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Abstract

Seismic qualification of the Air Cleaning Units for nuclear power plant Ulchin 5&6 has been performed with
the guideline of ASME Section III and IEEE 344 code. By using the structural and geometrical similarity
analysis, the three models to be analyzed is condensed into a single model and, at the same time, the
excitation forces and other operating loads for each model are encompassed with respect to different loading
conditions. As the fundamental frequencies of the structure are found to be less than 33Hz, which is the upper
frequency limit of the seismic load, response spectrum analysis using ANSYS is performed in order to
combine the modal stresses within the frequency limit. In order to confirm the structural and electric stability
of the major components, modal analysis theory is adopted to derive the required response spectrum at the
component locations. As the all combined stresses obtained from the above procedures are less than allowable
stresses and no mechanical or electrical failures are found from the seismic testing, the authors confirm the
safety of the nuclear equipments Air Cleaning Units studied in this paper.
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Table 1. Overall sizes and Weights of Air Cleaning Units

Sizes(m®) Weight(kg)
Model 1 11.94 x2.33x2.32 5238
Model 2 11.94x1.65x1.89 3027
Model 3 11.94x1.85x1.89 3568
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Table 2. Material Properties of the Finite Elements

Young’s Densit Poisson’s

Modulus 4 Ratio

Shell 63 | 211x10°Pa | 7974 kg/m’ 0.29
Fig. 12 3Adae ACU #F2AEdolw
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Fig. 1 Finite Element Model of Air Cleaning Unit
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Table 3. Classification of Load Combinations
Level Dead Weight + Operating Load
A + Nozzle Load
Level Dead Weight + Operating Load
B + Nozzle Load+OBE
Level Dead Weight + Operating Load
D + Nozzle Load + SSE
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Table 4 Participation Factors with respect to 3-Axis
(a) (E-W : X direction)

Mode Partei. Mass
Freq. Period Ratio
No. Factor Fraction
1 9.580 0.10438 -10.624 0.9819 0.4327
2 10.53 0.95E-1 10.819 1.0000 08814
3 12.38 0.81E-1 23397 02162 0.9191
4 13.16 0.76E-1 1.5506 0.1433 0.9284
5 271.57 0.36E-1 1.0779 0.0996 0.9455
(b) {V-S : Y direction)
Mode } Partci. Mass
Freq. Period Ratio
No. Factor Fraction
1 9.580 0.10438 2.4429 0.1987 | 0.605E-2
2 10.53 0.95E-1 0.2872 0.0233 | 0.613E-2
3 12.38 0.81E-1 3.4189 0.2781 0.2685
4 13.16 0.76E-1 3.9222 0.3190 0.2841
N 27.57 0.36E-1 1.7940 0.1459 0.7552
(¢) (N-8 : Z direction)
Mode Partci. Mass
Freq. Period Ratio
No. | Factor Fraction
1 9.580 0.10438 0.69E-1 0.0052 0.51E-5
2 10.53 0.95E-1 0.16E-1 0.0012 0.53E-50
3 12.38 0.81E-1 7.4658 55.7385 0.1011
4 13.16 0.76E-1 -13.288 176.570 0.2861
5 27.57 0.36E-1 -3.1282 9.7857 0.8120
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Fig. 2 Flow Chart for Seismic Analysis
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Table 5. Stress summary due to service level D Condition

Locations Combined Allowable

Stress(Pa) Stress(Pa)
Pressure differential Transmitter | 1.11E6 1.99E8
Electric Heater Control Panel 4.65E6 1.99E8
Fire Protection Control Panel 2.99E6 1.99E8
Motor Frame 4.03E6 1.99E8
Fan 3.75E6 1.99E8

*Maximum Stress : 9.86E7 Pa at the Drain Pipe Location
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Fig. 5 Stress distribution of ACU subject to OBE load
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Fig. 6 Stress distribution of ACU subject to SSE load
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(b) Motor and Fan
Fig. 10 Experimental Set-Up for Seismic Test
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