ⅎ ≢№╢√╘ ∆╢ ─ ≤⌂╢  

 

( )ä
+

=
t

t
total

r

C
C

1
                        (5-3) 

 

5.2.4 LCC 評価による試算  

 ─ LCC ╩ ™≡ ⸗♦ꜟ ╩ ⇔ ╩ ⅎ√

─ LCC ╩ ה ⇔√  

 

1 ⸗♦ꜟ ─  

 ⸗♦ꜟ │ ≤⇔≡ ⌂ ≢№╢ ⱪ꜠כ●♩כ♄≤⇔√

─ ─ │ ⌂ ⅎ ≤⇔≡ ↕╣╢ ◔꜠fi

-3 ─ ≤⇔≡ 15%⌐ ⇔√ ↓─≤⅝ ⌐ ╦╢ ─

│ ─ 1.5 ≤⌂╢ ≢│ ╩ 100m
2≤⇔

─ │ 148m
2≤⇔√ ╩ ™≡ ∆╢ ─

─ ⅔╟┘ ─ ╩  5-16 ⅔╟┘  5-11 ⌐ ∆  
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 5-16 ╩ ™≡ ∆╢ ─ ─  

 

 5-11 ╩ ™≡ ∆╢ ─ ─  

   

FRP  60×60mm, 4m 12  

FRP  ɫ 49mm, 4m 56  

fiכ▼♅╡  4000mm 33  

 200×4000mm 70  

Ⱡ♇♩  3.0 5.4×20m 3  

◒ꜝfiⱪ  Ί  88  

 

 

FRP

fiכ▼♅╡

FRP
Ⱡ♇♩

5400

20m

3000
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2 ─  

≢│ ─ ⅜ ⌐ ↕╣╢↓≤╩ ⇔≡ (a)

╩ ≤⇔√ (b) ≢│№╢⅜ ╩╒≤

╪≥ ∆╢ (c)Ⱪꜝ☻♩ ⌐╟╢ ─ 3 ≤⇔√  

(a) ╩ ≤⇔√  

⌂ ≢№╡ ⇔ↄ ⇔√ ≢│ ⅜ ∆╢≤

⇔√ ↓─√╘ ∆╢ │ T ≤⌂╢ ╕√ 1 ≢

─ ─ 10% ≢ ─ ⅜ ↕╣√√╘⌐ 1 2 ≢

ⅎ╢─⅜ ╕⇔™⅜ ╩ ⇔ ⅎ ╩ 5 ≤ ⇔√ ⇔

√⅜∫≡ ≢│ ─ ⅜ ⇔ ה ─√╘─ ⅜ ≤⌂

╢↓≤⅜ ↕╣╢  

(b) ≢│№╢⅜ ╩╒≤╪≥ ∆╢  

 ─ ⅎ ⌐ ╩ ™≡ ╩ ⌐ ⇔ 2

─ ⅎ ⌐│ ⌂ ╩ ∆╢ ≢№╢ ─

╩ ≢⅝╢√╘ ─ │ ⇔⌂™≤ ≢⅝╢ ╕√ ☺fi◒ꜞ♇

♅ ╩ ™√ J ╩ ≢⅝╢√╘ ⅎ ╩ 15 ⌐ ⇔√ ╕

√ √∞⇔  5-10 ≢ ⇔√╟℮⌐ ⌐ ∆╢ ⅜ ⌂ ─ 20

≤⌂╢ ∕↓≢ ⌐ ∆╢ ╩ (a)─ 20 ⌐ ⇔√  

(c) Ⱪꜝ☻♩ ⌐╟╢  

 Ⱪꜝ☻♩ ╩ ™╢√╘ ─ ⅜ ↕╣⌂™ ╕≢

╩ ∆╢↓≤⅜ ≢№╡ ─ │ ⇔⌂™≤ ≢⅝╢ ╕√

(b)≤ ⌐ J ╩ ⇔ ⅎ ╩ 15 ⌐ ⇔√ ⌂⅔

─ │ Ⱪꜝ☻♩ ─√╘ ◔꜠fi -1 ≤⇔ 100%⌐ ⇔√

⅔╟┘ ─ │ ⸗♦ꜟ ⌐ ⇔√ ─ ⌐≡

↕╣√ ⅎ ╩ ⌐ 9000 /m
2⅔╟┘ 5350 /m

2≤⇔√  

 5-12 ⌐ ⸗♦ꜟ ⌐⅔↑╢ ⅎ ─ ╩ ∆ ◔꜠fi ⅜

(a) (b)≤ (c)≢ ⌂╢√╘ ─ ╩ ⇔≡™≡╙

⅜ ⇔≡™╢ ⌂⅔ ⅎ │ ≢ ⅎ╢↓≤≤⇔

⌐≈™≡│ ⇔√⸗♦ꜟ≤⇔√ ╕√ ─ ⅎ ⌐│ ─

─╒⅛⌐ ⅜ ∑↕╣╢⅜ ⌐│ ⌐ ⇔√ ⌐⌂╢

⅜ ™√╘ ↓↓≢│ ⇔√  
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 5-12 ⸗♦ꜟ ⌐⅔↑╢ ⅎ  

 (a) (b) (c) 

ה   Ⱪꜝ☻♩  

─   ⌡  

 T J 

ⅎ  

( ) 
5  15  

◔꜠fi  ◔꜠fi -3 ◔꜠fi -1 

 

( /m
2
)  

1,130 1,810 2,100 

+  

( /m
2
)  

2,700 
( ) 50,000 

(2 ) 2,700 
9,000 

 

( /m
2
)  

4,350 5,350 

 

 ⇔√ LCC ╩⸗♦ꜟ ⌐ ⇔√ ─ ⅎ ⌐≈™

≡ ╩ ⇔√ ╩  5-17

⌐ ∆ ↓─ 1 №√╡─ ⅎ ⅜ ╙ ↕™─│ ⌂

≢№╢ (a)≤⌂∫√ ⇔⅛⇔⌂⅜╠ ─ ⌐╟╢ ─ ⅜

↕╣╢╒⅛ ⅎ ⅜ ™√╘ ⅛╠ 20 ⇔√ ─

│Ⱪꜝ☻♩ ╩ ⇔√ (c)╟╡╙ ≤⌂∫√ (b)⌐≈™≡│

(a)≤ ⇔≡ ⅎ ⅜ ↄ ↕╣≡™╢√╘⌐ ─ ≤≤╙⌐

│ ∆╢ ⌐№╢╙── ─ ⅎ ⅜ ≢№╢√╘

⌐⅔↑╢ LCC │ ─ ≢ ╙ ↄ⌂∫√  

─ ⅛╠ ─ ╡─ ╩ 20 ≤∆╢ ⌐│

─ ⅜ ↕╣╢╙── ╩ ≤⇔√ ⅎ ╩ ⌂℮─⅜ ╙

≢№╢⅜ ⅜ 20 ╩ ⅎ╢ Ⱪꜝ☻♩ ╩ ™≡ ⌂

╩ ∆╢↓≤⌐╟∫≡ ─ ⌂ ╩ ∂↕∑∏⌐ LCC ╩ ╙

∆╢ ∆⌂╦∟ ╩ ≢⅝╢ ╩ √  

⌂⅔ ↓─ LCC ╩ ⌂ ─ ─ ⅎ ⌐ ⇔

√ ─ LCC ─ ╩  5-18 ⌐ ∆ ↓─≤⅝ ⅎ ─Ɽꜝⱷ

│♃כ ─ ≤ ≤⇔ ⅎ ⌐≈™≡│ ⅔╟┘ ─

⅛╠ (a)─ ─ ⅎ │ 20
3)

(b)⅔╟┘ (c)─ │ 30

4)≤⇔√ ↓─ ™∏╣─ ⌐⅔™≡╙ (b)╩ ⇔√ ─ LCC

⅜ ╙ ≤⌂╢─│ ╦╠⌂™⅜ (a)≤ (c)─ ™│ ⅝ↄ⌂╠⌂™

≤⌂∫√  
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↓─╟℮⌐ ≤∆╢ ─ ⌐ ∂≡ ⌂

⅜ ⅜☻כ◔╢⌂ ∂╢↓≤⅜ ╠⅛≤⌂∫√ ⇔√⅜∫≡ ≢ ⇔√

LCC ╩ ∆╢ ⌐│ ≤∆╢ ─ ╩ ⌐ ∆

╢↓≤⅜ ≢№╢≤ ⅎ╠╣╢  

 

 

 5-17 LCC ⌐╟╢ ⅎ  

 

 5-18 ⌐ ↕╣√ ⌐ ⇔√ ─ ⅎ   

 

5.3 まとめ  

5 ≢│ ⌐ ⇔≡ ≢ ╙ ⌂ ≤ ⅎ╠╣╢Ⱪꜝ

☻♩ ⌐≈™≡ ─ ⅎ⌐ ∆╢ ⌐ ⇔

╛ ⌂≥─ ⅛╠Ⱪꜝ☻♩╩ ∆╢ ─ ⌂ ╩

∆≤≤╙⌐ ╩ ⌂ ⌐≈™≡ ⇔√

0 20 40 60 80 100
0

2

4

6

8

10

ⅎ⅛╠─

ⅎ
─

 (
×

1
0

6
 

)

0 20 40 60 80 100
0

2

4

6

8

10

ⅎ⅛╠─

ⅎ
─

 (
×

1
0

6
 

)

(b)  

(a ) 

(c ) 

(b)  

(c ) 

(a ) 
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∕─ ─ ╩ √  

(1) ─ │ ─ ⌐ ∆╢ ⌐ ™ ╩

⇔⌂™ ⌐│◓ꜞ♇♩ ─ │ ™ ╩ ∆ ⌐№╢  

(2) ╩ ∂√ ≢│ Ⱪꜝ☻♩╩ ⇔≡╙ ⅜ ∆╢

⌐№╢ √∞⇔ ∕─ ≢╙ ≢ ∆╢ ╟╡╙ ™

╩ ∆  

(3) ™ ≢─ ◘▬◒ꜟ ⌐⅔™≡ Ⱪꜝ☻♩⌐╟╢ ─

™│ T ─ ⌐ ⇔≡ ⅝ↄ ⇔⌂™  

(4) ╛ ⅎ ⌂≥╩Ɽꜝⱷכ♃≤⇔≡ ⇔√ LCC

⅛╠ ↕╣╢ ─ ≤⇔≡ Ⱪꜝ☻♩ ╩ ™√ ⅎ

⅜ →╠╣╢  

(5) ≤∆╢ ─ ⌐ ∂≡ ⌂ ⅜ ⌂╢↓

≤⅛╠ ≢ ⇔√ LCC ╩ ⌐№√∫≡│ ─

─ ⅜ ≢№╢   
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第6章 結言  

 

⅜ ⌐⅔↑╢ ─ │ ─ ╩ ∫≡™╢ ⅛≈≡│ 50

≤ ╦╣≡™√ ─ ⌐≈™≡╙ ≢│ 100

─ ╩ ≤∆╢⌂≥ ╩ ⇔ ↑╢↓≤╩ ≤⇔√ ⅜

╘╠╣≡™╢ ⇔√⅜∫≡ ─ ╩ ⅛≈ ⌐ ∆

╢√╘─ ⌂ ─ ⅜ ╘╠╣≡™╢  

─ │ ─ ╩ ↕∑ ⌐ ╩ ╓∆ ⌂

─ ≈≢№╢ ⌐ ∆╢ │ ⌐ ┬╒⅛ ⌐ ↕

╣╢ ─ ⅜ ≢ ⌂ ⅜ ™↓≤⌂≥─ ⌐╟╡

⌐ ∆╢ ─ │ ≢│ ≤│ ™ ™  

 ≢ ↕╣╢ │ ≢№╢╙── ⅎ

─ ™ ⌐⅔™≡ ⇔ ⅝⌂ ╩ ⇔≡ ─ ╩

℮⌂≥ ↕╣╢↓≤⅜ ™ ↓─√╘ ⌂ ⌐╟╢ ⅎ

⅜ ╕⇔ↄ ⅎ ─ ⌐≈⌂⅜╢ ⇔⅛⇔⌂⅜╠

─ │ ⌐ ↕╣≡™⌂™╒⅛ ⌂ ⅜ ↕╣≡™

⌂™ ↓─√╘ ≢│ ─ ⌐╟╢ ─ ╩

⇔⌂⅜╠╙ ─ ⅎ ╩ ╠↨╢╩ ⌂™ ⌐№╢  

∕↓≢ ≢│ ⌐ ∂╢ ─ ╩ ⇔

⌐⅔↑╢ ─ ⌂ ╩ ∆╢↓≤╩ ≤⇔

√ ╕∏ ╩ ∂√ ─ ╩ ⌂™ ─ ─

⅔╟┘ ╩ ∆╢≤≤╙⌐ ─ ╛ ⌐ ∆╢

╩ ⌂™ ─ ╩ ⇔√ ⌐ ⌐⅔↑╢

─ ╩ ∆╢√╘─ ╩ ⇔ ╩ ⇔√ ↓─

⌐╟╡ ╩ ∂╢ ⅜ ™≤ ⇔√ ⌐ ⇔≡

ⅎ ─ ⌂ ╩ ∆╢↓≤╩ ≤⇔≡ ⌐ ↕╣≡

™╢ ─ ╛ ⌂≥⅜ ─ ⌐ ╓∆ ╩ ⇔

√ ⌐ ↓╣╠─ ╩ ╕ⅎ ─ ╩ ↕∑╢↓≤

╩ ≤⇔≡ ⌐ ∆╢ꜝ▬ⱨ◘▬◒ꜟ◖☻♩─ ⅛╠ ⅎ

─ ╩ ⌂™ ⌐⅔↑╢ ╩ ≤⇔√

╩ ⇔√ ⌐ ≢ ⇔√ ⅔╟┘ ─ ╩ ∆  

1 ≢│ ⌐⅔↑╢ ─ ≤

⌐ ∆╢ ─ ≤ ╩ ═√ ╕√ ∆╢ ─ ≤⇔≡

─ ╛ ╩≤╡╕ↄ ⅔╟┘ ─ ─ ⌐

∆╢ ה ─╒⅛ ─ ╛ ─
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≤ ⌐ ∆╢ ה ⌂≥⌐≈™≡ ═√  

2 ≢│ ⌐ ∆╢ ─ ╛ ╩

∆╢√╘ ⌐ ↕╣√ ╩ ⌐ ─ ─

⅔╟┘ ╩ ⇔ ≤─ ⌐≈™≡ ⇔√ ╕√

─ ╛ ⌐ ∆╢ ╩ ⌂∫√ ╠╣√ ╩ ⌐ ∆  

(1) │ ⌐ ⅜ ↕╣√ ≢ ∂ ⅎ⅛

╠ ⅛↑≡ ⌂ ╣╩ ∂╢╕≢⌐ ∆╢  

(2) ⌐ ╕╣╢ │ ─ ⌐ ∆╢ ⅜№╢   

(3) ─ │ ─ ⇔⌐ↄ™ ≢ ⅝ↄ⌂╢ ⌐№

╢⅜ ─ ∞↑≢│ ≢⅝⌂™ ╙№╡ ─ ⅜ ⅝

™↓≤⅜ ↕╣╢  

 

3 ≢│ ╩ ─ ⌐ ⇔≡ ⇔ ∕─

⇔√ ─ ╩ ∆╢↓≤⌐╟∫≡ ─ ─

╩ ∆╢ ╩ ⇔√ ─ ╩ ∆╢√╘

≤ ─ ╩ ∆╢≤≤╙⌐ ╩ ⇔√ ⌐ ∆╢

╩ ⇔√ ╕√ ╩ ⌐ ⇔ ⌐ ∆╢

╩ ⇔√ ╠╣√ ╩ ⌐ ∆  

(1) ⇔√ ─ ─ │ ─

─ ⌐ ∆╢ ╕√ ─ │ ≤ ⌂╢ ╩

⇔ ⅜ ↄ⌂╢╒≥ ⅜ ⅝ↄ⌂╢ ⌐№╢  

(2) ⌐ ⇔√ │ ╛ ─ ⌂≥⌐╟∫

≡ ≤ ╩ ∂╢ √∞⇔ 3.2mm ─ ╩ ™╢ ⌐│ ≤

─ │╒≤╪≥ ™  

(3) ⌐ ⇔√ ─ │ ─ ⇔⌐ↄ™ ⌐

⅔™≡ ╙ ⅝ↄ⌂╢ ∕─ ≢ ≢│ ╩ ↄ ⌐ ⇔

√ ⌐ ⅝⌂ ╩ ∆ ↓─ ≤⇔≡ ─ ╣ ╛

≤ ⱨꜝfi☺─ ⌂≥⅜ ↕╣╢  

(4) ╩ ™≡ ─ ╩ ∆╢ ─

⌐ √∫≡│ ╩ ↄ ╩ ≤∆╢─⅜ ≢№╢≤ ⅎ╢  

 

4 ≢│ ⌐ ⅜ ∆╢ ─ ⌂ ╩ ∆

╢√╘ ⅜ ↕╣√ ⌐ ⇔√ ─ ╩

⌐╟∫≡ ⇔√ ╕√ ⌐ ╕╣╢ ⅜ ─ ⌐

ⅎ╢ ╩ ∆╢√╘ ╩ ™≡ ╩ ⇔√ ─
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─ ╩ ⇔√ ╠╣√ ╩ ⌐ ∆  

(1) ≢ ↕╣╢ ─ │ ≤ ≢ ⌂╡

─ │ ≤─ ⅜ ⅝ↄ ≢│ ⌐╟╢ ⅜

⅝™ ⌐№╢  

(2) ─ │ ─ ⌐╙ ─ ⌐ ╩

↑ ─ ⅜ ╛ ─ ─ ⌐│ ╩ ∂╛∆™  

(3) ─ ™ ─ ≤ ─ ⅜ ≤⌂╡

↕⌂ ╣⅜ ⌐ ∂╢ ⌐№╢  

(4) Ⱪꜝ☻♩ ⇔√ ≢│ ≢ ⌐ ⅜ ∆╢ ⌐№╢

√∞⇔ ⌐ ⅝⌂ │╖╠╣∏ ─ ╩ ⌐ ↕∑

╢√╘⌐│ ─ ⅜ ⇔≡™╢ ⅜№╢≤ ↕╣╢   

(5) ─ ⌐╟∫≡ ─ ▬○fi⅜ ↕╣╢≤

≤╙⌐ ─ ⅜ ⇔ ─ │ ∆╢ ↓─ │

─ ™ ⌐⅔™≡ ≢№╢  

 

5 ≢│ ⌐ ∆╢ ≤⇔≡ ≢ ╙ ≤ ⅎ╠

╣╢Ⱪꜝ☻♩ ⌐≈™≡ ╛ ⌂≥─ ⅛╠Ⱪꜝ☻♩╩

∆╢ ─ ⌂ ╩ ⇔√ ╕√ ─ ⅎ⌐ ∆

╢ ⌐ ⇔ ╩ ⌂ ⌐≈™≡

⇔√ ╠╣√ ╩ ⌐ ∆  

(1) ─ │ ─ ⌐ ∆╢ ⌐ ™ ╩

⇔⌂™ ⌐│◓ꜞ♇♩ ─ │ ™ ╩ ∆ ⌐№╢  

(2) ╩ ∂√ ≢│ Ⱪꜝ☻♩╩ ⇔≡╙ ⅜ ∆╢

⌐№╢ √∞⇔ ∕─ ≢╙ ≢ ∆╢ ╟╡╙ ™

╩ ∆  

(3) ™ ≢─ ◘▬◒ꜟ ⌐⅔™≡ Ⱪꜝ☻♩⌐╟╢ ─

™│ T ─ ⌐ ⇔≡ ⅝ↄ ⇔⌂™  

(4) ╛ ⅎ ⌂≥╩Ɽꜝⱷכ♃≤⇔≡ ⇔√ ⅎ

⌐ ∆╢ LCC ╩ ⌂∫√ Ⱪꜝ☻♩ │ ╟╡╙

╩ ⇔≈≈ ╩ ≢⅝╢ ≢№╢≤ ⅎ╢ √∞⇔ ≤∆

╢ ─ ⌐ ∂≡ ⌂ ⅜ ⌂╢↓≤⅛╠

≢ ⇔√ LCC ─ ⌐№√∫≡│ ─ ─

⅜ ≢№╢   
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謝辞 

 

╩ ∆╢⌐№√╡ ⅔╟┘ ╩ ∫√  ⌐

ↄ ─ ╩ ⇔ ↄ ⇔ →╕∆  

 ─ ⌐№√╡ ⌂ ╩ ╡╕⇔√  ⅔╟┘

 ⌐│ ╟╡ ⇔ →╕∆  

  ◦☻♥ⱶ  ─ ⌐│

╩ ╘╢ ≢ ₁⌂◘ⱳכ♩╩⇔≡™√∞™√╒⅛ ⌂≥⌐╙ ╩

⅛↑≡╙╠™ ₁─ ⌐ ∫√ ⌐↕∑≡™√∞⅝╕⇔√ ⇔≡

⅔╡╕∆ ⌐ ↕╪ ↕╪ ↕╪⌐│ ─

⌐№√∫≡─ ╩™√∞ↄ≤≤╙⌐ ∂ ╩ ╗ ≤⇔≡ ⌂

╛ ╕⇔─ ╩ ╦∑╕⇔√↓≤⌐ ⇔ →╕∆  

 

╩ ╘╢ ≢ ╩ ™√ ה │ ≢№╡

─ ⌐│

⅔ ⌐⌂╡╕⇔√ ↄ ™√⇔╕∆ ⌐  

  ⌐│ ─ ╩ ™√∞™√∞↑≢⌂ↄ

─ ╛ ─ ⌐≈™≡ ⌐ ™√∞⅝ ↄ─ ╩♃כ♦⌂

╢↓≤⅜≢⅝╕⇔√    ⌐│

─ ⅛╠ ⌐ ╢╕≢ ≢─ ╛ ╩ ∂≡ ⌂╢

⅔╟┘ ╩™√∞⅝╕⇔√ √∞√∞ ⇔⅛№╡╕∑╪ №╡⅜≤℮↔

↨™╕⇔√ ╙ ─ ⌐ ↑√ ⌐ ⇔≡™ↄ ≢∆

─≢ ≤╙╟╤⇔ↄ⅔ ™ ⇔ →╕∆  

ⱷכ◌ ⌐⅔⅛╣╕⇔≡│ ◌♫Ꞌ  Ɑ▬

fi♩   

 

 ♩►Ɑ  

Ɑ▬fi♩  ⌐│ ╩ ∂≡

◘fiⱪꜟ ─ ┼─ ⌂≥ ₁⌂ ≢ ⌐⌂╡╕⇔

√ ↄ ⇔ →╕∆ ╙ ה ─ ⌐ ∆╢ ≢

∆─≢ ╟╤⇔ↄ⅔ ™ ⇔ →╕∆  

 ⌐│ ⌐ ∆╢ ₁⌂

╩ ™√∞ↄ≤≤╙⌐ ₁─ ╩ ╡╕⇔√ ⌐ ⌐⅔⅛╣╕

⇔≡│ ⌐ ↕╣≡™√ ⅛╠ ↄ─ ╩™√∞⅝╕⇔√

╟╡ ™√⇔╕∆  
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 ⌐│ ⅜ ⌐ ⇔≡ ה ⌐≈™≡ ≥

╩ √⌂™ ⅛╠ ™√∞⅝╕⇔√ ⅎ⅜ ™ ⌐ ⇔≡ ↄ

⌂ ⅔╟┘ ╩™√∞™√ ≢ ╩ ∆╢↓≤⅜≢⅝╕⇔

√ ╟╡ ™√⇔╕∆  

 

   ⌐│ ⌐⅔™≡

┼─ ⅔╟┘ ╩™√∞⅝╕⇔√↓≤⌐ ⅎ≡ ─

⌐⅔™≡ ↄ─ ╩™√∞™√↓≤╩ ™√⇔╕∆  

 ⌐│ ─ ⌐ ∆╢ ⌐ ⅎ≡ ₁

─ ⌐⅔↑╢ ⌂◘ⱳכ♩╩™√∞⅝ ⌐ ≢⅝╢ ╩ ⇔≡

™√∞⅝╕⇔√ ↄ ⇔ →╕∆  

  ⌐│ ⌐ ─ⱴכ♥

⌐№√∫≡╛ ⌐ ⇔≡ ↄ─ ╩ ╡ ⌐ ∆╢

꜡☺♇◒╩ ┌∑≡™√∞™√↓≤╩ ™√⇔╕∆  

  ◖fi◒ꜞכ♩ ⌐│ ─ ≤⌂╢

─ ⌐ ⇔≡ ™√∞™√↓≤╩ ™√⇔╕∆  

  ⌐│ ─ ⌂≥╩ ∂≡ ┼─ ╩

™√∞™√∞↑≢⌂ↄ ─ ╩™√∞™√↓≤╩ ™√⇔╕∆  

  ⌐│ ╛ ⌐ ⇔≡ ↄ─ ╩ ╡

─ ─ ↕╩ ⅛⌂⅜╠ ∆╢↓≤⅜≢⅝╕⇔√  ⌐

│ ₁─ ⌐ ™√∞ↄ⌂≥ ┼─ ╩™√∞™√↓≤⌐

ⅎ≡ ⌂ ╩™√∞⅝ ↄ─ ≠⅝╩ ╢↓≤⅜≢⅝╕⇔√ ⅛╠

™√⇔╕∆  

₁  ⌐│ ─ⱴכ♥ ⌐ ⅎ≡ ╩ ╘╢℮

ⅎ≢─ ⌂ ⅔╟┘ ╩™√∞⅝╕⇔√ ↄ ⇔ →╕∆

  ⌐│ ╩ ╘╢ ≢ ₁─ ⌐≈™≡

™√∞⅝ ™√⇔╕∆ ≢№╢   

⌐│ ╩ ╘╢ ≢ ╩⅛↑≡⇔╕∫√↓≤⌐⅔ ┘ ⇔

→╕∆ ⇔⅛⇔⌂⅜╠ ⌐ ╣√≤⅝─ ≢ ╩ ╘╢↓≤⅜≢⅝

╩ ∆╢ ≢ ↑≡™√∞™√ ⅜ ₁№╡╕⇔√ ↄ ⇔ →

╕∆  

  ⌐│ ה ─ ⌐ ∆╢ ╩ ╢∞↑≢⌂

ↄ ╩ ∆╢ ≢─ ╩™√∞ↄ ╩ ↄ ↑≡™√∞⅝╕⇔√

ↄ ™√⇔╕∆  
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 ⌐ ─ ⌐ ⇔≡™≈╙ ⅛ↄ ╡⌂⅜╠ ↄ∞↕™╕⇔√

⌐ ∆╢≤≤╙⌐ ⌐⅔™≡ ╩ ⇔╗↓≤⌂ↄ

⅛╠ ⅎ≡ↄ╣√  ⌐ ↄ ⇔╕∆ ─ ⅎ⅜№∫√⅔⅛→

≢ ╩ ∆╢↓≤⅜≢⅝╕⇔√ ╟╡ ™√⇔╕∆  

 

 


