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5. Z Gs  
2), 3), 4), 5), 6) Z 1.0

Z Gs CBT
 

 

5.1 Z  
CBT Z

Z

Z 0.7

0.8 0.9
1)  

4 4.3 4.4 CBT (4.7)

(4.2)

CBT (4.25) (4.29)  

5.1 5.3 Z CBT
μ Z 1.0 Z

0.8 Ry 4.7 4.9 1/150

1 Z

CBT μ  

5.1 5.3 Z CBT
Z CBT
Z2 CBT
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5.1 Z 1.0 0.8 CBT 1  
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Z 1.0 H=32m
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Z 1.0 H=40m

Z 0.8 H=40m

Z 0.8
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5.2 Z 1.0 0.8 CBT 2  

 

 

 

 

 

 

 

0

0.2

0.4
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0.8

1

1.2
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Z 0.8

Z 1.0 H=10m
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Z 1.0 H=20m

Z 0.8 H=20m

Z 1.0 H=32m

Z 0.8 H=32m

Z 1.0 H=40m

Z 0.8 H=40m

CBT

μ

H =40m H =32m
H =20m H =10m
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5.3 Z 1.0 0.8 CBT 3  

 

  

0

0.2

0.4

0.6

0.8

1

1.2

1 1.5 2 2.5 3 3.5 4

CBT

μ

H =42.7m
H =35m H =30m H =20m

Z 1.0

Z 0.8

Z 1.0 H=20m

Z 0.8 H=20m

Z 1.0 H=30m

Z 0.8 H=30m

Z 1.0 H=35m

Z 0.8 H=35m

Z 1.0 H=42.7m

Z 0.8 H=42.7m
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5.1 CBT 0.6 0.4 μ μ

μ(Z=1.0) μ(Z=0.8)  

5.1 5.3 5.1
CBT H CBT

Z 0.8 1.0 2

H 10(m) 1.8  

Z

Z 15), 16)

 

 

4.4 Z 0.8 1.0  
CBT μ 

 
  

Z =1.0 Z =0.8 μ (Z=1.0) μ (Z=0.8) Z =1.0 Z =0.8 μ (Z=1.0) μ (Z=0.8) Z =1.0 Z =0.8 μ (Z=1.0) μ (Z=0.8)

0.6 1.77 1.41 1.26 1.22 1.02 1.20 1.03 - -

0.4 2.21 1.73 1.28 1.48 1.20 1.23 1.22 1.02 1.20

Z =1.0 Z =0.8 μ (Z=1.0) μ (Z=0.8) Z =1.0 Z =0.8 μ (Z=1.0) μ (Z=0.8) Z =1.0 Z =0.8 μ (Z=1.0) μ (Z=0.8)

0.6 2.81 1.57 1.79 1.88 1.49 1.26 1.48 1.20 1.23

0.4 3.69 2.76 1.34 2.37 1.84 1.29 1.82 1.45 1.26

Z =1.0 Z =0.8 μ (Z=1.0) μ (Z=0.8) Z =1.0 Z =0.8 μ (Z=1.0) μ (Z=0.8) Z =1.0 Z =0.8 μ (Z=1.0) μ (Z=0.8)

0.6 2.63 1.57 1.68 2.07 1.57 1.32 1.90 1.50 1.27

0.4 3.41 2.56 1.33 2.63 2.02 1.30 2.39 1.86 1.28

1

C BT

C BT

2

H H H

C BT

3

H H H

H H H
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5.2 Gs  
Gs 2

1) 17)

Gs 5), 6)

Gs

Gs
 

 

5.2.1 Gs 
4 CBT (4.23)

CBT (4.29)  

Gs 1.5

((2.13) (2.16) (2.19) )

vGs 5.2

(4.29) 2 CBT
Gs

CBT (4.23) (4.29) (5.1) 5.2
Gs

CBT
Gs CBT 1 1.215 2 2.734

3 4.86 2 3  

 

 

Gs CBT  
= ௩ܩ ௦ଶܩ ௦  (5.1) 

௩ܩ  ௦  ܩ ௦  
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5.2  
Gs CBT  

 

 

  

a G s vG s vG s
2

a G s

1 1.5 1.35 1.215
2 1.5 2.025 2.734
3 1.5 2.7 4.86
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5.2.2 Gs 
1) Gs (5.2) (5.11)  

 

௦ܩ]  ≧ 1.23]  ൣ ܶ ≦ 0.8 ଶܶ ൧ ܩ௦ = ௦ଶܩ ∙ ܶ0.8 ଶܶ  (5.2) 

ൣ0.8 ଶܶ < ܶ ≦ 0.8 ଵܶ ൧ ܩ௦ = ௦ଵܩ − ௦ଶ0.8൫ܩ ଵܶ − ଶܶ ൯ ܶ + ௦ଶܩ − 0.8 ௦ଵܩ − ௦ଶ0.8൫ܩ ଵܶ − ଶܶ ൯ ଶܶ  (5.3) ൣ0.8 ଵܶ < ܶ ≦ 1.2 ଵܶ ൧ ܩ௦ =  ௦ଵ (5.4)ܩ

ൣ1.2 ଵܶ < ܶ൧ ܩ௦ = ௦ଵܩ − 111.2 ଵܶ − 0.1 ∙ 1ܶ + ௦ଵܩ − ௦ଵܩ − 111.2 ଵܶ − 0.1 ∙ 11.2 ଵܶ  (5.5) 

 ଵܶ = ߩܩଶ∑ට(ܪ∑)4 ∙   (5.6)ܪ

 ଶܶ = ଵܶ3  (5.7) 

௦ଵܩ  = 11.57ℎீ +  (5.8) ߙ

௦ଶܩ  = 14.71ℎீ +  (5.9) ߙ

ߙ  = ∑ටܩߩ ∙ ܪ ∙ ∑ ߩ ∙ ଶ(ܪ∑)ܪ ∙ ߩ1 ∙ ܸ (5.10) 

 ௦ܸ = ඨܩߩ  (5.11) 

 

 ܶ (s) ଵܶ  1 (s) ଶܶ  2 (s) ܩ௦ଵ 1 ௦ଶ 2ܩ    ܩ  (m)ܪ 
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  (ton/m3) ܸ (m/s)ߩ  ߙ   (ton/m3) ℎீߩ

௦ܸ  i (m/s) 

 
18) Gs

1)

20(m) 20(m)

20(m)

(5.6) (5.10) (5.11) (5.12) (5.13)  

 

ଵܶ = 80ܸ௦  (5.12) 

ߙ = ாߩ ∙ ௦ܸߩ ∙ ܸ (5.13) 

 ா (ton/m3) ௦ܸ (m/s)ߩ 

 
1) (5.12) 1 gT1
5.3  

 

5.3 1 gT1 Vs 

 

 

  

T 1 (s) V s (m/s)

1
2
3

400 ≦ ௦ܸ106.7 ≦ ௦ܸ < 400௦ܸ < 106.7
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5.2.3 Gs  
5.4 (5.2) (5.13) Gs

(2.13) (2.21) Gs
Gs  

 hG 0.05 

 ρE 2(ton/m3) 

 ρB 2(ton/m3) 

 VB 400(m/s) 

 1 Vs 400(m/s) 5.3  

 2 Vs 168.4(m/s) 5.3  

 3 Vs 106.7(m/s) 5.3  

hG 1) 0.05

5.3 1 Vs 400(m/s) 2

Vs 168.4(m/s) 2 1 gT1
0.475 (5.12) 3 Vs

106.7(m/s) 3 Vs
Gs  

1 Gs 2

3 Gs
Gs  

 

 

 

 

 

5.4 Gs 

0

0.5

1

1.5

2

2.5

3

3.5

0 0.5 1 1.5 2 2.5 3 3.5 4
Te(s)

Gs

3 Vs 106.7m/s

2 Vs 168.4m/s

1 Vs 400m/s
3

2

1
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5.5 Gs Gs
(2.22) CB 0.3 R 1/50(rad.)

He 3(m) 10(m) 30(m) Te
 

He 10(m) 30(m) Te 1.6

2.8 Gs (4.29)

CBT Gs 2

Gs Gs
CBT He 3(m)

Te 0.9 3 Vs 106.7(m/s)

Gs Gs
CBT Te 1.0

Vs
CBT

3 1

 

 

 

 

 

 

 

 

 

 

5.5 Gs Gs  

0

0.5

1

1.5

2

0 0.5 1 1.5 2 2.5 3 3.5 4
Te(s)G

s
G

s

He=3m He=10m He=30m

3
2
1
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5.6 5.4 (2.9) (2.21)

Sa  

1 Gs Sa
Gs Sa

2 Gs
Sa Gs

Sa 3

Gs Sa
Gs

Sa Gs
Sa Te Sa

 

Gs CBT 2

Gs
Sa Te

Gs CBT  

 

 

 

 

 

 

 

 

 

5.6 Gs Sa 
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