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Ɽꜟ♥ⱶהⱨ꜡כꜞfi◓ │⁸ ⅝╞ ≢ ≡√ ꜞfi◓⌐ ⱳꜞ

◄♅꜠fi ─⅛╪ ≤ ╩ ↑≡ ╩ ⇔⁸ ≤ ─

⌐ ╩ ⇔≡ ⅝╞╩ ∆╢ ≢⁸ ⌂ ╩ ™╢↓≤⌂
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⅛╪  

 

 

 

 

 

 

 
ꜞfi◓ 

 
 

 

⅛╪  

 

 

 



2  

2 ─                          

 

Ɽꜟ♥ⱶהⱨ꜡כꜞfi◓ │⁸ ⌐ ≡√ ꜞfi◓≤ ⌐ ™

ⱳꜞ◄♅꜠fi ╩ ╖ ╦∑╢≤™℮ ⇔™ ⌐ ≠™≡ ↕╣√

≢№╡⁸ ─ ⌐⌂™ ─╟℮⌂ ⅜№╢⁹ 

 

1  ─ꜞfi◓╩ ⇔≡™╢√╘⁸ ─ ╩ ↕∑⌂⅜╠⁸ ╛

⌐╟∫≡ ⇔√ ◖fi◒ꜞכ♩ ╩ ≤ ─ ⌐ ≢⅝

╢⁹ 

 

2  ─ ╛ ⌐№╦∑≡⁸ ─ ╩ ⅎ╢↓≤⅜≢⅝╢⁹ 

 

3  ⁸ ⁸ ⌂≥─№╠╝╢ ─ ⅝╞⌐ ≢⅝╢⁹ 

 

4  ⇔√ ─ ⅜≢⅝╢⁹ 

 

5  ─ ⁸ ─╖╩ ⇔⁸ ↕╩ →⌂™ ⅜≢⅝╢⁹ 

 

6  ─ ─ ⅜ ≢№╢⁹ 

 

7  ⌐ ⌂ ╛ ╩ ≤⇔⌂™⁹ 

 

8  ─ ⅜ ≢⁸ ⌐ ⅜ ≢ ⅝╞ ⅛╠ ≢⅝╢⁹ 

 

9  ⱴfiⱱכꜟ─ ╛ ⌐ ↕╣╢↓≤⌂ↄ ⅜ ≢№╢⁹ 

 

10 ╩ ⇔⌂⅜╠ ∆╢↓≤⅜≢⅝╢⁹ 
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╩ 3- 1⌐ ∆⁹ 

 

3- 1  

     

  ◖fi◒ꜞכ♩  
◖fi◒ꜞ⁸♩כ ╖⌂≥

 

  

 800 3, 000 mm 

 800 mm  

   5,000 mm  

 

5,500 mm  

 ⌂⇔ 750 m 

 ⁸ ⁸ ⁸ ⌂≥ ⁸ ⌂≥╙  

 

ᵑ ⅝╞ ↕1, 500 mm  

30 cm  

ᵒ ⅝╞ ↕1, 500 mm  

60 cm  

ᵑ ⌐ ≤ ⱳfiⱪ╩

∆╢ ⌐╟╢⁹ 

ᵒ ╩ ∆╢

⌐╟╢⁹ 

⅞ ─ 

 

  12 mm 125 mm 

⌐╟╡ │ ⌂╢  

10 mm 128 mm 

⌐╟╡ │ ⌂╢  

 

⅞ ─ 

⅝ 
200 mm  

 

 3.6  m  0.9  m ɫ1, 000 mm  

 12 °  90 ° ɫ1, 000 mm  

 ↕ 20 mm  ⌐╟╡ 20 mm  

 

       β      2002 3  

                   2022 3  
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4 ─                          

 

Ɽꜟ♥ⱶהⱨ꜡כꜞfi◓ │⁸ ⇔√ ⅝╞─ ≤ ╩

∆╢↓≤⅜≢⅝╢⁹ ─ ╩ 4- 1 4- 2⌐ ∆⁹ 

 

4- 1 ─  

       

 

⅜╡  

 

 

⅝╞ mm  ⅜╡ mm  

 800  726 

 900  816 

1, 000  910 

1, 100 1, 000 

1, 200 1, 100 

1, 350 1, 250 

1, 500 1, 400 

1, 650 1, 500 

1, 800 1, 650 

2, 000 1, 850 

2, 200 2, 030 

2, 400 2, 230 

2, 600 2, 420 

2, 800 2, 620 

3, 000 2, 810 

 
⅔╟┘ ↕∑√ ◖fi◒ꜞכ♩ ╩ ⇔√ │⁸

─ ≤ ╩ ╢ ╩ ⇔≡™╢⁹ 

 │⁸ ╣√ ╩ ⇔≡™╢⁹ JSWAS K- 14  

 
│⁸ ⱦ♬ꜟ ≤ ═≡ ╣√

╩ ⇔≡™╢⁹ JIS K 7204  

 

│⁸0.1 MPa─ ⁸ ⌐ ⇔≡ ╩ ⇔

≡™╢⁹ ⅝╞ ⌐⅔↑╢ ה

●▬♪ꜝ▬fi 2017 ⁸ ₈●▬♪ꜝ▬fi 2017₉≤

™℮  

 

₈●▬♪ꜝ▬fi2017₉⌐ ↕╣≡™╢ ─ ⌐╟

∫≡⁸ ⅝╞≤ ⅜ ⇔≡™╢↓≤╩ ⇔≡™

╢⁹ 
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4- 2 ─  

       

 

─ ⅜ 0.010 ≢№╡⁸ │ ⅝╞

≤ ─ ╩ ⇔≡™╢⁹ ⅝╞─ ╩ 1.0

≤⇔√ ─⁸ ─ ─ ╩ ─ ⌐ ∆⁹

⅝╞─ ╩ 0.013⁸ ─ ╩ 0.010 ≤∆

╢⁹ 

⅝╞  

mm  

─ 

 

 800 1.0035 

 900 1.0011 

1, 000 1.0109 

1, 100 1.0082 

1, 200 1.0308 

1, 350 1.0588 

1, 500 1.0815 

1, 650 1.0082 

1, 800 1.0308 

2, 000 1.0560 

2, 200 1.0491 

2, 400 1.0687 

2, 600 1.0736 

2, 800 1.0889 

3, 000 1.0919 
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5- 1 ꜞfi◓ 

ꜞfi◓│⁸ ⅝╞─ ⌐ ∂≡ ⅜ ⌂ SS400 ≢⁸

⅛╪ ╩ ↑╠╣╢╟℮⌐ ─ ⅜ ─ ⌐ ↕╣≡™╢⁹╕√⁸

ⱴfiⱱכꜟ⅛╠ ≢⅝╢ ⅝↕⌐ ↕╣≡⅔╡⁸ ⅝╞─ ↕ ⌐ ─

250 mm ⌐Ⱳꜟ♩≤♫♇♩≢ ∆╢⁹ 

ꜞfi◓─ ╩ 5- 1- 1⌐⁸ ╩ 5- 1- 1⌐⁸ ⇔√ ╩

5- 1- 1⌐ ∆⁹ 

 

SS400 JIS G 3101  

5- 1- 1 ꜞfi◓  

 

5- 1- 1 ꜞfi◓─  

⅝╞ mm   1 mm   1 mm  

 800  9 6 

 900 11 6 

1, 000 13 6 

1, 100 1, 500 15 6 

1, 650 2, 000 40 6 

2,200 2, 400 45 6 

2,600 2, 800 50 6 

3, 000 55 6 

 

 

 

 

 

 

 

 

 

 

  5- 1- 1 ⇔√ ꜞfi◓ 

 

250mm 
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≤ ─ ꜞfi◓─ ╩ 5- 1- 2≤ 5- 1- 3⌐⁸ ⇔√ ꜞ

fi◓─ ╩ 5- 1- 2⌐∕╣∙╣ ∆⁹ ≤ ─ ꜞfi◓─ ≤ ↑

│⁸ ⌐╟╡ ∆╢⁹ 

 
5- 1- 2 ꜞfi◓─  

 

5- 1- 3 ꜞfi◓─  

 

 

 

 
5- 1- 2 ⇔√ ꜞfi◓ 
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5- 2 ⁸⅛╪ ⅔╟┘  

 

│ 5- 2- 1⌐ ∆ ─ ⱳꜞ◄♅꜠fi ≢№╡⁸

─ │⁸⅛╪ ≤─⅛╪ ⅔╟┘ ≤─ ╩ ⌐∆╢√╘⌐ⱨ♇

◒ ─ ≤⌂∫≡™╢⁹ ─ ╩ 5- 2- 1⌐ ∆⁹ 

⅛╪ │ 5- 2- 2⌐ ∆ ─ ⱳꜞ◄♅꜠fi ≢№╡⁸

─ⱨ♇◒⌐╟∫≡ ⌐⅛╪ ↕╣╢⁹⅛╪ ⌐│⁸ 5- 2- 2⌐ ∆╟

ꜟכ◦⌐℮ ⅜ ↕╣≡™╢⁹ ≤⅛╪ ─ ╩ 5- 2- 3⌐

∆⁹ 

≤⅛╪ │ ╛ ⌐⅛⅛╦╠∏ ↕⅜5 m≢№╡⁸

⌐ ∆╢√╘⌐☻♥fi꜠☻ ─ ≤⅛╪ ╩ ∆╢⁹

─ ⌐│⁸ ╩ ™╢ ≤◦ꜞ◖fi◦כꜝfi♩╩ ™╢

⅜№╢⁹ 

 

  ⱳꜞ◄♅꜠fi  

 

 

 

 

 

 

 

    5- 2- 1           5- 2- 1  

 

ⱳꜞ◄♅꜠fi  

 

 

 

 

 

 

 

5- 2- 2 ⅛╪            5- 2- 2 ⅛╪  

 

─ SUS304 JIS G 4305  

─ 1mm 

 

 

 

 

 

 

    5- 2- 3                 5- 2- 3  

 

⅛╪  

 ⅛╪  

ꜟכ◦  
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5- 3  

│⁸ ☿ⱷfi♩B ⁸ ⁸ ⁸ ╩ ⇔√ⱨ꜡כꜞfi◓

⸗ꜟ♃ꜟ1 ⅔╟┘2 ≤⁸ ☿ⱷfi♩⁸ ⁸ ⁸ ╩ ⇔√ⱨ꜡כꜞ

fi◓⸗ꜟ♃ꜟ3 ⅜№╡⁸ ⌐ ╣⁸ ╩ ⇔≡™╢⁹╕√⁸ ⌂

─ ─ ₁╕≢ ≢⅝╢ ⅜№╡⁸ ⁸ ⁸ⱡfiⱩꜞכ

☺fi◓ ⌐ ╣≡™╢⁹ 

│⁸ ⅛╠Ⱶ◐◘כ ⌐╟╢ ≤⁸ⱪ꜠Ⱶ♇◒☻ ╩ ≢

∆╢ ╩ ⌐ ∂≡ ∆╢⁹ 

─ ╩ 5- 3- 1 5- 3- 2⌐⁸ ─ ╩ 5- 3- 3⌐ ∆⁹ 

 

5- 3- 1 ⱨ꜡כꜞfi◓⸗ꜟ♃ꜟ 1 ⅔╟┘ 2 ─  

  
 kg/m3  

ⱨ꜡כꜞfi◓⸗ꜟ♃ꜟ1  ⱨ꜡כꜞfi◓⸗ꜟ♃ꜟ2  

 380.0 370.0 

☿ⱷfi♩ 

☿ⱷfi♩ B  
648.0 776.0 

   

 
1, 049.0 921.0 

A 

 
51.6 58.7 

B 

 
6.8 8.0 

C 

▪◒ꜞꜟ ◄ⱴꜟ◦ꜛfi  
3.0 3.0 

   2, 138.4 2, 136.7 

⌐╟∫≡ ╩ ∆╢⁹ 

 

5- 3- 2 ⱨ꜡כꜞfi◓⸗ꜟ♃ꜟ 3 ─  

  kg/m3  

 360.0 

☿ⱷfi♩ 

☿ⱷfi♩  
768.0 

 

 
903.0 

A 

 
45.0 

B 

 
85.0 

   2, 161.0  

    ⌐╟∫≡ ╩ ∆╢⁹ 
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5- 3- 3 ─  

 
ⱨ꜡כꜞfi◓ 

⸗ꜟ♃ꜟ1  

ⱨ꜡כꜞfi◓ 

⸗ꜟ♃ꜟ2  

ⱨ꜡כꜞfi◓ 

⸗ꜟ♃ꜟ3  

28  

( N/mm2)  
24  40  24  

ⱨ꜡כ ɫ5×10 cm  

(mm) 
300 ±30 300 ±30 300 ±30 

  ─ │⁸ 20ϴ≢ ⅛╪ ⇔√ ─ ╩ ∆⁹ 
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∆╢ ╩ 6- 1⁸ ╩ 6- 2⌐ ∆⁹ 

 

6- 1  

    

 

fiכ꜠◒ ♩ꜝ♇◒ 4t  2.9t  132kW 1 

 

   

●☻  

13/15kVA 14kW 

1 

 

fiכ꜠◒ ♩ꜝ♇◒ 4t  2.9t  132kW 1 

 

  

●☻  

13/15kVA 14kW 

1 

 3.8t 118kW 1 

ⱳfiⱪ 30 70?/min 4.0kW 1 

 0 120Є/ min 1 

♩ꜝ♇◒Ⱶ◐◘כ 
4.4 4.5 m3  

213kW(290PS) 
1 

→   

  

●☻  

13/15kVA 14kW 

1 

→   

  

●☻  

13/15kVA 14kW 

1 

⅝╞  
 8.0 t 224kW 1 

 2.8t 1 54kW(20MPa)  1 

   ⅜ 150 m╩ ⅎ╢ │⁸ ⱳfiⱪ⁸ⱱ♇Ɽ1╩כ ∆╢⁹ 

 

 

6- 2  

  

ꜞfi◓  
▬fiⱤ◒♩꜠fi♅  

☻Ɽ♫ 

ⱳꜞ◄♅꜠fi  
ⱪꜝ☻♅♇◒Ɫfiⱴכ 

 כ♃♇◌
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7- 1  

ⱨ꜡כ╩ 7- 1- 1⌐ ∆⁹ 
 
 
 
                       

⌐ ∂≡     
                                    
                                             
                        ⅝╞    ⌐╟╢ ⅝╞  
               
                                    
                                             
                        ⅝╞       ⁸ ─  

 
⌐ ∂≡   ⅝╞  

 
                                             
                
     ( ─ )   
                                                

                                             
      

         
         
  
                           
                                 ꜞfi◓ ≡ 
  
 ⅛╪ ה ↑ 
 ─  
                                                                                
 

  
   

⌐ ∂≡  ╘  
 
 
      →    →    → 
                                                 

 
 
 
                                                
                    ⅝╞  ⅝╞  
 
 
 
                           ↑  
 
 

 
 

7- 1- 1 ⱨ꜡כ 
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7- 2  

1  

⌐ ⌂ ╩ ⇔⁸ ⅝╞ ─ ⌂╠┘⌐ ╩

∆╢⁹ 

  

ᵑ ─     

⌐⅔↑╢ ─ ─ ╩ 7- 2- 1⌐ ∆⁹ 

 

 

7- 2- 1  ─  

 

 

ᵒ ─  

⌐⅔↑╢ ─ ─ ╩ 7- 2- 2⌐ ∆⁹ 

 

7- 2- 2  ─  

 

 

⅜ 60 cm ≢╙⁸ ╩ ∆╢√╘⌐ ╩ ∆╢

↓≤⅜№╢⁹╕√⁸ ⅜ ™ │⁸ ╩ ∆╢ ⅜№╢⁹ 

 

2 ⅝╞  

─ ⌐╟∫≡ ╛ ⅝╞ ⌐ ⇔≡™╢ ⌂≥╩ ™

⇔⁸ ⅝╞ ⅜≢⅝╢ ⌐ ∆╢⁹ 
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3 ⅝╞  

⅝╞ ╩ ⇔√ ⌐⁸ ≢ ⅝╞ ─ ╩ ∆╢⁹ ꜞfi◓─

≤ ╩ ╘╢√╘⌐⁸ ─ ≢ ⅝╞─ ╩ ⇔ ∆╢⁹ ⌐

⅝╞⅜ ⇔ ⇔≡™╢ ⌐≈™≡│⁸ ⌐ ╩ ∆╢⁹ 

 

4  

⌐ ≤⌂╢╟℮⌂ ⁸ ─ ⇔⁸ ⇔√⸗ꜟ♃ꜟ ╩

∆╢⁹☺ꜛ▬fi♩⌂≥≢ ⅜№╢ │⁸ ⅜ ⅝╞─ ┼ ∆╢

╣⅜№╢─≢⁸ ╩∆╢⁹ 

 

5  

⅜№╢ │⁸ ⌐ ⌐ ⱦ ─ ╩ ∆╢⁹ 

 

 

7- 2- 3  

 

 

 

6  

ᵑ ꜞfi◓ ≡ 

↕╣√ ꜞfi◓╩ⱴfiⱱכꜟ⅛╠ ⅝╞ ⌐ ⇔⁸Ⱳꜟ♩ ⌐╟

╡ ꜞfi◓╩ ≡╢⁹ 

ꜞfi◓─ ≡ ⁸ ꜞfi◓─ ⅔╟┘ ⌐ ╩

↑╢⁹▪fi◌כ ╩ ⇔≡ ≤ ꜞfi◓╩▪fi◌כⱲꜟ♩

≢ ∆╢↓≤╙ ≢№╢⁹ 

≡ ⌐Ⱳꜟ♩⁸♫♇♩─╝╢╖⅜⌂™↓≤╩ ∆╢⁹ 
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7- 2- 4 ꜞfi◓  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7- 2- 5 ꜞfi◓  

 

 

 

 

 

 

 

 

Ⱳꜟ♩ 
Ⱳꜟ♩ 
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ᵒ ─  

╩ ⇔≡ ╩≈↑╢↓≤⌐╟∫≡⁸ ⅝╞ ─ ⅜

≢№╢⁹ ╩ ℮ │⁸ ∏▪fi◌כ≢ ∆╢↓≤⅜ ≢№

╢⁹ ─ ╩ 7- 2- 6⌐ ∆⁹ 

 

7- 2- 6  

 

 

ᵓ ─  

ꜞfi◓╩ 7- 2- 7⌐ ∆╟℮⌐ ╩≈↑≡ ≡╢↓≤⌐╟╡⁸ ⅝

╞─ ─ ⅜ ≢№╢⁹ 

 
7- 2- 7 ꜞfi◓ ≡ ɫ1, 500 mm  
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ᵔ ⁸⅛╪ ↑⅔╟┘ ─  

ꜞfi◓─ ≡ ⁸⅛╪ ╩ⱴfiⱱכꜟ⅛╠ ⇔⁸ ꜞfi

◓─ ⌐ ↑╢⁹∕─ ⁸ ╩ ⇔≡⁸⅛╪ ≤⅛╪ ↕∑⁸

⌐ →╢⁹ 

│⁸ ╩ ↑⁸ ꜞfi◓≤ ╩ ≡╢⁹∕─ ⁸

≤ ≤─ ⌐ ╘ ╩≈╘≡⁸ ─ ╩ ∆╢⁹ 

 

  

7- 2- 8 ⁸⅛╪     7- 2- 9 ─  

↑─          

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      7- 2- 10 ⁸⅛╪ ↑─  

 

 

 ꜞfi◓  

╘    
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7  

─⅛╪ ⁸ ╩ ╡ ⅎ≡⁸ ─ ⌐ ⸗ꜟ♃

ꜟ ─ → ≢ ╩ ℮⁹ │ ⌐ ╩ ↑≡Ⱡ☺

╩ ™⁸ ─ ╩ ⇔√ ⁸ ╟╡ 5 m⅛╠ 10 m─

≢ ↑╢⁹ ─ │⁸ ⱳfiⱪ╩ ⇔≡ ⌐ ↑≡ ™⁸1

√╡─ ↕│ 50 cm ≤∆╢⁹ ─ ↕╩ 7- 2- 1

⌐ ∆⁹ 

 

7- 2- 11 ─  

 

7- 2- 1 ↕( ╩ )  

 

(mm) 

↕(mm) 

1  2  3  

800 55 220 500 

900 60 230 500 

1, 000 60 240 500 

1, 100 65 250 500 

1, 200 65 250 500 

1, 350 70 250 500 

1, 500 70 250 500 

1, 650 90 375 500 

1, 800 95 375 500 

2, 000 95 375 500 

2, 200 100 400 500 

2, 400 105 405 500 

2, 600 110 425 500 

2, 800 115 430 500 

3, 000 120 450 500 

β ▪fi◌כ≢ ∆╢↓≤⌐╟╡⁸1⁸2 ─ ↕╩ →╢↓≤╙ ≢№╢⁹ 

→  

 

ⱱכ☻ 

◄▪ ⅝  



19  

8 →  

⌐⁸ → ╩ ⇔≡ ╩ →╢⁹ 

 

   

7- 2- 12 →  

 

9 →  

│⁸ ─ ⌐ ⇔ ─ │ ╩ ⇔⁸

→ ╩ ⇔≡ ╩ →╢⁹ 

7- 2- 13 →  

 

10 ⅝╞  

⅜ ⇔⁸ ⇔√ ⌐ ≢ ─ ╩ ∆╢⁹

─ ⅜╡ ╩ ⇔ ∆╢⁹ 

→  

 

 

 

 

→  
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8 ⅔╟┘⅛╪ ─                 

 

8- 1 ─  

1  

─ │ JIS K 6815- 3 ⱪꜝ☻♅♇◒ ─

╘ 3 ⱳꜞ○꜠ⱨ▫fi ⌐ ╘╢ ╩ ™⁸ ↕

≤ ┘╩ ∆╢⁹ 

 

 

ᵑ ─ ♃▬ⱪ2 8- 1- 1  

ᵒ 100±10 mm/min 

 

 

 

 

 

 

 

 

 

 

8- 1- 1 ♃▬ⱪ2  

 

2  

≢ ⇔√ ╩ 8- 1- 1⌐ ∆⁹

↕⅔╟┘ ┘⌐≈™≡⁸ ╩ ∆╢↓≤╩ ⇔√⁹ 

 

8- 1- 1 ─  

 ↕(MPa) ┘(%) 

1 22.3 560 

2 23.1 580 

3 22.4 570 

4 22.5 580 

5 22.8 590 

6 22.7 580 

7 22.4 580 

8 22.1 570 

 22.5 580 

 15.0  300  

 

 

 

115 

 

 6 

 

0.4 
0 



21  

8- 2  

1  

│⁸JSWAS K- 14 ⱳꜞ◄♅꜠fi ⌐ ╘╢ ╩ ™⁸

─ ╩ ∆╢⁹ ╩ 8- 2- 1⌐ ∆⁹ 

 

 
8- 2- 1  

 

 

ᵑ 50 mm×25 mm×4 mm 

ᵒ 60±2 ϴ 

ᵓ ∑⅝ 5  

 

2  

≢ ⇔√ ╩ 8- 2- 1⌐ ∆⁹

≤╙ ⅜±0.20 mg 2 ≢№╡⁸ ⌐ ⇔≡ ╣√

╩ ⇔≡™╢↓≤╩ ⇔√⁹ 

 

8- 2- 1  

   
 

 mg/cm2  

 

 mg/cm2  

 0. 01 

±0.20  
10 ♫♩ꜞ►ⱶ   0. 00 

30   0. 00 

40 ♫♩ꜞ►ⱶ   0. 00 
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8- 3  

1  

│⁸ ⅔╟┘ ⱦ♬ꜟ ⅛╠ ⇔√ ⌐≈™≡⁸

JIS K 7204₈ⱪꜝ☻♅♇◒ ⌐╟╢ ₉⌐ ╘╢ ╩ ™⁸

╩ ∆╢↓≤⌐╟╡ ∆╢⁹ 

 

 

8- 3- 1  

 

 

ᵑ  H- 18 

ᵒ   9.8 N 

ᵓ  60 min- 1 

ᵔ  1,000  

 

2  

≢ ⇔√ ╩ 8- 3- 1 ⌐ ∆⁹

│ ⱦ♬ꜟ ≤ ═≡ ⅜ ⌂ↄ⁸ ╣√

╩ ⇔≡™╢↓≤╩ ⇔√⁹ 

 

8- 3- 1  

  

mg  

ⱦ♬ꜟ  

mg  

1 22.9 191.7 

2 11.0 158.9 

3 26.8 247.0 

 20.2 199.2 
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8- 4 ─  

(1  

─ │⁸JIS K 7206 ₈ⱪꜝ☻♅♇◒ ⱪꜝ☻♅♇◒

ⱦ◌♇♩ (VST) ₉⌐ ╘╢ ╩ ™⁸ⱦ◌♇♩ ╩

∆╢⁹ ╩ 8- 4- 1⌐ ∆⁹ 

 

 

8- 4- 1 ⱦ◌♇♩  

 

 

ᵑ A50  

ᵒ ↕ 3.0 6.5 mm 

 

2  

≢ ⇔√ ╩ 8- 4- 1 ⌐ ∆⁹

─ⱦ◌♇♩ │⁸ ─ 100 ϴ ≢№╢↓≤╩

⇔√⁹ 

 

8- 4- 1 ⱦ◌♇♩  

 ⱦ◌♇♩ ϴ  

1 124.0 

2 123.6 

 124.0  

 100.0   

 

 

 

 

 

 

 

 



24  

8- ꜟכ◦ 5 ─  

(1  

ᵑ ה↕ ┘ 

ꜟכ◦ ─ ה↕ ┘│⁸JIS K 6251 ₈ ◗ⱶ ┘

◗ⱶ ─ ╘ ₉⌐ ╘╢ ╩ ™⁸ ╩ ∆╢⁹ 

 

ᵒ◦ꜛ▪ ↕ 

ꜟכ◦ ─◦ꜛ▪ ↕│⁸JIS K 6253- 3 ₈ ◗ⱶ ┘ ◗ⱶ ↕

─ ╘ 3 ♦ꜙ꜡ⱷכ♃ ↕₉⌐ ╘╢ ╩ ™⁸◦ꜛ▪ ↕╩

∆╢⁹ 

ꜟכ◦⁸⅔⌂ │2 ⅛╠ ╩ ↑≡⅔╡⁸A ⁸B ─2 ⌐≈™

≡ ╩ ℮⁹ 

 

2  

≢ ⇔√ ╩ 8- 5- 1⁸ 8- 5- 2

⌐ ꜟכ◦⁹∆ ─ ה↕ ┘⅔╟┘◦ꜛ▪ ↕

│⁸ ╩ ∆╢↓≤╩ ⇔√⁹ 

 

8- 5- ꜟכ◦ 1 ─  

 

A  B  

↕

(MPa) 

┘

(%) 

↕

(MPa) 

┘

(%) 

1 1.96 550 2.49 830 

2 1.61 380 1.80 670 

3 1.63 430 2.30 770 

4 2.14 570 1.85 740 

5 1.94 520 2.12 740 

 1.94 520 2.12 740 

 1.0  200  1.0  200  

 

8- 5- ꜟכ◦ 2 ─◦ꜛ▪ ↕  

 
A  B  

n1 n2 n1 n2 

1 25 26 23 22 

2 25 27 23 22 

3 27 27 24 23 

4 27 27 23 23 

5 26 26 23 23 

 26 27 23 23 

 25±10 25±10 
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8- 6  

1  

│⁸ 8- 6- 1⌐ ∆╟℮⌐ ⌐╟╡⁸20 MPa ─ ≢

1 ─ ╩ ™⁸ ─ ╩ ∆╢⁹ 

 

 

8- 6- 1  

 

 

2  

8- 6- 1⌐ ∆╟℮⌐ 20 MPa ─ ≢ 1 ╩ ∫√⁹ ─

│⁸ ⌐╟∫≡ ⅜ ∂⌂™↓≤╩ ⇔√⁹ 

 

 

8- 6- 1  
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9 Ɽꜟ♥ⱶהⱨ꜡כꜞfi◓ ─                 

 

9- 1 ↕∑√ ◖fi◒ꜞכ♩ ⌐ ∆╢  

1  

┘ 800 B ⅛╠ ┘ 3,000 C 1 ╕≢─ ◖fi◒ꜞכ♩

─ ⁸ ⌐ ⇔≡₈ ◖fi◒ꜞ₉♩כ JSWAS A- 1 ⌐ ╘╢

⌐╟╡ ↕∑⁸∕─ ↕∑√ ╩ ≢ ∆╢⁹ ↕╣

√ ╩₈ ◖fi◒ꜞ₉♩כ JSWAS A- 1 ⌐ ╘╢ ⌐╟

╡ ┘ ⇔≡⁸∕─ ╩ ⇔⁸ ─ ≤ ∆╢↓≤

⌐╟╡ ∆╢⁹ 

┘ 800⁸ ┘ 1,000⁸ ┘ 1,200 B 1 ⁸L=2.43 m  

┘ 1,500⁸ ┘ 1,650⁸ ┘ 1,800⁸ ┘ 2,000⁸ ┘ 3,000 C 1

⁸L=2.36 m  

 

2  

↕∑√ ◖fi◒ꜞכ♩ ╩ ⇔√ ─ ─ ╩ 9- 1- 1

⌐ ∆⁹ ╩ 9- 1- 1 9- 1- 4⌐ ∆⁹ ┘ 800⁸ ┘ 1, 650⁸ ┘

1, 800⁸ ┘ 2, 000⌐≈™≡│⁸ ≢ ╩ ⇔

√⁹ 

↕∑√ ◖fi◒ꜞכ♩ ⌐ ∆╢ ─  

   

 9- 1- 1 ┘ 800     9- 1- 2 ┘ 800  

   

9- 1- 3 ┘ 3, 000   9- 1- 4 ┘ 3, 000  
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9- 1- 1 ↕∑√ ◖fi◒ꜞכ♩ ⌐ ∆╢ ─  

 

 

( mm)  

 

 

( mm)  

 (k N/m)  

JIS ᵑ 

 

ᵒ ᵓ 
ᵓ/ ᵑ ᵓ/ᵒ 

800 726 53.0 

88.1 101.2 

1.8 1.1 
85.6 90.1 

84.0 97.9 

   85.9    96.4 

1, 000 910 61.9 

114.0 138.0 

2.5 1.3 
106.0 158.0 

119.0 159.0 

  113.0   152.0 

1, 200 1, 100 71.7 

194.0 219.7 

2.9 1.1 190.9 202.5 

  192.4   211.1 

1, 500 1, 400 91.3 

184.1 189.2 

2.2 1.1 184.9 224.5 

  184.5   206.9 

1, 650 1, 500 102 

144.0 168.0 

1.8 1.2 
157.0 229.0 

153.0 162.0 

  151.0   186.0 

1, 800 1, 650 111 

151.0 187.0 

1.6 1.1 
160.0 165.0 

157.0 177.0 

  156.0   176.0 

2, 000 1, 850 118 

153.4 183.1 

1.6 1.3 
141.5 197.5 

139.8 189.4 

  144.9   190.0 

3,000 2,810 148 

160.1 204.9 

1.4  1.3  
169.4 219.5 

154.6 203.7 

   161.4 209.4 

β │⁸ ─ ≤∆╢⁹ 

 

↕∑√ ◖fi◒ꜞכ♩ ╩ ≢ ⇔√ ╩₈ ◖fi◒

₉♩כꜞ JSWAS A- 1 ⌐ ╘╢ ⌐╟╡ ↕∑⁸ ─

⅜ ◖fi◒ꜞכ♩ ─ ≤ ╩ ╢ ╩ ∆╢↓≤╩

⇔√⁹ 
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9- 2 ↕∑√ ◖fi◒ꜞכ♩ ⌐ ∆╢  

1  

┘ 800 B 1 ─ ◖fi◒ꜞכ♩ ─ ↕╩ ⅛╠ 30 

↕∑√ ◖fi◒ꜞכ♩ ⅔╟┘ ┘ 2,000 C 1 ─ ◖

fi◒ꜞכ♩ ╩ ⅛╠ ╕≢ ↕∑√ ◖fi◒ꜞכ♩ ╩

≢ ∆╢⁹ ↕╣√ ╩₈ ◖fi◒ꜞ₉♩כ JSWAS 

A- 1 ⌐ ╘╢ ⌐╟╡ ⇔≡⁸∕─ ╩ ╘╢⁹  

 

2  

≢ ⇔√ ↕∑√ ◖fi◒ꜞכ♩ ╩ ⇔

√ ─ ─ ╩ 9- 2- 1⌐ ∆⁹ ╩ 9- 2- 1 9- 2- 4⌐ ∆⁹ 

 

9- 2- 1 ↕∑√ ◖fi◒ꜞכ♩ ⌐ ∆╢ ─ ─  

 
 

( mm)  

 

( mm)  

 (k N/m)  

JIS

ᵑ 

 

 

ᵒ 

 

 

ᵓ 

 

ᵓ/ᵑ 

 

ᵓ/ᵒ 

  

 

 

800 

845 

726 

66 

43 

103 

53.0 49.8 

99.2 

1.8 1.9 
91.4 

93.4 

  94.7 

  

 

 

2, 000 

2, 045 

1, 850 

145 

123 

220 

118 104.2 

203.0 

1.9 2.1 
242.8 

212.3 

 219.4 

β │⁸ ─ ≤∆╢⁹ 

 

↕∑√ ◖fi◒ꜞכ♩ ╩ ≢ ⇔√ ╩⁸₈ ◖fi

₉♩כꜞ◒ JSWAS A- 1 ⌐ ╘╢ ⌐╟╡ ↕∑⁸ ⅜

◖fi◒ꜞכ♩ ─ ╩ ╢ ╩ ∆╢↓≤╩ ⇔√⁹ 
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↕∑√ ◖fi◒ꜞכ♩ ⌐ ∆╢ ─  

 

  

9- 2- 1 ┘ 800      9- 2- 2 ┘ 800  

 

  

9- 2- 3 ┘ 2, 000     9- 2- 4 ┘ 2, 000  
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9- 3 ↕∑√ ⌐ ∆╢  

1  

─ │⁸ ╩ ⇔ ↕∑√ ─ ◖fi

♩כꜞ◒ ╩ ≢ ⇔≡ ╩ ™⁸ ╩ ─

⌂╠┘⌐ ⌐╟╡ ⇔√ ≤ ∆╢↓≤⌐╟╡ ∆╢⁹ 

│⁸₈ ◖fi◒ꜞכ♩ ⱪ꜠◐ꜗ☻♩Ⱳ♇◒☻◌ꜟⱣכ♩

₉⌐ ╘╢Ⱳ♇◒☻◌ꜟⱣכ♩─ ╩ ™⁸ ╩ ∆╢⁹ 

 

ᵑ ─  

⅝╞─ ╩ ⇔√ ≤⇔≡⁸ ─ ┘ 1500─ ─

◖fi◒ꜞכ♩ ╩ ≤∆╢⁹ 

 

mm 25ה ⁸ ⁸ ─ ↕╩ 25 mm ↕∑⁸

╩ ∆╢  

mm 40ה ≤ ─ ↕╩ 40 mm ↕∑⁸ ╩

⇔√ ─ ↕╩ 30 mm  

 

─ ╩ 9- 3- 1⁸ ─ ╩ 9- 3- 1⌐ ∆⁹ 

 

9- 3- 1 1, 500 mm ─  

 
 

mm  

25 mm  

mm  

40 mm  

mm  

↕ 1, 500 1, 550 1, 572 

 1, 500 1, 550 1, 580 

↕ 160 135 120 

↕ 160 135 130 

↕ 140 116 100 

↕ 140 115 100 

 

   

 

    

 

 

 

 

 

 

 

 

9- 3- 1 ─  

↕  ↕ 

↕ 

↕ 

↕ 
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ᵒ ꜞfi◓─ ≡ 

⅝╞─ ⁸ ⁸ ⌐≈™≡ ∆╢ ≤⁸

╩ ™√ ≤ ─3 ╩ ∆╢ ╩ ∆╢⁹ 

25 mm ─ ─ ꜞfi◓ ╩ 9- 3- 2⌐ ∆⁹ 

25 mm ─ ─ ꜞfi◓ ╩ 9- 3- 3⌐ ∆⁹ 

 
9- 3- 2 25 mm ─ ꜞfi◓  

 
9- 3- 3 25 mm ─ ꜞfi◓  
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40 mm ─ ─ ꜞfi◓ ╩ 9- 3- 4⌐ ∆⁹ 

40 mm ─ ─ ꜞfi◓ ╩ 9- 3- 5⌐ ∆⁹ 

 

9- 3- 4 40 mm ─ ꜞfi◓  

9- 3- 5 40 mm ─ ꜞfi◓  
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ꜞfi◓─ ╩ 9- 3- 2⌐ ∆⁹ 

 

9- 3- 2 ꜞfi◓─  

 
25 mm  mm  40 mm  mm  

    

ꜞfi◓  20 20 30 30 

ꜞfi◓ ↕ 6 6 6 6 

ꜞfi◓  250 250 125 125 

 

ꜞfi◓─ ≡ ╩ 9- 3- 1 9- 3- 4⌐ ∆⁹ 

 

   

   9- 3- 1 25 mm     9- 3- 2 25 mm  

 ─ ꜞfi◓ ≡          ─ ꜞfi◓ ≡  

 

   

  9- 3- 3 40 mm      9- 3- 4 40 mm  

 ─ ꜞfi◓ ≡           ─ ꜞfi◓ ≡   
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ᵓ⅛╪ ⁸ ─ ↑ 

⅛╪ ≤ ╩ ꜞfi◓⌐ ↑╢⁹⅛╪ ⁸ ─

↑ ╩ 9- 3- 5 9- 3- 8⌐ ∆⁹ 

 

   

9- 3- 5 25 mm     9- 3- 6 25 mm  

─ ↑          ─ ↑   

 

 

   

  9- 3- 7 40 mm     9- 3- 8 40 mm  

        ─ ↑          ─ ↑  
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ᵔ  

≤ ─ ⌐ 1 ╩ ∆╢⁹ ─ ╩ 5- 3- 1

⌐ ∆⁹ ─ⱨ꜡כ ╩ 9- 3- 9⁸ ╩ 9- 3- 10

9- 3- 13⌐ ∆⁹ 

 

9- 3- 9 ⱨ꜡כ ─  310 mm × 310 mm  

 

   

9- 3- 10 25 mm   9- 3- 11 25 mm  

─          ─  

   

9- 3- 12 40 mm   9- 3- 13 40 mm  

─          ─  
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ᵕ  

↕∑√ ─ ◖fi◒ꜞכ♩ ╩ ≢ ⇔√ ─

╩⁸Ⱳ♇◒☻◌ꜟⱣכ♩─ ⌐ ∂≡ ∆╢⁹ 

╩ 9- 3- 14 9- 3- 17⌐ ∆⁹ 

 

   

9- 3- 14 25 mm    9- 3- 15 25 mm  

─             ─  

 

   
9- 3- 16 40 mm    9- 3- 17 40 mm  

─             ─  
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(2)  

( ) ≢ ⇔√ ↕∑√ ─ ◖fi◒ꜞכ♩ ⌐

∆╢ ─ ╩ 9- 3- 3⌐ ∆⁹ 

 

9- 3- 3 ↕∑√ ─ ◖fi◒ꜞכ♩ ⌐ ∆╢ ─  

 

 

 

 

 

mm 

 

 

 

kN/ m 

 

 

 

kN/ m 

 

 

 

 

 

 

1, 500 

↕ 1, 500 

↕ 140 

ה 160 

392  

 

 

ᵑ  164 

ᵒ÷ᵑ 

 

2.5 

 

 

 

393 

431 

ᵒ  405 

 

25 

mm 

 

 

 

 

 

 

 

 

1, 550 

↕ 1, 550 

1, 400  

↕ 1, 400  

492  

 

 

ᵓ  232 

ᵔ÷ᵑ 

 

3.1 

ᵔ÷ᵓ 

 

2.2 

515 

516 

ᵔ  508 

 

 

 

 

1, 550 

↕ 1, 550 

1, 400  

↕ 1, 475  

487  

 

 

ᵕ  230 

ᵖ÷ᵑ 

 

3.0 

ᵖ÷ᵕ 

 

2.2 

503 

504 

ᵖ  498 

 

40 

mm 

 

 

 

 

 

 

 

 

1, 580 

↕ 1, 570 

1, 400  

↕ 1, 400  

336  

 

 

ᵗ  203 

ᵘ÷ᵑ 

 

2.1 

ᵘ÷ᵗ 

 

1.7 

382 

319 

ᵘ  346 

 

 

 

 

1, 580 

↕ 1, 570 

1, 400  

↕ 1, 480  

348  

 

 

ᵙ  200 

ᵚ÷ᵑ 

 

1.9 

 

ᵚ÷ᵙ 

 

1.6 

 

306 

304 

ᵚ  319 

β ─ │⁸ ─♩ⱷfiכ⸗→ ⅔╟┘Ⱳ♇◒☻◌ꜟⱣכ♩

─ ╩ ™≡( ) ⅜ ⇔√⁹ 

β │⁸ⱪ꜠◐ꜗ☻♩Ⱳ♇◒☻◌ꜟⱣכ♩ ה ⱴ♬ꜙ▪ꜟ ◖fi◒

♩כꜞ ♩כꜞ◒ⱪ꜠◐ꜗ☻♩◖fiה ⌐╟╢⁹ 
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10                             

 

1  

│⁸ 10- 1⅔╟┘ 10- 2⌐ ∆ ╩ ™≡⁸⅛╪ ⌐

⅔╟┘  0.1 MPa ╩ ⅎ⁸3 ⇔√ ≢ ─ ╩ ∆╢⁹ 

│ ─№╢╙─╩ ╘≡6 ╡≤∆╢⁹╕√ │

╩ ™≡ ⇔√╙─⌐≈™≡╙ ℮⁹ 

   10- 1         10- 2  

 

( 2  

≢ ⇔√ ╩ 10- 1⌐ ∆⁹0.1 MPa ─

⅔╟┘ ⌐ ⅎ╢ ╩ ∆╢↓≤╩ ⇔√⁹ 

 

10- 1   

 ─  ─  

 

⇔ ⇔ 

 ⇔ 

 ⇔ 

 

⇔ ⇔ 

 ⇔ 

 ⇔ 

 

10- 1  
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11                           

 

1  

│⁸ 11- 1⌐ ∆ 700 mm⁸ ↕ 20 m─

─ ⌐ ╩ ⇔⁸ ─ ⁸ ⅔╟┘ ╩

⇔≡ ╩ ∆╢⁹ 

 

11- 1  

 

2  

≢ ⇔√ ╩ 11- 1⌐ ∆⁹

│⁸ⱪꜝ☻♅♇◒ ≤ ─ ╩ ∆╢↓≤╩ ⇔√⁹ 

 

11- 1 ─  

   

 

 

0.00842 

0.00660  0.00934  

─ │⁸ⱪꜝ

☻♅♇◒ ≤ ─

0.010 ≢№╢↓≤╩

⇔√⁹ 
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12 ⌐ ∆╢                       

 

≤ ─ ⌐ ∆╢ │⁸₈●▬♪ꜝ▬fi 2017₉⌐ ╘╢

╩ ∆╢√╘─ ─ ↕ ♃▬ⱪ 1 ≤ ≤

─ ⌐⅔↑╢ ╖ ╩ ∆╢ ♃▬ⱪ 2 ╩ ⇔√⁹ 

 

12- 1 ─ ↕ ♃▬ⱪ 1  

1  

─ ↕ ♃▬ⱪ 1 │⁸JIS A 1171₈ⱳꜞⱴכ☿ⱷfi♩⸗ꜟ♃

ꜟ─ ₉─ ↕ ⌐ ╘╢ ╩ ™⁸ ╩ ∆╢⁹ 

 

 
12- 1- 1 ─ ↕ ♃▬ⱪ 1  
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2  

⅔╟┘ ≢ ⇔√

╩ 12- 1- 1 ⌐ ∆⁹ │∆═≡ ≢№╡⁸ ≢─ ╣│

⇔≡™⌂™⁹↓╣⌐╟╡ ≤ ─ │ ⌐ ↕╣ ⇔≡™

╢↓≤╩ ⇔√⁹ 

 

12- 1- 1 ♃▬ⱪ 1  

 
↕  N/mm2  

 
  

ⱨ꜡כꜞfi◓ 

⸗ꜟ♃ꜟ 1  

2.00 

1.9  

 

1.80  

1.90  

1.90  

1.90  

ⱨ꜡כꜞfi◓ 

⸗ꜟ♃ꜟ 2  

1.88 

2.0  

 

2.00  

1.61  

2.20  

2.10  

ⱨ꜡כꜞfi◓ 

⸗ꜟ♃ꜟ 3  

2.56 

1.9  

 

1.73  

1.41  

1.70  

1.86  
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12- 2 ≤ ─ ⌐⅔↑╢ ╖ ─ ♃▬ⱪ 2  

(1)  

⇔√ ◖fi◒ꜞכ♩ ╩☺כ◕╖∏└⌐ ⁸ ⁸ ≤

─ ⌐ ╡ ↑⁸₈ ◖fi◒ꜞ₉♩כ JSWAS A- 1 ⌐ ╘╢

╩⅔↓⌂™⁸∕╣∙╣─ -└∏╖ ╩ ∆↓≤⌐╟∫≡⁸

≤ ─ ╩ ∆╢⁹ 

 

(2)  

≢ ⇔√ ╩ 12- 2- 1⌐ ∆⁹ -└∏

╖ ╟╡⁸ ─ ≤ ⅜ ∂ ╩ ⇔≡™╢↓≤╩ ⇔√⁹ 

 

0

5

10

15

20

25

30

35

40

45

-300 200 700 1200

 
12- 2- 1 -└∏╖  

 

 

─ ↕─ ♃▬ⱪ 1 ⅔╟┘ ≤ ─

⌐⅔↑╢ ╖ ─ ♃▬ⱪ 2 ─ ╟╡ ≤

─ ╩ ⇔√⁹ 
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12- 3 ◖fi◒ꜞכ♩ ≤ ─ →  

1  

╩ ™≡ ⇔√◖fi◒ꜞכ♩ ≤ ─ ╩☺כ◕╖∏└⁸⌐

◖fi◒ꜞכ♩ ⁸ ⁸◖fi◒ꜞכ♩ ≤ ─ ⌐ ⇔⁸ →

╩⅔↓⌂™⁸∕╣∙╣─ └∏╖ ╩ ∆↓≤⌐╟∫≡⁸◖fi◒ꜞכ♩

≤ ─ ╩ ∆╢⁹ 

 

ᵑ ─  

◖fi◒ꜞכ♩ ≤ ─ ─ ╩ 12- 3- 1⌐

∆⁹ 

12- 3- 1 ─  

↕ mm  mm  ↕ mm  

430 80 120 

 

ᵒ ─  

◖fi◒ꜞכ♩ ≤⅛╪ ה ─ ⌐ ╩ ⇔⁸ ◖fi◒

♩כꜞ ≤ ─ ╩ ∆╢⁹ ─ ╩ 12- 3- 1

12- 3- 2⌐ ∆⁹ 

 

 

12- 3- 1 ─  

 

 

12- 3- 2 ─  
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ᵓ →  

→ ─ ╩ 12- 3- 1⁸ ╩ 12- 3- 3⌐ ∆⁹ 

 

12- 3- 1 →  

 

 

 
12- 3- 3 ◖fi◒ꜞכ♩ ≤ ─ →  
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(2  

≢ ⇔√ → ─ ╩ 12- 3- 4

12- 3- 9⁸ └∏╖ ╩ 12- 3- 2 12- 3- 7⌐ ∆⁹ 

 

  

 

0

2

4

6

8

10

12

14

16

18

20

-500 -400 -300 -200 -100 0 100 200 300 400 500

└∏╖ ɡ

k
N

G12a

G34a

G56a

G78a

 

 12- 3- 4 ─        12- 3- 2 └∏╖  

 

 

    
12- 3- 5 ─         12- 3- 3 └∏╖  

 

 

   
12- 3- 6 ─         12- 3- 4 └∏╖  

 

(ⱨ꜡כꜞfi◓⸗ꜟ♃ꜟ1 )  

 

(ⱨ꜡כꜞfi◓⸗ꜟ♃ꜟ1 )  

 

(ⱨ꜡כꜞfi◓⸗ꜟ♃ꜟ2 )  

 

(ⱨ꜡כꜞfi◓⸗ꜟ♃ꜟ2 )  

 

(ⱨ꜡כꜞfi◓⸗ꜟ♃ꜟ3 )  

 

(ⱨ꜡כꜞfi◓⸗ꜟ♃ꜟ3 )  
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0

1

2

3

4

-60 -40 -20 0 20 40 60

└∏╖ ɡ

k
N

G12a

G34a

G56a

G78a

 

12- 3- 7 ─        12- 3- 5 └∏╖  

 

   
12- 3- 8 ─         12- 3- 6 └∏╖  

 

    
12- 3- 9 ─          12- 3- 7 └∏╖  

 

 

◖fi◒ꜞכ♩ ≤ ─ ╩ ™≡ → ╩ ™⁸ ≤

─ ⌐⅔↑╢└∏╖─ ⅜⁸ ≤ ⇔≡™╢↓≤╩

⇔√⁹ 

 

 

(ⱨ꜡כꜞfi◓⸗ꜟ♃ꜟ1 )  

 

(ⱨ꜡כꜞfi◓⸗ꜟ♃ꜟ1 )  

 

(ⱨ꜡כꜞfi◓⸗ꜟ♃ꜟ2 )  

 

(ⱨ꜡כꜞfi◓⸗ꜟ♃ꜟ2 )  

 

(ⱨ꜡כꜞfi◓⸗ꜟ♃ꜟ3 )  

 

(ⱨ꜡כꜞfi◓⸗ꜟ♃ꜟ3 )  
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13 ─                          

 

13- 1 ─  

1  

13- 1- 1⌐ ∆╟℮⌂ ⌐ⱴfiⱱכꜟ╩ ↑√ ┘ 2, 000 ⁸

↕50 m ╩ ⇔⁸ 30 cm─ ╩ ⇔√ ≢ ╩ ™⁸

≢─ ≤ ─ ╩ ∆╢⁹ 

 

13- 1- 1 ─  

 

 

2  

≢ ꜞfi◓─ ≡⁸ⱳꜞ◄♅꜠fi ─ ↑⁸ ╕≢─

─ ⅜≢⅝╢↓≤╩ ⇔√⁹╕√⁸ ─ ╩ ⇔ ─

╩ ⇔√ ⁸ ╕≢ ⌂ↄ ⅜ ↕╣≡™╢↓≤╩

⇔√⁹ 

13- 1- 1 13- 1- 8╕≢ ─ ╩ ∆⁹ 

 

 

                        

13- 1- 1 ─       13- 1- 2 ꜞfi◓  
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 13- 1- 3 ꜞfi◓─ ≡    13- 1- 4 ─⅛╪  

 

   
  13- 1- 5 ─      13- 1- 6 ─  

 

   
 13- 1- 7 ─ →    13- 1- 8 ─  
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13- 2 ─  

(1 ─ ─  

ᵑ A 

13- 2- 1⌐ ∆╟℮⌐ ┘ 1, 500 ─ ◖fi◒ꜞכ♩ ╩ ⇔√

⌐⅔™≡⁸ ꜞfi◓─ ≡⁸⅛╪ ⅔╟┘ ─ ↑

╩⅔↓⌂™⁸ ⌂ ╩ ™╢↓≤⌂ↄ⁸ 20 mm⁸ 12 °⁸

200 mm─ ─ ⅜≢⅝╢↓≤╩ ∆╢⁹ 

 

 

 

13- 2- 1 ─ ─ mm  

 

 

 

13- 2- 1  ─  
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ᵒ B 

13- 2- 2 ⌐ ∆╟℮⌐ ┘ 1,650 ─ ◖fi◒ꜞכ♩ ╩

⇔√ ⌐⅔™≡⁸ ꜞfi◓─ ≡⁸⅛╪ ⅔╟┘

─ ↑╩⅔↓⌂™⁸ ⌂ ╩ ™╢↓≤⌂ↄ⁸

─ 30 mm─ ⅜≢⅝╢↓≤╩ ∆╢⁹ 

 

13- 2- 2 ─ ─ mm  

 

13- 2- 2  ─  

 

ᵓ  

─ ◖fi◒ꜞכ♩ ⌐≡⁸ ꜞfi◓─ ≡⁸⅛╪ ⅔╟┘

─ ↑╕≢─ ╩ ℮↓≤⌐╟╡⁸ ⌂ ╩ ™╢↓≤

⌂ↄ⁸ ⁸ ⁸ ─ ─ ⅜ ≢№╢↓≤╩ ⇔√⁹

╩ 13- 2- 1⌐ ∆⁹ 13- 2- 3 13- 2- 11⌐ ≢─ ╩

∆⁹ 

13- 2- 1  ─  

   ─  

ɫ1, 500  30 mm 30 mm  

ɫ1, 650  30 mm 32 mm  

ɫ1, 500  12 ° 11.75 °  

ɫ1, 500  200 mm 200 mm  



51  

 

13- 2- 3 ┘ 1,500  ꜞfi◓ ≡  

 

 

13- 2- 4 ┘ 1,500   

 

 

13- 2- 5 ┘ 1,500   
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13- 2- 6 ┘ 1,650   

 

 

13- 2- 7 ┘ 1,500  ⅛╪ ≡  

 

 

13- 2- 8 ┘ 1,500  ⅛╪ ≡  
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13- 2- 9 ┘ 1,500  ≡  

 

 

13- 2- 10 ┘ 1,500  ≡  

 

 

13- 2- 11 ┘ 1,650  ≡  
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( 2 ─ ─  

ᵑ A 

13- 2- 3⌐ ∆╟℮⌐ ┘ 1,500×1,500 ─ ◖fi◒ꜞכ♩ ╩

⇔√ ⌐⅔™≡⁸ ꜞfi◓─ ≡⁸⅛╪ ⅔╟┘

─ ↑╩⅔↓⌂™⁸ ⌂ ╩ ™╢↓≤⌂ↄ⁸ ⁸ ⁸ ─

─ ⅜≢⅝╢↓≤╩ ∆╢⁹ 

 

 

13- 2- 3 ─ ─ mm  

 

 

 

13- 2- 12  ─  
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ᵒ B 

13- 2- 4 ⌐ ∆╟℮⌐ ┘ 1,500×1,500 ─ ◖fi◒ꜞכ

♩ ╩ ⇔√ ⌐⅔™≡⁸ ꜞfi◓─ ≡⁸⅛╪

⅔╟┘ ─ ↑╩⅔↓⌂™⁸ ⌂ ╩ ™╢↓≤⌂

ↄ⁸ ─ 60 mm─ ⅜≢⅝╢↓≤╩ ∆╢⁹ 

 

 

13- 2- 4 ─ ─ mm  

 

 

13- 2- 13  ─  
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ᵓ C 

13- 2- 5⌐ ∆╟℮⌐⁸ 3.6 m─ ┘ 1,500×1,500

◖fi◒ꜞכ♩ ─ ╩ ⇔⁸ ꜞfi◓─ ≡⁸⅛╪

⅔╟┘ ─ ↑╩⅔↓⌂™⁸ ⌂ ╩ ™╢

↓≤⌂ↄ⁸ ─ ⅜≢⅝╢↓≤╩ ∆╢⁹⌂⅔⁸ ꜞfi◓

│⁸ ╙ ⇔™ ≢№╢ 5,000 mm─≤⅝ 125 mm

─ ╩ ⇔≡ ╩ ℮⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

13- 2- 5 ─ ─ mm  

 

 

13- 2- 14  ─ ≡   
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ᵔ  

─ ◖fi◒ꜞכ♩ ⌐≡⁸ ꜞfi◓─ ≡⁸⅛╪ ⅔╟┘

─ ↑╕≢─ ╩ ℮↓≤⌐╟╡⁸ ⌂ ╩ ™╢↓≤

⌂ↄ⁸ ⁸ ⁸ ─ ─ ⅜ ≢№╢↓≤╩ ⇔√⁹

╩ 13- 2- 2⌐ ∆⁹ 

 

13- 2- 2  ─  

   ─  

ẽ1, 500  60 mm 63 mm  

ẽ1, 500  12 ° 12.33 °  

ẽ1, 500  3.6 m 3.6 m  

ẽ1, 500  200 mm 220 mm  

 

 

13- 2- 15 13- 2- 22⌐ ≢─ ╩ ∆⁹ 

 

 

13- 2- 15 1,500 mm  ꜞfi◓ ≡  

 

 

13- 2- 16 1,500 mm   
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13- 2- 17 1,500 mm   

 

 
13- 2- 18 1,500 mm  ⅛╪ ≡  

 

 
13- 2- 19 1,500 mm  ⅛╪ ≡  
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13- 2- 20 1,500 mm  ≡  

 

 

13- 2- 21 1,500 mm  ≡  

 

 

13- 2- 22 1,500 mm   
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13- 3 ─  

(1 ─ ─  

ᵑ  

13- 3- 1⌐ ∆╟℮⌐ ┘ 1, 500 ─ ─ ◖fi◒ꜞכ♩ ╩ 3

⇔√ ⌐⅔™≡⁸5 m─ ↕⌐ ꜞfi◓─ ≡⁸⅛╪ ⅔╟

┘ ─ ↑⁸≈╕ ─ ⅔╟┘ ─ ╩⅔↓⌂™ ⅔

╟┘ ⅜╡ ╩ ∆╢⁹ 

 

 

13- 3- 1 ─ ─ mm  

 

ᵒ  

─ ◖fi◒ꜞכ♩ ⌐≡⁸ ꜞfi◓─ ≡⁸⅛╪ ⅔╟┘

─ ↑⁸≈╕ ─ ⁸ ─ ╕≢─ ╩ ℮↓≤⌐╟

╡⁸ ⌂ ╩ ™╢↓≤⌂ↄ⁸ ⅜ ≢№╢↓≤╩ ⇔√⁹ 

13- 3- 1 13- 3- 3⌐ ≢─ ╩ ∆⁹ 
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13- 3- 1 ⱨ꜡כ ─  304 mm × 303 mm  

 

 

13- 3- 2 1,500 mm   

 

 
13- 3- 3 1,500 mm   



62  

(2 ─ ─  

ᵑ  

13- 3- 2⌐ ∆╟℮⌐ ┘ 1, 500 ─ ─ ◖fi◒ꜞכ♩ 1 ╩

⇔√ ⌐⅔™≡⁸ ꜞfi◓─ ≡⁸⅛╪ ⅔╟┘ ─

↑⁸≈╕ ─ ⅔╟┘ ─ ╩ ⌐ ↑≡⅔↓⌂™⁸

─ ⅔╟┘ ⅜╡ ╩ ∆╢⁹ 

 

13- 3- 2 ─ ─ mm  

 

ᵒ  

─ ◖fi◒ꜞכ♩ ⌐≡⁸ ꜞfi◓─ ≡⁸⅛╪ ⅔╟┘

─ ↑⁸≈╕ ─ ⁸ ─ ╕≢─ ╩ ℮↓≤⌐╟

╡⁸ ⌂ ╩ ™╢↓≤⌂ↄ⁸ ⅜ ≢№╢↓≤╩ ⇔√⁹ 

13- 3- 4 13- 3- 6⌐ ≢─ ╩ ∆⁹ 
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13- 3- 4 ⱨ꜡כ ─  295 mm × 295 mm  

 

 
13- 3- 5 1,500 mm   

 

 

13- 3- 6 1,500 mm   
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13- 4 ↕ ─  

(1 ─ ↕  

ᵑ  

⌐ ⇔√ ─ ◖fi◒ꜞכ♩ ⌐ ╩≈↑⌂⅜╠⁸ ꜞfi

◓─ ≡⁸⅛╪ ⅔╟┘ ─ ↑╩⅔↓⌂™⁸ ╖№⅜∫√

─ ╩ ∆╢↓≤⌐╟╡ ∆╢⁹ 13- 4- 1⌐ ↕ ─

╩ ∆⁹ 

 

 

13- 4- 1 ─ ↕ ─ mm  

 

ᵒ  

─ ↕ ╩ 13- 4- 1 ⌐ ∆⁹ ↕ ╩

13- 4- 1 13- 4- 3⌐ ∆⁹ 

 

13- 4- 1 ─ ↕  

 mm  mm  

◖fi◒ꜞכ♩ ─ A 0    

─ B 19   

↕ B A 19 20 
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13- 4- 1 ─ ↕ ─  

 

 

13- 4- 2 ꜞfi◓ 19 mm  

 

 

13- 4- 3 ─ 19 mm  
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(2 ─ ↕  

ᵑ  

─ ◖fi◒ꜞכ♩ ⌐ ╩≈↑⌂⅜╠⁸ ꜞfi◓─ ≡⁸⅛

╪ ⅔╟┘ ─ ↑╩⅔↓⌂™⁸ ╖№⅜∫√ ─

╩ ∆╢↓≤⌐╟╡ ∆╢⁹ 13- 4- 2⌐ ↕ ─ ╩ ∆⁹ 

 

 

 

13- 4- 2 ─ ↕ ─ mm  

 

 

ᵒ  

─ ↕ ╩ 13- 4- 2 ⌐ ∆⁹ ↕ ╩

13- 4- 4 13- 4- 6⌐ ∆⁹ 

 

 

13- 4- 2 ─ ↕  

 mm  mm  

◖fi◒ꜞכ♩ ─ A 18   

─ B 41   

↕ B A 23 20 
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13- 4- 4 ─ ↕  

 

 
13- 4- 5 ꜞfi◓ 23 mm  

 

 

13- 4- 6 ─ 23 mm  
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13- 5 ─  

(1  30 cm ─  

ᵑ  

 30 cm ─ ⌐≈™≡│⁸ ⅎ─ ⌐╟╡ ∆╢⁹ 

 

ᵒ  

 30 cm ─ ≢─ ⅎ⌐╟╢ ╩ 13- 5- 1

⌐⁸ ╩ 13- 5- 1 13- 5- 9⌐ ∆⁹  30 cm ─

─ ⌐≈™≡│⁸ ⅎ─ ⌐╟╡ ⇔

√⁹  

 

13- 5- 1 ⅎ⌐╟╢  

 mm  cm  ⅎ   

 ɫ1, 120 5 ⅎ 13- 5- 1 3 

 ɫ1, 100 5 ⅎ 13- 5- 4 6 

 1, 800 ↕ 1, 480 30 ⅎ 13- 5- 7 9 

 

 
13- 5- 1 ⅎ   13- 5- 2 ꜞfi◓ ≡  13- 5- 3 ↑  

 

 

 

 

 

 

 

 

  13- 5- 4      13- 5- 5 ⅎ  13- 5- 6 ↑  

 

 

 

 

 

 

 

 

13- 5- 7 ⅎ   13- 5- 8 ꜞfi◓ ≡  13- 5- 9 ↑  


