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Abstract: To evaluate the structural integrity of the main cooling-water pump of a nuclear power plant under
different seismic conditions, the seismic analysis was performed in accordance with IEEE-STD-344 code. The finite
element computer program, ANSYS, was used to perform both mode frequency analysis and response spectrum
analysis for the pump assembly. The natural frequencies, the mode shapes, and the mode participation factors were
obtained from the results of the mode frequency analysis. The stresses resulting from various loadings and their
combinations were within the allowable limits specified in the above-mentioned IEEE code. The results of the
seismic evaluation fully satisfied the structural acceptance criteria of the IEEE code. Thus, it was proved that the
structural integrity of the pump assembly was satisfactory.
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Table 1 Properties of structural materials
Yield Modul‘u? of . Allowable
strength elasticity |Poisson's
Mat'l . stress
(Sy) (E) ratio [MPa]
[MPa] [GPa]
SCS14 130.8 196 0.3 104.4
STS316| 225.7 186 0.3 180.1
STS420| 171.7 196 0.3 137
SCM4 428.3 201 0.3 341.8
SS41 168.3 196 0.3 1343
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Fig. 1 Boundary and load condition for the FEM
model
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NODAL SOLUTION AN
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up =1
FREQ=42.221
usuM (ave)
RSYS=0
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Fig. 2(a) 1st mode shape (42.2 Hz)
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Fig. 2(¢) 3rd mode shape (146.6 Hz)
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NODAL SOLUTION AN
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sUB =2
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Fig. 2(b) 2nd mode shape (57.2 Hz)
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Fig. 2(d) 4th mode shape (179.7 Hz)

-5-2 (overstressed)  Ell o]l
e @RS BT dl itk S, Table 40|
BRI mps} o], ofe] gz £xdA I T
7F 9ol mEd g & gk ool A=

|| o Al AFE-3l= Fig. 39 875 ~HER]
(RRS: Required Response Spectrum)=Al-2 3%<2

sgo] #-8%¥ SSE( Safe Shutdown Earthquake)$!
s B Bl b = s ] R B o ) g e
THEE 1gE TAA ARSI A% T}
&5 9o F7 H wE ol Table39] =& 35
o] z+g-3lH, 787 Nme *HEA7} g3t} 3}

Beorlr ox



[e] b2
SHEAERY

o

RSN j=

Table 2 Modal participation factor in each direction

Freq. modal participation factor
Mode : : :
(Hz) X-dir Y-dir Z-dir
1 42.2 0.00137 1.0 0.0014
2 57.2 1.0 0.0012 |0.000002
3 146.6 0.00324 | 0.0048 1.0
4 179.7 0.00023 0.2 0.017
Table 3 Nozzle end load
Nozzle end load
R | R | B[ Mmx [ Wy | M
IN] | IN - m]
Suction | 5,273.9 [4,394.9| 5,273.9|1,601.0| 2138.6 | 1,601.0
Discharge | 3,602.2 |3,001.9| 3602.2 | 912.3 | 1216.4 | 9123

Table 4 Loading combination and calculated equivalent

stresses
Loading ‘ Stress |Allowable
combination Item Material | value stress
(MPa) | (MPa)
Dead weight| Casing |[STS 316/ 52.5 180.1
+ Shaft |STS 316| 22.7 180.1
Operation | Discharge |STS 316 77.8 180.1
load + Support [STS 316| 72.3 180.1
SSE  load Bolt SCM 4| 26.8 341.8

3% damping SSE (Horizontal)
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Fig. 3(a) SSE horizontal RRS with 3% damping

3% damping SSE (Yertical)
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Fig. 3(b) SSE vertical RRS with 3% damping
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