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│∂╘⌐ 

 

 ◒⸗─ Ⱡ♇♩ ≤│⁸ ─∆═╡ ⌂≥╩ ∆╢√╘⌐⁸ 12

⌐ ⇔ↄ ↕╣√₈ ≢ ─№╢Ⱡ♇♩₉⁸ ◒⸗ ⱪ꜠כ♩⅔╟┘

≤╩ ╖ ╦∑√─╡ ≢∆⁹ 

(1) ≢ ─№╢Ⱡ♇♩( Ⱡ♇♩)≤ ≤≢⁸∆═╡ ⌐ ⇔

∆╢ ♩כꜞ◒fi◖הꜟ♃ꜟ⸗⁸╘√╢™≡∫⌂≥ ╩ ⇔⌂™⁸

◖fi◒ꜞכ♩─╡ ≢∆⁹ 

 (2) ◒⸗ ⱪ꜠⁸│♩כ ↕™ ─ ⱪ꜠כ♩⌂≥╩ ⇔╕∆⁹ 

 (3) ∆╢ │⁸ ─ ⌐ ╦∑ ⌐ ≢⅝╕∆⁹ 

 (4) Ⱡ♇♩╩ ≤⇔≡ ≢⅝⁸ ⅜ ≢∆⁹ 

 (5) ◖fi◒ꜞכ♩ ⌐╟╢─╡ ⌐ ═ CO2 ⅜ ⌐ ↕╣╕∆⁹ 

⌂≥⁸ ₁─ ╣√ ╩ ⇔≡™╕∆⁹ 

 

 │⁸◒⸗─ Ⱡ♇♩ ─ ה ─ ≤⇔≡↔ ™√∞⅝√ↄ⁸

22 4 ─ ≤⇔≡ ⇔√╙─≢∆⁹ 

╩ ∂≡⁸◒⸗─ Ⱡ♇♩ ─ ⌐≈™≡ ─↔ ╩™√∞⅝⁸

─╡ ⁸♄ⱶ─ ⁸ ─ ─╡ ⌂≥⌐⅔↑╢ ⁸№╢™│

⇔√ ♩כꜞ◒fi◖הꜟ♃ꜟ⸗ ╛ ─ ה ≤⇔≡⌂≥⁸ ≢

↕╣╢↓≤╩ ⇔⁸ ─ ה ─ ⌐⅔ ⌐ ≡╣┌≤ ⅎ≡⅔╡

╕∆⁹ 

 ╙ ⌂↔ ⌐ ⅎ⁸ ה ─ №╢™│ ─ ⌂≥╙

╘⁸╟╡ ╣√╙─╩ ∆═ↄ ∆╢ ≢∆⁹ 

 ⌐│⁸№√√⅛™↔ ≤↔ ╩ ╡╕∆╟℮⁸ ⁸ ╟╡

⅔ ™ ⇔ →╢ ≢↔↨™╕∆⁹ 
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1.1 ≤  

 ◒⸗─ Ⱡ♇♩ │⁸ ─ ⌐╟╡ ↕╣≡™╕∆⁹ 

ᵑ ⌐ ╣√ Ⱡ♇♩ 

ᵒ 1 

ᵓ ◒⸗ ⱪ꜠כ♩  

ᵔ ↨┬≤╪  

 

│⁸ ⌐ ─╡ ⅔╟┘ ─ ─ ⁸ ↑ ⌐ ↕╣╕

∆⁹ 

 

(  ) 

─ ⌂ ≤⇔≡│⁸ ─≤⅔╡≢∆⁹ 

(1) ∆═╡ ─ ™ ⌂≥─  

⌂≥⌐ ╠╣╢╟℮⌂◖fi◒ꜞכ♩ ╩ ⇔⌂™─╡ ⁹  

(2) ⇔√ ♩כꜞ◒fi◖הꜟ♃ꜟ⸗ ╛ ⌂≥─ ה  

(3) ─  

(4) ( Ⱡ♇♩ ╡⌐ ∆╢ ) 

 (5) ∕─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1-1 ◒⸗─ Ⱡ♇♩  

 

Ⱡ♇♩ 

◒⸗ ⱪ꜠ ♩ 

∆═╡  

 

 



 

2 

 

 

1.2   

◒⸗─ Ⱡ♇♩ │⁸ ─╟℮⌂ ╩ ∫≡⅔╡⁸∕─ ⅜ ⅛↕╣╢─╡

⌐ ⇔╕∆⁹ 

(1) ─∆═╡ ⌐ ⇔⁸ Ⱡ♇♩≤ ≢ ⌐ ∆╢ ≢∆⁹ 

(2) ↨┬≤╪ ╩ ⇔⁸◒⸗ ⱪ꜠כ♩≤ ≤─ ─ ⌐ ⇔≡ ⌐

≢⅝╕∆⁹ 

 (3) ─╡ ╟╡ ∏≈ ╡ ⅜╢ ⅝ ╙≢⅝⁸ ─ ⅜≢⅝╕∆⁹ 

 (4) │⁸ ⌐ ≢⅝╢ ─ ⅜ ≢⅝╕∆⁹ 

 (5) ⅜ ≢⁸ ≤─ ⅜ ╣╕∆⁹ 

 (6) ⅜ ─♩☻◖ꜟ♃כ♩⁸╣ ⅜≢⅝╕∆⁹ 

(7) ⅜ ≢⅝╕∆⁹ 

 (8) ─◖fi◒ꜞכ♩ ⌐ ═ CO2 ⅜ ⌐ ⌂ↄ⌂╡╕∆⁹ 

 

(  ) 

(1) ⌐≈™≡ 

Ⱡ♇♩│ ⌂ ≢ →╠╣≡ √Ⱡ♇♩≢№╡⁸ ⌂└⇔

≤ ⇔≡ ⅜ ↄ⁸↕╠⌐ ⅜↕╣≡⅔╡ ⌐ ╣≡™╕∆⁹ 

╕√⁸ │ ╣⌂™ ⌐⌡∂╡ ⌐⌂∫≡™╕∆⁹ 

 

1-1 Ⱡ♇♩≤ ─└⇔ ≤─  

 

 

 

(2) ⌐≈™≡ 

⌐ ↕╣√⁸↨┬≤╪ ╩ ∆╢↓≤≢⁸◒⸗ ⱪ꜠ ♩≤Ⱡ♇♩

⅔╟┘Ⱡ♇♩≤ ─ ─ ⌐ ⇔ ↕∑╢↓≤⅜≢⅝⁸ ⌐ ↄ ╩

⌐ ≢⅝╕∆⁹ 
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(3) ⌐≈™≡ 

─╡ ≤⇔≡─Ⱡ♇♩ ╡⅜ 2 ≢№╢↓≤⅛╠⁸ ≤ ™ ╩

≤⇔⌂™√╘⁸ ⅝ ─╖⌂╠∏ ⅝ ⌐╙ ™≡™╕∆⁹╕√Ⱡ♇♩

⅜ ╠╣≡™╢↓≤⌐╟╡⁸ ─ ╙ ↕╣╕∆⁹ 

(4) ⌐≈™≡ 

⌐ ↕╣≡™╢ ( ⁸Ⱡ☺ )≤♫♇♩≤ ◒⸗ ⱪ

♩כ꜠ ─☿♇♩ ╩ ⌐⇔╕∆⁹ 

(5)⌐≈™≡ 

Ⱡ♇♩╩ ≤⇔≡ ≢⅝╕∆⁹ 

(6)⌐≈™≡ 

♩כꜞ◒fi◖הꜟ♃ꜟ⸗⁸│ ╛ ⌂≥─ ⅜⌂™√╘⁸ ─

⌂ ⌐ ─♩☻◖ꜟ♃כ♩℮ ⌐≈⌂⅜╡╕∆⁹╕√⁸ ─

⅜ ╣╕∆⁹ 

(7)⌐≈™≡ 

─╒≤╪≥⅜ ⌂√╘⁸ │ ⌐ ↕╣╕∆⁹ 

(8)⌐≈™≡ 

◖fi◒ꜞכ♩╩ ⇔√ │⁸ ≢№╢☿ⱷfi♩⅜ ≢ ─ CO2

╩ ⇔╕∆⅜⁸☿ⱷfi♩─ ⅜ ⌂™ │⁸∕╣╠ ≤ ∞↑≢

═≡╙ 1 6 9 ( 200≤ 300≤─ )─ ≤⌂╡╕∆⁹ 
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2.1   

(1) ◒⸗─ Ⱡ♇♩ ─ ⌐№√∫≡│⁸ ─ ⁸ ╩╟ↄ ⇔⁸

─╡ ⌂≥─ ⁸∕─ ╩ ⇔≡⁸ ╩ ⇔╕∆⁹ 

(2) ─╡ ─ ╩ ╢╟℮⌐ ⌐ ⇔≡⁸ ─ ╩ ™╕∆⁹ 

(3) ⌐⅔™≡ ↑ ─ ⅜№╢ │⁸ Ⱡ♇♩⌐╟╡ ≢⅝╢

⅛ ⇔╕∆⁹ 

 

2.2   

◒⸗─ Ⱡ♇♩ │⁸ ⌐ ∆ ⌐ ∫≡ ╩ ™╕∆⁹( ⁸ ⌐≈™

≡ ⇔≡™╕∆⁹) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                   

 

 

 

 

 

 

 

 

 

    

─  

─  

↑ ─  

Ⱡ♇♩─♅▼♇◒ 

 

⁸  

⁸∆═╡  

╡─ה  

ה  
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 2. 2.1  ◒⸗─ Ⱡ♇♩ ⌐⅔↑╢ ⌂ ─ ⅎ  

    ─ │⁸ ה ה ₈─פֿ ה ₉⌐╟╡╕∆⁹ 

 

   2. 2. 2                                                                                       

     (1) ⌐╟╢  

             ⌐ ≠⅝  

(2)  

      ⌂ ⅜ ↕╣╢ ⌐⁸ ─ ⌐ ╡ ∆╢  

 

 

 

 

 

 

 

 

 

 

 

 

ᵑ  

≢ ↕╣⁸ ↕ 2m ─ ™ ╕√│ ╪∞

─ ⅜ ↕╣╢  

β ⌐ ∆╢ ─╡  

ה  

 

 

─ ⱨ꜡כ 

 

 

 

 

 

 

ᵑ  

↕⅜ 1m≢№╢≤ ↕╣╢ ⌐│ 2m⁸ ↕⅜ 2m≢№

╢≤ ↕╣╢ ⌐│ 3m╩ ≤∆╢ 

ᵒ ─  

╟╡ ─ ↕╩ ↄ⇔√╡⁸ ╩ ↄ⇔√™

⌐│⁸ ╩ ╦⌂↑╣┌⌂╠⌂™ 

 

 

 

 

 

 

 

 

 

 

 

 



 

6 

 

 

2.3 ─   

 

PR FspהӆT (ӆ tanӣה C L) 

 

  R  №√╡─ kN/m  

  Fsp   ─  

  ӆ   ∆═╡ kN/m sinɝ 

  ӆ   ∆═╡ kN/m cosɝ 

  ӣ   ∆═╡ ⌐ ↑╢ ─ °  

     ∆═╡ ⌐ ↑╢ ─ kN/m  

      ∆═╡ ─ ↕  

  W    ⅝ №√╡─∆═╡ kN/m  

  ɝ   ∆═╡ ─ °  

 

 Tdõ Rה  

   

  Tdõ  √╡─ kN/  

    Ⱨ♇♅  

     

   ⌐│ ─ ⅜ ⌂ ⌐⇔╕∆⁹  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

cosɝ 
sinɝ 

 
ɝ 

 

∆═╡─  



 

7 

 

 

2.4 ─  

ᵑ ─  

 Td Tdõ sinɗהtanӣ cosɗ  

 

 Td ─ ╡ (kN/ ) 

 ɗ  ≤∆═╡ ≤─⌂∆ °  

  Fs  ─  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ᵒ ─  

  ─   ɨ T As 

     As (mm2) 

  ⌐№╢↓≤╩♅▼♇◒⇔╕∆⁹ 

 

 

 

 

 

 

 

 

 

Ⱡ♇♩ 
 

 

 

 

ɖ ∆═╡  
ɗ 

ɝ 

◒⸗ ⱪ꜠כ♩ 
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ᵓ ─ ↕ 

   0 1 2 

    

   0 ╘⇔╤     0.1  

   1 ╟╡∆═╡ ╕≢─  

   2  

   

│ 

 ⌐╟∫≡ ╕╢ ↕ 2a  

 ◓ꜝ►♩≤ ≤─ ⅛╠ ╕╢ ↕ 2b  

─℮∟ ™ ╩ ⇔╕∆⁹ 

  2a ה ɥה ɩה  

  2b ɥה ɩה  

     ⌐ ∆╢   2.0 

      

   ɩp  ≤ ≤─ ─ N/m 2  

     m  

   ɩ  ≤ ≤─ ─ N/m 2  

 

    β  

      ─ ⌐ √∫≡│⁸ ⌐ ∆ ╩ ⇔ ⇔╕∆⁹ 

╡─ה       ( ─ ) (ɡ) . ( Ί9 ) 

ה       ─         (ɘ) .  

 

 

─ ↑ ⇔ (T1pa)─♅▼♇◒ 

  T1pa 2 הɥה ɩpה ɡ  
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2.5 ↑ ה Ⱡ♇♩─  

(1)  

1) ( )─ ↑│⁸ ⌂≥≢ ↕╣√ ─ ↑(∆

╡ ↑)─ ╩─╡ ⌐ ∫√ Ⱡ♇♩─ ≢ ∆╢≤ ⇔╕∆⁹ 

2) ─ │⁸◒⸗ ⱪ꜠ ♩≤ Ⱡ♇♩─ ⅜ ≤ ⇔╕∆⁹ 

3) ─ │⁸ ╩ ≤⇔╕∆⁹ 

                         

 

 

 

 

 

 

      

  ─   

    A╩ a⁸a´ ⌐ ↑   

                  a. ( )  b. ( )  

 

  ─ (m) 

 L=2b Ⱨ♇♅( )(m) 

 ɝ ─ (°) 

 ɖ ─ (°) 

 ɦ ɝΊɖ 

 D ─ ↕(m)   

  ɘ1 ─ ( N/m 3) 

  ӣ1 ─ (°) 

  C1 ─ ( N/m 2) 

  D1 ─ ↕(m) 

  ɘ2 ─ ( N/m 3) 

  ɮ Ⱡ♇♩─ 1m2 √╡─  17.5×10-3kN/m 2 
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 ─  L×cosɝ 

 ─ ↕ L×sinɝ L×cosɝ×tanɖ 

 ─ ↕ D= sin(90 ɝ)×(L×sinɝ L×cosɝ×tanɖ) 

 

 Ⱡ♇♩─  Wt L×B×ɮ×1/2 

 ─   Wc L×B×D1×ɘ2×1/2 

 ─  Ws ×h×1/2×ɘ1×B×1/2 

 

   Wt Wc Ws 

  

    W×sinɖ 

 

(2) ─  

1) Ⱡ♇♩ ─  

─    d=3mm 

   ɨsu=1770N/mm 2  

   F=2.5 

1 √╡─     Tea (ɥ /4)×ɨsu/1000×1/ F 

     =5kN  

 

2) Ⱡ♇♩─  

    1 ─ ↕  a=83mm 

1 ─ ↕  b=143mm 

   Y ─   2×ɖ=49° ɖ=24.5°  

 

3) Ⱡ♇♩─  

→ ⌐╟╢  k=0.585  

Y 1 √╡─  fy=2× ×Tea×cosɖ=5.3kN  

X 1 √╡─  fx=2× ×Tea×sinɖ=2.4kN  

Y √╡─  Fy=(1000/a)×fy=63kN/m  

X √╡─  Fx=(1000/b)×fx=16kN/m  
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 W×cosɖ×tanӣ1+ 1× cosɝ/cosɖ× ×1/2 cosɦ×  

     

*   ↑─∆═╡⌐ ∆╢ │⁸ ─ ≤Ⱡ♇♩─ ≤─ ≢№╢⁹↓─ ⁸ ─

╩ ∆╢ ⁸ ↑─ ─ ─ ⁸∆⌂╦∟⁸ C1 ⁸ ɫ1⅜ ⌐⌂╢⁹ 

*    ↓↓⌐⁸ ⌐ ⇔≡ ™╠╣√ ─ (C⁸ɫ)≤⁸ ╩ ⅎ√─│ ™╢ ⅜ ⌂

╢↓≤╩ ⅎ√⅛╠≢№╢⁹ ↑─☻ⱬꜞ │⁸ ☻ⱬꜞ╟╡╙ ™ ╩ ∆╢≤ ∆╢↓

≤⅛╠⁸╟╡ ↕™ ╩ ™╢↓≤⅜ ╕⇔™⁹ 

  ◒⸗─ Ⱡ♇♩─ ─ ⅛╠⁸ ™⌂─♃כ♦ ⌐⁸ ─ │ ☻ⱬꜞ─ ─

─ ⌡ 50%╩ ∆╢╙─≤⇔⁸ ⌐│⁸C1=0.5C⁸ ┘⁸ɫ1=0.5ɫ ≤∆╣┌╟™⁹ 

  ⌂⅔⁸ ⌐╟╡ ─ ⅜ ≢⅝√ │⁸ ╩ ↕∑⁸ ⌂ ╩ ™╢╙─≤∆╢⁹ 

 

♃▬ⱪ 
Ⱡ♇♩≤─ 

( ) 

 

P(kN)  

 

(kN)  

ⱪ꜠כ♩  

(m) 

 

( ) 

CMPL -200 2 10.6 30 0.20 0.034 

CMPL -400 4 21.2 75 0.40 0.055 

CMPL -550 6 31.8 50 0.55 0.066 

 

 

 

 

  CMPL 400♃▬ⱪ      

         

 

 

 

 

 

 

* Ⱡ♇♩─Y 1 ╡─

fy=5.3kN/  

*  P=fy×n 
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(3) ─  

 

/  

│ 1.0 ≤⇔╕∆  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Ⱡ♇♩ 

Ⱡ♇♩  
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3.1  

◒⸗─ Ⱡ♇♩ ─ ⱨ꜡כ ╩ 3-1⌐ ⇔╕∆⁹ 

 

 

                   

 

 

 

 

 

   

 

     

 

 

 

                                                              

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                  

 

 

 

3-1 ⱨ꜡כ (↨┬≤╪ ─ ) 

 

─ ╡    

 

Ⱡ ♇ ♩  

◒ ⸗ ⱪ ꜠ כ ♩  

 

 

↨┬≤╪  

 

↨┬≤╪  
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◒⸗─ Ⱡ♇♩ ─ ─ ╩ 3-2⌐ ⇔╕∆⁹ 

 

            

                   

 

 

 

 

              

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3-2  

 

 

 

ᵒ ↨┬≤╪ ─ ה Ⱡ♇♩  

 

ᵑ  

ᵓ ◒⸗ ⱪ꜠ ♩─ ↑  

ᵔ ↨┬≤╪  

ᵕ ( ) 

↨┬≤╪ ╩ ─ ⌐☿♇♩

⇔⁸∕─ ⌐ Ⱡ♇♩╩ ╡

╕∆⁹ 

↨┬≤╪ ┼☿ⱷfi♩Ⱶꜟ◒

╩ ⇔╕∆⁹ 

 

↨┬≤╪

Ⱡ♇♩

◒⸗ ⱪ꜠כ♩
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3.2  

(1) ◒⸗─ Ⱡ♇♩ ⌐ ∆╢ Ⱡ♇♩─ │⁸ ⌐ ∆ ⌐ 45cm

ꜟכ꜡─ ─ ╩⇔⁸ ⌐ 7cm─Ⱳ▬♪ ⅜☿♇♩⇔≡№╡╕∆⁹ 3.5m

× ↕ 30m ─Ⱡ♇♩╩꜡כꜟ ⌐⇔≡№╡⁸ │ 200kgf/1 ꜟכ꜡  1.7 7kgf/

№╡╕∆⁹ 

 

 

ꜟכ꜡1 ⌐ ─ⱦ♬כꜟ≢ ╦╣≡™╕∆⁹ 

 

 

 

 

╩ꜟכ꜡10 (2) 1 ⌐⇔≡ ≢ ⌡≡ ⌐ ⌐ꜟכ꜡⁹10∆╕╣↕ √⌂™

╙ ⌐⇔≡ ꜟכ꜡⌂ ╩ ⌡≡ ⌐ ↕╣╕∆⁹ 

 

 

 

45cm 

350cm 

7cmⱲ▬♪  

 

 

╓ 

─ꜟכ꜡1  
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(3) Ⱡ♇♩─ ─ꜟכ꜡1 │ 200kg( 3.5m× ↕ 30m ─Ⱡ♇♩╩꜡כꜟ

⅝⌐⇔≡№╢)─ ↕─√╘⁸─╡ ┼─ ⁸ꜟכ꜠fi⁸⸗ⱡכ꜠◒│⌐ ⁸

►▬fi♅⌂≥╩ ™╕∆⁹╕√⁸1☻♥♇ⱪ──╡ ↕⅜ ⅛↑╣┌⁸ ≢ ⌂

↕⌐ ( )⇔≡ ╡⌂≥┼ ⇔╕∆⁹ 

 

3.3 ─╡  

⁸ ─ ╩ ™╕∆⁹ 

 

(  ) 

(1) ⅜№╢ Ν ⌂≥╩ ∆╢ ⁸ ⅜ ⇔™≤ ⅜

∆╢↓≤⅜№╢─≢⁸ ⌐│ ♩כ◦ ⱴ♇♩ ≢ ╩ ™╕∆⁹ 

(2) ⅜№╢ Ν Ⱡ♇♩│ ⌐│ ⅜ ™√╘ ─ ⇔™ ≢│

⌐⌂∂╕∑⌐ↄↄ⁸ ⌂≥─ ⌐ ╩⅝√∆ ⌐│⁸∕─ ⌐

⅛↕ →─√╘⌐♁▬ꜟ☿ⱷfi♩⌂≥≢ ╩ ℮↓≤╙№╢╡╕∆⁹⇔⅛⇔⁸

─ ⌐ ⇔≡│⁸ Ⱡ♇♩─ ⌐╟╡ ─ ↑─ │⌂

™─≢⁸ ─ ⌐ ⇔ ⅜⌂↑╣┌№ⅎ≡ ╩ ℮ │№╡╕∑╪⁹ 

 (3) Ⱡ♇♩╩ ≤⇔≡ ∆╢ Ν ⅜ ⅝ↄ Ⱡ♇♩⅜

⌐⌂∂╕⌂™ ⁸(2) ≤ ⌐♁▬ꜟ☿ⱷfi♩⌂≥≢ ⇔√╡⁸ ⌐

⌂└⇔ ╩ ∆╢↓≤╙№╡╕∆⁹ 

 

3.4  

│⁸ ╩ ∆╢╟℮⌐ ⁸ ⁸ ⁸ ╩ ⇔≡ ⇔╕

∆⁹ 

 

(  ) 

◒⸗─ Ⱡ♇♩ ≢ ∆╢ ─ │⁸ ─ ─ ╛ ⌂≥╩

⇔≡ ⇔╕∆⁹╕√⁸ ─ │ ╡⸗ꜟ♃ꜟ≢ ⇔╕∆⁹ 

         

─  ─   

 

⌡∂  

  HDZ55  
⁸ ה

 

 HDZ55  ⇔™  

Ⱳꜟ♩   HDZ55  ─ ⅜  

 

3.5 ↨┬≤╪ ( )  

⌐ ⅜№╡◒⸗ ⱪ꜠ ♩≤ ─ ⌐ ⅜ ∆╢ │⁸↨┬≤╪╩

⇔ ╩ ™╕∆⁹ 
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(  ) 

(1) ↨┬≤╪ ⅜ ⌂ │⁸ Ⱡ♇♩╩ ╢ ⌐ Ⱡ♇♩─ ─

⌐↨┬≤╪ ╩ ⇔╕∆⁹ 

(2) ↨┬≤╪ ─  

1) ↨┬≤╪ │⁸ ≤ ─ ⌐ ↕╣╢☿ⱷfi♩Ⱶꜟ◒╩ ∆╢

⅛╠ ╡⁸ ─ ⌐ ⱱכ☻╩ ⇔√╙─≢∆⁹ 

 

 

        

    ⱳꜞⱪ꜡Ⱨ꜠fi 

   ꜘ◦─  

ⱱכ☻ ⱦ♬כꜟⱱכ☻ 

     ( │⁸ ⌂ↄ ∆╢ ⅜№╡╕∆⁹) 

 

2)   

↨┬≤╪ │⁸◒⸗ ⱪ꜠ ♩─ ⅝↕⌐ ╦∑≡ ⇔≡№╡╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

♃▬ⱪ L(mm)  W(mm)  ↕(mm) 

CMPL -200  200 200 

50 55 CMPL -400  400 
180 

CMPL -550  550 

    

 

(3) ↨┬≤╪ ─  

1)  

2) ⌐↨┬≤╪  

╪≥┬↨ ה ─ ⌐ ⅜ ™≡™╕∆─≢⁸ ⌐ ⇔≡│╘ ╖╕∆⁹ 

╪≥┬↨ ה │⁸ Ⱡ♇♩─ ⌐ ⇔╕∆⁹ 

5cm ה ╕≢│⁸↨┬≤╪ ≢ ≢⅝╕∆⅜⁸5cm ─

⌂ ╖⌂≥⌐│⁸⸗ꜟ♃ꜟ⌂≥≢ ╘╩⇔╕∆⁹ 

L 

 

W 

ⱱכ☻ 
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3) Ⱡ♇♩ ╡  

4) ◒⸗ ⱪ꜠ ♩─  

5) ↨┬≤╪ ┼─  

─ ה │⁸ ╛◓ꜝ►fi♪▪fi◌כ ≢ ∆╢☿ⱷfi♩

Ⱶꜟ◒≤ ≢№╡⁸↨┬≤╪ ⌐╝∫ↄ╡ ⇔╕∆⁹ 

│ ה 0.1N/mm 2 ≢ ≢∆⁹ 

6 ) ─ ( ↑ ) 

 

3.6  Ⱡ♇♩ ╡  

(1) Ⱡ♇♩ ╡  

─ ╡ ≤ ⌐│ ≢∆⁹ Ⱡ♇♩│ 200kg ꜟכ꜡─ ─

⁸ꜟכ꜠fi⁸⸗ⱡכ꜠◒⁸╘√╢™≡⇔╩ ►▬fi♅ ≢─╡ ⌐ ⅝ →⁸

⅛╠ ┼≤ ⇔╕∆⁹─╡ ⅜ ↑╣┌⁸ ≢─╡ ⌐ ╦∑≡ ⌂

≥⇔√ ⌐ ⅝ →⁸ ⅛╠ ┼≤ ⇔╕∆⁹ 

 

(2) ⅝ ╖  

20 50cm ╩ ≡─╡ ┼ ⅝ ╖╕∆⁹ 

─╡ ─ ⅜ ⌂ │⁸ ──╡ ≤ ∂╟℮⌐ ╛ ⌐

↑╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

20 50cm 

 

Ⱡ♇♩ 
▪fi◌כⱧfi 
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(3) ▪fi◌כⱧfi─  

┼ ⇔√ Ⱡ♇♩─ ╘│⁸ ╩ ⌐∆╢√╘⁸ ⌐ ▪

fi◌כⱧfi ӣ16mm⁸L=400mm ╩ ⇔╕∆⁹ 

 

(4) Ⱡ♇♩─ ☺ꜛ▬fi♩ ⌡ ╦∑  

Ⱡ♇♩─ │ ⌡ ╦∑ ╩ ⇔╕∆⁹ Ⱡ♇♩─ ⌡

╦∑│ ≤⇔≡ 1 ⱷ♇◦ꜙ ≤⇔⁸ ⌡ ╦∑ │ 1 ⱷ♇◦ꜙ⌐≈⅝

⇔╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

         ─  

           60×21 
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(5) Ⱡ♇♩─ ☺ꜛ▬fi♩ 

Ⱡ♇♩─ │⁸ ─ ⌡ ╦∑ ╩ ⇔╕∆⁹ Ⱡ♇♩

─ ⌡│ ≤⇔≡ ╦∏⁸ ⌡ ╦∑ │ 1 ⱷ♇◦ꜙ⌐≈⅝ ⇔╕

∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1ⱷ♇◦ꜙ  

1ⱷ♇◦ꜙ  
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(6) ∕─ (꞉▬ꜘכ◒ꜞ♇ⱪ─ ) 

ᵑ Ⱡ♇♩─  

3.5m ─ │⁸ ≤ ─ ╩ √∑╢√╘⌐ ⅜⌡∂╡ ↕

╣√ 3.5m×30m─

≤⌂∫≡™╕∆─≢⁸

⇔⌂™ ╡ ╣╢↓≤

│№╡╕∑╪⁹ 

Ⱡ♇♩─ │

─ ≢ ⇔ ⇔⌂

⅜ ╠ ⅝ ⅝ ╕ ∆ ⁹

  

ᵒ ☺ꜛ▬fi♩ 

─╟℮⌐⁸☺ꜛ▬fi♩ ⌐ ─√╘⌐ ⇔√ ╩ ⇔⌂⅜╠│╘

╖⁸ ╩꞉▬ꜘכ◒ꜞ♇ⱪ≢ ⇔╕∆⁹╕√│⁸ ╩ ╡ ⇔꞉▬ꜘכ◒ꜞ

♇ⱪ≢ ╩ ⇔╕∆⁹ 

 

 

ᵓ      

─  

 

 

 

 

 

 

 

 

 

 

꞉▬ꜘכ◒ꜞ♇ⱪ 
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3.7 ◒⸗ ⱪ꜠ ♩  

◒⸗ ⱪ꜠ ♩│⁸◒⸗─ Ⱡ♇♩ ─ ( JIS G5502 

FCD500-7 )⌂≥╩ ⇔╕∆⁹ ╘∫⅝(JIS H 8641 2  HDZ55) ⁹ 

  

(  ) 

◒⸗ ⱪ꜠ ♩─  

♃▬ⱪ ↕(mm) (mm) ↕(mm) (kg)ԇ 

CMPL -200 200 200 20 2.9 

CMPL -400 400 
180 60 

6.0 

CMPL -550 550 6.9 

 

₄◒⸗ ⱪ꜠ ♩≤◐ꜗ♇ⱪ ♫♇♩╩ ∑≡ ⇔√ ─ ₅ 

 

    CMPL 400♃▬ⱪ 

 

3.8  

(1) ─ ↑│ ⌐ ∂⁸ ™╕∆⁹ 

(2) ♫♇♩─ ↑│ ⌐╟╡ ↑⁸ ≤ Ⱡ♇♩╩╝╢╖─⌂™╟℮

⌐ ↕∑╕∆⁹ 

(3) ↨┬≤╪ ─ │ 1 ≤⇔╕∆⁹ 

 

 

3.9 ─  

(1) │⁸◐ꜗ♇ⱪ⌂≥≢ ∆╢ ≤⇔⌂™ ≤⅜№╡╕∆⁹ 

(2) ♫♇♩≤◐ꜗ♇ⱪ⅜ ≤⌂∫≡™╢◐ꜗ♇ⱪ ♫♇♩╩ ∆╢ ⁸ ⅜ 1≈

╢≤≤╙⌐ ⌐╙ ⅜╡╕∆⁹ 
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4. ( )  

 

4.1  

⌐⁸◒⸗─ Ⱡ♇♩ ─ ⌂ ╩ ⇔╕∆⁹ 

 ◒⸗─ Ⱡ♇♩ ─  

    ╕√│  

 

↕ ↕  ꜡♇♪ ⱪכ♥ה  

(ⱦ♇♩ ⱪכ♥  (  

Ⱨ♇♅  +10% ⱪכ♥   

 ±2.5° ☻ꜝfi♩ꜟכꜟ  

   

   

Ⱡ♇♩  

⌡ ╦∑ 1ⱴ☻  
200 ⌐≈⅝ ⁸200

│  

1 ⱴ☻ √╡─ ◒ꜞ

♇ⱪ  
1  

200 ⌐≈⅝ ⁸200

│  

⌡ ╦∑ ⱴ☻  
200 ⌐≈⅝ ⁸200

│  

1 ⱴ☻ √╡─ ◒ꜞ

♇ⱪ  
1  

200 ⌐≈⅝ ⁸200

│  

─╡  

3  50mm 40m⌐≈⅝ 40m

─╙─│ 1 ⌐≈⅝ 2

(

( )─ ╩ ) 3  100mm 

 200mm 
1 (

( )─ ╩ ) 
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4.2  

⌐⁸◒⸗─ Ⱡ♇♩ ─ ⌂ ( )╩ ⇔╕∆⁹ 

 

 ◒⸗─ Ⱡ♇♩ ─ ( )  

      
╕√│

 

 

 

 ☺ꜗ♇◐⌐

╟╢

≢ ≢─

5  

│

≤∆╢ 

5.0kN 

─⅝↨╖ 

10.0kN 

≢

─ 3  

⅛≈

3

 

◓ꜝ►♩  

 JSCE G505 ɨ28=24N/mm2   

3  

 JSCE F521 ±3 ⅛

≈ 

P 9 22  
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4.3   

⌐⁸◒⸗─ Ⱡ♇♩ ─ ⌂ ( )╩ ⇔╕∆⁹ 

 

 ◒⸗─ Ⱡ♇♩ ─ ( )  

       

⅔ 

╟┘  

 
( ╕√│ )   1  

( ╕√│ )    

   

   
 

⁸   ⌐  

   

 

 

( ╕√│

)  
  

( ⁸ )   ⁸ ⌐  

≤─  ≤ ≤─   ⌐ ∂≡ 

  

─   ⌐  

─   ⌐  

  ⌐  

─   ⌐  

 

    

◓ꜝ►♩  

 

 1  

ⱨ꜡כ  

 

  
 

↕  
1 ⌐ 1

 
  

 

 



 

26 

 

 

  

 

 

 ᵑ ─╡ ─  

 ᵒ ─  

 

  

 

   

  ᵑ Ⱡ♇♩ ( )   

  ᵒ Ⱡ♇♩ ( )    

  ᵓ Ⱡ♇♩   (ɫ2.0 50×50( ))   

    

  ᵑ Ⱡ♇♩   ⱴ♇♩ ( ⱴ♇♩⁸  (♩כ◦

 

    ќ     

   

  ᵑ  

♩♇Ⱡ ה      ⱴ♇♩ ⱴ♇♩  

    ᵒ  

♩♇Ⱡ ה      ⱴ♇♩ ⱴ♇♩⁸ ♩כ◦  

 

 

 

 ( Ⱡ♇♩ ) 

 

 

 

 

 

 

 

 

( Ⱡ♇♩ ⱴ♇♩ ) 

 

 

 



 

27 

 

 

2 ◒⸗─ Ⱡ♇♩   



 

28 

 

 

3 ꜡♇◒Ⱳꜟ♩  
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4  

 

 

 

◒⸗─ Ⱡ♇♩  
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5 ─  

ᵑ ⅜ ⌂  

 

 

 

ᵒ ⅜ ⇔™  

 

 

  ⁸ ⅜  
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6  
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7 ◒⸗─ Ⱡ♇♩ ⱨ꜡(1)כ  
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8 ◒⸗─ Ⱡ♇♩ ⱨ꜡(2)כ  




