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0.05 0.454 0.557 0.05 0.864 0.924
0.01 0.253 0.379 0.01 0.833 0.908
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k *
K c 2/(c 1 c 2)
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10) 19
11) 1.2

1.2 S' k

1  
S'

A B 1.2 S' k

Ae(=S×Dn2) k k S'

 
 

Ae×(1 γv)=k×Vb 

 

S'=k
Dn

(1 γv)
 

 
Vb Dn3 γ  

1 2 A B
S' k

k γ 0.5 H

S' k

1 S' 3.5 2 S' 3.3
1.2 kp

1 kp 0.569 2 kp 0.637
kp  

A 1 B 2

K 1.0 c2/(c1 c2)

0.2 1
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1 ηl

ηs xt l  

2
Ae

Ae k

 
3 k k*

 
 
 
 

A B A B A B
0.2 0.285 0.303
0.1 0.229 0.255

0.05 0.177 0.207
0.01 0.082 0.111
0.2 0.459 0.497
0.1 0.382 0.435

0.05 0.307 0.372
0.01 0.158 0.230
0.2 0.644 0.704
0.1 0.549 0.632

0.05 0.454 0.557
0.01 0.253 0.379

K c 2/(c 1 c 2)
k * k p

0.5

0.569 0.637

0.75

1.0
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7) 8) LCC
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LCC
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k k*

k*

Ae×(1 γv)=k×Vb 
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a 1

 
b

 
c 1 2

 
d

 
e a d  
f a e

 
 

2 3 LCC  
 

 
LCC  

 
1  

0.76
3.51m 1 100t 19 1

A 80t B 60t
 

 
2  

0.5
 

 

n =
A0×(1 γv)

Vb
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A0 γν Vb

 
 
 

 

 

 
 

3  
1

9) γ50

A B  
 

 A =H50
1 1 γ50

y50 y10

 

 

A B
1t 0.99 0.432 0.756 34.015 32.687
2t 1.99 0.865 0.953 45.958 43.277
3t 2.98 1.295 1.090 57.730 53.720
4t 3.97 1.724 1.199 69.086 63.756
5t 4.97 2.162 1.293 93.194 86.529
6t 5.99 2.604 1.376 106.627 98.638
8t 7.96 3.462 1.513 133.298 122.690

10t 9.96 4.33 1.630 155.257 142.005
12t 11.99 5.213 1.734 167.839 152.015
15t 14.97 6.51 1.867 202.976 183.243
20t 20.04 8.711 2.058 249.993 223.612
25t 24.96 10.852 2.214 313.572 280.793
30t 30.05 13.064 2.355 359.083 319.784
40t 39.97 17.38 2.590 459.472 407.332
50t 49.77 21.639 2.787 548.359 483.477
60t 59.69 25.952 2.961 641.175 563.621
70t 70.06 30.462 3.123 760.441 669.440
80t 79.99 34.777 3.264 844.318 740.447

100t 99.72 43.356 3.513 1039.435 909.998

/
(m3) (m)(t)
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  B =H50 1
1 1 γ50

1 y10 y50

 

 
H50 50 y10 y50 10 50

Weibull R  
 

 yR = ln(λ'R) 1/m 

 
λ' m

H50  
 

 

  T= H (1.56 H0 L0 ) 
 

T H H0/L0

 

8) 10
1 2 3600

 
 

4  
3

15)  
 

 
KsH0 : h L0 ≥0.2 
min β0H0+β1h ,βmaxH0,KsH0 : h L0 >0.2 
 

0=0.028( H0 L0 )-0.38exp 20 tan1.5 θ  

 
 1=0.52exp 4.2 tan θ   

 
 max=max 0.92,0.32( H0 L0 )-0.29exp 2.4 tan θ  

H1/3=  
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H1/3 h tanθ β0 β1 βmax

H1/3 8)

H1/3 13 9  
 

5  

8)

N0  
 

Ns=
H1 3

(Sr 1)Dn
=CH a N0 N0.5 0.2

+b  

 
Ns H1/3 Dn N0 Dn

Sr N CH

1.4/(H1/20 /H1/3) H1/20 1/20 a b

CH 1.0 a 2.32 b 1.45
 

 

N0=
H1 3 CH(Sr 1)Dn b

a

5

N0.5 

 
8)

H1/3(i) N0(i 1)

N0(i 1) N'  
 
 

 N' =
H1 3(i) CH(Sr 1)Dn b

a

-10

N0
2(i 1) 

 
N(i) N' N =N(i) + N'

N H1/3(i) N0(i)  
 

 N0(i) =
H1 3(i) CH(Sr 1)Dn b

a

-5

N0.5 
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N0(i)

 
 

6  

 

14)

 
 

Ct =P×Kr 

 
Ct Kr P

600 Kr 7.97%
20 Kr 2.80% 600 20

 
 

Kr =a1×Pb1  
 

a1 b1 a1 132.7 b1 0.1802

 
 
 
 

 

 
 
 
 

600 20
a 1 b 1

7.97% 132.7 0.1802 2.80%
700 20

a 1 b 1

21.54% 31.1 0.0235 18.80%

600 20

700 20
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7  

K 0.5 0.75 1.0 3
A N0 1.63 2.45 3.26 B N0 1.48 2.22

2.96
 

 
c1=Ra×c2 

 
c1 c2 Ra c1 c2 Ra 6 11 21 101

4 c2/(c1 c2) 0.2 0.1 0.05 0.01
c2

0.5 A N0 1.63 B N0 1.48 LCC
k 0.01  k < K k*

 
 

 
50 5000

5000
LCC A B

K 0.75 Ra k

LCC LCC  
k LCC Ra 6 21 k

Ra 101 k

k

k

k

1
k

LCC Ra 101
Ra 6 21 k

LCC LCC
k k  
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