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1.  │∂╘⌐ 

1.1 ─  

⌐│ ─ ╩ ← ≢ ⅜ ⌐ ↕╣╢⅜ ≢│ ⅛╠─ ⅔╟┘

┼─ ╩ ⌐∆╢ ה │ ╩ ⇔≡ ⌐ ╩ ⇔≡ ⌐

∆╢ ≤ ╩ ⌐∆╢╙─≢№╢ ─ ╩ ─ ≤

┬ ↕╠⌐ │ ╩ ╩♩כ◕≡⇔ ⇔ ↓╣│ ♩כ◕ │ ─ ╩ √⇔

⌐ ⇔≡ ↕╣╢ ≤│ ↕╣╢  

-1.1│ ─ ╩ ∆╙─≢ ⌐ ─ ╩ ⇔≡™╢ ≢│

╩ ℮  

 

1. 2 ─  

─ ⌐│ ( )─ ™ ( )─ ™ ♩כ◕ ( → ♩כ◕

ⱨꜝ♇ⱪ◕כ♩ ⱴ▬♃כ◕כ♩ )─ ™ ⌐╟╢ ╙№╢⅜ ─ ≢№╢ ⌐

∆╣┌ ─ │ ─ ≢ ℮↓≤⅜ ≢ ─ 2≈⌐ ≢⅝╢  

ה fi♁כ◔│™╢№ ≤⇔ ─ ⌐ ⇔≡ ™ ≢ ∆╢  

ה ≤⇔ ⌐№╢ ─ ╩ ⇔ ∆╢  

≢│ ⌐ ↕╣╢ ─ │ №╢™│ ─ ה ⌐ ⇔

⌐ ╩ ⅎ╢↓≤⅜ ⌂™ ─ ≤∆╢↓≤╩ ≤⇔ │ ─ ╛

─◒ꜝ♇◒ ⌐╟∫≡ ╩ ⌂℮ ╣⅜ ™─≢ ⌂ ⅜№╢ ╩ ™≡

⇔≡│⌂╠⌂™≤↕╣≡™╢[12] ≢│ ⌐≈™≡ ∆╢  

 

1. 3  

-1.1⌐ ⌂ ╩ ∆ ╩ ∆╢ ⌐│ᵑ ᵛ⌐≈™≡∕╣∙╣ ╩ ℮⅜

─ │ ᵓ ᵔ ᵑ ᵒ ♩כ◕ ᵕ ≢№╢  

│ ╟╡ ─♩כ◕╩ ╟╡ ╕╢ ↕╕≢ ∟ → ⌐ ╩ ⇔ ↓

╣╩ ∆╢ ─ ⌐│ ⌐ ⌂ ─♩כ◕≥ ⌐ ⌂ ╡ ⌐ ↑

╠╣╢ │ ─♩כ◕ ⌐ ╢ ─♩כ◕≥ ─ ╩ ∆╢ ╕√ ≤

│ ⌐ ↕╣≡™╢  

 

 

 

 

 

 

 

 

 

 

-1.1 / / http:// www.kohan -studio.com/fg/  

(b)  (a)  
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│ ≤ ⅛╠⌂╢ ≢№╢ │ ─ ™⅛╠ ∟ ◖fi◒ꜞ

♩כ ≤ⱪ꜠◐ꜗ☻♩◖fi◒ꜞכ♩ ⌐ ↑╠╣╢ ⱪ꜠◐ꜗ☻♩◖fi◒ꜞכ♩ ≤⇔≡│ RC

≤ PC ⅜№╢⅜ ⌐│ Ⱪ꜡♇◒ ─ ─ ╩ ∆╢√╘⌐ⱪ꜠☻♩꜠☻⅜

↕╣╢↓≤⅜ ↄ ↓─ ⌐│ PC ≤⌂╢ ∕─ ⌐ ♄◒♃▬ꜟ ╩ ™╢

╙№╢ │ ─ ≤⌂╢ ≢№╢ ⌐ ∂≡ №╢™│ ⌂≥─╟

℮⌐ ⅜ ⌂╢⅜ ≥╣╙ ה ─√╘─ ≢№╢  

♩כ◕ │ ה ╩ ∆╢ ⌐ ⇔ ─ ╩ ← ╩ ∫≡™╢

⌐ ≢ ─♩כ◕╢╣╠™ │ → ♩כ◕ ♩כ◕♪▬ꜝ☻ ♩כ◕כꜝכ꜡ ⱨꜝ

♇ⱪ◕כ♩ ⱴ▬♃כ◕כ♩≢№╢ ─ ⌂ ≢│ → ⅜♩כ◕ ╙ ╣≡⅔╡ ─ 2

│ │ ╩ ↓⇔╛∆™ ⌐│ ⌂ ⌐⅔™≡│ → ╩♩כ◕

≤⇔ ⱨꜝ♇ⱪ◕כ♩ ⱴ▬♃כ◕כ♩─ │ ╩ ∆╢ ⌂⅔ [13]≢│ ⌐

⌂ ╩ ⅝ ╩♩כ◕כꜝכ꜡ ≤⇔≡™╢  

 

-1.1 ─ ─ http://www.mlit.go.jp/tec/sekisan/sekkei/pdf/himon -M.pdf  

 

2.  ⌐ ∫√  

2.1 ⌐⅔↑╢  

≢│ ─ ─ ╩ ∆╢⌐№√╡ ─ ╩ ⇔≡ ℮  

ᵑ з [1]  

ᵒ к ה ┘ [2]  

ᵓ 19 11 [3]  

ᵔ ᵙ [4]  

ᵕ ה  к [5]  

ᵖ ה  л [6]  

ᵗ   [з] [7]  

ᵘ ⌐ ≠ↄ ה ─ ⌐ ∆╢ [8]  
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2.2 ⌐≈™≡ 

꜠ⱬꜟ 1 │ ─ ⌐ ∆╢

⅜ ™ ≢№╡ ⌐╟╢ ─

≢ ↕╣≡™√ ─꜠ⱬꜟ╩ ∆╢╟℮⌐

╘╠╣≡™╢  

꜠ⱬꜟ 2 │ ⌐⅔™≡ ⅛╠

⌐╦√∫≡ ⅎ╠╣╢ ─ ↕╩ ≈

≤⇔≡ ⅜ ™ⱪ꜠כ♩ ─ ⌂

╩ ⇔√꜠ⱬꜟ 2-1 ≤ ⅜ ╘≡ ™

ⱴ◓♬♅ꜙכ♪ 7 ─ ╩ ⇔√꜠ⱬꜟ

2-2 ─ 2 ⅜ ↕╣≡™╢  

↓↓≢ ꜠ⱬꜟ 2-1 │ ⅝⌂ ⅜

⇔≡ ∆╢ ≢№╡ ꜠ⱬꜟ 2-2 │

│ ™⅜ ─ ⌐ ⇔≡ ⌂

╩ ╓∆ ⌐⅔™≡ ╘≡ ⅝⌂ ╩ ∆╢

≢№╢ ─ │꜠ⱬꜟ 2-1

│꜠ⱬꜟ 2-2 ⌐ ↕╣

╢ ∕╣∙╣─ ─ ─ ╩ -2.1⌐

⇔√ ⌐ ™╢ ─ │

─ ≤ з й ╩ ™≡ ∆

╢ ↕╣√ ⌐

╩ ∂≡ ╩ ∫√ ⅜

≢ ™╢ ≤⌂╢  

√∞⇔ ꜠ⱬꜟ 2 ⌐≈™≡│

⌐╟╡ ─

╩ ⇔√ ≢─ ─ ⅜ ╘╠╣

↓─ ╙ ↕╣≡⅝≡™╢ ∕↓≢ ↓╣╠ ─

⌐ ≠™≡꜠ⱬꜟ 2 ─ ╩ ⇔≡╙

™≤↕╣≡™╢ ≤ ─ ≢ ⌂╢

⅜ ↕╣√ ⌐│ ⅝⌂ ╩ ⇔≡

─ ╩ ℮─⅜ ≢№╢  

⌂⅔ ─ │ ─ ⅝™ ⅜ ↓╢

⅜ ™ ⌐⅔™≡ ∆═⅝ ⌂ ≤⇔

≡ ╘╠╣≡™╢ ∫≡ ↓╣⌐ ⇔⌂™ ⌐⅔

™≡│ ╩ 1.0

0.85 0.7 ⌐╟∫≡ ⇔≡™

╢ ↓─╟℮⌐⇔√ │ ─ ⌂™

⌐⅔™≡ ─ ™ ≤ ─ ╩

™╢↓≤│ ≢⌂™√╘≢№╢

(a)꜠ⱬꜟ 1  

(c)꜠ ⱬꜟ 2-2  

(b)꜠ⱬꜟ 2-1  

-2.1 ─ ([1]╟╡ ) 



 

 

4 

 

2.3 ⌐≈™≡ 

≤ ─ ─ ╩ ↑√

─ ─ ╖ ╦∑╩ -2.1⌐ ∆  

꜠ⱬꜟ 1 ⌐ ∆╢ │ ─

≤ ⌐ ⌐⅔™≡╙ ─√╘─ ╩

∑∏ ≤ ∂ ╩ ∆╢↓≤⅜≢⅝╢╟℮

⌐ ⌐╟∫≡ ≤⇔≡─ ╩ ⌂╦⌂™ ╩ ∆╢ ⅜№╢ ≈╕╡ ⇔⌂™↓

≤╩ ≤⇔≡™╢─≢ ⌐⅔↑╢ │ ≢ ∆╣┌ ™  

꜠ⱬꜟ 2 ⌐ ∆╢ │ 2≈№╢ 2≤⇔≡ ⌐⅔™≡╙ ≤⇔≡

─ ╩ ∆╢ ≤ 3≤⇔≡ ⌐╟╢ ⅜ ⌂╙─⌐≤≥╕╡ ≤⇔≡─

─ ⅜ ╛⅛⌐ ™ ╢ ─ 2≈≢№╡ ─ ⌐╟∫≡ ∆╢ ╣⌐⇔≡╙

─ ╩ ⇔≡™╢ ↓╣│ ⌐⅔↑╢ ⌐⅔™≡ ⅜ ⅝╢ ⌐│ ∕

╣╩ ⌐ ⇔ ∆╢ ⅜№╢↓≤╩ ⇔≡™╢ ╟∫≡ │ ≢ ℮↓≤

⌐⌂╢ ↓─ ⅜ ≤─ ⅝⌂ ≢№╢  

⌐⅔™≡ │ ( )⌐╟╢╙─ ( )⌐╟╢╙─

( ⱪכꜞ◒ )⌐╟╢╙── 3 ≈⅜№╢[14] ≥─ ⅜ RC ≢№╢↓≤╩ ∆╢≤

─ │ ╩ ⇔≡™╢≤ ⅎ╠╣╢ ╕√ [4]≢│ M-ɫ ╩ ™≡

╩ ∆╢↓≤⅜ ↕╣≡™╢ M-ɫ │ ─ → ╩ ⇔ ╕√ ╩ ⇔√

≢№╢ [9] [10] [11]  

 

3.  ─  

3. 1  

─ ⌐≈™≡ ⌐ ╩ ∆ ⌂⅔

⌐≈™≡│₈4. ─ ₉⌐

─ ╩ ⇔ ╩ ⅎ╢ ╕√ ─ⱨ꜡כ╩

-3.1⌐ ∆  

꜠ⱬꜟ 1 ⌐ ∆╢  

1.  

─ ╩ ∆╢√╘⌐ ─

╩ ℮ ╩ ℮ ⌐ ⌐

─ ⌐ ⇔≡™╢

⅛╠─ ♩כ◕ ≤ ↓╣

╠─ ─ ╩ ℮  

2.⸗♦ꜟ  

⸗♦ꜟ ⌐⅔™≡│ ─

─ ⅛╠ ╕╢

♩ⱷfiכ⸗ ╩ ⌐ ∆╢↓≤⅜ ≢№╢

⌐ ♩כ◕ ⅛╠─ ⌐≈™≡╙ ⅜

∆╢╟℮⌐⸗♦ꜟ ∆╢↓≤⅜ ≢№╢ -3.1(a) ⱨ꜡כ  

ה ─ (з й )

ה

ה

ה

ה ⌐╟╢

♩כ◕ה

ה ⁷ ( )

ה ( )

L1ה ─ ( )

ⱬꜟ1꜠ה ─ ( 0.1)

ה ─

×1.5

1.

2.⸗♦ꜟ

3.

5.

6.

4. ─

-2.1 ≤  

꜠ⱬꜟ

꜠ⱬꜟ1 1 ≡─ ⅜ ∆╢⁹

꜠ⱬꜟ2-1

꜠ⱬꜟ2-2
2 │3

│ ─
⌐╟∫≡ ∆╢⁹
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3.  

[2]≢│ ⌂ ≢ ∆╢ ╙ ↕╣≡™╢⅜ ─ ╩ ™≡ ∆╢ ⅜ ≢№╢

⌐≈™≡│ ⱷfiכꜝ ≤⇔≡ ╩ ⇔ ⌐≈™≡│ ╩ ╡

⇔≡ ∟ ≤⇔≡ ╩ ℮ ↓─ 2 ─ ─ │ ⅜ ∆╢ ↓─

─ ≢│ ─ ⌂╢ ≡╩ ╡ ⇔≡ ⸗♦ꜟ╩ ⇔ ∕╣∙╣─ ╩ ℮  

4. ─  

₈1. ₉≢ ⇔√ ≤₈3. ₉≢ ⇔√ ╩ -2.1(a)⌐ ╠⇔ ╦

∑ ─ ╩ ╘╢ ↓─ ⌐ ╩ ∂≡ ╩ ∆╢ √∞⇔ ─

⅜ 0.1╩ ╢ │ 0.1≤∆╢  

5.  

│ ⌐╟╢ ⌐╟╡ ℮₈4. ─ ₉≢ ╠╣√ ╩ ≤⇔≡

↕∑≡ ╩ ⇔ ─ ╩ ∆╢ ─ ≢│ ─ ∆╢

╩ ⅎ≡ ☻כ◔2 ☻כ◔ 1 Ҝ ☻כ◔ 2 Ҝ ─ ╩ ∆╢  

6.  

₈5. ₉≢ ⇔√ ⌐ ⇔≡ ⌐⅔↑╢ ─ ◖fi◒ꜞכ♩─

∑╪ ╩ ⇔ ─ 1.5 ╩ ⇔√ ≤ ╩ ℮  

 

꜠ⱬꜟ 2 ⌐ ∆╢  

7.⸗♦ꜟ  

₈2.⸗♦ꜟ ₉≢ ⇔√ ⸗♦ꜟ⌐ ⇔≡

─ → ╩ M-ɫ ≤⇔≡ ◖fi◒ꜞכ♩─

╩ ⇔√⸗♦ꜟ╩ ∆╢  

↓↓≢ ⅜ 1 №╢ M-ɫ ╩ ∆╢≤

⅝⌐ ⅜ ╩ √⇔ ╩ ╘

╢ ⌐│ ╘⌂™ ≤ ⇔≡ ≢

↕╣√◖fi◒ꜞכ♩─ ⅜ ∆╢↓≤ ◖fi◒

⅜♩כꜞ ⌐ ∆╢ ─└∏╖╛ └∏

╖⅜ ⅝ↄ⌂╢↓≤╩ ≢⅝╢ ⌐ └∏╖

⌐≈™≡│ ꜠ⱬꜟ 2-1 ≤꜠ⱬꜟ 2-2 ≢

│ ⅜ ⌂╢ ╟∫≡ ╩ ╘╢

⌐│ M-ɫ ─ ⌂╢ 2≈─ ⸗♦ꜟ╩ ∆

╢ ⅜№╢[6]  

8.  

꜠ⱬꜟ 2 ⌐ ∆╢ │ ─

╩ ™≡ ∆╢ ↓↓≢ ≤│ ─

→ ⌐╟╢ ─ ╩™™ ─

≤ ─ ⌐╟╡ ╘╢ -3.2 ꜠ⱬ

ꜟ 1 ─ ≢ ™√ ⌐ ═ ↕™

≤⌂╢─≢ │ ↄ⌂╢ -3.1(b) ⱨ꜡כ  

ה ⁷ ( M-ɫ )

ה ( M-ɫ )

) ─ ╩ ╘╢ │⁸

⁷ L2-1≤L2-2≢ ⌂╢⸗♦ꜟ≤⌂╢⁹

ה ( )

ה ─ ( →or∑╪ )

╪∑ה ≤∑╪ ─

)L2-1≤L2-2≢∑╪ │ ⌂╢⁹

כⱣכ○ꜙ◦♇ⱪה ─ ╩

ⱬꜟ2-1꜠ה ─ ( 0.4×cz)

ⱬꜟ2-2꜠ה ─ ( 0.6×cz)

ה ─

ה ─

9.ⱪ♇◦ꜙ○כⱣכ

11.

12. ─

13.

10. ─

7.⸗♦ꜟ

8.
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9.ⱪ♇◦ꜙ○כⱣכ  

╩ ⇔√ ⸗♦ꜟ⌐ ⇔≡ ╩

≤⇔≡─ ╩ ⅎ╢╕≢ ↕∑ ╩

∆╢ ↓↓≢ ≤⇔≡─ ≤│ №╢ ⅜ⱥ

fi☺╩ ⅎ√≤⅝≢│⌂ↄ №ↄ╕≢ ╩ ≢

ⅎ ⱥfi☺ ⅜ ⇔ ⅜ ≤⇔≡

╩ ⌂ↄ⌂╢╕≢╩ ∆  

10. ─  

≤⇔≡─ ⌐ ⌐ ⇔√∑╪ ≤

∑╪ ╩ ⇔ ─ ╩ ℮ │

→ → ⅛╠∑╪

∑╪ ─ 3 ≈≤↕╣≡™╢[6] ↓↓≢─

≢│ ╩≈↑╢─≢│⌂ↄ ↓─ ─ ⌐⅔↑

╢ ╩ ╘╢√╘⌐ ∆╢╙─≢№╢

11. ─  

₈9.ⱪ♇◦ꜙ○כⱣכ ₉≢ ╠╣√ əy əu╩ ™≡ ─ ɡɖ

╩ ∆╢ (1) ∕─ ─ ɖ│ 2 │ 3 ꜠ⱬꜟ 2-1

│꜠ⱬꜟ 2-2 ⌐╟∫≡ ⌂╢ -3.1 ⇔√ ╩ ™≡

sc ╩ ∆╢ (2) ⌂⅔ sc ╩ ╢─│₈10. ─ ₉≢ → ≤⌂∫√

∞↑≢№╢ ∕─ ─ ≤⌂∫√ │ cs╩ 1.0≤⇔≡ ℮  

y

yu

ad

dd
ma

-
+=1  ............................................................................................ 1  

12

1

-
=

am
sc  ............................................................................................... 2  

12. ─  

꜠ⱬꜟ 2-1 ─ │ ₈1. ₉≢ ⇔√ ≤₈8. ₉≢ ⇔√

╩ -2.1(b)⌐ ╠⇔ ╦∑ ─ ╩ ╘╢ ↓─ ⌐ zc ╩ ∂√ 0.3

╩ ╢ │ 0.3≤∆╢ ⌐ sc ╩ ∂≡ ╩ ∆╢ 0.4⌐ zc ╩ ∂√ ╟╡ ↕ↄ⌂╢

│ 0.4⌐ zc ╩ ∂√ ╩ ≤∆╢  

꜠ⱬꜟ 2-2 ─ │ ─ -2.1(b)╩ -2.1(c)⌐ 0.3╩ 0.6≤ ╖ ⅎ╢

13.  

₈12. ─ ₉≢ ╕∫√ ⌐╟∫≡ ╕╢ ≤₈9.ⱪ♇◦ꜙ○כⱣכ ₉≢

╘√ ─ ─ ╩ ℮ ⌐ ─ ≤ ─ ╩

℮ ↓↓≢ 2≤ 3─ ⅝⌂ ≤⇔≡ ⅜ →╠╣╢ 3≢

│ ⅛╠ ─ ─ ╕≢─ ↕─ 1/100╩ ≤⇔≡™╢─⌐ ⇔≡

2≢│ ─♩כ◕ ⅛╠ ↕╣╢ ≤↕╣≡™╢ ↓╣│ 2≢│

╙ ╩ ∆╢ ⅜№╢√╘≢№╢  

 

-3.2 ─  

-3.1 ɖ  

꜠ⱬꜟ
2-1

꜠ⱬꜟ
2-2

2 3.0 1.5

3 2.4 1.2
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3. 2  

─ ⌐≈™≡ ⌐ ╩ ∆ ⌂⅔

⌐≈™≡│₈5. ─ ₉⌐

─ ╩ ⇔ ╩ ⅎ╢ ╕√ ─ⱨ꜡כ╩

-3.3⌐ ∆ ≤ ™ ─ ⌐ ∫

√ │꜠ⱬꜟ 2 ⌐≈™≡∞↑ ⅎ┌

™ ⌂⅔ ≢ ╩ ∆╢⅜ ∕

─ ⇔⌂™≤ ↕╣√ │ ─

│ ≤⌂╢ ↓╣│ ⇔⌂↑╣┌ ─ ⅜

↕™√╘ ⌐ ∆╢ ⅜ ↕ↄ⌂╢√╘≢

№╢  

꜠ⱬꜟ 2 ⌐ ∆╢  

1.  

─ ─ ╩ ℮  

2. ─  

⇔√ ⌐⅔↑╢ ─

╩ ∆╢ ─ ⌐ ∆╢ ─

─ ╩ ℮  

⌂⅔ ≤│ ─ ╩ ⇔√

─ ⸗♦ꜟ╩ ™ ⌐╟╢

╩ ∆╢╙─≢№╢ ╕√ │ ⌐⅔↑╢ ⌐ ℮ ─ ⌐╟╢

⅔╟┘ ⌐⅔↑╢ ─ ─ ⌐ ℮ ⌐╟╢ ─ ╩ ⇔≡ ╘╢  

3.⸗♦ꜟ  

─⸗♦ꜟ │ → ╩ ◖fi◒ꜞכ♩─ ╩ ⇔√ M-ɫ ≤⇔

≤ ⌐ ─ ╩ ⌐ ⇔ ⅜№╢ │ ─ ╙

⇔≡ ℮  

ⱣⱠ│ 2 ∆╢ 1≈│ ─ ╩ ≤⇔√ⱣⱠ≢ ⅝─ ╩

⅝─ ╩ ≤⇔√Ᵽ▬ꜞ♬▪ ─ ⱣⱠ≤∆╢ ╙℮ 1≈│

─∑╪ ╩ ≤⇔√ⱣⱠ≢ ╩ ≤⇔√Ᵽ▬ꜞ♬▪ ─ ⱣⱠ≤

∆╢  

4.  

│ ⌐╟╢ ⌐╟╡ ℮ ≢ ╠╣√ ─ ╩ ⱣⱠ╩

⇔≡ ⌐ ↕∑╢ ⱣⱠ╩ ∆↓≤≢ ⱣⱠ─ ╩ ⅎ√ │ ⌐│ ╦╠⌂

™↓≤⌐⌂╢  

5.  

₈4. ₉≢ ╠╣√ ⌐ ⇔√ ╪∑≥♩ⱷfiכ⸗→ ╩ ─ ♩ⱷfiכ⸗→

⅔╟┘ ∑╪ ≤ ∆╢ ⌐≈™≡│ ≢ ╠╣√ ⅛╠

╩ ⇔ ─ ≢№╢ ≤ ╩ ℮  

-3.3 ⱨ꜡כ  

ה ─ (з й )

ה

ה

ה ╟╡ ─

⁷L2-1 ≤L2-2 ☻כ◔2─

ה ─

ה ⌐ ∆╢ ─

ה ⁷ (M-ɫ )

ⱣⱠה ╩ ∫√ ─ ⱣⱠ

ה ⌐╟╢

ה → →

ה ∑╪ ∑╪

ה

2. ─

3.⸗♦ꜟ

5.

1.

4.
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4. ─  

4.1  

-4.1⌐ ≢ ™√ ─ ─ ╩ ∆ ⌂⅔ ꜠ⱬꜟ 1 ⌐

⇔≡│ 1 ꜠ⱬꜟ 2 ⌐ ⇔≡│ 2≤⇔√  

 

 

♩כꜞ◒fi◖ה 24[N/mm 2] 

ה SD345 

 

 

 

 

-4.1 ─ ⅔╟┘ ─
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4. 2 ꜠ⱬꜟ 1 ⌐ ∆╢  

─꜠ⱬꜟ 1 ⌐ ∆╢ ╩₈3.2 ⌐≈™≡₉⌐ ∫≡ ℮  

 

1.  

ה и  

ה -4.2  

 

2.⸗♦ꜟ  

⸗♦ꜟ│ ⱨ꜠כⱶ⸗♦ꜟ≤⇔ -4.2⌐⸗♦ꜟ ─ ╩ ∆  

 

ה ה ꜟ♦⸗ ⸗♦ꜟ 

  

(a)⸗♦ꜟ  

 
 

 

(b)ⱨ꜠כⱶ  

 
 

 

(c) ⸗♦ꜟ▬ⱷכ☺  

-4.2 ─ ⸗♦ꜟ 

 

( ) 

 

( ) 

L  

R  
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3.  

≢│ ♁ꜟⱣכ╩ ™≡ ╩ ⇔ ─ ╩

∆╢ ⇔√ ╩ -4.1⌐ ∆  

─ ╩ √ ─ │

≢│ 2 ♪כ⸗ ≢│ 6 ♪כ⸗ ≢│ 1 ⅜♪כ⸗ 81 71 76

≢ ─ ╩ ╘≡™╢↓≤⅜ ≢⅝╢ ╟∫≡ ⇔≡™╢ ─

│ 2 ─♪כ⸗ 0.074[sec]≤⌂╢  

⌐ ─ ╩ √ ─ │ ≢│ 1 ♪כ⸗

≢│ 5 ♪כ⸗ ≢│ 2 ⅜♪כ⸗ 74 88 74 ≢ ─ ╩ ╘≡™╢─≢

⇔≡™╢ ─ │ 2 ─♪כ⸗ 0.071[sec]≤⌂╢  

 

4. ─  

-2.1(a)╩ ™≡ ─ ╩ ∆╢ ╕√ [1]⌐│ -2.1(a)⌐ ∆╢ ╙ ↕╣≡⅔

╡ │↓╣╩ ™≡ ⇔√ ⇔√ ─ ⌐ ╩ ∂≡ ╩

∆╢ ⌐ ↔≤⌐ ⇔√ ╩ ∆  

 

-4.1(a)     -4.1(b)  

 

 

 

 

 

 

 

꜠ⱬꜟ 1 ⌐ ∆╢  

ה ה   

и 0.074[sec]╟╡ 

3
1

0 427.0 Tkh =  √∞⇔ 20.00 ²hk  

179.0074.0427.0 3
1

=³=  

╟∫≡ 

20.00 =hk  

↓↓≢ 

0.1=zc ╟╡ 

0hzh kck =  

20.020.00.1 =³=hk  

и 0.071[sec]╟╡ 

3
1

0 427.0 Tkh =  √∞⇔ 20.00 ²hk  

177.0071.0427.0 3
1

=³=  

╟∫≡ 

20.00 =hk  

↓↓≢ 

0.1=zc ╟╡ 

0hzh kck =  

20.020.00.1 =³=hk  

 

 

1 0.081 0.00 0.08 -4.48 0 0 76

2 0.074 4.62 0.00 0.00 81 0 0

3 0.042 0.85 0.00 0.00 3 0 0

4 0.013 0.00 -2.02 -0.68 0 15 2

5 0.011 0.99 0.00 0.00 4 0 0

6 0.010 0.00 4.31 -0.22 0 71 0

[sec]

1 0.143 3.12 0.00 0.85 74 0 5

2 0.071 0.85 0.00 -3.12 6 0 74

3 0.013 0.00 0.00 0.00 0 0 0

4 0.013 1.13 0.00 0.31 10 0 1

5 0.010 0.00 3.40 0.00 0 88 0

6 0.006 -0.31 0.00 1.14 1 0 10

[sec]
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5.  

⇔√ ╩ ↕∑≡ ╩ ⇔√ -4.3⌐ ╩ ∆  

ה  

 

   

♩ⱷfiכ⸗→    ∑╪  

ה Ҝ  

 

   

♩ⱷfiכ⸗→    ∑╪  

ה Ҝ  

    

♩ⱷfiכ⸗→    ∑╪  

-4.3  

 

27[kN]  173[kN]  45[kNהm] 

25[kN]  129[kN]  80[kNהm] 

25[kN]  129[kN]  80[kNהm] 
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6.  

─ ≢│ ( )≢ ה♩ⱷfiכ⸗→

∑╪ ⅜ ⅝™↓≤⅜ ≢⅝╢ ╕√ ≢│ ≢ ╪∑ה♩ⱷfiכ⸗→

⅜ ≤⌂∫≡™╢ ↓╣╠─ ╩ ⇔√ ╩ 4-2⌐ ∆  

-4.2─ ╩ ™≡ ≢ ╩ ⇔ ╩ ⇔√ ╩ 4-3⌐ ∆  

⌂⅔ ⌐≈™≡│ ─ ≤⇔≡ ─ 1.5 ≤⇔√  

 

→ ∑╪

kN kNהm kN

L -84.6 -39.8 22.5

L -31.8 27.1 12.3

R -173.5 -44.7 26.6

R -120.7 38.0 16.4

4.5 26.3 -11.4

-8.7 -18.2 -77.5   

→ ∑╪

kN kNהm kN

-129.0 -79.2 24.9

→ ∑╪

kN kNהm kN

-129.0 79.2 -24.9  

 

-4.3(a)  

c ca a s sa ' s sa

N/mm
2

N/mm
2

N/mm
2

N/mm
2

N/mm
2

N/mm
2

N/mm
2

N/mm
2

L 2.46 12 OK 0.07 0.63 OK 48.29 300 OK 16.84 300 OK

L 1.44 12 OK 0.04 0.63 OK 56.64 300 OK 4.93 300 OK

R 1.94 12 OK 0.09 0.63 OK 44.29 300 OK 13.57 300 OK

R 2.07 12 OK 0.05 0.63 OK 33.01 300 OK 15.84 300 OK

0.8 12 OK 0.06 0.63 OK 47.1 300 OK 4.25 300 OK

0.59 12 OK 0.15 0.63 OK 28.05 300 OK 3.99 300 OK  

 

-4.3(b) Ҝ  

c ca a s sa ' s sa

N/mm
2

N/mm
2

N/mm
2

N/mm
2

N/mm
2

N/mm
2

N/mm
2

N/mm
2

2.13 12 OK 0.06 0.63 OK 49.81 300 OK 19.63 300 OK  

 

-4.3(c) Ҝ  

c ca a s sa ' s sa

N/mm
2

N/mm
2

N/mm
2

N/mm
2

N/mm
2

N/mm
2

N/mm
2

N/mm
2

2.37 12 OK 0.06 0.63 OK 36.62 300 OK 21.94 300 OK  

-4.2(c) ─ Ҝ  

-4.2(a) ─  -4.2(b) ─ Ҝ  
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4. 3 ꜠ⱬꜟ 2 ⌐ ∆╢  

─꜠ⱬꜟ 2 ⌐ ∆╢ ╩

₈3.2 ₉⌐ ∫≡ ℮ ⌂⅔ ≢ ≤

⇔√ │ ─ ╩ ╘╢ ≤⇔

≡ ⇔≡™╢⅜ ─√╘ ─ ╩

╕⌂™ ─ ⌐≈™≡ ╩ ⅎ╢  

 

7.⸗♦ꜟ  

─ M-ɫ ╩ -4.4 ⌐ ∆ M-ɫ │

─ ⌐╟╡ ∆╢ -4.4 │ ╩

100[kN] ≤⇔≡ ⇔≡™╢ ─ ≢│ ♁

ꜟⱣכ ≢ ╩ ⇔ ╩ ⇔

√ M-ɫ ≢ ╩ ⇔≡™╢  

─ⱴכ◒│ ─ ─ ⅛╠ ⌐ Mc ◖

fi◒ꜞכ♩ └┘ ╣ My ─

Mu ╩ ∆  

⌐⅔™≡ ╩ ⇔√ ↓─

꜠ⱬꜟ 2-1 ≤꜠ⱬꜟ 2-2 ≢│ ⌂╢

≤⌂╢ ≤ ⇔≡™⌂™ ─◓ꜝⱨ╩

∆ ⌂⅔ ⌐≈™≡│ ─ ╩

╪≢™⌂™√╘ ≡─M-ɫ ⅜ ∂⌐⌂╢  

꜠ⱬꜟ2-1 ─M-ɫ ≤꜠ⱬꜟ2-2

─ M-ɫ ╩ ∆╢≤ ╠⅛⌐ ─

⅜ ™↓≤⅜ ≢⅝╢ Mu ─ ⅜ ⅝™

╕√ ╩ ╕⌂™ │ ꜠ⱬꜟ 2-1

╟╡╙ ⅜ ™↓≤⅜ ╢  

 

8.  

꜠ⱬꜟ 1 ─ ≢ ™√ ⸗♦ꜟ

⌐⅔™≡ ─ → ╩ M-ɫ ⌐ ⇔

⌐ ─ ╩ -3.2≢ ⇔√╟℮⌂ ⌐

⇔≡ ꜠ⱬꜟ 2 ⌐ ∆╢ ╩

⇔√[6] ╩ -4.4⌐ ∆  

M-ɫ ⌐≈™≡│ ─ ≢ 3

╠╣╢↓≤╩ ⇔√ ⇔⅛⇔ 3 ⇔√╟

℮⌐ ─ │ ◖fi◒ꜞכ♩⅜

⌐ ∆╢ ─└∏╖╛ └∏╖≢ ╣╢ ╟

∫≡ ─ ╕≢│ 3 ⌐ ™⅜ ™√

╘ 3 ─ │ ∂ ≤⌂╢  

1 0.214 0.00 0.08 -4.48 0 0 76

2 0.187 4.71 0.00 0.00 84 0 0

3 0.059 0.36 0.00 0.00 0 0 0

4 0.036 0.00 -0.92 -0.67 0 3 2

5 0.024 -0.03 -0.08 -1.60 0 0 10

6 0.023 1.25 0.00 -0.04 6 0 0

[sec]

-4.4(a)  

1 0.409 3.12 0.00 0.85 74 0 6

2 0.192 -0.85 0.00 3.13 6 0 74

3 0.036 -1.12 0.00 -0.31 10 0 1

4 0.017 0.31 0.00 -1.13 1 0 10

5 0.013 0.00 0.00 0.00 0 0 0

6 0.013 0.66 0.00 0.18 3 0 0

[sec]

-4.4(b)  

-400

-200

0

200

400

-0.10 -0.05 0.00 0.05 0.10

ɫ[1/m]

M
[k

N
m

]

2-1

2-2

2

(a) ( )

-400

-200

0

200

400

-1.00 -0.50 0.00 0.50 1.00

ɫ[1/m]

M
[k

N
m

]

2-1

2-2

2

(b)

-800

-400

0

400

800

-0.10 -0.05 0.00 0.05 0.10

ɫ[1/m]

M
[k

N
m

]

2-1

2-2

2

(c) ( )

-4.4 ⌐ ™√M-ɫ  
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9.ⱪ♇◦ꜙ○כⱣכ  

M-ɫ ─ ™⌐╟╢ כⱣכ○ꜙ◦♇ⱪ─☻כ◔3 ─ ╩ -4.5⌐ ∆ │ ─

│ ≢№╡ ◓ꜝⱨ─ ─ ⅜ ≤⇔≡ ╩ ⅎ√ ≢№╢  

≡─◓ꜝⱨ≢ ∆╢ ≤⇔≡ ⅜ 10[mm] ─ ⌐ ╩ ⅎ≡™╢ ↓↓╕≢─

│ 3⸗♦ꜟ≢ ∂≢№╢ ∕─ ╩ ⅎ╢╕≢─ ⌐ ⅝⌂ ⅜ ∂≡™╢  

─ ≢│ -4.6⌐ ∆╟℮⌐ ⌐ ─ ⅜ⱥfi☺╩ ⅎ ∕─

─ ─ ─ ─ ≢ⱥfi☺╩ ⅎ 4 ⌐ⱥfi☺⅜ ↕╣√

↓↓≢ ⌐≈™≡ ─ ≢│ ─ ╣⅛ 4 ⌐ⱥfi☺⅜ ↕╣

√ ╩ ≤⇔≡─ ≤⇔√ ─ ≢│ ≢ ╩ ⅎ√ ╩

≤⇔≡─ ≤⇔√  

 

1≈ ─ ⱥfi☺  

 

(1≈ ) 

 

 

 

2≈ ─ ⱥfi☺  

 

 

 

 

3≈ ─ ⱥfi☺  

 

 

 

 

4≈ ─ ⱥfi☺  

 

(2≈ ) 

 

 

β ⅜ⱥfi☺ ╩ ∆  

 

 
-4.6  

0.0

0.5

1.0

1.5

2.0

0 50 100 150

[mm]

[-
]

L2-1

L2-2

L2

0.0

0.5

1.0

1.5

2.0

0 200 400 600

[mm]

[-
]

L2-1

L2-2

L2

0.0

0.5

1.0

1.5

2.0

0 200 400 600

[mm]

[-
]

L2-1

L2-2

L2

(a)  

(b) Ҝ  

-4.5 ⱪ♇◦ꜙ○כⱣכ  

(c) Ҝ  
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10. ─  

ⱪ♇◦ꜙ○כⱣכ ≢ ╠╣√ ─ ─∑╪ ≤∑╪ ╩ ⇔ ─

─ ╩ ∫√[6] ─ ≢│ ≢ ─ ╩ ∫

√ ꜠ⱬꜟ 1 ≢ ⇔√ ─ ≢│ ─╖≢ ─ ╩ ∫√

꜠ⱬꜟ 1 ≢ ⇔√ ╩ 4-5 ⌐ ∆ ─☻כ◔─≡ ≡─ ≢ →

⌐⌂╢↓≤⅜ ≢⅝╢ ⌂⇔─ │ⱪ♇◦ꜙ○כⱣכ ─ ⅜ ⌂╢─≢ -4.5

─ ≤│ ⌂╢ ⌐≈™≡│ ─ ≢ ∆╢  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

-4.5(a) ꜠ⱬꜟ 2-1  ─  

[ kN ] [ kN ] [ kN ] [ kN ] [ - ] [ - ] [ - ]

L 184.3 78.2 212.9 291.1 343.2 0.63 0.54 →

L 90.8 78.2 212.9 291.1 343.2 0.31 0.26 →

R 189.9 78.2 212.9 291.1 343.2 0.65 0.55 →

R 96.0 78.2 212.9 291.1 343.2 0.33 0.28 →

1 366.4 110.7 322.3 433.0 506.8 0.85 0.72 →

2 432.2 110.7 322.3 433.0 506.8 1.00 0.85 →

∑╪
P

[ kN ]

Sc P/Ps

∑╪

P/Ps0PsSs Ps0

-4.5(b) ꜠ⱬꜟ 2-1  ─  

[ kN ] [ kN ] [ kN ] [ kN ] [ - ] [ - ] [ - ]

Ҝ 167.4 95.2 496.7 591.9 655.4 0.28 0.26 →

Ҝ 208.0 95.2 496.7 591.9 655.4 0.35 0.32 →

P/Ps0PsSs Ps0
∑╪

P

[ kN ]

Sc P/Ps

∑╪

-4.5(c) ꜠ⱬꜟ 2-2  ─  

[ kN ] [ kN ] [ kN ] [ kN ] [ - ] [ - ] [ - ]

L 184.0 104.3 212.9 317.2 343.2 0.58 0.54 →

L 89.0 104.3 212.9 317.2 343.2 0.28 0.26 →

R 189.6 104.3 212.9 317.2 343.2 0.60 0.55 →

R 95.4 104.3 212.9 317.2 343.2 0.30 0.28 →

1 366.4 147.6 322.3 469.9 506.8 0.78 0.72 →

2 430.7 147.6 322.3 469.9 506.8 0.92 0.85 →

Sc Ss Ps Ps0 P/Ps0P/Ps
∑╪

P

[ kN ]

∑╪

-4.5(d) ꜠ⱬꜟ 2-2  ─  

[ kN ] [ kN ] [ kN ] [ kN ] [ - ] [ - ] [ - ]

Ҝ 167.4 127.0 496.7 623.7 655.4 0.27 0.26 →

Ҝ 208.0 95.2 496.7 591.9 655.4 0.35 0.32 →

P/Ps
∑╪

P

[ kN ]

∑╪

Sc Ss Ps Ps0 P/Ps0
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11. ─  

─ ╩ -4.6⌐ ∆ ↓↓≢ ─ ⅜ │∑╪

≤⌂∫√ │ ╩ 1.0≤∆╢↓≤⅜[6]⌐ ↕╣≡™╢

│ ≡─ ≢ → ≤⌂∫√↓≤╟╡

╩ ∆╢ ⅜№╢ ꜠ⱬꜟ

2-1 ≤꜠ⱬꜟ 2-2 ─ əu ╩

∆╢≤ ꜠ⱬꜟ 2-2 ─ əu ─

╒℮⅜ ⅝™ ≤⌂∫≡™╢ ∕─

│꜠ⱬꜟ 2-2 ─╒℮⅜ ↕™ ⌐⌂

╢ ⌂⇔─ ─ ⅜ ⌂╢─≢

-4.6≤│ ⌂╢ ≤⌂╢ │ ─ ≢

∆╢  

 

12. ─  

-2.1(b) (c)╩ ™≡ ─ ╩ ∆╢

╕√ [1]⌐│ -2.1(b) (c)⌐ ∆╢ ╙ ↕

╣≡⅔╡ │↓╣╩ ™≡ ⇔√ ⇔√

─ ⌐

╩ ∂≡ ╩ ∆╢ ⌐ ↔≤

↔≤⌐ ⇔√ ╩ ∆ ⌂⇔─

─ ⅜ ⌂╢─≢ │ ─ ≤ ⌂

╢ │ ─ ≢ ∆╢  

 

꜠ⱬꜟ 2-1 ⌐ ∆╢  

ה ה   

и 0.187[sec]╟╡ 

85.010=hk  

0.1=zc  

╟∫≡  3.085.010 >=³ zh ck  

↓↓≢ 

49.0=sc  

 

101 hzsh kcck =  

4.042.085.00.149.01 >=³³=hk  

и 0.192[sec]╟╡ 

85.010=hk  

0.1=zc  

╟∫≡  3.085.010 >=³ zh ck  

↓↓≢ 

31.0=sac Ҝ  

39.0=sbc Ҝ  

101 hzsh kcck =  

26.085.00.131.01 =³³=ahk  

33.085.00.139.01 =³³=bhk  

0.4╩ ╢↓≤╟╡ 

40.00.140.01 =³=ahk Ҝ  

40.00.140.01 =³=bhk Ҝ  

-4.6(a) cs─  

-4.6(b) cs─  Ҝ  

-4.6(c) cs─  Ҝ  

꜠ⱬꜟ2-1 ꜠ⱬꜟ2-2

→ →

ky0 1.329 1.329

əy0(mm) 8.6 8.6

khu 1.843 1.994

əu(mm) 66.8 112.7

əy(mm) 11.7 11.7

ɖ 3.0 1.5

ɡa 2.576 6.742

Cs 0.49 0.28

꜠ⱬꜟ2-1 ꜠ⱬꜟ2-2

→ →

ky0 0.949 0.949

əy0(mm) 7.8 7.8

khu 1.345 1.345

əu(mm) 168.9 373.0

əy(mm) 11.0 11.0

ɖ 3.0 1.5

ɡa 5.770 22.875

Cs 0.31 0.15

꜠ⱬꜟ2-1 ꜠ⱬꜟ2-2

→ →

ky0 1.264 1.264

əy0(mm) 10.0 10.0

khu 1.672 1.672

əu(mm) 120.7 249.0

əy(mm) 13.2 13.2

ɖ 3.0 1.5

ɡa 3.714 12.899

Cs 0.39 0.20
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꜠ⱬꜟ 2-2 ⌐ ∆╢  

ה ה   

и 0.187[sec]╟╡ 

3
2

20 22.3 Tkh =  

053.1187.022.3 3
2

=³=  

0.1=zc  

╟∫≡  6.0053.120 >=³ zh ck  

↓↓≢ 

28.0=sc  

 

202 hzsh kcck =  

29.0053.10.128.02 =³³=hk  

 

0.4╩ ╢↓≤╟╡ 

40.00.140.02 =³=hk  

 

и 0.192[sec]╟╡ 

3
2

20 22.3 Tkh =  

072.1192.022.3 3
2

=³=  

0.1=zc  

╟∫≡  6.0072.120 >=³ zh ck  

↓↓≢ 

15.0=sac Ҝ  

20.0=sbc Ҝ  

202 hzsh kcck =  

16.0072.10.115.02 =³³=ahk  

21.0072.10.120.02 =³³=bhk  

0.4╩ ╢↓≤╟╡ 

40.00.140.02 =³=ahk Ҝ  

40.00.140.02 =³=bhk Ҝ  

 

13.  

⌐≈™≡  

╩ -4.7⌐ ∆ ꜠ⱬꜟ 2-1 ꜠

ⱬꜟ 2-2 ⌐ ⱪ♇◦ꜙ○כⱣכ ≢

⇔√ ⅜ ⅛╠ ⇔√

╩ ⅝ↄ ∫≡™╢↓≤⅜ ╢

⌂⇔─ ─ ⅜ ⌂╢─≢

-4.7≤│ ⌂╢ ≤⌂╢ │ ─ ≢

∆╢  

 

 

 

 

 

 

 

 

 

 

 

-4.7(a)  

꜠ⱬꜟ2-1 ꜠ⱬꜟ2-2

→ →

khc 0.42 0.40

khu 1.843 1.994

Pa(kN) 373.4 403.9

Wu(kN) 147.0 147.0

Wp(kN) 111.1 111.1

cp 0.5 0.5

W(kN) 202.5 202.5

khc×W 85.1 81.0

P(kN) 85.1 81.0

P < Pa

O.K.

P < Pa

O.K.

-4.7(b)  Ҝ  
꜠ⱬꜟ2-1 ꜠ⱬꜟ2-2

→ →

khc 0.40 0.40

khu 1.345 1.345

Pa(kN) 235.0 235.0

Wu(kN) 147.0 147.0

Wp(kN) 55.6 55.6

cp 0.5 0.5

W(kN) 174.7 174.7

khc×W 69.9 69.9

P(kN) 69.9 69.9

P < Pa

O.K.

P < Pa

O.K.

꜠ⱬꜟ2-1 ꜠ⱬꜟ2-2

→ →

khc 0.40 0.40

khu 1.672 1.672

Pa(kN) 292.2 292.2

Wu(kN) 147.0 147.0

Wp(kN) 55.6 55.6

cp 0.5 0.5

W(kN) 174.7 174.7

khc×W 69.9 69.9

P(kN) 69.9 69.9

P < Pa

O.K.

P < Pa

O.K.

-4.7(c)  Ҝ  
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⌐≈™≡  

╩ -4.8⌐ ∆ ꜠ⱬꜟ 2-1 ꜠ⱬꜟ 2-2 ⌐ ⅜

≤⌂∫≡™╢↓≤⅜ ≢⅝╢ ─əra1│◕כ♩─ ⅛╠ ↕╣╢ ≢№╢⅜ -4.7

⌐ ⇔√ ─ ─♩כꜟ≢ ⅜ ─ ⌐⌂

∫√√╘ ≤⇔√ ↓─ ╡ ™⌐≈™≡│

[3]⌐ ⅜ ↕╣≡™╢ ╟∫≡ ≢│

↕─ 1/100╩ ≤⇔≡ ╩ ⇔√

⌂⇔─ ─ ⅜ ⌂╢─≢

-4.8≤│ ⌂╢ ≤⌂╢ │ ─ ≢

∆╢  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

─♩כ◕ 4.7- ╩ →⌂™ ─ [2]╟╡  

-4.8(b)  Ҝ  

-4.8(a)  

-4.8(c)  Ҝ  

꜠ⱬꜟ2-1 ꜠ⱬꜟ2-2

→ →

0.850 1.054

ɡr 0.731 0.764

əy(mm) 11.7 11.7

ər a1(mm)

əra2(mm) 43.5 43.5

əra(mm) 43.5 43.5

ər (mm) 0.0 0.0

ȃ < ȃra 

 O.K.

ȃ < ȃra 

 O.K.

czהkhc0

( 2- 1: 0. 3⁸2- 2: 0. 6)

꜠ⱬꜟ2-1 ꜠ⱬꜟ2-2

→ →

0.850 1.073

ɡr 0.816 0.899

əy(mm) 11.0 11.0

ər a1(mm)

əra2(mm) 43.5 43.5

əra(mm) 43.5 43.5

əRa(mm) 0.0 0.0

ȃ < ȃra 

 O.K.

ȃ < ȃra 

 O.K.

czהkhc0

( 2- 1: 0. 3⁸2- 2: 0. 6)

꜠ⱬꜟ2-1 ꜠ⱬꜟ2-2

→ →

0.850 1.073

ɡr 0.754 0.821

əy(mm) 13.2 13.2

ər a1(mm)

əra2(mm) 43.5 43.5

əra(mm) 43.5 43.5

əRa(mm) 0.0 0.0

ȃ < ȃra 

 O.K.

ȃ < ȃra 

 O.K.

czהkhc0

( 2- 1: 0. 3⁸2- 2: 0. 6)
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5. ─  

5.1   

-5.1⌐ ≢ ™√ ─ ╩ ∆ -5.1⌐ ⇔√ ─ ╩ ∆ -5.1─℮∟

₈ ∆╢ ⇔⌂™₉⌐≈™≡│ ⇔√ ╩ ℮ ⌐[6]⌐ ∫≡ ⇔√

─ ╩ ∆ ⌂⅔ ─ ∆╢ ⅜№╢√╘ ─ ─ │ ≤⌂

╢ -5.2⌐│ ─ ⅔╟┘ ╩ ∆ ꜠ⱬꜟ 2 ⌐ ⇔≡│ 2≤⇔√  

 

♩כꜞ◒fi◖ה 24[N/mm 2] 

ה SD345 

 

-5.1  

 

-5.1  

 

 

 

 

 

 

 

 

 

 

5-2 ─ ⅔╟┘

☻Ɽfi 1( ) ☻Ɽfi 1( ) ☻Ɽfi 2 ☻Ɽfi 3 

, 

( ) ( ) 

N ɔ ů'v Ŭ ɜ G C ű

(m) (kN/m3) (kN/m2) (kN/m2) (kN/m2) (kN/m2)

B MC/DP 4.86 5.0 18.6 45.2 14000 0.333 5251 0 30.6
Ac1 MC/DP 1.00 7.0 18.0 99.4 19600 0.333 7352 42 0.0
As1 MC/DP 1.75 15.0 18.0 119.1 42000 0.333 15754 0 33.5
Ag1 MC/DP 0.80 12.0 18.0 130.5 33600 0.333 12603 0 32.1
Ac2 MC/DP 1.75 6.0 19.0 142.9 16800 0.333 6302 36 0.0
As2 MC/DP 1.05 15.0 18.0 156.4 42000 0.333 15754 0 32.6
Ac3 MC/DP 1.05 5.0 19.0 166.3 14000 0.333 5251 30 0.0
As3 MC/DP 1.45 10.0 18.0 178.1 28000 0.333 10503 0 30.2
Ac4 MC/DP 1.65 9.0 19.0 192.9 25200 0.333 9452 54 0.0
As4 MC/DP 6.05 43.0 19.0 231.4 120400 0.333 45161 0 36.3
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5. 2 ꜠ⱬꜟ 2 ⌐ ∆╢  

─꜠ⱬꜟ 2 ⌐ ∆╢ ╩₈3.2 ₉⌐ ∫≡ ℮  

1.  

ה и  

ה -5.3 ─ ⌐≈™≡│ ⇔√ ╟╡  

ה ─ 5.0[cm] 10.0[cm] 

 

2. ─  

≢ ∆╢ ╩ -5.3⌐ ∆  

 

-5.3  


