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Seismic Analysis and Vibration Test of HANARO In-Chimney Bracket
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ABSTRACT

The HANARO in-chimney bracket was proposed as a structure which supports the guide tubes of
irradiation facilities at the irradiation sites of CT, IR and OR4/5 in HANARO core for the reduction of
flow-induced vibration and seismic response of the irradiation facilities. For the evaluation of the
structural integrity of the in-chimney bracket, its finite element model is developed. The seismic
response analysis was performed for the in-chimney bracket and related reactor structures, under the
response spectrum of OBE and SSE. The analysis results show that stress values of the in-chimney
bracket and reactor structures for the seismic loads are within the ASME code limits. It is also
confirmed that its fatigue usage factor is much less than 1.0. For the verification of the implementation
effects of the in—chimney bracket, the vibration level of the guide tube of the instrumented fuel
assembly, which is subjected to fluid-induced vibration, was measured and analyzed. The vibration
analysis results demonstrate that the vibration level of the instrumented fuel assembly has been
remarkably reduced after installing the in-chimney bracket. Therefore, when the in-chimney bracket is
installed at the reactor chimney, any damage on the structural integrity is not expected.
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Fig. 2 3-D mode! of the HANARO in-chimney bracket and reactor structures
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Fig. 4 Floor response spectrum for SSE
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Table 1 Dimension and weight of the guide tube and test tube used in the seismic analysis

OR 4 OR5
Guide tube Test tube ) Guide tube Test tube i
Case Weight Weight
Dolmm) | tmm) | Dolmm) | timm) Dofmm} | tmm) | Delmm) | timm)
Case | 40 5 58 5 15kg 34 1.65 58 2 20kg
Case Il 60 5 58 5 15kg 60.5 165 58 2 20kg
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Table 2 Maximum stresses of the in—chimney bracket for load combinations

Maximum stress intensity, Pn+Pp (MPa}
Case Component -
Service level A Service level B Service level D
In-chimney bracket 8.83 51.93 66.73
Case | | OR4 G.T holder 1.61 20.91 31.21
ORS5 G.T holder 0.70 26.90 41.10
In-chimney bracket 8.83 4853 60.73
Case # | OR4 G.T holder 1.61 18.41 27.31
OR5 G.T holder 0.70 2470 37.80
Alfowable stress intensity(MPa) 179. 237. 428.

= Service level A: Dead weight, Service level B: Dead weight+OBE, Service level D: Dead weight+SSE

Table 3 Maximum stresses of the reactor structures for load combinations

Maximum stress intensity, Pm+Py (MPa) Allowable stress
Case - Component . )
Service level A | Service level B | Service level C | intensity (MPa)
Chimney 1.07 3.99 561 61.9
Case |
Reflector vessel 2.68 20.98 31.38 162.7
Chimney 1.07 3.91 5.47 61.9
Case i
Reflector vessel 2.68 22.18 33.28 162.7

= Service level A: Dead weight, Service level B: Dead weight+OBE, Service level C: Dead weight+SSE

Table 4 Maximum combined stress ratios of beam structure for case |i

Maximum combined stress ratio
Component
Service level A Service level B Service level D
CT/IR G.T holder 0.027 0.245 0.173
OR4 guide tube 0.004 0.625 0.589
OR5 guide tube 0.001 0.809 0.687
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Table 5 Fatigue usage factor of the in—-chimney bracket
Maximum Stress Peak . Aliowable Fatigue usage
stress intensity | concentration | stress intensity Operatz%; cycle operating cycle factor
(Smax) factor (Sp) (N (/N
66.73MPa 4 26/MPa 2800 100,000 0.028
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Fig. 5 Measurement positions of the in-chimney bracket and the guide tube
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Fig. 6 Schematic diagram of the measurement setup
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Fig. 7 Acceleration signals at the guide tube of the instrumented fuel assembly (A1 and A2)
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Fig. 8 Acceleration signals at the in—chimney bracket (A3 and A4)
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Fig. 9 Displacement signals at the guide tube of the instrumented fuel assembly (At and A2)
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Fig. 10 Displacement signals at the in—chimney bracket (A3 and A4)

Table 6 Maximum amplitude and RMS values of the acceleration and displacement signals

Position and Direction of the Accelerometer Acceleration(m/s?) Displacement{mm)

Position Direction Max. Amp. RMS Max. Amp. RMS

1 (Guide tube) Horizontal 13.36 208 26 0.49

A2 (Guide tube) Horizontal(A2 L A1) 13.90 2.09 24 0.39
A3 (In-chimney bracket) Vertical 6.25 1.40 0.055 0.0097
A4 (In-chimney bracket) Horizontal 4.57 1.04 0.036 0.0065
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