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1.1  

│⁸ ─℮∟ ─ ⌐ ∆╢⁹  

ₒ ₓ  

│⁸ ⌂ ≢─ ⁸ ⁸ ⌐ ∆╢

≢─ ⅎ ╩ ⇔√╙─≢№╢⁹↓↓⌐ ↕╣≡™⌂™ ╛ ─

ה ⌐≈™≡│⁸ ⌐ ╩ ℮↓≤≤∆╢⁹  

 

1.2  

⌐№√∫≡│⁸ ⌐ ℮≤≤╙⌐⁸ ∆╢ ⁸

⌐ ⇔⌂↑╣┌⌂╠⌂™⁹  

 

ₒ ₓ  

( 26 4 )⅜ ↕╣≡⅛╠ ⌐ 8 ⅜ ⇔≡™╢

⅜⁸↓─ ⌐↕╕↨╕⌂ ⁸ ─ ⅜ ╦╣√⁹↓╣╠─ ⅜

─ ⌐ ↕╣╢╟℮ ─ ╩ ℮╙─≢№╢⁹  

 

─ ⌐№√∫≡─ │⁸ ─≤⅔╡≤⇔√⁹  

 

(1) ∆╢ ─ ─ ה ╩ ╡ ╪∞⁹  

(2) ₈ ה ≤ ₉ ( )╩│∂╘≤⇔√ ∆

╢ ה ─ ╩ ⇔√⁹  

(3) 9 ─₈ ─ ₉

─ ╩ ⇔√⁹  

(4) ↕╣≡™╢ ה ⌐ ∆╢ │∕─ ╩ ∆╢≤≤╙⌐⁸

⌂ │ ⌐╟╢╙─≤⇔⁸ ⌂ ה ⅎ ╛ ⌐№√

∫≡─ ╩ ⇔√⁹  
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1.3 ─ⱨ꜡כ  

─ ⌂ⱨ꜡כ╩  

 1.3.1 ⌐ ∆⁹  

ₒ ₓ  

│⁸ ─╟℮⌂ ≢ ∆╢╙─≤⇔⁸ ↔≤⌐ ⌂ ╩

℮⁹  
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ה  ≤─ ⌐⅔™≡│⁸ ⌐ ∂√ ╩ ∆╢  
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1.4  

⌐ ∆╢ ╩  1.4.1 ⌐⁸ ⌐ ⌐№√∫≡ ∆╢

╩  1.4.1 ⌐ ∆⁹  

ₒ ₓ  

⌐№√∫≡│⁸ ∆╢ ╩ ∆╢≤ ⌐⁸
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 10 .  9 .24  
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─ ⌐ ╦╢ ─
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╢  

 5 .  3 .31  ◄Ⱡꜟ◑כ⅔╟┘ꜞ◘▬◒ꜟ ⌐ ∆╢  
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⌐ ⇔⁸ ⌐ ∆ ╩ ∆╢⁹  

ₒ ₓ  

⌐ ⌂ ≤⇔≡⁸ ─╟℮⌂╙─⅜ →╠╣╢⁹  

ᵑ  ( ה ⁸ ⁸ ) 

ᵒ  ⌐ ∆╢ ⁸ ─  

ᵓ  ─ ⁸  

ᵔ ה  ה ה ה ה☻●ה ה ─ ┘

⌐ ∆╢  

ᵕ  ┘ ⌐ ∆╢  

ᵖ ה  ⌐ ∆╢  

ᵗ   

ᵘ ה  ─ ─  

ᵙ  ∕─ ─ ⌂  

│⁸ ⌐ ⇔≡ ⌐ ∆╢⁹  

 

2.2  

≤⇔≡⁸ ─ ╩ ℮⁹  

(1)   

(2)   

(3)   

(4)  ⁸ ─  

(5)  ∕─  

ₒ ₓ  

│⁸ ≢ ≤⌂╢ ─ ╩ ∆╢√╘⌐ ∆╢⁹  

(1)  

⁸ ╩╙≤⌐⁸ ─ ⌐≈™≡ ≤─

╩ ∆╢≤≤╙⌐⁸ ⌂ ⁸ ⁸ ⁸ ─

╩ ∆╢⁹  

(2)  

⁸ ⁸ ─ ╩ ∆╢≤≤╙⌐⁸ ⌐

≈™≡╙ ∆╢⁹  

 

(3)  

⁸ ⁸ ⁸ ⁸ ─ ⁸

⌐≈™≡ ∆╢⁹  

 

(4) ⁸ ─  

─ ≤⌂╢ ┘ ─ ╩ ∆╢⁹⌂⅔⁸ │

╘ ≡√ ╛⁸ ↕╣√ ╙№╢√╘ ⅜ ≢№╢⁹  

(5) ∕─  

─ ⁸ ─ ( ⁸ )─ ╩ ℮⁹  
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2.3  

⁸ ⁸ ⁸ ─ ╩ ∆╢⁹  

ₒ ₓ  

(1)  

┘ ⌐╟╡⁸ ⁸ ⁸ ╩ ⇔⁸ ⅝╞

─♩כꜟ ╛ ╕∆ ─ ╩ ℮ ( ⌐⁸ ⁸

)⁹  
 

(2)  

─ ╩ ⇔⁸ ─ ╩ ∆╢≤≤╙⌐⁸

╩ ⅛≈ ⌐ ℮√╘─╙─≢№╢⁹╕√⁸ ⌐ ∂≡ ╩

℮⁹  
 

(3)  

─ ≢│⁸ ─╒⅛ ⌐≈™≡╙ ∆╢⁹

 2.3.1 ⌐ ┘ ╩ ∆╢⁹  

 

 2.3.1 ┘  
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2.4  

│⁸ ─ ⌐≈™≡ ⌐ ∂≡ ∆╢⁹  

(1)   

(2)   

(3)   

(4)   

 

ₒ ₓ  

(1)  

⌐ ™╢ │⁸ ≤⇔≡ ╡ ⇔ ╩ ∆╢⅜⁸ ╡ ⇔

⅜ ⌂ ⌐│⁸ ╩ ⇔≡ ℮╙─≤∆╢⁹  
 

(2)  

ⱴfiⱱכꜟ ─ ╩ ∆╢⁹∕─ ⁸ⱴfiⱱכꜟ │⁸

⅛╠─ (○ⱨ☿♇♩ 3 ⁸∕─ ≢ 2 )╩ ⇔ ∆

╢⁹  
 

(3)  

≤⇔≡ⱴfiⱱכꜟ ⌐ 1 ∆╢⁹  
 

(4)  

⅛╠ ↑√ BM ╩ ⌐⁸ⱴfiⱱכꜟ ─ ↕╩ ∆╢⁹

∑≡ⱴfiⱱכꜟ ≢ ↓℮ ⅜ ∆╢ │⁸ ─ ↕╙

∆╢⁹ BM │⁸ ↔≤⌐ ⅛ ⇔⁸ ─ ╩ ╢⁹  
 

⌂⅔⁸ │ ─₈ ₉╩ ∆

╢⁹  

☻כⱬ♃כ♦ ─ UR L  

https:/ /www.pref.chiba. lg . jp/wit /chishi tsu/ch ishi tsudb.html  

 

https://www.pref.chiba.lg.jp/wit/chishitsu/chishitsudb.html
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2.5  

│⁸ ─ ╩ ∆╢  

(1)   

(2)   

(3)   

ₒ ₓ  

⅝╞─ ⁸ ─ ⁸ ╘ ┘ ─ ⌐

⌂ ╩ ∆╢⁹ ≤⇔≡⁸ ─╟℮⌂ ⌐╟╡ ╩ ⇔⌂↑

╣┌⌂╠⌂™⁹  

 

(1)  

─ ─ ╩ ℮⁹  
 

(2)  

─ ╩ ≤∆╢⁹  
 
ᵑ ╛♩כꜟ─╞⅝  ⌂≥╩ ⇔≡⁸ ≤ ╦∑≡Ⱳכꜞfi◓─

⁸ ╩ ∆╢⁹  

ᵒ  ≤⇔≡⁸ ─ │ 200m ⁸ ─ │ ↔≤⁸◦

♪ꜟכ ─ │ 200m (♩fiⱠꜟ ♪ꜟכ◦ה )≤∆╢⁹  

√∞⇔⁸ ─ ⅜ ≢⁸ ─ ⅜№╢ ≢⅝╢

⁸ │ ⅜ (√≡ ╖ )⌂ ≢ ≤ ↕╣╢ ─

│⁸ ╩ →╢↓≤⅜≢⅝╢⁹  

ᵓ  ⅜ ⌐ ∆╢ ⁸ │ ⌐╟╡ ─ ╡ ╡⅜ ╦╣⁸

─ ⌂ ⅜ ↕╣╢ ⌐⅔™≡│⁸ ╩ ⌐∆╢⌂≥⁸

∆╢↓≤⅜≢⅝╢⁹  

ᵔ  ─ │⁸ ⌡ ╩ ≤∆╢⁹  

ה ⁸ ♪ꜟכ◦ה  (1.5 2.0)×H (m)  

ה ♪ꜟכ◦ה ( ─ ) H (m) (1.0 2.0m) 

↓↓≢⁸H GL ↑╕≢  

⌂⅔⁸ ╩ ℮√╘⌐│ ─ ╩ ⇔⌂↑╣┌⌂╠⌂™⁹

⌐╟╡ ─ ⅜ ⌂ │⁸ ≤ ─℮ⅎ⁸

─ ╩ ⌐ ∆╢↓≤⅜≢⅝╢⁹  

╕√⁸ ╛ ─ ╙ ⌐ ∆╢⁹  
 

₈ ☻כⱬ♃כ♦ ( )₉─ URL  

https:/ /www.pref.chiba.lg. jp/wit/chishi tsu/chishi tsudb.html  
 

₈ ⌐⅔↑╢Ⱳכꜞfi◓♦₉♃כ─ URL  

h ttps:/ /www.ci ty.chiba. jp/toshi/kenchiku/kanri/bolingdata.html  
 
ᵕ  ⌐ ∂≡⁸ ⁸ ●☻─ ⌐≈™≡ ╩ ℮↓≤≤∆╢⁹ 

 

(3)  

│⁸ ≤ ⅜№╡⁸ ╛ ⌂≥⌐╟∫≡

≤⌂╢ ╩ ∆╢⁹ ⌂ ≤∕─ ╩⁸  

2.5.1 ⌐╕≤╘╢⁹  
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 2.5.1  

─        
⅛╠ ╘╠╣╢

╙─  
─          

 

          
╩

 

          
─  

─  

          ─  

ⱬ fi∑╪           ⌂ ─∑╪ ↕  

           ─  

→ ⅝          
─ ∆╢ ─

 
─  

 

 

 

 

 

 

 

 

 

 

         

 

 

 

─ ─

 

─  

         

 

 

 

 

→⅝  

─ ╡ ─  

◖fi◦☻♥fi◦כ          

          

 

 
─  

∑

╪

 

∑╪  ∑╪  

⌐

∆╢⁹  

         

        
 

 

          

→⅝  

 

 

 

 

─  

           

   ─  

 



2- 6 

2.6 ─√╘─  

─√╘⁸ ⌐ ∂≡ ─ ╩ ℮⁹  

(1) ה   

(2)   

(3) ה   

(4)   

(5)  ∕─  

ₒ ₓ  

┼ ╩ ╓∆↓≤⅜ ↕╣╢╙─⌐≈™≡│⁸ ⌐ ╩ ⇔

≡ ⌐╟╢ ╩ ⌂ↄ∆╢╟℮⌐ ⇔⌂↑╣┌⌂╠⌂™⁹  

 

ה (1)  

⌐ ∫≡ ∆╢ ה ─ ╩ ⌐ ∆╢√╘⁸

─ ה │╙∟╤╪⁸ ─ ה ╩ ∆╢⁹╕√⁸

⁸ ⁸ ╩ ≤∆╢ ─ ╩ ⌐ ∆╢⁹  

 

(2)  

⌐ ∫≡ ∂╢ ─ ה ─ ╛ ∆╢ ⁸

⌐ ⅎ╢ ╩ ⇔⁸ ─ ╩ ∆╢ ≤∆╢√╘⁸

─ ≤ ┘ ─ ─ ┘ ╩ ℮⁹  

 

ה (3)  

╛ ─ ╩ ∆╢ ⁸№╢™│

╛ ─ ⅜ ↕╣╢ ⌐│⁸ ╛ ⌐ ∆╢

⌐≈™≡ ∆╢⁹  

│⁸ ╛ ⁸ ─ ⁸ ─ ⌐⁸ ─

╛ ⌐≈™≡╙ ה ∆╢ ⅜№╢⁹ ╛ │ ⌐╟∫≡

∆╢─≢⁸ ╩ ∂≡ ⇔⁸ ≤ ≤─ ╩ ∆

╢⁹  

╕√⁸ │ ─╖≢⌂ↄ⁸ ─ ⅔╟┘ ─ ⌐╟╡

╩ ⌐ ∆╢↓≤⅜ ≢№╢⁹⌂⅔⁸ ⌐≈™≡│⁸

≤─ ⇔ ™─╙≤ ≢ ∆╢ ⅜№╢⁹  

 

(4)  

⁸ ⁸ ⌐№√∫≡│⁸ ⌂ ≤ ─

─√╘⁸ ─ ─ ┘⌐ ─ ⌐ ╘╢≤≤╙⌐⁸

⁸ ─ ╩ ∫≡⅔ↄ ⅜№╢⁹╕√⁸₈ ─

⌐ ╢ ⌐≈™≡₉( 46⁸ 3 8 23 )⌐ ≠⅝⁸ ≡

∆╢ ⌐≈™≡ ⌐ ╩ ∆╢⁹  

 

(5) ∕─  

─ ⌐╟╢ ─ ┼─ ╩ ∆╢√╘⁸  

╩ ℮⁹ ┘ⱷ♃fi●☻ ─ ●☻⌐≈™≡│⁸ ⌐ ⅜  

↕╣╢ ─Ⱳכꜞfi◓⌐╟╢ ⁸ ─ ⁸ ╩ ℮⁹ 
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2.7 ≤─  

⌐ ╦╢ ≤ ╩ ™⁸ ⁸ ⁸ ⁸

⌐≈™≡⁸ ─ ┘ ╩ ℮⁹  

(1)   

(2)   

(3)   

(4)   

(5)   

(6)   

(7)  Ᵽ☻  

(8)   

ₒ ₓ  

(1)  

⁸ ╡⁸ ⁸ ⇔ ⁸ ⌐≈™≡

╩ ℮⁹  

 

(2)  

┘ ≢ ∆╢ ⁸ ⁸ ⁸ ⌐≈

™≡ ╩ ℮⁹  

 

(3)  

( ⁸ ⁸ )⁸ ─ ⁸ ─ ⁸

⌐≈™≡ ─ ≤ ╩ ℮⁹ ∑≡⁸ ⌐ ∆╢

╩ ↑╢⁹  

 

(4)  

╛ ─ ⇔⁸ ┘ ⌐≈™≡ ╩ ℮⁹  

 

(5)  

┘⌐ ─ ╩ ℮⁹  

 

(6)  

┘∕─ ─ ≢│⁸ ≤ ╩ ™

╩ ↑╢⁹  

 

(7) Ᵽ☻  

─ ╩ ™⁸ ⁸ ⌐≈™≡ ╩ ℮⁹  

 

(8)  

⌐ ↕╣≡™⌂™ ╛ ─ ה ⌐≈™≡

│⁸ ≤ ╩ ℮⁹  

 

⌂⅔⁸ ⌐ ∂≡∕─ ─ ≤ ╩ ℮↓≤≤∆╢⁹  

 



 

 

 

 

 

 

 

 

 

 

 

 ≤  
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3  ≤  

3.1  

⌐№√∫≡│⁸ ╩ ∆╢⁹  

(1)   

(2)   

ₒ ₓ  

(1)  

⌐ ≠⅝⁸ ⁸ ╩ ╘⁸ ╩

≤⇔≡ ╩ ∆╢⁹  

⌂⅔⁸ ┘ ⌐ ⅜ ∂╢ │⁸ ≤

╩ ℮⁹  

 

(2)  

│ ⌐ ↕╣≡™╢ ≤⇔⁸ ─

│ - 1 ╩ ≤∆╢⁹  

⌂⅔⁸ │ (T.P.) ≤∆╢⁹  
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3.2  

3.2.1  

─ │⁸ ≤⇔≡ ⌐╟╢╙─≤∆╢⁹ │ ≤⇔≡

10 ≤∆╢⅜⁸ ⌐ ⇔≡™╢ ⌐≈™≡│↓─ ╡≢│⌂™⁹  

╕√⁸ ⌐≈™≡│₈ ₉⌐╟╢↓≤≤∆╢⁹  

ₒ ₓ  

(1) ( ) 

  3.2.1 

↓↓⌐⁸  

 Q (m 3/s)    

 C  

 I  (mm/hr)  

 A  (ha)  

(2)  

10 ╩ ∆╢ │⁸ 3.2.3 ♪Ⱪꜝfiכꜞ◒─ ─ ╩

™╢⁹⌂⅔⁸₈ ₉⌐⅔↑╢ ≤

⌐ ∆╢ │⁸ 3.2.4 ♪Ⱪꜝfiכꜞ◒─ ─ ╩

™╢⁹  

╕√⁸ ⌐ ⇔≡™╢ ≢ 5 ╩ ∆╢ │⁸

3.2.2 ─♃ꜟⱲ♇♩ ─ ╩ ™╢⁹  

 (5 )   3.2.2 

 (10 )   3.2.3 

 

  (10 , , ( ))   3.2.4 

( )   3.2.5  

t1  ќ5 ≤∆╢⁹  

t2  ќ  
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(3)  

─ │⁸ │

⌐╟╢⅜⁸ ⌐ ∂ ⌐ ∆╢

↓≤⁹  

 

3.2.2  

│⁸ ⁸ ⁸ ⁸ ⁸

⁸ ⅛╠ ↕╣╢⅜⁸ │ 1 1 √╡

(L/ / )⌐ ( )╩ ∂≡ ∆╢⁹√∞⇔⁸ ╛ ⌐≈™

≡│⁸ ∆╢⁹  

 

ₒ ₓ  

─  

 

  3.2.6 

 

↓↓⌐⁸  

Q (m 3/s)   

P ( ) 

⌐│ ≤∆╢⁹⌂⅔⁸ ≢

│ ╩ ∆╢⁹  

q 1 1 √╡ (L/ / ) 

╩  3.2.1 ⌐ ∆⁹ ⌐

∆╢ │ ⌐╟╢⁹  

 3.2.1  

 
      

( L/ / )  

      

( L/ / )  

      

( L/ / )  

      

( L/ / )  

 355 445 625 ( 70)  

  ⁿ  355 445 625 ( 70)  

  ⁿ  375 475 680 ( 70)  

3  

β 1 ╩ ╗⁹  

β 2 ⌐≈™≡│⁸ ─ ⌐ ∂╢╙─≤∆╢⁹  
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3.2.3  

─ │⁸ ─≤⅔╡≤∆╢⁹  

(1)  ⅝╞│⁸ ( QS)≤∆╢⁹  

(2)  ⅝╞ ┘ ⅝╞│⁸ ( QR)≤∆╢⁹  

(3)  ⅝╞│⁸ ( QR)≤ ( QS)≤╩ ⅎ√  

≤∆╢⁹  

(4)  ⅝╞│⁸ ≤∆╢⁹  

 

 

ₒ ₓ  

(1) ⌐≈™≡  

⅝╞│⁸ ─ ⌐ ⇔⁸ ╩ ⌂ↄ ↕

∑⌂↑╣┌⌂╠⌂™⁹ │⁸∕╣∙╣─ ─ ⌐

∂≡ ╘╢⁹  

 

(2) ⌐≈™≡  

⅝╞│⁸ ∆╢ ╩ ╛⅛⌐ ↕∑⌂↑╣┌⌂╠⌂™⁹

│⁸ ∆╢ ⁸ ⌐╟∫≡ ⅝⌂ ™⅜ ╢─≢⁸

─ ┘ ∆╢ ─ ╩ ∆╢⁹  

 

(3) ⌐≈™≡  

⅝╞│⁸ ≤ ╩ ╛⅛⌐ ↕∑⌂↑╣┌⌂╠⌂™⁹

│⁸ ⌐ ═≡ ⅝™ ≢№╢─≢⁸ ⌐

╩ ╘╢⁹  

 

(4) ⌐≈™≡  

≢│⁸ ─ ╩ ( )≤⇔≡⁸

⅝╞≢ ↕∑⌂↑╣┌⌂╠⌂™⁹↓─ │⁸ ≤⇔≡

─ 3 ≤ ╘≡™╢⁹  
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3.3 ⅝╞─  

╩ ⌂ↄ ∆╢√╘⁸ ⌐ ∂≡⁸ ⌐ ⇔≡ ⌐ ╩

╗↓≤≤∆╢⁹  

 

ₒ ₓ  

(1) ⅝╞  

⅜ ↕™╒≥ ─ ⅜ ⅝™─≢⁸ ─≤⅔╡

⌐ ⇔≡ ╩ ∆╢⁹  

 3.3.1 ⅝╞─  

(mm)   

200 600 100  

700 1, 500 50 100  

1, 650 3, 000 25 50  

           

 

 

(2) ( )⅝╞⁸ ⅝╞⁸ ⅝╞⁸ ⅝╞  

│ ╕⌂™⁹  
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3.4 ⅝╞─  

⅝╞─ ⌐ ™╢ │⁸ ≢│ⱴ♬fi◓ ⁸ ה

≢│Ⱬכ♀fiה►▫ꜞ▪ⱶ☻ ╩ ™╢⁹  

ₒ ₓ  

(1) ⱴ♬fi◓ ( ) 

  3.4.1 

  3.4.2 

↓↓⌐⁸  

Q (m 3/ ) 

A  ─ (m 2) 

V  (m/ ) 

n   

R (m)( A/P)  

P ─ (m)  

I  ↓℮ ( │ ) 

 

(2) Ⱬכ♀fiה►▫ꜞ▪ⱶ☻ ( ה ) 

  3.4.3 

  3.4.4 

↓↓⌐⁸  

V  (m/ ) 

C  

I  ↓℮ (h/L)  

h  ↕ L(m)⌐ ∆╢ (m)  

 

⌂⅔⁸ ⌐№√∫≡─ │ ≤∆╢⁹  

1) ⅝╞─  

⅝╞│ ⁸ↄ ⅝╞│ 9 ≤∆╢⁹  

 

2) ⅝╞─  

⅝╞─ ↕│⁸ ↕─ 2 ( 0.6m) ≤∆╢⁹  
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3)  

 3.4.1 ⌂ ─  

   

◖fi◒ꜞכ♩  0.013    

ⱦ♬ꜟ  0.010    

ⱪꜝ☻♅♇◒  0.010    

Ⱳ♇◒☻◌ꜟⱣכ♩  0.013    

 0.015    

⅝╞ (◖fi◒ꜞכ♩

)  
0.015  

◖fi◒ꜞכ♩ ╡

 

⅝╞ (∕─ ─ )  β 1   

⅝╞  0.010  β 2 

β 1 ⅝╞ (∕─ ─ )│∕─ ⅜ ≢№╢√╘⁸ ⌐ ∆╢↓≤≤∆╢

( ─╖◖fi◒ꜞכ♩ ─ ⁸ ⅝╞ )⁹  

β 2 ⅝╞≢│ ─ ⌐╙╟╢⅜⁸ ⌐│ ⌐ ⱦ♬ꜟ

╛ ⱪꜝ☻♅♇◒ ≤ ⌂ ⅜ ↕╣≡™╢⁹↓─√╘⁸ ⌂

⅜╡ ⌐№╢ │ ⱦ♬ꜟ ≤ ─ ⅜ ╕╣╢⁹

√∞⇔⁸ ⌐╟╡ ↕⌐ ⅜№╢ ⅜№╢─≢ ∆╢⁹  

 

4) Ⱬכ♀fiה►▫ꜞ▪ⱶ☻ ⌐⅔↑╢  

Ⱬכ♀fiה►▫ꜞ▪ⱶ☻ ─ ⁸ C │⁸ ─╖─ │

130 ╩ ≤∆╢⁹ ⌂≥╩ ∆╢ │ 110 ≤∆╢⁹  
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3.5 ┘↓℮  

│⁸ ⌐ ⌐ ↄ⌐ ™ ↕∑⁸↓℮ │⁸ ⌐ ↄ⌐ ™⇔∞™

⌐ ↄ⌂╢╟℮⌐⇔⁸ ─ ╩ ⇔≡ ∆╢⁹  

 

(1)  ⅝╞ ┘ ⅝╞⌐№∫≡│⁸ ≤⇔≡ 0.6m/s⁸

3.0m/s ≤∆╢⁹  

(2)  ⅝╞ ┘ ⅝╞⌐№∫≡│⁸ ≤⇔≡ 0.8m/s⁸

3.0m/s ≤∆╢⁹  

(3)  ⅝╞≢ ─ │⁸ ≤⇔≡ 0.6m/s⁸ 3.0m/s ≤∆

╢⁹  

ₒ ₓ  

⅝╞─↓℮ │⁸ ─↓℮ ⌐ ∂≡ ╘╣┌ ≢№╢⅜⁸↓℮ ╩

ↄ⇔⁸ ╩ ↕ↄ∆╢≤ ⅜ ⇔⁸ ⅜ ≤⌂╢⁹  

⌐ ⅜ ⅝ↄ⌂╡ ⅞╢≤ ⅝╞╛ⱴfiⱱכꜟ╩ ⇔≡⇔╕℮─≢⁸

⌂↓℮ ╩ ⇔⌂↑╣┌⌂╠⌂™⁹ ⌂ │⁸1.0m/s 1.8m/s ≢№╢⁹ 

⌐╟╡⁸ ╩ ╢ ⌐│⁸ ≢ ∆╢⁹  

 

(1) ⌐≈™≡  

─ │⁸0.6m/s 3.0m/s ≤∆╢⅜⁸ ─ 200mm ⌐≈™≡

│⁸ ⅜ 3.0m/s ╩ ⅎ⌂™ ≢ ↓℮ ⌐ ╦∑╢↓≤⅜≢⅝╢⁹ 

 

(2) ⌐≈™≡  

⅝╞─ │⁸ ─ ⅜ ─ ⌐╟∫≡ ⅝╞╟

╡ ⅝™√╘ ╩ 0.8m/s ≤∆╢⁹  

╕√⁸ ─ ≢⁸ ⅜ 3.0m/s ╩ ⅎ╢╟℮⌂ ⌐⌂╢≤⁸

⅝╞─ ┌⅛╡≢⌂ↄ⁸ ─ ⌐╟∫≡ ─ ⅜ ⅝

ↄ⌂╢─≢ ╩ ↑≡↓℮ ╩ ↄ⇔ ╩ ↕ↄ∆╢⁹ ⌐↓℮

╩ ⅎ╠╣⌂™ │⁸ ╛ⱴfiⱱכꜟ─ ╩ ∆╢⁹  

 

(3) ⌐≈™≡  

─ ⁸ ⅜ ⇔⌂™╟℮ 0.6m/s ≤⇔⁸ ─⸗ꜟ♃

ꜟꜝ▬♬fi◓ ⌐ ⅜ ↓╠⌂™╟℮ │ 3.0m/s ≤∆╢⁹ 

╕√⁸ ─ ⌐ ™ ⅜ ∆╢√╘⁸ ⌂ ⱳfi

ⱪ─ ⅜ ⅎ╢╟℮⁸ ≤ ≤─ ⌐≈™≡╙ ∆╢⁹  

 

 



 

 

 

 

 

 

 

 

 

 

 

 

4  ⅝╞ 
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4  ⅝╞  

4.1 ⅝╞ ┘ ─  

⅝╞─ │⁸ ⌐ ∂≡ ┘ ⌐ ⇔≡⁸ ⌐ ⅎ╢ ┘

─╙─╩ ∆╢⁹  

│⁸ ⁸ ⁸ ⌐ ⇔√ ╩ ∆╢⁹  

ₒ ₓ  

⅝╞─ │ ─╙─⅜ →╠╣╢⅜⁸ ∆╢ │ JIS ⁸JSWAS

⁸ ┘↓╣╠─ ≤∆╢⁹  

 

ה  ◖fi◒ꜞכ♩  

ה  ∟ ◖fi◒ꜞכ♩ ⅝╞  

ה ♪ꜟכ◦  ≢ ∆╢☿◓ⱷfi♩  

ה  ↄ ⅝╞  

ה  ⱦ♬ꜟ  

ה  ꜞⱩ ⱦ♬ꜟ  

ה  ⱪꜝ☻♅♇◒  

ה  ꜠☺fi◖fi◒ꜞכ♩  

ה  ⱳꜞ◄♅꜠fi  

ה  ♄◒♃▬ꜟ  

ה   

 

4.2.1 ה  ─ ⌂ ≤  

Ḛ     
(╥― ) ᴞ Ẹᵓṛᶊ  

JSWASs ṛᶊ ˣ  

Ừ  

Ѐрϼз˔Е

Ḛ  

ʾ″ ḚπθϩϙϞ ἹΥ ατΨΜʻ  

ʾ ψ ᶓ Μʻ  

ʾ▒τϢϤ ΰϞβΜʻ  

˲ᵫ⌡Ῥ ʼדἹ˳  

  JSWAS A- 1(ᾦόἺ 150˙

3000)  

JSWAS A- 9(ᾦόἺ 250˙

1200)  

˲ Ῥ ʼדἹ˳  

  JSWAS A- 2(ᾦόἺ 800˙

3000)  

JSWAS A- 6(ᾦόἺ 200˙

700)  

JSWAS A- 8(ᾦόἺ 800˙

3000)  

Ừ  

Ѐрϼз˔Е

 

ЩАϼІ  

ϸиН˔Е  

ʾ″ ḚπθϩϙϞ ἹΥ ατΨΜʻ  

ʾ ψ ᶓ Μʻ  

ʾ▒τϢϤ ΰϞβΜʻ  

˲ᵫ⌡ ʼЩАϼІϸиН˔

Е˳  

JSWAS A- 12(600˷600˙

3500˷2500) 

JSWAS A- 13(600˷600˙

5000˷2500) 
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ᴟРИתל‌

иḚ  

ʾᴦρΞ Ḛ  

ʾ τ ϦοΜϥʻ  

ʾ ΥὖΨʼḚ σςᴥῬ ΥϢΜʻ  

ʾḚ ế ψЀрϼз˔ЕḚʼỲ Ḛτ ϓ

ήΜʻ  

ʾ ᴛⱲτΣΜο ὢ Υ ᴞβϥʻ  

ʾ ʼ♣ᵰ τֿפΜʻ  

ʾϹЊзрʼ σς Ṑ −τϢϤ ᴟ  ̒

˲ᵫ⌡Ῥ ʼדἹ˳  

  JSWAS K- 1 (ᾦόἺ 75˙

600)  

JSWAS K- 13(ᾦόἺ150˙

450)  

˲ Ῥ ʼדἹ˳  

  JSWAS K- 6(ᾦόἺ 150˙

450)  

ếᴟФжІЎ

Аϼ  

›Ḛ  

ʾᴦρΞ Ḛ  

ʾḚ ế Υ ΦΜʻ  

ʾ τ ϦοΜϥʻ  

ʾ ΥὖΨ☼Ῥ Υ Μʻ  

˲ᵫ⌡Ῥ ʼדἹ˳  

  JSWAS K- 2 (ᾦόἺ200˙

3000)  

˲ ʼדἹ˳  

JSWAS K- 16(ᾦόἺ600˙

3000)  

йЅр  

Ѐрϼз˔Е

Ḛ  

ʾ″ ḚπθϩϙϞ ἹΥ ατΨΜʻ  

ʾḚ ế Υ ΦΜʻ  

ʾ τ ϦοΜϥʻ  

ʾ ỪЀрϼз˔ЕḚϢϤὖΜʻ  

˲ᵫ⌡Ῥ ʼדἹ˳  

  JSWAS K- 11(ᾦόἺ150˙

600)  

˲ Ῥ ʼדἹ˳  

JSWAS K- 12( ד Ἱ 200˙

1650)  

ЪзϵЎйр

Ḛ  

ʾᴦρΞ Ḛ  

ʾ ΥΚϤʼ ʼ τ Ϧ

οΜϥʻ  

ʾ ΥὖΨʼḚ σςᴥῬ ΥϢΜʻ  

ʾḚ ế ψỲ Ḛτ ϓ ήΜʻ  

ʾ֗ ⱲϞ πψʼ Ὃ︣χ☼Ῥ

Υ₉ ʻ  

ʾ ʼ♣ᵰ τֿפΜʻ  

ʾϹЊзрʼ σς Ṑ −τϢϥ

τ Ӫʻ  

˲ᵫ⌡Ῥ ʼדἹ˳  

  JSWAS K- 14(ᾦόἺ 50˙

300)  

JSWAS K- 15(ᾦόἺ300˙

1000)  

ЍϼЌϱи

Ḛ  

ʾᴦρΞ Ḛ  

ʾḚ ế Υ ΦΨʼ τ ϙʼ ὢτ

ếΨʼ Ẇ ΥΚϥʻ  

ʾ ♁Ṑ Ϭ βϥὋ︣ΥΚϤʼ Φ

σ τ ᴂπΦϥʻ  

ʾ☼Ῥ ΥϢΜʻ  

ʾ ψ ᶓ Μʻ  

ʾ ᵰχ τ Ϭ Ϊϥρ ΰϞ

βΜʻ  

˲ᵫ⌡Ῥ ʼדἹ˳  

  JSWAS G- 1( ᾦόἺ 75˙

2600)  

˲ Ῥ ʼדἹ˳  

JSWAS G- 2(ᾦόἺ 250˙

2600)  
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‫    Ḛ  

ʾᴦρΞ Ḛ  

ʾḚ ế Υ ΦΨʼ τ ϙʼ ὢτ

ếΨʼ Ẇ ΥΚϥʻ  

ʾ τψḚ ế ẉό Ἱ π

ᴂʻ  

ʾ ψ ᶓ Μʻ  

ʾ τϢϥ Υ ʻ  

ʾ ᵰχ τ Ϭ Ϊϥρ ΰϞ

βΜʻ  

ʾ Ὃ︣ψ Ṫ Ϭ ρβϥʻ  

ʾ֗ ⱲϞ πψʼ Ὃ︣χ☼Ῥ

Υ₉ ʻ  

 

 

 

 

(1) ─  

⌐№√∫≡│⁸ ⁸ ⁸ ─ ⁸ ⁸ ⁸ ─

⁸ ─ ⁸ ⁸ ⁸ ⁸ ╩ ⇔ ∆╢⁹  

 

(2)  

⌐≈™≡│⁸ ⁸ ─ ⁸ ⌐╟╢

╛⁸ ╩ ⇔≡ ∆╢⁹ ╛ ─

│⁸ ⌐ ∂≡⁸ ≤℮ ─ ╙ ∆╢⁹  

⌂⅔⁸ ⱦ♬ꜟ ⌐≈™≡│⁸◗ⱶ ╩ ≤∆╢⁹  
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4.2 ⅝╞─  

⅝╞─ │⁸ │ↄ ╩ ≤∆╢⁹ ⅝╞⌐≈™≡│⁸ │

╩ ≤∆╢⁹  

│⁸ ⅝╞│ 200mm ╩ ≤⇔⁸ ⅝╞ ┘ ⅝╞│

250mm ╩ ≤∆╢⁹  

ₒ ₓ  

(1)  

⅝╞─ │⁸ ⅝╞─ ⌐│ ⁸ↄ ⅜№╢⁹↓─℮∟⁸

╙ ⌐ ↕╣≡™╢─│⁸ ≢№╢⁹  

 

 4.2.1 ⅝╞ ─  

 

 

⌐№√∫≡│⁸ ⁸ ⁸ ⁸ ╩ ⇔≡

∆╢⁹ ⅝╞─ ╙⁸ ⅝╞≤ ≢№╢⅜⁸ ⌐│ ─╙

─⅜ ↄ ↕╣≡™╢⁹  

 

(2)  

 

ᵑ  ⅝╞│ 200mm ╩ ≤∆╢⁹√∞⇔⁸ ─ ⅜ ⌐╦√∫

≡ ╕╣⌂™ │⁸ ⅜ ∂⌂™╟℮ 100mm ╩ ╠⌂™ ⅝↕≤

∆╢↓≤⅜≢⅝╢⁹↓─ ⁸ ≤ ╩ ™ ─ ╩

∆╢⁹  

ᵒ  ⅝╞ ┘ ⅝╞≢│⁸ ⌐ ∆╢ ⌐╟╢ ⅜ ∂⌂™

╟℮ɫ250mm ≤∆╢⁹  

ᵓ  ─ │⁸ⱳfiⱪ ⁸ ⁸ ⁸ ─ ╩ ⌐

⇔≡ ∆╢⁹  
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4.3 ⅝╞─  

⅝╞─ │⁸ ⌐ ∆╢ ⌐│ ⁸ ─ ⌐

│ ⁸ ─ │ ⁸ ₁ ╩⇔⌂↑╣┌⌂╠⌂™⁹  

ₒ ₓ  

(1) ( ) 

│ ≤─ ⌐╟╢⅜⁸ (

- 3)╩ ≤∆╢⁹  

 

(2) ⅝╞≤ ⅝╞─  

⅝╞≤ ⅝╞─ │⁸ 0.3m ─◒ꜞ▪ꜝfi☻╩ ∆╢⁹ 

 

(3) ≤─  

⁸NTT ≤─ │ 0.3m ─◒ꜞ▪ꜝfi☻╩

∆╢⁹⌂⅔⁸ ⌐ ∂≡⁸ ≤ ╩ ™ ∆╢⁹  

 

(4) ∑ ⇔  

∑ ⇔│⁸ ≤⇔≡ ╦⌂™⁹  

 

(5)  

≤ ╩ ™⁸ ⌐ ╩♩כ◕≡∂ ∆╢⁹  

 

─ⱪכ♥ (6)  

⌐ ∆╢ │⁸ ⌐ ∂⁸ כ♥

ⱪ⌐≡ ∆╢⁹  

 

ᵑ   

ⱪכ♥ 3cm  

⁸ ⁸  
 
ᵒ   

 
 
ᵓ   

─  

 

─ ( )  
 
ᵔ   

2m↔≤⌐ ∆╢ (√∞⇔⁸ │ 1m↔≤⌐ ∆╢ )⁹  

 

─♩כ◦ (7)  

⌐ ∂⁸ ─ ⇔⌐ ⇔≡│⁸ ─

⌐ ╩♩כ◦ ⇔⌂↑╣┌⌂╠⌂™⁹ ⁸│♩כ◦ ⇔

┘ ╘╩ ∫√ ⁸ ╣ ⌂ↄ ⇔⌂↑╣┌⌂╠⌂™⁹  
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4.4 ╡  

⅝╞─ ╡─ ⌐№√∫≡│⁸ ⁸ ⁸ ⁸

⁸ ─ ─ ╩ ⇔≡ ⌂ ╡≤∆╢⁹  

⌂⅔⁸ ⌐⅔™≡│⁸₈ ₉⅜ ╘╠╣≡™╢⁹  

ₒ ₓ  

⌐ ∆╢ ⅝╞⌐≈™≡│⁸ 11 4 ⌐╟╣┌⁸

─ ╩ ∆╢ │⁸∕─ ≤ ≤─ │ 3m( ╛╗╩

⌂™ │ 1.0m) ≤⇔⌂™↓≤≤ ↕╣≡™╢⁹  

╕√⁸ 11 3 ─ ─₈ ⁸ ⁸●☻ │ ╩

⌐ ↑╢ ⌐⅔↑╢ ↕ ⌐≈™≡₉⌐╟╡⁸ ⌐⅔↑╢ ⅝╞─

╩ ╘≡™╢⁹  

⌐≈™≡⁸ ⌐∕─ ╩ ∆⁹  

 

(1) ─ ┘  

 4.4.1 ─ ≤  

    

♄◒♃▬ꜟ JIS  G 5526  300mm  

ⱥꜙכⱶ JIS A 5303  300mm  

ⱪꜝ☻♅♇◒ (J IS  A 5350)  300mm  

ⱦ♬ꜟ ( JIS K 6741)  300mm  

Ⱳ♇◒☻ ⱥꜙכⱶ  

( ☿fi♃כ  0705 )  
300mm  

ꜞⱩ ⱦ♬ꜟ JSWAS K- 13  300mm  

⌂⅔⁸  4.4.1 ─ ⁸ ╩ ∆╢ │ ≤ ╩ ℮↓≤⁹  

 

(2) ─ ↕  

(1)⌐ →√ ╩ ─ ⌐ ↑╢ │⁸ ⅛╠ ─ ╕

≢─ ╩  4.4.2 ─ ⌐⇔⌂™↓≤≤∆╢⁹  

        4.4 . 2 ─       ( m)  

  

  з  и  й  к  

 0.7  1.0  1.2  

 0.5  

 

 4.4 . 3  

   

з  N1 N4 ᵗ1ה 4  ᵑA  

и  N5 ᵖ  ᵒB  

й  N6 ᵕ  ᵓC  

к  N7 -  ᵔD  
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(3) ─  

 

ᵑ  ⅛╠ ─ ╕≢─ ⌐ ╩ ∆╢↓≤│⁸ ≤⇔≡ ╘

⌂™⁹ ─ ┘ ⌐≈™≡╙ ≢№╢⁹  
 
ᵒ  ─ ⌐ ╩ ↑╢ ( ₈ ₉≤™℮ )│⁸ ─

┘ ─ ≤⌂╠⌂™╟℮⌐ ⌐ ∂≡ ╩ ∂╢↓≤≤∆

╢⁹ ╩ ∂≡™⌂™↓≤⌐ ∆╢ ⌐ ⇔≡│⁸

⅜ ─ ╩ ℮╙─≤∆╢⁹  
 
ᵓ   4.4.1 ⌐ →╢ ─ ( ) ─╙─│ ≤

╩∆╢↓≤⁹  
 
ᵔ  ⱴ►fi♪▪♇ⱪ ─ ⁸ ╩ ─ ≤∆╢⁹√∞⇔⁸ ╡

→ ⌐╟╡ ─ ⅜ ≢⅝⌂™ ⁸ ⅜ ⌐ ∂≡

╩ ℮↓≤⁹  
 
ᵕ  3 1 ⌐ ↕╣╢₈ ⌂ ⅝╞₉≢№∫≡╙⁸

 4.4.1 ⌐ →╠╣≡™╢ ⌐≈™≡│ ≤∆╢⁹√∞⇔⁸ 1

ⱥꜙכⱶ ╩ ™╢ │⁸ ⌐ ⌂ↄ ╡╩ 1m ⌐⇔⌂

™↓≤⁹  

 

⌂⅔⁸ ≤⇔≡ ─₈ ⁸ ⁸●☻ │ ╩

⌐ ↑╢ ⌐⅔↑╢ ↕ ⌐≈™≡₉( 11 3 )╩  4.4.4

⌐ ∆⁹  

 

 4.4 . 4  

 ≤ ≤─  

─  
 ─ ─ ↕⌐ 0.3m╩ ⅎ√ ( ⅜

1m⌐ √⌂™ ⌐│⁸1m) ⌐⇔⌂™↓≤⁹  

─  

─  

 
 ─ ─ ↕⌐ 0.3m╩ ⅎ√ ( ⅜

0.6m⌐ √⌂™ ⌐│⁸0.6m) ⌐⇔⌂™↓≤⁹  

 

 0.5m ⌐⇔⌂™↓≤⁹√∞⇔⁸ ╡ → ⅜№╡⁸

0.5m ⌐⌂╢≤⅝│⁸№╠⅛∂╘ ⌂ ╩ ∆

╢ ╩ ∆╢ ╩ ⅝⁸ ⅜ ≤⌂

╢⁹  

β 1 ⱥꜙכⱶ ( 1 )╩ ™╢ ⌐│⁸ ≤ ─ │ 1m ≤⇔⌂™↓

≤⁹ ⌐№√∫≡│ ┼─ ⅜ ≢№╢⁹  

 

β 2 3 1 ⌐ ↕╣╢₈ ⌂ ⅝╞₉≤│⁸ ⅜

Ⱬ◒♃כꜟ ∕─ ─ ⅜ ─╙─⌐№∫≡│ Ⱬ◒♃כꜟ ─ ≤∆╢⁹  

 

β 3 4.4.4 ⌐ ∆ ─ ≤│⁸ ⌐⅔↑╢ ⌂ ≢⁸ ─ ⌐

↑╢⌐ √∫≡ ─ ─ ⅛╠ ─ ╩ ∆╢╙─╩ ∆⁹╕√⁸

3 1 ⌐ ∆╢₈ ⌂ ₉⅜ ⌡ ⌐ ∆╢╙─≤ ⅎ╠

╣╢⁹  
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4.5 ⅝╞─  

⅝╞─ │⁸ ─ ╩ ⇔≡ ╘╢⁹  

(1)  ⅝╞ ⅜ ∆╢ │ 2 ─ ⅝╞⅜ ∆╢ ─ │⁸

≤⇔≡ ≤⇔⁸↓℮ │⁸ ⌐ ↄ⌐⇔√⅜∫≡ ↄ∆╢⁹  

(2)  ↓℮ ⅜ ⌂ ⌐│⁸ ⅝╞ ─ ─ ⌐⅛⅛╦╠∏⁸ ≤⇔

≡ ↓℮ ⌐ ∂⁸ ≤∆╢⁹  

(3)  ⅝╞⅜ ∆╢ │⁸ ⌐≈™≡ ⇔⁸ⱴfiⱱכꜟ─ ┘

⁸ⱴfiⱱכꜟ ─▬fiⱣכ♩⌂≥≢ ∆╢⁹  

ₒ ₓ  

(1) ⌐≈™≡  

⅝╞─ ⌐│ ─ ⅜№╢⁹  

ᵑ   

ᵒ   

ᵓ   

ᵔ   

⌐ ⇔≡ ⌂ ╩ ⇔⁸ⱴfiⱱכꜟ⅛╠ ⅜ ∆╢⌂

≥─ ╩ ∂↕∑⌂™╟℮⌐⇔⌂↑╣┌⌂╠⌂™⁹  

│⁸ ⅜ ≤⌂╡⁸ ⌐│ ⌂ ≢№╢⅜⁸ ⅝

╞─ ⅜ ↄ⌂╡ ─ ⅜ ∂╢⁹ ≢│⁸ ⌐ ╩⅔

™≡⁸╛╗╩ ⌂™ ╩ ⅝⁸ ╩ ≤⇔≡™╢⁹  

 

 4.5.1  

 

(2) ⌐≈™≡  

↓℮ ⅜ ⌂ │⁸ ⅝╞ ─ ─ ≤ ─ ╡╩ ≈√

╘⁸╕√⁸ ─ ╩ ∏╢√╘⁸ ↓℮ ⌐ ∂≡ ≤∆╢⁹  

 

 4.5.2 ─  

 

⌂⅔⁸1 √╡─ │ 1.5m ≤∆╢↓≤⅜ ╕⇔™⁹ ⅜ 0.6m

─ ⁸ ⅝╞ ┘ ⅝╞⌐≈™≡│⁸ ╩ ∆╢↓≤╩

≤∆╢⁹ ⅜№╢ │ ⅜ ⅛ ∆╢╙─≤∆╢⁹ 
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(3) ⌐≈™≡  

⅝╞⅜ ∆╢ │⁸ ╩ ⌐∆╢╟℮ ⇔⌂↑╣┌⌂╠⌂™⁹

∆╢ ⅝╞⅜ ∆╢ ┘ ⅝╞⅜ ≢ ∆╢ │⁸  4.5.3

⌐ ∆╟℮⌐ 2 ≢ ∆╢↓≤⅜ ╕⇔™⁹  

 

 

 4.5.3 ⅝╞⅜ ∆╢  
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4.6  

⅝╞─ │⁸ ⅝╞─ ⁸ ⁸ ⌐ ∂≡ ─ ╩ ⇔≡ ╘

╢⁹  

(1)  ⅝╞─  

◖fi◒ꜞכ♩ ─ ⅝╞⌐│⁸ ⌐ ∂≡⁸ ⁸ ⁸│⇔↔ ( )

⁸◖fi◒ꜞכ♩⌂≥─ ╩ ↑╢⁹╕√⁸ ⌐ ∂≡ ◖fi◒ꜞכ♩

⁸ │↓╣╠─ ∑ ╩ ∆⁹√∞⇔⁸ ⅜ ⌂ │⁸↓╣╠

─ ╩ ↄ↓≤⅜≢⅝╢⁹  

(2)  ≤℮ ⅝╞─  

ⱦ♬ꜟ ⁸ꜞⱩ ⱦ♬ꜟ ─ ≤℮ ⅝╞│⁸ ≤⇔≡

─ │ ≤⇔⁸ ⌐ ∂≡⁸ⱬ♇♩◦⁸♩כ ╩ ↑╢⁹  

ₒ ₓ  

⅝╞─ │⁸ ∆╢ ⅝╞─ ⁸ ⁸ ⁸ ⁸ ⁸

⌐╟∫≡ ╘╢⅜⁸ ⌐ ⇔ↄ ∆╢─≢⁸ ⅝╞─ ≤

╦∑≡ ⌐≈™≡╙ ⌐ ⇔⁸ ⌂╙─╩ ∆╢⁹  

─ ≤⇔≡⁸ ⅝╞╩ ─ ⁸ ↕⌐ ∆╢≤≤╙⌐⁸ ─

≤ ─ ⅜№╢⁹  

 4.6.1 ⅝╞─ ≤  

 

      
┘    

 

◖fi◒ꜞכ♩  

꜠☺fi◖fi◒ꜞכ♩

 

 

 

◖fi◒ꜞכ♩  

 

 

│⇔↔  

◖fi◒ꜞכ♩  

│⇔↔  

 

◖fi◒ꜞכ♩

 

≤
℮

 

ⱦ♬ꜟ  

ⱳꜞ◄♅꜠fi  
 

 

ⱬ♇♩◦כ♩  

♁▬ꜟ☿ⱷfi♩

 

ⱬ♇♩◦כ♩  

♁▬ꜟ☿ⱷfi♩  

│⇔↔  

 

ⱪꜝ☻♅♇◒

 

 

 

ꜞⱩ ⱦ♬

ꜟ  

 

 
ⱬ♇♩◦כ♩  

 

 

♄◒♃▬ꜟ  

 
  

 

│⇔↔  

 

β 1 ⌐ ∆╢ │⁸ ╩ ⌐ ≢⅝╢ ─ ╩ ™╢⁹  

β 2 ─ ╩ ∆╢≤  4.6.2 ─≤⅔╡≢№╢⁹  

,JSWAS  K - 13 

 4.6.2 ─  

 ⌂  

 ⁸╣⅝ ╡ ┘╣⅝ ╡  

ⱶכ꜡⁸  ┘  

 ◦ꜟ♩ ┘  

 ⌐ ™⁸◦ꜟ♩ ┘  

 



4- 11 

(1) ⅝╞─  

⅝╞─ ─ │⁸  4.6.1 ─╟℮⌂╙─⅜№╡⁸╕√⁸

─ │ 1) 4)─≤⅔╡≢№╢⁹  

 

1) │  

⅜╟™ ⌐ ∆╢⁹ │ ⅛™ ╩ ⅝╞ (

)⌐ ⌂ↄ ∆╢╟℮⌐ ╘ ╘≡ ⅝╞╩ ∆╢⁹↓─ ⅜

⅝╞⌐ ∆╢ ( │ )⌐╟∫≡ ⅝╞─ │ ⌂╡⁸ ⅜

⅝™╒≥ │ ∆⁹╕√⁸ ⅝╞─ │⁸ 100 200mm

│ ⅝╞ ─ 0.2 0.25 ≤∆╢↓≤⅜ ╕⇔™⁹  

⅝╞─ ⅜ ─ │⁸ ∏↓─ ─ ≤∆╢ ⅜№╡⁸

∕─ ─ │⁸ ⁸ ╟╡╙ ╘≤∆╢╒℮⅜ ≢№╢⁹  

2) ◖fi◒ꜞכ♩ ┘ ◖fi◒ꜞכ♩  

⅜ ⌂ ╛ ⅝╞⌐ ↄ ⅜ ⅝™ ⌐ ∆╢⁹  

⅝╞─ ╩◖fi◒ꜞכ♩≢ ≡╢╙─≢⁸ ⌐╟╢ ⅝╞─

╩ ⌐ ≢⅝╢ ⅜⌂ↄ≡│⌂╠⌂™⁹↓─ ╙⁸ ⅜

⅝ↄ⌂╢╒≥ │ ∆╢⁹  

⌂⅔⁸ ─ │ 1)⌐ ∂╢⁹  

3) │⇔↔  

⅜ ⌂ ⁸ ╛ ⅜ ⌂ ⌐ ∆╢⁹╕ↄ╠

─ ⌐ ⅝╞≤ ⌐ ╩ ⇔⁸│⇔↔ ⌐ ╢⁹↓─ ⁸ 1)

⌐ ⇔√ ⁸ ─ ╩ ∆╢⁹  

4) (ↄ™ ∟ ) 

≢⁸╒≤╪≥ ╩ ≢⅝⌂™ ⌐ ™╠╣⁸│⇔↔

─ ╩ↄ™≢ ⅎ╢ ≢№╢⁹  

 

 

 4.6.1 ⅝╞─ ─  
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(2) ≤℮ ⅝╞─  

⅝╞─ ─ │⁸  4.6.1 ─╟℮⌂╙─⅜№╡⁸╕√⁸

─ │ 1) 4)─≤⅔╡≢№╢⁹  

⅝╞─ │⁸ ≤⇔≡ ─ │ ≤∆╢⁹ │

100 300mm ≤∆╢↓≤⅜ ╕⇔™⁹  

─ ⌐╟∫≡│⁸ ─ ─ ╩ ∆╢√╘⁸♁

▬ꜟ☿ⱷfi♩ ⁸ⱬ♇♩◦כ♩ ╩ ∆╢ ⅜№╢⁹╕√⁸│⇔

↔ ⁸ │ ╩ ⇔⁸↓─ ≤─ ⌐│ ╩ ⅝⌂╠⇔

√℮ⅎ≢⁸ ⌐ ⅝ ╘╢ ⅜№╢  4.6.2⁸  4.6.1 ┘  4.6.2

╩ ⁹  

⌂⅔⁸ ⅜ ╘≡ ↄ⁸ↄ™─ ╖⅜ ≤⌂╢ ⌐

⌐◖fi◒ꜞכ♩ ╩ ⇔⁸ ─ ┼─ ╩ ∫≡ ↑

─ ╩ ∆╢ ⅜№╢ (  4.6.2 )⁹  

 

 

 4.6.2 ≤℮ ⅝╞─ ─  
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4.7 ≤ ─  

(1)  ⅝╞  

⅝╞⌐⅔↑╢ ┘ ─ ⌐№√∫≡│⁸ ⌐ ∆╢

≤ ⅛╠⁸ ⌐ ∂╢ →⸗ ⱷfi♩╩ ⇔⁸ ─ ∆╢

≥♩ⱷfiכ⸗→ ∆╢↓≤≢ ╩ ∆╢⁹  

(2)  ≤℮ ⅝╞  

≤℮ ⅝╞│⁸ ─ ─♩ⱷfiכ⸗→ ⌐⁸√╦╖ ⌐≈™≡╙ ╩

∆╢↓≤╩ ∆╢⁹  

 

ₒ ₓ  

(1) ⅝╞  

1)  

 

 4.7.1 ─  

ⱥꜙכⱶ ( ⱥꜙכⱶ ) 

 
 

ה ה  ה  ╡ ה   

 

  
┘ ─  

 
⌐ ∆╢ ⁸ ─  

 
 ─ ─  

 
֕ × ( )  

 
  

 
360° ≡◖fi◒ꜞכ♩╩ ℮  

360° ≡◖fi◒ꜞכ♩─  

↕⁸ ≡ ─  

 

 

 
⌐ ∆╢ ⁸ ─  

 
 ─  

 
⁸ ⁸ ─  

 
  

 

 

NO 

NO 

NO 
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2) ⌐⅛⅛╢  

  4.7.1 

↓↓⌐⁸  

q ⌐⅛⅛╢  (kN/m 2) 

w  ⇔ ⌐╟╢  (kN/m 2) 

p  (kN/m 2)  

ᵑ  ⇔ ⌐╟╢  

─ │⁸ ( )╩ ∆╢⁹  

⅝ ⅝─ ⌐≈™≡│⁸ ≤∆╢⁹  

ה ⅝ ╩ ∆╢  ┘ ─ ה ⅝  

ה ⅝ ╩ ⇔⌂™ ╖ ⁸  

⌂⅔⁸ ⇔ ⌐╟╢ ─ │⁸₈ ( )⌐

╦╢ ₉⁸₈ ◖fi◒ꜞכ♩  JSWAS  A - 1₉(™

∏╣╙ )╩ ─↓≤⁹  

ᵒ   

     ─ ⌐≈™≡│⁸₈5.5 ⱴfiⱱכꜟ 1 ₉╩

≤∆╢⁹  

│⁸₈ ה ₉ ( )─ T - 25 ─

╩ ™⁸ ⌐╟╡ ╘╢⁹  

  4.7.2 

↓↓⌐⁸  

p (kN/m 2) 

H  ╡ (m)  

P T ( 100kN)  

a ↕ (m)(=0.2)  

C (m)(=2.75)  

ɝ   ( )(=45) 

i  ( 4.7.1) 

ɗ  ─ (=0.9)  

JSWAS  A - 1 

 

⌂⅔⁸T - 14 ⌐≈™≡│₈ ⱴfiⱱכꜟ┤√  JSWAS  

G- 4₉( )⌐╟╡⁸ ⅜ ─ 40%╩ ∆╢

↓≤≤⇔⁸ ─≤⅔╡≤∆╢⁹  
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  4.7.3 

JSWAS  G- 4 

 4.7.1  

H( m)  H 1.5  1.5֔H 6.5  H֕ 6.5  

i  0.5  0.65 0.1 H 0 

JSWAS A- 1 

                4.7.2 ─          (kN/m 2)  

  ╡  

H( m)  
0.5  1.0  1.5  2.0  2.5  3.0  3.5  4.0  4.5  5.0  

 

(

100kN) 

81.8

2 

44.6

3 

30.6

8 

22.6

0 

17.6

2 

14.2

5 

11.8

2 
9.98  8.54  7.38  

  JSWAS  A - 1 

 

3)  

ᵑ  ─ ♩ⱷfiכ⸗→  

─ ∆╢ ♩ⱷfiכ⸗→ (Mr) │⁸└┘ ╣ ╩ ⇔√ ⌐

⌐ ∂╢ ⱷfi♩⌐⁸כ⸗→ ─ ⌐╟∫≡ ∂╢ ⱷfiכ⸗→

♩╩ ⅎ√╙─≢№╡⁸ ≢ ╦↕╣╢⁹  

  4.7.4 

↓↓⌐⁸  

Mr  ⅜ ∆╢ ♩ⱷfiכ⸗→ (kNהm/m ) 

Q └┘ ╣ (kN /m ) 

R (m) 

W ─ (kN /m)  

JSWAS  A - 1 

ᵒ  ⌐ ∆╢ ♩ⱷfiכ⸗→  

⌐ ⅜⅛⅛╢≤⅝⁸ ⌐ ∂╢ ♩ⱷfiכ⸗→

(M max)│ ≢ ╦↕╣╢⁹  

  4.7.5 

↓↓⌐⁸  

k  ⌐╟╢ (  4.7.3) 

q ⌐⅛⅛╢ (kN/m 2) 

 

 4.7.3 k ─  
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( )   
◖fi◒ꜞכ♩

 

60 0.377  

90 0.314 0.303 

120 0.275 0.243 

180  0.220 

 

JSWAS  A - 1 

ᵓ  ─  

└┘ ╣ Q─ ⅜ ⅎ╢↓≤─≢⅝╢ ( )qõ(kN/m 2)

│⁸ ⌐≡ ↕╣╢⁹ F │ 1.25 ≤∆╢⁹  

 

  4.7.6 

 

)1.25(
q

q'
F :  

⌐⅛⅛╢ ⁷) (

) ⅎ╠╣╢ (
  4.7.7 
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(2) ≤℮ ⅝╞  

─ ⅝╞│⁸ ⱦ♬ꜟ ┘ꜞⱩ ⱦ♬ꜟ ≤∆╢⁹  

 

1)  

 

 

 4.7.2 ─  

JSWAS  K - 1 

JSWAS  K - 13 

 

┘ ⁸ ╡  

⁸ ─  

 

 

⇔ ⌐╟╢  

⌐╟╢  

 
─  

 
    

 
    

 
─  

 

→ ┘ √╦╖ ╩ ╕╦╠

⌂™↓≤╩ ∆╢⁹  

 

♩ⱷfiכ⸗→  

♩ⱷfiכ⸗→  

 

√╦╖            √╦╖  

→  
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2) ⌐⅛⅛╢  

  4.7.8 

↓↓⌐⁸  

q  ⌐⅛⅛╢ (kN/ m 2) 

w  ⇔ ⌐╟╢ (kN/m 2) 

p  (kN/m 2)( 4.7.2 ) 

 

 4.7.3  

JSWAS  K - 1 

≤℮ ⌐╟╡ ─ ⇔ ≤ ⅜ ⌐ ∆╢√╘⁸

⌐ ╦╢ │ ─╖─ ≤⇔⁸ ⇔ ⌐╟╢ │ ⌐╟

╡ ╘╢⁹  

Hqd Ö=Á   4.7.9 

↓↓⌐⁸  

 ⇔ ⌐╟╢ (kN/m 2) 

ɘ  ⇔ ─ ( ⁸18kN/m 3) 

H  ╡ (m)  

 (ꜞⱩ ⱦ♬ꜟ ─ ╡─ │  4.7.4 ⌐

╟╢⁹ ) 

 

 4.7.4 ╡─  

JSWAS  K - 13 
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3)  
 
ᵑ  → ─  

⇔ ≤ ⌐╟╡ ∆╢ → │⁸ ≢ ╘╢⁹  
 

ⱦ♬ꜟ    4.7.10 
 

ꜞⱩ ⱦ♬ꜟ  

  4.7.11 

   4.7.12 

JSWAS  K - 1 

JSWAS  K - 13 

↓↓⌐⁸  

M  ↕ √╡─ ⇔ ≤ ⌐╟╢ כ⸗→

ⱷfi♩─  

(Nהmm/mm)  

k 1 ⇔ ⌐╟╢ ♩ⱷfiכ⸗→ (  4.7.4) 

k 2 ⌐╟╢ ♩ⱷfiכ⸗→ (  4.7.4) 

qd  ⇔ ⌐╟╢ (Mpa){ N/mm 2 103kN/m 2} 

qЄ ⌐╟╢ (Mpa) { N/mm 2 103kN/m 2} 

r  (mm)(  4.7.5) 

rõ ─ ╕≢─ (mm) {ꜞⱩ ⱦ

♬ꜟ } 

ɨ  ⇔ ≤ ⌐╟╢ → (Mpa) { N/mm 2} 

Z ↕ √╡─ (mm 3/mm)(  4.7.5⁸  

 

 4.7.6) 

ᵒ  √╦╖ ─  

 4.7.3 ─ ≢⁸ ⇔ ≤ ⌐╟╡ ∆╢ ─√

╦╖ ┘√╦╖ │⁸ ─ ⌐≡ ╘╢⁹  

ⱦ♬ꜟ    4.7.13 

   4.7.14 

ꜞⱩ ⱦ♬ꜟ    4.7.15 

   4.7.16 

↓↓⌐⁸  

 ə ⇔ ≤ ⌐╟╢√╦╖ ─ (mm)  
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 k 3 ⇔ ⌐╟╢ ─√╦╖ (  4.7.4) 

 k 4 ⌐╟╢ ─√╦╖ (  4.7.4) 

 E  ⱦ ♬ ꜟ ─

(2942MPa){2942N/mm 2} 

 Eõ ꜞ Ⱪ ⱦ ♬ ꜟ ─

(2942MPa){2942N/mm 2} 

 I  ↕ √ ╡ ─ 2 ⸗ כ ⱷ fi ♩

(mm 4/mm)(  4.7.5⁸  

    

 

 4.7.6) 

 V  √╦╖ ( ) 

 

ᵓ  → ≤√╦╖ ─  

→ │⁸ ⱦ♬ꜟ ⁸ꜞⱩ ⱦ♬ꜟ ≤╙⌐ 17.7N/mm 2≤

∆╢⁹╕√⁸ √╦╖ │⁸ ⱦ♬ꜟ │ 5%⁸ꜞⱩ ⱦ♬ꜟ │

4%≤∆╢⁹  

 4.7.4 ≤ ─  

 

  

 

ɝ  

  

 

2ɖ  

─

 

♩ⱷfiכ⸗→  √╦╖  

 

  

  
k1 k2 K3 K4 

A 90° 60° 

  0.132 0.079 

0.102 0.030 

 

 

  0.223 0.011  

B 180° 90° 

  0.120 0.079 

0.085 0.030 

 

 

 
  0.160 0.011 

C 360° 120° 

  0.107 0.079 

0.070 0.030 

 

 

 
  0.121 0.011 

β  ⱦ♬ꜟ ─ ⌐ ™╢ │⁸ 120°(C )╩ ≤∆╢⁹ 

JSWAS  K - 1 JSWAS  K - 13 
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 4.7.5 ⱦ♬ꜟ ⌐ ™╢  

┘

 

─       2 ♩ⱷfiכ⸗  

 

D 

(mm) 

↕  

t  

(mm) 
 

(mm) 
 

(mm3/ mm) 
 

(mm4/ mm) 

75 89.0  3.0  43.00 1.50  2.25  

100 114.0 3.5  55.25 2.04  3.57  

125 140.0 4.5  67.75 3.38  7.59  

150 165.0 5.5  79.75 5.04  13.9  

200 216.0 7.0  104.5 8.17  28.6  

250 267.0 8.4  129.3 11.8  49.4  

300 318.0 9.9  154.1 16.3  80.9  

350 370.0 11.2  179.4 20.9  117 

400 420.0 12.6  203.7 26.5  167 

450 470.0 14.1  228.0 33.1  234 

500 520.0 15.6  252.2 40.6  316 

600 630.0 19.2  305.4 61.4  590 

β  ─ ↕ t │⁸t ( ) ≢№╢⁹              JSWAS K- 1 

 

 4.7 . 6 ꜞⱩ ⱦ♬ꜟ ⌐ ™╢  

┘  

─  

╕≢─  

1mm ╡─  

2 ♩ⱷfiכ⸗  

1mm ╡─  

 

 (mm)  (mm4/mm)  (mm3/mm) 

150 77.87 27.3  9.51  

200 103.75 63.0  16.94 

250 129.73 122.5 25.63 

300 155.69 211.9 36.60 

350 181.88 344.7 49.88 

400 204.77 301.6 63.21 

450 229.98 424.3 85.29 

 

β 1 ─ ╕≢─ rõ ┘ 2 ⱷfi♩│⁸ꜞⱩכ⸗ ─

 

─ ⅛╠ ╘⁸ ╟╡ ╘╠╣√╙─≢№╢⁹  

β 2 │⁸Z ─ ≤⌂╢ ⌐ ∆╢ ≤⇔ ≢№╢⁹ 

JSWAS K- 13



 

 

 

 

 

 

 

 

 

 

 

 

5  ⱴfiⱱכꜟ  
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5  ⱴfiⱱכꜟ  

5.1  

 

ⱴfiⱱ⁸│ꜟכ ─℮ⅎ≢ ⌂ ⁸ ⅝╞─ ┘ │↓℮

⅜ ⇔ↄ ∆╢ ⁸ ⅝╞ ─ ∆╢ ⁸ ─ ∏╢ ⁸ ⅝╞─

∆╢ ⌐ ⌐ ∂≡ ↑╢⁹  

 

 

ₒ ₓ  

ⱴfiⱱ⁸│ꜟכ ⅝╞ ─ ( ⁸ ⁸ ⁸ ה )─√╘⌐

⌂ ≢№╡⁸ ⅝╞─ ┘ ─√╘⌐ ∆╢╙─≢№╢⁹╕√⁸ⱴfi

ⱱכꜟ⌐╟∫≡ ⅝╞ ─ ╩ ╢↓≤╙≢⅝╢⁹  

 

5.2  

 

⅝╞─ ─ⱴfiⱱכꜟ │⁸ ⅝╞ ⌐╟∫≡  5.2.1 ╩ ≤∆

╢⁹  

 5.2.1 ⱴfiⱱכꜟ─  

 

 

 

 

 

ₒ ₓ  

ⱴfiⱱ⁸│ꜟכ ⅝╞ ─ ⌐⅔™≡╙⁸≢⅝╢∞↑ ↄ ∆╢↓≤⅜

─ ≢ ≢№╢⅜⁸ ⅜⅛↕╖⁸ ╙ ⌐⌂╢↓≤⅛╠⁸  5.2.1

─ ╩ ≤∆╢⁹  

√∞⇔⁸ ⅝╞ ⅜ 600mm ≢╙ ⌐ ╩ ≢⅝╢

│⁸ ≤ ─℮ⅎ⁸ⱴfiⱱכꜟ ╩ 100m ╕≢ →╢↓≤⅜≢⅝╢⁹  

∟ↄ ⅝╞⁸ ♪ꜟכ◦⁸ ─ │⁸ ≤ ─

℮ⅎ⁸ ─ ┘ ─ ╩ ⇔≡ →╢↓≤⅜≢⅝╢⁹  
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5.3 ⱴfiⱱכꜟ─ ⁸ ⁸  

ⱴfiⱱכꜟ─ ⁸ ⁸ │⁸ ─≤⅔╡≤∆╢⁹  

(1)  ◖fi◒ꜞכ♩ ⱴfiⱱכꜟ  

(2)  ꜠☺fi◖fi◒ꜞכ♩ ⱴfiⱱכꜟ  

(3)  ⱴfiⱱכꜟ  

ₒ ₓ  

ⱴfiⱱ⁸√┤⁸│ꜟכ ( ⁸ )⁸ ⁸ ⁸ ⁸ ↑ ⁸ ⁸

▬fiⱣכ♩⅛╠ ↕╣╢⁹  

ⱴfiⱱכꜟ─ ⁸ ┘ │⁸ ⅝╞ ⁸ ⁸ ⁸ ⌐ ∂

≡ ╘╢⁹  

ⱴfiⱱ⁸│⌐ꜟכ ╩ ∟≤∆╢╙─⁸ ╩ ∟≤⇔≡ ╩

◖fi◒ꜞכ♩Ⱪ꜡♇◒ ( ⁸ ≤™℮ )≤∆╢╙─⁸ ╩ ≤∆╢

╙── 3 ─ ⅜ ™╠╣≡™╢⁹ ≢│⁸ ─ ↕ ┘ ─ ╩

╢√╘⁸ ╩ ≤∆╢ ⱴfiⱱכꜟ (₈ ◖fi◒ꜞכ♩

ⱴfiⱱכꜟ JSWAS  A - 11₉ ┘₈ ꜠☺fi◖fi◒ꜞכ♩ ⱴfiⱱכꜟ

JSWAS  K - 10₉ )⅜ ≤⌂∫≡™╢⁹  

ⱴfiⱱכꜟ─ ┘ ⌐│⁸ ∟⌐╟╢ ┘ↄ ≤⁸ↄ ─

⅜№╡⁸ ─ ⁸ ≤─ ⁸ ⅝╞─ ⌐╟∫≡ ⌂

│⁸ ╩ ≤∆╢ ⌐ ∆╢⁹  

⅝╞╩ ∆╢√╘─ │⁸ ─ ⌐╟∫≡ ⌂╡⁸ ─

─ ( ╡ )│ ≢ 10cm ∆╢↓≤⅜ ╕⇔™ (  5.3.1 )⁹

≢⅝⌂™ ⌐│⁸ ◖fi◒ꜞכ♩⌂≥⌐╟╢ ⅜ ≢№╢⁹  

 

 5.3.1  

 

ⱴfiⱱכꜟ─ ╩ ⌐ ∆⁹  
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(1) ◖fi◒ꜞכ♩ ⱴfiⱱכꜟ  

 5.3.1 ◖fi◒ꜞכ♩ ⱴfiⱱכꜟ─  

 

 ┘          

0 ⱴfiⱱכꜟ  

CM0  
75   

⌂ │  

─ ─ ⅛╠ 1

ⱴfiⱱכꜟ⅜ ≢⅝⌂

™  

1 ⱴfiⱱכꜟ  

CM 1 
90   

─ ┘ 500mm

─ ─ ┘⌐

400mm ╕≢─ ─

 

2 ⱴfiⱱכꜟ  

CM 2 
120   

800mm ─ ─

┘ 500mm

─ ─  

3 ⱴfiⱱכꜟ  

CM 3 
150   

1,100mm ─ ─

┘ 700mm

─ ─  

4 ⱴfiⱱכꜟ  

CM 4 
180   

1,200 ─ ─

┘ 800mm

─ ─  

5 ⱴfiⱱכꜟ  

CM 5 
220   

1,500 ─ ─

┘ 1,100mm

─ ─  

ⱴfiⱱכꜟ  60×90  

─ ─ ⅛╠ 1

ⱴfiⱱכꜟ⅜ ≢⅝⌂

™  

 

1. ─ │⁸ ◖fi◒ꜞכ♩ ╩ ⌐ ⇔√ ╩  

2. ─ │⁸ ≤ ⅜╒╓ ∂ ↕─ ≢№╢⁹ ─ ╛ ⌐╟╡

╩ ∆╢↓≤╙≢⅝╢⁹  

3. ⱴfiⱱ⁸│ꜟכ ─ ⌐⅔↑╢и ⌐ ↕

╣√ ≢№╢⁹  

4.ⱴfiⱱכꜟ ─ │⁸ 5.3.1 ╡ ╩ ∆╢↓≤╩ ≤∆╢⁹ 
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(2) ꜠☺fi◖fi◒ꜞכ♩ ⱴfiⱱכꜟ  

 5.3.2 ꜠☺fi◖fi◒ꜞכ♩ ⱴfiⱱכꜟ─  

 

β 1 ─ │⁸ ꜠☺fiⱴfiⱱ⁸│ꜟכ ◖fi◒ꜞכ♩ ╩ ⌐

⇔√ ╩ ⁹  

β 2 ─ │⁸ ꜠☺fiⱴfiⱱ⁸│ꜟכ ◖fi◒ꜞכ♩ ( )╩ ⌐

⇔√ ╩ ⁹  

β 3. ─ │⁸ ≤ ⅜╒╓ ∂ ↕─ ≢№╢⁹ ─ ╛ ⌐╟╡

╩ ∆╢↓≤╙≢⅝╢⁹  

β 4.ⱴfiⱱכꜟ ─ │⁸ 5.3.1 ╡ ╩ ∆╢↓≤╩ ≤∆╢⁹  

 

 

(3) ⱴfiⱱכꜟ  

 5.3.3 ( ∟ )ⱴfiⱱכꜟ─  

 

 β 1  ─ │⁸ ◖fi◒ꜞכ♩ ╩ ⌐ ⇔√ ╩ ⁹  

 β 2  ─ │⁸ ≤ ⅜╒╓ ∂ ↕─ ≢№╢⁹ ─ ╛ ⌐╟╡

╩ ∆╢↓≤╙≢⅝╢⁹  
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 5.3.4 ↄ ( ∟ ┘ )ⱴfiⱱכꜟ─  

 
β 1 ─ │⁸ ◖fi◒ꜞכ♩ ╩ ⌐ ⇔√ ╩ ⁹  

β 2 ─ │⁸Ɫfi♅⌂≥─ ⅝↕⌐╟∫≡ ⌂╢⁹  

β 3 ≢│⁸ ─ ⌐≈™≡│ⱴfiⱱכꜟ─ ─╡ ─ ≢№╣┌⁸

╩ 90° ⌐╙ ∆╢↓≤⅜≢⅝╢⁹  

β 4  ─ │⁸ ≤ ⅜╒╓ ∂ ↕─ ≢№╢⁹ ─ ╛ ⌐╟╡

╩ ∆╢↓≤╙≢⅝╢⁹  
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5.4 ⱴfiⱱכꜟ ─  

 

ⱴfiⱱכꜟ─ │⁸ ⱴfiⱱכꜟ╩ ≤⇔⁸ │ ╩ ≤∆╢⁹

╕√⁸ⱴfiⱱכꜟ─ │⁸ ≤⇔≡ ≤∆╢⁹  

⌂⅔⁸ ─ ⅛╠ ─⅔∕╣─№╢ ≢│ ╩

∆╢⁹  

 

ₒ ₓ  

(1) ⱴfiⱱכꜟ │⁸ ┘ ╩ ╢√╘⁸ ⱴfiⱱכꜟ╩ ≤

∆╢⁹╕√⁸ │ ╩ ⇔⁸ ╩ ≤∆╢⁹  

 

(2) ⱴfiⱱכꜟ 5m ─ │⁸II (JSWAS  A -11─ ) ─ ╩

∆╢⁹  

 

(3) ⱴfiⱱכꜟ─ │⁸ ≤⇔≡ ≤∆╢⅜⁸ ⌐ ∆╢ │

◖fi◒ꜞכ♩ ≤∆╢↓≤⅜≢⅝╢⁹  

 

(4) ∟ⱴfiⱱכꜟ╩ ∆╢ │⁸ ╩ ⇔⁸ (

╡ )─ ↕│▬fiⱣכ♩⅛╠ 2m ∆╢⁹  

 

(5) ╛ ─№╢ ≢│⁸ ─ ┘ ─ⱴfiⱱכꜟ┤

√╩ ™╢⌂≥⁸ ⌐ ∂≡ ─ ╩ ℮⁹  
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5.5 ⱴfiⱱכꜟ┤√  

₈ ⱴfiⱱכꜟ┤√ ₉⌐ ≠⅝ ⅜

⇔√ⱴfiⱱכꜟ┤√╩ ∆╢⁹  

ₒ ₓ  

(1) ⱴfiⱱכꜟ┤√─ │ ⌐╟╢⁹  
 

T - 14  ┘ 5.5m ─  

T - 25  ⁸ ┘ 5.5m ─  

 

√∞⇔⁸ ⅜ 5.5m ≢№∫≡╙ ⌐ ∆ │⁸T - 25 ⱴfiⱱכ

ꜟ┤√╩ ™╢⁹  

 

ᵑ  ⁸Ᵽ☻ ─ ⅜ ∆╢ (Ᵽ☻ ) 

ᵒ  5 ⌐ ─ ⅜ ↕╣≡™╢  

 

⌂⅔⁸ │ ─ ─ ≤⇔⁸ │ ⌐ ╗⁹  

 

 5.5 . 1  

(2) ⱴfiⱱכꜟ┤√─ │⁸₈ ⱴfiⱱכꜟ┤√

₉⌐ ≠⅝ ⅜ ⇔√ⱴfiⱱכꜟ┤√╩ ∆╢↓≤╩ ≤∆

╢⁹  

√∞⇔⁸ ⌐ ╦∑√ ⅜ ≤⌂╢ │ 5.5.1 ⌐ ∆₈ ♃

▬ⱪ₉  

─┤√╩ ∆╢↓≤╙ ≤∆╢⁹  
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5.5.1  ⱴfiⱱכꜟ ─  

 

   

♦

◙

▬

fi

┤

√  

 

T- 25 25t ─ ⌐ ∆╢

↕╩ ≈╙─⁹  

⁸ ┘ 5.5m ─

 

T- 14 14t ─ ⌐ ∆╢

↕╩ ≈╙─⁹  

┘ 5.5m ─  

 

 

─ ≢⁸ ⌐ ↕

╣⌂™╟℮⁸ ╩ ⅎ√ ─╙─  

 

 

 

─ ╩ ≈╙─  ≢⁸ ⌐╟╡

─ ─ ™ ⁹√∞⇔⁸

─ ⅝™ │⁸ │

≢ ∆╢⁹  

 

 

─ ╩≢⅝╢ ↕╩

≈╙─⁹  

─√╘⌐ ⌐ ∆╢꜡♇

◒ ╩╙≈╙─⁹  

↕╩╙≈╙─⁹  

⌐ ⅜ ⌂

⁹  

ה ⅝╞ ⱴfiⱱכꜟ 2.0m

 

ה ה ⅝╞ ≡─  

 

♃

▬

ⱪ  

╡  ⌐ ⇔√ ⅜ ⌐

↕╣⁸ ─ 2 ─ ╡

╩ ╘√╙─⁹  

⁹ ⌐ Ⱪ⁸כ◌⁸

┘ ⅜ 6 ╩ ⅎ╢

⌐ ∆╢╙─⁹

⌐ ↕╣≡™╢╙─⁹  

 ⌐ ⌐⇔√ ╩ ↑⁸ ⅛

╠─●☻╛ ╩ ∆╢╙─⁹  

│ ⌐⅔™≡⁸

⅛╠─ ┘ ─ ╩

™√™ ⁹   

 

⌐⅔™≡│⁸ ╛

─ ⅜ ⌂ ⌐│

╩ ╡ ↑╢↓≤⅜≢⅝╢╙─⁹ 

 ⅛╪ ⌐◗ⱶⱤ♇◐fi ╩ ╡

↑╢ ≢⁸ ⅛╠─ ╩╙

≈╙─⁹  

⌐ ╩ ╓∆⅔∕

╣─№╢ ⁹  

ⱳfiⱪה ⁸ ⁹  

 ─ ⌐ ⇔≡

╩ ⇔√╙─⁹  

⇔ ⁸ ⇔ ⁸

─№╢ⱴfiⱱכꜟ⌂≥  

β 1 ♃▬ⱪ─ⱴfiⱱכꜟ ╩ ∆╢ │⁸┤√ ⌐ ╩♦◙▬fi⇔√╙─≤

⇔⁸ ה ה ה ─ ╩ ∆╢↓≤⁹  

β 2 ♃▬ⱪ─ⱴfiⱱכꜟ ╩ ∆╢ │⁸₈ ⱴfiⱱכꜟ┤√  

₉⌐ ╘╢ ╩ ⇔≡⁸ ≤ ⇔√ ≢ ∆╢↓≤⁹  

 

JIS  A5506 ⱴfiⱱכꜟ   ( 30 12 20 ) D 



5- 9 

(3) ─┤√─ ⌐№√∫≡│⁸₈ ⱴfiⱱכꜟ ─ ⅝

( )₉⌐ ™⁸ ⌐ ∂≡⁸꜡♇◒ ╩ ∆╢⁹  

 

ᵑ  ⅝╞ ⱴfiⱱכꜟ 2.0m  

ᵒ ה  ⅝╞ ≡─  

 

(4) ─ ⌐│⁸ ⸗ꜟ♃ꜟ ┘

( )╩ ∏ ™╢⁹  

 

(5) ⅝ ⇔ ╛ⱦꜟⱧ♇♩ ─ ─ ⅜ ↕╣╢ⱴfi

ⱱ⁸│⌐ꜟכ ─ⱴfiⱱכꜟ┤√╩ ™╢⁹⌂⅔⁸ ⱴfiⱱכꜟ┼

─ ⅜ ↕╣╢ │⁸₈ ☻♩♇◒ⱴⱠ☺ⱷfi♩─ ⅝₉

⌐╟╡ ╩ ∆╢╙─≤∆╢⁹  

 

כꜝ◌⅜ (6) ↕╣≡™╢ ⁸ ⌂≥─ ┤fi▬◙♦כꜝ◌╡╟⌐

√╩ ∆╢ │⁸ ⌐ ∂⁸ ⌂≥ ≤ ∆╢↓≤⁹  
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5.6  

│⁸ ( )⁸☻♥fi꜠☻ ⌂≥─ ⌐ ⅎ╢╙─╩ ™╢⁹

╕√⁸ ⅜ ⌐ ⅎ╢╟℮⁸ ─ ⌂ ⌐ ∆╢⁹  

ₒ ₓ  

⅝╞ ─ ┘ ─√╘─ ╩ ⌐∆╢√╘⌐⁸ⱴfiⱱכꜟ─

⌐ ╩ ∆╢⁹ │⁸ ⌐╟╢ ⌐ ⅎ╠╣╢ ( )⁸

☻♥fi꜠☻ ╩ ™╢⁹ │⁸30cm ╩ ≤∆╢⁹  

 

5.7 ▬fiⱣכ♩  

ⱴfiⱱכꜟ─ ⌐│⁸ ─ ⌂ ╩ ∆╢√╘⁸ ⅝╞─ ╛

─ ⌐ ∂√▬fiⱣכ♩╩ ↑╢⁹  

ₒ ₓ  

▬fiⱣ⁸│♩כ ─ ⌂ ╩ ╢≤≤╙⌐ ─ ≤⇔⁸ ─

╩ ⇔≡ ∆╢⁹  
 

(1) ▬fiⱣכ♩─ │⁸ ─ ⅝╞╩ ╠⅛⌐ ┬⁹  
 

(2) ▬fiⱣכ♩─ ↓℮ │⁸ ⅝╞─ ╩ 100Χ ─↓℮ ≢∆╡

≈↑╢⁹⌂⅔⁸▬fiⱣכ♩↓℮ ⅜ ⅝╞↓℮ ╩ ╢≤⅝│⁸

⅝╞↓℮ ⌐ ╦∑╢⁹  
 

(3) ▬fiⱣכ♩─ ↓℮ │⁸20Χ ≤∆╢⁹  
 

(4) ▬fiⱣכ♩─ ↕│⁸ ─1/2≤∆╢⁹√∞⇔⁸ ⅜ɫ1,000mm ─

│⁸50cm≤∆╢⁹  

 

⌂▬fiⱣכ♩─ ╩  5.7.1 ⌐ ∆⁹  

 

 5.7.1 ▬fiⱣה♩כ  
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5.8 ☻ꜝⱩ  

ⱴfiⱱכꜟ ⅜ 5.0m ─ ⁸ ─ ╩ ⇔≡ⱴfiⱱכꜟ─

⌐ ╡ ( ☻ꜝⱩ )╩ ↑⁸ ╡ ─ │ 3.0 5.0 ≤∆╢⁹╕√⁸ⱴfiⱱ

ꜟכ ─ ⅛╠⁸ ↕│▬fiⱣכ♩⅛╠ 2.0m ∆╢⁹⌂⅔⁸☻ꜝ

Ⱪ ┘ ☻ꜝⱩ≤ ⅝╞│⁸30cm ─ ╩ ∆╢↓≤⅜ ╕⇔™⁹  

ₒ ₓ  

(1) ╡ ─ │⁸FRP ⁸◖fi◒ꜞכ♩ ☻ꜝⱩ⁸ ∟☻ꜝⱩ≤∆

╢⁹  
 

(2) ╩ ⇔≡ ╡ ─ ╩ ╘╢⁹⌂⅔⁸ ─ ╡ ╩ ↑╢ │⁸

╡ ─ ╡ │ ⁸∟≥╡ ≤∆╢⁹  

 

 5.8.1 ☻ꜝⱩ (ⱴfiⱱכꜟ ↕ 5.0m ─ )  

 

5.9 ⱴfiⱱכꜟ─  

ⱴfiⱱכꜟ ≢─ ⁸ ┘ ╩ ⇔≡⁸ ⅝╞─

─ │ ─≤⅔╡≤∆╢⁹  

ᵑ    2cm 

ᵒ    2cm 

     5cm 

ₒ ₓ  

─ ⅝╞─ │⁸2cm ╩ ≤∆╢⁹√∞⇔⁸ │⁸

─ ╩ ⇔≡ 5cm ≤∆╢⁹  

⌂⅔⁸ ↓℮ ─ ≢│ ⅜ ⅝ↄ⌂╢⅜⁸ 1 √╡─ │ 1.5m

≤∆╢↓≤⅜ ╕⇔™⁹╕√⁸ ⅝╞⌐≈™≡│⁸ⱴfiⱱכꜟ ─

┘ ╡ ≤ ─ ╩ ⇔⁸ ≤ ─ ⁸ ( ⱴ

♇♩╛ )─ ┘ ╩ ℮⁹  
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5.10  

│⁸ ⅝╞⁸ ⅝╞─ ⅜ 0.6m ─ ⌐ ↑╢⁹  

ₒ ₓ  

(1) │⁸ⱴfiⱱכꜟ ≢─ ╛ ╩ ⌐∆╢≤≤╙⌐⁸ ⌐╟╢

ⱴfiⱱכꜟ─ ⁸ ─ ╩ ← ╩╙≈⁹  
 

(2) ≤⇔≡⁸ ─ ⅝╞─ⱴfiⱱכꜟ⌐│ ⇔⌂™↓≤⅜

≢№╢⅜⁸ ≤ ─ ⁸ ⅛╠ 5.9 ─ⱴ

fiⱱכꜟ ─ ≤⇔≡ ≢⅝╢⁹  

(3) │ ╩ ≤⇔≡⁸ │ ≤⇔≡ ⱦ♬ꜟ ≤∆╢⁹

≤∆╢ │⁸ ╩ ⇔≡ 2 ⱴfiⱱכꜟ ─ ⅜ ╕

⇔™⅜⁸ ☻Ɑכ☻ ─ ─ ≢ ⌐ ⅜⌂™ │↓─

╡≢│⌂™⁹  
 

(4) │⁸  5.10.1╩ ≤∆╢⁹ ◖fi◒ꜞכ♩─ │₈

₉╩ ─↓≤⁹  

 5.10.1  

   

(mm) 

   (mm) 

  

150 100 Ί  

200 150 150 

250 200 200 

300 200 200 

350 200 200 

400 200 200 

450 250 250 

500  250 

600  300 

700    

 

 

 5.10.1 ⅝ⱴfiⱱכꜟ─  

 

 5.10.2 ⅝ⱴfiⱱכꜟ─  
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5.11 ⱴfiⱱכꜟ─ ⁸ ⁸  

ⱴfiⱱכꜟ─ ⁸ ⁸ │⁸ ─≤⅔╡≤∆╢⁹  

(1)  ┘  

1)  ⱦ♬ꜟ ⱴfiⱱכꜟ  

2)  ◖fi◒ꜞכ♩ ⱴfiⱱכꜟ  

3)  ꜠☺fi◖fi◒ꜞכ♩ ⱴfiⱱכꜟ  

(2)   

⌐ ─⌂™↓≤ ╩ ⇔≡ ∆╢⁹  

ₒ ₓ  

ⱴfiⱱ⁸│ꜟכ ⁸ ≢ ⌐ ╩ ↑≡™╢ ⌐

↕╣≡⅝√⅜⁸ ⁸ ─ ≤◖☻♩ ⅜ ╕∫≡⁸

ⱴfiⱱכꜟ─ ⅜ ⅎ≡™╢⁹  

(1) ┘  

1) ⱦ♬ꜟ ⱴfiⱱכꜟ  

ᵑ  ≤⇔≡ ⌐ ∆╢⁹  

ᵒ  ┤√│⁸ ♦◙▬fi ┤√╩ ∆╢⁹  

ᵓ  │ 5.11.1 ⌐╟╢⁹  

 5.11.1 ⱦ♬ꜟ ⱴfiⱱכꜟ─  

     

ⱦ  
30cm  250mm ─ ⱦ♬ꜟ ─  

KT 

ⱦ  
30cm  250mm ─ ⱦ♬ꜟ ─ 15°─  

L( ╡ )  

ⱦ  
30cm  250mm ─ ⱦ♬ꜟ ─  

ST(☻♩꜠כ♩ )  

β  ⱦ ─ ─ │▬fiⱣכ♩ ─ ╡ ╩ ∆⁹  

 

2) ◖fi◒ꜞכ♩ ⱴfiⱱכꜟ  

ᵑ  ≤⇔≡ ⅜ ∆╢ ⌐ ∆╢⁹  

ᵒ  │ 5.11.2 ⌐╟╢⁹  
 

 5.11.2 ◖fi◒ꜞכ♩ ⱴfiⱱכꜟ─  

 ┘         

30 

CM30  
30cm  200mm ─ ⅝╞─ ┘  

40 

CM 40 
40cm  200mm ─ ⅝╞─ ┘  

60 

CM 60 
60cm  300mm ─ ⅝╞─ ┘  

β 1 ─ │⁸ ⱦ♬ꜟ ╩ ⌐ ⇔√ ╩ ⁹  

β 2 ⱴfiⱱכꜟ╩ ⇔⁸ ╩ ↕∑╢ │ 15° ≤∆╢⁹  
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3) ꜠☺fi◖fi◒ꜞכ♩ ⱴfiⱱכꜟ  

ᵑ  ≤⇔≡ ⅜ ∆╢ ⌐ ∆╢⁹  

ᵒ  │  5.11.3 ⌐╟╢⁹  

 5.11.3 ꜠☺fi◖fi◒ꜞכ♩ ⱴfiⱱכꜟ─  

 ┘         

30 

RMC 30 
30cm  200mm ─ ─ ┘  

50 

RMC5 0 
50cm  

250mm ─ ─ ┘  
60 

RMC6 0 
60cm  

β 1 ─ │⁸ ◖fi◒ꜞכ♩ ╩ ⌐ ⇔√ ╩ ⁹  

β 2 ⱴfiⱱכꜟ╩ ⇔⁸ ╩ ↕∑╢ │ 15° ≤∆╢⁹  

 

 

(2)  

ᵑ  │⁸ ╩ ↄ │ ≤∆╢⁹  

 

 5.11.1 ⱴfiⱱכꜟ─  

 

 

ᵒ  ⱴfiⱱכꜟ╩ ⇔⁸ ╩ ↕∑╢ ─ │⁸15° ≤∆╢⁹  

ᵓ  ↕│⁸3.5m ╕≢≤∆╢⁹  

ᵔ  │⁸75m ≤⇔ ⇔≡ ⇔≡│⌂╠⌂™⁹  

ᵕ  ─ │ ┼ ∆╢ │⁸ ≤ ╩ ℮⁹ 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

6  ╕∆ ┘  
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6  ╕∆ ┘  

6.1 ╕∆  

╕∆│⁸ ─ ─ ⌐ ↑≡⁸ ⅜ ╩ ⇔≡ ⌐

⌐ ∆╢√╘⌐ ∆╢╙─≢№╢⁹ ╕∆─ ⌐№√∫≡│⁸ ⅜

╘╢₈ ╕∆ ₉⌐╟╢╙─≤∆╢⁹ ╕∆─ ⌐№√∫≡│⁸

─ ─ ╕∆≈™≡│ 8 ⌐ ≠⅝ 15 ─ ╘

╩ ↑╢╙─≤⇔⁸ ╘ ─ ⌐≈™≡│ ╕∆─ ⌐ ∂╢⁹  

ₒ ₓ  

₈ ╕∆ ₉─ ╩ (1) ┘ (2)⌐ ∆⁹ ╕∆│⁸ ─╒⅛⁸(3)

(6)─ ╩ ⇔ ∆╢⁹  

 

(1)  

╕∆│⁸ ≤⇔≡ ⌐≈⅝ 1 1 ╕∆╩ ∆╢⁹√∞

⇔⁸ ⌐ →╢ │⁸↓─ ╡≢⌂™⁹  
 
ᵑ  ─ ⌐╟╡ ⌂ ⅜≤╣⌂™ ⁸ ─ ─ ה

⌐╟╡ 1 ≢│ ╩ ≢⅝⌂™ ⌂≥⁸ ⅜ ⇔

≤ ╘√ ⁹  

ᵒ  ⌐ ⅜ 2 №╡⁸ ( ╩ ╗⁹ ∂ )

⅜ ⌂╢ ≢⁸ ⅜ ⇔ ≤ ╘√ ⁹  
 

(2)  

│⁸ ≤⇔≡ ( ╩ ╗⁹ ∂ ) ⅛╠ 1.0m

─ ⌐ ∆╢⁹√∞⇔⁸ ⌐ →╢ │ ⌐ ∆╢⁹  
 
ᵑ  ⌐ ╕∆─ ⅜⌂™⌂≥⁸ ⅜╛╗╩ ⌂™≤ ╘√  

ᵒ  ≤ ≤─ ⅜ 1.0m №╢  
 

╕∆─ │⁸ ┘ ⅜ ∆╢ ╕∆

⌐╟╡ ∆╢╙─≤∆╢⁹  
 

(3) ⱦ ╕∆  

ⱦ ╕∆│⁸ ┘ 200mm⁸◗ⱶ ↑ ≢⁸ ⌐≈™≡│

≢ ⇔√ ≤∆╢⁹╕∆─ ↕│⁸ ─ ≢ 900mm 1,500mm

≤∆╢⁹  
 

(4) ⱴfiⱱכꜟ╕∆  

╕∆─ ↕⅜ ─ ≢ 1,500mm ─ ⁸ │ ⅜ ⱦ

╕∆≤ ╦⌂™ │⁸ⱴfiⱱכꜟ╕∆╩ ∆╢⁹  

ⱴfiⱱ⁸│∆╕ꜟכ 1 ⱴfiⱱכꜟ╩ ⇔▬fiⱣכ♩╩ ↑╢↓≤⁹

√∞⇔⁸1 ⱴfiⱱכꜟ╩ ∆╢↓≤⅜ ≤ ╘╠╣╢ │⁸0 ⱴfi

ⱱכꜟ╩ ∆╢↓≤⅜≢⅝╢⁹  
 

(5) ╕∆┤√  

ⱴfiⱱ⁸│√┤─∆╕ꜟכ ≢ ⇔≡™╢┤√╩ ∆╢⁹╕√⁸

ⱦ ╕∆─ ⁸ ╡─┤√╩ ⇔⁸ №╢™│ ⌐

↕╣╢ │⁸ ┤√╩⁸∕─ ─ │ ⱦ ┤√╩ ™╢↓

≤⁹  

⌂⅔⁸┤√│ ⌐ ≢⅝╢╟℮⌐∆╢↓≤≤⇔⁸ ┤√⁸ ┤√│

⇔⌂™↓≤⁹  
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(6) ╕∆ ─  

⅝─№╢ ╛⁸ ╟╡ ™ ⌐≈™≡│⁸ ⌂ ╕

∆ (900mm 1,500mm )⌐≡ ╩ ≢⅝⌂™ ╙№╢↓

≤⅛╠⁸ ╩ ⇔⁸ ╕∆─ ↕╩ ∆╢↓≤⁹  
 

(7) ╕∆  

╕∆─ ╛ │⁸₈ ╕∆ ₉⌐ ∂╢↓≤≤∆

╢⁹  

 

(8) ⌐ ↕╣≡™╢ ─ ╡ ™  

  ⌐ ↕╣≡™╢ ⅜№╢ │⁸₈ ⌐ ↕╣≡™╢

─ ⌐≈™≡ ₉⌐ ∂╢↓≤≤∆╢⁹  
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6.2  

│⁸ ╕∆ ™│ ╕∆≤ ╩ ∆╢ ≢№╡⁸ ⁸

┘ ╩ ∆╢╙─≢⌂↑╣┌⌂╠⌂™⁹  

 

ₒ ₓ  

│⁸ ⌐ ∆ ≤∆╢⁹  

 

(1)  

ⱦ♬ꜟ (VU )≤⇔⁸ │◗ⱶ ↑ ♃▬ⱪ≤∆╢⁹

│ 1.0m ↔≤⌐ ⱪכ♥ ( ⱪכ♥ )╩ ↄ⁹  

 

(2)  

ᵑ  │⁸ ⌐ ⇔≡ ⁸⅛≈ ⌐ ∆╢⁹  

ᵒ  │⁸ ┼─ ╩ ≤∆╢⅜⁸ ⱴfiⱱכꜟ⌐⅔™≡│ⱴfiⱱ

⌐ꜟכ ╡ ↑╢↓≤⁹ⱴfiⱱכꜟ ─ │⁸ ╩ ≤⇔⁸

▬fiⱣכ♩╙ ↑╢⁹╕√⁸ ─ ⅛╠ⱴfiⱱכꜟ ≢ 100mm

─ ╩ ∆╢⁹  

ᵓ  ⱦ ╕∆≤─ ⌐│ ⁸ⱴfiⱱכꜟ╕∆≤─ ⌐│ⱴfiⱱ

ꜟכ ╩ ∆╢⁹  

ᵔ  ─ │⁸ ∆╢ ≤ 1m ∆↓≤⁹ ≤─ ↑│

⅛╠ 1m ∆  

ᵕ ╩ ∆╢ │⁸60 ─╙─╩ ∆╢↓≤⅜≢⅝╢⁹  

 

(3)  

─ │⁸ ╟╡ ≤∆╢⁹  

 

(4)  

150mm ≤∆╢⁹  

 

(5)  

10Χ ≤∆╢⁹  

 

(6)  

8m ╕≢≤∆╢⁹  

 

(7) ─  

─ כ♃♇◌⁸│↑№ ╩ ™⁸ │ 90 │ 60 ─ ╩

∆╢↓≤⁹  
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(8) ⱴfiⱱכꜟ ─  

ⱴfiⱱכꜟ─ כ♃♇◌⁸│↑№ ╩ ™⁸ ⌐│ⱴfiⱱכꜟ ╩

∆╢↓≤⁹  

 

 

 6.2.1 ─        6.2.2 ─  
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6.3  

 

╕∆│⁸₈ ─ ┘ ⌐ ∆╢ ₉( ) ┘₈

ה ⱴ♬ꜙ▪ꜟ₉ ( ) ⌐╟╢⁹  

 

 

ₒ ₓ  

│⁸ ⌂ ╩ ╡ ∆√╘⌐ ⁸ ╩ ⇔≡⅔╡⁸

∕─ ≤⇔≡ ─ ╩ ⇔≡™╢⁹  

╕∆│⁸ ─ ⌂╙─≢№╡⁸ ─ ▪ꜙ♬ⱴה

ꜟ ╩ ⌐ ∆╢↓≤≤∆╢⁹  
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 ╘  
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7  ╘  

7.1  

7.1.1 ─  

 

⅝╞ ⌐ ™╢ ⌂ ╘ ─ ⌐ ∆╢⁹ ╘ ─ ⌐№√

∫≡│⁸ ⌐ ⇔√ ╩ ⇔⌂↑╣┌⌂╠⌂™⁹  

 

 

ₒ ₓ  

(1) ╘⌐│ ↄ─ ≤ ⅜№╡⁸ ╘─ ⌐№√∫≡│⁸ ⁸

⁸ ─ ╩ ⇔⁸∕─ ⌐ ╙ ⇔√ ╘╩

⇔⌂↑╣┌⌂╠⌂™⁹  
 

(2) ≢ ╘╩ ∆╢ ⌐│ ─ ⅜⁸ ╩ ∆╢ ≢

⅝⌂ ≤⌂╢─≢⁸ ⌐ ℮ ⁸ ⁸ ┘ ─ ⌐

≈™≡ ⇔⁸ ⌐ ⇔√ ╩ ⇔⌂↑╣┌⌂╠⌂™⁹  

⌂⅔⁸ ─ ⌐╟∫≡│⁸ ─ ╩ ∆╢ ╙№╢⁹  
 

(3) ╘ │⁸ ╘ ─ ⁸ ╘ ─ ⌐╟╡ ─╟℮⌐ ↕

╣╢⁹  

 7.1.1 ╘─ ≤  

♩fiⱠꜟ ה  

 

 

 

╘

⁷

╘ ╘

⁷

╘

╘

⁷

⁷
⁷

∟   
⁷

◖fi◒ꜞכ♩

∟

⁷ ⸗ꜟ♃ꜟ⁸◖fi◒ꜞכ♩♁▬ꜟ☿ⱷfi♩

─

╘
─

∆╢
╘ ╩

≤─

≤─
╘

▪fi◌כ ╘┌╡ ╘╘

─

╘

┌╡─

▪fi◌כ ╘

⸗ꜟ♃ꜟ⁸◖fi◒ꜞכ♩

∟

◖fi◒ꜞכ♩╘ ╩ ∟   
⁷

⁷

╘

≤─
∆╢

≤─

┌╡ ╘╘

⁷ ⁷

╘

─

┌╡─

♁▬ꜟ☿ⱷfi♩

─
╘

─

╘

╘╘

⁷

╘

⁷

╘

⁷

▪fi◌כ ╘

⸗ꜟ♃ꜟ⁸◖fi◒ꜞכ♩

∟

◖fi◒ꜞכ♩╘ ╩ ∟   
⁷

⁷

╘

≤─
∆╢

≤─

┌╡ ╘╘

⁷ ⁷

╘

─

┌╡─

♁▬ꜟ☿ⱷfi♩

─
╘

─

╘

╘╘

⁷

╘

⁷

╘

⁷
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7.2 ┘  

╘ ⌐ ∆╢ ╩ ⌐ ∆⁹  

(1)   

2  ╘ ⌐ ∆╢●▬♪ꜝ▬fi≤∕─  

( 3)   136 ─ 3 

( 4)   356  

( 5)   

ₒ ₓ  

╘ ⌐ ∆╢ │⁸ ⌐₈ ה ₉

≤₈♩fiⱠꜟ ₉ ╩ ≤⇔ ⌐ ∆ ⅎ ╩

∆╢⁹⌂⅔⁸↓╣╠╩ ∆╢╙─≤⇔≡ ─ ╩ ≤∆╢⁹  

 

ₒ ↕⌐╟╢ ╘─ ⅎ ₓ  

ᵑ  ↕⅜ 1.5m ╩ ⅎ╢ │⁸₈ ₉⌐ ≠⅝⁸ ≤⇔≡

╘ ╩ ∆╙─≤∆╢⁹  

ᵒ  ↕⅜ 1.5m 4.0m ╕≢│⁸₈ ╘ ⌐ ∆╢●▬♪ꜝ▬fi≤∕─

₉⌐ ≠⅝⁸ ╛ ╖ ╘ ╩ ™√ ╘╩ ≤∆

╢⁹  

ᵓ  ─ ↕⅜ 4.0m╩ ⅎ╢ ╛ 4.0m ≢№∫≡╙ ┼─ ⅜ ⅝™

≤ ⅎ╠╣╢ │⁸ ╛ ╘╩ ™√ ⌂ ╘≤∆╢⁹

─ ╛ ╣ ↕│₈ ה ₉⌐

≠⅝ ╘╢╙─≤∆╢⁹  

 
 

(1)  

₈ ╘ ₉₈ ₉⁸ ₈

 ₉⁸ ₈♩fiⱠꜟ ₉⌐ ™ ⇔⌂↑

╣┌⌂╠⌂™⁹  

 

(2)  136 ─3 

↕ 1.5m ─ ╡ ╩ ℮ ⁸ ⅜ ∆╢⅔∕╣⅜⌂™≤⅝⁸

┘ ─ ⌐╟╡ ⅜⌂™≤⅝╩ ⅝⁸ ╘╩ ↑⌂↑

╣┌⌂╠⌂™⁹ ╘─ ╣│ ─ ─ ╩ ∆╢√╘⌐⁸

⌂ ↕≤⇔⌂↑╣┌⌂╠⌂™⁹  

 

(3) ╘ ⌐ ∆╢●▬♪ꜝ▬fi≤∕─   

╘ ≤│⁸ ⅜ ⌐ ∟ ∫≡ ∆╢ ⌐ ╘

╩ ⇔≡ ∆╢↓≤⅜≢⅝╢ ─↓≤≢№╢⁹  

 ₒ ●▬♪ꜝ▬fi ₓ  

ה ↕⅜ ⌡ 1.5 ⱷכ♩ꜟ 4 ⱷכ♩ꜟ ≢ ⅜ ⌡ 3 ⱷכ♩ꜟ

─ ╩╒╓ ⌐ ∆╢ ╩ ⌂ ⌐ ℮

⌐ ↕╣╢⁹  

ה ╘ ≤⇔≡⁸ ╖ ה ╖ ≤

╖ ╘ ꜟכ꜠♪▬ꜝ☻ ה ┌╡ⱪ꜠כ♩ ⅜№╢⁹  
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(4)  356  

⌐╟╡ ╩ ╡ ∆╢≤⅝⁸ ╛ ™ ─ ≢│⁸

↕ 2m ⌐ ∆╢ ⌐│ ╘ ⅜ ≤⌂╢⁹  

 

(5)  

∕─╒⅛ ≤∆╢ │ ─≤⅔╡≢№╢⁹  

 7.2.1 ╘⌐ ∆╢ ⌂ ה  

ה ה   

 ♩fiⱠꜟ  

  

 ╘  

  

 ╘ ⌐ ∆╢●▬♪ꜝ▬fi≤∕─  
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7.3 ╘ ─  

⅝╞ ⌐ ™╠╣╢ ⌂ ╘ ╩ ⌐ ∆⁹  

(1)  ⌐ ™╠╣╢ ╘  

1)   

2)   

3)  ▪ꜟⱵ  

4)  ( ╖⁸ )  

5)   

6)   

(2) ♪ꜟכ◦⁸  ─ ⌐ ™╠╣╢ ╘  

1)   

2)   

3) ♩כ꜠ⱪכ♫▬ꜝ   

4)   

ₒ ₓ  

(1) ⌐ ™╠╣╢ ╘  

1)  

Ᵽ♇◒ⱱ►≢ ╩ꜟכ꜠♪▬●⁸⇔ ⌐ ╦∑≡ ⇔ ╖ ↕

∑⁸⅛≈ 1 ─ⱤⱠꜟ╩●▬♪꜠כꜟ⌐│╘ ⌐ꜟכ꜠♪▬●⁸╖ ↕╣

≡™╢꜡♇♪≤≤╙⌐ ╩ ⇔ ╘ ≤∆╢╙─≢№╢⁹  

ᵑ  ≤ ╖⅜ ≢№╢√╘ ⅜╟™⁹  

ᵒ  ╣⅜⌂™√╘ ─ ™ │⁸Ⱳ▬ꜞfi◓ ┘ⱥכⱦfi◓

⅜ ∆╢↓≤⅜ ⅎ╠╣╢─≢⁸ ╩ ≤∆╢⁹  

ᵓ  ─ ⅜№╢ ⁸ ⌐⌂╢↓≤⅜ ⅎ╠╣╢─≢⁸

⌐ ⌂ ╩ ℮↓≤⁹  

 

2)  

⅜ ™ ⌐⁸ ≤ ⌐ ╩ ╪≢™ↄ ╘

≢№╢⁹  

ᵑ  ≢ ™⅜ ≢№╢⁹  

ᵒ  │ ╠╣⌂™⁹  

 

3) ▪ꜟⱵ  

⅜ ™ ⌐⁸ ≤ ⌐▪ꜟⱵ ╩ ╪≢™ↄ ╘

≢№╢⁹  

ᵑ  ╟╡↕╠⌐ ≢⁸ ⅜ ⅝™√╘⁸ ⅜ ™⁹  

ᵒ  │ ╠╣⌂™⁹  

 

4) ( ╖⁸ ) 

⅜ ↄ⁸ ≢ ⌐ ╘ ╩ ∆╢ ⅜№╢

⌂≥⌐ ™╠╣╢⁹  

ᵑ  ≤ ⇔≡ ≢ ™⅜ ≢№╢⁹  

ᵒ  №╢ ─ ⅜ ╠╣╢─≢ ⌐⅔↑╢ ⌐ ⇔≡™

╢⁹  

ᵓ  √╦╖ ⅜ ⅝ↄ ⇔╛∆™⁹  
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5)  

H │ I ╩ ≤⇔≡ 1.0m 1.5m ⌐ ∟ ╖⁸ ─

ⱨꜝfi☺⌐ ─ ╩│╘ ╪≢ ─ ╩⅔↕ⅎ╢ ≢№╢⁹ 

ᵑ  ╘ ⌐ ╘╢ ⅜ ⌂™─≢ ≢№╢⁹  

ᵒ  ╩ ↄ√╘⁸ ⌂ ⁸ ─ ⌐│ ≢№╢⁹  

ᵓ  ⌐ ⇔√≤⅝⁸ ─ ⌐╝╢╖╩ ∏╢⁹  

 

6)  

─ ╘ │⁸ ─ ⅝™⁸ ה ↄ

─ ≢ ↕╣≡™╢⁹ ╖⁸ ⅝ ─ ╙ ↕╣≡

™╢⁹  

ᵑ  ⌐ ╖⁸ ⅜ ≢ ⅜ ™ ≢│ ⌐ ↄ ↕╣≡

™╢⁹  

ᵒ  ⌐ ╪≢™╢─≢ ⁸ ─ ╩ ←↓≤⅜≢⅝╢⁹  

 

♪ꜟכ◦ה (2) ─ ⌐ ™╠╣╢ ╘  

1)  

(1) 5) ⁹  

2)  

(1) 6) ⁹  

♩כ꜠ⱪכ♫▬ꜝ (3  

│⁸ ↑ ┘ⱨꜝfi☺ →╩ ⇔⁸ ⌐ ⱪ꜠כ♩╩ ╡ ↑√

♩כ꜠ⱪכ♫▬ꜝ) )≤ ꜞfi◓ (H )╩ ™≡⁸ ⇔⌂⅜╠ ⅛╠ 1

ꜞfi◓ ( ↕ 50 )∏≈ ╖ ≡≡ ╘╩ ∫≡™ↄ ≢№╢⁹⇔√⅜∫≡⁸

⌂ ─ ⅜ ≢⁸ ╛ ─ ⌐╟∫≡│ ⅜ ≤⌂

╢⁹  

⌐│⁸ ⌐ ≤ ⅜№╢⁹ ≢│ ↄ⌂╢⌐⇔√⅜™ ╩

⁸ ⇔ ┘ ≢ ∆╢⁹ ⁸ ≢│⁸ ꜞfi◓≢ ∆╢↓≤≤

⌂╢⁹  

╕√⁸ ⌐∞™№─♩כ꜠ⱪכ♫▬ꜝ≥ ⅜≢⅝╢≤⁸ ─ ⌐≈

♩כ꜠ⱪכ♫▬ꜝ⁸╘√╢⅜⌂ ╖ ≡ ⁸ ∟⌐ ╘ ∆╢ ⅜№╢⁹  

 

4)  

─ ⌐│⁸ ─ ♩כꜞ◒fi◓╛◖fi◦כ◔ Ⱪ꜡♇◒

╩ ─ ≢ │ ↕∑⌂⅜╠ ∆╢ ≤⁸ ╛ ⌂ ─

╖≢ ↕∑╢ ⅜№╢⁹≥∟╠╙⁸ ♩כꜞ◒fi◓╛◖fi◦כ◔ Ⱪ꜡♇◒

─ ╩ ≢⅝╢─≢ ⌂ ≢╙ ⅜ ≢№╢⅜⁸ ⅜

⅝™√╘ ╛ ─♪כꜘ ⌐ ⅜ ≢№╢⁹  

⌂⅔⁸◖fi◒ꜞכ♩ Ⱪ꜡♇◒─ │ⱴfiⱱכꜟ ≤⇔≡ ≢№╢⅜

─◓fi◦כ◔ │ ◓fi◦כ◔⌐ ╩ ⇔⁸ⱴfiⱱכꜟ╩ ⌐

∆╢⁹  

│⁸ ⅜ ↄ ≢ ╟╡ ≤⌂╢ ⁸

─ ╛ ⅜ ⇔⅛ ⅎ⌂™ ⌂≥ ─ ⇔™ ⌐⁸

♩כ꜠ⱪכ♫▬ꜝ╛ ⌐ ╦╢ ≤⇔≡ ↕╣╢↓≤⅜ ™⁹  
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7.4 ─  

≤⇔≡⁸ 1.5m ╩ ⅎ╢ ⌐│ ╘ ─ ╩ ℮⁹  

╘ ─ ⌐№√∫≡│⁸ ⁸ ⅔╟┘ ╩

⇔⁸ ⌐ ∆╢ ─ ⌂ ╛ ┼─ ⌐≈™≡ ⇔⌂↑

╣┌⌂╠⌂™⁹  

ₒ ₓ  

(1) ╘ ─  

╘ ─ │⁸ ─  7.4.1 ⌐ ∆ ⌐╟╡ ℮╙─≤∆╢⁹ 

 

 

 7.4.1  

ה  
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(2)  

╘ ─ ∟ ה╖ ⅝ ⅝ ╛ ≢│⁸ ⌐ ╩ ⅎ╢

⅜№╢⁹⇔√⅜∫≡⁸ ─ ┘ ╩ ╦

⌂↑╣┌⌂╠⌂™⁹╕√⁸ ⌂ ╘ ─√╘⌐ ⌂

╩ ╦⌂↑╣┌⌂╠⌂™⁹  

 

(3) ╘ ─  

╘ ─ ⌂ ⱨ꜡כ╩  7.4.2 ⌐ ∆⁹  

⌐⅔↑╢ ╩ ⌐ ∆⁹  

ᵑ  ⌐№√∫≡│ ⁸ ─ ⁸ ┼─ ⁸

┼─ ⁸ ∆╢ ┼─ ╩ ∆╢⁹  

ᵒ  ⌐ ∂≡⁸ ╩ ™⁸ ╘ ─ ╩ ℮⁹  

ᵓ  ( ) ┘▪ꜟⱵ ( )─ │⁸20cm

─ ╣ ⇔⁸ 3.8m ≤∆╢⁹  

 

 

 7.4.2 ╘  

 

(4)  

╘ ─ │⁸₈  ₉⌐ ∂⁸ ↕

⌐ ∂≡ ╘─ ┘ ─ ╩ ™ ↑╢⁹  

─ ≤∕─ │  7.4.1 ⌐ ∆≤⅔╡≢№╢⁹  

 7.4.1 ╘─ ─  

 ↕  ╘─ ה ─  

┌╡  
3.0 m H֔ 10.0m β 1 

H 10.0mβ 2  

β 1 ≢│ ╘ ─ ╩ ╘╢↓≤⅜≢⅝⌂™√╘⁸ ⅜ ⇔

╩ ╘╢ ⅜№╢ │ ⌐╟╢─⅜╟™⁹  

β 2  N ⅜ 2 ╙⇔ↄ│ ⅜ 20kN/m2 ─ ⌐⅔™≡│ ↕

⅜ H 8.0 m⌐ ⇔≡ ∆╢⁹  

ה  
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7.5  

7.5.1 ─  

─ ⌐№√∫≡│⁸ ─ ╩ ⇔⌂↑╣┌⌂╠⌂™⁹  

(1)   

(2)   

(3)   

(4)  ┘  

(5)  ─  

(6)  ∕─ ─  

ₒ ₓ  

│⁸ ─ ⌐№√∫≡⁸ ⌐ ⇔⌂↑╣┌⌂╠⌂™

≢№╢⁹↓╣╠─ ╩⁸ ─ ╛ ─ ⌐╟╡ ⇔≡

∆╢⁹  

⌐ ╘ ╛ ⌂≥─ ─ ∑╩ ∆⁹  

 7.5.1 ─ ∑  

         
 

─  
∕─  

 
 

╘ 

╘  

╣     ủ  ủ   

⌐

∂
≡

 

 ủ  ủ  ủ     

  ủ  ủ  ủ  ủ  ủ   

⇔       ủ  ủ   ủ β  

┌╡       ủ  ủ  ủ  

∟       ủ  ủ  ủ  

 

 

ה  

 

→√  

↑√ ↑  

  ủ  ủ  ủ     

√╦╖   ủ      

 

 

 ủ  ủ  ủ     

  ủ  ủ  ủ     

β  ⇔─ ⌐ ╩ ∆╢  

ה  

(1)   

─ ⌐│  7.5.2 ⌐ ∆ ╩ ™╢↓≤≤∆╢⁹╕√

─ ╩  7.5.3 ⌐ ∆⁹  

 7.5.2 ─           (kN/ m 3) 

      

ה ה  77.0 
☿ ⱷ fi ♩ ⸗ ꜟ ♃

ꜟ  
21.0 

 71.0  8.0 

◖fi◒ꜞכ

♩  
24.5 ▪☻ⱨ□ꜟ♩  22.5 

◖ fi ◒ ꜞ כ ♩  23.0   

ה  
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 7.5.3 ─  (kN/m 2)  

  
╡─  

↕  2m ↕  3m 

  2.0kN/m2 2.0kN/m2 

  

(▪☻ⱨ□ꜟ♩

)  

2.5kN/m2 2.6kN/m2 

♩כꜞ◒fi◖ה

 
2.8kN/m2 3.3kN/m2 

ה  

(2)   

⌐ ∆╢ ≤⇔≡│⁸ ⁸ ┘

─ ╩ ∆╢⁹  

╕√⁸↓─╒⅛ ─ ≢│ ≤⇔≡ ─

⌐ ╩ ∆╢ ⅜№╢⁹ ─ ⌂ ╩  7.5.1

⌐ ∆⁹  

 

 7.5.1 ─  

ה  

1)  

│⁸₈ ה I ₉⌐ ↕╣≡™╢

─ T ╩ ™╢⁹  

 

 7.5.2 T  

ה  

⌂⅔⁸T140kN ─ ╩ ∆╢≤⅝│⁸₈ ה I (

29 )₉╩ ≤∆╢⁹  
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2)  

│⁸₈ ה з ₉⌐ ⇔⁸5.0kN/m 2─

≤⇔≡ ⌐ ∆╢╙─≤∆╢⁹  

 

3) ─  

≤ → ⌐≈™≡│⁸∕─ ⌐ ∂≡ ∆╢⁹  

 

4) ≢─  

╘─ ⌐⅔™≡│⁸ ─ ⌐ ≤⇔≡ 10kN/m 2 ─

╩ ∆╢⁹√∞⇔⁸ ⁸ ┘ ⅜ ⌐

╘⌐ ⇔⁸⅛≈ ╠⅛⌐ 10kN/m 2 ≢│ ≤ ⅎ╠╣╢≤⅝│⁸

⌂ ╩ ⇔⌂↑╣┌⌂╠⌂™⁹  

5) ∕─  

─ ⌐⅔™≡│⁸ ⌐ ∂≡ ┘ ⌐╟╢

╩ ∆╢⁹  

─ ┘ ⌐╟╢ ≤⇔≡│⁸ ─ 10%╩⁸

─ ⁸ ┘ ─ ⌐ ℮ ≤⇔≡│⁸

( ⌐│ ╡ ╩ ╗ )─ 15%╩ ∆╢⁹  

 

(3)   

┘ ─ ╩ ∆╢⁹ i │ ⌐ ⌂ↄ

0.3 ≤∆╢⁹√∞⇔ │ ╩ ↑╢─≢ i 0 .4 ≤∆╢⁹ 

 

(4) ┘   

⌐⁸ ╘ ─ ⌐ ™╠╣╢ ⌐│⁸ ⌐ ╠╣╢

┘ ─ ≤⁸ ≢─ ⌂≥⌐╟∫≡ ╠╣╢ ─ 2 ⅜№╢⁹  

│⁸ ╣ ╛ ⌐╟╢ ⌐ ™╠╣⁸ │

⌐╟╢ ⌐ ™╠╣╢⁹↓─↓≤│⁸ ─ ≢ ⇔≡⅔

╡⁸ ⌂ ⌐≈™≡│⁸7.6 ┘ ╩ ─↓≤⁹  

 

(5) ─   

╡┌╡ │⁸ 1ϴ─ ⌐ ⇔≡ 11.0 12.5kN ∆╢≤™

╦╣≡™╢⁹↓─ ─ │⁸ ╡┌╡─ ╛ ↕⁸ ╘ ─ ⁸

─ ⌐╟∫≡ ⌂╢≤ ⅎ╠╣╢⅜⁸ ⌐│ ⌐╟╢ ─

╩ 150kN ∆╢⁹  

 

(6) ∕─ ─   

╡┌╡ ┘ ╘▪fi◌כ─ⱪ꜠꜡⁸♪כ ╘▪fi◌כ─ ⁸

⌐╟╢ ⌂≥⁸ ⌐ ∂≡ ⌂ ╩ ⇔⁸∕─ ╩

∆╢⁹  
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7.6 ┘  

7.6.1 ⌐ ™╢ ┘  

⌐╟╢ ╘ ─ ╣ ⌐ ™╢ │⁸ꜝfi◐fiכ◙꜠הꜟ ⌐╟

╡ ╘╢╙─≤∆╢⁹╕√⁸ ⌐ ™╢ │⁸ ╩ ™╢↓

≤≤∆╢⁹  

 

ₒ ₓ  

(1) ╣ ─ ⌐ ∆╢  

╣ ─ ≢ ∆╢ │⁸ ≤∆╢⁹  

 

ꜝfi◐fiכ◙꜠הꜟ  

  7.6.1 

  7.6.2 

↓↓⌐⁸  

pa (kN/m 2) 

pp  (kN/m 2) 

K a ⌐⅔↑╢ ─  

K a = tan 2(45° ɫ /2) 

K p  ⌐⅔↑╢ ─  

K p  = tan 2(45°+ɫ /2) 

ɫ  ⌐⅔↑╢ ─∑╪ ( ) 

Ɉɘh  ⌐⅔↑╢ ─ ⅛┬╡ (kN/m 2) 

Ɉɘhõ ⌐⅔↑╢ ─ ⅛┬╡ (kN/m 2) 

ɘ  ─ ─ (kN/m 3)≢⁸

│  

╩ ™╢⁹  

h  ╕≢─ ─ ─ (m)  

hõ ╕≢─ ─ ─ (m)  

q ≢─ (kN/m 2) 

c ⌐⅔↑╢ ─ (kN/m 2) 

 

√∞⇔⁸ ─ ─ │  7.6.1 ⌐ ∆╟℮⌐ Pa 0.3

ɘh ≤⇔⁸ ⇔√ ≤ ⇔≡ ⅝™ ╩ ™╢╙─≤∆╢⁹√∞⇔⁸

↓─ ─ ⌐│⁸ ≢─ q │ ⇔⌂ↄ≡╙╟™⁹  
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 7.6.1 ─ ─ ⅎ  

ה  

(2) ⌐ ™╢  

╘ ⁸ ⇔⁸ ┌╡─ ⌐⅔™≡│⁸  7.6.2 ⌐ ∆

╩ ™╢↓≤≤∆╢⁹  

─ │ ≤⇔⁸ ─ │ ≤∆╢⁹ 

│⁸ ─ ╩⁸ ⌐ ™╢↓≤╩ ≤

⇔≡ ⇔ ╠╣√ ↑─ ≢№╡⁸ ⌐⌂∫√ │№ↄ

╕≢ ⌂ ⁸ ↕⁸ ⌐≈™≡─╙─≢№╢⁹  

 

 ─ (kN/m 3) 

a⁸b⁸c  7.6.1⁸  7.6.2 ⌐╟╢  

H  ↕  

 7.6.2  

ה  

 

 7.6.1 ↕ H ⌐╟╢  

   

ה  

  7.6.2 ⌐╟╢  

 

ה  
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↓↓≢⁸ ─ ⌐№√∫≡ ∆═⅝ ╩ ∆╢⁹  
 
ᵑ  ⅜ ⌐ ↕╣√ ≢│⁸ │ ╘≡ ⅝ↄ⌂╢√╘⁸ ╘ ⁸

≡ ─ ╛⁸ ⌐ ↕╣╢≤ ╦╣╢ │ ∆╢⁹  

 

ᵒ  ⅜ ≤ ─ ⌐⌂∫≡™╢ │⁸ ─ ─ ⅜

⅛╠ ╕≢─ ─ ↕─ 50% ─ │ ⁸ 50%

─ │ ─ ≤ ⅎ≡╟™⁹╕√ ⅜ ≤ ↕

╣√ │⁸ ╩ N ≢ ⇔⁸N֔5 ─ ─ ⅜ 50% ─

╩ ╠⅛™ ⁸50% ╩ ™ ≤⇔≡ ╡ ℮⁹  
 
ᵓ  ─ │⁸ ⅛╠ ╕≢─ ⌐⅔↑╢ ╩

⇔⁸  7.6.3 ─╟℮⌐⇔≡ ╘╢⁹  

 

 

 7.6.3 ─ ─ ╘  

ה  

 

ᵔ  ╘ ⌐│⁸ ≢─ ≤⇔≡ q 10kN/m 2╩ ∆╢⅜⁸ᵓ

≢ ╘√ ⅛╠⁸q/ (m)─ ↕─ ⅜ ╟╡ ⌐

∆╢╙─≤⇔≡  7.6.4 ─╟℮⌐ ≤⇔≡ ∆╢⁹  

 

 

 7.6.4 ≢─ ⅜№╢ ─  

ה  

(3)  

⌐ ∆╢ │ ≤⇔⁸ │  7.6.5 ─ỏABD ≢ ↕╣

╢ ∕∆╢⁹ │ ⌐ ≢│ ⌐ ↕╣╢

≤⇔⁸ ≢│ ≤∆╢⁹  
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 7.6.5  

ה  
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7.6.2 ⌐╟╢ ┘  

⌐ ™╢ │⁸ ⌐⅔™≡│ ─ ⌐ ™ ⅜ ⇔

╛∆™↓≤ ⅛╠ ≤ ╩ ⇔⁸∕─ ⌐╟∫≡ ╩ ╘╢⁹  

≢│⁸ ⌐ ⅜ ↕™√╘⁸ ⅜ ⇔≡╙

─ │⁸⇔┌╠ↄ─ ↕╣╢╙─≤ ⅎ⁸ ≤ ╩ ≤⇔≡ ╘╢↓≤

≤∆╢⁹  

ₒ ₓ  

│⁸ ⁸ ╘ ─ ⁸ ╩⸗♦ꜟ ∆╢↓≤⌐╟

╡ ⌐ ™ ─ ⁸ ╩ ╘╢↓≤⅜≢⅝╢⅜⁸ ─╟℮⌐

≢ ℮↓≤│ ≢⁸ ⌐╟∫≡ ╦╣╢⁹  

╕√⁸⸗♦ꜟ ∆╢ ⌐╟∫≡│⁸ ⅜ ⅝ↄ ⌂╢─≢ ⁸

⌐ ─ │⁸ ╩╟ↄ ⇔≡ ∆╢⁹  7.6.6 ⌐

─ ╩ ∆⁹  

 

 

 7.6.6 ─  

ה  

 

(1)  

╘ ⌐ ∆╢ │⁸ ─ ╟╡ ╘╢⁹  

 

─  

  7.6.3 

 

─  

  7.6.4 

 

↓↓⌐⁸  

 (kN /m 2) 

K 0 s  ⌐⅔↑╢ ─  

K 0 c ⌐⅔↑╢ ─  
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Ɉɘh  ⌐⅔↑╢ ─ ⅛┬╡

(kN /m 2) 

√∞⇔⁸ ╟╡ ⌐ ⅜№╢ │ ╟

╡ ─ ─ ╩ ╗⁹  

ɘ  ─ ─ (kN /m 3) 

h  ╕≢─ ─ (m)  

pw 2 ⌐⅔↑╢ ─ (kN /m 2) 

 

⌂⅔⁸ ─ │⁸ ─כ◐כꜘ─ ╩ ™≡ ⇔≡╟

™⁹  

  7.6.5  

↓↓⌐⁸  

ɫ ─∑╪ ( ) 

 

─ │⁸ ⅛╠ ⇔√  7.6.3 ─ ╩ ™╢╙─

≤∆╢⁹⌂⅔⁸ ⌐ ⌂ ≢│⁸Koc ⅜ ─ 0.8 ╟╡ ⅝ↄ⌂╢

⅜№╢─≢ Koc ─ ─ ⌐ √∫≡│ ∆╢ ⅜№╢⁹  

 7.6.3 ─  

N  K 0c 

N֕8 0.5 

4֔N 8 0.6 

2֔N 4 0.7 

N 2 0.8 

 

 

 

(2)  

╘ ⌐ ⅛╠ ∆╢ │⁸ ─ ⌐╟╡ ╘╢⁹  

 

─  

  7.6.6 

─  

 

  7.6.7 
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  7.6.8 

↓↓⌐⁸  

pa (kN/ m 2) 

K as ⌐⅔↑╢ ─  

K as tan 2(45° ɫ /2) 

ɫ  ⌐⅔↑╢ ─∑╪ ( ) 

K ac1 ≢─ ⌐⅔↑╢ ─

 

K ac2 ≢─ ⌐⅔↑╢ ─

 

Ɉɘh  ⌐⅔↑╢ ─ ⅛┬╡ (kN/ m 2) 

Ɉɘh 1  ≢─ ⌐⅔↑╢ ─ ⅛┬╡

(kN/ m 2) 

Ɉɘh 2  ≢─ ⌐⅔↑╢ ⅛╠─

─ ⅛┬╡ (kN/ m 2) 

√∞⇔⁸ ╟╡ ⌐ ⅜№╢ │⁸

╟╡ ─ ─ ╩ ╘╢⁹  

ɘ  ─ ─ (kN/ m3) 

h  ╕≢─ ─ (m) 

h 1 ⌐⅔↑╢ ─ ─ (m) 

h 2 ⌐⅔↑╢ ─ ╕≢─ ─

(m) 

q ≢─ (kN/ m 2) 

pw1  ⌐⅔↑╢ (kN/ m 2) 

c ⌐⅔↑╢ ─ (kN/ m 2) 

ה  
 

⌂⅔⁸ ─ │⁸  7.6.4 ⌐ ∆ ╩ ™╢╙─≤∆╢⁹  

 7.6.4 ─  

N  
K ac1 

K ac2 
  

N֕8 0.5 0.01H  0.3 0.5 

4֔N 8 0.6 0.01H  0.4 0.6 
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2֔N 4 0.7 0.025H  0.5 0.7 

N 2 0.8 0.025H  0.6 0.8 

↓↓⌐ H ↕ ( m)  

ה  

(3)  

╘ ─ ⌐ ∆╢ │⁸ ⌐╟╡ ∆╢⁹  

( )w2p Kǲɘ   7.6.9 

↓↓⌐⁸  

pp  (kN /m 2) 

K p  ⌐⅔↑╢ ─  

2

2

p

cos

)sinsin(
1

cos
K

ö
ö

÷

õ

æ
æ

ç

å +
-

=

ə

ɫəɫ

ɫ   7.6.10 

ɫ  ⌐⅔↑╢ ─∑╪ ( )  

ȃ ╘ ≤ ≤─ ( )≢⁸ə ɫ /3 ≤∆╢⁹ 

Ɉɘh  ⌐⅔↑╢ ─ ⅛┬╡ (kN /m 2) 

√∞⇔⁸ ╟╡ ⌐ ⅜№╢ │⁸

╟╡ ─ ─ ╩ ╗⁹  

ɘ  ─ ─ (kN /m 3)  

h  ╕≢─ ─ (m)  

pw2  ⌐⅔↑╢ (kN/m 2)  

√∞⇔⁸ ⌐⅔™≡│ pw2 0 ≤∆╢⁹  

c ⌐⅔↑╢ ─ (kN/m 2)  

ה  

(4)  

│⁸ ─ ⌐ ≠⅝ ∆╢↓≤╩ ≤∆╢⁹√∞⇔ ─

⅜ ⌂ ⌐│⁸ ─╟℮⌐ ⇔≡╟™⁹  

 

ᵑ  ⌐⅔↑╢ │⁸ ╘ ⅜ ─ ⌐│⁸

╟╡ ┼ ⅜ ⇔⁸ ╘ ─ ⌐⅔™≡⁸ ≤

≢ ⅜ ⇔ↄ⌂╢≤ ⅎ╠╣╢↓≤⅛╠⁸  7.6.7 ⌐╟╢↓≤≤⇔≡

╟™⁹  

ᵒ   7.6.8 ┘  7.6.9 ⌐ ∆╟℮⌐⁸ ╙⇔ↄ│ ⌐ ⅜

№╢ ⌐│⁸ K w (K w1⁸K w2 )│⁸K w1 Kw 2 1.0 ≤⇔≡╟™⁹  

ᵓ  ─ ─ │⁸ ⌐⁸  7.6.10 ─╟℮⌂ ⅜ ⅎ╠╣╢⁹  
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 7.6.7 ─  

 

 7.6.8 ⌐ ⅜№╢  

 

 7.6.9 ⌐ ⅜№╢  

 

 7.6.10 ─  
 

ה  
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7.7 ─  

─ ─ │⁸ ⌐ ╘╢ ╩ ≤⇔≡⁸ ⌐ ∂≡

↓╣╩ ⇔≡ ™⌂↑╣┌⌂╠⌂™⁹  

╕√⁸ │ ⅜ ≢⁸⅛≈ ⌐ ⇔√ ⁸ ┘ ─╙─

╩ ™⌂↑╣┌⌂╠⌂™⁹  

 

ₒ ₓ  

─ │⁸ ⌐ ─ ⌐ ⇔≡ ⇔⇔√╙─

⅜ ™╠╣╢⁹↓╣│⁸ ⅜⁸ ⌐ ↕╣⁸ ⅜

™⅛╠≢№╢⁹  

⇔⅛⇔⁸ ≤∆╢ ─ ╛⁸ ⌐ ∂≡ ─

╩ ⇔≡⁸ ™⌂↑╣┌⌂╠⌂™⁹  

─ ≤ H ─ ╩  7.7.1⁸  7.7.2 ⌐ ∆⁹  

 

 7.7.1 ─  

  
 

( 1.0m ╡ )  

 

( 1.0m2 ╡ )  ( 1 1.0m ╡ )  

 

 

2  59.7cm3 m 59.2kg m2 14.8kg m 

3B  204cm3 m 77.7kg m2 25.9kg m 

 

 

и  874cm3 m 120kg m2 48.0kg m 

й  1,340cm3 m 150kg m2 60.0kg m 

к  2,270cm3 m 190kg m2 76.1kg m 

л L  3,150cm3 m 210kg m2 105.0kg m 

ה  
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 7.7 . 2 H ─ ה ( ☻כꜞה ) 

♩ⱷfiכ⸗      

 

H × B × t 1 × t 2 

W  

A  

cm  2  

Ix  

cm  4  

Iy  

cm  4  

Ix  

cm  

Iy  

cm  

Zx 

cm  3  

Zx 

cm 3  

J IS  G 3192-1990 ─  

H 200×200×8×12   

63.53 

51.53 

 

4,720 

3,660 

 

1,600 

919 

 

8.62 

8.43 

 

5.02 

4.22 

 

472 

366 

 

160 

92 

 

☻כꜞ  

W 49.9kg m  

W 55.0kg m  

H 250×250×9×14   

91.43 

78.18 

 

10,700 

8,850 

 

3,650 

2,860 

 

10.8 

10.6 

 

6.32 

6.50 

 

860 

708 

 

292 

229 

 

☻כꜞ  

W 71.8kg m  

W 80.0kg m  

H  300×300×10×15   

118.4 

104.8 

 

20,200 

17,300 

 

6,750 

5,900 

 

13.1 

12.9 

 

7.55 

7.51 

 

1,350 

1,150 

 

450 

394 

 

☻כꜞ  

W 93.0kg m  

W 100.0kg m  

H  350×350×12×19   

171.9 

154.9 

 

39,800 

35,000 

 

13,600 

12,500 

 

15.2 

15.1 

 

8.89 

8.99 

 

2,280 

2,000 

 

766 

716 

 

☻כꜞ  

W 135.0kg m  

W 150.0kg m  

H  400×400×13×21   

218.7 

197.7 

 

66,600 

59,000 

 

22,400 

20,300 

 

17.5 

17.3 

 

10.1 

10.1 

 

3,330 

2,950 

 

1,120 

1,010 

 

☻כꜞ  

W 172.0kg m  

W 200.0 kg m  

J IS ─  

H  500×200×25×25 

 W=Ί  

☻כꜞ W=300.0  kg m  

 

Ί  

330.8 

 

Ί  

142,000 

 

Ί  

45,300 

 

Ί  

20.70 

 

Ί  

11.70 

 

Ί  

5,670 

 

Ί  

1,810 

H  502×475×25×25 

JIS ─  

 W=Ί  

☻כꜞ W=300.0  kg m  

 

Ί  

331.3 

 

Ί  

143,000 

 

Ί  

42,200 

 

Ί  

20.80 

 

Ί  

11.30 

 

Ί  

5,700 

 

Ί  

1,780 

ה , ה  

 

⌐ ™╢ H │ ≤⇔⁸ ה⇔ ┌╡ ⌐ ™╢ H ☻כꜞ│

╩ ∆╢⁹  
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(1) ─  

(SS400) ┘ (SM490)─

╩  7.7.3 ⌐ ∆⁹  

 7.7.3 ─  

(N/mm
2)  

  SS400 SM490  

 

( )  
210 280 

 

( )  

Є/ r֔ 18 

210 

18 Є/ r֔ 92 

[140 - 0.82(Є/ r  - 18)]×1.5 

 

92 Є/ r  

5.1
)/(6,700

1,200,000
2
³ù
ú

ø
é
ê

è

+ r?
 

 

Є ─ ↕ (mm)  

r (mm)  

Є/  r֔ 16 

280 

16 Є/ r֔ 79 

[185 - 1.2(Є/  r  - 16)]×1.5 

 

79 Є/ r  

5.1
)/(5,000

1,200,000
2
³ù
ú

ø
é
ê

è

+ r?
 

 

Є ─ ↕ (mm)  

r (mm)  

 
→ 

 

( )  
210 280 

 

( )  

Є/b֔ 4.5 

210 

4.5 Є/  b֔ 30 

[140 - 2.4(Є/b - 4.5)]×1.5 

 

Є ⱨꜝfi☺─ (mm)  

b ⱨꜝfi☺ (mm)  

Є/b֔ 4.0 

280 

4.0 Є/  b֔ 30 

[185 - 3.8(Є/b - 4.0)]×1.5 

 

Є ⱨꜝfi☺─ (mm)  

b ⱨꜝfi☺ (mm)  

∑╪  

( )  
120 160 

  315 420 

│ ≤ ∂ ╩ ™⁸ │ ╩ ⇔≡ 80 ≤∆╢⁹  

β  ╩  │ ⇔⌂™  

ה  
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(2) ─  

─ ╩  7.7.4 ⌐ ∆⁹  

⅞ ╩ ∆╢ ⁸ ╛ ⌐╟╡ ─

⅜ ⌂╢√╘⁸ ─ ⌐ √∫≡│ ⌐ ∆╢ ⅜№

╢⁹  

 7.7.4 ─ (N/mm2) 

 SY295 SY390  

 

→  270 355 210 

→  270 355 210 

 

⌂

≢

─

 

∑

 

 215 285 165 

 215 285 165 

 
 

∆
╖

 

∑ ╪  125 165 100 

╖

 

∑

 

 135 180 110 

 135 180 110 

 
 

∆
╖

 
∑ ╪  80 100 60 

ה  

 

(3) ─  

╘ ⌐ ↕╣╢ ─ ╩  7.7.5 ⌐ ∆⁹  

 7.7.5 ─ (N/mm2) 

─  
 

 → ∑╪  

 
 

 

№⅛╕≈ↄ╤╕≈⁸⅛╠╕≈⁸└┌⁸

└─⅝⁸≈⅜⁸═™╕≈⁸═™└  
12.0 13.5 1.05 

∆∏⁸╙╖⁸ⅎ∙╕≈⁸≤≥╕≈⁸

═™∆⅞⁸═™≈⅜  
9.0 10.5 0.75 

 
 

 

⅛⇔  13.5 19.5 2.1 

ↄ╡⁸⌂╠⁸┬⌂⁸↑╛⅝  10.5 15.0 1.5 

ꜝ꞉fi  10.5 13.5 0.9 

ה  
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(4) Ⱳꜟ♩─  

Ⱳꜟ♩─ ╩  7.7.6 ⌐ ∆⁹  

Ⱳꜟ♩─ │⁸₈ ה и ₉─ →Ⱳꜟ♩

(SS400 )⅔╟┘ Ⱳꜟ♩ (B10T) ⌐ ∂⁸∕─ ╩ 50

⇔√ ≤⇔√⁹ Ⱳꜟ♩│ Ⱳꜟ♩≤ ⌐ ≤⇔≡ ⇔≡╟

™↓≤≤⇔√⁹  

 7.7.6 Ⱳꜟ♩─  

(N/mm2

)  

 

ה  

 

(5) ─  

◖fi◒ꜞכ♩ │⁸SR235 SD295AהB⁸SD345 ╩ ≤⇔⁸∕

─ ╩  7.7.7 ⌐ ∆⁹  

 7.7.7 ─  

(N/mm2)  

 

ה  
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7.8 ╘ ─  

7.8.1 ─  

─ ⌐ ™⁸ ≤ ─ ─ ⅜ ⇔⁸ ─ ⅜

⌂╦╣╢≤⁸ ─ ⌐ ∂√ (1) (4)─ ⅜ ∆╢⁹  

─ ╩ ╢↓≤│ ╘─ ≢№╡⁸ ⌐ ─ ⅜

⌂╦╣⌂™╟℮⌐⇔⌂↑╣┌⌂╠⌂™⁹  

 

(1)  Ⱳ▬ꜞfi◓⌐ ∆╢  

(2)  Ɽ▬Ⱨfi◓⌐ ∆╢  

(3)  ⱥכⱦfi◓⌐ ∆╢  

(4)  ┬ↄ╣⌐ ∆╢  

 

ₒ ₓ  

╘ ⌐≤∫≡ ─ │⁸ ⌂ ≢№╢⁹ ─ ⌐╟╡

⌐ ↕╣╢⁹  

 

ᵑ  Ⱳ▬ꜞfi◓│⁸ ─ ™ ╩ ∆╢ ─  

ᵒ  Ɽ▬Ⱨfi◓│⁸ ─ ™ ╩ ∆╢ ─  

ᵓ  ⱥכⱦfi◓│⁸ ⌂ ╩ ∆╢ ─  

ᵔ  ┬ↄ╣│⁸ ⌂≥─ ─ ⌐ ⅜ ∆╢ ╩

∆╢ ─  

 

╣ ─ │⁸ ╘ ⁸ ╘ ─ ╣ ⌐⅛⅛╢ ≤

┘ ⌐╟╢ ⅛╠⌂╢≈╡ ™─ ≢№╢⁹  

≢⁸ ⅜ ─ ⅜ √ │⁸ ⅜ ≤⌂╢⅜⁸  

7.8.1 ⌐ ⌂ ╩ ≤⇔≡ ∆⁹  

 7.8.1 ⌐⅔↑╢  

 
∆╢  

   
Ⱳ▬ꜞfi◓  Ɽ▬Ⱨfi◓  ⱥכⱦfi◓  ┬ ↄ ╣ 

╣ ╩ ↄ∆╢  ủ  ủ  ủ  ủ    

 ủ  ủ  ủ  ỏ    

╩ ╢    ủ     

╩ →╢  ủ  ủ   ủ    

β  ủ ⅜№╢⁹  ỏ ⌐╟∫≡│ ⅜№╢⁹  

 

─ │ ↄ─ ⌐ ↕╣╢√╘⁸ ⌐№√∫≡│ ─

╩╟ↄ ⇔⁸ ⌂ ╘ ─ ╣ ≤ ╩ ╘⁸ ⌐ ∂≡ ╛

─ ╩ ℮ ─ ⅜ ≢№╢⁹  
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(2) Ⱳ▬ꜞfi◓  

─╟℮⌐ ─ ⅝™ ≢⁸ ─ ╘ ╩ ™≡

∆╢ ⁸ ─ ⌐ ∫≡⁸ ╘ ≤ ─ ⅜ ₁

⌐ ⅝ↄ⌂╢⁹  

↓─ ─√╘⁸ ─ ⌐ ⅝─ ⅜ ∂⁸↓─

⅜ ─ ╩ ⅎ╢╟℮⌐⌂╢≤⁸ ─ ⅜ ⅝ ≈

≤⌂╢⁹↓─╟℮⌂ ╩Ⱳ▬ꜞfi◓≤™℮⁹  

Ⱳ▬ꜞfi◓⅜ ∆╢≤ ─ ⅜ ╦╣⁸ ─ ⁸ ╘─

╙ ⅎ╠╣╢⁹⇔√⅜∫≡⁸ ─ ™ ╩ ∆╢ ⁸

Ⱳ▬ꜞfi◓ ─ ╩ ⇔⁸ ╩ ⇔⌂↑╣┌⌂╠⌂™⁹  

Ⱳ▬ꜞfi◓⌐ ∆╢ │⁸ ≤⇔≡ ⌐╟╡ ∆╢⁹╕√⁸Ⱳ▬

ꜞfi◓⌐ ∆╢ │⁸1.2 ≤∆╢⁹  

 

 7.8.1 Ⱳ▬ꜞfi◓─  

ה  

  7.8.1 

 

↓↓⌐⁸  

F s Ⱳ▬ꜞfi◓⌐ ∆╢ (Fs֕1.2) 

w  ─ (kN /m 2) 

w ɘΩ d   7.8.2 

u  ╘ ⌐ ∆╢

(kN /m 2) 

ɘΩ  ─ (kN /m 3) 

ɘΩ│⁸ ─ ╩ ɘw 10.0 kN /m 3 ≤⇔

≡⁸ ─ ɘ ⅛╠ ⇔ ↄ╙─≤∆

╢⁹√∞⇔⁸ ╩ ∆╢ ⌐│ ɘw 10.3 

kN /m 3≤∆╢⁹  
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d  ╘ ─ ╣ (m) 

ɘ w  ─ (kN /m 3) 

h w  (m) 

4

1.57 ɮɮɘɠu   7.8.3 

√∞⇔⁸u֔ɘɮhɮ  

↓↓⌐⁸  

ɠ ╘─ ⌐ ∆╢  

╘─  

ɠ ɠ 1ɠ 2   7.8.4  

ɠ 1 ⌐ ∆╢  

ɠ 1 1.30 0.7(B/ d) - 0 . 45   7.8.5  

√∞⇔⁸ɠ 1 1. 5 ─ │⁸ɠ 1 1. 5 ≤∆╢⁹  

ɠ 2 ╘ ⌐ ∆╢  

ɠ 2 0.95 0.09 (L/B ) 0.37 - 2   7.8.6  

L/B │⁸ ╘ ─ ( / )≤∆╢⁹  

╘─  

ɠ 0.2 2.2(D/ d) - 0 . 2   7.8.7  

√∞⇔⁸ɠ 1 1. 6 ─≤⅝│⁸ɠ 1 1. 6 ≤∆╢⁹  

D │ ╘─ ( m )  
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(3) Ɽ▬Ⱨfi◓  

Ɽ▬Ⱨfi◓≤│⁸Ⱳ▬ꜞfi◓ ⅜ ⌐ ⇔⁸ ╘ ╛

─╟℮⌂ ≤◖fi◒ꜞכ♩№╢™│ ─ ─ ⌐ ∫≡

⌐ ⇔⁸Ɽ▬ⱪ ⌐Ⱳ▬ꜞfi◓⅜ ↕╣╢↓≤⅜№╢⁹↓─╟℮⌂

╩Ɽ▬Ⱨfi◓≤™℮⁹  

Ɽ▬Ⱨfi◓⌐ ∆╢ │⁸  7.8.2 ⌐ ∆╟℮⌐ ≤ ─

╩ ⇔√ ⌐╟╡ ∆╢⁹╕√⁸Ɽ▬Ⱨfi◓⌐ ∆╢ │⁸2.0

≤∆╢⁹  

 

 7.8.2 Ɽ▬Ⱨfi◓─  

ה  

 

 

 

 

h d֕2h w   7.8.8 

↓↓⌐⁸  

h  ─ (m) 

√∞⇔⁸ ⌐ ─╟℮⌂ ─ ⅝⌂

⅜№╢ │⁸∕─ ╩ h ⅛╠ ∆╢⁹  

d  ⅛╠─ ╣ (m) 

h w  ⅛╠ ╕≢─ ↕ ( )(m) 
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(4) ⱥכⱦfi◓  

─╟℮⌂ ─ ™ ⅜ ↄ ∆╢ ≢│⁸

─ ⌐ ∫≡ ─ ⅛╠ ⅜ ⇔⁸ ╘ ─

≢ ⅝⌂ ⅜ ∏╢↓≤⅜№╢⁹↓─╟℮⌂ ╩ⱥכⱦ

fi◓≤™℮⁹  

ⱥכⱦfi◓⅜ ∆╢≤⁸ ╘ │ ⅝ↄ ⇔⁸ ─ ⁸ ╘

─ ⌐≈⌂⅜╢ ⅜№╢⁹  

ⱥכⱦfi◓⌐ ∆╢ ─◒♇Ɑהכ◑▪♠ꜟ♥⁸│ N b⌐╟╡

⌐≡ ↕╣╢⁹  

b

ɘ
  7.8.9 

↓↓⌐⁸  

N b  

ɘ  ─ (kN/ m 3) 

H  ↕ (m) 

c ─ ─ (kN/ m 2) 

ה  

N b─ ⌐╟∫≡⁸ ─ │ ─╟℮⌐ ∆╢⁹  

ᵑ  N b ⅜ 3.14 ─ │⁸ │ ⇔≡™╢√╘⁸ ╩

⇔≡╙╟™⁹  

ᵒ  N b⅜ 3.14 ⅛╠ 5.14 ─ │⁸ ⅜ ─ ⅛╠ ⇔ ╘

╢⁹  

ᵓ  N b⅜ 5.14 ╩ ⅎ╢≤⁸ ─ ⅜ ∂╢⁹  

⇔√⅜∫≡⁸N b ⅜ 3.14 ─ │⁸ ⌐ ∆ ╩ ™≡ⱥכⱦfi◓

─ ╩ ℮⁹ⱥכⱦfi◓⌐ ∆╢ │⁸  7.8.3 ⌐ ∆╟℮⌐⁸

┌╡╩ ≤⇔√ ─ ɬ─∆═╡ ╩ ⇔⁸ ⅝

√╡⌐≈™≡⁸ᵑ ᵒ ─ ─ ⌐╟╢ ♩ⱷfiכ⸗ (Mr) ≤⁸

─ ↕╕≢ ∆╢ ─ ≤⁸ ≢─ ⌐╟╢

♩ⱷfiכ⸗ (Md)≤─ ≤⇔≡ ╘╢╙─≢№╢⁹  

⌂⅔⁸ⱥכⱦfi◓⌐ ∆╢ │⁸1.2 ≤∆╢⁹  

 

 7.8.3 ⱥכⱦfi◓─  

ה
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  7.8.10 

↓↓⌐⁸  

c(z) ↕─ ≢ ⇔√ ─ (kN/ m 2) 

⌐№╢ ─ ⁸ ─

│  

ɖ 2k N/ m 3≤⇔≡╟™⅜⁸ ⌐ ╘╠╣√

─ ⅛╠ ╘╢↓≤⅜ ╕⇔™⁹  

ɬ  ┌╡╩ ≤⇔√∆═╡ ─ ─ (m) 

( ╩ ≤∆╢ ) 

W ⌐ ∆╢ ɬ ─ (kN)  

W ɬ (ɘH q) 

q ≢─ (kN/ m 2) 

ɘ  ─ (kN/ m 3) 

H  ↕ (m) 

F s (F s֕1.2) 

 

⅛⌂╡─ ↕╕≢ ⅜ ≤ ⅎ╠╣╢ ⌐│⁸ ─

╩ C ≤⇔≡ ≤⌂╢⁹  

  7.8.11 
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(5) ┬ↄ╣  

⌐⁸ ╛ ─ ™ ─╟℮⌂ ⅜№╡⁸

∕─ ─ ⌐ ⅜ ∆╢ ⁸ ┬ↄ╣⌐ ∆╢ ─

╩ ╦⌂↑╣┌⌂╠⌂™⁹  

─ ─ ⌐ ⅜№╢ ╩ ∆╢ ⁸

⌐╟∫≡ ⅜ ╣ ⅜╢↓≤⅜№╢⁹↓─╟℮⌂ ╩ ┬ↄ╣

≤™℮⁹  

┬ↄ╣⌐╟╡ ─ ⅜ ∆╢≤⁸ ╘ ─

⌐≈⌂⅜╢ ⅜№╢√╘⁸ ┬ↄ╣⌐ ∆╢ │ ≢№╢⁹  

─ │⁸ ≤ ⅛┬╡ ≤─ ≢ ∆╢ Ᵽꜝfi☻

╩ ≤∆╢⁹⌂⅔⁸ ┬ↄ╣⌐ ∆╢ │⁸ 1.1 ≤∆╢⁹  

 

 7.8.4 ┬ↄ╣⌐ ∆╢  

ה  

ww

221
S

u

w
F

h

hh

ɘ

ɘɘ
  7.8.12 

↓↓⌐⁸  

F s ┬ↄ╣⌐ ∆╢ (F s֕1.1) 

w  ⅛┬╡ (kN/ m 2) 

u  (kN/ m 2) 

ɘ 1⁸ɘ 2  ─ (kN/ m 3) 

h 1⁸h 2  ─ ↕ (m) 

ɘ w  ─ (kN/ m 3) 

h w  (m) 
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7.8.2 ⌐╟╢ ╘ ─  

7.8.2.1 ╣ ─  

╘ ─ ╣ │⁸ ⌐⅔↑╢ ─ ╛ ⌐ ⇔≡

⌂ ↕╩ ⇔⌂↑╣┌⌂╠⌂™⁹  

ₒ ₓ  

≈╡ ™ ↕│⁸ ─ ─ ┌╡ ⌐ ⇔⁸∕─ ┌╡╟╡

⌐⅔↑╢ ⅛╠─ ⌐╟╢ ≥♩ⱷfiכ⸗ ⅛╠─ ⌐╟

╢ ℮№╡≈⅜≥♩ⱷfiכ⸗ ─ ↕╩™™⁸  7.8.5 ≢ Paהya

Ppהyp ≤⌂╢≈╡ ™ ⅛╠≈╡ ™ ↕╩ ╘╠╣╢⁹  

 

 7.8.5 ≈╡ ™ ↕─ ( ─ )  

ה  

 

─ ≤ ─ ─ ╣ │⁸∕╣∙╣ ⌐ ∆

╡⌐ ∆╢⁹  

 

(1)  

ᵑ  ≢│ ╩ ⇔⌂↑╣┌⌂╠⌂™⁹≈╡ ™ ↕│⁸  7.8.5

⌐ ∆ ≈─ ⌐≈™≡ ⇔⁸ ⅝™ ─≈╡ ™ ↕╩≤╢⁹  

 

ᵒ  ─ │⁸ │ ╩⁸ │

⅛╠ 9.0kN/m 3╩ ⇔ ™√ ╩ ™╢⁹  

 

ᵓ  ⅛╠ ╕╢ ─ ╣ ─ │ 3.0m ≤∆╢⁹√∞⇔⁸

⌐ ⌂ ⅜ ╣ ⌐ ⇔⁸↓─√╘ ╣╩ ∆╢

↓≤⅜ ⌂ │⁸ ╣ ╟╡ ↄ⇔≡╙╟™╙─≤∆╢⅜⁸↓─

╟℮⌂ ⌂ ─ ⁸ ─ ⅜−™ ⌐⅔⅝╢√╘⁸

─ ⌂ ⅜ ≢№╢⁹╕√⁸ ─ ⌐≈™≡╙ ∆

╢⁹  

 

ᵔ  ⅜ ⌂ ╡≈─♩ⱷfiכ⸗⁸ ™⅛╠ ╣ ╩ ╘╢≤ ╣

⅜ ⌐ ↄ ↕╣√╡ ╕╠⌂™ ⅜№╢⁹ ⅛╠ ╕╢

─ ╣ ─ ⅜ ↕ ( ≢│ ⅛╠ ╕≢─

↕ )─ 1.8 ╩ ⅎ╢ │⁸ ─ ⇔╛ ─

─ ╩≤╢⁹  
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(2)  

ᵑ  │⁸ ─ ╘ ≢№╢√╘⁸ ≤⇔≡─ │ ↕

∑⌂ↄ≡╟™⁹≈╡ ™ ↕│⁸ ≤ ⌐≈™≡ ⇔⁸ ⅝™

─≈╡ ™ ↕╩≤╢⁹  

 

ᵒ  ─ ╣ ⌐⅔↑╢ ה ─ │  7.8.2 ⌐ ∆ ≤∆╢⁹ 

 7.8.2 ─ ╣ ─ ─  

   

 

N ֔10 ⱨꜝfi☺  

N 10 
ⱨꜝfi☺ ─ 2  

√∞⇔⁸  

   ⱨꜝfi☺  

ה  

 

ᵓ  ≢│  7.8.6 ⌐ ∆╟℮⌐ ─ ≤⇔≡ ─ ╩

⇔≡╟™⁹√∞⇔⁸ ─ ⌐⅔™≡ ⅜ ↕╣╢≤ ⅎ╠╣╢ │⁸

╩ ∆╢╙─≤∆╢⁹  

 

 7.8.6 ─ ╣ ─  

ה  

 

ᵔ  ─ ─ │⁸ ≤∆╢⁹ ≢

≢│ ╩ ™⁸ ≢│ ⅛╠ 9.0kN/m 3╩

⇔ ™√ ╩ ™╢⁹  

 

ᵕ  ⅜ ↄ ⅜ ╣⌂™⅛ ╣≡╙ ↕™ ⌐│⁸ ⌐

™ ╣ ≤⌂╢⅜⁸↓─╟℮⌂ ⌐⅔™≡╙⁸ ╣ 1.5m ╩

∆╢⁹√∞⇔⁸ ⌐ ⌂ ─√╘⁸ ╣ ╩ ∆╢

↓≤⅜ ⌂ │⁸ ╣ ╟╡ ↄ⇔≡╙╟™╙─≤∆╢⅜⁸↓─

╟℮⌂ ─ ⁸ ─ ⅜−™ ⌐ ⅝╢─≢⁸

─ ⌂ ⅜ ≢№╢⁹  
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7.8.2.2 ─  

 

╘ ─ │⁸ ⌐⅔↑╢ ┌╡⁸ │ ┌╡

⌐⅔↑╢ ─ ┌╡≤⁸∕╣∙╣─ ─ ╩☻Ɽfi≤∆╢

┌╡≤⇔⁸↓─ ─ ⌐≈™≡ ⌐ ≤ ╩ ↕∑⁸

⌐│ ╕≢ꜝfi◐fiכ◙꜠הꜟ≢ ⇔√ ╩ ↕∑╢↓

≤⌐╟╡ ℮⁹  

 

 

ₒ ₓ  

│⁸ ╘ ─ ╣ ─√╘─ ≢≈╡ ™ ↕╩ ╘

√ ─ ─ ─ ≤∆╢⁹  

 

 7.8.7 ─  

ה  

 

⁸ ∕╣∙╣─ ⌐⅔™≡ ╩ ⌐ ∆⁹  

 

(1)  

⅜ ↄ⁸ ─ ╣ ⅜ ↕™ ─ ─ │⁸

75cm ≤⇔≡ ™⁹╕√ ─ ↕│

5m ≤∆╢⁹  

│⁸  7.8.7 ─╟℮⌐ ↕∑⁸ │ ╣ ─ ⌐⅔™≡

╘╠╣√≈╡ ™ ↕─ ≢♀꜡≤⌂╡⁸ ⌐ ╩╙≈

≤∆╢⁹  

⌂⅔⁸  7.8.7(b)⌐ ∆⅜ ─ ─ │ ⇔⌂™⁹  

 

(2)  

⅜ ↄ⁸ ─ ╣⅜ ↕™ ─ ─ │⁸

75cm ≤∆╢⁹  

 

 7.8.3 ⌐ ╘ ─ ♩ⱷfiכ⸗ (Mmax)⁸  7.8.4 ⌐ (Z)

─≤╡ ⌐≈™≡ ∆⁹⌂⅔⁸ ─ │⁸ ⅛╠ 9.0kN/m 3 ╩

⇔ ™√ ≤∆╢⁹  
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 7.8 . 3 ╘ ─ ♩ⱷfiכ⸗ (Mmax)─≤╡  

╘ ─ ה  ─ ♩ⱷfiכ⸗  

 H ─  

 

─ 45  

√∞⇔⁸ ─ ╩ ⅛╠

50 ⇔√╡⁸◖fi◒ꜞכ♩≢

⅛╠ 30 ─ ↕╕≢ ⇔≡ ⇔√╙─

⌐≈™≡│⁸ ╩♩ⱷfiכ⸗ ─

80 ╕≢ →╢↓≤⅜≢⅝╢⁹  

ה  

 7.8.4 ╘ ─ (Z)─≤╡  

╘ ─  ─≤╡  

 H ─ ╩ ≤⇔√  

 

─ 60 ─  

√∞⇔⁸ ─ ╩ ⅛

╠ 50 ⇔√╡⁸◖fi◒ꜞכ♩≢

⅛╠ 30 ─ ↕╕≢ ⇔≡ ⇔√╙─

⌐≈™≡│⁸ ╩ ─ 80 ╕≢

→╢↓≤⅜≢⅝╢⁹  

ה  

 

7.8.2.3 ╘ ─ ─  

╘ ─ ─ │⁸ ╘ ─ ⌐⌂╢╟℮⌐⇔⌂↑╣┌

⌂╠⌂™⁹ ⌐ ™╢ │⁸ ◖fi◒ꜞכ♩─ ╩ ⅝ ⌐╟╡ ℮⁹⌂

⅔⁸ ─ ╘ ─ │⁸ ╩ ⇔⁸ ─ ⁸ ╘▪fi◌כ

─ ⁸ ╘ ┘ ╘ ≢№╢⁹  

ₒ ₓ  

  7.8.13 

↓↓⌐⁸  

ɨ  ⌐ ∆╢  (N/mm 2) 

M  ⌐ ∆╢ ♩ⱷfiכ⸗→  (Nהmm)  

Z ─  (mm 3) 

N  ⌐ ∆╢  (N)  

A  ─  (mm 2) 

ɨ sa ─  (N/mm 2) 

ה  
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ᵑ  ─ │⁸ ≢│ 1 √╡⌐≈™≡⁸∕─ ─ ╘

≢│ ╘ 1m √╡⌐≈™≡ ℮⁹  

ᵒ  ─ ♩ⱷfiכ⸗ ┘ ─ ™ ⌐≈™≡│⁸ ─  

7.8.3 ≤  7.8.4 ⌐ ∆ ╩ ™╢╙─≤∆╢⁹  

 

7.8.2.4 ╘ ─ ─  

╘ ─ │⁸ ─ ≢ ⅜№∫≡╙⁸ ─ ╩№╢ ⌐

ⅎ╢↓≤⅜≢⅝╢╟℮⌐⁸ ⌂ ╩ ⇔≡⅔ↄ↓≤⅜ ≢№╢⁹  

╩ ™√ ╘ ─ │ 0.3m ╩ ≤⇔⁸0.3m ╩ ⅎ╢ │⁸

⌂ ╩ ∂⌂↑╣┌⌂╠⌂™⁹  

 

ₒ ₓ  

╘ │⁸ ─ ⌐ ∫≡ ─│╠╖ ⇔⅜ ↕╣╢─≢⁸ ⌐ ↄ

╒≥ ⅜ ⅝ↄ⌂╢⁹ ╩⸗♦ꜟ ∆╢≤⁸  7.8.8 ─╟℮⌐

┌╡╩ ≤⇔⁸ ╩ ─│╡≤ ⅎ√ ≤⇔≡─ ⌐

™ ⌐⌂╢≤ ⅎ╠╣╢⁹  

─ ─√╘ │⁸  7.8.9 ┘  7.8.10 ⌐ ∆╟℮⌐ ┌

╡ A ╩ ⌂ ≤⇔⁸ ↕─ 1/2 B ╩ ≤⇔≡⁸ ┌╡

≤⇔≡ ╘╢⁹  

    

 7.8.8 ─⸗♦ꜟ    7.8.9 ─    7.8.10 

─ ╘  

ה  

  7.8.14 

↓↓⌐⁸  

w  ─ ⌐ ⇔ ™ ─  

(kN/m)  

E  ╘ ─ꜘfi◓  (kN/m 2) 

I  ╘ ─ ♩ⱷfiכ⸗  (m 4) 
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  7.8.15 

↓↓⌐⁸  

R B ⌐⅔↑╢ (kN)  

K  B ─ⱣⱠ (kN/m)  

ᵑ  │⁸☻Ɽfi 1─ ┌╡≤⇔≡ ╘√ √╦╖ə 1⌐⁸∕─ √

╦╖⅜ ∂╢ ⌐⅔↑╢ ─ ─ ə 2 ə 2 '  2 / 1 ╩ ⅎ√

 

ə ə1 ə2 ≤∆╢⁹  

ᵒ  │⁸ ─ ≤ ╩☻Ɽfi ⌐╦√╡ ∆╢⁹√∞⇔⁸

─ │⁸ P ╩☻Ɽfi 1≢ ™√ P/ 1╩ ≤∆╢

⌂ ≤⇔≡╙ ™⁹↓─ ⁸ 2 1/2⁸ə 2 ə 2 ' /2  ≤⌂

╢⁹  

ᵓ  ─ⱣⱠ K(kN/m) │⁸ ⅛╠ ╕≢─

⌐⅔↑╢ ─ Kh(kN/m 3)⌐∕─ ─

A ( 1m× ↕ h p)╩ ∂√ ≤∆╢⁹  

 

─╟℮⌐⇔≡ ╘√ │⁸0.3m ╩ ≤∆╢⁹

⅜ 0.3m ╩ ⅎ√ │⁸ ⌂ ╩ ∆╢ ╘ ⌐ ∆╢⅛⁸

⌐ ∟ ╘ ⌐ ╩ ™ ─ ╩ ╢⌂≥─ ╩ ⅎ

╢═⅝≢№╢⁹  

 

⌂⅔⁸↓↓≢ ═≡™╢ │⁸№ↄ╕≢╙ ─ ╩ ∆╢╙─

≢№╡⁸ ─ ╛ ╩ ∆╙─≢│⌂™─≢⁸ ⅜ ⌂

│ ⌐╟∫≡ ∆╢╙─≤∆╢⁹  
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7.8.3 ⌐╟╢ ╘ ─  

7.8.3.1 ╣ ─  

⌐⅔↑╢ ╣ ─ │⁸ ─ ⌐ ∆╟℮⌐ ≤

⌐ ╣ ╩ ╘⁸ ⌐╟╡ ⇔⁸ ╣ ⌐ ⅜ ∆╢↓

≤╩ ∆╢≤™℮ ╩≤╢⁹  

ₒ ₓ  

 

 7.8.11 ╣ ─  

 

ה  

 

 

7.8.3.2 ╘ ─ ┘ ─  

 

╘ ─ ┘ ─ ⌐ ™╢ │⁸ ╘ ╩ ─ ┌╡⁸

╩ ⁸ ╩ ≤⇔√ ╩ ≤∆╢⁹  

╘ ⌐ ∆╢ │⁸ ─ ⌐╟∫≡ ∆╢√╘⁸ ⌐⅔↑

╢ ─ ╩ ⇔⁸ ≤⇔≡ ↔≤⌐ ⇔√ ─

╩ ™╢ ↔≤─☻♥♇ⱪ ⌐╟╡ ╘╢⁹  
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ₒ ₓ  

─ ─ ⌂ ┘ ⅎ ╩ ⌐ ∆⁹  
 

(1) ─  

1)  
 
ᵑ  ╘ │⁸ ─ ┌╡≤∆╢⁹  

 
ᵒ  ─ ┘ ─ │⁸ ⌐╟╢ ─

( ─ )⌐ ≢⅝╢╟℮⌐ ↔≤⌐ ╘╢⁹  
 
ᵓ  ⌐⅔™≡ ╘ ⌐ ↄ ( )│⁸  7.8.12 ⌐

∆╟℮⌐ ╘ ─ ⌐ ⌐ ⇔⁸⅛≈ ╩ ⅎ⌂™⁹ 
 
ᵔ  ┌╡│ ≤⇔⁸∕─ⱣⱠ │⁸ ⁸ ⁸ ↕⁸ ─

ꜘfi◓ ⅛╠ ╘╢⁹  
 
ᵕ  №╢ ≢─ ┌╡ ─ ┘ ┌╡ │⁸ ⌐∆≢⌐

⌐ ⇔≡™╢ ╩ ⇔≡ ╘╢⁹  

  

 7.8.12 ⱣⱠ─  

ה  

2) ⌐ ∆╢  
 
ᵑ  ⌐│⁸ ⅛╠ ⅜ ∆╢╙─≤∆╢⁹  

 
ᵒ  ⌐│⁸ ╘ ⅛╠ ⅜ ⇔⁸ ⌐│

⅜ ∆╢⁹  
 
ᵓ  │⁸ ≤ ─ ≤ ─ ≤╩ ⇔≡⁸

≤ ⌐ ↑≡ ⅎ╢⁹↓↓≢⁸ ≤ ─ ⅜

≤⌂╢ ╩ ⁸ ≤⌂╢ ╩ ≤∆

╢⁹  
 
ᵔ  ─ ⅛╠ ─ ╩ ⇔ ™√╙─╩₈

₉≤⇔⁸ ─ ⅛╠ ─ ╩ ⇔ ™√╙─╩

₈ ₉≤∆╢⁹  
 

╟╡⁸ ⅛╠ ⅜ ⇔⁸ ─ ≢│⁸

⅜⁸ ≢│ ╘ ─ ⌐ ⇔√ ⅜ ↄ⁹ 

↓╣╠╩  7.8.13 ⁸ ⌐ ∆⁹  
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 7.8.13 ⁸  

ה  

 

3) ─⸗♦ꜟ  

─ ╘ ─ ≤ │ ⌐♀꜡≢⁸ ─ ⌐ ∫≡↓╣

╠⅜ ∆╢⁹ ╘ │ ≢№╢√╘⁸∕─ ≤└∏╖│ ∆╢

⅜⁸ │ ⅜ ⅝ↄ⌂╢⌐ ™ ≤ ─ ⅜ ⇔⌂ↄ⌂╢⁹

⇔√⅜∫≡⁸ ╩ ≤ ⌐ ↑≡ ⅎ╢↓≤⅜ ≤⌂╢⁹  

╕√⁸ ┌╡│⁸ ╘ ⌐∕─ ─ ⌐ ∂√ ≤ ⅜

∂√ ⌐ ↕╣╢√╘⁸ │ ↔≤⌐ ⇔⁸ ─

⌐ ∫≡⁸ ┌╡─ ≤ ╙ ∆╢⁹↓╣╠⌐ ∆╢√╘⁸

┌╡ ┘ ╘ ─ ≤ ╩ ─╟℮⌐ ⅎ╢⁹  
 
ᵑ  ┌╡  

┌╡╩ ⇔√ ⁸∕─ ⌐⅔↑╢ ╘ ─ ╩₈ ₉

≤ ┬⁹↓─≤⅝─ ┌╡─ │♀꜡≢№╡⁸↓╣ ─ ≢│

┌╡ ─ ⌐ ⇔√ ( ┌╡ⱣⱠ )⅜ ∂╢╙─≤ ⅎ╢⁹ 
 
ᵒ  ╘  

╘ │⁸ ≢│ ╩ ↑⁸ ┌╡╩ ≤

∆╢ ┌╡≤∆╢⁹ ─ ≢│⁸ ⅛╠

╩ ⇔ ™√ ╩ ↑⁸ ≢│⁸ ╩ ↑

╢ ─│╡≤ ⅎ╢⁹  

 

(2) ─  

╩ ™≡ ╘ ─ ╛ ╩ ∆╢ ⌐ ™╢

│⁸∕─ ⅜ ⌐ ⅝⌂ ╩ ⅎ╢√╘⁸ ╛

╘ ╩ ⌐ ⇔≡ ⇔⌂↑╣┌⌂╠⌂™⁹  

1)  

╘ ─ ⌐╟∫≡ ∂╢ ─ ╩ ∆╢ⱣⱠ

≢⁸ ╘ ─ ⁸ ⁸ ─ ⌐╟∫≡ ╩ ↑╢

╘≡ ⌂ ╩ ∫≡™╢⁹  

↓↓≢│ ╩ ─╟℮⌐ ∆╢⁹  
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3/4

ǧ
ǧ0ǧ

0.3

Ǣ
kk

-

ö
÷

õ
æ
ç

å
=ɜ   7.8.16 

↓↓⌐⁸  

k H  (kN/m 3) 

ɜ  ⌐ ╦╢  

⇔√ ─  ɜ 1 

─  ɜ B o/B f  √∞⇔⁸ɜ֔4 

Bo (m) 

Bf   ⱨꜝfi☺ (m) 

kH0 30cm─ ⌐╟╢ ─ ⌐ ∆

╢  (kN/m3) 

  7.8.17 

B H  (m)  

⁸ ≤╙⌐⁸B H =10m ≤∆╢⁹  

E 0  7.8.5 ⌐ ∆ ≢ │ ⇔√ ─

≤∆╢ ≢─ ─ (kN/m 2) 

◦ꜟ♩─ │⁸ ≤⇔≡ ╩ ™╢

⅜⁸ ⅜ ╠╣⌂™ │ɖE 0=210c(kN/m 2)≢

⇔≡╟™⁹  

√∞⇔ c │ (kN/m 2)≢№╢⁹  

ɖ  ─ ⌐ ™╢ ≢  7.8.5 ⌐ ∆⁹  

 7.8.5 E 0≤ ɖ  

─ ⌐╟╢ E 0(kN/ m 2) ɖ  

Ⱳכꜞfi◓ ≢ ⇔√  4 

─ │ ⅛╠ ╘√  4 

─ N ╟╡ E 0 2,800N ≢ ╘√  1 

ה  

2) ╘ ─  

⌐ ™╢ │⁸∕─ ┘ ╩ ⇔≡ ╘╢⅜⁸

₁─ ╘ ─ ⌐ ∂≡ ─ ⅜ ⌂╢√╘⁸ ⱷכ⸗

fi♩│  7.8.3⁸ │  7.8.4 ⌐ ∆ ╩ ™╢⁹  

 

3) ┌╡─ⱣⱠ  

┌╡─ⱣⱠ │⁸ ┌╡ ⁸ꜘfi◓ ⁸ ↕⁸ ┘

─ ╩ ⇔≡ ╘╢⁹ ⌐ ─ ┌╡─ⱣⱠ │ ⌐≡
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⇔≡╟™⁹  

s

2AE

?
ɖK s

  7.8.18 

↓↓⌐⁸  

K s ┌╡─ⱣⱠ  (kN/ m/m) 

A  ┌╡─  (m 2) 

E  ┌╡─ꜘfi◓  (kN/ m 2) 

? ┌╡─ ↕ ( ) (m) 

s ┌╡─  (m) 

ɖ  ┌╡─╝╢╖╩ ∆  

ɖ 0.5 1.0 ≤⇔⁸ ⌐☺ꜗ♇◐ ≢╝╢╖╩

∆╢ ɖ 1.0 ≤∆╢⁹  

 

 7.8.14 ┌╡─ ↕  

ה  

7.9 ─  

7.9.1 ⌐╟╢ ─  

─ ⌐ ™╢ │⁸ ≤ ╩ ™≡ ⌐

╟╡ ∆╢⁹  

ₒ ₓ  

│⁸ ⌐ ∆╟℮⌐ ⇔ ┘ ┌╡⌐ ↄ │⁸∕─ ┌╡≤∕

─ ─ ┌╡≤─ ─ ≤∆╢╙─≢№╢⁹  

 

 7.9.1 ╩ ™√ ─ ─ ⌐ ™╢ ( )  

ה  

ᵑ  ⇔│⁸ ≤⇔≡ ┌╡╩ ≤⇔√ ┌╡≤⇔≡ ♩ⱷfiכ⸗→

┘∑╪ ⌐ ⇔ ∆╢⁹  

ᵒ  ┌╡│⁸ ≤ ⅜♩ⱷfiכ⸗→ ∆╢ ≤⇔≡ ∆╢⁹ ≤⇔

≡│ ⁸ ┘ ⌐╟╢ ╩ ∆╢⁹ ⌐╟╢
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│⁸150kN/ ≤∆╢⁹  

╕√⁸ ╩♩ⱷfiכ⸗→ ∆╢ ─ │⁸ ┌╡ ╩ ╘√ ⁸

№╢™│ ┌╡ ╩ ╘ 5kN/m ( ─ ⅝ ) ∆╢↓≤≤∆

╢⁹  

ᵓ  ⇔◖fi◒ꜞכ♩╩ ┌╡≤⇔≡ ∆╢ ⌐│⁸ ⌂ ╩ ∆╢

↕≤⇔⌂↑╣┌⌂╠⌂™⁹↓─ ⁸ ⇔◖fi◒ꜞכ♩─ ↕│ 30cm

╩ ≤∆╢⁹  

 

7.9.2 ⌐╟╢ ─  

⌐╟╡ ╘ ─ ╩ ∫√ ⌐│⁸ ⌐╟╡ ↕╣√

┘ ─℮∟─ ╩ ™╢↓≤≤∆╢⁹  

⇔ ┘ ┌╡ ─ │⁸ ≤ ∂≤∆╢⁹  

 

7.9.3  

 

─ │₈ ₉⌐ ↕╣√ ╩

≤∆╢⁹  

 

 

ₒ ₓ  

ᵑ  ⇔│⁸H -300 ╩ ≤⇔⁸ │ 6m ≤∆╢⁹ ⇔─

│ 3m ≤⇔⁸ ╘ │ ─ ⅛╠ 1m ─≤

↓╤⌐ 1 ─ ⇔╩ ∆⁹  

ᵒ  ╡┌╡│ H -300 ╩ ≤⇔⁸ 5m ⁸ │ 3m

≤∆╢⁹  

 

7.10 ─  

7.10.1  

│⁸ ┘⌐ ⌐⅔™≡ ─ ╩ ≢

™⁸ ─ ⌐ ∆╢ ≢ ∆╢╙─≢№╢⁹  

⌐ ⅜ ∆╢─≢ ⌂ ╛ ╩ ∫√ ⌂ ≤⇔⌂↑╣┌⌂

╠⌂™⁹  

 

ₒ ₓ  

⁸ ⅜ ≤ ↕╣╢ ╩ ⌐ ∆⁹  
 
ᵑ  ≢ ⅜ ↄ⁸ ⇔⅜≢⅝⌂™ ⁹  

ᵒ  ≢ ─ ⅜ ⌂ ⁹  

ᵓ  ─ ╡⅜ ↄ⁸ ─ ╩ ⇔⌂↑╣┌⌂╠⌂™ ⁹  

ᵔ  ─ ─ ⅜№╢ ⁹  

ᵕ  ∕─ ≤ ╘╠╣√ ⁹  
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7.10.2  

⌐│⁸ ⁸ ♩כꜞ◒fi◖ה ⌂≥ 2 ⅜ ↕╣

≡™╢⁹ ↕│ 2m ─ ╩ ⌐ 3m ─ ╙№╡⁸ ⁸ ╩ ⇔

≡ ∆╢⁹  

╕√⁸ ─ ⌐ ℮ ─☻ꜞ♇ⱪ ┘ ⌐╟╢ ⅜ ⇔⌂™

╟℮⌐ ╩ ∂⌂ↄ≡│⌂╠⌂™⁹  

ₒ ₓ  

─ ╡ ╩  7.10.1 ⌐ ∆⁹  

 

 7.10.1 ─  

   
╡─  

↕  2m  ↕  3m  

   2.0kN/m 2 2.0kN/m 2 

   

(▪☻ⱨ□ꜟ♩ ) 
2.5kN/m 2 2.6kN/m 2 

♩כꜞ◒fi◖ה  2.8kN/m 2 3.3kN/m 2 

ה  

 

7.10.3 ─  

│⁸ ↕╣╢ ⌐ ⇔≡⁸ ⌂ ≤ ╩ ⇔≡™⌂↑╣┌⌂

╠⌂™⁹╕√⁸ ─ ה ⅝↕ ┘ │⁸ ─ ╩ ⇔⁸

⇔⌂↑╣┌⌂╠⌂™⁹  

 

ₒ ₓ  

(1)  

│⁸ ─ ≤ ─ ┘ ╩ ↕∑√ ┌╡

≤⇔≡ ╩ ⇔⁸ ─ ≢│⁸ ─ ─╒⅛⌐⁸√╦╖│

─ 1/400 │ 25mm ⌐ ⅎ╢╟℮⌐ ⇔⌂↑╣┌⌂╠⌂™⁹  

 

(2)  

⌐│⁸ ⁸ ⅜№╡⁸ ⌐│ ⌐╟╢ ╩ ∆╢⁹  

1)  

ᵑ  ⌐⅔↑╢ │⁸₈ ה з ₉⌐ ↕╣

≡™╢ ─ T ╩ ↕∑╢↓≤≤⇔⁸A ╙⇔ↄ│ B

╩ ∆╢⁹  

ᵒ  A ≤│⁸ 245kN ─ ─ ─ ⅜ ™

╩ ⇔√╙─⁸B ≤│⁸ 245kN ─ ─ ─

⅜ ™ ╩ ⇔√╙─≢№╢⁹ │⁸↓─ 2 ≈⌐ ⇔≡

∆╢⁹  

ᵓ  B ╩ ∆╢ ⌐⅔™≡│⁸ ─ ╩ ∆╢√╘ T

⌐╟∫≡ ⇔√ ( ╪∑ⱷfi♩⁸כ⸗→ ⁸ ⁸√╦╖ )

⌐ ─ ⌐ ∂≡  7.10.2 ⌐ ∆ ╩ ∂╢╙─≤∆╢⁹√∞⇔⁸

1.5 ╩ ⅎ⌂™╙─≤∆╢⁹  

⌂⅔⁸  7.10.2 ─ │⁸ ⌐ ⌂ ─ ╩ ∆⁹  
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 7.10.2 ─ ╩ ∆╢√╘─ ╡ ⇔  

─ (m)  L֔4 L 4 

   1.0 
 

ה  

 

ᵔ  ─ │⁸ ⅜ ↕ↄ ╩ ↑╢↓≤⅛╠⁸i 0.4 ≤∆

╢⁹  

 

 

 

2) ─  

ᵑ  ≤ ⅜ ⌂ ─ │⁸ ─

⌐│ T │ 2 ╩ ≤⇔⁸3 ⅛╠│ 1/2 ⌐ ∆╢⁹

⌐╟∫≡ ⌐ ⅜ ∂╢╟℮⌐ ∆╢⁹  

 

 7.10.1 T ─  

ה  

 

 7.10.2 ≤ ⅜ ⌂ ─ ─  

ה  

 

ᵒ  ≤ ⅜ ⌂ ─ │⁸T ╩ ⌐

⇔⁸ ⌐╟╢ ┼─ ╩ ∆╢⁹ ⌂≥─ ╩

∆╢ ⌐│⁸ ⅎ┌ B ⌐ ∆╢ P │⁸ AB ⁸BC ⌐

 7.10.3 ─╟℮⌂ ╩ ⇔⁸ ⌐╟╡ ╘╢⁹↓─ P ╩  

7.10.4 ⌐ ∆╟℮⌐ ⇔ ∆╢⁹  
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 7.10.3 ≤ ⅜ ⌂ ─  

♩fiⱠꜟ ה  

 

 

 7.10.4 ≤ ⅜ ⌂ ─ ─  

♩fiⱠꜟ ה  

 

(3) √╦╖─  

─ ⌐╟╢√╦╖│⁸L/400(L │ ) ≢⁸⅛≈ 25mm

≢⌂↑╣┌⌂╠⌂™⁹↓─ ⌐ │ ╕⌂™⁹  

⌐ ↕╣╢ ⅜ 1 ─ ≤ ─ │⁸ ─℮∟ ™

↑≡ ∆╢⁹  

  7.10.1 

  7.10.2 

↓↓⌐⁸  

ə  √╦╖ (m) 

P0 ⌐ ∆╢ ╩ ╕⌂™ (kN)  

L  (m) 

E  ─ꜘfi◓ (kN/ m 2) 
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I  ─ ♩ⱷfiכ⸗ (m 4) 

W 0 (kN/ m) 

  7.10.3 

M L max ╩ ╕⌂™ ⌐╟╢ ⱷfiכ⸗→

♩ (kNהm) 

7.10.4 ↑ ─  

 

↑ │⁸ ┘ ⌐ ⇔≡⁸ ⌂ ≤ ╩ ⇔≡™

⌂↑╣┌⌂╠⌂™⁹ ↑│⁸ ⁸ ─ ╩ ⁸ │ ↑

╩ ≤⇔⁸ №╢™│ ╘ ≤─ ↑ ╩ ≤∆╢ ┌╡≤⇔

≡ ∆╢⁹  

 

 

ₒ ₓ  

⌐ ™╢ ╩ ⌐ ∆⁹  

 
 7.10.5  ↑ ─ ─   

 

 

 7.10.6 ↑ ─ ( H ─ )  

♩fiⱠꜟ ה  

 

↑─ │⁸ ⌐ 2 3m ≤ ↄ⁸ ≤ ⅜ ™─≢

∑╪ ⅜ ≤⌂╢⁹↓─√╘ ↑─ ≢│⁸√╦╖─ │ ╦⌂ↄ≡

™↓≤≤∆╢⁹√∞⇔⁸ ⅜№╢↓≤ ≢ ⅜ ⅝ↄ⌂╢ ⁸

│ ↑ ⌐ ⅜ ╡ ↑╠╣╢ │⁸√╦╖─ ╙ ℮⁹↓─

≤⅝─√╦╖─ │ ≤ ≤∆╢⁹  
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 7.10.7  

 

7.11  

 

─ ⌐≈™≡│⁸ ⌂≥ ≤─ ─ ⁸ ∆╢╙

─≤∆╢⁹  
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8   

8.1 ─  

 

│ ⁸ │ ⌐ ╩ ↕∑⁸ ⌐ ⇔√

│ ─☺ꜗ♇◐─ ⌐╟╡ ╩ ⌐ ⇔≡ ⅝╞╩ ∆╢

≢№╢⁹  

 

 

ₒ ₓ  

─ │ ≢№╢⅜⁸ ∆╢ ─ ┘ ⌐╟╡ ↕╣╢⁹

┘ 800 3,000mm ╕≢╩₈ ₉⁸ ┘ 150 700mm ╕≢╩₈

₉≤∆╢⁹  

─ ╩ ─  8.1.1 ⌐ ∆⁹  

 

 

 8.1.1 ─  
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8.2 ─  

 

─ │⁸ ─ ⁸ ─ ⁸ ⁸ ⁸∕─

─ ⁸ ─ ╩ ⇔⁸ ⌂ ⁸ ─ ╙

⇔√ ≢ ⌂ ┘ ⌐ ⇔⌂↑╣┌⌂╠⌂™⁹  

 

 

ₒ ₓ  

╩ ℮ ≢ ⌂ ≤⇔≡ ─╙─⅜ →╠╣╢⁹  
 
ᵑ  ∆╢ ─ ┘  

ᵒ  1 ☻Ɽfi─  

ᵓ  ≤  

ᵔ   

ᵕ  ┘ ─ ⌐ ∆╢  

ᵖ  ─ ┘  

ᵗ  ∕─ ─  

 

↓─℮∟≢⁸ ⌐ ≤ ─ │⁸ ─ ╩ ⅝ↄ ∆╢─≢

≤─ ╙ ⇔ ∆╢ ⅜№╢⁹  

│⁸ ⁸ ─ ⁸ ₁─ ╩ ⇔ ∆

╢⁹  

╕√⁸ ה ⌐╟╡ ⌐ ⅜№╢─≢ ─℮ⅎ⁸

─ ╩ ℮ ⅜№╢⁹╕√⁸ │⁸ ⌐ ⇔≡ ⌂ ╩

╗↓≤⅜ ╕⇔™⁹  
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 8.2.1 ─ ⱨ꜡כ  
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8.3 ─ ─  

8.3.1 ⌐ ∆╢  

⌐ ∆╢ ─ ⅜⁸ ╙ ≢№╢⁹ ⌐│ ─ ⌐⅔↑

╢ ╩  

⇔⁸™∏╣─ ⌐⅔™≡╙ ⌐ ⇔≡ ≢⌂↑╣┌⌂╠⌂™⁹  

(1)  ∆╢ ( )  

(2)  ─  

(3)  ∕─ ─  

ₒ ₓ  

(1) ∆╢  

1)  

─ │⁸ ─ ⌐⅔™≡│ ∆╢⅜⁸ ─ ─

⌐⅔™≡│ ⇔⌂™⁹  

2) ⌐ ∆╢  

⌐⅛⅛╢ ⌐│⁸ ⁸ ⁸ ⁸ ⅜№╢⁹

─ ─ ╩ ∆╢√╘─ ⌐≈™≡│⁸ ─╖╩

∆╢↓≤≤∆╢⁹  

⌐≈™≡│⁸ ╡─ ⅝↕⌐╟╡⁸ ⁸ ╖ ╩ ™

↑╢↓≤≤∆╢⁹ ╩ ⇔√ │⁸ ⌐ ╩ ∆╢

⅜⁸ ╖ ⌐│ ─ ⅜ ⌐ ╕╣≡™╢√╘⁸ ╩

∆╢↓≤│⇔⌂™⁹  

⌂⅔⁸ ╩ ⇔√ ─ │⁸ ⌐ ∆╟℮⌐

╩ ⇔⁸ ≤ ─ ≤⇔≡ ↕╣╢⁹  

q w p   8.3.1 

↓↓⌐⁸  

q ⌐⅛⅛╢ (kN/ m 2) 

w  ⌐╟╢ (kN/ m 2) 

ᵑ   

│∕─ ⌐╟╡ ⌂╢⅜⁸ │ ⁸

│ ─ ╩ ∆╢╙─≤⇔⁸ ╩ ⇔√ ─╖ ∆

╢⁹ ╘ │⁸ ─╟℮⌐ ⌐ ∆╢╙─≤⇔⁸ ⁸

╩ ⇔ ⌐╟╡ ╘╢⁹  

│⁸₈ ה з ₉⌐ ╘╠╣√ 250kN

─ 100kN ≤∆╢⁹  

 

 8.3.1 ─  
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  8.3 . 2 

↓↓⌐⁸  

p (kN/ m 2) 

H  ╡ (m) 

P ( 100kN)  

a ♃▬ꜘ─ ↕ ( 0.2m) 

C ─ ( 2.75m) 

ɝ  ─ ( ⌐ 45 ) 

 i  (  8.3.1) 

ɗ  (  8.3.1) 

 8.3.1  

H(m)  H 1.5  1.5֔H 6.5  H֕ 6.5  

i  0.5  0.65 - 0.1H 0 

 

 8.3.2  

 
╡ H֔ 1m⅛≈  

B֕4m─  
─  

ɗ  1.0  0.9  

 

─ ╡ ╣⅜ ™↓≤⅜ ⌂ │⁸ ∆╢⁹  

 

ᵒ   

─ ─ ╩ ∆╢ ─ │⁸ ─╖╩ ∆

╢⁹ ─ │⁸ ╡⌐╟╡⁸ ≤ Terzaghi ─ ╖ ╩

™ ↑╢⁹  

─ ↕│⁸ ⌐ ╡⅜ 2D(D ) ─ ⁸

↕╣╢ ╖ ↕ (1 1.5D)⅛╠ ╕≢─ ─ ↕⅜№╕╡ ™─≢⁸

◓fi♅כ▪─ │ ⇔⌂™ ⅜ ™⁹↓─╟℮⌂ │ ─

⅜ ≢№╢⁹ ╡⅜ ─ 2 │ 2m ⌐⌂╢≤ ─

◓fi♅כ▪ ⅜ ≢⅝╢─≢⁸ ╖ ─ ⅜ ≤⌂╢⁹  

 

⌐⁸ ─ ⌂ ™ ↑≤⇔≡⁸  8.3.2 ⌐ ≤

╡⌐╟╢ ─ ╩⁸  8.3.3 ⌐∕─ ↔≤─ ⁸

─ ╩ ∆⁹  
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β 1 (   ) ─ │ ɫ 0 ─ ╩ ∆⁹  

β 2 ⅛╠ 2m │⁸ ⅜ ≢⌂™↓≤╩ ⇔

≡™╢⁹  

 8.3.2 ─  

 

 8.3.3 ─ ( )  

 

 

ч  

│⁸ ╡⅜ 2D(D ) ≤ ↄ⁸ ♅כ▪─

fi◓ ─ ⅜ ™≤ ↕╣╢ ⁸ ╖ ↕⅜ ╡╟╡ ↄ

⌂╢≤ ↕╣╢ ⌐ ∆╢⁹  

 

ш ╖  

╖ │⁸ ─▪ ♅fi◓ ⌐ ⅜⅔↑╢≤ ↕╣╢ ⌐

∆╢⁹  

╖ │ Terzaghi ─ ⅜ ↕╣⁸ ╡ 10m ─ ⌐≈

™≡│⁸ ⁸∕╣╩ ⅎ╢ │ ≤⇔≡ ∆╢⁹  

⌐≈™≡│⁸ ╖ ╩ ╘╢ ─ ⌐⅔™≡ ⇔≡⅔

╡⁸ ╘≡ ⇔⌂™⁹  

⌐ ╖ ─ ─ ≤ ╩ ∆  

β 1 

β 2 

β 3 

β 4 

β 2 β 2 

β 3 

β 4 

8.3.1  

8.3. 2 β 1 

8.3. 3 

 

 

(

8.3. 4)  

 

 

(

8.3. 6)  

 

 

8.3. 5 
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( ) 

ה C⌐≈™≡  

╖ ─ ≢ C╩ ∆╢≤⁸ ╖ ⅜ ⌐

↕ↄ⌂╡ ─ ⌐⌂╢ ⅜№╢⁹⇔√⅜∫≡ N 2 ─

⌂ ≢│ ╩ ∆═⅝≢⌂™⁹↕╠⌐⁸N

֕25─ ≤ ↕╣╢ ≢│⁸ ⌐ ≠ↄ

╩∕─╕╕ ™╢─≢│⌂ↄ⁸ 2 ≢ ⇔√ ╩

∆╢─⅜ ╕⇔™⁹  

ה ─  

⌂ ⌂ ─╙≤≢⁸ ╩ ∆╢↓≤⅜ ≢№╢

⅜⁸ ╖ ↕╟╡™√∏╠⌐ ⇔≡ ╖ ╩ ⇔≡╙

⅜ ⌐⌂╢∞↑≢⁸ ⌐ │⌂™↓≤⅛╠ ╩ 1D

1.5D(D ) ∆╢↓≤⅜ ╕⇔™⁹  

 

a ⌐⅔↑╢ ╖ ─  

  8.3.3 

 

√∞⇔⁸ ɫ 0 ─ │⁸ ⅜ ≤⌂∫≡ ≢

⅝⌂™⁹  

ɫ 0 ─ ⁸ ╖ ─ │ 8.3.5 ╩ ⌐ ∆╢⁹  

  8.3.4 

↓↓⌐⁸  

q ⌐⅛⅛╢ (kN/ m 2) 

ɨ v  Terzaghi ─ ╖ (kN/ m 2) 

K 0 ≤ ≤─ ( K 0 1 ≤⇔≡╟™ ) 

ɫ  ─ ( ) 

p0 ( 10k N/ m 2) 

ɘ  ─ (kN/ m 3)( ≤⇔≡╟™ ) 

c ─ (kN/ m 2) 

R0 ─ ╖ ╩ ⇔√ (m)(D/2+ ─ ╖ ) 

╕√⁸Bt/2  

D  (m) 
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H  ╡ (m) 

Bt  ─ ╖ ╩ ⇔√ (m) 

─ ╖ │⁸ ⌐ 0.04m ≤↕╣≡™╢⅜⁸

≢│ 0.02m ╩ ™╢⁹  

 

 8.3.3 ⌐⅔↑╢ ╖  

 

b ⌐⅔↑╢ ╖ ─  

─ ɘ⁸ C⁸ ɫ⅜∕╣∙╣ ⌂╢

─ │⁸ ⌐╟╡ ╖ ╩ ∆╢⁹  

 

 

 

  8.3.5 
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 8.3.4 ⌐⅔↑╢ ╖  

 

 

╖ ─ ⌐⅔™≡⁸ ɫ⅜ 0 ─ ⁸ ⅜ ≤⌂∫

≡ ≢⅝⌂™⁹  

ɫ i 0 ─ │⁸ ─ ╖ ─ ⌐ ╩ ⌐ ∆╢⁹  
 

i ⌐⅔↑╢ ╖ ─ ╩ ∆⁹  

 

  8.3.6 

 

ᵓ   

─ ⌐⅔™≡│⁸ ⌐ ∆╢ ╩ ∆╢√╘⌐⁸

╙ ≤ ⇔™ ≢ ≢№╢≤∆╢⁹ ─ ─

─ ≢│⁸ ⌐ ╡ ℮╟℮⌐ 120°─ ⌐ ⌐

⅜ ∆╢≤ ⅎ╢⁹  

 

 

ᵔ   

─ ⁸ ─ ≢│ ╙ ∆╢⅜⁸ ─
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─ ╩ ∆╢ │⁸ ╙ ⇔√ ─ ≤⇔≡⁸

⌐ ∆╢ ╩ ∆╢⁹  

 

(2) ⌐ ∆╢  

1)  

⅝╞ ─ ─↓≤≢№╢⅜⁸ ⌐ ═≡ ↕™─≢

⇔⌂™⁹  
 

2)  

⌐⁸ ⌐│ ≤─ ≤ ⌐ ∆╢ ⅜ ∆

╢⁹↓─ │ ↕⌂™ ─ ┘ ╟╡╙ ⌐ ↕ↄ⌂╢

↓≤⌐ ∆╢⁹  

╕√⁸↓─ │⁸ ≤ ≢│ ⌂╢⁹  
 

3)  

│⁸ ─ │ ⁸ ─ │

≤⌂╢⁹  

↓─ ⁸ │ ⇔≡ ⅎ╢⁹ │⁸ ─ ≤ ⌐

⌐╟∫≡╙ ∆╢─≢ ∆╢⁹  
 

4)  

╩ ↕∑╢⌐│⁸ ⁸ ─ ≢ ⅎ⌂↑╣┌

⌂╠⌂™⁹  

↓╣╠─ ⅜ ─ ≤⌂╢⁹  

↓╣╠─ ⌐⁸ ⌐│ ┘ ╘ ⅜ ∆╢⅜⁸↓╣╠─

│⁸0.1 0.3N/m m 2 ≢№╡⁸ ─ ≢│ ⇔⌂™⁹  

 

(3) ∕─ ─  

⌐ ─ ⅜ ↕╣╢ │⁸ ─ ⌐ ∂ ∆═

⅝ ⅜ ≢⅝╢╟℮⌐⁸ ─ ╩ ⇔⁸ ┘⌐ ─

╩ ℮⁹  

1) ─ ⁸ ⁸ ─ ┘ ─  
 

2) ─ ⁸ ╛ ┘⌐ ⌐ ∆╢ ⁸ ┘  
 

3)  

↕⅜ ↕╣╢ │⁸ ╩ ∆╢⁹ ─

⌐№√∫≡⁸ ≢№╢ ◖fi◒ꜞכ♩ ≢│⁸ ≢ ≤

⅜ ⌐ ∆╢─≢⁸ ⌐≈™≡∕╣∙╣ ∆╢ ⅜№╢⁹

⌐ │ ₈ ● ꜝ ☻ ◖ fi ◒ ꜞ כ ♩ JSWAS  

A - 8- 2009₉╩ ≤∆╢⁹  
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8.3.2 ─  

8.3.2.1  

 

⌐│ ─╙─⅜№╢⁹  

(1)  ◖fi◒ꜞכ♩ (JSWAS A- 2- 1999) 

(2)  ◖fi◒ꜞכ♩ (JSWAS A- 6- 2000) 

(3)  ●ꜝ☻ ◖fi◒ꜞכ♩ (JSWAS A- 8- 2009) 

(4)  ♄◒♃▬ꜟ (JSWAS G- 2- 2010) 

(5)  ⱦ♬ꜟ (JSWAS K- 6- 2009) 

(6)  ꜠☺fi◖fi◒ꜞכ♩ (JSWAS K- 12- 2001) 

(7)  ∕─ ─  

 

ₒ ₓ  

(1) ◖fi◒ꜞכ♩ ( ┘ 800 3000)JSWAS  A - 2 

◖fi◒ꜞכ♩ │⁸ ⌐ ↕╣

╢⁹  

│⁸ 8.3.4 ⌐ ∆╟℮⌐ ⌐╟╡ ≤ ⌐⁸ ↕ (└

┘ ╣ )⌐╟╡ 1 ≤ 2 ⌐⁸◖fi◒ꜞכ♩─ ⌐╟╡ 50kN/mm 2

≤ 70kN/mm 2⌐⁸╕√ ⌐╟╡ JA⁸ JB⁸ JC ⌐ ↕╣≡™╢⁹ 

 8.3.4 ─  

 
 

 

│⁸ ⌐ ∆╢ ╩ ≤⇔ │ ╘ כꜝ◌╖

≤⌂╢⁹  

│⁸S ≤ T ╩ ∑≡ ⌐ ☺ꜗ♇◐ ╩ ↑⁸ ⌐☻ꜝ▬

♪⇔≡ ∆╢⁹  



8- 12 

 

 8.3.5 ┘ ☺ꜗ♇◐─  

 

 

(2) ◖fi◒ꜞכ♩ ( ┘ 200 700)JSWAS  

A - 6 

◖fi◒ꜞכ♩ │⁸ ─

≢ ↕╣╢⁹  

│⁸ ⌐╟╡⁸ ≤ A ≤ B ⌐⁸ ↕ (└┘ ╣

)⌐╟╡ 1 ≤ 2 ⌐⁸◖fi◒ꜞכ♩ ⌐╟╡ 50kN/mm 2 ≤

70kN/mm 2 ⌐⁸ ⌐╟╡⁸SJS⁸SJA⁸SJB ⌐ ⇔≡™╢⁹  

╕√⁸ │⁸ ╘ כꜝ◌╖ ≤⇔ │☻♥fi꜠☻ ≤⇔≡™╢⁹  

 8.3.5 ─  
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(3) ●ꜝ☻ ◖fi◒ꜞכ♩ ( ┘ 800 3000)JSWAS  

A - 8 

●ꜝ☻ ◖fi◒ꜞכ♩ │⁸

⌐ ↕╣╢⁹  

│⁸◖fi◒ꜞכ♩╩●ꜝ☻ ≤ ⌐╟╡ ↕╣√╙─≢№

╢⁹  

│⁸  8.3.6 ⌐ ∆╟℮⌐ ⌂ ≤⇔≡ ↕╣╢ ≤⁸

⌐ ≤⇔≡ ↕╣╢ ⌐ ╣≡™╢⁹  

 8.3.6 ─  

 

 

(4) ♄◒♃▬ꜟ ( ┘ 250 2600)JSWAS  G- 2  

♄◒♃▬ꜟ │⁸ ⌐ ↕╣╢⁹♄◒♃▬

ꜟ ─ ⌐⸗ꜟ♃ꜟꜝ▬♬fi◓ │◄ⱳ◐◦ ─ ⁸

╩ ↕∑╢√╘─◖fi◒ꜞ⁸♩כⱨꜝfi☺ ┘ꜞⱩ─ ⌐╟∫≡

⇔≡™╢⁹  

⌂⅔⁸  8.3.7 ⌐ ∆╟℮⌐ ─ ⌐╟∫≡⁸ │ T ⁸

U ⁸ ה │ US ⁸ ╩ ∆╢ │⁸UF

╩ ∆╢⁹  

 8.3.7 ─  
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(5) ⱦ♬ꜟ ( ┘ 350 450)JSWAS  K - 6  

ⱦ♬ꜟ │⁸ ─℮∟⁸

⌐ ─╖⅜ ╦╢ ─ ⌐ ↕╣╢⁹  

 8.3.8 ─  

 

JSWAS  K - 6 

 

(6) ꜠☺fi◖fi◒ꜞכ♩ ( ┘ 200 1500)JSWAS  K - 12  

꜠☺fi◖fi◒ꜞכ♩ │⁸ ( ה )⁸ (

ⱪꜝ☻♅♇◒ ⱳꜞ◄☻♥ꜟ ) ≡╪ (◖fi◒ꜞכ♩

ⱨꜝ▬▪♇◦ꜙ ┘ ◌ꜟ◦►ⱶ )╩ ≤⇔⁸ ⌐╟╡ ⇔√╙

─≢№╢⁹  

│⁸ ─ ™⌐╟╢ RS ( ┘ 200 700)≤ RT ( ┘ 250

1650)─ 2 ⅜№╢⁹  

 

(7) ∕─ ─  

∕─ ─ ≤⇔≡│⁸ ┘ ⱪꜝ☻♅♇◒ ─ ⌐╟╢

╙─⅜ ∆╢⁹  

 

8.3.2.2 ─  

─ ⌐│⁸ ─ ╩ ⇔⌂↑╣┌⌂╠⌂™⁹  

(1)   

(2)   

(3)   

(4)   

ₒ ₓ  

│⁸ ⁸ ⌐╟╡ ↕╣⁸ ₁≢ ⌂ ┘ ⁸ ↕⁸

⁸ ⅜ ⌂╢⁹  

⇔√⅜∫≡⁸ ─ ⌐№√∫≡│⁸ ┘ ⁸ ⁸ ⁸ ⁸

─ ⁸ ⁸ ⁸ ╛ ≢ ╕╢ ⁸

┘⌐ ╛ ─ ─╒⅛⁸ ╛ ─ ⌐≈™≡╙

∆╢ ⅜№╢⁹  

╕√⁸ ⅜ ⌂ ⌐│⁸ ⌐ ∂≡ ≤℮ ─ ╩

∆╢⁹  

(1)  

⌐ ↕╣√ ⅝╞⌐│⁸ ⁸ ┘ ─ ⅜

↕╣╢─≢↓╣╠⌐ ⅎ╠╣╢ ╩ ∆╢⁹ ─ ∑ ≢│⁸

╟╡╙ ⅝⌂ ⅜ ∆╢─≢ ⅜ ≢№╢⁹  
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(2)  

⌐ ≢ ∆╢ ≡─ ╩ ⅜ ⇔≡ ∆╢⁹⇔

√⅜∫≡⁸ ⁸ ─╒⅛⁸ ╛ ⇔☺ꜗ♇◐ ─

╙ ⇔≡ ⌐ ⅎ╠╣╢ ╩ ∆╢⁹  

─ ≢│⁸ ─ ╩ ℮√╘⁸

◓fi◦כ◔ ⌐ ╩ ↕∑╢ ⌐⌂∫≡™╢⁹  

 

(3)  

⁸ ⇔ ┘ ⌐⅔™≡ ⅝╞ ⌐ ⅜ ∂╢

⌐│⁸ ⌐ ≢⅝╢ ┘ ╩ ∆╢⁹  

 

(4)  

╕∆╕∆⁸ ⇔↕⅜ ∆ ╩ ⇔⁸ ─ ╛

─ ⁸ ⌐ ∆╢ ⅜ ╕∫≡ 1 ☻Ɽfi─ │ ↄ⌂╢

⌐№╢⁹  

↓─╟℮⌂ ⌐│⁸↓╣╠─ ⌐ ∆╢ ╩ ⇔≡ ∆╢⁹ 

╕√⁸ ─╟℮⌂ ⌂ ─ ≢ ⅜ ↕╣╢ ⌐│⁸ ⌂

─ ┘ ╙ ∆╢⁹  

 

ᵑ  ─ ™☻Ɑכ☻≢ ∆╢ │⁸ ─ ╙ ∆╢⁹  

ᵒ  ⅜ ↕╣╢≤⅝│⁸ ╙ ⇔≡ ╩ ∆╢⁹ 

ᵓ  ╩ ∆╢ │⁸ ╛ ─ ─√╘⌐⁸ ─ ╛

╩ ∆╢⁹  

ᵔ  ─ ≢│⁸ ─ ↕™ ╩ ⇔≡ ╩ ∆╢⁹  

ᵕ  ╛ ─ ⁸ ⌐ ─ ⅜ ↕╣╢ ⌐│⁸ ↕

╛ ╩ ∆╢⁹  

ᵖ  ╩ ∆╢ ⌐│⁸ ╩ ⇔≡ ╩

∆╢⁹  
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8.3.3 ─ ─  

─ ─ │⁸ ↕╟╡ ╕╢ ≥♩ⱷfiכ⸗

⌐╟∫≡ ∂╢ ─≥♩ⱷfiכ⸗→ ⌐╟∫≡ ╘╠╣⁸ F │ 1.2

≤⇔⌂↑╣┌⌂╠⌂™⁹  

↓↓≢™℮ │⁸ ◖fi◒ꜞ⁸♩כ꜠☺fi◖fi◒ꜞכ♩ ┘●ꜝ☻ ◖

fi◒ꜞכ♩ ─ ╩™℮⁹  

ₒ ₓ  

(1) ↕╟╡ ╕╢ ─ ♩ⱷfiכ⸗  

↕╟╡ ╕╢ ─ │♩ⱷfiכ⸗ ─≤⅔╡≢№╢⁹  

Mr הPה0.318 r הWה0.239 r   8.3.7 

↓↓⌐⁸  

Mr  ↕╟╡ ╕╢ ─ ♩ⱷfiכ⸗ (kN m/m) 

P ↕ (kN/ m)( ↕─└┘ ╣ ⌐╟╢⁹ ) 

W ─ (kN/ m ) 

r  (m) 

 

(2) ─ ─  

─ ─ │⁸ ─≤⅔╡≢№╢⁹  

  8.3.8 

↓↓⌐⁸  

qr  ─ ─ (kN/ m 2) 

Mr  ↕⌐╟╡ ╕╢ ─ ♩ⱷfiכ⸗ (kN m/m)  

r  (m) 

β (kN m/m) │⁸ 1m ╩♩ⱷfiכ⸗─╡√ ∆╙─≢№╢⁹  

 

(3) ⌐╟╡ ⌐ ∂╢ ♩ⱷfiכ⸗→  

⌐╟∫≡ ─ ∂╢ ⱷfi♩│⁸120כ⸗→ ─

╩ ∆╢≤⁸ ≢ ↕╣╢⁹  

 

M הqה0.275 r 2   8.3.9 

↓↓⌐⁸  

M  ⌐╟╡ ⌐ ∂╢ ♩ⱷfiכ⸗→

(kN m/m)  

q (kN/ m 2) 

r  (m) 
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(4) ⌐╟╢ ─└┘ ╣  

⌐╟∫≡ ∂╢└┘ ╣─ (f)│⁸ ≢ ╘╠╣╢⁹

│⁸2 ( )⌐⅔™≡⁸0.05mm ─└┘ ╣ ⅜ ∂

√≤⅝≤ ⇔≡™╢⁹  

  8.3.10 

↓↓⌐⁸  

f   

Mr  ─ ♩ⱷfiכ⸗ (kN m/m)  

M  ⌐ ∂╢ ♩ⱷfiכ⸗→ (kN m/m)  

qr  ─ ─ (kN/m 2) 

q (kN/m 2) 

 

8.3.4 ⅝╞─ ─  

⅝╞─ ─ │⁸ ⌐ ∆╢ ⌐

╟∫≡ ⌐ ∆╢ → ⁸√╦╖ ╩ ╘⁸∕─™∏╣╙⅜ ╩

⇔⌂↑╣┌⌂╠⌂™⁹ → ┘ √╦╖ │ JSWAS  K - 6 ⌐

↕╣≡™╢⁹  

 

ₒ ₓ  

(1) → ─  

⌐ ⅜ ∆╢≤⅝⁸ ⌐ ∏╢ ♩ⱷfiכ⸗→

M(kN m/m) │⁸120 ─ ╩ ⇔≡ ⌐╟╡ ╘╢⁹  

M הqה0.275 r 2   8.3.11  

  8.3.12 

↓↓⌐⁸  

q ⌐⅛⅛╢ (kN/ m 2) 

r  (D t )/2(m)  

ɨ  ⌐ ∆╢ → (kN/ m 2) 

Z ─ √╡─ t 2/6(kN/ m 3) 

M  ⌐╟╡ ⌐ ∆╢ ⱷfiכ⸗→

♩  

(kN m/m)  

D  (m) 
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t   (m) 

β ♩ⱷfiכ⸗→  │⁸╟╡ ╩ ≡⁸₈ ⱦ♬ꜟ

₉─ ─ ♩ⱷfiכ⸗→ ─ ╩ ⇔⌂™ ╩

⇔√⁹  

 

(2) √╦╖ ─  

⅛┬╡≤ ⌐╟╡ ∆╢ ─√╦╖ ə (m) ┘√╦╖

V(%)│⁸ ⌐╟╡ ╘╢⁹  

  8.3.13 

  8.3.14 

↓↓⌐⁸  

ə  √╦╖ (m) 

E  ⅝╞─ (kN/ m 2) 

I  ─ √ ╡ ─ 2 ⸗ כ ⱷ fi ♩

t 3/12(m 4/m)  

V  √╦╖ ( ) 

q ⌐⅛⅛╢ (kN/ m 2) 

r  (m) 

β  √╦╖ │⁸ ♩ⱷfiכ⸗→ ≤ ⌐ ╩ ⇔⌂™ ╩

⇔√⁹  

 

(3) → ┘ √╦╖  

│⁸  8.3.9 ─≤⅔╡≢№╢⁹  

 8.3.9 ─  

   
→  

ɨa(N/mm2)  

√╦╖  

Va( )  

SUS◌ꜝכ  

☻Ɽ▬ꜝꜟ  
17.7  3 

β 1 →  

→ │⁸ ⱦ♬ꜟ ─ → ↕ 88.2N/mm2⌐ ⇔≡ ╩ 5

≤⇔√ ≢№╢⁹  

β 2 √╦╖  

√╦╖ ⌐≈™≡│⁸ ⌐⅔↑╢ ─ ╩ ⇔≡ ╘

√⁹  
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8.4 ─ ─  

8.4.1 ─ ─  

─ ─ ≢│⁸ ╟╡ ╕╢ ─ ⅜

⌐╟╢ ╩ ╢╟℮⌐⇔⌂↑╣┌⌂╠⌂™⁹  

↓↓≢™℮ ≤│⁸ ◖fi◒ꜞ⁸♩כ꜠☺fi◖fi◒ꜞכ♩ ┘●ꜝ☻

◖fi◒ꜞכ♩ ─ ╩ ∆⅜⁸ ⌐╟∫≡ ⅜ ⌂╢√╘ ⅜

≢№╢⁹  

ₒ ₓ  

(1) ◖fi◒ꜞכ♩─  

  8.4.1 

↓↓⌐⁸  

Ȓca ◖fi◒ꜞכ♩─ (N/mm 2) 

Ȓc ◖fi◒ꜞכ♩─ (N/mm 2) 

f  ( 2) 

2 │⁸ɨ c ─ ─ 1/3 ⌐ ╡ ⇔ 1.5

╩ ∂√ ≢№╢⁹  
 

(2) ◖fi◒ꜞכ♩─ ≤ └∏╖─  

ɨ (3.72 ×105ɚ 0.611×108ɚ 2 6.322×1010ɚ 3)×9.80665×

10- 2 

  8.4.2  

β꜠☺fi◖fi◒ꜞכ♩─  

ɨ (3.17×105ɚ 19.4 ) ×9.80665×10- 2 

↓↓⌐⁸  

ɨ  ◖fi◒ꜞכ♩─ ( N/ mm2)  

ɚ  ◖fi◒ꜞכ♩─ └∏╖  

 

(3) ⌐ ∂╢  

ɚ max 1.872×ɚ mean 19.1×10- 6  8.4.3  

β꜠☺fi◖fi◒ꜞכ♩─  

ɚ max 1.327×ɚ mean 104.2×10- 6 

↓↓⌐⁸  

ɚ max ─ ⌐ ∂╢ └∏╖  

ɚ mean ─ ⌐ ∂╢└∏╖─  

⌐ ∂╢ │⁸└∏╖─ ≤™℮ ≢≤╠ⅎ⁸ ⅛╠

8.4.3 ≢ ↕╣╢⁹╕√⁸ 8.4.3 │⁸ ⌐╟╡ ⌐ ∂╢ └∏
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╖≤ └∏╖⌐│ ─ (└∏╖ 1.872)╩ ⇔≡™╢⁹  

(4) ◖fi◒ꜞכ♩─  

─ ◖fi◒ꜞכ♩─ │⁸JSWAS  A - 2 ⌐ ↕╣≡™╢≤

⅔╡⁸50N/mm 2 ┘ 70N/mm 2╩ ≤⇔≡™╢⁹  

↓─≤⅝⁸ ⌐ ɨ ca=25N/mm 2╩ ⇔≡└∏╖╩ ╘╢⁹

↕╠⌐↓─└∏╖╩ ⌐ ⇔≡└∏╖─ ╩ ╘⁸ ⌐ ∆╢≤

13N/mm 2⅜ ╠╣╢⁹  

⌐⇔≡ɨ c ⅜ 70N/mm 2─≤⅝ɨma │ 17.5N/mm 2⅜ ╘╠╣╢⁹  

 

ɨ c 50N/mm2─ ⁸ɨma 13.0n/mm2 

ɨ c 70N/mm2─ ⁸ɨma 17.5N/mm2 

 

β1 ꜠☺fi◖fi◒ꜞכ♩  

RS ─  ɨma 25N/mm2 
RM ⁸RT ─  ɨma 30N/mm2 

β2 ●ꜝ☻ ◖fi◒ꜞכ♩  

ɨ c 70N/mm2─ ⁸ɨma 17.5N/mm2 

ɨ c 90N/mm2─ ⁸ɨma 22.5N/mm2 

β3   

ɨ c 90N/mm2─ ⁸ɨma 23.5N/mm2 

(5) ─  

⌐ ™╢ ─ Ae │⁸◗ⱶ ⌐⅔↑╢ ( D1 - D)

─ ≤∆╢⁹  

 

 8.4.1 ─  

JSWAS  A - 2 

(6) ─  

─ │⁸ ⌐╟╡ ╘╢⁹ ≤⇔≡  8.4.1  8.4.3 ⌐

─ ╩ ∆⁹  

Fa  Ae  8.4.4הɨmaה1,000

↓↓⌐⁸  

Fa  ─ (kN)  

ɨma ◖fi◒ꜞכ♩─ (N /mm 2) 

Ae ─ (m 2) 
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1) ◖fi◒ꜞכ♩  JSWAS  A - 2 
 

 8.4.1 ─  

 
 

 

2) ◖fi◒ꜞכ♩  JSWAS  A - 6 

 8.4.2 ─  

 

 

 

3) ●ꜝ☻ ◖fi◒ꜞכ♩  JSWAS  A - 8 

 8.4.3 ─  

β  

β  
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8.4.2 ⅝╞─ ─  

 

⅝╞─ ─ ≢│⁸ ─ ↕⅛╠ ╕╢

⅜⁸ ⌐╟╢ ╟╡ ⅝ↄ⌂↑╣┌⌂╠⌂™⁹  

 

 

ₒ ₓ  

(1) ─  

─ │⁸ ≢ ╘╠╣╢⁹  

Fa ɨ bהAe  8.4.5  

↓↓⌐⁸  

Fa  ─ (kN)  

ɨ b ─ ↕ ( ↕│ 64.7N /mm 2≢№╢

⅜ ┘ ─ ╩ ⇔⁸ 32.35N /mm 2

≤∆╢ ) 

Ae ─ (m 2) 

 
(2) ─ ┘ ─  

 

 

 

 

 8.4.4 ─  

( m2)  

┘  SUS◌ꜝכ ה  

β  
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☻Ɽ▬ꜝꜟ

 

150 

200 

250 

300 

350 

400 

450 

0.00193 

0.00345 

0.00631 

0.00996 

0.01075 

0.01472 

0.01944 

 

 

 8.4.5 ─  

( kN) 

┘  

SUS◌ꜝכ ה  

☻Ɽ▬ꜝꜟ

 

150 

200 

250 

300 

350 

400 

450 

62.4  

111.6 

204.1 

322.2 

347.7 

476.1 

628.8 

 
 

(3) ─  

│⁸ F 1⅜ ─ Fm ╩ ⅎ⌂™↓≤╩ ∆╢╒⅛⁸

─ Fa ⅜ ╩ ∆╢↓≤╩ ∆╢⁹  

│⁸ ⌐ ─╖╩ ↕∑╢ ─√╘⁸

⌐ F 01=0 ≤⇔≡ ─ ≤─ ╩ ∆╢↓≤⌐⌂╢⁹  

 

F1 ֔  Fm ⅛≈  F1 F01 ֔  Fa  8.4.6  

↓↓⌐⁸  

F1  (kN)  

Fm  ─ (kN)  

Fa  ─ (kN)  

F 01  ─ (kN)  
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8.4.3  

⌐ ⌂ │⁸ ─ ┼─ №╢™│ ⌐╟╢ ≤⁸

⅜ ≤ ∆╢ ─ ╛ ⁸ ─ ⌐╟╢ ≤ ≤─ ─ ⌐

℮ ≢⁸ ─ ≤∆╢⁹  

ₒ ₓ  

⁸ │⁸ ─ ⅛╠⌂╢⁹  
 

ᵑ  ⌐ ℮  

ᵒ  ─ ┘ │ ≤ ≤─ │∑╪  

ᵓ  ─ ⌐╟╢ ≤ ≤─  

ᵔ  ≤ ≤─  

 

╕√⁸ ⌐ ∆╢ ⌐│⁸ ⌐ ∆╙─⅜№╢⁹  

 8.4.6  

  
(

)  

 ─    

   

ה  
─ ה

  

 ─   

ה

 

─

  

  
 

 

 

 8.4.2 ─  

 

 

⌂⅔⁸ ─ ─ ⌐≈™≡│⁸₈ ─ ≤ ₉

─ ╩ ─↓≤⁹  

│⁸ ─ ≤ ─ ╩ ⌐╟╡ ⇔⁸ ≤⇔≡

≢ ⅎ╢ ⁸ ⌐⅔™≡ (50N/mm 2⁸70N/mm 2)─ ™

↑╩ ∆╙─≢№╢⁹  
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⌐≈™≡│⁸ ⌐╟╡ ⌂╢√╘⌐ ≤⇔≡⁸ ( )

╙ ≤⇔≡ ∆╢⁹  

 

(1)  

│⁸ ⌐⅔↑╢ ╩ ∆╙─≢№╢⁹ │⁸ ⌐

∆ ─ ≢ ↕╣╢⁹  

F=F0 {( ɥהBcהq W)ɡõ ɥהBcהCõ}L   8.4.7 

↓↓⌐⁸  

F  (kN)  

F 0 (kN)  

B c (m) 

q ⌐⅛⅛╢ (kN/m 2) 

W ─ (kN/ m ) 

ɡõ ≤ ≤─  

Cõ ≤ ≤─ (kN/ m 2) 

L  (m) 

 

 8.4.3  

 

 

(F)│⁸ ─ (ɥהBc)⌐ (q)⅜ ⅝⁸↕╠⌐ ≤ ≤

─ (C')│⁸ ─ (ɥהBc)⌐ ↄ╙─≤⇔√⁹  

↕╠⌐⁸ ─ (W)⌐╟╢ ≤ ≤─ ─ ┘ ⅜

╦╢╙─≤⇔≡ ∆╢⁹  

 

1)  

│⁸ ⌐ ≤ ┌╣╢╙─≢№╡⁸ ⅛

╠ ╘╢ N ≢ ⇔√ ╩ ™╢⁹  

 

F0=10.0×1.32ɥהBcהN(kN)  8.4.8 
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↓↓⌐⁸  

F 0 (kN)  

B c (m) 

N  ⅛╠ ╘√ N  

2)  

⌐⅛⅛╢ │⁸8.3.1 ⌐ ∆╢  (1) ∆╢

 2)╩ ─↓≤⁹  

 

3) ≤ ≤─  

≤ ≤─ │⁸ ≢ ↕╣╢⁹  

 

ɡõ tanə=tan(ɫ /2)   8.4.9 

↓↓⌐⁸  

ɡõ ≤ ≤─  

ə  ≤ ≤─ ( )( ⌐≈⅝ə=ɫ /2 ≤

∆╢⁹ ) 

ɫ  ─  ( ) 

 

4) ≤ ≤─  

≤ ≤─ (C')│⁸ ─ ⌐│ ⅜ ⅝ↄ⌂╢≤

╟╡ ↕ↄ⌂╢⁹ ⌐ ≤ ≤─ │⁸ ⅝ↄ≤╙ 10.0(kN/m 2)

≤ ⅎ≡ ™⁹  

 

5) ⌂  

⌂ ─ ╩ ⌐ ≤⇔≡ ∆⁹  

 

 8.4.7 ⌂ ≤∕─  

 

 

ɫ  

( )  
N 

Cõ 

(kN/m2)  
Kהɡ  ɡõ 

 15 4 10 0.2679 0.1317 

 20 10 5 0.3640 0.1763 

 30 15 0 0.5774 0.2679 

 40 30 0 0.8391 0.3640 

β  ⁸ɫ│ ─ ⁸N │ ⌐╟╢ N ⁸Cô│ ≤ ≤─ ⁸K

כ◑□♠ꜟ♥│  

─ (K=1)⁸ɡ│ ─ (=tanɫ )⁸ɡô│ ≤ ≤─ (=tanɫ

/2) ╩ ∆⁹  

 

 



8- 27 

(2)  

─ ≢№╡⁸ ⌂ ⌐⅔↑╢ ⌐ ∆╢⁹ 

 

F F0 ɖהɥהBcה t aהL WהɡõהL  8.4.10 

t a ɨהɡõ Cõ 

ɨ ɗהq 

ɡõ=tanə  

F0 Nõ(kN)הBsהɥה1.32×10.0   

↓↓⌐⁸  

F  (kN)  

F 0 (kN)  

B s (m)  

B c (m) 

ɖ  ≤ ≤─ ─ ∂╢ ⌐⅛⅛╢ (

0.50 0.75) 

t a ≤ ≤─∑╪ (kN/ m 2) 

q ⌐⅛⅛╢ (kN/ m 2) 

W ─ (kN/ m ) 

ɡõ ≤ ≤─  

ɨ  ⌐⅛⅛╢ (kN/ m 2) 

ɗ  ⌐⅛⅛╢ ─ ( 1.0 1.5) 

ə  ≤ ≤─ ( )( ⌐≈⅝ə=ɫ /2 ≤

∆╢ ) 

Cõ ≤ ≤─ (kN/ m 2) 

Nõ ⅝╩⇔√ ─  

( )  1.0  

 2.5  

 3.0  

L  (m) 

 

ה (3)  

│⁸ ─ ה ⌐ ∆╢⁹ (( )

≤ ( ) ─ ⌐╟╡ ↕╣√╙
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─≢№╢⁹ ) 

  8.4.11 

 

  

↓↓⌐⁸  

F  (kN)  

F 0 (kN)  

f 0  (kN/ m) 

L  (m) 

Pw  ♅ꜗfiⱣ (kN/ m 2) 

 Pw= 20.0(kN/ m 2) 

 ( ─ ) 

Pw= P(P=20 50kN/m2)  

 ( ─ ) 

Pw= ╩ ™╢⁹  

Pe (kN/m 2) 

N ╟╡⁸ ─≤⅔╡≤∆╢⁹  

Pe N ×10.0(kN/ m2)  

√∞⇔⁸N 15 ─ │ Pe 150(kN/m2)≤∆

╢⁹N 50─ │ Pe 500(kN/m2)≤∆╢⁹  

B s (m) 

B c (m) 

q ⌐⅛⅛╢ (kN/ m 2) 

W ─ (kN/ m ) 

ɡõ ≤ ≤─  

ɡõ tan( ɫ /2)  

ɫ  

Cõ ≤ ≤─ (kN/ m 2) 

(N 10) Cõ 8 

(N֕10) Cõ 5 

ɗ   

 8.4.8 ─ɗ ( )  
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ɗ  

   0.35  

   0.45  

   0.60  

   0.35  

β  1.  ɗ │ ╩ ≤⇔⁸ ⌐╟╡±0.05 ─ ≢

∆╢⁹  

   2.  ≢ ∆╢ ─℮∟⁸ │ 20mm ≢⁸

│  

 ─ 20 ⅛≈ 400mm ≤∆╢⁹    

 

ה (4)  

│⁸ ─ ⌐ ∆╢↓≤╩ ≤

∆╢⁹ │⁸ ⌐ ⇔ ∆╢ ─ ╩ ∆╢√╘─╙─≢№╢⁹  

F F0 F1  8.4.12  

F0 ɖהɥ (Bs / 2) 2  

F1 f  LהSה0

↓↓⌐⁸  

F  (kN)  

F 0 (kN)  

ɖ  (kN/ m 2) 

f 0  (kN/ m 2) 

S (m) 

B s (m)( B s=B c≤⇔≡╟™ ) 

B c (m) 

L  (m) 

              8.4.9 ɖ⁸ f o ( )      (

kN/m 2)  

 

 
         

ɖ (kN/m2)  1,200 1,750 1,500 

f 0(kN/m2)  3.0  4.5  2.5  

 

⌐≈™≡│⁸ ─ ╛ ─ ⌐╟╡ ⌂╢

√╘⁸ ⌂ ≤ ╩ ╕ⅎ≡ ∆╢ ⅜№╢⁹  
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(5)  

│⁸ ⌐ ∆╢⁹  

 

 8.4.13 │ ●כ○⁸ ⁸ ⁸ ⌐ ∆╢⁹  

 8.4.14 │ ─╖⌐ ∆╢⁹  

│  8.4.13 ╟╡ ╘√ ─ (F1) │  8.4.14 ╟╡

╘√ ─ (F2)≤⁸ ─ ≤─ ╩ ℮⁹  

F1 F01 F1  8.4.13  

F01 ɖהɥה (Bs / 2) 2 

F1 f   LהS1ה01

↓↓⌐⁸  

F1  ─ (kN)  

F 01 ─ (kN)  

ɖ  ─ (kN/ m 2) 

f 01  ─ (kN/ m 2) 

S1  (m) 

Bs (m) ( Bs=Bc ≤⇔≡╟™ ) 

Bc (m) 

L  (m) 

 8.4.10 ─ ɖ ┘ f 01( )  

 

 

F2 F02 F2  8.4.14  

F02 ɗהNהɥה (b c / 2) 2 

F2 f   LהS2ה02

↓↓⌐⁸  

F2  ─ (kN)  

F 02 ─ (kN)  

ɗ  ─ (kN/ m 2) 

f 02  ─ (kN/ m 2) 

N  N  



8- 31 

S2  (m) 

bc (m) 

L  (m) 

 8.4.11 ─ ɗ ┘ f 02( )  

 

 

┘ ─ (kN/m 2)│⁸ ⁸ ⌐╟∫≡ ⌂╢

⅜⁸ ⌐│  8.4.10 ┘  8.4.11 ⌐ ∆≤⅔╡≢№╢⁹  

 
 

(6)  

│⁸ ⌐ ∆╢⁹  

(( ) ⌐╟╡ ↕╣√╙─≢№╢⁹ ) 

F F0 f  L  8.4.15הSה0

F0 (Pe Pw)הɥה (Bs/2) 2  

f 0 2 ה3 (G/100) 2 ה27 (G/100)הM2  

↓↓⌐⁸  

F  (kN)  

F 0 (kN)  

S (m) 

L  (m) 

Pe №√╡ (kN/ m 2) 

Pe 4.0×N  

Pw  ♅ꜗfiⱣ (kN/ m 2) 

Pw ( 20.0)kN/ m 2  

B s (m) 

f 0  (kN/ m) 

G ( ) 

M  /  

 

⌂⅔⁸ ⌐⅔™≡│⁸ ─ ≤ ⌐⁸ ⌐⅔↑╢

─ ⌐⁸ ⅛╠─ ┼─ ⌐╟╢ ≤ ≤

─ ⅜ ↕╣╢─≢⁸∕─ │ ∆╢⁹  
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8.4.4  

│⁸ ─ ⁸ ─ ┘ ─™∏╣╙

⅜⁸ ╩ ∆╢╙─≢№╡⁸ 8.4.16 ╟╡ ╘╢╙─≤∆╢⁹  

ₒ ₓ  

La (Fr Fo)/fo   8.4.16 

↓↓⌐⁸  

La   

Fr  Fa ≤ F m ┘ R( )╩ ⇔ ↕™ (kN)  

Fm  ⇔☺ꜗ♇◐ (kN)  

Fa  (kN)  

R (kN)  

Fo (kN)  

fo (kN/ m) 

(1) ─ (Fa)  

Fa  Ae  8.4.17הɨmaה1,000

↓↓⌐⁸  

ɨma ◖fi◒ꜞכ♩─ (N /mm 2) 

Ae ─ (m 2) 

 
(2) ─  

─ ╩ ⌐∆╢⁹  
 

(3)  

ההההההה ppp

2 KHohKHoC22KHoBR ÁÁ¿  

  8.4.18 

↓↓⌐⁸  

R ( ─ )(kN)  

B  (m) 

ɘ  ─ (kN/ m 3) 

K p  tan 2(45° ɫ /2)  

ɫ  ─ ( ) 

C ─ (kN/ m 2) 

ɖ   ( 1.5 2.5) 

Ho  ─ ↕ (m) 
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h  ╟╡─ ↕ (m) 

 

 
(4) L≤─  

L a֕L ─ │⁸ ⇔☺ꜗ♇◐ ─╖≢ ≢№╢⁹  

La L ─ │⁸ │☻Ɽfi─ ╩ ∆╢⁹  
 
 

8.4.5 ─  

╩ ∆╢⌐│⁸ ╩ ↕∑╢ ╩ ∆╢ ⅜№╢⁹

⌐≈™≡│⁸ ─ ⅜№╢⁹  

(1)  ─  

(2)  ┼─  

ₒ ₓ  

(1) ─  

⌐╟╡ ≢⁸ ─ ╩ ╢ ⅜ ≤⌂

╢ │⁸ ⌐ ╩ ↑╢↓≤⌐╟╡ ╩ ℮ ≢№╢⁹ 

│⁸ │ ≤⌂╢⅜⁸ ⁸ ≢ ⅜

№╢⁹  
 

(2) ┼─  

│⁸ ─ ≤─ ⁸ ⌐╟∫≡ ∂╢⁹ ╩

↕∑╢⌐│ ╩ ∆╢─⅜ ≢№╢⁹  

─ │⁸ ─ ≤ ≤─ ╩ ∂╢≤≤╙⌐⁸№

╦∑≡ ─╝╢╖╩ ⅞⁸⅛≈⁸ ╩ ≤∆╢╙─≢№╢⁹√∞⇔⁸

⌐╟╢ │ ⌐│№╢⅜⁸ ⌐│ ⌐⌂∫≡™⌂

™⁹  

│⁸ ─ ╟╡ ℮ ≤⁸ ╩ │

─ ⌐ ⇔≡ ⌐ ∆╢ ⅜№╡⁸ ╩ ∆╢ ╙

№╢⁹  

8.4.6 ─  

⌐⅔™≡⁸ ⅜ ─ ┘ ⁸ ─ ╩

╢ │⁸ ⁸ ⌐ ⇔ ⁸ ┘ ⌐⅛

⅛╢ ╩ ∆╢⁹  

√∞⇔⁸ ─ │⁸ ┘ 1,000 3,000mm ≤∆╢⁹ │⁸

─ ⁸ ☺ꜗ♇◐ ─ ╩ ⇔≡⁸ ↕™ ╩

≤∆╢⁹  

ₒ ₓ  

─ ─ ⁸ ☺ꜗ♇◐ ─ ╩ ⇔≡ ↕™ ╩

≤≤∆╢⁹  

 

(1) ─  

─ (Fa)│ ≤ ≢№╢⁹  
 

(2) ─  

─ ╩ ⌐∆╢⁹  
 

(3) ╩ ™√ ─ (Lm)  
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Lm Fr/fo   8.4.19 

↓↓⌐⁸  

Fr  Fm ≤ Fa ┘ R ╩ ⇔ ↕™ (kN)  

Fm  ☺ꜗ♇◐ (kN)  

R (kN)  

fo (kN/ m) 

(4) ( 1 )─ (Lan1)  

Lan1 (Fna Fo)/fo   8.4.20 

↓↓⌐⁸  

Fna  ☺ꜗ♇◐ ≤⁸ ─ ╩ ⇔⁸ ↕

™ ─ (kN)  

Fo (kN)  

(5) ( 2 )─ (Lan2)  

Lan2 Fna/fo   8.4.21 

(6) (M)  

M {( L (Lm Lan1) )/Lan2} 1  8.4.22 

8.5 ∑─  

∑│⁸ ─ⱴfiⱱכꜟ≤ ─ ─ ╩ ∆⅜⁸ │ ≤

≤⇔⁸ ⌐№√∫≡│⁸ ⌐ ⇔≡ ⌂ ╩ ∆╢╙─≤⇔⌂↑╣

┌⌂╠⌂™⁹╕√⁸ ⌐ ∂≡ ⌂ ╩ ∂╢⁹  

ₒ ₓ  

ᵑ  ⁸ ⇔ ┘ ⅝ ⅝⌐№√∫≡│⁸ ⅝╞⌐ ─ ⅜

⇔⌂™╟℮⌐ ⇔⌂↑╣┌⌂╠⌂™⁹  

ᵒ  │⁸ ─ ╩ ⇔≡ ≤ ─╙─╩ ∆╢⁹  

ᵓ  ∑─ ≢│⁸ ≤ ⌐ ( ┘ ≤℮ )⁸ ╘

─ ⁸ ⁸ ╩ ⇔⁸ ┘ ╩ ⌐

∆╢⁹  

 

ᵔ  ⅝╞≤ⱴfiⱱכꜟ ─ ≤─ │⁸ ⌐⅔─⅔─⅜ ⌂∫√

╩ ∆√╘⁸ ⅜ ⇔⁸ ─ ≤⌂╡╛∆™⁹  

↓─╟℮⌂ ⁸ ⌐ ≤℮ ╩ √∑╢√╘⌐ ⌐ ∆ ⅜ ≤

⌂╢─≢⁸ ⅝╞─ ↕ ┘ ⁸ ╩ ⇔≡ ⌂

╩ ∂╢⁹  
 

ה  ≤℮ ─  

ה  ⌐╟╢ ≤℮ ─  

 

ᵕ  ─ ⌐╟╢ ⁸ ⇔─ ⌐ ℮ ─ ⁸ ╘

⅝ ⅝ ─ │⁸ ⅝╞⌐ ⌂ ╩ ↕∑╢ ⅜№╢

↓≤⅛╠⁸ ₁─ ⌐⅔™≡│ ⌂ ⅜ ≢№╢⁹  
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8.6 ─  

─ ⌐│ ╩ ∆╢╙─≤⇔≡⁸ ◖fi◒ꜞכ♩│ t 15cm⁸

│  

t 20cm ≤∆╢⁹  

 

ₒ ₓ  

⅜ ⁸ │ ⌐╟╡ ╩ ∆╢ │⁸

◖fi◒ꜞכ♩─╖ ∆╢⁹  

≢─ ⅜ ≢ ─ ⅜⌂™ ⁸ │ ⇔⌂™⁹  

 



 

 

 

 

 

 

 

 

 

 

 

 

♪ꜟכ◦   
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9 ♪ꜟכ◦   

♪ꜟכ◦ 9.1 ─  

♪ꜟכ◦ ≤│⁸ ─ ╩ ╩♪ꜟכ◦╠⅜⌂╡ ↕∑⁸ ╩ ╖

≡≡ ╩ ⇔⁸♩fiⱠꜟ╩ ∆╢ ≢№╢⁹  

─ ⌐╟╡⁸ ┘ ⌐ ↕╣╢⁹  

 

ₒ ₓ  

♪ꜟכ◦ ─ ╩ ─  9.1.1 ⌐ ∆⁹  

 

 

 9.1.1 ─  

♩fiⱠꜟ ♪ꜟכ◦ה  

♪ꜟכ◦ (1)  

╩ ⇔⁸ ≤ ─♅ꜗfiⱣ ╩⁸ №╢™│ ≢ √⇔⁸

∕─ №╢™│ ⌐ ⌂ ╩ ↕∑⁸ ─ ╩ ╢ ─

╡ ℮⁹™╩♪ꜟכ◦  

 

♪ꜟכ◦ (2)  

⁸│♪ꜟכ◦ ─ │ ⅜ כ◦╢™≡╣↕

ꜟ♪╩™™⁸ ─ ⅜ ≤⌂╢⁹ ⇔⌂™ ⌐≈™≡│⁸

⌐╟╡⁸ ╩ ↕∑╢ ⅜№╢⁹  
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♪ꜟכ◦ 9.2 ─  

♪ꜟכ◦ ─ ⌐ √∫≡│ ─ ─ ⁸ ─ ⁸ ⁸

⁸♩fiⱠꜟ─ ⁸ ─ │╙∟╤╪⁸ ╛ ─ ╩

⇔≡⁸ ≢ ⌐ ≢⅝╢ ╩ ╘⌂↑╣┌⌂╠⌂™⁹  

ₒ ₓ  

♪ꜟכ◦ ─ ╩ ℮ ≢│⁸  9.2.1 ⱨ꜡כ ⌐ ≠⅝ ╩

℮⁹  

 

 9.2.1 ⱨ꜡כ  

♩fiⱠꜟ ♪ꜟכ◦ה  
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9.3  

│⁸♩fiⱠꜟ─ ⁸ ─ ┘ ⌐ ∆╢ ≤⇔⌂↑

╣┌⌂╠⌂™⁹  

 

ₒ ₓ  

│ ─ ≤ ╩ ↑⁸♩fiⱠꜟ ╩ ∆╢√╘─ ≢№

╡⁸ ≤ ⅛╠⌂╢⁹ ⌐⁸ │☿◓ⱷfi♩╩ ™√ⱪ꜠Ɫ

Ⱪ ⅛╠⌂╢⁹ │ ─ ⌐ ↕╣╢◖fi◒ꜞכ♩ ⅛╠⌂

╢⁹ ⌐ ╩ ⌐⁸ ⌂ ╩ ⌐ ↑ √∑╢⁹  

│ ⅜ ⇔√√╘⁸ ─ ╛ ╩ ≤⇔≡⁸

⌐ ─ ╩ ↑ √∑√╡⁸ ╩ ⇔√╡∆╢↓≤≢ ─

╩ ╢↓≤⅜≢⅝╢⁹  

 

 9.3.1 ♩fiⱠꜟ  

♩fiⱠꜟ ♪ꜟכ◦ה  
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9.4 ─  

╩ ∆╢ ⌐│⁸ ─ ╩ ⌐ ↑ √∑╢ ⅜

№╡⁸♩fiⱠꜟ─ ⁸♩fiⱠꜟ╩ ∆╢ ─ ⁸♩fiⱠꜟ⌐

∆╢ ⁸ ╩ ⇔⁸ ⌐ ⇔≡ ≤⇔≡─ ⌐

ⅎ⁸ ⅜ ℮═⅝ ╩ ⌡ ⅎ╢↓≤⅜ ⅛ ⇔⌂↑╣┌⌂╠⌂™⁹  

ₒ ₓ  

╩ ⇔≡ ⌐ ─ꜟfiⱠ♩♪ꜟכ◦╢™≡⇔ ⅜ ™↓≤⅛╠⁸

─ ⌐ ⇔≡│ ⌐ ∆╢ ⅜№╢⁹  

─ ≤ ⱨ꜡כ│ 9.4.1⁸ 9.4.1 ╩ ≤∆╢⁹  

 9.4.1 ♩fiⱠꜟ─ ─ ( )  

 

 

JSWAS  A - 3⁸4 

 

 

 

β  
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 9.4.1 ─ ⱨ꜡כ  

JSWAS  A - 3⁸4 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

10  ⅝╞─ ┘  
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10  ⅝╞─ ┘  

10.1 ⅝╞ ┘ ─  

10.1.1  

 

│⁸ ⁸ ⅜ ⇔ↄ ─ ⅜ ⌂ ⅝╞⌐⁸ ≤

─ ╩ ⌐ ↕╣╢⁹ ≤⇔≡│⁸ ⌐╟╢ ⅎ≤

⌐╟╢╙─⅜№╢⅜ ⅜ ⌂ ╛⁸ ─ ⅛╠ ⅜

ↄ ™╠╣≡™╢⁹  

│⁸ ─ ─ ─╖╩ ⌐ ה №╢™│ ⅎ

╩ ℮╙─≢№╢⁹ ─ ─ ⌐│⌂╠⌂™⁹  

 

 

ₒ ₓ  

ᵑ  ⅝╞─ ה ╩ ⌐ ℮√╘⌐│⁸ ∆╢ ⌐≈™≡

⅛≈ ⌐ ↕╣√ ⅜ ≢№╢⁹╕√ ─ ╩ ≤∆╢

√╘⁸ ∆╢ ≤ ┘ ⅝╞─ ⁸ ⁸ ⁸ ⁸◒

ꜝ♇◒⁸ ∏╣⁸ ⁸√╢╖ ─ ╛ ⌐ ⇔≡ ─ ╩

⇔≡™ↄ↓≤⅜ ≢№╢⁹  

 

ᵒ  ─ ≤⇔≡⁸ ∆╢ │⁸ ⌐ ⅜ ↕╣≡™╢↓≤

⅛╠ √⌂ ⌐≈™≡⁸ ─ ╛ ⅜ ╠╣⌐ↄ™↓≤

⅜ ™⁹↓─√╘⁸ ⅛╠ ─ ╛⁸ ─ ⌐≈™≡

⌂ PR ╩ ∫≡™ↄ↓≤⅜ ≢№╢⁹  

 

ᵓ  ⅝╞─ │⁸ ⁸ ⌐╟╢ ⅜ ↄ ↕╣≡

⅝√⁹⇔⅛⇔⁸ ≢─ │⁸ ⁸ ⁸ ─

⅛╠ ₁─ ╩ ↑⁸ ₁ ⌐⌂╡≈≈№╡⁸ ⁸ ⌐

╦╢ ≤⇔≡ ⅜ ╩ →≡⅝≡™╢⁹  



10- 2 

10.1.2 ─ ≤  

≢ ∆╢ ─ ≤ ⌐≈™≡⁸ ⌐ ∆⁹  

 

ₒ ₓ  

(1) ─  

≢│⁸ ─ ╩₈ ₉⁸₈ ₉⁸₈ ₉⁸₈ ₉⁸₈∕─

─ ₉  

⌐ ⇔≡™╢⅜⁸↕╠⌐ ╩₈ ₉≤₈ ₉⌐ ∆╢⁹  

 

 

 10.1.1 ─ ⌐⅛⅛╦╢  

 

(2) ─ │ ─≤⅔╡≢№╢⁹  
 

1)  

╩ √⌐ ( ╛ ─ ╩ ℮ ╩ ╗ )∆╢↓≤⁹  

2)  

─ ⌐ ⇔⌂™₈ ₉─ │ ─ №╢

™│ ⅎ╩ ℮↓≤⁹  

ᵑ   

─℮∟⁸₈ ₉─ ─ №╢™│ ⅎ╩ ℮↓≤⁹  

ᵒ   

─℮∟⁸₈ ₉─ ─ №╢™│ ╡ ⅎ╩ ℮↓≤⁹ 

3)  

₈ ₉─ ─ №╢™│ ╡ ⅎ╩ ℮↓≤⁹ (√∞⇔⁸

⌐ ∆╢╙─╩ ↄ ) 

4)  

─ ⁸ ─ ה ⁸ ⌂≥ ─ ╩

∆╢√╘─ ≢ ╩ ╦⌂™╙─⁹  

5) ∕─ ─  

─ ⌐ ─№╢ ⁹  
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10.1.3 ⅝╞─ ה ─  

⅝╞─ ה │⁸ ≤⇔≡ ⅔╟┘ ⌐ ↕╣╢⁹↕

╠⌐ │⁸ ⌐╟╡ ⁸ ⁸ ─ 3 ⌐ ↑╠╣

╢⁹  

╕√⁸∕╣∙╣─ ⅛╠ ⁸ ⁸ ⌐ ↕╣≡™

╢⁹  

⁸ │⁸ ⁸ ⁸ꜝ▬♬fi◓ ⌐ ↕╣≡™╢⁹  

ₒ ₓ  

┘ ─ ╩ ⌐ ∆⁹  

 

 

 10.1.2 ─  

 

 

 

 10.1.3 ─  
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10.2 ⅝╞ ─  

10.2.1 ─  

│⁸ ⌐ │ ≤ ⌐⌂∫≡⁸ ─ ⌐ ⇔℮

╢ ─ ╩ ∆╢╙─≢⁸ ⌐ ─ ╩ ╦∏ ≢⅝╢↓≤⅛╠

₁─ ⅜№╢⁹  

⁸ ≤ ─ ⅜ ™ ╛⁸ ─ ⅜ ⇔ↄ

⅜ ↕╣≡™⌂™╟℮⌂ ≢│⁸ ─ │ ≤⌂╢─≢⁸ ⌂

≤ ─ ⅜ ≢№╢⁹  

 

ₒ ₓ  

│⁸ ─ ⅛╠ ─ ╩╕∏ ∫≡⁸∕─ ⌐ ⌂

⌐ ∆╢↓≤⌐⌂╢⁹ ⌐ ≤ ─ ╩ ∆⁹  

⌂⅔⁸ T-14,T-24 ─ ⌐≈™≡│⁸₈ 5.5 ⱴfiⱱכꜟ┤√ 1 ₉

⌐╟╢⁹  

(1)  

≢│⁸ ⁸ ⁸ ⌐ ↕╣╢⁹ ┘

│⁸ ⅜ ↕╣≡⅔╡⁸ ⌐ ↄ ↕╣≡™╢⁹  

│⁸ ╩ ∆╢ ⅝╞─ ╩ ≢⅝╢ ⌐

∆╢⅜⁸ ─ ⌐ ⅜№╢⁹  

 

1)  

│⁸ ≢ ≢⅝╢∞↑─ ╩ ↕∑⁸ ≤

─ ┘ ╩ ∆╢╙─≢№╢⁹ ─ ≤⇔≡⁸

│ ≢ ╩ ⇔⁸ ⅝╞─ ⌐ ⇔ ↕∑╢

⁸ ⅜№╢⁹ (  10.2.1 ) 

 

 10.2.1 ─  

 

2)  

│⁸ ⅝╞≤ ⅜ ⌐ ≤⌂∫≡⁸ ≤

─ ┘ ╩ ∆╢╙─≢№╢⁹↓╣⌐│⁸ ╩ ⅝

╞ ≢ ⇔⁸ ⅝╞≤─ →⅝ ( )⌐⸗ꜟ♃ꜟ⌂≥─ ≡╪ ╩

∆╢ ⅜№╢⁹ (  10.2.2 ) 
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β ≢ ≤ ↕╣√Ɽ▬ⱪ ─ →⅝ ⌐ ≡╪∆╢ ⁹  

 10.2.2 ─  

 

3)  

│⁸ ╩ ∆╢ ⅝╞≤∕─ ─ ≢

╩ ∆╢╙─≢№╡⁸ ─ ≤⇔≡⁸ │ ≢ ╩

⇔⁸ ⅝╞ ⌐ ⇔ ↕∑╢ ⁸ ⅜№╢⁹(  

10.2.3 ) 

 

 

 10.2.3 ─  

 
 

(2) ─  

│⁸ ⁸ ⁸ ⁸↕╛ ⌐ ↕╣╢⁹

─ │ ─≤⅔╡≢№╢⁹  

 

1)  

│⁸ │ ≢ ∆╢ ╩ ↕∑√ ╩⁸ ─ⱴfi

ⱱכꜟ⅛╠ ⌐ ↕∑⌂⅜╠ ⇔⁸ ≢ ─╕

╕ ⅜ ∆╢↓≤≢ ╩ ∆╢╙─≢№╢⁹ ⌐│⁸ │

⌐╟╢╙─⅜№╡⁸ ╙ ⁸ ⁸ ≤ ─ ⁸

⅜№╢⁹  

─ ⅜⌂™ ⌐ ╡⁸ ⅔╟┘◒ꜝ♇◒ │⁸ ─ ╩ ⌂

∫≡™≡╙ ≢⅝╢⁹ ⁸ │ ⌐◦꞉⅜≢⅝╢⅜ ≢

№╢⁹  

∏╣⁸√╢╖⌂≥│∕╣╩ ↕∑╢─≢│⌂ↄ⁸№ↄ╕≢╙

─ ╩ ∆╢ ╩ ∆╢↓≤≤⌂╢⁹  

β  
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 10.2.4 ─  

⅝╞ ●▬♪ꜝ▬fi  
 
  

2)  

│⁸ ╩ ╛כ♫▬ꜝ√∑↕ ─ Ɽ▬ⱪ╩

⌐ ⅝ ╖⁸ │ ≢ ה ↕∑√ ⌐ ∆╢↓≤≢ ╩

∆╢╙─≢№╢⁹ │⁸ ╩ ╕≢ ⇔√╕╕

⁸ ⁸ ≢ ⌐ │ ⇔√╕╕ ∆╢

⅜№╡⁸ ⁸ ⅜№∫≡╙ ─ ⌐ ∫√ ≢ ↕╣╢⁹⇔√

⅜∫≡⁸ ╙ ─ ≥⅔╡⌐ ↕╣╢⁹  

∏╣⁸√╢╖⌂≥│∕╣╩ ↕∑╢─≢│⌂ↄ⁸№ↄ╕≢╙

─ ╩ ∆╢ ╩ ∆╢↓≤≤⌂╢⁹  

 
 

 

 10.2.5 ♃▬ⱪ ─  

 

 10.2.6  ♃▬ⱪ ─  

⅝╞ ●▬♪ꜝ▬fi  
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3)  

│⁸ ⌐ ⱦ♬ꜟ ╩ ↕∑⌂⅜╠ ⇔⁸

≤─ ⌐⸗ꜟ♃ꜟ ╩ ∆╢↓≤≢ ╩ ∆╢╙─≢№╢⁹  

⅜ ≢⅝≡™≡⁸ ⁸ ⇔≡™⌂™ ╡ │ ≢№╢⁹

⁸ ⅜№╢ ⁸ ⌐ ─ ≥⅔╡⌐ ↕∑⁸ ─◌

╢№⅜Ⱪכ ≢╙⁸∕╣⌐ ⇔≡ ≢⅝╢⁹ ─ ≢№╣┌

↕∑⌂⅜╠ ⅜ ≢№╢⁹  

 

 

 10.2.7 ─  

⅝╞ ●▬♪ꜝ▬fi  

 

4)  

│⁸ ─ ⌐ ╕╣╢⅜⁸ ≢ ⇔√ ╩

⌐ ∆╢ ≢№╡⁸ ─ ─ ⅜ ╘╠╣≡™╢─

≢⁸ ⅝─ ≤∆╢⁹⌂⅔⁸ ─ │⁸ ─≤⅔╡≤

∆╢⁹  

│⁸ ╟╡ ↕⌂ ≢ ↕╣√ ⅝╞ ( )╩

⇔⁸ ⌐ ╩ ∆╢↓≤≢ ╩ ∆╢╙─≢№╢⁹ ⅜

≢№╡⁸ ⅜╡ ─ ⅜ ™⁹  

⅜ ↕╣≡⅔╡⁸ ⌐ ⅝╞⅜ ≢⅝╢ ─ ≢№

╣┌ ≢№╢⁹  

 

 10.2.8 ─  

⅝╞ ●▬♪ꜝ▬fi  
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10.2.2 ─  

─ │⁸ ─ ╩ ⇔⁸₈ ⅝╞ ─ ה

ה ●▬♪ꜝ▬fi ( )₉⌐ ™⁸ ⌐ ╘⌂↑╣┌⌂╠⌂™⁹  

 

ₒ ₓ  

─ ה ה ⱨ꜡כ╩ ⌐ ≤⇔≡ ∆⁹  

 

 10.2.9 ⅝╞ ─ ה ה  

⅝╞ ●▬♪ꜝ▬fi  
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10.2.3 ─  

─ │⁸ ⌂ ⁸ ⁸ ⁸ ─

─ ╩ ™⁸ ⌂ ─ ╩ ⇔⌂⅜╠ ⌂ ╩

⇔⌂↑╣┌⌂╠⌂™⁹  

ₒ ₓ  

₈ ⅝╞ ⌐⅔↑╢ ה ●▬♪ꜝ▬fi ( )₉╟╡⁸

╕≢─ ╩ ⌐ ∆⁹  

 

 10.2.10 ╕≢─  

⅝╞ ●▬♪ꜝ▬fi  
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10.3 ⅎ ─  

 

ⅎ ─ │⁸ ≤ ⌐ ↕╣╢⁹ ⌐ ⅜

⌂™ │⁸ ≤⇔⁸ ─ ⌐ ™ ╩ ℮↓≤≤∆╢⁹  

⁸ │⁸ ≢│ ⌂ ⌐ ↕╣≡™╢ ≢№╢⁹  

 

 

ₒ ₓ  

│⁸ ⅝╞─ ─ ≢⁸ ╩ ⇔≡ ╩

∆╢ ≤⁸ ╟╡ ╡ ⅝™◘▬☼─ ⅝╞╩⁸ ⌐ ⅎ ╗

≢ ⇔⁸ ─ ╩ ⁸ ∆╢ ⅜№╢⁹  

™∏╣⌐⇔≡╙⁸ ⅜№╡⁸ ─ ™ ╩ ⇔ ╩ ╘⌂↑╣┌⌂

╠⌂™⁹  

 

10.4 ─  

 

─ │⁸₈ ה ≤ ₉ ┘₈ ⅝╞

─ ─ ⅝ ( )₉ ⌐ ⇔≡ ╘╢↓≤≤∆╢⁹  

 

 

ₒ ₓ  

│⁸ ⌐ ⅜ ⇔≡™╢ ╩ ≤∆╢↓≤⅛╠⁸∕─ ⌐

│ ₁─ ╩ ↑╢╙─≢№╢⁹⇔√⅜∫≡ ⌐№√∫≡│⁸ ─ ╩

⌐ ⇔⁸ ⅜ ⌂ ⁸ ⁸ ╩ ─ ⁸ ⌂

╩ ⇔ ∆╢↓≤≤∆╢⁹  
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11   

11.1 ─  

11.1.1 ─  

⅝╞ ≢│⁸ ⌐╟∫≡ ─ ⅜ ⅝ↄ ↕╣╢⁹

⌐ ⅜ ⌂ │⁸ ⌐ ⌐╟╢ ╩ ⅎ≡⇔╕℮─≢⁸ ─

╩ ⌐ ∆╢ │⁸ ⁸ ╩ ⇔≡ ⌂ ╩

⇔⌂↑╣┌⌂╠⌂™⁹  

ₒ ₓ  

⌐│⁸ ₁─ ⅜№╡⁸∕╣∙╣─ ⅜№╢─≢⁸ ╙⇔ↄ│

⌐╟╢ ╩ ∫≡ ≢⅛≈ ⌂ ≢⁸ ─ ╩ ╢╙─≢№╢⁹  

─ ─ ⌂ ≤⇔≡ ─╙─⅜ →╠╣╢⁹  
 
ᵑ   

ᵒ  ⱥכⱦfi◓  

ᵓ   

ᵔ  ─  

ᵕ   

ᵖ  ─  

ᵗ ♪ꜟכ◦╛  ─ ─  

 

11.1.2 ─  

⌐│⁸ ⌐ ↕╣≡™╢╙─≤⇔≡⁸ ─ ⅜№╢⁹  

(1)   

1)   

2)   

3)   

(2)   

(3)  ∕─ ─  

ₒ ₓ  

⌐ ─ ╩ ⇔⁸ ─ ╩ ═╢⁹  

 

 11.1.1 ─  

 

 

 

♫כ꜠♩☻

 

 

 

♄ Ⱪꜟ Ɽ♇ כ◌

 

 

 

► ▼ ꜟ ⱳ ▬ fi ♩

 

 

♦ ▫ כ ⱪ ► ▼ ꜟ

 
∕─  
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(1)  

│⁸ ─ ╩ ⇔≡ ╩ ↕∑╢ ≢

№╢⁹  

⌐╟╢ ─ ╩ ∆╢╙─≤⁸ ה ⌐╟╢ ─ 2 ≈─

⅜№╢⁹  

1)  

│⁸ ⌐ ╩ ⇔⁸ ⁸ ⌂≥╩ ⇔≡

↕∑╢↓≤⌐╟∫≡⁸ ─ ( )⁸ ⁸ ─

╩ ⇔╟℮≤∆╢╙─≢№╢⁹  

↓─↓≤⅛╠⁸ ─ ⁸ ─ ⌐╟∫≡∕╣∙╣ ⇔√ ⁸

⁸ ⁸ ╩ ╘╢╙─≢№╢⁹ ≤ ─ ⅛╠

⇔≡ ╩√≡╢↓≤⅜ ≢№╢⁹  
 

2)  

│⁸ ☺▼♇♩─ ◄Ⱡꜟ◑כ⌐╟╡ ╩

⇔≡∕─ ≤ №╢™│ ∆╢ ≢⁸ ╩ ⇔Ɽ▬ꜟ

─ ╩ ∆╢╙─≢№╢⁹ ╛ ─ ⌐╟╢ ╩

℮↑⌐ↄↄ⁸ ⌐ ─◓ꜝ►♩ ╩ ⌐ ≢⅝╢⁹  
 

3)  

⅜⁸ ⁸ ⁸◓ꜝ►♩ ─ │ ≢ ╩

∆╢─⌐ ⇔⁸ כ●כ○ ─ ≢ │◓ꜝ►♩ ╩

∆╢ ≢№╢⁹  

⅝╞ ⌐ ™╠╣╢↓≤│⁸ ⌐ ⌂™⁹  

(2)  

│⁸ ╩ⱳfiⱪ ≢ ⌐ ↕∑≡ ─

╩ ╢╙─≢№╢⁹ ⌐│⁸ ─ ╩ ↕∑╢↓≤⌐╟

╡⁸ ─ ⁸ ─ ⌐╟╢ ╘ ─ ⁸ ─

⌐╟╢ ─ ─ ╩ ╢╙─≢№╢⁹  

⌂⅔⁸ ─ ⅜⁸ ─ ╛⁸ ⌐

╙ ╩ ⅎ╢ ⅜№╢─≢⁸ ⌐ ⌂ ⁸ ⅜

≢№╢⁹  

(3)  

∆╢ ⌂ │  1.4.1 ⌐ ∆⁹  

╕√⁸ ⌐ ╢ ⌐ ∆ ⌐≈™≡⁸ ה ⌐№√∫≡

⅜ ≢№╢⁹  

ᵑ  ₈☿ⱷfi♩ ┘☿ⱷfi♩ ─ ┼─ ┘ ─

⌐ ∆╢ ─ ⌐≈™≡₉ ( 48 ⁸ 12 3 24

) 

ᵒ  ₈☿ⱷfi♩ ┘☿ⱷfi♩ ─ ┼─ ┘ ─

⌐ ∆╢ ─ ⌐≈™≡₉─ ⌐≈™≡ ( 49 ⁸

10 ⁸ 12 3 24 ) 

ᵓ  ₈☿ⱷfi♩ ┘☿ⱷfi♩ ╩ ⇔√ ─ ◒꜡ⱶ

( )₉─ ⌐≈™≡ ( 16 ⁸ 1 ⁸ 13

4 20 ) 

ᵔ  ₈ ⌐╟╢ ─ ⌐ ∆╢ ₉⌐≈™≡ (

160 ⁸ 49 7 10 ) 

ᵕ  ₈ ─ ⌐≈™≡₉ ( 157 ⁸ 52 4
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21 ) 

ᵖ  ₈ ⌐ ╢ ⌐≈™≡₉ ( 188 ⁸

2 9 18 ) 

 

11.1.3 ─  

─ ╩ ╘╢⌐№√∫≡│⁸ ╛ ╩ ⌐⇔≡⁸

⁸ ⁸ ⌐ ⇔≡ ⌂ ╩ ⇔⌂↑╣┌⌂╠⌂™⁹  

 

ₒ ₓ  

─ ╩ ⌐ ∆⁹  

 

 11.1.2 ─  

 

ᵑ ─  

ᵒ ─ ─

 

ᵓ ─ ─  

 

ᵔ ⌂ ─

 

 ᴗ ─  

 

ᵖ ─  

a  

b  

c  

d  

e  

f  ─
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11.2 ─  

11.2.1 ─  

─ ≢│⁸ ⁸ ╩ ⌐⇔≡⁸∕─ ⌐ ⇔√

─ ™ ⌂ ╩ ⇔⌂↑╣┌⌂╠⌂™⁹∕─ ≢ ⁸

╩ ∆╢↓≤≤∆╢⁹  

ₒ ₓ  

⌐⁸ ≤ ─ ╩ ⁸⅜╢№╙⅝≥─☻כ◔╢╘

⌐╟╡⁸ ╩ ≢⅝╢ ╙№╢⁹ ≢│⁸ ∆╢⁹  

 

11.2.2 ─ ≤  

⌐ ∆╢ │⁸ ⌐╟╡ ●ꜝ☻ ≢⁸ │

╩ ╕⌂™╙─⌐ ↕╣≡™╢⁹  

↓╣╠─ │⁸ ─ ⌐╟╡ ™ ↑⌂↑╣┌⌂╠⌂™⁹

╩ ≤∆╢ ⁸ ◦ꜟ♩ ⌐⅔™≡│ ╩ ∆╢⁹  

ₒ ₓ  

●ꜝ☻ ─ ┘ ⌐╟╢ ─ ╩ ⌐ ∆⁹

│⁸∕─ ╛ ┘ ╩ ⇔≡ ∆╢⁹  

(1) ⌂  

 

 11.2 . 1 ↕╣≡™╢ ⌂  

 

(2) ─  

1) ⌐ ⌂  

 11.2.1 ⌐ ⌂ ─  

 

β  ≤ ─ ─ │⁸₈ ⌐⅔↑╢ ₉⌐ ∂≡ ℮⁹  
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2) ∕─ ─  

 11.2.2 ∕─ ─  

 

 

(3) ⌐╟╢ ≤ ─  

⅜№╢ │⁸ ⌐ ∫≡ ∆╢⁹  
 

 

 11.2.2 ≤ ≤  

 

11.2.3 ─  

│⁸ ⌐ ∂ ─ ⅜ ↕╣≡⅔╡⁸ ─ ⁸

─ ⌐╟╢╙─≢ ─ ⅜⌂↕╣≡™╢⁹⇔√⅜∫≡⁸ ⁸

⁸ ┘ ─ ╩ ⇔≡ ⇔⌂↑╣┌⌂╠⌂™⁹  

ₒ ₓ  

─№╢ ⌂ │⁸ ─╙─⌐ ↕╣╢⁹  

 

 11.2.3  

 

─ ⌐≈™≡⁸∕─ ≤ ╩ ⌐ ∆⁹  
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♫כ꜠♩☻ (1) ( Ɽ♇◌ ) 

╩ ≤⇔ Ɽ♇◌╩ ╩כ♃♬⸗√⇔ ∆╢ ⁹

⁸ ⌐ ╢ ⌐ Ɽ♇◌╩ ↕∑╢ ≢ ⅜꜡♇♪

╢∆◒כꜞ╡╟ ╩ ⅞⁸ ⅜ ≤ ∆╢ ╩ ⅝ↄ⇔⁸

√╡─ ⅜ ↕ↄ⌂╢↓≤⌐╟╡⁸ ╩ ⇔√ ⁹ 

⌐ ™╠╣≡™╢⁹  

(2) ♄ⱩꜟⱤ♇◌ ♩►ꜝ◓ꜟכ◦) ) 

≢◓fi◦כ◔ ─ ╕≢ Ⱪכꜞ☻⁸⇔ ─ ( )╩ ╖⁸

≥◓fi◦כ◔ ─ ꜟכ◦⌐ ╩ ╩◓fi◦כ◔≡⇔╪≡ ꜟכ◦⁸⅝

─ ⁸♄ⱩꜟⱤ♇◌╩ ⇔√ ╩ ⇔≡⁸1 ◦ꜛ♇♩≢

∆╢ ╩™℮⁹  

(3) ♄ⱩꜟⱤ♇◌ ( Ɽ♇◌ ) 

╩ ≤⇔⁸ ─♄ⱩꜟⱤ♇◌ ╩♩►ꜝ◓ꜟכ◦─ ⇔

⌂™≢ ⌐ Ɽ♇◌ ╩ ⇔Ɽ♇◌ ⌐☿ⱷfi♩ⱬfi♩♫▬♩

╩ ∆╢↓≤≢ ⌐Ɽ♇◌╩∆╢ ⁹ ⅜ ≤ ∆╢ ╩

⅝ↄ⇔⁸ √╡─ ⅜ ↕ↄ⌂╢↓≤⌐╟╡⁸ ╩

⇔√ ⁹  

⌐ ™╠╣≡™╢⁹  

♩►ꜝ◓ꜟכ◦ (4)  

 ⌂ ╩ ≤⇔⁸ ╩ ↕ↄ⇔⁸ ╩ ↕∑√

⁹ │ ™ ╩ ◓fi◦כ◔⁸™ ⇔√ ꜟכ◦⌐ ╩ ⁸∕─

╩ ⌐ ⌐⇔≡ ∆╢⁹ │ ⅜ ⌂™√╘⁸

╩ ⌐ ∆╢↓≤⌐╟╡⁸ ⌂ ╩ ℮╙─≢№╡⁸

⌐ ™╠╣≡™╢⁹  

11.2.4 ─  

⁸ ⁸ ɖ ⌐≈™≡│⁸ ≤⇔≡₈  

₉ ( ) ◓ꜝ►♩ ─ ⌐ ⇔≡ ╩ ╘╢╙─≤∆╢⁹  

11.3 ─  

11.3.1 ─  

│⁸ ≤ ─ ≢ ╩ ⇔⁸ ╩ ∆╢ ≢

№╢⁹  

11.3.2 ─ ≤  

│⁸ ≤ ꜡♇♪⌐╟╡ ⌐ 2 ≈─ ⌐ ↕╣╢⁹

┘ ─ ⌐№√∫≡│⁸ ⁸ ⁸ ⁸ ╩

⌐ ⇔≡ ⇔⌂↑╣┌⌂╠⌂™⁹  

(1)   

(2)   

ₒ ₓ  

(1)  

╩ ⇔⁸ ╩ ≢כ▪◄≥ ™⁸ ⇔⌂⅜╠ ꜡♇

♪╩ ⅝ →╢↓≤⌐╟╡ ╩ ∆╢ ≢№╢⁹  

(2)  

╩ ⇔⁸ │ ╩כ▪◄≥ ה ⇔⌂⅜╠ ꜡♇♪╩

⅝ →╢↓≤⌐╟╡ ™⁸ ⅛╠ ╩ ∆╢↓≤⌐╟╡

╩ ∆╢ ≢№╢⁹  
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 11.3.1 ─  

 

JETGROUT  

 

≤⇔≡⁸ ╙ ⌐ ™╠╣≡™╢ ⅜⁸ ─

JSG ≤ ─◖ꜝⱶ☺▼♇♩ ≢№╢⁹⇔√⅜∫≡⁸JSG ≤◖

ꜝⱶ☺▼♇♩ ╩ ≤⇔⁸ ⇔≡ ∆╢⁹  

 

11.3.3 ─  

─ ⁸ ⁸ ⁸ ─ ⌐≈™≡│⁸ ≤⇔≡⁸₈☺

▼♇♩◓ꜝ►♩ (JSGה◖ꜝⱶ☺▼♇♩ ) ₉( ) ☺▼♇♩◓ꜝ►♩

─ ⌐ ∆╢╙─≤∆╢⁹  

 

11.4 ─  

11.4.1 ─  

│⁸ ─ ⁸ ╩ ⇔⁸ ╩♪ꜝ▬⌐⇔≡

ה ╩ ╘╢≤≤╙⌐ ╩ ∆╢√╘⌐ ∆╢⁹  

╩ ∆╢⌐№√∫≡─ │ ─≤⅔╡≢№╢⁹  

 

ₒ ₓ  

⌐№√∫≡─ ╩ ⌐ ∆⁹  
 
ᵑ  ─ ( )⁸ ⁸ ⁸ ⁸ ⁸ ─

╩ ⇔⌂↑╣┌⌂╠⌂™⁹  

ᵒ  │ ⌐ ≤⌂╠⌂™ ⁸ ─ ⁸

≤ ─ ⁹  

ᵓ  │ ⌐⅔↑╢ ─ ─  

ᵔ  ⌐ ℮ ⌐ ∆╢  
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11.4.2 ─ ≤  

─ ( )≤ ─ │⁸ ⌐ ⌐ ↕

╣╢≤⅔╡≢№╢⁹ ⅛╠ ⌐ ╢ 10 10 - 2cm/s ≢│⁸ ⁸

◦ꜟ♩ ─ ⅛╠ ⌐ ╢ 10 - 2 10 - 4cm/s≢│ ≢ ∆╢↓≤

⅜≢⅝╢⁹  

ₒ ₓ  

 

 11.4.1  ⌐ ↕╣╢    11.4.2  ⌐ ∆╢  
 

╡     ►▼ꜟⱳ▬fi♩  

 

⌐⁸ ─ ≤ ⌐≈™≡ ∆⁹  

 

(1)  

┼ ⇔≡⅝√ ╩ ╟╡╛╛ ™ ⌐ ↕∑⁸ ⱳ

fiⱪ⌂≥≢ ⌐ ∆╢╙─≢№╢⁹↓─ │ ⅜ ≢ ⅜ ↄ⁸

╙ ─ ≤ ⇔≡ ≢№╢⅜⁸ ⅜ ↄ ⌐ ↑╢ ⌐ ⇔≡│

─ ╩ ≤∆╢⁹  

⅜ ─ ⌐ ⇔≡ⱳfiⱪ─ ╩ ∆╢↓≤⁸ ⅜ ╣ ╗

─≢ ─ ⅜№╢↓≤⁸ ─ ⌐ ∫≡√┘√┘ ╡ →╢ ⅜№

╢↓≤⌂≥⌐≈™≡ ⇔⌂↑╣┌⌂╠⌂™⁹  
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(2) ►▼ꜟⱳ▬fi♩  

╩Ɽ▬ⱪכ◙▬ꜝ⌐ ⇔⁸Ⱬ♇♄כⱤ▬ⱪ⌐╟╡ ⌐ ⇔√

ⱳfiⱪ≢ ─ ⌂≥╩ ⌐ ∆╢ ╩™℮⁹  

ⱳfiⱪ╩ ⇔√ ≢№╢√╘ ─ ™ ⅛╠

╙ ≢№╢⁹  

⌂ │ 10.3m ≢№╢⅜⁸ ─ ─√╘⁸

│ 6.0m ≢№╢⁹⇔√⅜∫≡⁸↕╠⌐ ╩ ↕∑╢ ⌐│⁸►▼

ꜟⱳ▬fi♩╩ ⌐ ⇔ ►▼ꜟⱳ▬fi♩ ╩ ⇔⌂↑╣┌⌂

╠⌂™⁹  

─ ≤⇔≡│⁸  
 
ᵑ  ╩ ∆╢↓≤⌐╟╡ │♪ꜝ▬꞉כ◒≢ ≤⌂╢⁹ 

ᵒ  Ⱳ▬ꜞfi◓─  

ᵓ  ─ ⁸ ─ ⅜ ↕╣╢⁹  
 

⇔⅛⇔⁸ ╩ ∆╢↓≤⌐╟╡ ─ ⌐╟╢

⁸ ⁸ ⌂≥⅜ ∆╢ ⅜№╢⁹↓─√╘ ⁸ ─

╖─ ≢ ∆╢─≢⌂ↄ⁸ ╛ ─ ╩ ⇔≡ ∆╢↓

≤⅜ ≢№╢⁹  

⌂⅔⁸ ─ ⅜ ⌂ │ ⌐ ═╣┌⁸ ⁸

─ ◦ꜟ♩⁸ ≢№╢⁹ ≢™ⅎ┌⁸  

K ɖ×(10- 1 10- 4)cm/ (ɖ 1 9) ⅜ ⌂ ≢№╢⁹  

 

 11.4.3 ►▼ꜟⱳ▬fi♩  

╡  

ꜟ▼►ⱪכ▫♦ (3)  

╩ ™≡ ╩ ⁸ ╩fi◓Ɽ▬ⱪ◦כ◔⌐ ◦כ◔⁸⇔

fi◓Ɽ▬ⱪ ⌐ⱳfiⱪ╩ ⅎ ↑ ∆╢ ╩™℮⁹  

⅜ ↄ⁸╕√⁸ ⅜ ↄ ≢⁸ ─ ™ ⅜

⌐ ⇔≡™╢ ⌐ ∆╢⁹  

╩ ↕∑╟℮≤∆╢ ⌐ 500 1,000mm ─ ╩

⅛ ↑≡⁸ ⌐∕╣∙╣ⱳfiⱪ ( ↕ 10m ╕≢◘◒◦ꜛfiⱳfiⱪה

10m │ ⱳfiⱪ )╩ ╣≡ ⇔⁸ ⌐ ∫≡ ╩

↕∑╢ ≢№╢⁹  

ⱳfiⱪכ♃כ⸗ ≢ ∆╢ ≢№╢√╘⁸⅛⌂╡─ ╕≢
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╩ ↕∑╢↓≤⅜ ≢№╢⅜⁸∕─ ⅜⁸ ⌐ ┬√╘⁸

─ │⁸ ≤ ⅔╟┘ 1 ╡─ ╩

─℮ⅎ ⌐ ⇔⌂↑╣┌⌂╠⌂™⁹  

 

11.4.3 ►▼ꜟⱳ▬fi♩─  

►▼ꜟⱳ▬fi♩ │⁸╟ↄ ™╠╣≡™╢ ≢№╢⅜⁸ ⌐

№√∫≡│ ─ ⌐ ∆╢ ⅜№╢⁹  

 

(1)  ►▼ꜟⱳ▬fi♩─ ↕│⁸5.5m ╩ ≤∆╢⁹↓╣╩ ⅎ╢ │⁸

►▼ꜟⱳ  ▬fi♩≢ ™⁸1 ⌐≈⅝ 5.0m╩ ≤∆╢⁹  

(2)  q(1 ╡ (L/min)) │⁸ ─ ⁸ ⁸ ─ ↕

⌐╟╡ ∆  ╢⁹ ≢│ 20L/min ╩ ≤∆╢⁹  

(3)  ►▼ꜟⱳ▬fi♩─ (a) ╩ 2m ⌐∆╢≤ ⅝⌂ fi♥כ◌─≡⇔≥

⅜⌂ↄ⌂  ╢─≢⁸►▼ꜟⱳ▬fi♩─ │ 2.0m≤∆╢⁹√∞⇔⁸a=2.0m

⌐∆╢≤⅝│⁸  ⇔≡ ∆╢⁹  

( 4)  ►▼ꜟⱳ▬fi♩─ⱳfiⱪ─ ─ │⁸ɫ50mm≢│ 100m⁸ɫ65mm

≢│  150m≢№╢⁹  

ₒ ₓ  

⌐ ⌂ ╩ ∆⁹  

 

1) ─  

─ │⁸ ⌐ ™╠╣≡™╢ Thiem(♥▫כⱶ )─ ⌐╟╡

╘╢⁹ ─ ⌐│ ⅜ ╕≢ ∆╢ ≤⁸ ⅜

⌐ ⇔⌂™ ⅜№╢⅜⁸ ⌐ ≤⌂╢ ≤⇔⁸

─ ╩ ( 11.4.1)⁸ ─ ╩ ( 11.4.2)⌐ ∆⁹  

öö
÷

õ
ææ
ç

å

-

w

10

2

w

2

0

r

R
log 2.3  

hh
kQ ɥ   11.4.1 

 

öö
÷

õ
ææ
ç

å

-

w

10

w0

r

R
log 2.3

hh
kDQ ɥ   11.4.2 

↓↓⌐⁸  

Q ( m3/min)  

k ─ ( m/min)  

ho ( m)  

hw ─ ( m)  

R ( m)  

r w ─ ( m)  
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D ─ ↕ ( m)  

 

 11.4.4 ⌐╟╢  

╡  

2)  

│⁸ ⁸ ─ ⁸ ⁸ ⌂≥⌐╟╡ ∆

╢⁹ ⌂ ╩  11.4.1 ⌐ ∆⁹╕√⁸ ─ ⌂≥⅛╠ ╘

╢ ≤⇔≡│⁸Sichardt( ♩ꜟⱢכ◦ )─ ⅜№╢⁹  

R=3000הS   11.4.3 

↓↓⌐⁸  

R (m) 

S (m) 

k  (m /sec) 

 11.4.1 ─  

  

( m)   (mm) 

╣⅝  >10 >1,500 

╣  ⅝  2 10 500 1,500 

  1 2 400 500 

  0.5 1 200 400 

  0.25 0.5  100 200 

  0.10 0.25  50 100 

  0.05 0.10  10 50 

◦ꜟ♩  0.025 0.05  5 10 

╡  
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3) ─  

─ ⌐│⁸ ─ 2 ≈⅜№╢⁹ │ᵑ─ ≢ ℮⅜⁸

≤ ─ ⅜ ⅝ↄ⌂╢ │ᵒ─ ≢ ℮⁹  

ᵑ  ≤ ─ ≤  

ɥ

A
rw =   11.4.4 

↓↓⌐⁸  

A  ─ (m 2) 

 

ᵒ  ≤ ─ ≤  

  11.4.5 

↓↓⌐⁸  

a⁸b ─ ≤ (m) 

 

 11.4.5 ─  

╡  

4) ►▼ꜟⱳ▬fi♩─ ⁸  

►▼ꜟⱳ▬fi♩─ ⅔╟┘ │⁸ ( 11.4.6)⅔╟┘ ( 11.4.7)

⌐╟╡ ╘╢⁹  

q

Q
n =   11.4.6 

↓↓⌐⁸  

n  ►▼ꜟⱳ▬fi♩─ ( ) 

Q (m 3/sec) 

q ►▼ꜟⱳ▬fi♩ 1 №√╡─ (m 3/sec) 

√∞⇔⁸q 20?/min ╩ ≤∆╢⁹  

  11.4.7 
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↓↓⌐⁸  

a ►▼ꜟⱳ▬fi♩─ (m) 

√∞⇔⁸a 2.00m ─≤⅝ a 2.00m 

1.00֔a֔2.00 ─≤⅝ a a 

L  Ⱬ♇♄כⱤ▬ⱪ (m) 

n  ►▼ꜟⱳ▬fi♩─ ( ) 

 

5) ►▼ꜟⱳ▬fi♩ⱳfiⱪ─  

ⱳfiⱪ─ │ ( 11.4.8)⌐╟╢⁹  

E

Q
N

³
=
ɜ

  11.4.8 

↓↓⌐⁸  

N  ⱳfiⱪ ( ) 

Q (m 3/min)  

E  ⱥꜙכ●ꜟⱳfiⱪ (m 3 /min)  

ɜ  ⱳfiⱪ ( 0.7) 
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12   

12.1 ─ ⌂ ⅎ  

─ ⌐⅔™≡│⁸ ⁸ ┘ ─ ⁸

╛ ┘⌐ ─ ╩ ⇔⁸ ₁─ ┘ ◦☻♥ⱶ

≤⇔≡ ⌂ ╩ ∆╢╟℮⌐ ⇔⌂↑╣┌⌂╠⌂™⁹  

ₒ ₓ  

ᵑ   ─ ─ ⌂ ⅎ │⁸ ─ ↔≤⌐ ╘╠

╣╢ ─ ─ ╩ ∆╙─≢№╢⁹  

 ╕√⁸ ≢ ⇔√ ⌂ ⌐ ℮ ⅝╞─ ⅝

⅜╡╛ ⌐╟╢ ⅛╠⁸ ╩ ⌐ ⇔≡ ╩ ╘╢↓

≤⅜ ≢№╢⁹  

ᵒ   ⅜ ⇔√ ⌐╙ ⅜ √∆═⅝ ⅜ ≢⅝╢╟℮⁸

◦☻♥ⱶ ⌂ ⌐╟╡ ╩ ∆╢≤≤╙⌐⁸ ─ ⌐

╟╢ ─ ╩ ╠⌂↑╣┌⌂╠⌂™⁹ ⌐ ─

≢─ⱴfiⱱכꜟ ╛ │⁸ ↑⌂↑╣┌⌂╠⌂™⁹  

ᵓ   ─ ╩ ↑╢ ⌐≈™≡│⁸ ⌐ ∂≡ ─

╩ ∂╢⌂≥ ╩ ∆╢↓≤≤∆╢⁹  

 

12.2 ─  

12.2.1 ─  

│⁸₈ ─ ≤ ₉ ( )⁸₈

₉ ( )⁸ ┘₈ ₉⌐ ⇔≡ ℮↓

≤≤∆╢⁹  

ₒ ₓ  

₈ ─ ≤ ₉│⁸ ─ ⁸

₁⌂ ⅛╠ ⅜⌂↕╣≡⅔╡⁸↓╣╠─ ╩ ⌐ ↕∑╢↓≤≤

∆╢⁹  

≢│⁸ ⇔ ╖ ⅝╞⌐⅔™≡⁸ ∑╪ ─ ⅎ╩ ╡ ╣⁸

⇔ ─ ╩ ⇔√⁹  

 

12.2.2 ꜠ⱬꜟ  

─ ⌐ 1 2 ∆╢ ╩ ∆╢ ꜠ⱬꜟ 1 ≤⁸

⌐ ∆╢ │ ™⅜ ⅝⌂ ╩╙≈ ꜠ⱬꜟ 2 ─ 2 ─ ╩

∆╢⁹  

 

ₒ ₓ  

≤∆╢꜠ⱬꜟ 1 │⁸ ─ ⌐ 1 2 ∆╢ ╩ ∆

╢ ╩⁸꜠ⱬꜟ 2 │⁸ⱪ꜠כ♩ ╛ ─╟℮⌐

⌐ ∆╢ │ ™⅜⁸ ⅝⌂ ╩╙≈ ╩ ∆⁹  
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12.2.3 ─  

⌐≈™≡│⁸∕─ ⌐ ∂≡⁸₈ ⌂ ₉≤₈∕─ ─ ₉

⌐ ∆╢⁹⌂⅔⁸ ⌂ ─ ╩ ∆╢╙─≤⇔≡⁸ ─

╩ ≤∆╢⁹  

ₒ ₓ  

│⁸ ⅝⌂ ╩╙≈ ╛ ⅛╠─ ╩ ↑ ≈ ╕≢⁸

╛ ₁≢№╢⁹  

∫≡⁸₈ ⌂ ₉≤₈∕─ ─ ₉⌐ ⇔≡⁸∕╣∙╣⌐ ↕╣

╢ ╩ ⇔≡ ╩ ℮⁹  

 12.2.1  

    

₈ ⌂ ₉  
≤⇔≡ ─ ⅝™

 

₈∕─ ─ ₉  ₈ ⌂ ₉╩ ↄ  

 

⌐₈ ⌂ ₉─ ╩ ∆⁹  

ᵑ  ─  

ᵒ  ⱳfiⱪ ה ⌐ ∆╢  

ᵓ ה  ╩ ∆╢ ≢ ⌐╟∫≡ ╩ ∆╢⅔∕╣

─№╢╙─ ┘ ⅜ ╘≡ ≤ ↕╣╢  

ᵔ  ⌐ ⌂ ┼─ ╩ ╓∆⅔∕╣─№╢ ⌐

↕╣≡™╢  

ᵕ  ─ ╩ ↑ ≈ ⅝ ⌐ ∆╢  

ᵖ  ╛ ⁸ │ ≤ ╘√ ⅛╠─ ╩℮

↑╢  

ᵗ  ∕─ ⁸ ╩ ↕∑╢ ⅛╠ ≡◦☻♥ⱶ≤⇔≡─ ⌂  

β  ◦☻♥ⱶ≤⇔≡─ ⌂ ≤│⁸ ─₈ ⌂ ⅝╞₉╩ ∆⁹  
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12.2.4 ∆═⅝  

┘ ⌐ ╘╠╣╢ │⁸ ─꜠ⱬꜟ╛ ─

⌐ ∂≡ ─╟℮⌐ ∆╢╙─≤∆╢⁹  

₈ה ⌂ ₉│꜠ⱬꜟ 1 ⌐ ⇔≡⁸ ╩ ∆╢≤≤╙

⌐  

꜠ⱬꜟ 2 ⌐ ⇔≡│ ╩ ∆╢⁹  

─⧵₈ה ─ ₉│⁸꜠ⱬꜟ 1 ⌐ ⇔≡ ╩ ∆╢⁹  

₈ה ⌂ ₉─℮∟⁸ ╛ ─ │⁸꜠ⱬꜟ 2

⌐ ⇔  

≡ ≤ ╩ ⇔⌂™ ╩ ∆╢⁹  

ₒ ₓ  

─ ╩ ⌐ ∆╢⁹  

 12.2.2 ─  

 

 

 

ᵑ  ₈ ─ ₉≤│⁸ ⌐ ↕╣√ ⅝╞─

─ ╩™™⁸ ⌐│ ⅝╞─ ⇔╩ ←≤≤╙⌐⁸ ⅝╞

⌐ ∆╢ ⅜ ─ ╩ ∆⁹  

 

ᵒ  ₈ ─ ₉≤│⁸ ⌐╟∫≡ ─◒ꜝ♇◒╛ ─ ⅜

∂⁸ ─ ⅜ ≤⌂∫≡╙ ╛ ─ ╩ ∂╢

╕≢─ │⁸ ≤⇔≡ ╩ ⅛╠ ⌐ ∑╢ ╩™™⁸ ⌐

│ ─ ╩ ←≤≤╙⌐ ⅝╞ ⅜└┘ ╣╩ ↓⇔≡™╢⅜

⇔⌂™ ( )╩ ∆⁹  

 

12.2.5  

│⁸ ≤⇔≡ ╩ ™≡ ⌐ ∆ ⌐╟╡ ╩

℮⁹  

(1)  ₈ ⌂ ₉│⁸꜠ⱬꜟ 1 ⌐ ⇔≡ №╢™│

 ⌐╟∫≡ ╩ ™⁸꜠ⱬꜟ 2 ⌐ ⇔≡

⌐╟╡ ∆╢⁹  

(2)  ₈∕─ ─ ₉│⁸꜠ⱬꜟ 1 ⌐ ⇔≡ №╢™│

 ⌐╟∫≡ ╩ ℮⁹  

(3)  ─ │⁸₈ ⌂ ₉│꜠ⱬꜟ 2 ⌐ ⇔≡ ™⁸₈∕─

─ ₉│꜠  ⱬꜟ 1 ⌐ ⇔≡ ℮⁹  

(4)  ─ │⁸ ─ ╩ ∆╣┌ │ ∆╢

↓≤⅜≢⅝  ╢⁹  

ₒ ₓ  

─ │⁸ ⌐╟╢↓≤╩ ≤⇔⁸ ↕╣╢

⁸└∏╖ ⌐╟╡ ╩ ∆╢⁹  
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∕─ │⁸ │ ⌐ ─ ─ ↕⌐ ═≡ ─ ↕⅜ ↄ⁸⅛

≈ ⅛↑─ ╙ ≤ ⇔≡ ⌐ ™√╘⌐⁸ ⌐

─ ╩∆╢↓≤│⌂ↄ⁸ ─ ⅝⌐ ↕╣╢≤ ⅎ╠╣╢⅛╠≢№╢⁹  

 

(1) ⌂  

1) ꜠ⱬꜟ 1 ─ │⁸ ─ ⌐ ∆╢ ╩ ⌐╟╡

╘≡⁸↓╣⌐ ⇔≡⁸ ─ ╩ ∆╢√╘─ ⅛╠ ╘╠

╣√ ≤╩ ═╢↓≤⌐╟╡ ╩ ╘╢ ≢№╢⁹  

2) ꜠ⱬꜟ 2 ─ │⁸ │ ⅜ ⇔√╡⁸ ⁸ ⁸

╩ ↓⇔⁸ ╛ ╩ ℮ ⅛ ⅛≢ ╩ ∆╢⁹  

 

(2) ∕─ ─  

꜠ⱬꜟ1─ │⁸ │ ⅜ ─└┘ ╣⁸ ⁸

⁸ ╩╩ ↓⇔⁸ ⌂ ⅜≢⅝⌂ↄ⌂∫√╡⁸ ╩ ⌂∫√╡

∆╢ ⅛ ⅛≢ ╩ ∆╢⁹  

 

(3) │⁸ ⅝╞ ⌐ ⅝⌂ ╩ ⅎ╢╙─≢№╢√╘⁸₈ ⌂

₉⌐≈™≡│⁸ ─ ⅝™꜠ⱬꜟ 2 ⌐ ⇔≡ ™⁸₈∕─ ─

₉│꜠ⱬꜟ1 ⌐ ⇔≡ ℮⁹  

 

(4) ( 700mm )─ ⇔ ╖ ─ ⌐≈™≡⁸ ─ᵑ ᵗ─

╩ ∆╢ │⁸ ≤⇔≡ ╩ ≢⅝╢⁹↓╣╠─ ⌐ ≡

│╕╠⌂™ │⁸ ╩ ™ ╩ ∆╢ ⅜№╢⁹  
 

ᵑ ɫ700mm ─ ⇔ ╖ ⅝╞≢№╢↓≤⁹  

ᵒ ⅝╞─ ⅜╒╓ ≢№╢↓≤⁹ │ ╘⌂™⁹  

ᵓ ─ ⅜ ≤╖⌂∑╢ ≢№╢↓≤⁹  

ᵔ ⌂ №╢™│ ⌂ ≢⌂™↓≤⁹  

ᵕ ⌐⅔™≡│⁸ ⌐ ─ ⅜⌂™↓≤⁹  

ᵖ ⁸ ╡⁸ ↕ ─ ⅜ ⇔≡™⌂™↓≤⁹  

ᵗ ⇔⌂™ ╙⇔ↄ│ ⌐╟╡ ⇔⌂™ ≤ ⌂∑

╢↓≤⁹  
 

⌂⅔⁸ ⌐≈™≡│⁸ ≤ ⇔≡ ╩ ∆╢⁹  
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12.3  

12.3.1 ─  

│⁸ ⁸ ⁸↕╠⌐ ꜠ⱬꜟ ⌂ ╩

⇔√─∟⁸ ─ ⌐ ∂꜠ⱬꜟ 1⁸꜠ⱬꜟ 2 ─ 2 ─ ╩

∆╢⁹  

 

ₒ ₓ  

─ ⌂ ≤⁸ ─ ╩ ⌐ ∆⁹  

 

(1) ≤⇔≡─  

 

 12.3 . 1 ( ⌂ )  
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(2)  

1) ⱥꜙכⱶ  

 

 12.3.2 ⅞ ─ ⅝╞  

 

( ) 
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2) ⱦ  

 

 12.3.3 ⱦ ─ ⱨ꜡כ  

( ) 
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(3) ⱴfiⱱכꜟ  

 

 12.3.4 ⱴfiⱱכꜟ─ ⱨ꜡כ  

( ) 
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12.3.2 ⱴ♩ꜞ♇◒☻  

⅝╞ ┘ⱴfiⱱכꜟ╩∕─ ⅛╠ ⇔⁸∕╣∙╣─ ╩ ─

ⱴ♩ꜞ♇◒☻⌐ ∆╢⁹╕√⁸ ≤ ─ ╙ ∆⁹  

 

 

 

 
1

2
.3

.1
 

ⱴ
♩
ꜞ
♇
◒
☻

(
1

)(
₈

⌂
₉
─

)
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1

2
.3

.2
 

ⱴ
♩
ꜞ
♇
◒
☻

(2
)(
₈
∕
─

─
₉
─

)
 

 

 

 
1

2
.3

.2
 

ⱴ
♩
ꜞ
♇
◒
☻

2
₈
∕
─

─
₉
─
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1
2

.3
.3

 
(

)
 

 

⅝
╞

●
▬
♪
ꜝ
▬
fi
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(
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⅝
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1
2

.3
.5

 
─

≤
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12.3.3 ─  

─ ╩ ╟╡ ≤⇔≡ ⌐ ∆⁹  
 

 
 

 

1
2

.3
.6

 
─

─
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12.4  

─ ╛ ⌐╟╢ ⇔ ⅜ ∆╢⅔∕╣⅜№╢

│⁸ ─ ╩ ℮⁹  

(1) ─  

(2)  

ₒ ₓ  

⅝╞─ ⌐╟╢ │⁸ ⅝╞ ─ ─ ─╒⅛⌐⁸

╛ ─ ⅛╠ ⌐ ⌂ ╩ ⅎ╢√╘⁸ ⌂ ⅜

≢№╢↓≤⅜ ╠⅛⌐⌂∫≡™╢⁹  

↓╣╠─ ╩ ╕ⅎ≡⁸ ─ ≢│⁸ ─ ┘

⇔ ─ ⌐≈™≡ ∆╢⁹  

 

(1) ─  

1) ─ ─  

₈ ⌂ ₉≤₈∕─ ─ ₉⌐ ↑≡ ╩ ℮↓≤≤∆

╢⁹  

ᵑ  ₈ ⌂ ₉│⁸ ─ ╛ ⌐ ╩♃כ♦⅝≠

⇔≡ ∆╢⁹  

ᵒ  ₈∕─ ─ ₉│⁸ ─ ⅛╠ ─ ╩ ∆

╢⁹  
 

2) ⇔ ─ ─  

⁸ ⁸ ⅜ ≢№∫≡╙⁸

⇔ ─ ⅜ ↄ⌂╢ ⁸ ⅜ ∂╢⅔∕╣⅜№╢⁹∕─√╘⁸

⇔ ─ ─ ⌐≈™≡╙ ∆╢ ⅜№╢⁹ ─ ∆═≡

⌐ ∆╢ ⌐ ∆╢ ⅜ ™⁹  

ᵑ  ⅜ ™ (GL 3.0m ) 

ᵒ  ⅜ ™ ( ⅝╞─ ╡⅜ GL - 2m ⁸⅛≈ ) 

ᵓ  ⅜ ⌂ ( ™ ( ⌡ N ֔15)⁸ ( ⌡ N

֔7) ) 

ᵔ  ⌂≥ ⇔╛∆™ ⇔ ╩ ∆╢  
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(2)  

1) ─  

≤ ─ ╩ ─ ⌐ ∆⁹  

 12.4.1 ─ (∕─ 1)  
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1

2
.4

.3
 

─
(
∕
─

2
)
 

 
1

2
.4

.2
 

─
(
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─

2
)
 



12- 18 

2) ⇔ ─  

╘ ⇔ ─ ⌐│⁸₈ ⇔ ─ ₉⁸₈ ⌐╟╢ ⇔₉₈

⇔ ─ ╘₉─ 3 ⅜№╢⁹™∏╣⌐≈™≡╙⁸ ⌂ ⁸

⅜ ╘╠╣╢√╘⁸ ⇔≡ ╩ ∆╢⁹  

 

 12.4.4 ⇔ ─ ≤  

 

 

 

⌂⅔⁸↓╣╠─ ⇔ ⌐⅔↑╢ ─ ⌐№√∫≡│⁸

≤ ─ ≢ ∆╢⁹  



 

 

 

 

 

 

 

 

 

 

 

13  ⱴfiⱱכꜟⱳfiⱪ  
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13  ⱴfiⱱכꜟⱳfiⱪ  

13.1  

 

ⱴfiⱱכꜟⱳfiⱪ ─ ╩ ℮⌐№√╡⁸ ⌂ ╩ ∆╢√╘

⌐ ⌂ ╩ ╘╢╙─≢№╢⁹  

 

 

ₒ ₓ  

⌐≈™≡│⁸ⱴfiⱱכꜟⱳfiⱪ ⱴ♬ꜙ▪ꜟ ( )( -4)

╩ ─↓≤⁹  

⌂⅔⁸ ⌐ ∂≡⁸ ( ☿fi♃כ │ ☿fi♃כ )≤

∆╢↓≤⁹  



- 1 

 

 

 

 

 

 

 

 

 

 

    
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



- 2 

 

 

 

 

 

 

 

 

 

 

- 1  

 ( )  
 



- 3 
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- 2  

⅝╞ (ⱴ♬fi◓ )  
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ⱴfiⱱכꜟⱳfiⱪ ⱴ♬ꜙ▪ꜟ 
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