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Seismic Response Analysis of a Isolated Lumped-Mass Beam Model

JEL 749"
Lee, Jae-Han Koo, Gyeong-Hoi

ABSTRACT
For obtaining the time history nodal responses of reactor building, a lumped-mass beam model
composed of two sticks for the reactor building and the reactor support structure is developed. The
time history responses for the non-isolated and isolated reactor buildings are calculated under an
artificial time history, generated using the seismic spectrum curve of US NRC RG1.60. The analysis
results show that the horizontal accelerations of the isolated building are dramatically decreased to

one-tenths of the non-isolated one, but the vertical responses are increased by about 40%.
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¥ 1. Nodal Values of Lumped Mass ( 2-Stick Model)
Node | Height(m) | Concentrated Rotary Inertia of Mass(kg.m’)
Mass(kg) Ixx Iyy Izz
1 0.90 7,583,500 9.2756E+08 1.6732E+09 2.5953E+09
2 490 3,368,000 5.9073E+08 1.0178E+09 1.5972E+09
3 9.33 4,332,800 6.8690E+08 1.3222E+09 1.9951E+09
4 15.07 4,001,100 7.5299E+08 1.2057E+09 1.9335E+09
5 21.10 5,038,100 8.5969E+08 1.3067E+09 2.1458E+09
6 26.40 3,538,000 6.3347E+08 1.0529E+09 1.6720E+09
7 33.09 9,116,500 1.5815E+09 2.6354E+09 4.0836E+09
8 43.95 6,487,500 1.2166E+09 2.0172E+09 3.1454E+09
9 50.38 961,200 1.9956E+08 7.5733E+07 2.7309E+08
10 54.10 1,452,500 2.2526E+08 7.2555E+07 2.9633E+08
11 2.08 136,600 1.9355E+06 1.9355E+06 3.8409E+06
12 490 534,400 8.4165E+06 8.4166E+06 1.5030E+07
13 9.58 575,900 9.2282E+06 9.2282E+06 1.6198E+07
14 15.07 730,300 1.2572E+07 1.2572E+07 2.0540E+07
15 21.07 2,533,400 7.2071E+06 7.2075E+06 1.2191E+07
E 2. Section Properties of Beam Element ( 2-Stick Model)
Element Node Area(m?) Moment of Inertia of Beam Section(m®)
Ixx Iyy Torsional Rigidi
1 1 2 311.85 .54171E+05 .93715E+05 .9295E+05
2 2 3
3 3 4 271.08 .50161E+05 .80834E+05 74767TE+05
4 4 5
5 5 6
6 6 7
7 7 8 253.89 49898E+05 .80311E+05 .78477E+05
8 8 9 104.58 .21377E+05 .80699E+04 .18999E+05
9 9 10
31 1 12
32 12 13 49.48 .69581E+03 . 69581E+03 .13916E+04
33 13 14
34 14 15

E =2.434E+10(N/m?), G= 1.0402E+10(N/m?)
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H 3. Natural Frequencies of Non-isolated KALIMER Building (2-Stick Model)

Frequency Major Frequency Participation Effective
No. Direction _(Hz) Factor Mass(kg)
1 Y 6.36 1.485 2.65E+07
2 X 7.09 1.416 2.69E+07
3 X 7.82 0.040 4.72E+05
4 zZ 15.07 1.357 3.40E+07
5 Y 16.96 -0.652 1.03E+07
6 X 17.22 -0.557 9.65E+06
7 22.78
8 X 29.78 -0.220 7.33E+05
9 Y 31.35 0.158 9.24E+05
10 X 32.26 0.065 2.05E+05
11 Y 35.11 0.469 1.47E+06
12 X 35.76 0.445 1.20E+06
13 Z 39.66 -0.580 3.66E+06
14 39.78 0.009
* unit: kg.m’, Total weight=5.04 x10'kg, Basemat= 7.3 x10°%kg
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3£ 4. Natural Frequencies of Isolated KALIMER Building (2-Stick Model)

Frequency Major Frequency Participation Effective
No Direction __(Hz) Factor Mass(kg)
1 Y 0.50 1.0075 50388900
2 X 0.50 1.0058 50387200
3 ROT-Z 0.56
4 Y 7.55 -0.0081 895
5 X 8.60 -0.0057 491
6 z 12.50 1.3645 43430300
7 ROT-Z 13.67
8 Y 22.18 0.0008 17
9 X 2271 0.0006 15
10 26.33
11 X 28.64 0.0002 1
12 Y 29.89 0.0001 0
13 4 33.28 -0.5607 4673480
14 X 34.87 -0.0001 0
15 Y 38.43 -0.0004 1
* unit: kg.m" , Total weight=5.04 x10’kg, Basemat=7.3 x10%kg
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R 5. Accelerations and Displacements of Reactor Building under ATH Earthquake

X-Direction(g) Y-Direction(g) Z-Vertical (g)

Fixed - | Isolated- | Fixed- | Isolated- | Fixed - 2D base
Node No.(location) base base base base base isolation
01 (base) 0.30 0.147 0.30 0.162 0.205 0.304
10 (top) 1.644 0.156 1.852 0.171 0.577 0.821
14 (RV support) 0.817 0.153 0.677 0.147 0.353 0.547
Input acceleration 0.30 0.30 0.30 0.30 0.20 0.20
(11 or 301
Max. Relative 13.22 13.22 0.431 (corner)
Displacement(mmy) 0.370 (center)
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7. Accel. Time History of Isolated Building (Y-dir)
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