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 3-175 

 



 3-176 

 μ σ 84%  84%  
α(=I/V) 16.231 2.738 13.493 18.970 
β(=P/V) 18.469 6.496 11.973 24.966 

(α/β)/1000 0.00095 0.00025 0.00070 0.00120 

 μ σ 84%  84%  
α(=I/V) 107.770 11.372 96.398 119.141 
β(=P/V) 92.428 31.188 61.241 123.616 

(α/β)/1000 0.00125 0.00030 0.00095 0.00155 
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 3-179 

 μ σ 84%  84%  

α(=I/V) 11.031 2.990 8.041 14.021 

β(=P/V) 9.657 4.323 5.334 13.980 

(α/β)/1000 0.00128 0.00047 0.00081 0.00175 

 μ σ 84%  84%  
α(=I/V) 31.672 8.737 22.935 40.409 
β(=P/V) 23.354 11.227 12.128 34.581 

(α/β)/1000 0.00150 0.00042 0.00108 0.00192 
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 μ σ 84%  84%  
α(=I/V) 8.693 2.869 5.824 11.562 
β(=P/V) 6.125 2.063 4.063 8.188 

(α/β)/1000 0.00146 0.00039 0.00107 0.00186 

 μ σ 84%  84%  
α(=I/V) 16.474 6.670 9.804 23.144 
β(=P/V) 22.685 6.703 15.982 29.388 

(α/β)/1000 0.00080 0.00043 0.00037 0.00123 



 3-183 

0 

10 

20 

30 

40 

50 

60 

70 

80 

0.0 2.0 4.0 6.0 8.0 10.0 
0 

10 

20 

30 

40 

50 

60 

70 

80 

0.0 2.0 4.0 6.0 8.0 10.0 

0 

10 

20 

30 

40 

50 

60 

70 

80 

0.0 20.0 40.0 60.0 80.0 100.0 
0 

10 

20 

30 

40 

50 

60 

70 

80 

0.0 20.0 40.0 60.0 80.0 100.0 

0 

50 

100 

150 

200 

250 

0.0 2.0 4.0 6.0 8.0 10.0 
0 

50 

100 

150 

200 

250 

0.0 2.0 4.0 6.0 8.0 10.0 

kgm/s kgm/s 



 3-184 

 

 
(1)  

 μ σ 84%  84%  
α(=I/V) 12.654 3.728 8.926 16.382 
β(=P/V) 11.478 4.318 7.160 15.796 

(α/β)/1000 0.00116 0.00020 0.00096 0.00135 
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 μ σ 84%  84%  
α(=I/V) 107.492 8.821 98.670 116.313 
β(=P/V) 75.735 34.865 40.871 110.600 

(α/β)/1000 0.00167 0.00067 0.00100 0.00235 

(2)  

 μ σ 84%  84%  
α(=I/V) 11.409 0.777 10.632 12.186 
β(=P/V) 9.119 1.496 7.623 10.615 

(α/β)/1000 0.00127 0.00013 0.00114 0.00140 

0 

20 

40 

60 

80 

100 

120 

140 

160 

180 

0 

20 

40 

60 

80 

100 

120 

140 

160 

180 

0.0 2.0 4.0 6.0 8.0 10.0 
0 

20 

40 

60 

80 

100 

120 

140 

160 

180 

0 

20 

40 

60 

80 

100 

120 

140 

160 

180 

0.0 20.0 40.0 60.0 80.0 100.0 

0 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1,000 

0 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1,000 

0.0 2.0 4.0 6.0 8.0 10.0 
0 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1,000 

0 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1,000 

0.0 100.0 200.0 300.0 400.0 500.0 600.0 



 3-186 

 μ σ 84%  84%  
α(=I/V) 34.245 5.417 28.827 39.662 
β(=P/V) 28.325 4.142 24.183 32.467 

(α/β)/1000 0.00158 0.00044 0.00114 0.00203 

(3)  

 μ σ 84%  84%  
α(=I/V) 11.409 0.777 10.632 12.186 
β(=P/V) 9.119 1.496 7.623 10.615 

(α/β)/1000 0.00127 0.00013 0.00114 0.00140 
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 μ σ 84%  84%  
α(=I/V) 34.245 5.417 28.827 39.662 
β(=P/V) 28.325 4.142 24.183 32.467 

(α/β)/1000 0.00158 0.00044 0.00114 0.00203 

(4)  
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 μ σ 84%  84%  
α(=I/V) 192.533 4.721 187.813 197.254 
β(=P/V) 18.390 2.816 15.575 21.206 

(α/β)/1000 0.01073 0.00203 0.00870 0.01276 

 
(5)  

 μ σ 84%  84%  
α(=I/V) 46.705 1.015 45.690 47.720 
β(=P/V) 13.289 4.209 9.080 17.499 

(α/β)/1000 0.00396 0.00184 0.00212 0.00580 
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 μ σ 84%  84%  
α(=I/V) 93.712 1.736 91.976 95.448 
β(=P/V) 19.172 5.339 13.833 24.511 

(α/β)/1000 0.00524 0.00162 0.00362 0.00686 

 μ σ 84%  84%  
α(=I/V) 144.318 6.957 137.361 151.275 
β(=P/V) 24.439 10.726 13.712 35.165 

(α/β)/1000 0.00704 0.00340 0.00364 0.01044 
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 μ σ 84%  84%  
α(=I/V) 16.892 1.300 15.592 18.192 
β(=P/V) 26.028 2.877 23.151 28.905 

(α/β)/1000 0.00066 0.00010 0.00056 0.00075 

 μ σ 84%  84%  
α(=I/V) 109.046 12.687 96.359 121.732 
β(=P/V) 126.902 7.088 119.813 133.990 

(α/β)/1000 0.00086 0.00007 0.00079 0.00092 

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

 
(kN/m2) 

 

α β 

20 9.17 21.80 0.10 24.00 0.16 118.32 1.00 1.84 
40 72.34 21.80 0.20 24.00 0.16 118.32 1.00 1.51 
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(2)  

 μ σ 84%  84%  
α(=I/V) 13.996 4.057 9.938 18.053 
β(=P/V) 16.710 3.471 13.239 20.181 

(α/β)/1000 0.00086 0.00027 0.00059 0.00113 

 μ σ 84%  84%  
α(=I/V) 32.247 7.590 24.657 39.837 
β(=P/V) 30.727 10.156 20.571 40.883 

(α/β)/1000 0.00115 0.00043 0.00072 0.00158 
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(kg) kN/m3) (m) (kN/m2) 

 
(kN/m2) 

 

α β 

20 8.454 21.8 0.095 24.0 0.16 118.32 0.60 1.66 
40 31.896 21.8 0.1375 24.0 0.16 118.32 0.40 1.01 
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(3)  

 μ σ 84%  84%  
α(=I/V) 16.924 4.592 12.332 21.516 
β(=P/V) 25.745 8.239 17.505 33.984 

(α/β)/1000 0.00068 0.00014 0.00054 0.00082 

 μ σ 84%  84%  
α(=I/V) 29.188 5.274 23.914 34.462 
β(=P/V) 33.064 8.897 24.167 41.962 

(α/β)/1000 0.00093 0.00028 0.00065 0.00122 

 
(kg) (m) (kN/m2)  (kN/m2) 

 

α β 

20 12.62 0.10 24.0 0.16 118.32 0.70 1.34 
40 33.61 0.14 24.0 0.16 118.32 0.40 0.87 
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(4)  

 μ σ 84%  84%  
α(=I/V) 186.105 3.633 182.472 189.738 
β(=P/V) 14.826 4.715 10.110 19.541 

(α/β)/1000 0.01368 0.00436 0.00932 0.01803 
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(5)  

 μ σ 84%  84%  
α(=I/V) 48.977 6.982 41.995 55.960 
β(=P/V) 14.051 5.107 8.944 19.158 

(α/β)/1000 0.00388 0.00140 0.00248 0.00528 

 μ σ 84%  84%  
α(=I/V) 96.401 2.145 94.256 98.546 
β(=P/V) 16.400 5.436 10.963 21.836 

(α/β)/1000 0.00638 0.00191 0.00448 0.00829 

 μ σ 84%  84%  
α(=I/V) 148.294 4.988 143.307 153.282 
β(=P/V) 26.500 4.801 21.699 31.301 

(α/β)/1000 0.00572 0.00092 0.00480 0.00664 
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cpcd ff ′=′ 20.0       (5b) 
2/20 duup ′⋅+= π        (5c) 

4 /1000 dd ′=β 5.1>dβ 1.5 3 100pp =β 5.1>pβ  
1.5 2/)( yx ppp += )/25.01/(11 0 du ′++=γβ bγ 1.3  

1.0 pcdf ′ ≤1.2 (N/mm2) 0u (mm)  pu (mm)  
d ′ (mm) p 2 xp yp  
 

3.4.2.1-6
3.4.2.1-1 2 A B

6m 6m 10m A 1m
1.2 B 0.2m 0.4

24N/mm2 345N/mm2  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1md 
= 

0.
9m

d
= 

0.
16

m

0.
2m

3.4.2.1-6  

A B 

3.4.2.1-1  

  
 

N/mm2  
 

A 6m 6m 1  24 1.2 
B 6m 10m 0.2  24 0.4 

 
3.4.2.1-2  

 
 

kN/m  
kN  

kN  
ms  

A 20,400,000 41,600 6501 6.9 
B 99,900 640 507 48.0 
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3.4.2.1-2 2 3 7a

30cm KLM
1.0 1  
 

mv
-3.4.3.7 mv  

P0 I ∫= FdtI  
 

 
         mvI 244.1= 0.289 (6) 

 mvP 062.10 = 0.473                 (7) 
 

3.4.2.1-3

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
I P0

t0  

0
0

2
P
It =         (8) 

1

(b)  (a)  

3.4.2.1-7  
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3.4.2.1-3 1

 
 
 
 
 
 
 
 
 
 

0.2 3.4.3.5a

 
3.4.2.1-8 A B

3.4.2.1-4  
3.4.2.1-8 B 1000kg m/s

3000kg m/s 1.0
5000kg m/s 10000kg m/s

50000 kg
m/s 1.0 2600kg/m3

2m 10890kg 5m/s
54453 kg m/s B

 
 
 
 
 
 
 
 
 
 

3.4.2.1-3 2) 
θ(rad)

0.010 0.010

0.010 0.017 0.010 0.033

0.017 0.033 0.033 0.067

0.033 0.067
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0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 100000 200000 300000 400000 500000 600000 700000 800000
(kg m/s)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 10000 20000 30000 40000 50000
kg m/s

(a) A 

(b) B 3.4.2.1-8  

 [kg] 42380.54 223119.06 392992.32 394177.69 31730.86
10.65 12.32 12.88 12.88 10.37
0.36 0.30 0.28 0.27 0.55

3.4.2.1-4  
(a) A 

(b) B 

 [kg] 1225.28 11755.01 22017.14 22076.87 1719.48
7.11 9.37 10.00 10.00 7.45
0.31 0.31 0.29 0.29 0.55
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1.0
 

A 20000kg m/s
300000kg m/s 1.0

100000kg m/s 200000kg m/s
800000 kg m/s

1.0 2m
10m/s 30m/s

108905kg m/s 217811 kg m/s
A 50

B

 
 

1) 
2013. 

2) 2015. 
3) 

) Vol.61A pp.887-898 2015. 
4) 

PI RC Vol.62A
pp.961-974 2016. 

5) 1992 
6) 19 11  
7) 2012 
8) 

Vol.62A pp.1084-1096. 
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12.8 m3

1

 0.74

9.5 m3

5.1.1-1 8m

1m

1, 2, 4, 8m 10%

1 8m 1.28 m3 0.524

268m3 24500 48 k

ri Vi n(ri)
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vrwvmI ii ⎟
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I Pimp(I)  

               
)(

11
))/(1(1)( irn
i

k

iimp mIPIP −Π−=
= 3

3
4)(

i

i
i

r

cVrn
π

=

               

(3) 

 

m:  w:  

Pimp(I) I  

 

A

3.3.2.2-6

2.0 2041 (kg/m3) 3.5.1.1-2

0.5 1 2, 4m 3.5.1.1-3

0.5 1 2 4m

3.5.1.1-4 4m

1/100 3.5.1.1-5

 

 

 

3.5.1.1-1  

 

 

  

8m2m1m

8m:10%
4m:10%

2m:10%
1m:10%

1m

4m

8m
0
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(1)  

 

(2)  

3.5.1.1-2 0.5 1 2, 4m 50m  
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(1)  

 
(2)  

3.5.1.1-3 0.5 1 2, 4m
50m 12.8 m3 

 
3.5.1.1-4 ,50m , 12.8 m3 

0.5 1 2, 4m  
 

pr
ob

ab
ili

ty
 o

f e
xc

ee
da

nc
e

impulse (kNs)

pr
ob

ab
ili

ty
 o

f e
xc

ee
da

nc
e

impulse (kNs)



 3-230 

 
 

 
 

3.5.1.1-5 1/100(0.128 m3) 50m  
0-4kNs  

0.5 1 2, 4m  
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Fu1(a)

SHC 10-5 10-6

SHC 10-5 10-6

Fu1(a)   

3.5.1.2-1 Pcr
Pcf
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(5) 

 Fui(a)  

i=1: 2: 3: 4:  

a PGA Peak Ground Acceleration,  

3.5.1.2-1 4

PGA

a) b) 1 2 c) 2 3 d)

3 4 e) 4

3.5.1.2-1 PGA

 

3.5.1.2-2 PGA

700gal 900gal, 1400gal 3000gal

0.3 3.5.1.2-1

 

3.5.1.2-2 3.5.1.2-3

3.5.1.2-2
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SHC

2.3 10-3 2.1 10-4  

 

3.5.1.2-1  

 

i 

 

 

 

  

1  Pcr1 Pcf1 

2  Pcr2 Pcf2 

3  Pcr3 Pcf3 

4  Pcr4 Pcf4 

 

 

3.5.1.2-2  

i  PGA 

1  700 

2  900 

3  1400 

4  3000 

  0.3 

 

 

3.5.1.2-3  

 

i 

 

 

 

  

1  Pcr1=0.1 Pcf1=0.01 

2  Pcr2=0.2 Pcf2=0.02 

3  Pcr3=0.8 Pcf3=0.05 

4  Pcr4=1.0 Pcf4=0.2 
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3.5.1.2-1  

 

 

 

 
 

3.5.1.2-2 3  

  

1 2

2 3

3 4

4
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4 3.5.2.1-1

PGA 433gal SHC 10-5  

961gal, 10-5 1670gal

1

0.74

3

PGA 856gal 3.2.1  

 

 

 031  797Gal 1,207,000 m3 

 032 10-5  961Gal   4,892,000 m3 

 033 10-6   1670Gal  14,712,000 m3 

 

 041  433Gal   128,000 m3 

 042 10-5  961Gal   4,892,000 m3 

 043 10-6   1670Gal  16,529,000 m3 

042 CL

043

 

 

4 4

041

3.5.2.1-1

0.578 3.2.1

50m

3.5.2.1-2

 

128,000 m3  433Gal 3.5.1.1-3

50m A B

3.5.2.1-1  4,892,000 m3

3.5.2.1-2 100m

3.5.2.1-3, 4

5.2.1-3   
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3.5.2.1-1 4  

 m3 

 508 128,406 

SHC 10-5  961 4,892,000 

SHC 10-6  1670 16,529,000 

10-8  5000 16,529,000 

SHC: seismic hazard curve 0.597 

 

3.5.2.1-2  

(1) A 

 

(2) B 

 

 

3.5.2.1-3  

(1) 50m  

i 

PGA 

 A

 

B 

 

1 433 1.0 2.9 10-4 0.57 

2 961 1.0 4.0 10-3 0.99 

3 1670 1.0 6.5 10-3 1.0 

4 5000 1.0 6.5 10-3 1.0 

 (2) 100m  

i 

PGA 

 A

 

B 

 

1 433 0.11 5.7 10-8 1.6 10-4 

2 961 0.989 2.2 10-6 6.2 10-3 

3 1670 1.0 7.4 10-6 2.1 10-2 

4 5000 1.0 7.4 10-6 2.1 10-2 
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(1) A 

 

(2)  B 

3.5.2.1-1  

50m 128,406m3 1,2,4,8m  
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(1) A 

 

(2)  B 

3.5.2.1-2  

50m 4,892,000m3 1,2,4,8m  
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(1) A 

 

(2)  B 

3.5.2.1-3  

100m 128,406m3 1,2,4,8m  
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(1) A 

 
(2)  B 

3.5.2.1-4  

100m 4,892,000m3 1,2,4,8m  
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5.1.2 Fu1(a)

SHC 10-5 10-6 PGA Peak Ground Acceleration, 

Fu1(a)
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(7) 

 Fu1(a)   

Fu2(a) 10-5  

Fu3(a) 10-6  

Fu4(a)  

a PGA Peak Ground Acceleration,  

 

3.5.2.1-1 4

3.5.2.2-1 3

3.5.2.2-2 3.5.2.2-3 50m A B

( initial, reach failure) 3 50m

A

3.5.2.2-4 3.5.2.2-5 100m A B 3

100m

 

3

3.5.2.2-1   
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3.5.2.2-1 4  

 

 50m 100m 

A B A B 

 4.6 10-5 1.2 10-2 3.6 10-8 1.0 10-4 

 1.4 10-2 9.9 10-3 

 1.4 10-2 
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(1)  

 

 
(2)  

3.5.2.2-1 4  
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(1)  

 

 
(2)  

3.5.2.2-2 initial (reach) (failure)  

50m A (initial)  
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(1)  

 
 (2)  

3.5.2.2-3 50m B 
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(1)  

 

 (2)  

3.5.2.2-4 (reach) (failure) 100m A 
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(1)  

 

 (2)  

3.5.2.2-5 100m B 
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