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Seismic Analysis of Plutonium Glovebox by MSC/NASTRAN
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Seismic analysis of the structural strength of gloveboxes is lmportant
for plutonium confinement evaluation. However, the analytical methods must
be developed for evaluating the mutual displacement between the window
frame and acrylic resin window panel with regard to plutonium confinement
during an earthquake. Therefore, seismic analysis for a standard glovebox
in Plutonium Fuel Research Facility at Oarai Research Establishment of
JAERI has been conducted by FEM (Finite Element Method) computer code
MSC/NASTRAN (MacNeal-Schwendler Corporation NASA Structural Analysis).

Modelling of glovebox window frame has been investigated from the
results of natural frequency analysis and static analysis. After the
acquisition of a suitable model, displacement around the window frame and
glovebox structural strength have been evaluated in detail by use of floor

response spectrum analysis and time-history (transient response) analysis.

Keywords: Glovebox, Seismic Analysis, MSC/NASTRAN, Finite Element Method,
Natural Frequency Analysis, Static Analysis, Time-History

Analysis, Plutonium, Confinement
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Table-3.2 Additional mass

Additional mass(kg)

Acrylic resin (MODBL-®, MODEL-®)
HEPA filters

Three-way valve

Incinerator |
Entry port
Transfer port
Lead containing acrylic resin shield 116.

SO DO DI

2
O OO O

Tahle-3.3 Boundary conditions

Boundary conditions
Analytical methods
Node No. Degree of freedom

Eigenvalue analysis 3701 Ux =Uy =U: =0.0
Static method 3702 Bx =8y =0z =0.0

3703

3704
Floor response spectrum method 3705 Uz =0.0
Time-history method 3706 x =8y =6z =0.0

Table-8.4 Standard seismic wave (S1)

Magnitude | Distance from epicenter Max imum Maximum
M A velocity V | acceleration A
8.4 90 km 16. 09 kine 286. 15 gal
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Table-3.5 Floor response spectrum of plutonium fuel research
facility [X(EW) direction, 10% extended]

Period Response Period Response
(sec) accelaration(Gal) (sec) accelaration(Gal)
(X 10mm/sec?) (X 10mm/sec?)
0. 0180 146. 3 0. 1805 1012.9
0. 0198 146.9 0. 1980 1012. 9
0.0216 147.5 0. 1998 971. 4
0. 0234 148. 1 0. 2090 971. 4
0. 0252 148. 6 0.2126 895, 1
0. 0270 149.6 0. 2200 895. 1
0. 0309 149.6 0. 2310 724, 7
0. 0324 153.3 0. 2328 712. 4
0. 0342 157.0 0. 2340 746. 7
0. 0366 157.0 0. 2860 746, 7
0. 0378 165. 2 0. 2870 728. 3
0. 0396 169. 3 0. 3190 728. 3
0.0414 189.7 0. 3259 580. 6
0. 0434 189. 7 0. 3520 580. 6
0. 0450 264. 3 0. 3740 418.5
0. 0501 264. 3 0. 3943 399.5
0. 0504 276. 1 0. 4050 413.0
0. 0581 276. 1 0. 4950 413.0
0. 0594 322.7 0.5242 379.0
0. 0612 522. 1 0. 6050 379.0
0. 0630 5T77.2 0. 6600 187. 0
0. 0653 571.2 0. 7150 157.5
0. 0666 795. 2 0.7700 128. 3
0. 0808 195, 2 0. 7874 124, 2
0. 0810 822. 2 0. 8100 131.5
0. 0983 822.2 0. 9900 131.5
0. 0990 891.7 1. 1000 131.2
0. 1120 891.7 1.1750 101.1
0.1125 933.9 1. 3200 101.1
0. 1203 933.9 1. 3682 89. 6
0.1215 1044.5 1. 6500 89. 6
0. 1320 1044.5 1. 7600 73.6
0. 1350 1393. 7 1. 8700 61.5
0. 1650 1393. 7 1. 9800 53.3
0. 1660 1285.2 2. 0900 38. 3
0.1870 1285.2 2. 2000 26.6
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Tahle-3.6 Floor response spectrum of plutonium fuel research

facility [YONS) direction, 10% extended]

Period Response Period Response
(sec) accelaration{Gal) (sec) accelaration(Gal)

(X 10mn/sec?) (X 10mm/sec?)
0. 0180 138. 8 0. 1980 971.9
0.0198 139.4 0. 1996 938. 4
0. 0216 140. 0 0. 2090 938.4
0. 0234 140. 7 0.2126 864.6
0. 0252 141. 4 0. 2200 864. 6
0. 0270 143.0 0.2310 702, 1
0. 0294 143.0 0. 2327 690. 8
0. 0306 145.0 0. 2340 727. 1
0.0324 148.5 0. 2860 727.1
0. 0342 150. 2 0. 2870 708. 2
0. 0360 159. 3 0. 3190 708. 2
0. 0382 159. 3 0. 3260 559. 5
0. 0396 174. 8 0. 3520 558, 5
0.0414 175.9 0. 3740 417.2
0. 0432 178.5 0. 3936 398.5
0. 0450 345.1 0. 4050 413.0
0. 0502 345. 1 0. 4950 413.0
0. 0504 361. 3 0. 5246 378.6
0. 0595 361.3 0. 6050 378.6
0. 0612 582.5 0. 6600 187.0
0. 0652 592.5 0.7150 157.7
0. 0666 T77.0 0. 7700 128. 3
0.0814 T77.0 0. 7875 124.2
0.0814 775. 8 0. 8100 131.4
0. 0984 775. 8 0. 9900 131.4
0. 0990 827. 4 1. 1000 131.4
0.1118 827.4 1. 1750 101, 1
0.1125 876.2 1. 3200 101.1
0.1202 876.2 1. 3681 89.7
0. 1215 981.9 1. 6500 89,7
0.1319 981.9 1. 7600 73.6
0. 1350 1317.9 1. 8700 61.5
0. 1650 1317.9 1. 9800 53.3
0. 1659 1231.2 2. 0900 38.3
0. 1870 1231. 2 2.2000 26.6
0.1904 971.9
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for each models (Hz)

Table-3.7 Results of eigenvalue analysis

Mode | MODEL-@® |MODEL-® | MODEL-®
| 4. 932 9. 936 9. 832
2 8. 210 10. 9490 10, 500
3 11. 191 12. 994 12. 966
4 12. 667 15. 464 16. 668
5 13. 588 18. 248 18. 138
6 16. 156 20. 073 22. 011
7 18. 188 21. 891 23. 642
3 19. 723 22. 445 24. 448
9 20. 845 23. 399 26. 634
10 23. 366 25. 128 26. 961

Table-3.8 Calculated shearing force of stud bolt (G.B.-stand) and

axial force of adjust bolt (stand-floor) by static method

MODEL-® MODEL-® MODEL-®
Eleme-
nt No. 1 (EW) Y (NS) X (BW) Y (NS) X (EW Y (NS)
direction | direction | direction | direction |direction |direction
3410 117.2 129.2 103. 4 129. 0 114.3 128.1
3420 -56. 4 103. 4 -34.2 103. 3 -bl.5 105. 4
A | 3440 -60. 8 151.0 -69. 3 151.3 -62.9 154.0
3510 106.5 -128.2 96.5 -128. 3 108. 7 -128.6
3520 -49.6 -105.0 -32.4 -104. 4 -49. 8 -106. 3
3540 -56. 9 -150. 4 -64. 1 ~1560. 8 -59.0 -153.7
2901 18.2 28.4 17.7 28.3 -78.0 28.2
2902 33.8 1.9 21.2 1.9 128. 3 -3.1
2803 7.9 25.2 29.8 25.1 6.0 25.5
2904 22.4 48 12.2 4.8 14.8 11.2
2905 9,2 -2.4 10.8 -2.4 70.2 3.8
2906 13.5 -3.5 12.0 -3.4 71.2 -9.8
2907 10.0 35. 4 11.7 35.4 -01.2 36.6
B | 2911 -4.3 23.3 -4.9 23. 4 11.9 24.9
2913 -3.3 27.4 -3.2 27.6 1.1 28. 4
2915 -2.0 27.4 -1.8 -4,2 -3.7 -4, 4
2917 -2.4 31.5 -3.2 31.7 -9.5 29.5
2921 17.2 21.2 16.9 21.1 -79. 1 20.9
2922 30.0 -2.3 21.0 -2.3 129.1 -2.3
2923 14.5 23.4 34.0 23.2 -6.3 23.1
2924 24.8 -4.9 15.9 -5.0 15.6 -10.8
2925 12.5 0.6 12.9 0.6 70.3 0.3
2926 13.5 4.1 12.6 4.0 85.9 7.9
2027 11.5 26. 7 11.5 20. 6 -100.0 28.5
A=Axial Porce of Adjust Bolt, B=Shearing Force of Stud Bolt G.B.=Glovebox
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Table-3.9 Calculated results of absolute displacement by static method {(mm)

MODEL~-® MODEL-® MODEL-®

Node X (EW Y (NS) X (BW Y (NS) X EW Y (NS)
No. |direction |direction | direction |direction |direction | direction
1001 4,223 0. 449 0.803 0. 448 1. 020 0. 455
1007 4,223 0. 496 0. 803 0. 496 1. 013 0.503
1011 4,223 0. 528 0. 802 0.529 1.014 0.536
1015 4,223 0. 561 0. 902 0. 562 1. 019 0. 569
1141 4. 251 0. 449 0. 930 0. 448 1. 049 0. 455
1147 4. 250 0. 496 0. 930 0. 496 1. 042 0. 503
1151 4,251 0.529 0. 930 0. 530 1. 042 (0. 536
1155 4,251 0. 561 0. 930 0. 562 1. 048 0. 569
2001 0. 491 0.435 0. 461 0. 435 0. 468 0. 442
2007 0. 492 0.479 0. 462 0. 479 0.470 0. 486
2015 0. 491 0. 546 0. 462 0. 546 0. 469 0.553
2141 0.518 0. 435 0. 489 0.435 0. 497 0. 442
2147 0.519 0.479 0. 489 0.479 0. 499 0. 486
2155 0.519 0. 545 0. 490 0. 546 0. 497 0. 553

Table-3.10 Mutual displacement between glovebox

frame and acrvlic resin window (mm)

MODEL -®@
Node X (EW) Y (NS)
No. direction { direction
1001 0. 039 0, 004
1015 0. 068 0. 004
1141 0. 013 0. 004
1155 0. 063 0. 004
2001 0. 056 0. 002
2015 0. 085 0. 001
2141 0. 056 0. 003
2155 0. 091 0. 002

— 194
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Table-3.11 (Calculated shearing force of stud bolt and axial force of
adjust bolt by floor response spectrum method (kef)

MODEL-®
Ele-
ment 1/2+ 8, 1/2 + 8, EW(X) NS(Y) EW(X)
No. | X direction| Y direction| direction| direction| + NS(Y)
3410 83.1 : 78.2 239. 8 242.6 341.2
3420 44. 8 68.5 115. 3 213.2 242. 4
A | 3440 55. 4 112.0 142.6 348. 3 376. 4
3510 93.0 76. 0 239.2 235. 8 335. 9
3520 38.1 63. 4 8. 1 186.5 219.6
3540 4.7 110.2 114.6 342.5 361. 2
2501 94,1 17.7 242.1 h4. 8 242.2
2902 132.9 5.5 341.9 14.3 342, 2
2903 8.7 16. 8 12.9 52.4 h3.2
2904 | - 18.9 8.7 47.7 26.9. 54, 8
2905 04, T 6.5 140.5 19.0 141.8
2906 81.1 5.3 280.6 15.7 208.2
2907 102. 1 25. 8 261.6 80. 1 262. 3
2911 12.4 14.4 30.6 44. 4 53.9
B | 2913 6.5 18.3 8.3 56. T 57.3
2915 4,2 2.9 7.5 4.8 8.3
2917 13.9 21.4 27.9 66. 3 71.9
2921 g5. 1 11.0 244.5 33.5 244.9
2922 132.0 4.3 339. 8 10.8 340.0
2923 7.3 15.0 13.7 4.6 48.3
2924 22.5 7.8 54,0 23.0 58.8
2925 54,7 3.0 140. 3 6.8 140.5
2926 91.7 7.7 235. 8 23.3 237.0
2927 109. 2 22.1 280.9 68. 7 281.0

A=Axial force of adjust bolt, B=Shearing force of stud bolt
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Table-3.13 Calculated shearing force of stud boit and axial force of
adjust bolt by time-history method (kgf).

MODEL-®
Ele-
ment 1/2 - 8, 1/2+ 5, EW(X) NS(P)
No. | X direction| Y direction| direction| direction
3410 122. 69 -93.13 -207. 45 176. 52
3420 -b7. 56 =74, 17 99.69 152. 88
A | 3440 -70. 81 109. 33 123. 93 244. 56
3510 122, 06 87. 80 -207. 36 -172. 66
3520 |- -53.26 5. 68 85. 67 -144. 37
3540 -63. 26 108. 34 89. 49 -240. 90
2901 -113. 26 -20.72 205. 31 39. 60
2902 166. 36 -7.17 -292. 57 9.02
2903 5. 07 -18. 12 -7. 40 37. 371
2904 22. 36 -8. 67 -40. 02 18. 67
2905 73.53 5. 42 -122. 09 12.39
2906 8. 36 -7.98 -177. 20 -11.49
2907 -124. 50 26. 04 222. 60 56. 41
2911 14,70 -17.93 -25. 68 -30. 16
B | 2913 -1.33 -20. 05 -2.53 40,77
2915 -3. 32 3.05 B. 36 -6. 34
2917 -11. 83 21.23 21. 47 45. 94
2921 114.79 -14. 16 207. 45 25.20
2922 164. 99 -4. 16 -290. 80 1. 86
2923 -6. 33 -16. 30 10. 08 33. 33
2924 23.76 -T. 64 -44, 31 -16. 32
2925 73.25 -3. 67 -122. 16 -4. 39
2926 114. 88 -7.94 -201. 86 15. 54
2927 -134.99 -20. 82 239.72 47. 63

A=Axial force of adjust bolt, B=Shearing force of stud bolt
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