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1.0
1.0

Peak Ground Acceleration : PGA 1), 2) 
 

FEM

 

 
3.2.1.2-1 (3.2.1-1)

 

( )
( ) Sd

Sd

tSf SAtS
RAtRF

+

+
=

max

max

,
,

min (3.2.1.2-1) 

 
Amax (gal) RS SS 

Rd(t, Amax) Amax  t 
Sd(t, Amax) Amax  t 

 

3.2.1.2-2
 

 

n
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1)  

 
 

 
(2)  

 
3.2.1.2-1  

 
  

FEM

2 FEM
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3.2.1.2-2  
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3.2.1.3-1

Fs  

 
Fs=1.0 Peak 

Ground Acceleration : PGA
 

3 4
3.2.1.3-2 1)

 
3 797Gal CL

4 433Gal
D  

 
 

3.2.1.3-1
 

 
3.2.1.3-1  

  (Gal)  (Gal) 

1.0 10-4   412.6  261.6 

Ss   686.7  435.4 

1.0 10-5   960.8  609.1 

1.0 10-6  1670.4 1059.1 

 
 

Fs 1.0
 

3 1.0 10-4 Ss
1.0 10-5 3.2.1.3-3(1)

CL 1.0 10-6 3.2.1.3-3(2)
CH  

4 1.0 10-4  
Ss 3.2.1.3-4(1) D

1.0 10-5 3.2.1.3-4(2) D
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CL 1.0 10-6

3.2.1.3-4(3) CH  
1.0 10-5  2

 
 

 

 
3.2.1.3-2 Fs 1.0

 
 
 

3.2.1.3-2  

 3  4  

  
3 796.6 505.0  
4 433.0 274.5  

1,207,000 m3    128,000 m3 

1.0 10-5  
960.8Gal 609.1Gal  

4,892,000 m3  4,892,000 m3 

1.0 10-6  
1670.4Gal 1059.1Gal  

14,712,000 m3 16,529,000 m3 
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3.2.1.3-1(1) 1 

 
 

 

3.2.1.3-1(2) 2 
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(1) 3 797Gal  

 

 

(2) 4 433Gal  
 

3.2.1.3-2  
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3.2.1.3-3(1) 3 1.0 10-5 Fs 1.0  

 
 

 
3.2.1.3-3(2) 3 1.0 10-6 Fs 1.0  
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3.2.1.3-4(1) 4 Ss Fs 1.0  

 
 

 
3.2.1.3-4(2) 4 1.0 10-5 Fs 1.0  
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3.2.1.3-4(3) 4 1.0 10-6 Fs 1.0  
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2 2

2
 

 

3.2.1.4-1 2  
 

E=980MPa =0.49
G0  

Cp

t 2 3.2.1.4-1

0.4  
Cp t t =2/3 Cp

3.1.1-1

p r

2 2
22=4  

PGA 100 800Gal 100Gal
500 1200Gal 100Gal  

 
  

   
x=ln(X) 

  
x=ln(X) 
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3.2.1.4-1(1)  

 
 
 

3.2.1.4-1(2) 1 2  

 
 
 

3.2.1.4-1(3) 1 2  
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3 4

Line031 line041
 

4
2

Line041 D CL
Line042 CM Line043  

 
 

3 Line031 CL  
4 Line041 D  
4 Line042 D CL 1:1  
4 Line043 D CL CM 1:1:1  

 
(PGA) Fs=1.0

Pf 3.2.1.4-2 3.2.1.4-5
Fs  

4 

 

 

 
 

2 3.2.1.4-1 3.2.1.4-4
3.2.1.4-6

Kennedy 3) u=0.15
 

3 Line031
778Gal 797Gal

4 Line041
507Gal 433Gal

4
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3.2.1.4-2(1) 3 Line031 (PGA) Fs=1.0 Pf 
 

(1) PGA=100Gal 
 

  
  

  1.999 
  3.660 
  3.525 
  5.117 

 

 

 3.575 
 1.104 
Fm 3.416 

F 0.302 
Fs=1.0 Pf = 1- {ln(Fm)/ F} 0.0023213 % 

 
 

(2) PGA=200Gal 
 

  
  

  1.642 
  3.065 
  2.980 
  4.303 

 

 

 2.997 
 0.942 
Fm 2.860 

F 0.307 
Fs=1.0 Pf = 1- {ln(Fm)/ F} 0.030805 % 
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3.2.1.4-2(2) 3 Line031 (PGA) Fs=1.0 Pf 
 

(3) PGA=300Gal 
 

  
  

  1.413 
  2.600 
  2.578 
  3.701 

 

 

 2.573 
 0.809 
Fm 2.455 

F 0.307 
Fs=1.0 Pf = 1- {ln(Fm)/ F} 0.17290 % 

 
 

(4) PGA=400Gal 
 

  
  

  1.167 
  2.202 
  2.268 
  3.239 

 

 

 2.219 
 0.733 
Fm 2.107 

F 0.322 
Fs=1.0 Pf = 1- {ln(Fm)/ F} 1.0288 % 
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3.2.1.4-2(3) 3 Line031 (PGA) Fs=1.0 Pf 
 

(5) PGA=500Gal 
 

  
  

  0.765 
  1.872 
  2.023 
  2.872 

 

 

 1.883 
 0.750 
Fm 1.750 

F 0.384 
Fs=1.0 Pf = 1- {ln(Fm)/ F} 7.2395 % 

 
 

(6) PGA=600Gal 
 

  
  

  0.567 
  1.594 
  1.824 
  2.526 

 

 

 1.628 
 0.702 
Fm 1.495 

F 0.413 
Fs=1.0 Pf = 1- {ln(Fm)/ F} 16.517 % 
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3.2.1.4-2(4) 3 Line031 (PGA) Fs=1.0 Pf 
 

(7) PGA=700Gal 
 

  
  

  0.360 
  1.169 
  1.658 
  2.220 

 

 

 1.352 
 0.683 
Fm 1.207 

F 0.477 
Fs=1.0 Pf = 1- {ln(Fm)/ F} 34.672 % 

 
 

(8) PGA=800Gal 
 

  
  

  0.293 
  0.789 
  1.519 
  1.957 

 

 

 1.140 
 0.643 
Fm 0.993 

F 0.525 
Fs=1.0 Pf = 1- {ln(Fm)/ F} 50.568 % 
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3.2.1.4-3(1) 4 Line041 (PGA) Fs=1.0 Pf 
 

(1) PGA=100Gal 
 

  
  

  1.233 
  2.705 
  3.508 
  4.359 

 

 

 2.951 
 1.152 
Fm 2.749 

F 0.376 
Fs=1.0 Pf = 1- {ln(Fm)/ F} 0.36137 % 

 
 

(2) PGA=200Gal 
 

  
  

  0.767 
  2.094 
  2.837 
  3.469 

 

 

 2.292 
 1.006 
Fm 2.098 

F 0.420 
Fs=1.0 Pf = 1- {ln(Fm)/ F} 3.8704 % 
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3.2.1.4-3(2) 4 Line041 (PGA) Fs=1.0 Pf 
 

(3) PGA=300Gal 
 

  
  

  0.406 
  1.678 
  2.379 
  2.868 

 

 

 1.833 
 0.926 
Fm 1.636 

F 0.477 
Fs=1.0 Pf = 1- {ln(Fm)/ F} 15.104 % 

 
 

(4) PGA=400Gal 
 

  
  

  0.308 
  1.163 
  2.013 
  2.448 

 

 

 1.483 
 0.821 
Fm 1.298 

F 0.517 
Fs=1.0 Pf = 1- {ln(Fm)/ F} 30.713 % 
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3.2.1.4-3(3) 4 Line041 (PGA) Fs=1.0 Pf 
 

(5) PGA=500Gal 
 

  
  

  0.242 
  0.787 
  1.753 
  2.142 

 

 

 1.231 
 0.755 
Fm 1.050 

F 0.565 
Fs=1.0 Pf = 1- {ln(Fm)/ F} 46.588 % 

 
 

(6) PGA=600Gal 
 

  
  

  0.185 
  0.650 
  1.151 
  1.909 

 

 

 0.974 
 0.639 
Fm 0.814 

F 0.599 
Fs=1.0 Pf = 1- {ln(Fm)/ F} 63.448 % 
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3.2.1.4-3(4) 4 Line041 (PGA) Fs=1.0 Pf 
 

(7) PGA=700Gal 
 

  
  

  0.138 
  0.495 
  0.778 
  1.749 

 

 

 0.790 
 0.598 
Fm 0.629 

F 0.674 
Fs=1.0 Pf = 1- {ln(Fm)/ F} 75.400 % 

 
 

(8) PGA=800Gal 
 

  
  

  0.112 
  0.411 
  0.619 
  1.321 

 

 

 0.616 
 0.445 
Fm 0.499 

F 0.648 
Fs=1.0 Pf = 1- {ln(Fm)/ F} 85.809 % 
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3.2.1.4-4(1) 4 Line042 (PGA) Fs=1.0 Pf 
 

(1) PGA=100Gal 
 

  
  

  2.067 
  3.697 
  3.857 
  5.321 

 

 

 3.736 
 1.153 
Fm 3.569 

F 0.302 
Fs=1.0 Pf = 1- {ln(Fm)/ F} 0.0012271 % 

 
 

(2) PGA=200Gal 
 

  
  

  1.543 
  2.939 
  3.126 
  4.292 

 

 

 2.975 
 0.976 
Fm 2.827 

F 0.320 
Fs=1.0 Pf = 1- {ln(Fm)/ F} 0.057562 % 
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3.2.1.4-4(2) 4 Line042 (PGA) Fs=1.0 Pf 
 

(3) PGA=300Gal 
 

  
  

  1.295 
  2.465 
  2.647 
  3.616 

 

 

 2.506 
 0.825 
Fm 2.380 

F 0.321 
Fs=1.0 Pf = 1- {ln(Fm)/ F} 0.34326 % 

 
 

(4) PGA=400Gal 
 

  
  

  1.123 
  2.128 
  2.305 
  3.136 

 

 

 2.173 
 0.716 
Fm 2.064 

F 0.321 
Fs=1.0 Pf = 1- {ln(Fm)/ F} 1.1955 % 
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3.2.1.4-4(3) 4 Line042 (PGA) Fs=1.0 Pf 
 

(5) PGA=500Gal 
 

  
  

  0.964 
  1.811 
  2.047 
  2.775 

 

 

 1.899 
 0.646 
Fm 1.798 

F 0.331 
Fs=1.0 Pf = 1- {ln(Fm)/ F} 3.8117 % 

 
 

(6) PGA=600Gal 
 

  
  

  0.688 
  1.480 
  1.844 
  2.491 

 

 

 1.626 
 0.651 
Fm 1.509 

F 0.386 
Fs=1.0 Pf = 1- {ln(Fm)/ F} 14.303 % 
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3.2.1.4-4(4) 4 Line042 (PGA) Fs=1.0 Pf 
 

(7) PGA=700Gal 
 

  
  

  0.352 
  1.250 
  1.691 
  2.274 

 

 

 1.392 
 0.702 
Fm 1.243 

F 0.476 
Fs=1.0 Pf = 1- {ln(Fm)/ F} 32.412 % 

 
 

(8) PGA=800Gal 
 

  
  

  0.287 
  0.798 
  1.423 
  2.004 

 

 

 1.128 
 0.646 
Fm 0.979 

F 0.533 
Fs=1.0 Pf = 1- {ln(Fm)/ F} 51.615 % 
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3.2.1.4-5(1) 4 Line043 (PGA) Fs=1.0 Pf 
 

(1) PGA=500Gal 
 

  
  

  1.683 
  3.064 
  3.068 
  4.388 

 

 

 3.051 
 0.956 
Fm 2.911 

F 0.306 
Fs=1.0 Pf = 1- {ln(Fm)/ F} 0.024148 % 

 
 

(2) PGA=600Gal 
 

  
  

  1.485 
  2.632 
  2.707 
  3.874 

 

 

 2.674 
 0.845 
Fm 2.550 

F 0.308 
Fs=1.0 Pf = 1- {ln(Fm)/ F} 0.12038 % 
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3.2.1.4-5(2) 4 Line043 (PGA) Fs=1.0 Pf 
 

(3) PGA=700Gal 
 

  
  

  1.199 
  2.273 
  2.436 
  3.493 

 

 

 2.350 
 0.813 
Fm 2.221 

F 0.336 
Fs=1.0 Pf = 1- {ln(Fm)/ F} 0.88131 % 

 
 

(4) PGA=800Gal 
 

  
  

  1.027 
  1.920 
  2.214 
  3.171 

 

 

 2.083 
 0.765 
Fm 1.955 

F 0.356 
Fs=1.0 Pf = 1- {ln(Fm)/ F} 2.9804 % 
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3.2.1.4-5(3) 4 Line043 (PGA) Fs=1.0 Pf 
 

(5) PGA=900Gal 
 

  
  

  0.934 
  1.535 
  2.034 
  2.819 

 

 

 1.831 
 0.691 
Fm 1.713 

F 0.365 
Fs=1.0 Pf = 1- {ln(Fm)/ F} 7.0145 % 

 
 

(6) PGA=1000Gal 
 

  
  

  0.766 
  1.293 
  1.877 
  2.483 

 

 

 1.604 
 0.641 
Fm 1.490 

F 0.385 
Fs=1.0 Pf = 1- {ln(Fm)/ F} 15.019 % 
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3.2.1.4-5(4) 4 Line043 (PGA) Fs=1.0 Pf 
 

(7) PGA=1100Gal 
 

  
  

  0.646 
  0.904 
  1.680 
  2.220 

 

 

 1.363 
 0.624 
Fm 1.239 

F 0.437 
Fs=1.0 Pf = 1- {ln(Fm)/ F} 31.187 % 

 
 

(8) PGA=1200Gal 
 

  
  

  0.555 
  0.669 
  1.528 
  1.933 

 

 

 1.171 
 0.579 
Fm 1.050 

F 0.467 
Fs=1.0 Pf = 1- {ln(Fm)/ F} 45.834 % 
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3.2.1.4-6 2  

Am r

3 Line031  778 Gal 0.344 

4 Line041  507 Gal 0.472 

4 Line042  791 Gal 0.262 

4 Line043 1225 Gal 0.207 
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3.2.1.4-1 3 Line031  
Am=778Gal βr=0.344  
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3.2.1.4-2 4 Line041  

Am=507Gal βr=0.472  
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3.2.1.4-3 4 Line042  
Am=791Gal βr=0.262  
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3.2.1.4-4 4 Line043  
Am=1225Gal βr=0.207  
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FEM

(MCS)  
3.2.1.5-1

Fs 1.0
PGA  

 

 
3.2.1.5-1  

 
 

MCS

 
G0  

(Cp t  
p r  

E
 

 

±3
3.1.1.1 3.1.1-1 0.40

 
 

 

(MCS) 100

START
Fs

YES

END

NO Fs 1.0
and
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3 4

Line031 line041
 

4
2

Line041 D CL
Line042 CM Line043  

 
 

3 Line031 CL  
4 Line041 D  
4 Line042 D CL 1:1  
4 Line043 D CL CM 1:1:1  

 
MCS 3.2.1.4-2 3.2.1.5-5

3.2.1-9 2  
3 Line031

790Gal 797Gal
4 Line041

508Gal 433Gal
4

 

3.2.1.5-1 MCS  

Am r

3 Line031  790 Gal 0.344 

4 Line041  508 Gal 0.578 

4 Line042  838 Gal 0.275 

4 Line043 1291 Gal 0.209 
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3.2.1.5-2 3 Line031  

Am=790Gal βr=0.344  
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3.2.1.5-3 4 Line041  

Am=508Gal βr=0.578  
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3.2.1.5-4 4 Line042  
Am=838Gal βr=0.275  
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3.2.1.5-5 4 Line043  
Am=1291Gal βr=0.209  
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3
3.2.1.6-1 3.2.1.6-1 3 Line031 CL

CL
G

G0 3.2.1.6-5
PGA G0

 
4

3.2.1.6-2 3.2.1.6-2 3.2.1.6-4 4 Line041 D
D G G

3.2.1.6-6 PGA G0

3
 

4

 

3.2.1.6-1  

Am r

3 Line031 Am = 778 Gal, r = 0.344 Am = 790 Gal, r = 0.344 

4 Line041 Am = 507 Gal, r = 0.472 Am = 508 Gal, r = 0.578 

4 Line042 Am = 791 Gal, r = 0.262 Am = 838 Gal, r = 0.275 

4 Line043 Am = 1225 Gal, r = 0.207 Am = 1291 Gal, r = 0.209 
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3.2.1.6-1 3 Line031  

3.2.1.6-2 4 Line041 

12Gal 

 1Gal 
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3.2.1.6-3 4 Line042 

3.2.1.6-4 4 Line043 

47Gal 

66Gal 
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3.2.1.6-5 3 Line031  
2 MCS
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3.2.1.6-6 4 Line041  
2 MCS  
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2
 

 

 

 
PRA

PRA
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1) 

58 pp.425-426 2003. 
2) 

No.785 -70 pp.27-37 2005. 
3) R.P.Kennedy and M.K. Ravindra: Seismic Fragilities for Nuclear Power Plant Risk 

Studies, Nuclear Engineering and Design, Vol.79, pp.47-68, 1984. 
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(1)  

ABAQUS  
 
(2)  

3.2.2.1-1 3.2.2.1-2 3
3.2.2.1-1

 
ABAQUS 3.2.2.1-3

D
3.2.2.1-1

 
Mohr-Coulomb

2.1
D CL 2

3.2.2.1-2  

 

 
 

3.2.2.1-1  

D CL  

CL  CM  

CH  
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(a)10-4  

 
(b)10-5  

 
(c)10-6  

3.2.2.1-2  
 

 
3.2.2.1-3  



 3-84

 
3.2.2.1-1  

 
3.2.2.1-2  

    
Case1-4-a/b 

4 (D, CL, CM, CH) 
10-4  

D, CL  a: =0.5 b: =0.1 Case1-5-a/b 10-5  
Case1-6-a/b 10-6  
Case2-4-a/b 

3 (CL, CM, CH) 
10-4  

CL  a: =0.5 b: =0.1 Case2-5-a/b 10-5  
Case2-6-a/b 10-6  
 



 3-85

(3)  
3.2.2.1-4 3.2.2.1-5 Case1

Case2 D CL

 
3.2.2.1-6 3.2.2.1-9 /

=0.5 =0.1

 
3.2.2.1-10 3.2.2.1-15

5%

a( =0.5) b( =0.1)
a b

D CL CL CM
=0.1

 
 
(4)  
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3.2.2.1-4 Case1  

 

 

 
3.2.2.1-5 Case2  
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(a) Case1-4-a 10-4  (b) Case1-5-a 10-5 (c) Case1-6-a 10-6  
3.2.2.1-6 =0.5  

 

 

 

(a) Case1-4-b 10-4  (b) Case1-5-b 10-5 (c) Case1-6-b 10-6  
3.2.2.1-7 =0.1  
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(a) Case2-4-a 10-4  (b) Case2-5-a 10-5 (c) Case2-6-a 10-6  
3.2.2.1-8 =0.5  

 

 

(a) Case2-4-b 10-4  (b) Case2-5-b 10-5 (c) Case2-6-b 10-6  
3.2.2.1-9 =0.1  
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(a) =0.5 D CL  (b) =0.1 D CL  

3.2.2.1-10 10-4  
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(a) =0.5 D CL  (b) =0.1 D CL  

3.2.2.1-11 10-5  
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(a) =0.5 D CL  (b) =0.1 D CL  
3.2.2.1-12 10-6  



 3-92

      

      

      

      

      

      

      
 (a) =0.5 D CL  (b) =0.1 D CL  

3.2.2.1-13 10-4  
 



 3-93

      

      

      

      

      

      

      
 (a) =0.5 D CL  (b) =0.1 D CL  

3.2.2.1-14 10-5  
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 (a) =0.5 D CL  (b) =0.1 D CL  

3.2.2.1-15 10-6  
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1975 Zeikiewize
1) 2) 3)

Griffith 4)

,
5)

6)
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7)

MPM
 

3.2.2.2-1
 

 
3.2.2.2-1  
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MPM  

3.1.1 4 MPM
3.2.2.2-3 160m D

CH 4 2m 2
 

3.2.2.2-1  
3.1.2 10-4 10-5 10-6

3.2.2.2-4
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2.0m
36m 12m

0.4 3.2.2.2-1

 
3.2.2.2-3  

 
3.2.2.2-1  

 
 

 
a) 10  

3.2.2.2-4(1)  
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1.4 0.6 4

 

 
b) 10 5 

 
c) 10 6 

3.2.2.2-4(2)  
 

3.2.2.2-2 Drucker-Prager  

 
 



 3-100 

 

  
a)  

 
b)D  

 
c)D ( C 0.6 )  
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3.2.1 D
3.2.2.2-7 10-5

0.6 D CL
1.4 D

CL D
CL

3.2.1 D
CL 3.2.2.2-8 10-8

0.6
10-5 D

CL 1.4 D CL
CL

D CL
 

 
d)CL  

 
e)CL ( C 0.6 )  
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2 3
3.2.1

 
g

 
          (1) 

 
a) (0.6 )           b) (1.4 ) 

 
    c) (0.6 )           d) (1.4 ) 

3.2.2.2-6 (10-4)  
 

 
   a) (0.6 )           b) (1.4 ) 

 
    c) (0.6 )           d) (1.4 ) 

3.2.2.2-7 (10-5)  
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D CL 0.2
3.2.2.2-6 8 4

1  
3 D CL 3.2.1

3.2.2.2-9 MPM

D

 
3.2.2.2-9  

 

 
   a) (0.6 )           b) (1.4 ) 

  
    c) (0.6 )           d) (1.4 ) 

3.2.2.2-8 (10-6)  
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