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─ ⌐ ∆╢ ⌐≈™≡ 

           
 

 

 25 2013 7 ⌐ ─ ⅜ ↕╣≡⅛╠⁸

 ( ) 3⁸4 ─ ⌐ ∆╢ ⅜

28 ╕≢⌐ 33 ⅛╣⁸∕─ ╩ ╕ⅎ≡ ⅛╠₈

3⁸4 ┘ 29 5 ₉

⅜ ↕╣[1]⁸5 24 ⌐ ⅜ ↕╣√[2]⁹ 

 

│↓╣╕≢⁸ ⅜ ⇔√ ╩ ⇔≡⁸ ─ ─

⅜⁸ ─ ∆╢╟℮⌂ ≢ ⌂ ≢│⌂ↄ⁸ ─ ╩

↑√ ≢ ⌂ ≢№╢↓≤╩ ╠⅛⌐⇔⁸ ⅜ ⇔√ ⸗♦ꜟ

≢│ ⅜ ↕╣╢↓≤╩ ⇔≡⅝√[3⁸4]⁹ ↕╣√

│⁸ ╛ ─ ─ ≤ ה ─

⌐ ™╠╣╢⁹ ≢│⁸ ⌐ ↕╣≡™╢₈ ─

─ ⌐ ∆╢ ₉│⁸ ─₈ ┘ ─

⌐ ╢ ●▬♪₉[5] ─ ⌐ ↄ─ ≢ ⅎ≡⅔╠∏⁸ ⌂

─№╢↓≤╩⁸ ─ ≤ ≤╩ ⇔≈≈ ╠⅛⌐∆╢⁹ 

 

≢№╢≤∆╢ ─ │⁸ ─ ⌐≈™≡ ⇔√ 183

( 27 1 16 )─ ≤ ⌐ ╢⁹∆⌂╦∟⁸ ≢₈ ⌐╟╡

⌐∑╪ ⅜ ∂≡™╢₉↓≤⅜ ↕╣⁸ ⅜₈ ⅜

⇔≡ ╩ ↓⇔≡™╢⅜⁸ ⇔√ ⌐ ═ ─CH ─

│ ⅝ↄ⁸ │ │ ⅝⌂™₉≤™℮ ─ ╩⇔≡™╢↓≤

⌐№╢⁹↓─ │⁸ ╩ (1) ─ ™CM ⅜ ↄ ⇔≡™╢⌐╙

╦╠∏⁸ ⌂CH ≤⇔≡⸗♦ꜟ ⇔≡™╢↓≤⁸(2) ╩ ╗ ─

│ ─ ╟╡ ⌐ ↕™⌐╙ ╦╠∏⁸ ⌐ ─

╩ ™≡™╢↓≤⁸(3) ∑╪ ─ ╩ ⌐∆╡ ⅎ≡™╢↓≤⌂≥⁸

─ ─ ╩⇔≡™╢─≢№╢⁹↓╣⌐≈™≡│ 3 ⌐ ∆╢⁹ 

 

 ≢│⁸ ≤ ⌐≈™≡│₈ ⌐ ╢

⌐ ∆╢ ⁸ ⁸ ⁸ ⁸ ─ ⌐ ∆╢ ₉⌐ ↕╣
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≡™╢⁹↓↓≢ ≤⇔≡™╢─│ ─₈3. 3.6 

─ ─ ₉─ ─₈3.6.1.1 ─ ₉≢№╢⁹⌂⅔⁸↓↓

≢│⁸ │ 178 ╩ ⇔≡™╢⁹╕√⁸ ⌐ ≡ↄ╢

─ ⌂ ╩ ⌐ ⇔√⁹ 

 

1 ─ ●▬♪─  

┘ ─ ⌐ ╦╢ ●▬♪ ⁸ ●▬♪ [5] │⁸

⅜⁸ ─ ─ ╩ ⌐ ∆╢√╘⌐

∆╢↓≤╩ ≤⇔≡™╢⁹ ⌐⁸↓↓≢─ ⌐ ⌂ ╩ ⇔≡ ∆⁹ 

 

┘ ─ ⌐ ∆╢ ─  

─ ─  

 ⅜ ↕╣╢ │⁸ ╙ ∆╢ ─№╢ ─ ⅜

™↓≤⅜ ↕╣√ ≢№╡⁸ ↕╣╢ ─ ⌐ ⇔≡⁸ ⌐

∆╢ ─ ◒ꜝ☻─ ┘ ╩ ∆╢ ┘ ─

⅜ ⌂ ╩ ↑⌂™↓≤╩ ∆╢⁹ 

 

 ◒ꜝ☻─ ─ ⅜⁸ ↕╣╢ ─ ⌐╟╡ ⇔⁸  

─ ⅜ ⌂ ╩ ↑⌂™↓≤╩ ∆╢⁹ 

 

┘ ⅜ ↕╣╢ ─⸗♦ꜟ  

 ┘ ⅜ ↕╣╢ ⌐≈™≡│⁸ ─ ⁸ ⁸

⁸ ─ ⌐ ≠⅝⁸ ─ ⁸ ⁸ ⁸ ─

⁸ ─ ╙ ╗ ⅜ ⌐⸗♦ꜟ ↕╣≡™╢↓≤

╩ ∆╢⁹ ⌐ ─ ╩ ∆╢⁹ 

ה ─ ⌂ ┘∕╣╠⌐ ╕╣╢ Ɽꜝⱷ⁸⅜♃כ ─

⁸ ⁸ ⁸ ─ ╩ ⌐ ⇔≡ ⌐ ↕

╣≡™╢↓≤⁹ 3─ 1  

ה Ɽꜝⱷכ♃─ ⌐ √∫≡│⁸ ─ ┘ ⌐⅔↑╢

⁸ ⁸ ─ ⁸ ⌐⅔↑╢ ⁸ ─ ╣─

⁸↕╠⌐ ┘ ─ ⌐ ╕╣╢ ⅛↕ ┌╠≈⅝ ╩ ⌐ ⇔

≡ ↕╣≡™╢↓≤⁹ 3─ 2  

 

─  

. ⌐ ∆╢ ─  

 

┘ ⅜ ↕╣╢ ⌐≈™≡⁸ ─∆═╡⁸ ─ ┘

─ ─ ⅛╠ ↕╣≡™╢↓≤╩ ∆╢⁹ 
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─∆═╡ 

ה ─ ⌐ ≠⅝⁸ ─ ┘ ╩ ╢∆═╡ ⅜ ↕

╣⁸∕─∆═╡ ⌐╟∫≡ ⌐ ↕╣≡™╢↓≤⁹ 4.1 (1) 1 ─ 1

 

ה ⌐⅔↑╢ ─∆═╡ ⅜ 1.5 ≢№╢↓≤⁹∕─ ⁸

─ ─ ⅜ ™ ─ ┘ ⁸└∏╖

╩ ⇔≡⁸ ⇔√∆═╡ ─ ⌐ ╢ ╩ ∆╢ ⅜№╢⁹ 4.1 (1) 

1 ─ 2  

 

 

 │⁸ ≢ ↕╣√╙─⅜ ™╠╣≡™╢↓≤╩ ∆╢⁹

4.1 (2) 1  

─  

 ─ ≤⇔≡│⁸ ┘ ⸗♦ꜟ╩ ™√ ⁸

⁸ ─ ⅜№╢⁹ │⁸ ≤∆╢ ─ ⌐ ∂≡

∆╢⁹ ⇔√ ⌐ ∂≡ ┘ ⸗♦ꜟ⅜ ⌐ ↕╣≡™

╢↓≤╩ ∆╢⁹ 4.1 (2) 2  

─  

 ─ │⁸ ≤⇔≡⁸ ⁸ ⁸ ─ ⅛╠⁸ ╙

⇔™≤ ↕╣╢╙─⅜ ↕╣≡™╢↓≤╩ ∆╢⁹ 4.1 (2) 3  

⸗♦ꜟ─ ≤ ─  

 ─ ╩ ∆╢⁹ 

╡═∆ה ╩ ╘╢⌐ √∫≡⁸ ╩ ╢∆═╡ ─╒⅛⁸

─ ⁸ ⁸⸗ⱦꜝ▬☼♪ ─ ⅝ ⌐ ≠™≡∆═╡ ⅜ ⌐

↕╣≡™╢↓≤⁹ 4.1 (2) 4 ─ 4  

ה ⌐⅔↑╢ ─ ⅛╠⁸ ⅜ ⌐ ∆╢ ─

⅜ ╠╣⁸ ┼─ ⌐≈™≡─ ⅜ ≤ ⅎ╠╣╢ │⁸

⌐╟╡ ╩ ∫≡™╢↓≤╩ ∆╢⁹ 4.1 (2) 4 ─ 5  

 

∆⌂╦∟⁸ ●▬♪│⁸ ⌐ ∆╢ ─№╢ ⅜⌂™↓≤⁸

⌐╟∫≡ ⌐ ⌂ ╩ ╓∆╟℮⌂ ≢⌂™↓≤⁸ ⌐│⁸

⁸ ⁸ ∆╡ ╖ ⌂≥╩ ↕⌂™ ≢№╢↓≤⁹ ╩⸗♦ꜟ

∆╢℮ⅎ≢ ╩ ⌐ ⇔⁸ ╛ ⌐ ∆╢↓≤⁸

─√╘─∆═╡ │ ⌐╟╡ ⇔⁸ ─∆═╡ ⌐≈™≡│∆═

╡ ⅜ 1.5 ≢№╢↓≤⁹∕⇔≡⁸ ─∆═╡ ⅜ ™ ⅜№╣┌

⇔√∆═╡ ─ ╩ ⇔⁸∆═╡ ─ ⌐ ⌂≥─ ⅜ ⌐

↕╣≡™╢⅛⁸ ⌂≥⌐ №╣┌∕╣⅜ ⇔⌂™⅛ ∆╢↓≤╩

⇔≡™╢⁹ 
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●▬♪─ ⌐≈™≡⁸ │

(JEAG 4601 -2015) ⁸ ≢ ─╟℮⌐ ⇔≡™╢⁹ 

ה ∆═╡ ╩ ∆ ─╒⅛⌐⁸ ⅎ┌ ─ ⁸

─ ⅜╡─ ⅜ ≤⌂╢ ╙№╢⁹√∞⇔⁸ │

⌐⅔↑╢ ₁─ ─ ⌂ ⌐ ∆╢ ⌐∆⅞∏⁸ 1.0

─ ⅜ ⇔≡∆═╡ ╩ ⇔⌂™ ╡⁸ ─∆═╡ ≤│

┘≈⅛⌂™╙─≢№╢[[6] 227 ]⁹ 

 

∆⌂╦∟⁸  (Fs) ⅜ 1.0 ─ ⅜ ⇔≡∆═╡ ╩ ⇔≡⅔╣

┌⁸ ─∆═╡ ⌐ ┘≈ↄ≤ ╩ ⇔≡™╢⁹ 

 

2 ─⇔√ ─ ⌐≈™≡ 

 │⁸(1) ⌐ ∆╢ ⁸(2)∆═╡⌐ ∆╢ ⁸(3)

─ ⌐ ∆╢ ⌐≈™≡⁸∕╣∙╣⸗♦ꜟ ⌐╟╡ ∫≡™╢⅜⁸ ≢│

(2) ⌐≈™≡ ═╢⁹∆═╡─ │⁸2 FEM ⌐╟╢⸗♦ꜟ

≢⁸ ╛ ─ ↕ ≤ ─ ≢ ╦╢ ╩ ⇔⁸

─fi꜡כ◒הꜟכ⸗ ⌐ ∫√∑╪ ─ ⅎ [[7] 131 ]⌐╟╡ ⇔≡

™╢⁹ ╩ ╢ ⌐∆═╡ ╩ ⇔⁸ ≤⇔≡

Ss-1 Ss-19╩ ⅎ⁸∆═╡ ⌐ ∏╢∑╪ ≤∑╪ ─ ╩ ⇔√₈∆

═╡ ₉⌐╟∫≡ ⇔≡™╢⁹ 

 

 ₈3.6.1.1 ─ b ∆═╡⌐ ∆╢ ₉⌐│ 

ₐ∆═╡ │⁸ ∆═╡ ─ ╩ ⌐⁸∆═╡ ─∑╪

─ ╩∆═╡ ─∑╪ ─ ≢ ⇔≡ ╘√⁹ ∆═╡ │ ╩

╢∆═╡ ⁸ ™∆═╡ ┘ ╛⸗ⱦꜝ▬☼♪ ─ ⅝╩

⇔√∆═╡ ⌐≈™≡ ⇔√⁹ 

3 ┘ 4 ┘⌐ 3 ┘ 4 ─

∆═╡ │ 2.6 ≢№╡⁸∆═╡ ─ 1.5 ╩ ∫≡™╢⁹1

┘ 2 ─ ∆═╡ │ 1.9≢№╡⁸∆═╡ ─

1.5╩ ∫≡™╢⁹ 

╕√⁸ ─┌╠≈⅝╩ ⇔⁸ ─℮∟∑╪ ⌐≈™≡₈

1.0× Ȓ₉≤⇔√ ─ ⌐≈™≡╙⁸ ∆═╡

│ 1.5╩ ∫≡™╢⁹∆═╡ ╩ 3.6.7 3.6.11

⌐ ∆⁹ 

─↓≤⅛╠⁸ │∆═╡⌐ ⇔≡ ⌂ ╩ ⇔≡™╢ [[1] 

6-3-134 ] ⁹e 
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≤ ↕╣≡™╢⁹ ⅜ ⌐∆╢─│⁸ ─₈ ∆═╡ ₉≢№╢⁹⸗♦

ꜟ─∑╪ ⌂≥─ │⁸ ─ ≤ ↔≤⌐ ⅎ╠╣≡™╢⁹

⁸ ⁸ ⌂≥≢ ╠╣√ ⅜ ⸗♦ꜟ⌐ ⇔ↄ ™╠╣

≡™╢⅛╩ ∆╢⁹ 

₈∆═╡ ₉─ 3.6.7 3.6.11 ╩ ∆╢≤⁸ ⇔√™╤™

╤─ ∆═╡ ≤ Ss─ ╖ ╦∑─ ≢⁸3 ≤ 4 ╩ ╢

G-G'≢ Ss-10 ╩ ⅎ√≤⅝⁸∆═╡─ ∆╢ ⅜ ╙ ⅝⅛

∫√⅜⁸ │ 2.6 №╡ ≢№╢≤ ⇔≡™╢↓≤⅜ ⅛╢⁹∕↓≢⁸

≡™≈⌐☻כ◔─↓⁸∏╕ ∆╢⁹√∞⇔⁸ ─ │ ≢│⌂™─≢⁸

╩ ⇔√ 183 ─ [7]─ ╩ ∆╢⁹ 

 

4ה3 2.1 ─  

1⌐ ╩ ∆╢ ─  [[7] 23 ] ╩ ∆⁹ │⁸3⁸4 ╩

⌐⇔√ D-D'⁸E-E'⁸G-G'≤⁸ ≢№╢ 1⁸2 ╩

⌐⇔√ C-C'⁸F-F'≢№╢⁹ 2⌐ 4ה3 (G-G' )─ [[7] 29

]⁸ 3⌐ G-G' ─ [[7]  33 ]╩ ∆⁹ ⅛╠ -150m ╕

≢⁸ 680m ─ ⅜⸗♦ꜟ ↕╣≡™╢⁹ │⁸ ─ ⁸

≢─ ⁸PS ⌂≥─ ≤ ╩⁸ ≤ ↔≤⌐ ╖ ╦∑

≡ ⇔≡№╢[[7]  17 19 ]⁹∕⇔≡⁸ 3─⸗♦ꜟ─ ⌐│ 2─ ⌐

↕╣√ ה ⌐ ∆╢ ⅜ ⅎ╠╣≡™╢⁹ 

4ה⁸3⌐4 (G-G' )─∆═╡ [[7]  157 ⁸↓╣│[1]

─ 3.6.9(1)⌐ ]╩ ∆⁹ ⌐│ ∆═╡ 1 6⌐≈™≡⁸ Ss-1

Ss-19─⌂⅛≢∆═╡ ⅜ ≢№∫√ ─ ⅜ ↕╣≡™╢⁹∆═

╡ 1 6─⌂⅛≢⁸∆═╡ ⅜ ╙ ↕™ 2.6 ╖ ╩ ☻כ◔√∂ ∆═

╡ 6⁸Ss-10 ⅜ ─ ≢ ↕╣⁸ ─┌╠≈⅝╩ ⇔√ ∆═╡

│ 2.3≢№╢↓≤⅜ ≢ ↕╣≡™╢⁹∆═╡ 6│⁸4

≤ F-1 ⌐ ∫≡ ↕╣≡™╢⁹╕√⁸∆═╡ 6⌐⅔™≡⁸ ≡

─ Ss─ ∆═╡ ⅜ ─ ⌐ ↕╣≡™╢⁹ 

 

(1) ∑╪ ─ ⌐╟╢ ™≤∑╪  

 5⌐ ↔≤─ ─ [[7] 169 ]╩ ∆⁹ 4─ ∆═╡ ≢

№∫√∆═╡ 6≢ Ss-10─ ─ ≢№╢⁹∆═╡ ─ ─ 4

─ ⌐⁸ ≢∆═╡ ─ ⅜ ↕╣≡™╢⁹  (Fs) │⁸FEM

⸗♦ꜟ─ ⌐⅔↑╢ [∑╪ ] / [∑╪ ] ─ ≢№╡⁸1 ≢ ⌐∑

╪ ⅜ ∂≡™╢↓≤╩ ∆╢⁹ ≢│ ⁸ ─ ─ ⌐∑╪ ⅜

∂≡™╢⁹╕√⁸ ≤ │ ⅜ ⇔√ ≢№╢⁹ ⌐⁸↓─ ⌐

╦╣√∑╪ ╩ ∆╢⁹ 
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2≤ 3⌐⅔™≡⁸3 50m ⅛╠ 4 100m ╕≢ ╘⌐ ↕╣√

│ ─ ≢⁸∕─ │ (Qd)⁸ │ (Ds)≤⌂∫≡

⅔╡⁸™∏╣╙ ≥ ≡╩CH ≤⇔≡™╢⁹ ─ ↄ ╕╣╢CM │⁸

F-2⁸F-3 ⌐ ∫√ ≤⁸3 ─ ≤ -40m ⁸⅔╟┘ 4

─ ─ ⅛⌂ ⌐№╢─╖≢№╢⁹≤↓╤⅜⁸ ─a 3.5.14  

─ ⌐ ∆╢ [[1] 6 -3-182 ]ₑ⌐│⁸CM │ 3 ≢

56.1 ⁸4 ≢ 22.0 ≤ ↕╣≡™╢⁹3 │ ⅜ CM ≢№╢⁹

↓╣│ ⌐⅔↑╢ ≢№╢⅜⁸ ↕ ≢│⁸ 510 [4]≢

⇔√╟℮⌐⁸ ─ ≢№╢Ⱳכꜞfi◓ [[1 ] 3.5.28 (1) (54)⁸

6-3-588 641 ]⌐╟╣┌⁸ 0 -150m─ ≢│ ⇔≡ CM ⅜ ─

36.6 ╩ ╘╢[[4] 1]⁹ 6⌐Ⱳכꜞfi◓ ─ ╩ ∆[[4] 6]⁹CM

│ 4 ─Ⱳכꜞfi◓ No.1153≢│ 22.5 ⁸No.1157≢│ 27.6 ⁸No.1159

≢│ 52.7 ╩ ╘╢[[4] 1]⁹ 

 

2⁸ 3⁸⅔╟┘ 5─∆═╡ ─ ⌐ ↕╣╢╟℮⌐⁸∆═╡ ╩ ╗

─ │ ⁸Ⱳכꜞfi◓ ─ ╩ ⇔≡ ─ CH ⌐

№╢≤↕╣≡™╢⁹∕↓≢⁸CM ⌐ CH ─∑╪ ╩ ℮↓≤⌐╟╢∆═

╡ ┼─ ╩ ∆╢⁹a∆═╡ │⁸ ∆═╡ ─ ╩ ⌐⁸

∆═╡ ─∑╪ ─ ╩∆═╡ ─∑╪ ─ ≢ ⇔≡ ╘≡™╢ₑ

[[1] 6 -3-134 ]⁹∆⌂╦∟⁸∑╪ ≤∑╪ ─ ≢ ↕╣≡™╢⁹ ⌐

™╠╣√ ─∑╪  [[1] 3.6.1 ]╩ 1⌐ ∆⁹∑╪

─ │⁸CH │ 2.1 N/mm 2⁸CM │ 1.6 N/mm 2⁸╕√ ─┌╠≈⅝╩

⇔√∑╪ │⁸CH │ 1.2 N/mm 2⁸CM │ 0.78 N/mm 2≢№╢⁹CM

⌐ CH ─∑╪ ╩ ∫≡™╢─≢№╢⅛╠⁸CM ─ ╩ 1.31 1.54

⅝ↄ ⇔≡™╢↓≤⌐⌂╢⁹ │ 2.6⁸┌╠≈⅝╩ ⇔≡╙ 2.3 ≢№╢

≤ ⇔≡™╢⅜⁸CM ─ ≢│⁸2.6│ 2.0 (2.6÷1.31)⁸2.3│ 1.5 (2.3÷1.54)

≢№╢⁹ ™ ─ F-1 ─ ⅜№╢⅜⁸┌╠≈⅝╩ ∆╢≤

1.5≤╒╓ ∂≢№╡⁸ ⌐ ≢№╢≤│ ⅎ⌂™⁹ 

 

1 ─ ∑╪  (N/mm 2) [1] 3.6.1 ╩  

 

 

 

2.1 1.2

1.6 0.78

1.31 1.54
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5 ─ ─ ≢│⁸₈∑╪ ⌐ ⇔⁸⅛≈⁸ ⅜ ⇔√

₉⅜⁸4 ⅛╠ ≤⁸ ≡─ F-1⁸F-2⁸

F-3⁸F-4⁸f-1 ⌐ ∫≡ ⇔≡⅔╡ │ ╩ ∆╢ ⅜№╢ ⁸ ─⸗

ⱦꜝ▬☼♪ ⌐ ∫≡∑╪ ∏╣ ⅜ ∂≡™╢↓≤╩ ╦⇔≡™╢⁹

⸗ⱦꜝ▬☼♪ │⁸ ⅜ ∆═╡ ╩ ↓∆ ─↓≤≢№╢⁹ ╩

∆╢ ⅜№╢⅜⁸⸗ⱦꜝ▬☼♪ ─ │⁸ ─ ⌐ ⇔≡™╢⁹

─ ⅜ ∆₈  (Fs) ⅜ 1.0 ─ ⅜

⇔≡∆═╡ ╩ ⇔≡⅔╣┌⁸ ─∆═╡ ⌐ ┘≈ↄ₉◔כ☻

≢№╢⁹↓╣╠─ │⁸CH ─∑╪ ⌐╟╢ ≢№╢⅛╠⁸CM ─

↕™∑╪ ⌐╟╢ ≢│ │ ⌐ ⅜╢↓≤⌐⌂╢⁹ 

 

(2) ≤ ─ ─ ™≤  

7⌐ ↔≤─ [[7]170 ]╩ ∆⁹ 5─ ⁸ ⁸ ─ ⌐

∂√ ─ ≢№╢⁹ ─ F-1 ≤ f-1 ─ ⌐│ 20

30kgf /cm2 (*)⁸╕√ 3 ≤ 4 ─ ─ ─ F-2⁸F-3 ⌐ ∫

≡ 10 20kgf/cm 2 ─ ⅜ ⇔≡™╢⁹ ⌐│ₐ ∆╢ │ ⅜

20kg/cm2 ≢№╡⁸CH ─  (74kg/cm2) ≢№╢↓≤⅛╠⁸

⌐ ╩ ╓∆╙─≢│⌂™≤ ⅎ╠╣╢ₑ≤ ↕╣≡™╢( │ ⌐

╟╢)⁹74kgf /cm2 ─ ⌐≈™≡│ₐ34ה ⌐ ⇔√ ⌐

╟╢ₑ≤ ↕╣≡™╢⁹⇔⅛⇔ │ ─ ╩ ⇔≡™⌂™⁹Ⱳכ

ꜞfi◓ה◖▪─ ⌐╟╢ ╩ ∫≡⅔╡⁸↓─ ╩ ─

⌐ ⇔≡™╢⁹ ⌐ ⌐ ∆╢ ─ ╩ ∆╢⁹ 

( * ─ │ [ kg/cm 2 ] ╩ ⇔≡™╢⅜⁸ ╩ ∆╢ ╩ ⅝⁸ ≤

⇔≡ ─ [ kgf/cm 2 ] ╩ ™╢⁹) 

 

ₐ 5  

  ─ ╩ ∆╢ ─ ┘ ╩ ╠⅛⌐⇔⁸ ─

┘ ─ ╩ ╢√╘⁸Ⱳכꜞfi◓⌐╟╡ ╠╣√ ⅛╠

┘ ╩ ⇔√⁹ 

 a. │ 5cm⁸ ↕ 5cm⁹ 

b  

 │⁸JIS M 0303 ─ ↕ ⌐ ⇔⁸ ─  

⌐≈™≡ ╩ ⇔√⁹ₑ[[1] 6-3-107 108 ] 

∕⇔≡⁸ ─₈3.5 (3) ₉─ ⌐ₐ ─Ⱳכ

ꜞfi◓ ⅛╠ ⇔√ ⌐╟╢ ─ │ 3.5.4 ⌐⁸

∕─℮∟⁸ ┘ Ⱳכꜞfi◓ ⅛╠ ⇔√ ⌐╟╢

│ 3.5.5 ┘ 3.5.6 ⌐ ∆≤⅔╡ₑ≤№╢( │ ⌐╟╢)⁹ 
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2⌐⁸ 3.5.5 Ⱳכꜞfi◓◖▪ [[1] 6-3-173 ]─

╩ ∆╢⁹3 ─ CH Ⱳכꜞfi◓◖▪─ ─

⅜ 74kgf/cm2≢№╢⁹ │⁸ ─ ╩ ─ ⌐∆╡ ⅎ≡ₐCH

─ (74kg/cm2)ₑ≤ ⇔≡™╢─≢№╢⁹ 

 

2  (kgf/cm2) 

 3  4  

     

 CH CH 

 20 18 

 74 84 

 26 36 

 

 ⌐⁸ ╩♃כ♦─ ™≡⁸ ─ ╩ ∆╢⁹ ⌐╟╢

│∑╪ ─ ─ ⅝↕≢№╢↓≤⅜ ╠╣≡™╢[[8] 64 ]⁹ ⅜

⇔√ ─ ⌐╟╢≤⁸ │ 5.6N/mm2 (57kgf/cm2) ∑╪

│ 13.0N/mm2(133kgf/cm2) [[9] 6-3-116 ]≢№╡⁸[ ] / [∑╪ ] ─

│ 0.43≢№╢⁹↕╠⌐⁸ ≢│ ⅜ ∆╢√╘⁸∕─ │↕╠⌐ ∆╢⁹

─ ◘▬♩ ─ ─ ≢│⁸[ ] / [∑╪

]─ ⌐ 0.11 0.14⅜ ™╠╣≡™╢[[10]─ 8]⁹∆⌂╦∟⁸[ ] / [∑╪

]│ 1 / 8≢№╢⁹ 

 

─[ ] / [∑╪ ] ─ ─ ⌐╟╡⁸ ─ ∑╪

─ ⅛╠⁸ ─ ╩ ⇔√ ╩ 3⌐ ∆⁹ 

 

3 ─  

 N/mm 2 kgf/cm 2  ┌╠≈⅝╩ N/mm 2 kgf/cm 2  

CH  0.26 1.1  (2.7 11) 0.15 0.60 (1.5 6.1) 

CM  0.20 0.80  (2.0 8.2) 0.098 0.39 (0.39 4.0) 

   1─ ─ 1 / 8 1 / 2  1N/mm 2  10.2 kgf/cm2  

 

─CH ─ │ ₁10kgf/cm2 ≢№╢⁹ 7⌐ ∆╟℮⌐⁸

─ F-1 ≤ f-1 ─ ⌐│ 20 30kgf/cm2⁸╕√ F-2⁸F-3

⌐ ∫≡ 10 20kgf/cm2─ ⅜ ⇔≡⅔╡⁸↓╣╠│ 10kgf/cm2

╩ ⅎ╢⁹↓╣╠─ │ ╩ ↓⇔≡™╢─≢№╢⁹ ─ₐ ∆╢

│⁸ ⌐ ╩ ╓∆╙─≢│⌂™≤ ⅎ╠╣╢ₑ≤™℮ │

⅜ ™⁹ │∑╪ ─╖⌂╠∏ ╩╙ ⇔≡™╢↓≤⌐⌂╢⁹ 



9 

 

 

⌂⅔⁸ 5⁸ 7⌐ ⇔√ ≤ ─ │⁸ ─

⌐│ ↕╣≡™╢⅜⁸ ⌐│ ╕╣≡™⌂™⁹ 

 

2.2 ─  

⌐⁸ 2ה1)  ) ─ ⌐≈™≡ ∆

╢⁹ 8⌐ C-C'≤ F-F'─ ≤⁸∕╣╠─ ╩ ∆⁹ 

 

(1) C-C'  

9⌐ C-C' ⌐⅔↑╢ ⅜ ≢№∫√∆═╡ ─⁸ ↔≤─

 [[7] 171 ] ╩ ∆⁹↓─∆═╡ ─∆═╡ │ 1.9≢№╡⁸ ─┌╠≈⅝

╩ ⇔√ │ 1.57 [[7] 158 ]≢№╢⁹B⁸C⁸D⁸E ⌐ ∫≡₈∑╪

⌐ ⇔√ ₉⅜ ⌂╡ ╩ ⇔≡╖╢ ⅜№╢ ⁸A ─ ─

⌐₈∑╪ ⌐ ⇔⁸⅛≈⁸ ⅜ ⇔√ ₉⅜ ⅜∫≡™╢⁹ 

 

∆═╡ ─ ─ │ (Ds)≢№╡⁸ ↄ─ ™ ≢ CM⁸CL⁸D

≤↕╣≡™╢⅜⁸ ─ 80 │ CH ≤↕╣≡™╢⁹↓─ ─Ⱳכꜞfi◓

│ ↕╣≡™⌂™⁹ ╙ ™ No.1156 ≤ No.1162 ≢│⁸CM ⅜ 33 ╩

╘⁸CM ─ │ -50 -70 ╟╡ ™ ⌐ ⇔≡™╢( 6 )⁹

─ ─∑╪ ╩ 4⌐ ∆[[1] 3.6.1 ]⁹CM ⌐ CH ─ ╩ ℮≤⁸

╩ 1.25 1.5 ⅝ↄ∆╢↓≤⌐⌂╢⁹∆═╡ ─ 80 ─ ≢ CH ≤↕

╣≡™╢ ⅜ CM ≢№╢≤⇔≡ CM ─ ╩ ™╢≤⁸ ∆═╡ 1.9

│ 1.4⌐⁸┌╠≈⅝╩ ⇔√ 1.57│ 1.3≤⌂╡( *)⁸ 1.5╩

╢⁹ ─ │ Ss-4 ─ ≢⁸∆═╡ ╩ ↓∆ ⅜

№╢⁹ * 20%│ ─ ⁸ 80 │ CM ≤⇔≡⁸ ⇔√⁹  

 

4 ⅔╟┘ ╣™ ─∑╪  (N/mm 2) [1] 3.6.1 ╩  

 

 

10⌐ ↔≤─  [[7] 172 ]╩ ⇔√⁹ ⌐│⁸3⁸4

─ ≤ ⁸a ─ ⅜ 20kg/cm2 ≢№╡⁸CH ─

74kg/cm2 ≢№╢↓≤⅛╠⁸ ⌐ ╩ ╓∆╙─≢│⌂™≤ ⅎ

╠╣╢ₑ≤ ↕╣≡™╢⁹⇔⅛⇔⁸A ─ ≢│ 30kgf /cm2╩ ⅎ╢ ⅝

⌂ ⅜ ⇔≡™╢⁹ 

 

2.1 1.1

1.4 0.88

1.5 1.25
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4⌐ ∆ ─ ∑╪ ⅛╠⁸ ─[ ] / [∑╪ ] ─ ─

1 / 8 1 / 2╩ ∫≡ ⇔√ ─ ╩ 5⌐ ∆⁹CH ╙ CM ╙

─ │ 10kgf/cm 2 ≢№╡⁸ ⇔√ │ ╩ ⌐

ⅎ╢⁹ │⁸ Ss-4─ ⌐ A ⅛╠

─ ╗↓≤⅜ ↕╣╢⁹ 

 

5 ⅔╟┘ ╣™ ─  

 N/mm 2 kgf/cm 2  ┌╠≈⅝╩ N/mm 2 kgf/cm 2  

CH  0.26 1.1  (2.7 11) 0.14 0.55 (1.4 5.6) 

CM  0.18 0.70  (1.8 7.1) 0.11 0.44 (1.1 4.5) 

   4─ ─ 1 / 8 1 / 2  1N/mm 2  10.2 kgf/cm2  

 

(2) F-F'  

 11⌐⁸F-F' ≢ ╙∆═╡ ⅜ ↕™ ─⁸ ↔≤─

─ ╩ ∆╢⁹∆═╡ │ ≤D ⌐ ∫≡⅔╡ ( ─ )⁸

Ss-1 ─ ⅜ ⇔√≤⅝⁸ ⅜ ╙ ™⁹ ∆═╡ │

2.3⁸ ─┌╠≈⅝╩ ⇔√ │ 1.9≢№╢[[1] 159 ]⁹∆═╡ ─ 22 │

╛ ╘ ⇔ ⁸20 ⅜ D ™⁸ ╡─ 58 ⅜ CH ─ ╣™  

(Gb) ≤  (Ds) ─ ≤↕╣≡™╢⁹ ╣™ ≤ ─∑╪ │ ∂

⅜ ╦╣≡™╢( 4 )⁹∆═╡ ─ 58 ⅜ CM ≢№╢≤∆╢≤⁸

2.3│ 1.9⁸┌╠≈⅝╩ ⇔√ 1.9│ 1.7⌐⌂╡ # ⁸ 1.5╟╡

⅝™≤│ ⅎ⌂™⁹ # 42 │ ─ ⁸58 │ CM ≤⇔≡ ⇔√⁹  

 

 11 ─ ─ ≢│⁸ ─ ─ ≥ ⌐∑╪ ⌐

∆╢∑╪ ╛ ⅜ ∂≡™╢⁹∕⇔≡⁸ │⁸ 12 ⌐ ↕╣╢

╟℮⌐⁸ ─ ≢ 10 20kgf /cm2⁸ ≢№╢ ─

≢ 20 30kgf /cm2≤⌂∫≡™╢⁹↓↓≢╙ₐ ∆╢ │ ⅜ 30kg/cm2

≢№╡⁸CH ─ 74kg/cm2 ≢№╢ₑ≤⇔≡ ⌐ │⌂

™≤ ⇔≡™╢⁹⇔⅛⇔⌂⅜╠⁸ ≢ ⇔√╟℮⌐⁸ ╣™ ╛ ─

│ CH ╙ CM ╙ 10kgf /cm2 ≢⇔⅛⌂ↄ⁸ ⇔√ │

╩ ⅎ≡™╢⁹ │⁸ Ss-1 ─ ⌐⁸D ─

─ ╩ ↑≡ ─ ╗↓≤⅜ ↕╣╢⁹ 

 

3 ⌐⅔↑╢ ─  

 ⌐ ⇔√╟℮⌐⁸ 183 ≢₈ ⌐╟╡ ⌐∑╪

⅜ ∂≡™╢₉↓≤⅜ ↕╣⁸ │₈ ⅜ ⇔≡ ╩

↓⇔≡™╢⅜⁸ ⇔√ ⌐ ═ ─ CH ─ │ ⅝ↄ⁸

│ │ ⅝⌂™₉≤™℮ ─ ╩⇔√⁹↓─ │⁸ ≢ ╠⅛⌐



11 

 

⇔√╟℮⌐⁸ ╩ 

(1) ─ ™CM ⅜ ⌐ ⇔≡™╢⌐╙ ╦╠∏⁸╟╡ ⌂CH

≤⇔≡⸗♦ꜟ ⇔≡™╢↓≤⁸ 

(2) ⌐ ═ ⅝™ ─ ╩⁸ ─ ≤⇔≡™╢↓≤ 

⌂≥⁸2 ─ ─ ╩⇔≡™╢⁹↕╠⌐⁸₈∆═╡ ─∑╪ ─

ⅎ ₉[[7 ] 131 ] ⅛╠ ⇔√ ⅎ ⌐╟╡⁸ ─ ╩ ∫≡™╢⁹ ⌐

─ ╩ ⇔⁸ ≤⇔≡™╢  ( ) ╩ ⌐⇔≡⅔ↄ⁹ 

 

─ ⌐ ╢  

 183  27 1 16   [[11] 57 58 ] 

ủ  ─ ≢↔↨™╕∆⁹ 

⁸≥╣⧵ההה ⅝ ⅝∟╞∫≤ ╩↕∑≡™√∞⅝√™─⅜⁸∆═╡ ─

─╛╡ ─≤↓╤⌐⌂╡╕∆⁹ ≤⇔╕⇔≡│⁸∆╖╕∑╪⁸131Ɑ⁸☺כ↓∟╠

─╒℮≢ ∫≡╕∆≢⇔╞℮⅛⁹™™≢∆⅛⁸∂╚№⁸∟╞∫≤ ╩⇔╕∆⁹ ╩

™√∞™≡⁸131Ɑ⁸≢╤↓≥─☺כ∆═╡ ─∑╪ ─ ⅎ ≤

™℮↓≤≢ⱨ꜡כ╩ ⇔≡™√∞™≡↔↨™╕∆⁹↓╣≢⁸∑╪ ⌐ ⇔√⁸∕─

⌐≈™≡│ ♀꜡≤™℮ ⌐⌂╢╪≢∆↑╣≥╙⁸↓─ ♀꜡⌐⌂∫√ ⌐

≈™≡⁸∕─ ⅜ ⌐⅔↕╕╢⅛≥℮⅛≤™℮≤↓╤─ ⅜ ≢│⌂™⅛⌂

≤ ∫≡™╢╪≢∆⁹∟╞∫≤ ⅜⌂⅛∫√─≢⁸ ╠ↄ↓↓─ ⅛≥℮⅛≤™

℮≤↓╤─ ╩∆╢ ≢⁸∕─ ⅜♀꜡⌐⌂∫√≤⅝⌐≈™≡│⁸ ⌂ ┼─

≤⅛™∫√ ≢ ─ ╩↕╣≡™╢╪≢│⌂™⅛⌂≤™℮┤℮⌐ ℮

╪≢∆↑╣≥╙⁸∟╞∫≤∕─ ─ ⅜⌂⅛∫√─≢⁸ ╛╠╣≡™╢⅛≥℮⅛≤

™℮≤↓╤╩∟╞∫≤ ™√∞⅝√™≤ ∫≡™╢╪≢∆↑╣≥╙⁸⅔ ™≢⅝╕

∆≢⇔╞℮⅛⁹ 

 

ủ ─ ≢∆⁹ 

─╒℮─165Ɑכ☺ ⌐ ↔≤─ ╩ ↔≤⌐⅔≈

↑⇔≡⅔╡╕⇔≡⁸ │ ┌⇔≡⇔╕∫≡™√╪≢∆↑╣≥╙⁸↓↓─Ɑכ☺╩ ™

≡ ↕∑≡™√∞⅝╕∆⁹ 

165Ɑ167⅛≥∆≢☺כⱭ⁸☺כ ─ ≢∑╪ ⌐ ⇔≡™╢ ≢

∆≤⅛ ⅜ ⇔≡⁸ ⇔≡™╢≤ ⇔≡™╢ ≤™∫√╙─╩

↑⇔≡⅔ ⇔⇔≡⅔╡╕∆⁹↓─ ≢∑╪ ⌐ ⅎ ⇔─ ™

⇔≡™╢≤ ⇔√ ⌐≈⅝╕⇔≡⁸ ⅎ┌165Ɑ⁸≥∆≢☺כ ─166Ɑכ☺

⌐⁸∂╚№∕─ │≥─ ─╙─⌂─⅛≤™℮─╩╕√ ↑≢⅔ ⇔⇔≡⅔

╡╕∆↑≥╙⁸↓─ ⁸ │⇔≡™╢╪≢∆↑╣≥╙⁸ ∆╢ │

⌐ ↕™╙─≢⁸↓↓─ ≢№╡╕∆CH ─ ╩ ⌐ ∫≡™╢

≤™℮↓≤≢⁸ │ ⅜ ⇔√╠⁸ ≤™℮╟℮⌂ ╩⇔≡⁸

╒≥─ ─ ™ ↑⌐™∫≡™╢╪≢∆↑≥╙⁸ ⌐│ │ │⇔≡™
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⌂™≤™℮↓≤╩ ⇔≡⅔╡╕⇔≡⁸ ╒≥⅔∫⇔╚╠╣╕⇔√╟℮⌂ ╩

∆╢ √∫™℮↓⁸☻כ◔─↓℮⁸™≥™⌂│ ⅔ כ◔╢™≡™∞√™≡∑↕⇔

☻⌐ ⇔≡│⁸∕℮™∫√ ╩∆╢ │⌂™≤ ⇔≡⅔╡╕∆⁹ 

 

ủ ─ ≢↔↨™╕∆⁹ 

╦⅛╡╕⇔√─≢⁸╙℮∟╞∫≤∕─ ╡╙ ╘≡ ∕℮™℮ ⌐⌂∫≡™╢

↓≤⅜╦⅛╢╟℮⌐ ⅛∟╞∫≤ ╩ ⇔≡™√∞↑╢≤⁸∕─ ─ ⅜╦⅛

╡╛∆ↄ⌂╢⅛≤ ™╕∆─≢⁸ ∕─ ╩ꜞⱣ▬☻∆╢≤⅝⌐│⁸∟╞∫≤∆╖

╕∑╪↑╣≥╙⁸ ╩∟╞∫≤⅔ ™⇔√™≤ ∫≡⅔╡╕∆⁹ 

 

ה ─ ╩ ∆╢≤⁸ 

 

(a) ─∑╪ ⅜∑╪ ⌐ ⇔⁸ ⅜♀꜡ ⌐∑╪ ⅜

⌐⌂∫√ ⁸ ⅜ ⌐ ╕╢⅛╩ ⇔≡™╢⅛⁹ 

(b) ♀꜡─ ⁸ ─ ⌐╟∫≡ ⌂ ┼─ ╩ ⇔≡™╢

⅛⁹ 

 

⅜ ≢№╢─≢⁸ ╩ ∫√ : 

(1) ≢⁸∑╪ ⅜∑╪ ⌐ ⇔⁸∑╪ ⇔≡™╢≤ ⇔

√ │⁸ ─ ╩ ∆╢⁹ 

(2) │CH ─ ≢№╢⁹ 

(3) ⁸ ⅜ ∆╣┌ ╩⇔≡™╢≤ ∆╢⅜⁸ ⌐│

╩ ↓⇔≡™⌂™↓≤╩ ⇔≡™╢⁹ 

(4) ∫≡⁸ ─ ╩∆╢ │⌂™⁹ 

 

│₈∆═╡ ─∑╪ ─ ⅎ ₉⌐ ≠™≡™╢⁹ 13⌐

⌐ ╦╣√₈ ─ⱨ꜡₉כ─ [[7] 131 ]╩ ∆╢⁹ ─ⱨ꜡⁸≡™⅔⌐כ

[∆═╡ ─ ─ ]─ ⌐⁸₈ ⅜ ⇔√ ₉ ∑╪

⌐ ⇔√ ╩ ╗ ≤№╢─│⁸₈∑╪ ⌐ ⇔⁸⅛≈⁸ ⅜ ⇔√

₉─ ≢№╢⁹∕⇔≡[∆═╡ ⌐ Ȓn ⅜ ⅛ ]─ ≢₈NO₉≤

№╢─│₈ ⅜♀꜡⅛⁸ ⅜ ₉─↓≤≢№╢⁹∆⌂╦∟ [∑╪

♀꜡] ≤ ↕╣╢─│⁸₈∑╪ ⅜∑╪ ⌐ ⇔⁸∆═╡ ⌐ ⌂

Ȓn ⅜ ∂≡™╢ ₉≢№╢⁹∆⌂╦∟⁸ ≢ ⌐⌂╢─│⁸

≢│⌂ↄ∆═╡ ⌐ ⌂ ─ ≢№╢⁹ 

 

 

 ─ ⱨ꜡כ⌐ ™⁸ ─ ─ ↕≤ ™╩ ∆╢⁹ 
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─ (a)ה ™⌐⁸∑╪ ≤ ≤╩ ⌐ ∑∏⁸ⱨ꜡כ⅛╠ ⇔√

╩⇔≡™╢⁹ 13─ⱨ꜡כ⌐ ⅎ┌⁸ ≤ ─ ≢│⌂ↄ⁸Ȓn ⅜

⅛ ⅛╩ ⇔⌂↑╣┌⌂╠⌂™⁹ 

ה ─ ╩ ─ ≤ ⇔≡⁸ ╩ ↓⇔≡™⌂™≤ ⁹

╕√⁸ ╦╣√∑╪ ⌐≈™≡│ ∑∏⁸ ⌐∆╡ ⅎ≡™╢⁹ 

₈─ (3)ה ⌐│ ╩ ↓⇔≡™⌂™↓≤╩ ⇔≡™╢₉─₈ ⌐

⇔≡™╢₉ ─ ⌂ ⅜ ™⁹ 

─ (b)ה ™⌐ ⇔≡(4) │ ∫√ ⌐╟╢ ≢№╢⁹ ─ ╩⇔⌂

↑╣┌⌂╠⌂™⁹ 

│⁸ ╩ ╟╡ ⌂ ≤⇔≡⸗♦ꜟ ⇔⁸ ≤│ ⌂╢

╩ ∫≡ ⇔⁸ ╠ ⇔√∆═╡ ─∑╪ ─ ⅎ

⅛╠ ⇔√ ⅎ ⌐╟╡⁸ ≢№╢≤ ⇔≡™╢⁹ 

 

4 ─⸗♦ꜟ ─ ⌐ ℮ ≤  

 2.1  (2) ⌐⅔™≡⁸ │⁸3 ≢CM ⅜56.1 ⁸3 4ה

─ 0 -150m─ ≢CM ⅜36.6 ╩ ╘≡™╢⌐╙ ╦╠∏⁸ ╩CH

≤⇔≡⸗♦ꜟ ⇔≡™╢↓≤─ ╩ ⇔√⁹ ≢│⁸ ─

─ ╩ ⇔≡™╢↓≤─ ╩ ∆╢⁹ ●▬♪│⁸ Ɽꜝⱷכ♃

─ ⌐⅔™≡⁸ ╩ ⌐ ∆╢↓≤╩ ⇔≡™╢ 3─ 2 ⁹ 

 14│⁸ ⅜ 183 ⌐⅔™≡ ⌐≈™≡ ⇔√  [[7 ] 15 ] 

≢№╢⁹ ⌐╟╢≤⁸↓─ ─ │ 

ₐ15Ɑ⁸⌐☺כ ⌐ ∆╢ 4ה⁹3∆╕╡⅔≡↑≈╩ ⌐ ⇔

√ ⌐╟╡⁸ ⌐ ⌐╟╢ ⌂ ⅜⌂™↓≤⅛╠⁸

⌂ ⅜ ╘╠╣⌂™↓≤╩ ⇔≡⅔╡╕∆ [[11] 44 ]ₑ 

≤ ─ ╩ ╖ →√∞↑≢№╢⁹∕⇔≡⁸↓╣ ⁸ │ ⌐↕╣≡™⌂

™⁹ ⌐│⁸ │ ─╟℮⌐ ↕╣≡™╢⁹ 

ₐh.  

 ⌐ ∆╢ │ 3.5.15 ⌐ ∆≤⅔╡≢№╢⁹ 

(a)  

 ─ ⌐╟╢ │⁸ 3.5.114 ⌐ ∆╟℮⌐P

│3.0km/s 5.2km/s≢ 4.3km/s⁸ 7.0 ≢№╢⁹ ⁸ ™⌐ ∆╢

™─ ─ ≢│⁸NW SE ─P │3.5km/s

5.0km/s⁸ 4.7km/s⁸S │1.8km/s 2.5km/s⁸ 2.3km/s⁸NE SW

─P │3.0km/s 5.3km/s⁸ 4.5km/s⁸S │1.3km/s 2.8km/s⁸

2.1km/s≢№╡⁸ ⌐╟╢ │╒≤╪≥ ╘╠╣⌂™⁹e [[1] 6-3-128 ] 
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─₈ ⌐╟╢ ⁸ 3.5.114 ₉│⁸ 14─ ⌐ ↕

╣√₈ ₉≤ ∂≢№╢⁹∕⇔≡⁸₈ ™─

₉│⁸ 14─ ─₈ ₉⌐ ↕╣√ ─ ⌐ ℮ ─↓≤≢№╢⁹

⌐╟╢ ╙⁸ ⌐╟╢ ╙ ⅝™ ⅜№╢⅜⁸∕─ │

↕╣≡™⌂™⁹ 

 

 │ ⌐⁸₈ ⌐⅔↑╢ │⁸ ≢ ↄ ≢ ™≤™

℮ ─№╢↓≤⁸∕⇔≡⁸↓─ │ ≤∕╣⌐ ─ⱶכ◦℮ ⌐

⇔≡ ⌐╟╡ ⅜ ⅝ↄ ⇔≡™╢↓≤⌐ ∆╢₉↓≤╩ ♃כ♦─

╩ ⇔≡ ⇔√[3]⁹ 15⌐ ─ ─ ╩ ∆⁹ ⅜ ⇔√NW SE

≤NE SW │⁸ ─ ╣⌂™ ≢№╡⁸ ─ ╣⌂™ כ♦─

♃╩ ⇔≡⁸ │ ╘╠╣⌂™≤ ─ ╩⇔≡™╢⁹ 

 

16⌐ ─ ⌐╟╢ ♩⸗◓ꜝⱨ▫[3]╩ ∆⁹ 16-1│⁸ 1

─ ♩⸗◓ꜝⱨ▫≢⁸ │3 4ה ─ⱶכ◦─ ≤

⅜ ™⁹ 16-2─ ♩⸗◓ꜝⱨ▫│⁸  [12] ⌐╟╡ ╩ ╘√

─ⱶכ◦⁸╡№≢ ≤─ ⌐ ⅎ⁸ ─ ╛ ⅜ ─

⌐ ⇔≡™╢↓≤╩ ⌐ ⇔≡™╢⁹ │⁸↓─╟℮⌂ ⌐ ℮

⁸ ╩ ⇔≡FEM⸗♦ꜟ╩ ⇔≡™╢⁹ 

 

╕≤╘ 

─₈ 3⁸4 ┘

 29 5 ₉⅔╟┘ 183 ─ ≤

⌐╟╡⁸ ─ ─ ⌐ ∆╢ ⌐≈™≡─

╩ ⇔√⁹∕─ ⁸ ─ ─№╢↓≤⅜ ⇔√⁹ 

 

ה ⌐╟╣┌⁸ ─ │ CM ⅜ 3 ≢ 56.1 ⁸4

≢ 22.0 ≢№╢⁹╕√⁸Ⱳכꜞfi◓ ⌐╟╣┌ 0 -150m─ │ CM

⅜ 36.6 ╩ ╘≡™╢⁹ ╩ ↄ ╗ CM ⅜ ↄ ⇔≡™╢⌐╙ ╦╠

∏⁸ ─√╘─ 2 FEM ⌐⅔™≡ ≥ ≡─ ╩ ⌂ CH ≤⇔

≡⸗♦ꜟ ⇔≡™╢⁹ 

ה ─ ╩ CH ≢│⌂ↄ CM ≤∆╢≤⁸ ∆═╡ 4ה⁸3│

≢│ ≤ ⁸╕√ ≢│

≤⌂╢⁹ │⁸⸗♦ꜟ─ ╩ ↄ ∆╢↓≤⌐╟╡⁸∆═╡ ╩ ⅝

ↄ⇔≡™╢⁹ 

ה ⌐ ∆╢ 4ה⁸3│ ≢│ F-1 ≢⁸╕√

≢│ A⁸C⁸D ─ ≢⁸ ─ ╩ ⅎ≡

⅔╡⁸∆═╡ ⅜ ∂≡™╢⁹ │⁸ ─ ╩ ─ ≢№╢
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≤ ⇔⁸ ─ ╩ ⅝ↄ ∆╢↓≤⌐╟╡⁸ ⌂≥─ ⌐ ℮

∆═╡ ─ ╩ ⇔≡™╢⁹ 

ה ╠ ⇔√₈∆═╡ ─∑╪ ─ ⅎ ₉⌐╟╢ │⁸

∆═╡ ⌐ ∫≡∑╪ ⅜ ∂≡™╢⁹⇔⅛⇔ │⁸ ╠─₈ ⅎ ₉⅛╠

⇔√ ─ ⌐╟╡⁸ │ ∂≡™⌂™≤ ⇔≡™╢⁹ 

ה ●▬♪│⁸ ─⸗♦ꜟ ⌐⅔™≡₈ ─ ⁸ ⁸ ⁸

─ ⌐ ≠™≡ ⌐⸗♦ꜟ ↕╣≡™╢↓≤₉╩ ⇔≡™╢⁹

⇔⅛⇔⁸ ⅜ ⇔√ FEM ⌐⅔↑╢ ⁸ ⁸ ─ ⌂

≥│●▬♪─ 3─ 1 ≤ 3─ 2 ╩ √⇔≡™⌂™⁹ 

ה ●▬♪│⁸ ⁸ ─ ⌐⅔™≡₈ ⌐⅔↑╢ ─

⅛╠⁸ ⅜ ⌐ ∆╢ ─ ⅜ ╠╣⁸ ┼─ ⌐≈

™≡─ ⅜ ≤ ⅎ╠╣╢ │⁸ ⌐╟╡ ╩ ∫≡™╢

↓≤╩ ∆╢↓≤ 4.1 (2) 4 ─ 5 ₉╩ ⇔≡™╢⁹ │ 183

≢∑╪ ─ ⅎ ≤ ⌐≈™≡ ─ ╩⇔⁸ ⌐

⅔™≡╙↓─ ╩ √⇔≡™⌂™ 

ה ─↓≤⅛╠⁸ ─ ⇔√₈ ┘ ─

─ ₉≢│⁸ │ ⌐╟╢∆═╡⌐ ⇔≡ ⌂

╩ ⇔≡™╢≤│ ⅎ⌂™⁹ 

          ( ) 

 

 

[1] ⁸ 3⁸4

┘ 29 5 ⁸ 178 . 

[2] ⁸ 29 5 24 ⁸ ─

(3 ┘ 4 ─ )⌐ ∆╢ . 

[3] ⁸2018 1 ⁸ ⌐⅔↑╢ ⸗

♦ꜟ⌐≈™≡ ⁸ 422 . 

[4] ⁸2019 10 ⁸ ─ ⌐≈™≡ ─ ⅔╟┘

⌐ ℮ ─ ⁸ 510 . 

[5] ⁸ ┘ ─ ⌐ ╢ ●▬♪⁸

25 6 . 

[6] ⁸ JEAG 4601 -2015⁸

28 3 . 

[7] ⁸ 27 1 16 ⁸ 4ה3 ─

┘ ─ ⌐≈™≡⁸ ─ ⌐

╢ 183 . 

[8] ⁸ ─ ⅛╠ ╕≢⁸ 2.3  ⌐╟╢

( ⌐╟╢)⁸64 ⁸ ⁸ 5 . 
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[9] ⁸ 3⁸4  

┘ 27 2 . 

[10] ⁸ ⁸ ⁸ ─ ─√╘─ ⱪ꜡◓ꜝⱶ

─ ⁸  377012⁸ 53 3 . 

[11] ⁸ ─ ⌐ ╢ 183

⁸ 27 1 16 . 

[12]  ⁸ ⁸ ⁸ (

ꜚ♬♇♩) (2011) ♩⸗◓ꜝⱨ▫ ◦☻

♥ⱶ─ ⁸JAEA -Research 2011-043. 

 

─  

╡═∆ה ╛ ⌂≥ ─ ╩ ⇔≡∆═╡╩ ⇔√ ⁹

∆═╡ ≢∆═╡ ╩ ∆╢⁹ 

╡═∆ה [ ∆═╡ ⌐ ℮ ─∑╪ ─ ] / [ ∆═╡ ⌐ ℮

─∑╪ ─ ]─ ≢ ↕╣╢ ∆═╡ ⌐⅔↑╢∆═╡─ ⁹

─ │ 1.5⁹ ─ │ 1.2⁹ 

ה ─ ∆═╡ ⌐ ─∆═╡ ╩ ⇔⁸ ∆═╡ ⌐

≡─ Ss ╩ ∆╢≤⁸ ∆═╡ ≢ Ss⌐ ∆

╢∆═╡ ⅜ ╩ ∫≡ ↕╣╢⁹ ↕╣√∆═╡ ─ ╩

─ ∆═╡ ≤ ∆╢⁹ 

ה Fs FEM ─∕╣∙╣─ ⅜ ⇔≡™╢∑╪

≤ ≢ ↕╣╢∑╪ ─  [∑╪ ] / [∑╪ ] ≢№╡⁸1.0

≢∕─ │∑╪ ╩ ⇔≡ ∆═╡ ⸗ⱦꜝ▬☼♪ ⌐ ∫≡∆═╢⁹ 

♪☼▬ꜝⱦ⸗ה ─∑╪ ≤ ≤⅛╠ ↕╣╢∆═╡─ ⁸

∆═╡ ≤ ∂⁹ ∆═╡ ≤ ∂ ⅝≢№╢≤│ ╠⌂™─≢⁸⸗ⱦꜝ▬☼♪

─ ⅝╩ ∆╢⁹ 

╪∑ה ─№╢ ⌐ ∫≡⁸ ╩ ∆═╡↕∑╢ ─

╡─ ⁹∑╪ ╟╡ ⅝™≤∑╪ ╩ ∆⅜⁸ ─ │∆

═╡ ⌐ ⌂ ─ ⅜ ⅛ ⅛⌐╟∫≡ ╕╢⁹ 

ה ╩ ∫ ╢ ─ ╡─ ⁹ ╟╡

⅝™≤ ╩ ∆⁹ 

ה ⁸∑╪ ⁸ ⁸∑╪ ⁸ ⌐ ∆╢ ⁹

∕╣∙╣⁸ ⅜ ╩ ⅎ╢≤ ⁸∑╪ ⁸ ╩ ∆⁹ ╙

╙ ─ │⁸ ∑╪ ≢№╢⁹ 
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1 ─ ╩ ∆╢ ─  [7]  23 ╩  

4ה3 ─ G-Gõ≤ 

─ C-Cõ⅔╟┘ F-Fõ─ ─ ╩ ∆╢  
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2 4ה3 G-Gõ ─⸗♦ꜟ ─   [7]  29 ╩  

4ה3 ─ │ (Qd)⁸ │ (Ds). 

─ ≥ ≡╩ CH ≤⇔≡™╢  
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3 4ה3 (G-G' )─  [7]  33 ╩  

-150m ╕≢⁸ 680m ─ ╩⸗♦ꜟ . 

│⁸ ( 2) ─ ≤ ⌐╟╢  
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4 4ה3 (G-G' )─∆═╡ [7]  157 ╩  

∆═╡ 1 6─ ≤ ∆═╡ ╩ ∂√ ⅜ ↕╣≡™╢  

∆═╡ 6≢ Ss-10─ ⅜ ⇔√ ⁸∆═╡ ⅜ ≢ 2.6  

∕─ ─ ─┌╠≈⅝╩ ⇔√ │ 2.3. 

─ ∆═╡ 6─ ≡─ Ss─ ∆═╡ . 
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5 4ה3 (G-G' )─∆═╡ 6⁸ Ss-10─  

Fs [∑╪ ] / [∑╪ ]─ ⁸1 ≢ ⌐∑╪ ⅜ ∂╢  

⁸ ─ ⅜ ⇔√ [7]  169 ╩ ה . 
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6 4ה3 ─Ⱳכꜞfi◓ ⌐╟╢ [4] 6╩  

0 -150m ─ ≢│ ⇔≡ CM ⅜ ─ 36.6 ╩ ╘╢  

CM ─ No.1153 22.5 ⁸No.1157 27.6 ⁸No.1159 52.7  
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7 ↔≤─ ⁸ 5⌐ [7]  170 ╩  

0 10 kgf /cm2⁸ 10 20 kgf /cm2. 

─ (74kgf /cm2)≤ ⇔≡™╢  
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8 ─ ≤ [7]55 ╩  

─ │ (Ds)⁸ ╣™ (Gb)⁸ ─ 3 . 

─ ─ ╩ CH ≤⸗♦ꜟ ⇔≡™╢. 
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9 (C-C' )─  

C-Cõ ≢∆═╡ ⅜ ☻כ◔√∫№≢ [7]  171 ╩ ה . 

Fs [∑╪ ] / [∑╪ ]─ ⁸1 ≢ ─∑╪ ⅜ ∂╢  

⁸ ─ ⅜ ⇔√  
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10 ↔≤─ ⁸ 9⌐ [7]  172 ╩  

0 10 kgf /cm2⁸ 10 20 kgf /cm2. 

─ (74kg/cm2)≤ ⇔≡™╢  

 


