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1 ה  ─  

⌐ ∆ ╩⸗♦ꜟ≤⇔≡⁸ ה ─ ╩ ∆╢⁹ 

 

1.1   

 
ủ ─ │  

к-  1- 1  

к-  1- 1  

⁷⁷⁷ ⁷⁷

A 0.05km2

ɝ0 1/3 18.4°

0 Ldy11 080m

1 Ldy11 1200m

2 Ldy12 2100m

0 Bd 0 1.0m

1 Bd 1 2.0m

2 Bd 2 3.0m

0 De 0 0.5m

1 De 1 0.8m

2 De 2 1.0m

24 P24 260mm/24hr

─ ɫ 35°

─ ɦ 11.76kN/m3 1.2t/m3

─ ɨ 25.48kN/m3 2.6t/m3

─ C* 0.6

─ Kv 0.4

⁷⁷⁷
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1.2  ─  

1.2.1   Vd  

│⁸ ─ Vdy1 ≤₈ ─ ₉⌐╟∫≡ ≢

⅝╢ Vdy2 ╩ ⇔≡ ↕™ ≤∆╢⁹ 

 

(1)  Vdy1  

│⁸ Vdy11 ≤ Vdy12 ─ ≤∆╢⁹ 

 dy12dy11dy1 VVV  

↓↓≢⁸ Vdy1  m3  

 Vdy11  m3  

 Vdy12  m3  

 

1)  Vdy11  

│⁸ ⌐╟╡ ⌐ ∆╢⁹ 

 dy11dy11dy11 LAV  

eddy11 DBA ³  

↓↓≢⁸ Vdy11   m3  

 Ady11  ─  m2  

 Ldy11  ╩ ⇔╟℮≤⇔≡™╢ ⅛╠ 1 ─

╕≢ ⌐ ∫≡ ∫√  m  

 Bd   m  

 De  ─ ↕ m  

 

 

├ǵ ה  ǶƲ֓ᶫ- 1 șȉǯǲ ὑǠȒƳ 

 

֓ᶫ- 1  Ldy11 Ȣɟɶȶᶫ 

ɛȢɱɆ 
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к-  1- 1─ ⌐⅔↑╢ ╩ ∆╢≤ ─≤⅔╡≤⌂╢⁹ 

к-  1- 2  

Bd De Ady Ldy
3

2.0 0.8 1.60 200.0 320

3.0 1.0 3.00 100.0 300

 
 

2)  Vdy12  

│⁸ ─ ╩ ⌐ ≢⅝╢ │⁸ ה ─

╛ ─ ╩ ⌐⁸ ⌂ ⁸ ⁸ ╩ ⇔⁸ ⌐ ∆╢↓≤

⅜ ⌂ │⁸0 ─ ╩ ╘√ ⌐╟╡ ∆╢⁹ 

│ ╩ ⌐ ∆╢↓≤⅜ ⌂√╘⁸0 ─ ╩ ╘√ ⌐

╟╡ ∆╢⁹ 

 ( )dy12dy12dy12 LAV ³äԇ  

eddy12 DBA ³  

↓↓≢⁸ Vdy12  m3  

 Ady12 0 ⌐⅔↑╢ ─  m2  

 Ldy12 0 ─ ⌐ ∫≡ ∫√  m  

 Bd 0 ─  m  

 De 0 ─ ─ ↕ m  

 

к-  1- 1─ ⌐⅔↑╢ ╩ ∆╢≤ ─≤⅔╡≤⌂╢⁹ 

к-  1- 3  

Bd De Ady Ldy
3

1.0 0.5 0.50 80.0 40
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3)  Vdy1  

│⁸ ≤ ─ ≤∆╢⁹ 

Ldy1 620m3 40m3 660 m3 

 

(2)  ₈ ─ ₉⌐╟∫≡ ≢⅝╢ Vdy2  

│⁸ ─ ─ PP ⌐ A ╩ ↑≡ ╩

╘⁸↓╣⌐ ─ Cd ╩ ∂≡ ∆╢⁹∕─ ⁸ K12 ╩ ∆╢⁹ 

 f2

d

d

v

P

3

dy2 K
1K1

AP10
V הה

הה
ö
ö
÷

õ
æ
æ
ç

å
 

↓↓≢⁸ Vdy2  m3  

 PP ─ ─  260 mm/24hr  

 A  0. 10 km2  

 Kv  0.4  

 Cd  

 Kf 2  

 

Cd │ ⌐╟╡ ∆╢⁹√∞⇔⁸0.3֔Cd֔0.9C*≤⇔⁸Cd 0.3 ─ │ Cd

0.3 ≤∆╢⁹ 

 
( )( )qfrs

qr

tantan

tan
Cd  

↓↓≢⁸ Cd  

 ɨ ─  2.6 t/m 3 25.48 kN/m3  

 ɦ ─  1.2 t/m 3 11.77 kN/m3  

 ɫ ─  35°  

 ɝ  1/ 3 18.4°  

 

( )
( ) ( ) ( )( )̄¯³

¯³

4.81tan35tan1.22.6

4.81tan.21
Cd 0. 78 Ҝ 0.54 0.9C  

 

0.50
0.541

0.54

0.41

0.0526010
V

3

dy2 ³ö
÷

õ
æ
ç

å
³

³³
12, 717 m3 Ҝ 13,000m3 

 

 

 

 

 

 

 

 

ї ה K f2 ǶƲ ♀ᶽ ὕ ǲḨǬǖǯ Ḣ ǵʤ╛ǵ ǯǱȑƲ0.1

şK f2ş0.5 ǯǠȒƳ 

 ( ) ( ) 0.052.0log0.050.050.052.0logA0.05K
22

f2
0.59 Ń 0.5  

ɛȢɱɆ 
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(3)  Vd  

│⁸ Vdy1 ≤ Vdy2 ╩ ⇔≡ ↕™ ≤∆

╢⁹ 

 Vdy1 660 m3   Vdy2 13, 000 m3  

⇔⁸ ⅜ 1,000m3╩ ∫≡™╢√╘⁸ │ 1,000m3≤∆╢⁹ 

 Vdy1 660 m3 ֔1,000 m3 Ҝ Vd 1,000 m3 

 

 

 

їǞǦ їᶽ ǓƲ1,000m 3̊ʤǵḹֻǲǶƲ їᶽ ș 1,000m 3ǯǠȒƳ 

ɛȢɱɆ 
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1.2.2    

│⁸ ◘fiⱪꜞfi◓ ⌐╟╡ ⇔√ ⌐

╩ ↑ ╦∑≡ ∆╢⁹ 

 ( ) wyV9.0~8.0V ה  

wy2

dy13d

wy V
100

LB
V ä³

ה
 

4

K
RHV d2

wwwy2 pההה  

↓↓≢⁸ V  m3  

Vwy  m3  

Bd ⅜ ↕╣╢  m  

Ldy13 ╩ ∆╢ ⅛╠ ─ ╕≢─ ⌐ ∫

≡ ∫√  m  

Vwy2  m3  

Hw  m  

Rw  m  

Kd  

 

(1)  ◘fiⱪꜞfi◓ ≤  

◘fiⱪꜞfi◓ ≤ ─ ╩ к-  1- 4⌐ ∆⁹ 

к-  1- 4 ◘fiⱪꜞfi◓ ≤  

No.

Hw Rw Kd Vwy2
3

1 20 0.20 0.4647 0.29

2 18 0.18 0.4714 0.22

3 20 0.20 0.4647 0.29

4 16 0.16 0.4796 0.15

5 20 0.20 0.4647 0.29

6 18 0.18 0.4714 0.22

7 18 0.18 0.4714 0.22

8 20 0.20 0.4647 0.29

9 16 0.16 0.4796 0.15

10 20 0.20 0.4647 0.29

11 24 0.24 0.4545 0.49

12 24 0.24 0.4545 0.49

13 22 0.22 0.4591 0.38

14 28 0.28 0.4470 0.77

15 20 0.20 0.4647 0.29

16 10 0.10 0.5238 0.04

17 8 0.08 0.5538 0.02

18 10 0.10 0.5238 0.04

19 8 0.08 0.5538 0.02

20 10 0.10 0.5238 0.04

wy2 5.00 
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ǵ ה ὑǲ ǋȒ Ӣ Ldy13 ǑȏǺ ͜ Rw ǶƲǤȓǥȓ֓ᶫ

- 2Ʋ֓ᶫ- 3 șḨǲ ὑǠȒƳ 

 

֓ᶫ- 2  Ӣ ǜ m L dy13  

 

֓ᶫ- 3  ͜  

ɛȢɱɆ 
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(2)  Vwy  

│⁸◘fiⱪꜞfi◓ ╩╙≤⌐ ╠╣√ ╩ ™≡ ╟╡ ∆╢⁹ 

 wy2

dy13d

wy V
100

LB
V ä³

ה
 

wyVä 4.0 20.0 15. 0  39 m3 

 

 

 

 

 

 

 

 

(3)  Vw  

│⁸ ⌐ ╩ ↑ ╦∑≡ ∆╢⁹ 

│⁸ ה ⅜ ─ ≢№╡⁸ ─ ╙ ╘╠╣⌂™√

╘⁸ ─ │ 0.85 ╩ ™╢↓≤≤⇔√⁹ 

( ) wyW V0.90.8V ה  

 0.85×39 33 m3 

 

ה  1.3  

1.3.1 ה   ─  

─ ה ─ │⁸ ⌐ ⇔√ ⁸

⌐ ⇔≡⁸ ╩ ∆╢╟℮⌐ ה ╩ ∆╢⁹ 

⌂⅔⁸ ─ ⌐│ ⌐ ⇔≡ ⅜ ⇔≡⅔╡⁸ ╩ ↕∑

√ ⌐ ╩ ↕∑╢ ⅜№╢√╘⁸ │ 0≤⇔√⁹ 

 ( )0ZYXWV  ................................ .................  1  

↓↓≢⁸ V  Vd Vw 1,0 00 33 1,0 33m3  

W  Wd Ww 0m3  

X  Xd Xw  

Y  Yd Yw  

Z  Zd Zw  

ǶƲ ה ѩǲ ὑș ǍƳ 

0  5.0
100

801.0
³

³

 
 4.0 m 3  

1  0.5
100

2002.0
³

³

 
20.0 m 3  

2  5.0
100

1003.0
³

³

 
15.0 m 3  

ɛȢɱɆ 
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1.3.2 ה   ─  

│⁸ ⌐⅔™≡ ה ⅜ ─ ≢№╢√╘⁸₈ ה

₉╩ ⇔≡ ה ─ ╩ ℮↓≤≤∆╢⁹ 

 

1.3.3 ה   ─  

 

 

к-  1- ה 2 ─  

 

ᵑ ה ⌐⅔↑╢ ─ ╩ ∆╢√╘⌐⁸ ⌐

╩ ∆╢⁹ ─ │⁸ ⅜ ⌐ ∆╢╙─≤⇔≡₈

₉≤∆╢⁹ 

 

ᵒ ⅜ 1/6.0 ≤⌂∫√ ⌐│⁸ ╩₈ ⌐╟╡ ₉∆

╢ ≤∆╢⁹ 
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1.3.4   ─ ה  

(1)  ─  

─ ─ ⌐ √∫≡│⁸ ─ ⌐ ≠ↄ ⌐╟╡

∆╢⁹ 

 

к-  1- 3 ─  

 

к-  1- 4 ─  
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1)  ─  

─ ɝn⁸ɝp │⁸ i o 1/ 3 ⌐ ⇔≡⁸ ─╟℮⌐

∆╢⁹ 

  ɝ0 1/ 3 

  
0n

2

1
qq  1/ 6 

  
pp

3

2
qq  1/ 4.5 Ҝ 1/ 6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ḭ ה ӆ ǶƲʝ ǲ ♀ὕ ǲȏȑƲᶽ ɵ ᾍ ș ǠȒ᷂ ǵ ⅛ӆ

ǵ 1/2 2/3 ΊǯǠȒƳ 

Ńʝ ǲǶƲ ⅛ӆ ǵ 2/3 ΊǯǠȒƳ 

₡₳ ה ᾍ ӆ ǶƲ ♀ὕ șȉǯǲ ⅛ӆ ǵ 1/2 Ίșʣ ǯǠȒƳ 

Ńʝ ǲǶƲ ⅛ӆ ǵ 1/2 ΊǯǠȒƳ 

 

֓ᶫ- 4  ֺ ӆ ǵȢɟɶȶ 

ɛȢɱɆŪ 

ḭ ה ӆ ǶƲ1/6 ǵӆ șʣ ǯǠȒƳ 

 

֓ᶫ- 5  ⅛Ǔלӆ ǵḹֻ 

ŃǚǵḹֻƲʥ Ḍ ḷḴǵ Ƕĝ0ĞǯǱȒƳ 

ɛȢɱɆū 
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2)  X⁸Y⁸Z ─  

─ ╩ ⌐⁸ ─ ╩ ⇔⁸ ╩ ∆╢⁹ 

↓↓≢│⁸ ─ He 8.5m≤⇔√ ─ ╩ ∆╢⁹ 

⌂⅔⁸ ⅜ ─ 1/6.0 ≤⌂╢√╘⁸ ╩ ⇔≡⁸ ╩

∆╢ ≤∆╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʥ ה Ḍ ḷḴǵ ҧ ǶƲ̊ʤǲ Ǡ ᶪșҧ ǯǠȒƳ 

ḭ șƼ ƽǠȒḹֻ  

Ū Ћ  

 

ū ̑ ǵ ǜȅǮ  

 

 

 

Ƽ ƽș ȖǱǋḹֻ  

 

 

ɛȢɱɆŪ 

ҧ   ḭ ǵ ᶪǵȆ ї Ѱ  

ҧ   ї Ѱ  

 



ₒ ₓ 

- 13 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

ủ ḷḴǵ ҧ He ǯǶĢ 

Ń ⅛ǒȐ ǠȒḷḴǵẏ ǜ Ǟ ǜ ȅǮș ҧ ǯǋǍƳ 

ḷḴǵЋ ǶƲ ҧ ǲḨ ᷂ ǿǵ Њȓ șқǏǦ ǜǯǠȒƳ 

 

֓ᶫ- 6  ḷḴ ǲ ǠȒȢɟɶȶ 

ɛȢɱɆū 

ủ ҧ ǵ ὑ  

15m ǵӴ ǵ ḷḴ ǵḹֻƲȅǡǶЋ Ǔ 15m ǵ ẎǯǱȒ ҧ ș

ὑǞƲ ї ᶽ ɵ șы ֯ ǒ ǠȒƳ 

ї Ǔы ֯ ǱḹֻǶƲ0.5mor1.0m Ӵ̬Ǯ ҧ șʤǙƲ ǯǱȒ ǜș ὑǠ

ȒƳ ї Ǔы ǮǔǱǋḹֻǶ ẎǯǱȒ ҧ ș ὑǠȒƳ 

START

END

No

Yes

Yes

No

 

֓ᶫ- 7  ҧ ǵ ὑɓɫɶ 

ɛȢɱɆŬ 
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к-  1- 5  

 

к-  1- 6  
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ḭ ה ӆ Ǔʣ ΙǯǱȐǱǋ 1/6.0 ȏȑ ǋ ḹֻǵ ǶƲ ǲḨ

Ǭǖ₳᷈ ǲȏȑ ὑǠȒƳ 

ᶽ ה ǶƲ₳᷈ ǲȏȑ їǞǦ ǒȐ ș ǋǦ

ǯǠȒƳ 

᷈₳ǶƲ ה ǲȏȑ їǞǦ ǲ ὦ șˆǟǭ їǠ

ȒƳ 

XKX ww Ö=
 

ǚǚǮƲ Xw   m3  

K w  ὦ  2  

X  m3  

2- 1  X  

∆╢ │⁸ ⅜ ─ 1/6.0 ≤⌂╢√╘⁸ │

⇔⌂™ 0 ⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2- 2  Y  

│⁸ ⌐ ≠™√ ⌐╟╡ ↕╣╢ ≢№╢⁹╕√⁸

│ ≤ ─ ≤∆╢⁹ 

 

ᵑ Yd  

│⁸ ⌐╟╡ ⇔√ ⌐╟╡ ↕╣╢ ⅛╠

╩ ™√ ≤∆╢⁹ 

ɛȢɱɆŪ 

 

ʥ Ḍ ḷḴǵ ǲᾍǠȒ ὦ K w1 ǶƲ ♀ǵ ˗͈ǲḨǬǋǭ

ȈȒȉǵǯǠȒǓƲᾍ ḢǲǑǋǭ ˗͈ǓǱǋḹֻǶƲK w1 2 ǯǞǭ ǋƳ 

ɛȢɱɆū 
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к-  1- 5 ⌐╟╢ ─  

2 2 3

No.1 0.0 92.9 46.5 0.0

No.2 17.0 35.4 64.2 1,091.0

No.3 20.0 4.5 20.0 399.0

No.3+8.0 8.0 0.0 2.3 18.0

45.0 1,500.0  

 

wd YYY -=  

 1,500 m3 30 m3 1,470 m3 

 

ᵒ Yw  

  │⁸ ─ ⁸ ⌐╟╡ ⇔√ ⌐╟╡  

 ↕╣╢ ─ 2 ≤∆╢⁹ 

 YKY ww Ö=
1

 

↓↓≢⁸ Yw  m3  

Kw1  2  

Y  m3  

 YKY ww ³=
1

 

 0.02×1, 500  30 m3 

 

2- 3  Z  

∆╢ ─ │⁸ ╩ ⇔≡™╢√╘ ⇔≡

╩ ╗⁹ 

 

 

 

 

 

 

 

 

ї ה Ѱ ǶƲ ї їᶽ Ʋ ї ș ͔Ǟ

ǭǋȒӢ ǲἭ᷀ǠȒ Ҳ֯ ⅛ḭ ᶽ Ʋ ṥ֯ ᶽ Ʋ ї șᾍ ǯ

ǠȒƳ 

ї ה Ѱ ǶƲ ᶽ ї Ѱ ǯ Ѱ ǵᴇ

ǯǠȒƳ 

ɛȢɱɆ 
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ᵑ Zd  

 │⁸ ╟╡ ⌐ ⇔√ ≤  

⅜ ╦╢ ╕≢─ L ─ ⁸ ╩ 

∆╢⁹ 

 LAZ dyd Ö= 11  

↓↓≢⁸ Zd  m3  

Ady11 ─ ╙⇔ↄ│ ─

 3.0m2  

L  m  

 LAZ dyd ³= 11  

 3.0×45.0  135 m3 

 

ᵒ Zw  

 │⁸ᵑ≤ ⌐ ╟╡ ⌐ ⇔√ ≤  

⅜ ╦╢ ╕≢─ L ─ ╩ ∆╢⁹ 

 ( ) äÖ
Ö

Ö= 2

2

100
9.08.0 wy

d

w V
LB

Z  

↓↓≢⁸ Zw  m3  

Bd2 ⌐⅔↑╢ ─ ⅜ ↕╣╢

 m  

L  m  

Vwy2  m3  

 ( ) äÖ
Ö

Ö= 2

2

100
9.08.0 wy

d

w V
LB

Z  

 0.5
100

0.450.3
85.0 ³

³
³=  

 5.74m3 Ҝ 6.0 m3 

 

3) ה  ─ ≤ ─  

ᵑ ה ─  

 ⇔√ ╩╙≤⌐⁸ ה ╩ ∆╢≤ ─ ╡≤⌂╢⁹ 

 ( )ZYXWV   0 

 1, 033 0 ( 0 0 (1, 500 165))   0 

  - 632 ֔ 0 

╟╡⁸ ∆╢ ─ ╩ ∆╢↓≤≢⁸ ─

ה ╩ ∆╢↓≤⅜≢⅝╢⁹ 
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ᵒ  

  ⇔√ ╩╙≤⌐⁸ ╩ ∆╢≤ ─ ╡≤⌂╢⁹ 

 
( )

100
1,033m

165m1,500m
100

3

33

³³ 100 161  

╟╡⁸ He 8.5m─ ─ ╩ ∆╢ ≤∆╢

↓≤≢⁸ 100 ╩ ∆╢↓≤⅜≢⅝╢⁹ 

 

ᵓ ─  

 ─ ╟╡⁸ ─ ╩He 8.5m≤∆╢↓≤≢⁸ ╩ 

∆╢↓≤⅜ ≤⌂╢√╘⁸ │ He 8.5m≤⇔≡ ∆╢⁹ 

 ⌂⅔⁸ │⁸ ╣ ╩ ⇔≡ H=11.5 m≤∆╢⁹ 

 ╣  

 8.5 m 3.0 m 

 11.5 m 
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2  ─  

1 ה   ─  

1 ─ ה ≢ ⇔√ ╩⸗♦ꜟ≤⇔≡⁸

╩ ∆╢⁹ 

 

1.1   

к-  2- 1  

⁷⁷⁷ ⁷⁷

Ⱨכ◒ Kf1 0.80

D95 0.5m

◖fi◒ꜞכ♩─ Wc 23.05kN/m3 2.35t/m3

─ Wo 11.77kN/m3 1.20t/m3 H=15.0m

ⅎ╪ ─

f 0.7

qu 588kN/m2

◖fi◒ꜞכ♩─ E1 0.1×2.6×109×9.8N/m2

◖fi◒ꜞכ♩─ⱳ▪♁fi ɢ1 0.194

─ E2 5.0×109×9.8N/m2

─ⱳ▪♁fi ɢ2 0.23

⁷⁷⁷

 

 

 

1.2  ─  

1.2.1   Ⱨכ◒ Qsp  

Ⱨכ◒ │⁸ ⌐ ≠ↄ ╟╡ ∆╢⁹ 

 Q0.01Qsp äה  

 
d

dp*

C

VC
Q

ה
ä  

↓↓≢⁸ Qsp Ⱨכ◒  m3/s  

 ӆQ  m3  

 C*  ─  0.6  

 Cd  0. 54  

 Vdp 1 ─ ⌐╟╡ ∆╢≤ ↕╣╢  (m3  
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(1)  1 ─ ⌐╟╡ ∆╢≤ ↕╣╢  

≢─ Vdp│⁸ к-  2- 1╟╡ 480m3≤⌂╢⁹ 

A 0.05km2

ⅎ╪

ⅎ╪ ≢─

⁷

Ɉ
L
2
4
0
m

L
1
1
0
0
m

L
2
1
0
0
m

L
3
4
0
m

 
 

к-  2- 1  

( )( )( ) 02061003400.51.01008.02.01001.03.0Vdp ³³³³³³ 480 m3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɵ ὑᶽ їӢ ǶƲʤᶫǲḨǬǔ ὑǠȒƳ 

 

֓ᶫ- 8  ὑᶽ їӢ ǵȢɟɶȶᶫ 

ɛȢɱɆ 
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(2)  Ⱨכ◒  

≢─ Ⱨכ◒ │⁸ ╟╡ 6.0m3/s ≤⌂╢⁹ 

0.54

8040.6

C

VC
Q

d

dp* ³
ä

ה
533 m3 

 5330.01Q0.01Qsp ³äה 5.3 m3/s  Ҝ 6.0  m3/s  

 

1.2.2   ─ Qp  

─ │⁸ ⌐ ∆ ╟╡ ∆╢⁹ 

AP
3.6

1
APK

3.6

1
Q aaf1p ההההה  

↓↓≢⁸Q  ─  m3/s  

Kf 1 Ⱨכ◒  0.8  

Pa ─  mm/h  

Pe  mm/h  

A   km2  

 

─℮∟⁸ Pa │⁸ ─ ↔≤─ ⅜№╣┌∕╣╩

⇔⁸⌂™ ⌐≈™≡│ Pe ╩ ™≡ ∆╢⁹ │ 24

╕√│ ╩ ™≡ ╟╡ ∆╢⁹ 
0.606

0.22p1

2

f1

1.21

24
e

A
60

K

K24

24

P
P

ö
ö
ö
ö

÷

õ

æ
æ
æ
æ

ç

å

ö
÷

õ
æ
ç

å

ה

ה
ה  

↓↓≢⁸P24 24  260 mm/24h  

Kp1  120  

 

(1)   

( )

( )

0.606

0.22

21.21

0.606

0.22p1

2

f1

1.21

24
e

0.05
60

120

0.824

24

260

A
60

K

K24

24

P
P

ö
ö
ö
ö

÷

õ

æ
æ
æ
æ

ç

å

³

³
³ö

÷

õ
æ
ç

å

ö
ö
ö
ö

÷

õ

æ
æ
æ
æ

ç

å

ö
÷

õ
æ
ç

å

ה

ה
ה 91.6 mm/hr  

 

(2)  ─  

0.056.91
3.6

1
AP

3.6

1
Q ep הה³³ 1.3 m3/s  Ҝ 2.0  m3/s  
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1.2.3   ─  

⇔√ ≢─ ╩ ∆╢≤ ─≤⅔╡≢№╢⁹ 

к-  2- 2  

    

Ⱨכ◒ Qsp 6.0  m3/s

─ Qp 2.0 m3/s  

 

 

 

 

 

 

 

 

 

1.3  ─ ─  

1.3.1   ─ ≤  

↓↓≢│⁸ ≤⇔≡ ™╢ ⅔╟┘ ╩ ∆╢⁹ ─ U m/s

│⁸ ─ⱴ♬fi◓ ─ ≢ ∆╢⁹ 

( )2132

m

sinD
K

1
U qהה  

↓↓≢⁸ U ─  m/s  

 Km  0.10⁸ⱨ꜡fi♩  

 Dr  ─  m⁸Dr Dd  

 ɝ  1/ 3 18.4°  

 

╕√⁸ ─ Dd │⁸ ⅔╟┘ ─ 2≈─ ╩ ↕∑≡ ∆╢⁹ 

dsp AUQ ה  

da

d

d
B

A
D  

↓↓≢⁸ Dd ─  m  

 Ad Ⱨכ◒ ─  m2  

 Bda ╣─  m  

 

ǶƲʤ ה ǲḨǬǋǭӴ̬ș ǠȒƳ 

֓ -  1  ǵӴ̬ 

   

10m3/s  ╩ → 1 m3/s ≤∆╢⁹ Q 3.2ԇ4.0 

10m3/s 100m3/s  5m3/s ╩ → 5m3/s ≤∆╢⁹ Q 52.1ԇ55  Q 55.2ԇ60 

100m3/s  10m3/s ╩ → 10m3/s ≤∆╢⁹ Q 122.1ԇ130 

 

ɛȢɱɆ 
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╩ 0.6m≤ ∆╢≤⁸ 

ה ╣─ a  

( ) )(2.46.0)0.10.1(0.3Bda mznmBd =³++=³++  

 

ה Ⱨכ◒ ─  

( ) ( )
2

1
6.02.40.3

2

1
ZBBA dadd ³³³³ 2.16 m2 

 

ה  

│⁸ ⇔√ ╟╡ ╠╣√Ad╩Bda  

 ⌐≡ ⇔√ ≤⇔≡ ╘╠╣╢⁹ 

4.2

2.16

B

A
D

da

d

d 0.51 m 

 

ה  

( ) ( ) ( )213232
d

m

sin18.40.51
0.1

1
 sinD

K

1
U

21

הה³³¯ q 3.59 m/s 

 

 

 

 

 

ᶽ ה ǑȏǺ ὑǲ ǋȒƼ ⅛ӆ ƽǶƲ ǲֻȖǢǭ̓ǋѝǘș ǍƳ 

₦ȓǵ ה BdaǶƲ₳᷈ ⅛₦ Bdǯ ǱȒ ǲ ǠȒƳ 

 

֓ - 2  ⅛ӆ Æǵ̓ǋѝǘ 

  

֓ᶫ- 9  ᶽ ǵ ʤ ǯ ȓǵ₦ B da ǵȢɟɶȶ 

ɛȢɱɆ 

0.00

1.00

2.00

3.00

4.00

5.00

0.00 0.20 0.40 0.60 0.80
d
a(

)
m)

da

0.00

1.00

2.00

3.00

4.00

5.00

0.00 0.20 0.40 0.60 0.80

(
2 )

m)

0.00

0.20

0.40

0.60

0.80

1.00

0.00 0.20 0.40 0.60 0.80

(
)

m)

0.00

1.00

2.00

3.00

4.00

5.00

0.00 0.20 0.40 0.60 0.80

(
/

)

m)
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⇔√ U⌐⅔↑╢ ╩ ∆╢⁹ 

16.259.3AUQ dsp ³³ 7.75 m3/s  

'Qsp 7.75 m3/s   spQ 6.0 m3/ ------- OK 

╟╡⁸ ≢─ ≤ │ ─≤⅔╡≤⌂╢⁹ 

 U 3.59 m/s 

 Dd 0.51 m 

 

 

 

 

1.3.2   ─ ɘd  

─ ɘd │⁸ ⌐╟╡ ∆╢⁹ 

 ( ){ }gC1C ddd ההה rsg  

↓↓≢⁸ɘd ─  kN/m3  

ɨ ─  2.6 t/m 3  

ɦ ─  1.2 t/m 3  

Cd  0. 54  

g  9.8 m/s 2  

 

( ){ } ( ){ ההה{ 9.80.5412.10.542.6gC1C ddd ³³³rsg 19.17 kN/m3  

ᶽ ה ǑȏǺ Ƕ̊ʤǵ Ǯ ὑǠȒƳ 

Ū ᷂ ǵ᷂◐ș ǋǭ̌ὑ  

ș̸ ǠȒ ֓ᶫ- 10 ֓ Ƴ 

ū ᶽ Ddș̌ὑǞƲᶽ  

ɒɶȭ Ǔ ʤ֯ Ǳ ʤ  

ᶽ ʤ A d ǑȏǺ ȓ 

ǵ₦ Bdaș ὑǠȒƳ 

Ŭ ̌ὑǞǦ A dș BdaǮ Ǟǭᶽ  

Ddș ὑǠȒƳ 

ŭ ὑǞǦᶽ Ddș ǋǭ 

ᶽ U ș ὑǠȒƳ 

Ů ὑǞǦᶽ U ǯᶽ ʤ A dȏȑƲ ὑǞǦᶽ DdƲǑȏǺᶽ

U ǵ ʤ Ҙș ǠȒƳ 

ů ᶽ DdƲᶽ U ǵ ὑƳ 

ɛȢɱɆ 

֓ᶫ- 1 0  ̌ὑ 1  

0.0 

5.0 

10.0 

15.0 

0.00 0.20 0.40 0.60 0.80

(
3
/

)

m)
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1.3.3   F  

F │⁸ ⌐╟╡ ∆╢⁹ 

2

d
d

h UD
g

KF ההה
g

 

↓↓≢⁸F  kN/m  

Kh  1.0  

ɘd ─  19.17 kN/m3  

g  9.8 m/s 2  

Dd  0.51 m  

U ─  3.59 m/s  

 

 

ההה 22

d
d

h 59.351.0
9.8

19.17
1.0UD

g
KF ³³³
g

12.86 kN/m  

 

1.3.4   ─  

─ ⌐╟╡⁸ ─ ↑╢ P │ ⌐╟╡ ∆╢⁹ 

( )221

2

23

KK9

16R
nnP ⁷

p
ab  

2

2

2
2

1

2

1
1

E

1
K

E

1
K

p

u

p

u
⁷  

2

1

52

1

2

m

1
n 

n4n

5U
⁷

ה öö
÷

õ
ææ
ç

å
a  

( ) 2

1

20.8- U
m

m
E 1E ⁷bה  

↓↓≢⁸E1 ◖fi◒ꜞכ♩─   

 0.1×2.6×109×9.8 N/m2  

E2 ─  5.0×109×9.8 N/m2  

ɪ1 ◖fi◒ꜞכ♩─ⱳ▪♁fi  0.194  

ɪ2 ─ⱳ▪♁fi  0.23  

m1 ◖fi◒ꜞכ♩─  

 2.54 3.0 /2×1.8×3.33×23.05×103/9.8 39, 050 kg  

m2 ─  

 4/3×ɥ×0.25 3×25.48×103/9.8 170 kg  

R ─  0.25 m  

U ─  3.59 m/s  

ɖ ┼↓╖  

ɗ  

 

⌐⅔↑╢ ◖fi◒ꜞכ♩─ 1Ⱪ꜡♇◒╩ ≤∆╢≤⁸ ─ ⅝↕≢│ ↕ԇ

1.8m ↕ԇ3.33m 3.0m 2.54m≤ ⌂∑╢⁹ 
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↓─ ◖fi◒ꜞכ♩─ ╡⌐ ∆╢ │ P 543.1kN/m≤ ↕╣╢⁹ 

 

к-  2- 2 Ⱪ꜡♇◒  

10-

9

2

1 101.20
9.8106.20.1

0.1941
K ³

³³³³
⁷

p
 

12-

9

2

2 106.15
9.8105.0

0.231
K ³

³³³
⁷

p
 

( )
9

212-10-2
101.68

106.15101.209

0.2516
n ³

³³

³

p
 

3-

1 105.88
170

1
n ³  

3-52

93-

2

104.84 
101.68105.884

3.595
³öö

÷

õ
ææ
ç

å

³³³³

³
⁷a  

0.9613.59
39,018

170
-0.8

2
ö
÷

õ
æ
ç

å
³b  

( )233-9 104.84101.680.96P ³³³³ 543, 061 N 543.1 kN 

 

⇔√⅜∫≡⁸ ╡─ │ ⌐╟╡ P1 163.1 kN/m≤⌂╢⁹ 

 P1 543.1 kN 3. 33 m  163.1 kN/m 

 

1.3.5   ─  

(1)  ─ ה ⁸⅔╟┘ ─  

─ ה │ ⌐╟╡ ∆╢⁹ ≢│⁸◘fiⱪꜞfi◓ к-  

1- 4 ⅛╠⁸ ↕╣╢ ─ Rwn │ 0.24m⁸ Hwn 28.0m≢№╢⁹

↓╣╟╡⁸ ─ Lwn ╩ ∆╢≤ Lwn 2.6m≤⌂╢⁹ 

⌂⅔⁸ Bd │⁸0 ─ ─ ≤⇔⁸Bd 2. 0m≤⇔√⁹ 

 Hwn֕ 1.3Bd─  Lwnԇ1.3Bd 

 Hwn 1.3Bd─  LwnԇHwn 

Hwn 28.0m֕ 1.3×Bd 1.3×2.0 2.6m─√╘⁸Lwnԇ2.6m≤∆╢⁹ 
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─ │ ╟╡ ∆╢⁹⌂⅔⁸ ─ │⁸₈

₉╟╡ɦ 400kg/m3 ☻◑ ≤⇔≡ ⇔√⁹ ╟╡⁸ ─ m2│ 47kg≤⌂

╢⁹ 

הההה 4002.60.24
4

1
LR

4

1
m 2

WN

2 ³³³³prp 47.05 47 kg 

↓↓≢⁸m2 ─  m3  

ɥ  

R  0.24 m  

Lwn ─  2.6 m  

ɦ ☻◑ ─  400 kg/m3  

 

(2)  ─  

─ ╙ ─ ≤ ⌐ ⌐╟╡ ∆╢⁹ 

( )221

2

23

KK9

16R
nnP ⁷

p
ab¡  

2

2

2
2

1

2

1
1

E

1
K

E

1
K

p

u

p

u
⁷  

2

1

52

1

2

m

1
n 

n4n

5U
⁷

ה öö
÷

õ
ææ
ç

å
a  

( ) 2

1

20.8- U
m

m
E 1E ⁷bה  

↓↓≢⁸E1 ◖fi◒ꜞכ♩─   

 0.1×2.6×109×9.8 N/m2  

E2 ─  7.4×108×9.8 N/m2  

ɪ1 ◖fi◒ꜞכ♩─ⱳ▪♁fi  0.194  

ɪ2 ─ⱳ▪♁fi  0. 40  

m1 ◖fi◒ꜞכ♩─  

 2.54 3.0 /2×1.8×3.33×23.05×103/9.8 39, 050 kg  

m2 ─  47 kg  

R ─  0.12 m  

U ─  3.59 m/s  

ɖ ┼↓╖  

ɗ  

 

10-

9

2

1 101.20
9.8106.20.1

0.1941
K ³

³³³³
⁷

p
 

11-

8

2

2 103.69
9.8104.7

0.401
K ³

³³³
⁷

p
 

( )
8

211-10-2
109.37

103.69101.209

0.1216
n ³

³³

³

p
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2-

1 102.13
47

1
n ³  

3-52

82-

2

103.65 
109.37102.134

3.595
³öö

÷

õ
ææ
ç

å

³³³³

³
⁷a  

0.9913.59
39,018

47
-0.8

2
ö
÷

õ
æ
ç

å
³b  

( )233-8 103.65109.370.99P ³³³³¡ 204, 557 N 204.6 kN 

 

⇔√⅜∫≡⁸ ╡─ │ ⌐╟╡ PΩ1 61.4 kN/m≤⌂╢⁹ 

 Pΐ1 204.6 kN 3.33 m  61.4 kN/m 

 

1.3.6   ─ ─  

⇔√ ─ ╩ ∆╢≤ к-  2- 3─≤⅔╡≤⌂╢⁹ 

к-  2- 3 ─  

⁷⁷

⁷⁷⁷⁷⁷⁷Dd 0.51  m

⁷⁷⁷⁷⁷⁷U 3.59  m/s

─  ɘd 19.17  kN/m3

⁷⁷⁷⁷⁷F 12.86  kN/m

─ ⁷⁷⁷⁷⁷⁷P1 163.1  kN/m

─ ⁷⁷⁷⁷  PΩ1 61.4  kN/m

─
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ה  1.4 ─  

1.4.1   ⇔─  

─ ⇔ │⁸ ⌐ ╩ ⅎ≡ ∆╢⁹ 

 

(1)  ⇔  

⇔ │⁸ ─ ╩ ≤⇔≡ B 3.0m≤⇔√⁹ 

 

 

 

 

 

(2)   

│⁸ ─ᵑ ᵓ─℮∟ ╙ ⅝™ ≤∆╢⁹ 

ᵑ ╩ ⇔√ ⌐ ∆╢ ─  

ᵒ Ⱨכ◒ ⌐ ∆╢ ─  

ᵓ  

 

1)  ╩ ⇔√ ⌐ ∆╢ ─  

╩ ⇔√ ⌐ ∆╢ │⁸ ⌐╟╡ ∆╢⁹ 

 ( ) 23

h21 D2B3B2gC
15

2
Q הההה  

↓↓≢⁸Q ╩ ⇔√  3.0 m3/s  

C  0.6 0.66  

g  9.8 m/s 2  

B1 ⇔  3.0 m  

B2  m  

Dh  m  

m2  0.5  

 

C 0.6⁸m2 0.5 ≤∆╢≤ ─╟℮⌐⌂╢⁹ 

( ) 2/3

177.171.0 hh DBDQ ÖÖ+Öԇ  

 

Dh 0. 7m≤ ∆╢≤⁸ 

( ) 237.03.01.777.00.71Q ³³³ 5.1 m3/s  

Q 3.4 m3/s  Q 3.0 m3/s  ................................ ..........  OK 

⇔√⅜∫≡⁸ ╩ ⇔√ ⌐ ∆╢ │ Dh 0.7 m≤∆╢⁹ 

Ǟ ה ǵ ᾛΙǶ B 3.0m ǯǠȒƳ 

ɛȢɱɆ 
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2)  Ⱨכ◒ ⌐ ∆╢ ─  

Ⱨכ◒ ⌐ ∆╢ │⁸ ⇔√ ⇔ ╩╙≤⌐ 1.3.1  ⌐ ⇔√

╩ ™≡ ∆╢⁹⌂⅔⁸↓─ ─ │ ≤∆╢⁹ 

╩ 0.7m≤ ∆╢≤⁸ 

ה ╣─ a  

( ) )(7.37.0)5.05.0(0.3Bda mznmBd =³++=³++  

ה Ⱨכ◒ ─  

( ) ( )
2

1
7.07.30.3

2

1
ZBBA dadd ³³³³ 2.35 m2 

ה  

│⁸ ⇔√ ╟╡ ╠╣√Ad╩Bda⌐≡ ⇔√ ≤⇔≡ ╘╠╣╢⁹ 

3.7

2.35

B

A
D

da

d
d 0.64 m 

ה  

( ) ( ) ( )213232
d

m

sin9.460.64
0.1

1
 sinD

K

1
U

21

הה³³¯ q 3.01 m/s 

⇔√ U⌐⅔↑╢ ╩ ∆╢⁹ 

16.259.3AUQ dsp ³³ 7.75 m3/s  

'Qsp 7.75 m3/s   spQ 6.0 m3/ ------- OK 

⇔√⅜∫≡⁸ Ⱨכ◒ ⌐ ∆╢ │ Dd 0.64Ҝ0.7m≤⌂╢⁹ 

 

 

 

 

 

 

 

 

 

 

ᶽ ה ד ș ǞǦ ǶƲ ǵᾍ ǵ 1.5 ΊǯǠȒƳ 

1.50.21.5QQ p ³³ 3.0  m3 /s  

ɛȢɱɆ 

ᶽ ה ɒɶȭ ǲᾍǠȒ ὑǲ ǋǦ̌ὑ Ƕʤᶫǵ ȑǮǉȒƳ 

 

֓ᶫ- 1 1  ̌ὑ Ǟ  

ɛȢɱɆ 
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3)   

к-  2- 1╟╡⁸ D95 0.5m≢№╢⁹ 

 

4)  ─  

─ ╩ ∆╢≤ ─≤⅔╡≤⌂╡ │ Dh Dd 0. 7m≤⌂╢⁹ 

Dh 0. 7 m  Dd 0.7 m  D95 0.5 m 

 

(3)   

 

 

 

 

1)  ⌐ ∆╢  

╩ ⇔√ 3.0m3/s ⁸ Ⱨכ◒ 6.0 m3/s ≤╙⌐ 200 m3/s

─√╘⁸ │ 0.6 m≤∆╢⁹ 

 

2)  ⌐ ∆╢ ─  

1/ 6.0 ─√╘⁸ 0.50 ╩ ╠⌂™↓≤≤∆╢⁹ 

 86.0
7.0

6.0
==  

 0. 86  0.50................................ ............................  OK 

 

̵ ה ǶƲ֓ - 3 ǲḨǬǋǭ ὑǠȒƳ 

ǦǧǞƲ̵ ה Ƕ ⅛ӆ ǲȏǪǭȉẀӓǠȒȉǵǯǞƲ ǲᾍǠȒ̵ ǵ Ǔ

֓ - 4 ǲ ǠΙ̊ʤǯǱȐǱǋȏǍǲǠȒƳ 

֓ - 3  ̵  

 

֓ - 4  ⅛ӆ ѩǵ ǲᾍǠȒ̵ ǵ ǵ ̭Ι 

 

ɛȢɱɆ 
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1.4.2   ─  

(1)   

─ │⁸ ◖fi◒ꜞכ♩ ─ ⁸ ∆╢ ─ 2 ╩ ≤⇔⁸

3.0m ≤∆╢⁹ 

╕√⁸ ⅜ 4.0m╩ ⅎ╢ ⌐│⁸ ╛ ⌐╟╢ ⁸ ⁸ ⌐╟╡

∆╢⁹ 

 

─ D95 │ 0. 5m≢№╡⁸↓─ 2 ─ │ 3.0m╟╡╙ ↕™√╘⁸

│ 3.0m≤⇔√⁹ 

 D95 ×2 0.5×2 1.0 m  3.0 m Ҝ 3.0 m 

 

(2)  ─╡  

─ ⌐⅔↑╢ ─╡─ │ ⌐ 1 0.2 ≤∆╢⁹ 

 

≢│⁸ ╩ ⇔⁸ ─╡ ╩ 1 0.2 ≤⇔√⁹ 

 

 

 

 

 

ḷḴ ה ̬ ǵ їᶽ ǵ ♄ǓᾛǜǖƲǒǫƲᶽ ǵ їǓᾜǱǋḹֻǮƲʤ ǵȑ

ǵ ωǵּזȓǵᾜǱǋȉǵǲǫǋǭǶʤ ǵȑ ș ӆ ǯǠȒǚǯǓǮǔȒƳ 

ǦǧǞƲʤ╛Ǯ ה ȈȐȓȒӆ ȏȑȉלǯǞƲ1 1.0 ș 

ʣ ǯǠȒƳ 

 

U
gH

2

H

L
 

ǚǚǲƲ U ᶽ Ǔ ǲ ǜȓỒȈȒ  m/s  

 H ḷḴ  m  

 g Ҙқ ↓ 9.8m/s 2  

֓ᶫ-  12  ʤ ǵȑӆ  

ʣ╛ǵ ה U ǶƲ ẆҘǮ ǋǦ ǵ 50 ǯǠȒƳ 

ḷḴ ה Ǔ ǖǱȒǯ L H ǵΙǓᾛǜǖǱȒǓƲ0.2 șʤ ǯǠȒƳ 

 

ɛȢɱɆ 



ₒ ₓ 

- 33 

(3)   

1)  ─ ∑ 

ה ≤⇔≡ ∆╢ ─ ─ ╖ ╦∑│⁸ ⌐╟╢⁹ 

 

│⁸ ⅜ 15m H 11.5m ─√╘⁸ ה ╩ ≤⇔⁸

│ ─ ─ │ ⁸ ⁸ ≤∆╢⁹ 

 

к-  2- 4 ─ ⌐ ™╢  

 

 

к-  2- 3  ─  

H 15m⁸ ⁸  
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2)   

─ │⁸ ─ ⌐ ⌐ ™╢ ─ ╩ ∂≡ ╘╠╣╢⁹ 

 AWW cה  

 W ╡─ ─ kN  

 Wc ⌐ ™╢◖fi◒ꜞכ♩─ 23.05kN/m3  

 A ╡─ m3  

 

3)   

│⁸ ⌐╟╡ ╘╠╣╢⁹√∞⇔⁸ ╩ ∆╢≤⅝─ │⁸ ⌐│

⇔ ⅛╠ ⌐ ⇔™ ↕╩ →√ ↕≤⇔⁸ ⌐│ ⇔ ⌐

╩ ∆╢╙─≤∆╢⁹ 

 Wh'P rה  

 P hW─ ⌐⅔↑╢ kN/m2  

 ɦΩ ─ 11.77kN/m3  

 hW ⅛╠ ─ ─ m  

 
  

к-  2- 4  
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4)   

│⁸ ⌐╟╡ ╘╠╣╢⁹ ╩ ∆╢√╘─ │⁸ ⌐│

⌐ ↕╣╢ ≤⇔⁸ │ ⇔ ⅛╠ ⌐ ⇔™ ↕╩ →

√ ↕≤∆╢⁹ 

 esieV hWP ה   

 esieeH hWCP הה  

 PeV ─ kN/m2  

 PeH ─ kN/m2  

 Wsi  8.23kN/m3  

 he ⅛╠─ ─ ╕≢─ m  

 Ce cosi ԇ1≤∆╢  

0.30.27
sin351

sin351

sin1

sin1
ԇ

¯

¯

f

f
 

 ɫ ─ ≢─ 35°  

 Ws ↑ kN/m3  

к-  2- 5  

 

 

 

 

ḭ ᶿǶƲḭ ʣǲᶽ Ǔʣ ǯǱȑƲḭ ᶿǶǚǵʣ șқǏǦẎǔǜǯǠ

Ȓ ᶫк-  2 - 4  ᶽ ֓ Ƴ 

( )dWde DC gg  

ǚǚǮƲ Ce ᶽᶿ͜  

 Dd ⅛ӆ ș ǋǭ їǞǦᶽ ǵ  m  

 Ád ᶽ ǵӴ̬̱  kN/m 3  

 Ás ʴǮǵᶽ ǵӴ̬ḭ  kN/m 3  

 ÁW ǵӴ̬̱  kN/m 3  

ḷḴ Ǔ 15m ǵḹֻǶ 11.77 kN/m 3 ↓ƲḷḴ Ǔ 15m ̊ʣǵ

ḹֻǶ 9.8 kN/m 3 ↓  

( )gCs rsg *
 

gw rg  

ǚǚǮƲ C  ⅛ḭ ᶽ ǵὦ ↓ 

  Ï ǵὭ↓ kg/m 3  

  Ð ǵὭ↓ kg/m 3  

  g Ҙқ ↓ m/s 2  9.8m/s 2  

 

ḭ ה ᶿǵ Ҙș їǵ ǶƲ ʴǮǵᶽ ǵӴ̬̱ Ás ș ǋȒƳ 

ɛȢɱɆ 
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5)   

2.3.3 ─ ╟╡⁸ F 12.86kN/m≢№╢⁹ 

 

 

 

 

(4)   

ה ─ │⁸ ⌐≈™≡∕─ ╩ ≈√╘⌐⁸ ─ 3

≈─ ╩ √↕⌂↑╣┌⌂╠⌂™⁹ 

ᵑ ─ ⌐ ⅜ ∂⌂™╟℮ ─ ⅔╟┘ ─ ─ ⅜ ≤⇔

≡ ─ 1/3 ⌐ ╢↓≤⁹ 

ᵒ ≤ ≤─ ≢ ╩ ↓↕⌠↓≤⁹ 

ᵓ ⌐ ∏╢ ⅜ ─ ╩ ⅎ⌂™↓≤⁹ ─ ↑╢ ⅜ ─

≢№╢↓≤⁹ 

 

 

 

 

 

(5)   

ה ─ │⁸₈(3) ₉⌐ ⇔≡₈(4) ₉╩

≢⅝╢ ≤⇔≡ ∆╢ ⅜№╢⁹ 

↓↓≢⁸ │ ─╡ ╩ ⌐ 0.05 ↕∑≡ ╩ ™⁸ ╩

≢⅝╢ ⅜ ≤⌂╢ ─╡ ╩ ∆╢⁹ 

 

ҲǲᾍǠȒὄЋ N ǶƲῑ Ḩ ǵḹֻǲǶǢȚ ▌↓ Ḵ̱ȅǦǶḨ ᷂ ǵǍǨᾛǜǋ

ǵǢȚ ▌↓ ș ǞƲN 4.0 ǯǠȒƳ Ḩ ǮǶǢȚ ▌↓ș ǞƲḷḴ Ǔ 15m

ǵḹֻǵԍѸǯǞǭƲN 1.2 ǯǠȒƳ 

ᶽ ǵḹֻƲᶽ Ƕ ̱ǲ ȉӾ Ǳ ǯǞƲḭ ᷂Ǔᶽ ǵ Dd ѝǧ

ǘ Ǟǭḭ ǞǦ Ǯᶽ Ǔ ḷḴș ǞǦȯɶȷș ὑǠȒƳǱǑƲᶽ ̱ҘǶ Dd

2 ǵ̬ ǲ ₳ǲ̸ ǜǢȒ ᶫк-  2 - 4  ᶽ ֓ Ƴ 

ɛȢɱɆ 

ɛȢɱɆ 
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1)   

ᵑ m 1 0.40  

 

к-  2- 6 ⌐ ∆╢  

к-  2- 5 m 0. 40  

M
W 2 609.67 3.07 1,871.69

W 795.22 4.6+3.0/2 6.10 4,850.84

W 2 304.84 4.6+3.0+2.3/3 8.37 2,551.51

P 24.72 4.6+3.0/2 6.10 150.79

P 37.90 4.6/2 2.30 87.17

P 2 311.32 4.6/3 1.53 476.32

PH1
2 778.29 11.5/3 3.83 2,980.85

PH2 94.75 11.5/2 5.75 544.81

2,083.67 873.04 13,513.98 
 

(i)  ⌐ ∆╢  

6

B

2

B

V

M
e ֔
ä

ä
 

B 2. 3 3.0 4.6 9. 9m 

65.154.1
2

9.9

67.083,2

98.513,13
e ֔  ................................ ..............  OK 

(ii)  ⌐ ∆╢  

1.21.67
873.04

67.083,20.7

H

Vf
n
ה ³

ä

ä
 ................................ ..........  OK 

(iii)  ─ ⌐ ∆╢  

ý
ü
û

í
ì
ë

ö
÷

õ
æ
ç

å
³°³

ä

B

e
61

B

V
s  

ý
ü
û

í
ì
ë

ö
÷

õ
æ
ç

å
³³

9.9

1.54
61

9.9

2,083.67
maxs 406.91kN/m2  558 kN/m2 .....................  OK 

ý
ü
û

í
ì
ë

ö
÷

õ
æ
ç

å
³³

9.9

1.54
61

9.9

2,081.87
mins

 

14.03kN/m2   0 kN/m2.................  OK 
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ᵒ m 0.40  

 

к-  2- 7 ⌐ ∆╢  

к-  2- 6 m 0.40  

M
W 2 609.67 3.07 1,871.69

W 795.22 4.6+3.0/2 6.10 4,850.84

W 2 304.84 4.6+3.0+2.3/3 8.37 2,551.51

P 2 284.32 1.47 417.95

PH1
2 710.79 10.99/3 3.66 2,601.49

PH2 65.97 10.99/2 5.50 362.84
2 198.80 1.47 292.24

eH1
2 149.10 10.99/3 3.66 545.71

eH2 12.46 10.99/2 5.50 68.53

Pd1 42.98 2.20 94.56

Pd2
2 1.00 4.46 4.46

F 2 12.86 10.99+0.51/2 11.25 144.68

2,236.83 951.18 13,806.50 
 

(i)  ⌐ ∆╢  

6

B

2

B

V

M
e ֔
ä

ä
 

B 2. 3 3.0 4. 6 9. 9m 

65.11.22
2

9.9

83.236,2

50.806,13
e ֔  ................................ ..............  OK 

(ii)  ⌐ ∆╢  

1.21.65
951.18

83.236,20.7

H

Vf
n
ה ³

ä

ä
 ................................ ..........  OK 

(iii)  ─ ⌐ ∆╢  

ý
ü
û

í
ì
ë

ö
÷

õ
æ
ç

å
³°³

ä

B

e
61

B

V
s  

ý
ü
û

í
ì
ë

ö
÷

õ
æ
ç

å
³³

9.9

1.22
61

9.9

2,236.83
maxs 393.00kN/m2  558 kN/m2 .....................  OK 

ý
ü
û

í
ì
ë

ö
÷

õ
æ
ç

å
³³

9.9

1.22
61

9.9

2,236.83
mins  58.88kN/m2   0 kN/m2 ......................  OK 
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ᵓ  

≢│⁸₈ ₉─₈ ⌐ ∆╢ ₉⅜ ≤⌂╡⁸ ─╡ │ 1 0.40

╩ ∆╢ ≤⇔√⁹ 

к-  2- 7  

B0

B0/6

0.20 7.600 1.87 1.75 1.27 1.29 1.23 522.26 522.42

0.25 8.175 1.76 1.59 1.36 1.38 1.33 482.44 479.09

0.30 8.750 1.67 1.45 1.46 1.48 1.44 451.67 444.69

0.35 9.325 1.60 1.32 1.55 1.57 1.54 426.69 414.78

0.40 9.900 1.54 1.22 1.65 1.67 1.65 406.56 392.70

0.45 10.475 1.48 1.13 1.75 1.77 1.75 388.09 373.56

0.50 11.050 1.44 1.05 1.84 1.86 1.86 374.35 357.95

0
2

 

 

1.4.3   ─  

≢│ ⅜ ─√╘⁸ ╟╡ ─ ≢№╢ 3.0m≤⇔√⁹ 

 

 

 
 

 

Ḩ ה ǵ ЊȓǶƲʤ ζǮᶽ ǵḹֻ 2.0m ̊ʣƲ ῑǵḹֻ 1.5m ̊ʣ Ǳῑ ǵḹ

ֻ 1.0m ̊ʣǯǠȒƳ ḷḴḨ ǵ ЊȓǲǫǋǭǶƲʤ ǵ Њȓ ǜǵḨ ᶪ̊

ʣǯȐǱǋȏǍǲǠȒ  

֓ -  5  ḷḴḨ ǵ Њȓ 

 

 

֓ᶫ-  13  ḷḴḨ ǵ Њȓ 

ɛȢɱɆ 
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1.4.4 ה   ─  

(1)  ─  

─ │⁸ ─ ╩ ↑╢↓≤╩ ≤∆╢↓≤⅛╠⁸1/3.0 ─ ╩

↑╢ ≤⇔√ к-  2- 8 ⁹ 

 

(2)  ─  

─ │⁸ ≤ ─ ╩ ∆╢ ╕≢ ℮╙─≤∆╢↓≤⅛╠⁸ ⌐ ≠

⅝₈ ₉⁸₈ ₉─ ≤⌂╢ 2.5m ─ ╩ ℮ ≤⇔√ к-  2- 8

⁹ 

к-  2- 8 ─  

1.5 2.0m 2.0 3.0m

1.5 2.0m 2.0 3.0m  
 з  ⌐ ∂≡ ≢ ∆╢⁹ 

и  ┘ ─ ╣│ ⅔╟┘ ╩ ⇔ ⌐ ∆╢ ╩ ╛∆√╘

⌐ ╡≤∆╢⁹⇔⅛⇔⁸ ─ ≤∑∏ ⌐ ⌂ ╣

≤∆╢⁹ 

1
3. 01

3. 0

2. 50m 2. 50m

 

к-  2- 8 ─ ≤  
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(3)  ─ ⌐ ∆╢  

1)  ─  

─ │ ⌐ ∆≤⅔╡≤∆╢⁹ 

 

к-  2- 9 ─  

 

 

 

 
 

 

2)  ─  

─ │⁸ ⌐ ∆ ⌐ ⇔≡ ─ 1Ⱪ꜡♇◒⅜ ≤⌂╢

≤∆╢⁹ 

─ ה  

  ה

─ ה ≤ ─ ╩ ⇔≡ ⅝™  

 

 

 

ǵ Ƕ ǵ 4 ǫǵ ̏ș ǦǠ◐ ǯǠȒƳ 

Ū ǵʣ ǵȑӆ Ƕ ǯǠȒǚǯșԍѸǯǠȒƳ 

ū ǵʤ ǵȑӆ Ƕ ƲȅǦǶ ̱ǵʤ ǵȑӆ ǲʝ ǜǢȒƳ 

Ŭ ǵʤ ǵȑӆ ș ̱ǵʤ ǵȑӆ ǲʝ ǜǢǦḹֻƲ ǵẏ ₦Ƕ 1.5m ș

ʤ ǯǠȒƳ 

ŭ ẆҘǲᾍǞǭƲ ǵ ̱ǵṑ ʣǲǑǘȒǢȚ ὄЋ Ƕ 4 ̊ʣǯǠȒƳ 

ɛȢɱɆ 
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ᵑ ⌐ ∆╢  

⌐ ∆╢ │⁸ ─ ≤ ─ ╩ ⇔≡ ⅝™ ╩ ∆╢⁹

1.3.4  ⁸1.3.5  ─ ╟╡⁸ ─ 163.1 kN/m╩ ∆╢⁹ 

 ─  163.1 kN/m  ─  61.4 kN/m 

 

ᵒ ─  

─ ⌐│⁸ ⌐ ∆ ⅜ ╦╢⁹ 

⌂⅔⁸ ⌐ ⇔≡│⁸ ⅔╟┘ ─ ⌐ ™√Ⱪ꜡♇◒ ╩ ≤∆╢⁹ 

 

 

к-  2- 10 ⌐ ∆╢  

ǵὄὑ ǲ ǋȒ ẆҘǵ̸ ̬ Ƕʤᶫǲ ǠǯǑȑǮǉȒƳ 

 

֓ᶫ-  14  ǯ ̱ǵṑ ֗Ǻ ẆҘǯǤǵ̸  

ɛȢɱɆ 
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к-  2- 9 ⌐ ∆╢  

M
2 7.47 0.36/3+2.64 2.76 20.6

2 160.65 2.64/2 1.32 212.1

163.1 0.26 42.4

12.86 0.26 3.3

168.12 175.96 278.4  
 

(i)  ⌐ ∆╢  

6

B

2

B

V

M
e ֔
ä

ä
 

B 3.0m 

5.00.16
2

3

12.168

4.278
e ֔  ................................ ...................  OK 

 

(ii)  ⌐ ∆╢  

( )( )
4.09.9

175.96

3.054012.6810.7

H

Vf
n cהה ³³

ä

ä lt
 ............................  OK 

 

╟╡⁸ │ ⌐ ⇔≡⁸ ≤╙⌐ ≢№╢⁹ 
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ǵὄὑ ǲ ǋȒ ẆҘǵ̸ ̬ Ƕʤᶫǲ ǠǯǑȑǮǉȒƳ 

1)  Ҳ ̏ ǢȚ ὄЋ Ǔ 4 ǮʥὄὑǯǱȒḹֻ 

ǯ ̱ǵṑ ʣǵǢȚ ὄЋ Ǔ 4 ̊ʣǯǱȒȏǍǲƲ ǵẏ ₦șⅎǙȒǒ

ǵʣ ζǲ ș Ǟǭ Ҙș ǠȒƳǱǑƲ ș ǠȒḹֻǶƲ

ǲȏȑ ǠȒǚǯǓ ȅǞǋƳ 

 

֓ᶫ-  15  Ҳ ̏ǮʥὄὑǯǱȒḹֻǵы  

2)  Ώ ̏ ╠█ꜘҘ ǮʥὄὑǯǱȒḹֻ 

ǯ ̱ǵṑ ʣǲ ǟȒ╠█ꜘҘǓ ὦ╠█ꜘҘșʣᶥȒḹֻƲǤǵ╠█ꜘҘș

ǉȒǋǶ Ǯ֞ǘ ǦǢȒȉǵǯǞƲ ǯ ̱ǵṑ șȅǦǗȏǍǲ ǠȒƳ 

 

֓ᶫ-  16  ╠█ꜘҘ↓ș ǟȒḹֻǵᾍы  

ɛȢɱɆ 
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ș ה ǲȏȑ ▌ǠȒḹֻǵ ǵ ȓ 

ș Ǩ ǯ ǏǭǤǵὄὑș ǠȒƳ 

1)  ǲϐǖӴ̬₦►ȑǵ Ẏ ǙɠɶɟɱɆ Mmax ǯ ẎǢȚ Ҙ Smax ǵ ὑ 

ǲ̸ ǠȒϐǖӴ̬₦►ȑǵ ǙɠɶɟɱɆ Mmax ǯ ẎǢȚ Ҙ Smax Ƕ

╛ȏȑ♬ȐȓȒƳ 

( )( )211max FPM ll ³³  

FPS 1max
 

ǚǚǮƲMmax  Ẏ ǙɠɶɟɱɆ kN/m ɵm  

 Smax  ẎǢȚ Ҙ kN/m ɵm  

 P1  ᶽ Ҙ kN/m  

 F ᶽ ̱Ҙ kN/m  

 Є1  ᶽ Ҙǵ̸ ȅǮǵ  m  

 Є2  ᶽ ̱Ҙǵ̸ ȅǮǵ  m  

 

2)  Ӵ̬₦►ȑǲⱳ Ǳ A s ǵ ὑ 

d
8

7

M
A

sa

max

sx

sהה
 

ǚǚǮƲ A s Ӵ̬₦►ȑǲⱳ Ǳ  cm 2 /m  

 Mmax  Ẏ ǙɠɶɟɱɆ N/cm 2  

 Ðsa ǵ ὦ╠█ꜘҘ↓ N/cm 2  

Ń ǯǞǭǵҊṔǞș ǞƲ1.5 ΊǯǠȒƳ 

 d ǯ ̱ ǵṑ ǵʤ ǒȐ ȅǮǵ m  

 

֓ᶫ-  17  ǲ̸ ǠȒ ẆҘǯ ǵ ͈ 

ʣ╛ȏȑ ὑǞǦⱳ A s ș ǠȒȏǍǲƲ̓ ǠȒ ǵƼŪ ƽƼū

♄ƽƼŬӴ̬₦►ȑǵⱳ ǯ ƽș ὑǠȒƳ 

Ń ֒ǵ˗͈ȏȑ ǵ ▌ǲ ǋȐȓȒ ǶƲ ◐ ǓẉǋƳ 

ɛȢɱɆ 
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ǵὄὑ ǲ ǋȒ ὦǢȚ Ñc ǶƲ Ḩ ▌↓ fck 210 kg/cm 2

21 N/ mm2 ǵȱɱȭɨɶɆǵ ὦǢȚ Ҙ Ñc 3.6 kg/ cm2ǲ ǵҊṔǞș

ǞƲ1.5 ΊǯǱȒ 5 .4 kg/cm 2 540k N/m 2 ǯǠȒƳ 

ȱɱȭɨɶɆǵ ὦǢȚ Ҙ Ñc 3.6 kg/cm 2¥1.5 5 .4kg/cm 2 540k N/m 2  

3)  ꜘҘ↓ǵ  

a  ǲϐǖ̂ ꜘҘ↓ Ñc ǵ  

catt ֔
הה d

8
7U

Smax
0

 

ǚǚǮƲ Ñ0  ǲϐǖ̂ ꜘҘ↓ N/ cm2  

  Ñca  ǵ̂ ꜘҘ↓ N/ cm2  

 Ń ǯǞǭǵҊṔǞș ǞƲ1.5 ΊǯǠȒƳ 

  Smax  ẎǢȚ Ҙ N/ m  

  U ק ǵ ᴇ cm  

  d ǯ ̱ ǵṑ ǵʤ ǒȐ ȅǮǵ cm  

 

b  ȱɱȭɨɶɆǵǢȚ ꜘҘ↓ Ñ ǵ  

ȱɱȭɨɶɆǵǢȚ ꜘҘ↓ǶU șӴ̬₦ǯǠȒǯ ╛ǲȏȑ♬ȐȓȒƳ 

catt ֔
הה d

8
7U

Smax  

ǚǚǮƲ Ñca  ȱɱȭɨɶɆǵ̂ ꜘҘ↓ N/ cm2  

   Ń ǯǞǭǵҊṔǞș ǞƲ1.5 ΊǯǠȒƳ 

  U Ӵ̬₦ cm  

  d ǯ ̱ ǵṑ ǵʤ ǒȐ ȅǮǵ cm  

 

ʣ ǵ ș ǠȒ ǵ ǯ Ǯ ǠȒƳ 

 

ɛȢɱɆ 
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3)  ─ ☻כ◔─  

ᵑ  

к-  2- 10  

⁷⁷⁷ ⁷⁷

Ud 2.14 m/s

hd 1.33 m

─ ɘd 15.88 kN/m3

Fd 9.90 kN/m

─ P 114.37 kN/m

─ P' 43.50 kN/m

D95 0.50 m

─ ɩc 2,700×105 N/m2 2,700 kgf/cm2

SD345 1,800×105×1.5⁷N/m2 1,800×1.5 kgf/cm2

◖fi◒ꜞכ♩─ ɨck 21.0 N/mm2 210.0 kgf/cm2

◖fi◒ꜞכ♩─ ɨca 5.25 N/mm2 52.5 kgf/cm2

◖fi◒ꜞכ♩─ ∑╪ ɩca 0.36 N/mm2 3.6 kgf/cm2

◖fi◒ꜞכ♩─ ɩa 1.4  N/mm2 14.0 kgf/cm2

⁷⁷⁷

 
 

 

к-  2- 11 ─  

 

к-  2- 12 ⌐ ∆╢  
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ᵒ  

к-  2- 11 ⌐ ∆╢  

M
2 7.22 0.354/3+2.646 2.764 20.0

2 161.38 2.646/2 1.323 213.5

114.37 1.08 123.5

9.9 0.665 6.6

168.6 124.27 363.6  

 

i ⌐ ∆╢  

6

B

2

B

V

M
e ֔
ä

ä
 

B 3.0m 

5.00.65
2

3

6.168

6.363
e >  ................................ ....................  NG 

 

ii ⌐ ∆╢  

( )( )
4.00.14

124.27

3.05406.1680.7

H

Vf
n cהה ³³

ä

ä lt
 ............................  OK 

 

╟╡⁸ │ ⌐ ∆╢ │ ↕╣╢╙──⁸ ⌐ ⇔≡ ╩ ≡⌂™√╘⁸

⌐╟╢ ╩ ℮⁹ 

 

 

ᵓ ─  

a ♩ⱷfiכ⸗→  Mmax  

Mmax P1הD95/2 Fהh/2 

 114.37× 1.33- 0.50/2 9.9×1.33/2  

 130.10 kNהm/m 

 

b  ∑╪ Smax  

Smax P1 F 

 114.37 9.90 

 124.27 kN/m 
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c  As  

d

M
A

sa

s
הה 8/7'

max

s
=  

2508/7000,27

1001,000130.10

³³

³³
=  

2.2 cm2/m  

 

 

d   

D13 ─  1.27 c m2 

D13 ─  4.00 cm 

b ה  As/a s 

 2.2/1.27 = 1.7 /m 

a ה 100/1.7 = 58.8 cm ќ50 cm ╩  

╩ 50 cm ≤∆╢≤ ╡─ │⁸ 

b 2.0  

≤⌂╢⁹ 

 

ᵔ ─  

a ⌐ ↄ ɩo  

du

S
o

הה 8/7

max
=t  

0.2508/70.20.4

000,1124.27

³³³

³
=  

71.0 N/cm2 ֔ 210.0  N/cm2 ................................ ..........   OK 

 

b ◖fi◒ꜞכ♩─∑╪ ɩ  

du

S

הה 8/7

max
=t  

0.0528/7100

000,1124.27

³³

³
=  

5.7 N/cm2 ֔ 54.0 N/cm2 ................................ .............   OK 

 

ᵕ ─  
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ה │ ≤◖fi◒ꜞכ♩─ ─  

ה  ─ 20  

╩ ⇔⁸∕─ ⅝™ ─ ↕≤∆╢⁹ 

ה ≤◖fi◒ꜞכ♩─ l1  

'4

'
1

c

D
I sa

t

s

ה

ה
=  

ה ─ 20 l2  

l2  Dה20

↓↓⌐⁸ U ─  

 d  

 b  

 ɨsaΐ ─  

 ɩcΐ ◖fi◒ꜞכ♩─  

 D  

 

a  ─  

│⁸ ( 1l)≤ ╖ ( 2l)─ ≤∆╢⁹╕√⁸ │ ≤◖fi◒ꜞכ♩

─ ─ ≤ ─ 20 ╩ ⇔≡ ⅝™ ╩ ∆╢⁹ 

ₒ ≤◖fi◒ꜞכ♩─ ─ ₓ 

 

214

13700,2
1

³

³
=l = 418mm 

ₒ ─ 20 ₓ 

2l=20×13 260 mm 

╟∫≡⁸ │ 0.418m╩ ⇔⁸0.50m≤∆╢⁹ 

 

d L  

│ l ≤ ╖ 'l ─ ≤∆╢⁹⌂⅔⁸ ╖ │ ⇔ ↕

=1.70m ⌐ ⇔⅛┬╡ 0. 50m╩ ⇔ 1. 2m≤∆╢⁹ 

 L l 'l 

  0. 50 1. 20 

  1. 70 

⇔√⅜∫≡⁸ │ 1. 70m≤∆╢⁹ 
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(4)  ─  

≢│⁸ ─ ─ ╛ ─ ⌐╟╢ ─ │ ╦⌂™⅜⁸

≤⇔≡ ─ ╩ ℮⁹ 

⅔╟┘ │ ≤ ≤⇔≡ ╩ ℮⁹ 

 

 

 

 

ǵὄὑ ה ǶƲ ǵ ̱ǵ ș ǵ ̱ ǵ ǯẀǏȒḹֻȋḨ

᷂ ǵ ̏Ǔ ǯ ǱȒḹֻǶƲ ǲǫǋǭὄὑ ș ǍȉǵǯǠȒƳ 

ǵὄὑ ה ǶƲ șדȈǦ◐ Ǯ Ǟẏ ȅǮḭ ǞǦ ș ǏƲᶽ

̱Ҙș ₳ǲ̸ ǜǢǭὄὑ ș Ǎ ʤᶫ֓ Ƴ 

 

 

֓ᶫ-  18  ʥ Ḍ ḷḴ  

H 15m Ʋʣ ᶽ Ʋʤ  

ɛȢɱɆ 
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ᵑ m 1 0.40  

 
 

к-  2- 13 ⌐ ∆╢  

к-  2- 12 m 0.40  

M
W 2 609.67 3.07 1,871.69

W 795.23 4.6+3.0/2 6.10 4,850.90

W 2 304.84 4.6+3.0+2.3/3 8.37 2,551.51

W 82.10 4.6+2.74/2 5.97 490.14

W 2 3.90 4.6+2.74+0.26/3 7.43 28.98

P 2 311.32 4.6/3 1.53 476.32

P 37.90 4.6/2 2.30 87.17

PH1
2 875.92 12.2/3 4.07 3,564.99

2,144.96 875.92 13,921.70 
 

i ⌐ ∆╢  

6

B

2

B

V

M
e ֔
ä

ä
 

B 2. 3 3.0 4. 6 9. 9m 

65.154.1
2

9.9

96.144,2

13,921.70
e ֔  ................................ ...............  OK 

ii ⌐ ∆╢  

1.21.71
875.92

96.144,20.7

H

Vf
n
ה ³

ä

ä
 ................................ ..........  OK 

iii ─ ⌐ ∆╢  

ý
ü
û

í
ì
ë

ö
÷

õ
æ
ç

å
³°³

ä

B

e
61

B

V
s  

ý
ü
û

í
ì
ë

ö
÷

õ
æ
ç

å
³³

9.9

1.54
61

9.9

2,144.96
maxs 418.88kN/m2  558 kN/m2 .....................  OK 

ý
ü
û

í
ì
ë

ö
÷

õ
æ
ç

å
³³

9.9

1.54
61

9.9

2,144.96
mins  14.44kN/m2   0 kN/m2 ......................  OK 
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ᵒ m 1 0.40  

 

к-  2- 14 ⌐ ∆╢  

к-  2- 13 m 0.40  

M
W 2 609.67 3.07 1,871.69

W 795.23 4.6+3.0/2 6.10 4,850.90

W 2 304.84 4.6+3.0+2.3/3 8.37 2,551.51

W 82.10 4.6+2.74/2 5.97 490.14

W 2 3.90 4.6+2.74+0.26/3 7.43 28.98

P 2 311.32 4.6/3 1.53 476.32

PH1
2 778.29 11.5/3 3.83 2,980.85

PH2 69.03 11.5/2 5.75 396.92
2 217.68 4.6/3 1.53 333.05

eH1
2 163.26 11.5/3 3.83 625.29

eH2 13.04 11.5/2 5.75 74.98

44.97 4.6/2 2.30 103.43
2 12.86 11.5+0.51/2 11.76 151.23

2,369.71 1,036.48 14,935.29 

i ⌐ ∆╢  

6

B

2

B

V

M
e ֔
ä

ä
 

B 2. 3 3.0 4. 6 9. 9m 

65.135.1
2

9.9

71.369,2

14,935.29
e ֔  ................................ ..............  OK 

ii ⌐ ∆╢  

1.21.60
1,036.48

71.369,20.7

H

Vf
n
ה ³

ä

ä
 ................................ ..........  OK 

iii ─ ⌐ ∆╢  

ý
ü
û

í
ì
ë

ö
÷

õ
æ
ç

å
³°³

ä

B

e
61

B

V
s  

ý
ü
û

í
ì
ë

ö
÷

õ
æ
ç

å
³³

9.9

1.35
61

9.9

2,369.71
maxs 435.21kN/m2  558 kN/m2 .....................  OK 

ý
ü
û

í
ì
ë

ö
÷

õ
æ
ç

å
³³

9.9

1.35
61

9.9

2,367.87
mins

 

43. 52kN/m2   0 kN/m2 ......................  OK 

╟╡⁸ ⌐⅔™≡╙ ≤ ∂ ≢ ╩ ≢⅝╢⁹ 
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1.4.5   ─  

(1)  ─  

─ │⁸ ─ⱨ꜡כꜗ♅כ♩⌐ ≠™≡ ∆╢ ≤⇔√⁹ 

≢│⁸ ─ⱨ꜡₈╡╟כ ⅝₉⁸₈ ₉⁸₈ ₉╩ ↑√ ≤∆╢

≤⇔√⁹ 

YES

YES

YES

NO

NO

NO

 

к-  2- 15 ⱨ꜡כ 

 

(2)  ⅝─  

1)  ⅝ ─  

│⁸ ⅜ 1/3 ≤ ≢№╢√╘⁸ ─ ≤─∆╡ ↑╩☻ⱶכ☼⌐∆

╢√╘⌐ ⅝⌐ ╩ ↑╢ ≤⇔√ к-  2- 16 ⁹ 

⌂⅔⁸ ≢│ ⅜ 1 ≢│⁸ ╟╡ ™ ≤⌂╢√╘⁸ ≤

╙⇔ↄ│ ╟╡╙ ↄ⌂╢ ─ ↕⌐∆╡ ↑╢√╘⌐ ╩ ↑╢ ─

⅝ ╩ ⇔√⁹ 
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к-  2- 16 ⅜ ─ ─ ⅝  

 

 

 
 

ӆ⅛ ה Ǔל΅ǱḹֻƲḉ ṢǓ 1 ǮǶƲ ⅛ ǲǠȑ̂ǒǱǋ Ǔ ǟȒƳ

ǚǵḹֻƲḉ ṢșṔȋǞƲƼẉ ╛ƽǯǞǭѼ↨ͪ ›ș ǠȒ ʤᶫ֓ Ƴ 

ɝ0
1/ 3

ɝ0
1/ 3

1
0.

2

1 10. 0

1
0.

2

1
0
.
4

1 10. 0

1 10. 0

1
0.

2

1
0
.
4

1
0

. 2

1
0
.

2

≤∆╡ ↄ

⅜ ∂╢⁹
≤─ ⌐

╟℮⌐ ╩ ╛∆

 

֓ᶫ-  19  ⅛ӆ Ǔל΅ǱḹֻǵѼ↨ͪ ›◐  

ɛȢɱɆ 
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2)  ⅝  

⅝ │⁸ ⌐ ≠⅝ ∆╢⁹⌂⅔⁸ ─ a│ ─ ⌐ ∂≡ к-  

2- 14╩ ⌐ ∆╢⁹ 

─ │₈ ₉⌐ ⇔⁸₈ ─ ⅝ ₉╩ ∆╢√╘⁸ a

0.15 ≤⌂╢⁹↓╣╟╡ ⅝ ╩ ∆╢≤⁸ ≢ t 1. 5m⁸

≢ t 1.0m≤⌂╢⁹ 

 ( ) ( )1.03h0.6H
0.6a1

a
1.03h0.6Hat 0

 

 ↓↓⌐⁸t  ⅝   (m) 

 H0 ⅝⅛╠ ⇔ ╕≢─ ↕ m  

 H ─  0. 7m  

 a  

 H  11.5m⁸ 5.0m  

к-  2- 14 a─  

 
 ─ ⅝ ─  

fiꜛ◦♇◒כ♃כ◊►  ╩ ⇔√  

 

< > 

( )1.03h0.6H
0.6a1

a
t  

( )1.00.7311.50.60.179  ³³³ 1. 43mҜ1.5 

 

< > 

( )1.03h0.6H
0.6a1

a
t  

( )1.00.735.00.60.179  ³³³ 0.73 Ҝ 1.00 m ╩  

 

 

 

 
 

ǔԌǜǶƲўʣǙǭ֩ ה 10cm Ӵ̬ǯǠȒƳ 

ɛȢɱɆ 
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3)  ⅝  

⅝ │⁸ ⌐ ≠⅝ ∆╢⁹ ╟╡⁸ │Є 13. 0m⁸

│Є 8.0m≤⌂╢⁹ 

к-  2- 15 ⅝ ─  

⁷⁷⁷⁷ ⁷⁷ ⁷⁷⅝⁷⁷

H0 ֔5.0m Є 2.0 H0 h B 0.2H0 1.8H0 2.0h B

5.0m֔H0 h֔8.0m
Є 2 3 H0 h 5 10 B 0.2H0

 1 15 7H0 10h 15B 100

H0 ֕8.0m Є 1.5 H0 h B 0.2H0 1.3H0 1.5h B
 

 

< > 

0.710.0hH0 10.7m ֕  8.0 m─√╘⁸ ╩ ∆╢⁹ 

B1.5h1.3H0l  

1.10.71.510.01.3  ³³  

  12.95 Ҝ 13. 0 m 

< > 

0.74.0hH0 4. 7m ֔  5.0m─√╘⁸ ╩ ∆╢⁹ 

B2.0h1.8H0l  

1.00.72.04.01.8  ³³  

  7.60 Ҝ 8.00 m 

 

 

 
 

 

 

 
ǔ֩ ה ǶƲўʣǙǭ 0.5m Ӵ̬ǯǠȒƳ 

ǔ֩ ה ǶƲʤ ǲḨǬǖ ѝǵ ǜǯǠȒƳ 

H ḷḴ  m  

H0  ֩ǔǒȐ ḷḴ Ǟẏ ȅǮǵ ǜ m  

h  ḷḴǵ  m  

B ḉ Ṣ Ǟẏ ₦ m  

l ֩ǔ  m  

t  ֩ǔԌ m  

 

֓ᶫ-  20  ֩ǔ ǵ ╛ᶫ 

ɛȢɱɆŪ 

ɛȢɱɆū 
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(3)  ─  

≢│⁸ ─ ⇔ ╩ ≤ ╙⇔ↄ│ ╟╡╙ ↄ⌂╢ ≤∆╢√╘⁸

2 ─ ╩ ↑╢ ≤⇔√⁹ 

≢ ⇔√ ─ │ ⌐ ∆≤⅔╡≢№╢⁹ 

к-  2- 16 ─  

5.0m 1.1m

2.0m 1.0m
 

 

 

 

 

 

(4)  ─  

─ │⁸ - 22─ ╩ ™⁸ ─ ╩ ⇔≡ ⇔√⁹ 

ḉ ה Ṣǵ ǶƲʤ КὦǲḨǬǔ ὑǠȒƳ 

Ū ḉ Ṣǵ Ǟẏ ǶƲ ⅛ ǯֿ ↓ǒƲȅǦǶ̭ǖǞƲ ֩ǔ ǵ ǜǲ

ֻȖǢȒƳ 

ū ḉ ṢǲǶƲⱳǡ ș ǘȒƳ 

Ŭ ḉ Ṣǵ Ǟẏ ԌǶ ֩ǔԌǯֿǟǲǠȒƳȅǦƲ ẏ ԌǶḨ ǲ Ǟǯ

ԌǲǠȒƳ 

ŭ ǵȑǶ 1 0.2 Ʋ ǵȑǶ ǯǠȒƳ 

Ů ЊȓǶ ᶽǵḹֻƲ ֩ǔ⅝ ȏȑ 1.0m ̊ʣǯǞƲῑ ǵḹֻǶ 0.5m ̊ʣ

ǯǠȒƳ 

ů Ǟ₦ǶƲ ḷḴǵ ǞǯֿǟǲǠȒƳ 

Ű ẏ ӆ Ƕ ₳ș ǯǞƲ Ƕ᷂ῇǲ֝ȑ̂ǘȒǚǯșԍѸǯǠȒƳ̪ǞƲ

⅛₦ǵẎǔǋḹֻǶǚǵ ȑǮǶǱǋƳ ЊǶ ḷḴǲ ǟȒƳ 

ű ᷂◐ǵ ǲȏȑ Ḵșʤ ⱲǲᾍǞǭ ǲǮǔǱǖǱȑƲǱǑǒǫ ȑḷǯ

ǱȐǱǋḹֻǶƲḉ Ṣșʤ ⱲǲᾍǞǭ ǯǠȒƳ 

 

֓ᶫ-  21  ḉ Ṣǵ ╛ᶫ 

ɛȢɱɆ 
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─ │ к-  2- 17⌐ ∆≤⅔╡≢№╢⁹ 

к-  2- 17 ─  

7.0m 0.3m
 

 

 

 

 

 

ζṢ ה Ὶǵ ǶƲʤ КὦǲḨǬǔ ὑǠȒƳ 

Ū ζṢ ῚǵḨ ǵ₳ ̬ ǶƲḷḴǒȐᾍ Ǔ ʤǠȒ̬ ȏȑ♥ ǜǢǱǘȓ

ǷǱȐǱǋƳ 

ū ζṢ ῚǵḨ ⅝ ǶƲ ֩ǔș ǘȒḹֻǶ ֩ǔǵḨ ⅝ ǯֿ ǯǞƲ ֩ǵ

ǱǋḹֻǲǶʣ Ƕ ḷḴǵḨ ⅝ ș ↓ǯǞƲʤ Ƕ ⅛ӆ ș Ǟǭʣ

ǒȐ ₳ǯǠȒǒʤȑӆ ǯǠȒǵǓ ǮǉȒƳ 

Ŭ ζṢ Ὶǵ ǶƲ ǵ ǲᾍǞǭὄЋḬᶭǯǠȒǦȈƲȱɱȭɨɶɆǯǠȒ

ǚǯǓʝ ǮǉȒƳ 

ŭ ζṢ Ὶǵǵȑӆ ǶƲ5 ѝș ǯǠȒƳ 

Ů ζṢ Ὶǵẏ ǶƲʤ ș҇ḷḴȅǦǶḉ Ṣǵ ẏ ǯֿ ǯǞƲ ֩ǔǵӆ

ȋ ♥᷂ ș Ǟʣ ǲׄǒǪǭ ₳̊ʣǯǠȒƳ 

ů ζṢ Ὶǵ ǔǶƲԍѸǯǞǭ ₡ Ǔ˔ ǜȓȒ ̬ȏȑȉʤ̬ǲ ǘȒȀǔ

ǮǶǱǋƳ 

Ű ζṢ Ὶǵ̬ ǶƲⱳǡḷḴ Ǟǵ ȏȑ♥ ǜǢȒǚǯ ֓ᶫ- 22 ֓ Ƴ 

  

֓ᶫ-  22  ζṢ Ὶǵ ╛ᶫǯ ᶫ 

ɛȢɱɆ 
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2   ─  

⌐ ∆ ⌐ ≠⅝⁸ ─ ╩ ∆╢⁹ 

 

2.1   

к-  2- 18  

⁷⁷⁷ ⁷⁷
─ Q 100.0m3/s

Qp 110.0m3/s │⁸ ─ ≤⇔≡10 ≤∆╢⁹

B 20.0m

ⅎ╪ H 14.5m

◖fi◒ꜞכ♩─ Wc 23.05kN/m3 2.35t/m3

─ Wo 11.77kN/m3 1.20t/m3 H 15.0m

ⅎ╪ ─
f 0.7

gu 588kN/m2

⁷⁷⁷

 

 

2.2  ─  

2.2.1   ⇔─  

(1)  ⇔  

1)   

⇔ │ ≤⇔⁸ │ 1 0.5 ╩ ≤∆╢↓≤⅛╠⁸ ⌐⅔™≡╙

1 0.5 ─ ≤∆╢⁹ 

 

2)   

⇔ │⁸ ─ ∆ ╡ ↄ≤╡⁸ ╩ ∆╢↓≤⅜ ╕⇔™↓≤⅛╠⁸ ≢

│ ≤ ─ 20.0m≤⇔√⁹ 

 

3)  ⇔  

⇔─ ↕│⁸ ╩ ⇔℮╢ ⌐ ╩ ⅎ≡ ╘╢⁹ │ ─ ─ ⌐

╟╡ ∆╢⁹ 

 ( ) 23

h21 D2B3B2gC
15

2
Q הההה  

↓↓≢⁸Q  110.0 m3/s  

C  0.6 0.66  

g  9.8 m/s 2  

B1 ⇔  20.0 m  

B2  m  

Dh  m  

m2  0.5  
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C 0.6⁸m2 0.5 ≤∆╢≤ ─╟℮⌐⌂╢⁹ 

( ) 2/3

1 h77.1h71.0 ÖÖ+Ö BQԇ  

 

h 2.1m≤ ∆╢≤⁸ 

( ) 232.120.01.772.10.71Q ³³³ 112.3 m3/s  

Q 112.3 m3/s  Qp 110.0 m3/s  ................................  OK 

⇔√⅜∫≡⁸ ⌐ ∆╢ │ h 2.1m≤∆╢⁹ 

 

│ ⌐ ≠⅝ ╘╢⁹ ≢│⁸ 110.0m3/s ─√╘⁸ │ 0.6m

≤⌂╢⁹ 

к-  2- 19  

m3/s 200 200 500500

↕╣√ ⌐ ⅎ╢ m 0.6 0.8 1.0
 

 

⇔√⅜∫≡⁸ ⇔─ ↕│ ─ ╟╡H 2.7m≤⌂╢⁹ 

h´hH  

↓↓≢⁸H ⇔─ ↕ m  

h  2.1m  

h´  0.6m  

=6.01.2H 2.7m 
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2.3  ─  

2.3.1    

│⁸ ⌐ ╩╙≤⌐ ∆╢⁹ ⇔⁸ ⌐⅔↑╢ ⌐ ∆╢ ─

│B 2.5m╩ ≤∆╢√╘⁸ ⌐⅔™≡╙ │ B 2.5m≤⇔√⁹ 

к-  2- 20  

m 1.5 2.5 3.0 4.0

∂╡ ∂╡

─
⌂™

─
⅜ ™

─ ─

 
 

2.3.2   ─╡  

─╡ │⁸1 0.2 ╩ ≤∆╢√╘⁸ ⌐⅔™≡╙ ─╡ │ 1 0.2 ≤⇔√⁹ 

 

2.3.3   ─ ∑ 

─ ⌐ ™╢ ─ ∑│⁸ ─╒⅛│ ⌐╟╢⁹ 

≢│⁸ ⅜ 15.0m H 14.5m ─√╘⁸ ╩ ≤⇔⁸ │

─╒⅛│ ≤∆╢⁹ 

к-  2- 21 ─ ╖ ∑ 

ⅎ╪ 15.0m

⁸ ⁸ ⁸

⁸
ⅎ╪ 15.0m ⁸ ⁸

 
 

2.3.4   ⌐ ™╢  

⌐ ™╢ │⁸  1  1.4.2 3  1 2 ⌐ ∏╢╙─≤∆╢⁹ 

 

2.3.5    

│⁸  1  1.4.2 4 ⌐ ∏╢╙─≤∆╢⁹ 

 

2.3.6    

│⁸₈2.2.3 ₉⌐ ⇔≡₈2.2.5 ₉╩ ≢⅝╢ ≤⇔

≡ ∆╢ ⅜№╢⁹ 

↓↓≢⁸ │ ─╡ ╩ ⌐ 0.05 ↕∑≡ ╩ ™⁸ ╩

≢⅝╢ ⅜ ≤⌂╢ ─╡ ╩ ∆╢⁹ 
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1)   

ᵑ m 1 0.60  

 

к-  2- 17 ⌐ ∆╢  

к-  2- 22 m 0.60  

M
W 2 1,453.88 5.80 8,432.50

W 835.56 8.7+2.5/2 9.95 8,313.82

W 2 484.63 8.7+2.5+2.9/3 12.17 5,897.95

P 61.79 8.7+2.5/2 9.95 614.81

P 215.04 8.7/2 4.35 935.42

P 2 742.39 8.7/3 2.90 2,152.93

PH1
2 1,237.32 14.5/3 4.83 5,976.26

PH2 358.40 14.5/2 7.25 2,598.40

3,793.29 1,595.72 34,922.09 
 

(iv)  ⌐ ∆╢  

6

B

2

B

V

M
e ֔
ä

ä
 

B 2.9 2.5 8.7 14.1m 

35.216.2
2

14.1

29.793,3

09.922,34
e ֔  ................................ .............  OK 

(v)  ⌐ ∆╢  

1.21.66
1,595.72

29.793,30.7

H

Vf
n
ה ³

ä

ä
 ................................ ..........  OK 

(vi)  ─ ⌐ ∆╢  

ý
ü
û

í
ì
ë

ö
÷

õ
æ
ç

å
³°³

ä

B

e
61

B

V
s  

ý
ü
û

í
ì
ë

ö
÷

õ
æ
ç

å
³³

14.1

2.16
61

14.1

3,793.29
maxs 516.30kN/m2  558 kN/m2 .....................  OK 

ý
ü
û

í
ì
ë

ö
÷

õ
æ
ç

å
³³

14.1

2.16
61

14.1

3,790.03
mins

 

21.75kN/m2   0 kN/m2 .....................  OK 
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ᵒ  

≢│⁸₈ ⌐ ∆╢ ₉⅜ ≤⌂╡⁸ ─╡ │ 1 0. 60╩ ∆╢

≤⇔√⁹ 

к-  2- 23  

B0
2

B0/6

0.20 8.300 3.47 1.38 0.96 923.13

0.25 9.025 3.19 1.50 1.05 824.59

0.30 9.750 2.96 1.63 1.14 748.19

0.35 10.475 2.76 1.75 1.22 686.48

0.40 11.200 2.60 1.87 1.31 638.16

0.45 11.925 2.46 1.99 1.40 598.18

0.50 12.650 2.34 2.11 1.49 565.16

0.55 13.375 2.24 2.23 1.58 538.02

0.60 14.100 2.16 2.35 1.66 516.30

0.65 14.825 2.08 2.47 1.75 495.81

0.70 15.550 1.84 2.59 2.02 479.65

0
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3 ה   ─  

⌐ ∆ ╩╙≤⌐⁸ ה ─ ╩ ∆⁹ 

 

3.1   

к-  2- 24  

⁷⁷⁷ ⁷⁷

A  0.05km2

ɝ0 1/3 18.4°

D95 0.5m

Ⱨכ◒ Qsp 6.0m3/s

─ Qp 2.0m3/s

╩ ⇔√ Q  3.0m3/s ─ ─1.5

U  3.59m ╟╡

Dd 0.51m ⁷ⁿ

─ ɘd 19.17kN/m3 ⁷ⁿ

F  12.86kN/m3 ⁷ⁿ

◖fi◒ꜞכ♩─ Wc 23.05kN/m3 2.35t/m3 H 15.0m

─ Wo 11.77kN/m3 1.20t/m3

ⅎ╪ ─

f 0.7

gu 588.0kN/m2

ⅎ╪ H 11.5m

ⅎ╪ H  8.5m

ⅎ╪

≤ ─ ≤ ─ ⁸

⁷⁷⁷
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3.2  ─  

3.2.1   ─  

─ ─ ⅝↕│⁸ ╛ ╩ ⌐ ≢⅝╢╟℮⌐ ∆╢⁹ 

─ │⁸ ─ ╩ ⇔⁸ ─ ╩ ⅛∑

╢╟℮≢⅝╢∞↑ ↄ≤╢⁹ 

╩ ⅜ ∆╢≤⅝─ ╣─ Bda╩ ╘⁸↓╣╩ ─ ─

─ ≤⇔≡ ∆╢⁹ 

 

─ ╩ ⌐ ∆⁹ 

 

к-  2- 18  

╩ 0.6m≤ ∆╢≤⁸ 

ה ╣─ a  

( ) )(2.46.0)0.10.1(0.3Bda mznmBd =³++=³++

 
 

ה Ⱨכ◒ ─  

( ) ( )
2

1
6.02.40.3

2

1
ZBBA dadd ³³³³ 2.16 m2 

 

ה  

│⁸ ⇔√ ╟╡ ╠╣√Ad╩Bda⌐≡ ⇔√ ≤⇔≡ ╘╠╣╢⁹ 

4.2

2.16

B

A
D

da

d

d 0.51 m 

 

ה  

( ) ( ) ( )213232
d

m

sin18.40.51
0.1

1
 sinD

K

1
U

21

הה³³¯ q 3.59 m/s  
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⇔√ U⌐⅔↑╢ ╩ ∆╢⁹ 

16.259.3AUQ dsp ³³ 7.75 m3/s  

'Qsp 7.75 m3/s   spQ 6.0 m3/ ------- OK 

 

╟╡⁸ Ⱨכ◒ ╩ ⇔℮╢ ─ ╣─ Bda│ 4.2m≤⌂╢⁹ 

─ │⁸Bda 4.2m╩ ─ ≤⇔≡⌂╢═ↄ ⅝ↄ≤╡⁸B 4.0m≤⇔√⁹ 

 

3.2.2   ─  

─√╘─ │⁸ ─ ⅝↕╩ ⌐ ∆╢↓≤⌐╟╡⁸

╩ ∆╢ ⁸⅔╟┘ ─ ╩ ┼ ∆ ╩ √∑╢↓≤⅜≢⅝╢⁹ 

⇔√⅜∫≡⁸ │⁸ ⌐╟╡ ∆╢ ⌂≥╩ ⇔≡ ∆╢⁹ 

⌐⅔↑╢ │ ─≤⅔╡⌐ ⇔√⁹ 

 

─  < 0.5m>×1.0 0.5m 

─ ↕ < 0.5m>×1.0 0.5m 

─ ↕ < ─ 0.51m >×1.0 0.5m 

 



ₒ ₓ 

- 71 

 

 

 

 
 

ǶƲ̊ʤǲḨǬǋǭ ה ὑǠȒƳ 

 

 

֓ᶫ-  23  ǵ  

֓ -  6  Ḍ ḷḴǲǑǘȒ ǵ ὑ 

   ─ ↕ 

─  D95×1.0 D95×1.0 ─  

 1 1 2 

1 ─ ╡⁸ ה ╩ D95 ─ 1.5 ╕≢ →╢↓≤⅜≢⅝╢⁹ 

2 ─ ╡⁸ ↕╩ D95 ─ 1.5 ╕≢ ↄ∆╢↓≤⅜≢⅝╢⁹ 

 

 

ɛȢɱɆ 
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3.3  ⇔─  

3.3.1   ⇔  

─ ⇔ │⁸ ⅜ ⌐╟╡ ⌐ ⇔√ ⌐ Ⱨכ◒

╩ ⇔ ╢ ⌂ ⇔ ╩ ∆╢ ≤∆╢⁹ │ ⇔⌂ↄ≡╙ ™⁹ 

 

 

 
 

(1)  ⇔  

⇔ │⁸ 3.2.1 ≢ ⇔√ ─ ╩ ⇔≡ ∆╢⁹ 

≢│⁸ ⇔ ╩ ─ ≤ ≤∆╢↓≤≤⇔⁸B 4.0m≤⇔√⁹ 

 

(2)   

⇔─ │⁸ ≤ ≤⇔⁸ 1 0.5 ─ ≤⇔√⁹ 

 

(3)   

─ │⁸ ─ᵑ≤ᵒ╩ ⇔ ⅝™ ≤∆╢⁹ 

ᵑ Ⱨכ◒ ⌐ ∆╢ ─  

ᵒ ─  

 

1)  Ⱨכ◒ ⌐ ∆╢ ─  

Ⱨכ◒ ⌐ ∆╢ │⁸ ⇔√ ⇔ ╩╙≤⌐ ∆╢⁹⌂⅔⁸↓─

─ │ ≤∆╢⁹ 

 

Ḍ ה ḷḴǵ Ǟ ǶƲ̵ ș ǞǱǖǭȉ ǋƳ 

 

 

֓ᶫ-  24  Ḍ ḷḴǵ Ǟ  

ǱǑƲ᷂◐Ǳǰǵ ה ǲȏȑ Ǟ ș ͪǮǔǱǋǯǔǶ șדȈǦ ǲȏǪ

ǭᾍꜘǠȒǚǯǓǮǔȒƳ 

ɛȢɱɆ 
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╩ 0.7m≤ ∆╢≤⁸ 

ה ╣─ a  

( ) )(7.37.0)5.05.0(0.3Bda mznmBd =³++=³++  

ה Ⱨכ◒ ─  

( ) ( )
2

1
7.07.30.3

2

1
ZBBA dadd ³³³³ 2.35 m2 

ה  

│⁸ ⇔√ ╟╡ ╠╣√Ad╩Bda⌐≡ ⇔√ ≤⇔≡ ╘╠╣╢⁹ 

3.7

2.35

B

A
D

da

d
d 0.64 m 

ה  

( ) ( ) ( )213232
d

m

sin9.460.64
0.1

1
 sinD

K

1
U

21

הה³³¯ q 3.01 m/s 

⇔√ U⌐⅔↑╢ ╩ ∆╢⁹ 

16.259.3AUQ dsp ³³ 7.75 m3/s  

'Qsp 7.75 m3/s   spQ 6.0 m3/ ------- OK 

⇔√⅜∫≡⁸ Ⱨכ◒ ⌐ ∆╢ │ Dd 0.64Ҝ0.7m≤⌂╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

2)   

к-  2- 24╟╡⁸ D95 0.5m≢№╢⁹ 

 

3)  ─  

─ ╩ ∆╢≤ ─≤⅔╡≤⌂╡ │ Dd 0.7m≤⌂╢⁹ 

Dd 0.7 m  D95 0.5 m 

ᶽ ה ɒɶȭ ǲᾍǠȒ ὑǲ ǋǦ̌ὑ Ƕʤᶫǵ ȑǮǉȒƳ 

 

֓ᶫ- 25  ̌ὑ Ǟ  

ɛȢɱɆ 
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3.4  ─  

3.4.1   ─ ─  

(1)   

1)  ─ ∑ 

─ │ ⌐│ ─ ≤ ≤∆╢⅜⁸

⌐ ∂√ ⅜ ∆╢╙─≤∆╢⁹ 

 

│⁸ ⅜ 15m H 11.5m ─√╘⁸ ╩ ≤⇔⁸ │ ─

─ │⁸ ≤∆╢⁹ 

 

к-  2- 25 ─ ⌐ ™╢ ╩ ↄ  

    

15m   
⁸ 

 
 

15m   
⁸ 

 
 

15m ─ ⌐⅔™≡⁸ ─ │ 15m ─ ≤ ≤∆╢⁹ 

╕√⁸ ⌐≈™≡│⁸ ⌐ ──╡ ⅜ ⌂ ⅜ ™√╘⁸ ─ ─≤

⅝⌐ ⅛╠ ⅜ ∆╢ ⌐≈™≡╙ ╩ ∆╢⁹ 

 

 

к-  2- 19 ─  

 

 

 

 

1)   

─ │ ─ ⌐ ⌐ ™╢ ─ ╩ ∂≡ ╘╠╣╢⁹

ᶽ ה Ǔʣ ǯǱȒǵǮƲḭ ᶿǶְ◐ѝ⁹ǯǱȒƳ 

ǲǶ ה ǑȏǺ Ƕ ȅǪǭǋǱǋ Ǯ ș ὑǠȒƳ 

ɛȢɱɆ 
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│⁸ ─ ╩ ≢ ∫√ ─ ≤⁸ ◖fi◒ꜞכ♩ ─ ╩ ⅎ√

√╡─ ╩ ™╢⁹⌂⅔⁸ ─ ⅔╟┘ │ ≤⇔≡ ╕⌂™╙─≤∆

╢⁹ 

 bVAWW rcה  

W √╡─ ─ kN/m  

Wc ⌐ ™╢◖fi◒ꜞכ♩─ 23.05kN/m3  

Vr  ─ 600kN  

b 4.0m  

A ─ √╡─ m3/m  

 

2)   

│⁸ ⌐╟╡ ╘╠╣╢⁹ ╩ ∆╢√╘─ │⁸ ⇔ ⅛╠

⌐ ⇔™ ↕╩ →√ ↕≤∆╢⁹ 

 eeeeH hCP gהה  

 eeeV hP gה  

PeH ─ kN/m2  

PeV ─ kN/m2  

ɘe ─ C*ɨg 0. 6×25.51 15.31kN/m3  

he ⅛╠─ ─ ╕≢─ m  

Ce cosi ԇ1≤∆╢  

  0.30.27
sin351

sin351

sin1

sin1
ԇ

¯

¯

f

f
 

ɫ ─ ≢─ 35°  

 

 

 ( )2deeeH1P DHC
2

1
F הה g  

 ( ) ( )ddgdeeH2P DHDCF ההה rg  

FPeH1 √╡─ PeH1⌐╟╢ kN/m  

FPeH2 √╡─ PeH2⌐╟╢ kN/m  

H m  

Dd ─ m  

z ⅛╠─ m  

Ce 0.3  

ɘe ─ 15.31kN/m3  

ɘd ─ 19.17kN/m3  

ɦg ─ 11.77kN/m3  

 

 ( )2deeV1P DHm
2

1
F gה  
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FPeV1 √╡─ PeV1⌐╟╢ kN/m  

ɘe ─ 15.31kN/m3  

m ─╡  

H m  

Dd ─ m  

 

3)   

к-  2- 24╟╡⁸ F 12.86kN/m≢№╢⁹ 

 

(2)   

─ │⁸ ≤ ≤∆╢  1  1.4.2 4

⁹ 

 

(3)   

│⁸₈ 1 ₉⌐ ⇔≡₈ 2 ₉╩ ≢⅝╢ ≤⇔≡

∆╢ ⅜№╢⁹√∞⇔⁸ ─ │∕─ ⌐╟∫≡ ⌂╢↓≤⅛╠⁸ ⌐ ∂√

─♩ⱷfiכ⸗ ╩ ℮ ⅜№╢⁹ 

≢│⁸ к-  2- 20⌐ ⇔√ W1 ─ ╩ ≈╙─≤ ⇔≡ ╩ ∫

√⁹ 
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к-  2- 20 ⌐ ∆╢  

к-  2- 26  

M
W 600.00/4.00 150.00 3.50 525.00

W 414.90 3.00 1,244.70

244.65 1.00 244.65

eH1
2 277.37 3.66 1,015.17

eH2 12.46 5.50 68.53

Pd 19.55 1.00 19.55

F 2 12.86 11.25 144.68

829.10 302.69 3,262.28 
 

(vii)  ⌐ ∆╢  

6

B

2

B

V

M
e ֔
ä

ä
 

B 1.00 3.00 2.00 6.00m 

00.393.0
2

6.0

10.829

28.262,3
e ֔  ................................ ..........  OK 

(viii)  ⌐ ∆╢  

1.21.92
302.69

10.8290.7

H

Vf
n
ה ³

ä

ä
 ................................ ......  OK 

(ix)  ─ ⌐ ∆╢  

ý
ü
û

í
ì
ë

ö
÷

õ
æ
ç

å
³°³

ä

B

e
61

B

V
s  

ý
ü
û

í
ì
ë

ö
÷

õ
æ
ç

å
³³

6.0

0.93
61

6.0

829.10
maxs 266.69kN/m2  558 kN/m2 ..................  OK 

ý
ü
û

í
ì
ë

ö
÷

õ
æ
ç

å
³³

6.0

0.93
61

6.0

829.10
mins

  

9.67kN/m2   0 kN/m2 ..................  OK 
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4   ◖fi◒ꜞכ♩☻ꜞ♇♩ ─  

4.1   

к-  2- 27  

⁷⁷⁷ ⁷⁷

Q´ 150m3/s

ɖ 10 Q⁷ 165m3/s

I 1 1/31

I 2 1/62

─ n 0.045

ɫmax 70cm

⇔ B1 14.0m

ⅎ╪ H 14.0m

☻ꜞ♇♩ h 11.0m

⁷⁷⁷

 

 

 

4.2  ⇔ ─  

⇔ │ ╩ ⌐ ↕∑╢ ≤∆╢⁹ 

 

к-  2- 21 ◖fi◒ꜞכ♩☻ꜞ♇♩ ─ ⇔ ≤  
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4.2.1   ⇔ ─  

─  

 

 

C=0.6,m=0.5≤⇔√  

 

 

↓↓⌐⁸ Q  (=165.0m3/s)  

3h   (m) 

1B  ⇔ (=14.0m) 

2B  (m) 

m   ─ (=0.5)  

 

(h 3)=3.40m≤∆╢≤ 

 

170=  m3/s   165=SQ m3/s  ..............................  O.K 

 

4.2.2   ⇔─ ↕ 

⇔─ ↕│⁸ ⇔ ⌐ ╩ ⅎ≡ ╘╢╙─≤∆╢⁹ ȺH│⁸ ≤

⇔≡ ⌐╟∫≡ ∆╢╙─≤∆╢⁹ 

к-  2- 28 ⌐ ∆╢  

  

200m3/s  0.60m 

200 500m3/s  0.80m 

500 2000m3/s  1.00m 

 

⌐╟╢ ȺH│ к-  2- 28 ╟╡ 0.60m(Q=200m3/s )≤⌂╢⁹⇔√⅜∫≡⁸

⇔ ↕│⁸ 

⇔  H =  (h 3) +  (ȺH) 

= 3.40 + 0.60  

= 4.00m  

B 1

H

h

h31 :m1 :m

B 2

Ⱥ

( ) 3/2

321 232
15

2
hBBgCQ Ö+ÖÖÖ=

( ) 3/2

313 h1.77B0.71h Ö+=Q

( ) 2340.30.1477.140.371.0 ³³+³=Q
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4.2.3   ☻ꜞ♇♩ ─  

(1)  ☻ꜞ♇♩ ─  

─ ╩ ≤∆╢ ─ ⁸☻ꜞ♇♩⅜ ↄ⁸ ⅜ ™ ⁸

⅜ ⅝ↄ⌂╢↓≤⅜⁸ ╛ ≢ ↕╣≡™╢⁹ ⌐☻ꜞ♇♩ ⌐№

√∫≡─ ╩ ∆⁹ 

 

☻ꜞ♇♩ ⌐№√∫≡─  

♩♇ꜞ☻⁸│ ה ≤ ─ ╩ ⌐╟∫≡ ⇔⁸ ⌂☻ꜞ♇♩

╩ ∆╢⁹ 

╩ ה ≤∆╢ →♃▬ⱪ─ ⁸ ⁸ ⅜ ⌐╟∫≡ ↕╣╢

↓≤│ ╕⌂™⁹↓↓≢╙⁸ ⌐ ⌂ ⌐╟╡ ⌐ ↕╣⌂™☻ꜞ♇

♩ ╩ ∆╢⁹ 

 

1)  ☻ꜞ♇♩ ≤ ─  

─ ╩ к-  2- 22⌐ ∆⁹ │⁸ ─ ≢⁸ ╣⅜ →╠╣√

≢ ↕╣╢⁹ ─ ─ │⁸ ─ ─ ↕≤⁸☻ꜞ♇♩ ⅛╠ ─ ≢

™√ ─ ≤⇔≡ ╘╠╣╢⁹ ╠⅜ ⇔≡™╢ ─ ↕╩ ╘╢ ╩ ⌐ ∆⁹ 

 

  

к-  2- 22 ─  

 

( )

0.6

s

3

3 2

2

r
s

IB

Qn
11

1

2

F
Z

ö
ö

÷

õ

æ
æ

ç

å

îý

î
ü

û

îí

î
ì

ë

ö
ö

÷

õ

æ
æ

ç

å ה
ה

g

g

g
 

↓↓⌐⁸Zs ─ ↕ 

Fr  ⌐ ∆╢ⱨꜟכ♪  

ɘ Bd/Bs  



ₒ ₓ 

- 81 

Bs ≢─ ╣─ (=14.0 )  

Bd ≢─ ╣─ ☻ꜞ♇♩  

I  ( 1/62 0.016)  

n ⱴ♬fi◓─ (=0.045)  

Q (=165m3/s)  

 

⌐ ≠⅝⁸☻ꜞ♇♩ ╩Ɽꜝⱷכ♃כ≤⇔√ ─ ─ ─ ╩ к-  

2- 29⌐⁸╕√⁸ ─ ╩ к-  2- 23⌐ ∆⁹ 

 

β ☻ꜞ♇♩ │⁸ 2m⅛╠ 6m╕≢─ ⌐⅔™≡⁸1mⱧ♇♅≢☻ꜞ♇♩ ≤

─ ╩ ℮⁹√∞⇔⁸☻ꜞ♇♩ │ ɫ=70cm ⅜⁸ ⇔⌂™ 2b

dmax ╩ ↕∑╢╙─≤⇔≡⁸ ⅛╠ ╩ ╖⁸ ☻ꜞ♇♩ ╩

2.0m≤⇔≡ ∆╢╙─≤⇔√⁹ 

 

2)  ☻ꜞ♇♩ ≤ ─  

⌐⁸☻ꜞ♇♩ ≤ ⌐╟╢ │ ⌐ ∆≤⅔╡≢№╢⁹ 

b ה 2.0×dmax-----  Ⱨכ◒ │ ∆╢⅜ ⌐│ ⇔⌂™⁹ 

-----b֕1.5×dmax ה  ⌐ ⌐ ∆╢⁹ 

b ה 1.0×dmax-----  ↕╠⌐ ⌐ ⇔╟℮≤∆╢ ⁹ 

↓↓≢⁸ b ☻ꜞ♇♩ (m) 

 dmax (m) 

 

╩ ≤∆╢ │⁸ ⌐╟╢ ╩ ╕⌂™─⅜ ≢№╢⁹⇔√⅜∫≡⁸

☻ꜞ♇♩ ⅜ ─ 2 №╣┌⁸ ⌐╟∫≡☻ꜞ♇♩ │ ⇔⌂™╙─≤ ⅎ╠

╣╢⁹ 

i) ╟╡ ╕╢  

⌐⅔↑╢ │⁸ ─ ─ ╩ ™≡ ╘╢╙─≤∆

╢⁹ 

 

 

 

 

 

 

100
IB

Qn

80.9

gI
0.6

0.5
³ö

÷

õ
æ
ç

å

Ö

Ö
Ö=ɫ
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↓↓⌐⁸g (=980cm/s2)  

I  (=1/31=0.032)  

n (=0.040)  

Q (165.0 m3/s)  

B (=146.0m) 

 

100
032.0014.

1650.040

80.9

032.0980
0.6

0.5
³ö

÷

õ
æ
ç

å

³

³
³

³
=\ɫ  ԇ 70 cm  

 

─ ⌐╟∫≡ ┌╣╢ ─ │ɫ=0.70m≤⌂╢⁹ 

 

ii) ⌐╟∫≡ ↕╣⌂™☻ꜞ♇♩  

⌐╟∫≡☻ꜞ♇♩⅜ ⇔⌂™ ⌐ ∆╢≤ ─≤⅔╡≤⌂╢⁹ 

b  2 ×dmax 

 2 ×0.70  1.40 m  ..............  ╩ ╖ b=2.0m≤∆╢⁹ 

╟╡⁸1 ─☻ꜞ♇♩ ╩ b 2.0 m ≤⇔√ ⁸ ⌐ ∆╢ ⌐╟∫≡

╙☻ꜞ♇♩│ ⇔⌂™╙─≤ ⅎ╠╣╢⁹ 

 

╩ ה ∆╢ ─  

к-  2- 29 ☻ꜞ♇♩ ≤ ─ 1/100 ─  

sinɝ ╣─ ─ ↕

Q m3/s B m 1/nɝ ° n g m/s2 h m V m Fr Bb Bs Bb/Bs Zs m

2.0 0.14 9.42

3.0 0.21 6.35

4.0 0.29 4.63

5.0 0.36 3.49

6.0 0.43 2.69

14.01.04.992.369.80.045ⅎ╪ 0.01610.9241/6214.0165

 

 

⅜ ╩ ∆╢ ─ │⁸ⱴ♬fi◓─ ╩ ™╢⁹╕√⁸ R h

≤ ∆╢≤⁸ │ ─≤⅔╡≢№╢⁹ 

 

 ( )( )( )530.5sinBQnh qהה  

 ( )hBQV ה  

 hgVFr ה  

h  (m)           

B  (=14.0)         

Q  (=165m3/s)     

n  ⱴ♬fi◓─ (=0.045)  

V  (m/s)  

F  ⌐ ∆╢ⱨꜟכ♪  
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(2)  ─╕≤╘ 

☻ꜞ♇♩ ≤ ─ │⁸ к-  2- 23⌐ ∆≤⅔╡≢№╢⁹ 

 
15

10

5

0
ɝ

m

h s
1
2
.
0
m ☻ꜞ♇♩ ⁷2.0m

☻ꜞ♇♩ ⁷3.0m

☻ꜞ♇♩ ⁷4.0m

☻ꜞ♇♩ ⁷5.0m

☻ꜞ♇♩ ⁷6.0m

Z
s
2
.
7
m

Z
s
3
.
5
m

Z
s
4
.
6
m

Z
s
6
.
4
m

Z
s
9
.
4
m

 

к-  2- 23 ☻ꜞ♇♩─ ↕≤ ─  

─ ╩┤╕ⅎ⁸ ⅛╠⁸☻ꜞ♇♩ ≤ ─ ╩ ∆╢≤ ─≤⅔╡≢№╢⁹ 

 

¶ 1/100 ⌐⅔™≡│⁸☻ꜞ♇♩ 2.0 m─◔כ☻≢ ⅜

Zs=9.4m≤⌂╡⁸╒╓ ⌂ ⅜ ≢⅝╢ ≤⌂╢⁹ 

¶ ⁸ 1 ╠─ ⌐╟╣┌⁸ │ ─ ≢⁸ ╣⅜ →╠╣

≡ ╣√ ≢ ↕╣╢─≢⁸ ⇔√ ╩ ∂↕∑╢─⌐ ⌂☻ꜞ♇♩

─ ↕⅜ ≢№╢⁹↓─╟℮⌂☻ꜞ♇♩─ ↕│⁸ ─ ↕(Zs) ≤ ≢─

(hc) ─ ╟╡ ⅝ↄ⌂╢╟℮⌐ ∆╢↓≤⅜ ╕⇔™≤↕╣≡™╢⁹ 

֕Zs hc 

 

☻
ꜞ
♇
♩
 
h
1
2
.
0

m

─
↕
 
Z
s

─
 h

c

 

─  
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¶ ☻ꜞ♇♩ 2.0 m⁸ Zs=9.4m─◔כ☻≢ ∆╢≤ ─≤⅔╡≢№╡⁸ ⌐

╩ ∆╢↓≤⅜ ≢⅝╢⁹ 

֕Zs hc 

11m֕ 9.4 2.4 11.8 ќ 12.0m 

 

─ ╟╡⁸ →⌐╟╢ ╩ ⌐ ⇔℮╢☻ꜞ♇♩ ≤⇔≡⁸☻

ꜞ♇♩ B=2.0 m─ 1 ≤⇔≡ ∆╢⁹ 

 

1 ⁸ ☻ꜞ♇♩╩ ∆╢ ♄ⱶ─ ⌐ ∆╢ ⁸

2851  1990 1  

 

3)  ☻ꜞ♇♩ ─  

⌐⁸☻ꜞ♇♩ ╩ ─ ↕╟╡ ↄ ∆╢≤ ─ ╩ ∆╢ ╣⅜№╢↓

≤⅛╠⁸☻ꜞ♇♩─ │ ─ ╟╡ ↄ ⇔⌂™ ⁸ ╛ ─

ⅎ ╩ ≤⇔≡ ∆╢⁹ 

↓↓≢│ ╩ ⇔⁸ ─ ≤ ≤⇔≡☻ꜞ♇♩ h 12.0m≤⇔≡

∆╢⁹ 

 

4)  ☻ꜞ♇♩ ─  

☻ꜞ♇♩─ ↕│⁸ ─Ⱨכ◒⅜ ∆╢ ⅛╠ ⇔⁸ →╢↓≤⅜ ╩

⅝ↄ∆╢√╘⁸ ╟╡ ↕™ ≢ →⅜ ∂╢╟℮⌐ ∆╢⁹☻ꜞ♇♩ ─

│⁸ ─ ⌐╟╡ ∆╢╙─≤∆╢⁹ 

2

3

h2gb
3

2
ÖÖÖ= ɡQ  

  ↓↓≢⁸b ☻ꜞ♇♩ (m) 

g (=9.8m/s3)  

h ☻ꜞ♇♩ ╕≢─ (m) 

Q ☻ꜞ♇♩ ─ (m3/s)  

ɡ (=0.40)  

 

↓↓≢⁸☻ꜞ♇♩─ │ Ɉb=2.0 ⁸☻ꜞ♇♩ ╩ 12.0 ☻ꜞ♇♩ ╩  

 ⌐№╦∑╢ ≤⇔√ ─☻ꜞ♇♩ ─ │ к-  2- 30─≤⅔╡≤⌂╢⁹ 
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к-  2- 30 ☻ꜞ♇♩ ─  

 

Q(m3/s)  

☻ꜞ♇♩  

Ɉb(m) 

☻ꜞ♇♩  

h(m) 

≢ ╕╢  

Qs(m3/s)  

≤─  

(Qs/Q)×100(%) 

165 2.0 12.0  98.2  60 

 

─╟℮⌐⁸☻ꜞ♇♩ ─ │ ─ 60 ≤⌂╢⁹ ≤⇔≡⁸↓─

─ Q=98.2 m3/s ⌐⅔↑╢ Zs │⁸Zs=6.9 m≤⌂╡⁸ ⌂ →

⅜ ≢⅝╢↓≤⅜ ↕╣√⁹╟∫≡⁸☻ꜞ♇♩ │⁸12.0(m)≤⇔≡ ∆╢╙─≤⇔√⁹ 
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4.3  ─  

(1)   

◖fi◒ꜞכ♩☻ꜞ♇♩ ─ │⁸ ≤ ≤∆╢⁹ 

≢│⁸ ─ ⌐ ≠⅝⁸B 2.5m≤⇔√  2  2.3.1 ⁹ 

 

(2)  ─╡  

◖fi◒ꜞכ♩☻ꜞ♇♩ ─ ─╡ │⁸ ≤ ≤∆

╢  2  2.3.2 ⁹ 

 

(3)  ─ ∑ 

◖fi◒ꜞכ♩☻ꜞ♇♩ ─ ─ ∑│⁸ ≤

≤∆╢⁹ 

≢│⁸ ⅜ 15.0m H 14.5m ─√╘⁸ ╩ ≤⇔⁸ │ ─

─╒⅛│ ≤∆╢⁹ 

 

(4)  ⌐ ™╢  

◖fi◒ꜞכ♩☻ꜞ♇♩ ─ ⌐ ™╢ │⁸ ≤

≤∆╢⁹√∞⇔⁸ ─ │⁸ ⇔ ─ Ⱪ꜡♇◒ ─ ≤⁸☻ꜞ♇♩ ╩ ╪

∞ ⇔ ─Ⱪ꜡♇◒─ ╟╡ ⇔√ ─ ╩ ™≡ ∆╢⁹ 

 

 

 

ȷɨɁɆ ה ș ǞǦӴ̬̱ Ƕ ╛ǲȏȑ ὑǠȒƳ 

VWrc  

 ǚǚǲƲrc ǘǵȱɱȭɨɶɆӴ̬̱  kN/m 3  

W ȷɨɁɆ ș ǋǦḴ̱  kN  

V  ȷɨɁɆ șדȇḴ̱  m3  

 

֓ᶫ- 26  ȷɨɁɆ ǲǑǘȒ ǞǵḴ̱  

 

ɛȢɱɆ 
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1)  ☻ꜞ♇♩ ╩ ⇔√ ─  

╩ ─╟℮⌐ ∆╢≤⁸☻ꜞ♇♩ ╩ ⇔√ │ r c 20.84kN/m3≤

⌂╢⁹ 

1
0
.
2

1
0. 65

1
0
.
2

1
0. 65

A 118. 3m1
3

2
3

☻ꜞ♇♩

A 91. 2m

2. 5m 2. 5m

1
4
.
0
m

14. 40m

1
2
.
0
m

12. 70m

 

 

♩♇ꜞ☻ ה ╩ ╗  

11 LAV ³  

↓↓⌐⁸L1 ⇔ 14.0m  

14.0118.3V ³ 1,656.2m3 

♩♇ꜞ☻ ה ╩ ™√  

( )( ){ } c2211 WLALAW ³³³  

↓↓⌐⁸Wc ◖fi◒ꜞכ♩─ 23.05kN/m3  

L2 ☻ꜞ♇♩ 2.0m  

( )( ){ }⁷⁷ 23.052.02.1914.0118.3 ³³³ 33, 971.1 

♩כꜞ◒fi◖─↑ ה  

VWr  

2.656,11.971,33 20.51kN/m3 

 

 

 

 

(5)   

◖fi◒ꜞכ♩☻ꜞ♇♩ ─ │⁸ ≤ ≤∆╢

 2  2.2.5 ⁹ 

ȱɱȭɨɶɆȷɨɁɆ ה ḷḴǵὄὑ ǶƲʥ Ḍ ḷḴǯֿ ǲ ẆҘǲᾍ

Ǟǭὄὑ ̏ș ǠȒ ◐ ș ὑǠȒǚǯǯǱȒǓƲ ◐ ǵẀӓǲ̢Ǫǭȷ

ɨɁɆ ș ǞǦӴ̬̱ ȉẀӓǠȒǚǯǲ ǠȒƳ 

 

ɛȢɱɆ 
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(6)   

◖fi◒ꜞכ♩☻ꜞ♇♩ │⁸₈ 3 ₉⌐ ⇔≡₈ 4 ₉╩ ≢⅝

╢ ≤⇔≡ ∆╢ ⅜№╢⁹ 

≢│⁸ ─╡ 1 0.65 ─ к-  2- 24 ⌐≡ ╩ ∆╢↓≤⅜ ≤

⌂╢⁹ 
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m 1 0.65  

 

к-  2- 24 ⌐ ∆╢  

к-  2- 31 m 0.65  

M
W 2 1,305.21 6.07 7,922.62

W 717.85 9.1+2.5/2 10.35 7,429.75

W 2 402.00 9.1+2.5+2.8/3 12.53 5,037.06

P 100.04 9.1+2.5/2 10.35 1,035.41

P 364.16 9.1/2 4.55 1,656.93

P 2 749.75 9.1/3 3.03 2,271.74

PH1
2 1,153.46 14.0/3 4.67 5,386.66

PH2 560.25 14.0/2 7.00 3,921.75

3,639.01 1,713.71 34,661.92 
 

ᵑ ⌐ ∆╢  

6

B

2

B

V

M
e ֔
ä

ä
 

B 2.80 2.50 9.10 14.40m 

40.232.2
2

14.4

01.639,3

92.661,34
e ֔  ................................ .............  OK 

ᵒ ⌐ ∆╢  

1.21.49
1,713.71

01.639,30.7

H

Vf
n
ה ³

ä

ä
 ................................ ..........  OK 

ᵓ ─ ⌐ ∆╢  

ý
ü
û

í
ì
ë

ö
÷

õ
æ
ç

å
³°³

ä

B

e
61

B

V
s  

ý
ü
û

í
ì
ë

ö
÷

õ
æ
ç

å
³³

14.4

2.32
61

14.4

3,639.01
maxs 496.70kN/m2  558 kN/m2 .....................  OK 

ý
ü
û

í
ì
ë

ö
÷

õ
æ
ç

å
³³

14.4

2.32
61

14.4

3,639.01
mins

  

8.42kN/m2   0 kN/m2 .....................  OK 
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3  ─  

⌐ ∆ ⌐ ≠⅝⁸ ─ ╩ ∆╢⁹ 

 

1.1   

к-  3- 1  

⁷⁷⁷ ⁷⁷

─ Q 100.0m3/s

Qp 110.0m3/s

 50 ɖ 10

i  1/40 1.43°

i p 1/80 0.72° ─1/2

B 20.0m

─ n 0.045

≤─ ⅜ ⇔≡™⌂™

⁷⁷⁷

 

 

1.2   

1.2.1    

─ ╩ ∆╢╙─≤⇔⁸ ≤⇔≡ │ ╦⌂™╙─≤⇔⁸ │≢

⅝╢∞↑ ↄ ∆╢⁹ 

─ │⁸ ⅜ ⇔≡™⌂™√╘⁸ ─ ─ ╩ ∆╢

↓≤╩ ≤⇔≡ ∆╢⁹ ─ │ B 20.0m─√╘⁸↓─ ╩

≤⇔≡ ⇔√⁹ 

 

1.2.2    

(1)  ─  

│⁸ ⅎ╠╣√ ╩╙≤⌐ ╣⅜ ≢№╢≤ ⇔≡ ⌐│ⱴ♬fi◓─

╟╡ ╘╢ ⅜ ™⁹⇔√⅜∫≡⁸ ⌐⅔™≡╙↓╣⌐ ≠⅝⁸ ╩ⱴ♬fi◓─

╟╡ ╘╢⁹ 

AVQ ה  

2132 IR
n

1
V הה  

P

A
R  

( )hmbhA הה  

( )2m1h2bP הה  
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Q  110.0m3/s  

V  m/s  

n ⱴ♬fi◓─  0.045  

A  m2  

R  m  

I  1/80 0.0125  

P  m  

b  20.0m  

m  1 m  

h  m  

 

1 0.5 1.70m≤ ∆╢≤⁸ 

( )hmbhA הה  

( )1.700.520.01.70 ³³ 35.4m2 

( )2m1h2bP הה  

( )20.511.70220.0 ³³ 23.8m 

P

A
R  

23.8

35.4
 1.49m 

2132 IR
n

1
V הה  

( ) ( )2132
0.01251.49

0.045

1
 ³³ 3.24m/s 

AVQ ה  

35.43.24 ³ 114.7m3/s  110.0m3/s  ................................ ...  OK 

╟╡⁸ 1.70m≤∆╢↓≤≢⁸ ╩ ↕∑╢↓≤⅜ ≤⌂╢⁹ 

 

(2)   

≤⇔≡─ │ ≤⇔≡⁸ ⌐╟∫≡ ∆╢─╙≤⇔⁸ к-  3- 2─

╩ ∫≡│⌂╠⌂™⁹√∞⇔⁸ │ ⌐╟∫≡ ∆╢╙─≤⇔⁸

H ⌐ ∆╢ ȺH ≤─ ȺH/H │ к-  3- 3─ ≤⌂╠⌂™╟℮⌐∆╢⁹ 

к-  3- 2  

  

200m3/s  0.6 m 

200m3/s 500m3/s  0.8 m 

500 m3/s 2000m3/s  1.0 m 
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к-  3- 3 ≤ ȺH/H  

1/10 1/10 1/301/30 1/501/50 1/701/70 1/1001/100 1/200

Ⱥ / ─ 0.50 0.40 0.30 0.25 0.20 0.10

m  

 

1)  ⅛╠ ╕╢  

─ │⁸200m3/s ─√╘ Qp 110.0m3/s ⁸ ⅛╠ ╕╢

│ȺH 0.6m≤⌂╢⁹ 

 

2)  ⌐ ∆╢  

к-  3- 3╟╡⁸ ─ ⅜ 1/80 ─√╘⁸ȺH/H⅜ 0.20 ╩ ╠⌂™ ╩

∆╢⁹ 

 ȺH/H ֕ 0.20 

0.6/1.70 0.35 ֕ 0.20 ................................ ..................  OK 

⇔√⅜∫≡⁸ │ȺH=0.60m≤∆╢⁹ 

 

(3)   

│⁸ ╩ ⇔℮╢ ⌐ ╩ ⅎ≡ ∆╢⁹ 

1 , 2 ─ ╟╡⁸ ─ │H 2.30m≤⌂╢⁹ 

 H h ȺH 

  1.70 0.60 2.30m 

 

 

к-  3- 1 ─  
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4  ⌐⅔↑╢  

1    

1.1  ─☻ꜞ♇♩ ⌐╟╢  

₡ ─ ─☻ꜞ♇♩ ─ ₢ 

ừ ≢ ╘≡☻ꜞ♇♩ ⅜ ╖╠╣√ 2 ─  

2 ה │⁸ 42 8 ⁸3 ⌐ 700mm─ ⅜ ∫√≤™℮ ─

⌐╟∫≡ ⇔√ ⅜ ⌐ ↄ ⇔⁸∕─ ⅜ ≢№╢√╘

↕╣√╙─≢⁸ ⌐№╢ ─ ╩ ╣╢ ─ ⁸ ⌐ 55

⌐ ⇔√ ↕ 14.5m⁸ ↕ 67.0m⁸ 208,000m3─ ≢№╢⁹ 

│ ה ╙№╢ ⌐ ╕╣√ ≢⁸ ⌐│ ⅜ ╛ ⌐

≠⅝⁸ ─ ╘╢╟℮⌂ ⇔™ ⅜ ╠╣╢⁹↓℮⇔√ ⅜ ∟ ≤⌂∫≡ ⅛╠

┼≤ ╣ ╖⁸ ⌐√╕∫≡ ≤⌂╢─≢№╢⁹↓─ │ ⅜

╗ ⌐ ╩ ∟⁸ ╣ ╢≤ ─ ╙ ↕∑≡⇔╕℮⁹ 

2 │ ⅛╠ 6 ╩ ⅞╢ ⅛╠⁸↓℮⇔√ ─ ⅜ ≈╟

℮⌐⌂∫√⁹ ─ ⌐│ ⌐√╕∫√ ⅜ ╩ ∟ ╘⁸

⅛╠ ╣ ⇔√ ⅜⁸ ─ ╩ ↕∑≡™∫√⁹ 

─↓ ה │ ─ ≢ ╡ →╠╣⁸∕╣╩ ↑≡ ≢│⁸

2 ⅛╠ ⌐ ↑√ ⌂ ⅜ ↕╣╢╟℮⌐⌂∫√⁹™ↄ≈⅛─

⅜ ↕╣√⅜⁸ ⌐ ─ ╩ ⁸ ╡ ™≡☻ꜞ♇♩

⌐ ⇔⁸ ─ ╣╩ ↕∑≡ ╩ ⇔≡™ↄ↓≤⅜ ╕∫√⁹ 

─ ה │ ⁸ ─ ╩ ∆╢ ∞↑≢ ╘╠╣⁸ │

╩ 2m⁸ ↕ 4m≢ ╡ ⇔☻ꜞ♇♩ ∆╢ ⌐⌂∫≡™√⁹⇔⅛⇔⁸ ∂

╡ ∆─⌂╠☻ꜞ♇♩╩ ≤⇔≡╙ ⇔╟℮≤ ╩ ⁹☻ꜞ♇♩─ ⌐ ╩

≈ↄ╢√╘⁸ ╡ ∆ ↕╩ ≢ 6m⁸ ≢ 8.5m ≤⇔≡☻ꜞ♇♩─ ⌐ ╩≈↑⁸

∕─ ⌐│ ⅜√╕╢ⱪכꜟ ╩ 6 ↑╢↓≤≤⇔√⁹ │ 7 8 ⌐☻♃

⁸⇔♩כ 8 3 ⌐ ⇔√⁹ 

ừ☻ꜞ♇♩ ─ ≤  

╠⅛ ה 1 ⁹4m╙№∫√Ⱬ♪꜡ ─ │∆∫⅛╡ ⅜ ↑⁸1m ╡⌐

↕╣√⁹Ⱬ♪꜡│Γ Δ⌐ ╕╣ ╦╡⁸ ⌂≥⅜ ∫≡™╢⁹ ─ ⌐

│ ⅛╠ ╛⅛⌂ ╛ ⅜ ╣ ╖⁸ │ ⇔≈≈№╡⁸ ⁸ ─ ╩

⇔√⅛⌐ ⅎ√⁹ 

⁸╠⅜⌂⇔⅛⇔ ה 2 ─ 1.5km ⌐│⁸ ≤ ┬╙℮ ≈

─ ⅜№╡⁸ 2 ⅛╠ ╣ √Ⱬ♪꜡⅜ ⇔√╕╕⌐⌂∫≡™╢⁹

─ ⅛╠╙⁸ │ ─ ╩ ╘╢ ⅜ ⅜∫≡⅝√⁹∕↓≢

≢│⁸ ♄ⱶ─ ≤⇔≡⁸97 ≢ ⌐ 2m⁸ ⅛╠
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3.5m─☻ꜞ♇♩╩ 2 ⁹ ⌐ ─ ⌐ ╩ ╖ →╢

╩ ↑╢ ≤⇔√⁹ 

☻ꜞ♇♩╩ ↑≡ 1

╩ √ ─ ⁹

4m╙ ⇔≡™√Ⱬ♪꜡⅛

╠│ ⅜ ↑⁸1m ╡⌐

↕╣√⁹ ⅜ ╡⁸

⅛╠ ╣≡⅝√ ╛ ╩

╢↓≤╙≢⅝╢⁹ 

 

 

 

 

 

 

 

☻ꜞ♇♩╩ ∆╢ ─ 2

─ ⁹Ⱬ♪꜡ ─

⅜ ╙∫≡ │ ╡⁸

╩ ∫≡™√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

⅛╠ ╘√ ⁹ ─ ╩ 2m ╡ ⅝⁸☻ꜞ♇♩─ ⌐│ ╙ ∫

√⁹ ⅛╠ ╣ ╢ ─ ╙ ⅎ⁸⅛≈≡─ ⅜ ⇔≈≈№╢⁹ 

й-  4- 1 ≢ ╘≡☻ꜞ♇♩ ⅜ ╖╠╣√ 2  
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2   ⌐⅔↑╢  

⌐⅔↑╢  

⌐⅔↑╢  ⌐⅔↑╢  

 

 

╩ ™√₈ ₉ 

9.8m⁸ 54m  

 

 

╩ ™√☻ꜞ♇♩ ₈ ₉ 

7.5m⁸ 32m  

 

  
 

 

 

 

↓≥╙  

 L=305m 

    W= 8m 

    2  

 48 ⁸ ⌐₈↓≥╙ ₉

⅜ ↕╣⁸ 53 ⁸ ⌐ ⇔⁸∕─

⅜ 55 5 ⌐ ⇔√⁹ │⁸↓─

╩ ╣⁸ ≤⇔≡⁸ ⅜ ↕╣

√⁹ 

 ⌐№√∫≡│⁸ ≤ ⇔⁸

─ ─♦◙▬fi≤ ⅜≤╣⁸⅛≈⁸ ⅜

⌐ ⇔╗↓≤⅜≢⅝╢╟℮ ⇔√⁹ 

 

 

╩ ™√₈ ₉ 

7.0m⁸ 30.8m  

 

 

╩ ™√☻ꜞ♇♩ ₈ 3 ₉ 

 

  
 

 

 

 

 

≤ ⅛⌂  

┤╢↕≤  

 L=331m 

 1179m2 

  4  

 1  

 ≤ ⌐№┤╣√ ™⌐│⁸ ─┤╢↕

≤ ⌐╟╢₈ ─ ⱪfi⇔⁸כ○╙₉ ↄ

─ ⌐ ↕╣≡™╕∆⁹ 

 ≢│⁸ ─ ≤⌂∫≡™╢ ─

⌐№√╡⁸ ₁⅜ ™⁸ ⅜ ≢⅝╢

⅛⌂ ─ ⅜ ╕╣≡™╕∆⁹ 
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2.1  ◖☻♩  

2.1.1   ⌐╟╢◖☻♩  

ᵑ ─╡  

─ │ ⅜ 2 ≢ ↕╣≡™╢⁹↓╣╩ ⌂⅔⇔⁸

─ ─ ⅜ ↕ↄ⁸⅛≈⁸ ─ ⅜ ⌂™ ≢⁸ ─╡ ─

─ ╣─ ⌂™╙─⌐≈™≡│ ─╡╩ ≤∆╢↓≤⌐╟╡⁸ ≢

╩ ∆╢↓≤⅜ ≤⌂╢⁹ 

 

 

 

 

 

 

й-  4- 1  

ₒ ╩ ∆╢ ─ ₓ 

╩ ∆╢ ≤⇔≡⁸₈    [ и] ₉≢

│Γ◖fi◒ꜞכ♩ ─ 1 ─ ╩ ≤∆╢⁹√∞⇔⁸ ⌐≈™≡│⁸

⅜ ⌂ↄ ⌐ ⌐ ™ ≤⌂╢ ≢│⁸ ⅛╠ ↄ ⌐ ⇔≡

╩ ↄ ╣⅜№╢√╘⁸ ─ ╩ ⌐ ⇔√ ≢ ─ ╩ ℮ ⅜№╢Δ≤

↕╣≡™╢⁹ 

ₒ ⌐⅔↑╢ ─╡ ─ ₓ 

⌐⅔↑╢ ─╡ ─ │⁸ ─ ╩ ≤∆╢

 2.7.2.2 ⁹ 

≢ ╘╠╣╢ ╟╡╙ ⌐∆╢⁹√∞⇔⁸1 1.0 ╩ ≤∆╢⁹ 

U
gH

2

H

L
=⁷  

↓↓⌐⁸ U ⅜ ⌐ ↕╣ ╘╢ m/s  

 H m  

 g 9.8m/s2  

ᵒ ◖fi◒ꜞכ♩─  

 ─◖fi◒ꜞכ♩ ⌐⅔™≡⁸ ◖fi◒ꜞכ♩│ ─ ≢ ⇔⁸ ⌐ ∆╢

─ ™ ⌐≈™≡│ 1 ≢ ∆╢↓≤⌐╟╡◖☻♩ ╩ ╢╙─≢№╢⁹ 

↓─ ⅎ │⁸ ⌐ ♁▬ꜟ☿ⱷfi♩ ⌐ ↕╣≡™╢⁹ 
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й-  4- 2 ◖fi◒ꜞכ♩  

1 ≤│ ☿ⱷfi♩⅜ ⌂™◖fi◒ꜞ⁹╢№≢≥↓─♩כ 

2.1.2   ⌐╟╢◖☻♩  

ᵑ  

 ─ │⁸ ⌐ ╩ ⇔≡™√⅜⁸☿ⱷfi♩≤ ╩ ≤⇔

⇔√◄◐☻Ɽfi♪ⱷ♃ꜟ╩ ⇔≡™╢◖fi◒ꜞכ♩ ╩ ∆╢↓≤≢⁸

─ ⅛╠ ⅜≢⅝⁸ ╡ ∆ ⅜⌂ↄ⌂╢↓≤⌐╟╡⁸ ─ ⁸ ─

╩ ╢╙─≢№╢⁹ 

 

 

 

 

 

 

 

 

й-  4- 2 ─  

2.1.3   ─ ⁸ ─ ⌐╟╢◖☻♩  

2.1.3.1   ╩ ⇔√ ♁▬ꜟ☿ⱷfi♩  

ᵑISM  

 ╩ ∆╢ ⌐⅔™≡⁸ ─ ╛ ≤☿ⱷfi♩ה☿ⱷfi♩Ⱶꜟ◒╩Ᵽ♇

◒ⱱ►⌐ ⇔√♠▬fiⱫ♇♄╩ ™≡ ⇔⁸ ─ ╩ ∆╢ ISM ╩

∆╢ ₈ISM(In Situ Mixing) ₉≤™℮⁹  
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й-  4- 3 ISM ⌐╟╢  

ᵒINSEM- SB►◊כꜟ  

 INSEM- SB►◊כꜟ Steel wall or Concrete Block wall │⁸INSEM 1⌐╟╡

⇔√ ╩ ─ │ │◖fi◒ꜞכ

♩Ⱪ꜡♇◒ ≢ ∆╢↓≤⌐╟╡⁸ ⁸ ⌐ ↕╣╢ ⁸

⁸ ┘ ╩ ↕∑⁸ ─ ⌐╟╢ ─ ┘

─ ╩ ╤℮≤∆╢╙─≢№╢⁹ 

 

 

 

 

 

 

 

  й-  4- 4 Ᵽ♇◒ⱱ►     й-  4- 5 ┼─  

 

 

 

 

 

 

 

   й-  4- 6 ─    й-  4- 7 Ⱪꜟ♪כ◙⌐╟╢ ─ ⇔ 

♠▬fiⱫ♇♄⌐╟╢  
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1INSEM ≤│⁸ ─ INSEM ≢│⌂ↄ⁸₈ ♁▬ꜟ☿ⱷfi♩ ●▬♪ꜝ▬fi₉

14 ♁▬ꜟ☿ⱷfi♩ ≢ ↕╣╢≤↓╤─ ─↓≤╩

™℮⁹ 

INSEM IN- situ Stabilized Excavation Mater ials │ ─ ╛ ⌐

⅝⌂ ⅜⌂™₈CSG ₉⁸₈INSEM ₉⁸₈ CSG ₉╩ ⇔√╙─≢№╡⁸

⅛╠ ─ ╩≢⅝╢∞↑ ∑∏⌐∕╣╠─ ╩ ╢√╘─╙

─≢№╢⁹∕─√╘ INSEM ╩ ™╢ ⌐│⁸ ≢ ≢⅝╢ ─

┘ ─ ╩ ™⁸ ⅜ ⌂™ ⌐│⁸∕─ ⌐ ∫√ ─ ╩

⇔√╡⁸ ╩ ⅛╠ ⇔√╡∆╢↓≤⌐╟╡ ∆╢⁹╕√⁸ ╛

┘ ╩ ↄ ╗ │☿ⱷfi♩ ╩ ╛⇔≡ ≤⇔≡ ⇔√╡ ⇔√

╡∆╢↓≤≢ ∆╢⁹ 

2.1.4   ─ ⌐╟╢◖☻♩  

 

 

 

 

 

 

 

 

 

 

й-  4- 8 ⌐╟╢ ─  

 

 

 

 

 

 

 

 

 

й-  4- 9 ─  
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2.2  ⌐⅔↑╢ ♁▬ꜟ☿ⱷfi♩ ─  

2.2.1   2 ─  

 

й-  4- 1 2 ─  

           

ה  2  

  

 INSEM- SB►◊כꜟ  

 
ᵑ ─  ᵒ◖☻♩  ᵓ ─   

ᵔ ─  ᵕ ─  

 ─  

 H=14.5m L=82.5m 

 7,400(m3)  

 A=0.48km2 L=1/6 B=6m 

 328=s N/mm2 

 ─ ≢№╡⁸ ≤⇔≡─ ╩ ⁹ 

☿ⱷfi♩  150 kg/m3  

 13 ±2.0  

 125mm ☻◔ꜟ♩fiⱣ◔♇♩⌐╟╡┤╢™ ↑  

ה  Ᵽ♇◒ⱱ►  

ה  3 /m3  

⇔  Ⱪꜟ♪כ◙כ(3t)  

⇔  27cm 

╘ (3t)ꜝכ꜡   

 1 ќ 3 ќ 1  

ꜞⱨ♩  25cm 

 263m3 427m3  

  

 ⱪ꜠◐ꜗ☻♩Ⱪ꜡♇◒  
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