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ABSTRACT

This paper proposes an efficient seismic qualification method for representative HVAC systems in
nuclear power plants, following the guidelines of US NRC Regulatory Guide 1.10, IEEE-344, and ASME
Section III. Through structural and geometrical similarity analysis, candidate items for qualification
were grouped using dynamic similarity principles, significantly streamlining the process. For
large-scale equipment where seismic testing is impractical, a combined approach of seismic analysis
and testing was employed. Seismic analysis included modal analysis and response spectrum analysis,
while seismic tests were conducted on active components such as driving motors, fans, compressors,
and control panels. Input seismic loadings accounted for response amplification due to the equipment’s
modal properties, incorporating specified margins to ensure conservative qualifications. The combined
stresses derived from these procedures were confirmed to be below allowable limits, with a stress ratio
under 0.8. Additionally, no mechanical or electrical failures were observed in the seismic analyses or
tests. Consequently, the authors verified the safety and reliability of the HVAC system for use in

safety-related nuclear applications.
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Fig. 5 Fundamental mode shapes of fan
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— Table 1 Stress summary due to each seismic loadings
{_f"" (a) Stress due to upset conditions(OBE loads)
40
J \ Location Node Stress intensity Allowable stress
% = / """""""""""" : \ No. [Pa] [Pa]
20 o = Nozzle 8119 1.0810171e + 007 KSD3515
© /-[‘ 8189 1.4768367e + 007 1.97000e + 008
Condensor | 20382 | 3.3284000¢ + 006 KSD3515
A S pipe | 20384 | 1.8277800¢+006 | 1.97000e + 008
Frea (s Motor | 6161 | 3.0753800e + 006 KSD430
(a) Seismic load of SSE level, saddle 6938 | 8.5883000e +006 | 1.65000e + 008
elevation 0.0 and lower Maximum KSD430
stress 21495 1.561600e + 008 1.65000¢ + 008
€0 —
70 \\ =2 (b) Stress due to faulted conditions(SSE loads)
L "J_j \ Location Node Stress intensity Allowable stress
€0 No. [Pa] [Pa]
L w0
£ 8119 1.0818442¢ + 007 KSD3515
2 !H I Nozzle | 189 | 1.4774453¢+007 | 2.35000¢ + 008
2" f Condensor | 20382 | 4.2602000e + 006 KSD3515
10 pipe 20384 | 2.3759800e + 006 2.35000e + 008
- 0 5 0 15 0 25 30 3 40 45 50 Motor 6161 3.1988400e + 006 KSD430
Freq.(Hz) saddle 6938 | 9.4367000¢ + 006 1.96000¢ + 008
(b) Seismic load of SSE level, Maximum KSD430
. . 21495 | 1.5690000e + 008
elevation 0.0 and higher stress ¢ 1.96000e + 008
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Table 2 Modal properties of AHU equipment

X-direction

voio | Fea [ teidmion [ e [ B [ e [ e
1 39.8 2470 0.590 609.82 0.232 0.54E-01
2 42.5 12.86 0.307 165.39 0.295 0.14E-01
3 45.0 8.29 0.198 68.68 0.322 0.60E-02
4 48.4 41.88 1.000 1753.79 0.989 0.15
5 51.2 3.90 0.093 15.24 0.996 0.13E-02
6 53.7 3.34 0.080 11.18 1.000 0.98E-03

Sum 2624.09 0.23
Y-direction
1 39.8 -25.78 0.384 664.66 0.109 0.58E-01
2 4.5 67.06 1.000 4497.10 0.843 0.394
3 45.0 -24.09 0.359 580.19 0.938 0.51E-01
4 48.4 -7.39 0.110 54.61 0.947 0.48E-02
5 51.2 -0.44 0.007 0.19 0.947 0.17E-04
6 53.7 -17.97 0.268 323.00 1.000 0.28E-01
Sum 6119.75 0.54
Z-direction
1 39.8 4.67 0.301 21.83 0.52E-01 0.19E-02
2 425 12.35 0.797 152.59 0.415 0.13E-01
3 45.0 -15.50 1.000 240.31 0.986 0.21E-01
4 48.4 -0.59 0.038 0.346 0.987 0.30E-04
5 51.2 0.05 0.003 0.28E-02 0.987 0.24E-06
6 53.7 -2.37 0.153 5.60 1.000 0.49E-03
Sum 420.67 0.036
Table 3 Modal vectors at target locations
Inlet valve location
Node No. 70066 69668 123261 113175 112091 123288
Mode 1 5.25E-04 6.76E-04 1.25E-03 1.16E-04 9.08E-04 4.79E-04
Mode 2 4.18E-3 9.65E-03 1.53E-02 1.99E-02 1.51E-02 8.04E-03
Mode 3 6.36E-3 5.26E-04 1.02E-03 1.34E-03 9.82E-04 1.29E-03
Mode 4 1.39E-3 2.73E-03 5.03E-03 6.00E-03 2.88E-03 2.78E-03
Mode 5 1.03E-3 7.16E-04 1.18E-03 1.41E-03 1.27E-03 8.92E-04
Fan-motor Ass’y location
Node No. 381965 381781 381597 381413 381229 26056
Mode 1 4.82E-03 5.81E-03 5.79E-03 5.83E-03 3.25E-03 8.28E-04
Mode 2 4.18E-03 9.65E-03 1.53E-02 1.99E-02 1.51E-02 8.04E-03
Mode 3 1.26E-03 1.70E-03 1.62E-03 1.60E-03 9.34E-04 1.76E-04
Mode 4 7.99E-04 9.08E-04 8.93E-04 7.02E-04 5.22E-04 2.35E-04
Mode 5 5.84E-05 7.58E-05 7.74E-05 6.94E-05 4.59E-05 1.45E-05
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COMPARISON OF OBE RRS AT FAN-MOTOR & DAMPER LOCATION

0 5 10 15 20 25 30 35 40 45 50
HZ
—&— OBE HORIZONTAL RRS(g) ——In-device (Fan-motor) —&—In-device (Inlet-damper)

(a) OBE RRS

COMPARISON OF SSERRS AT FAN-MOTOR & INLETDAMPER

10

0 5 10 15 20 25 30 35 40 45 50
HZ

—4#—SSE HORIZONTAL RRS (g) —— In-device (Fan-motor) —&— In-device (Inlet damper)

(b) SSE RRS

Fig. 10 RRS for inlet valve and fan-motor locations

(a) Turbo chiller on the shake table with nozzle load (b) Fan on the shake table

Fig. 11 Experimental set-up for seismic test
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Fig. 12 Time history for seismic test

ox
=
offt
BN

Aol A8t
o} 7% 7]
HA ot olof
S7h S&e] HHgH
test response spectrum)
A o8 A% s}
A ek 2}
Ak el A

E 15k 4705
& 7t 3% 0 ddsor 51m®, Fig. 129} o]
3027 A9 A% D@k AN A
= ARk Al T 331314 (sine sweep)
& ANete AW LA} W

o
ofr offt o2

—|~
2. ot

o _IE
o
:‘_I,

l'r

oo oy

I o>
Jﬂ ﬂllo
ro,

of

< o

o
e
ko
o

o 1

A o

S oo
L)
[
)
[
o

:OnL_',
o
o
=
S et
=
™
>
oy
o n
o
o, K
PN Mo yo

ol
BN
)

N
o
o

0

3

>,
i)
fo
m[m [
1
N
O

o 54

3HAl Bt} Fig. 132 WAAIE Al ZYUEH 3 AA)

WE7)9} F2 fane] TRSS A&
Zol¥, TRS7}F WA gl

= o
e, 12
gg ~
il

36 | Trans. Korean Soc. Noise Vib. Eng., 35(1) : 29~38, 2025

TRS vs RRS of OBE5 at tbax (Damping = 2 %)
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Fig. 13 OBE and SSE RRS and TRS comparison
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