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/] ABSTRACT /

Seismic responses due to the dynamic coupling between a primary structure and secondary system connected to a structure are analyzed
in this study. The seismic responses are compared based on dynamic coupling criteria and according to the error level in the natural
frequency, with the recent criteria being reliant on the error level in the spectral displacement response. The acceleration responses and
relative displacement responses of a primary structure and a secondary system for a coupled model and two different decoupled models
of two degrees-of-freedom system are calculated by means of the time integration method. Errors in seismic responses of the uncoupled
models are reduced with the recent criteria. As the natural frequency of the secondary system increases, error in the natural frequency
decreases, but seismic responses of uncoupled models can be underestimated compared to that of coupled model. Results in this paper
can help determine dynamic coupling and predict uncoupled models’ response conservatism.

Key words: Dynamic coupling criteria, Seismic analysis, Primary structure and secondary system, Effects of interaction, Mass and
frequency ratio
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Fig. 4. Seismic response ratios of uncoupled model A to coupled model C for primary structure

Table 1. Maximum and minimum response ratios of acceleration
for primary structure of model A in each region of criteria

Table 2. Maximum and minimum response ratios of relative
displacement for primary structure of model A in each
region of criteria

Criteria | Region Response ratio ms/mp fs/fp
max 1.18 0.053 0.870 Criteria | Region Response ratio m,/m, 1.7,
ASCE4 AL min 0.94 0.203 5.000 AL max 1.14 0.034 0.865
Ao max 1.26 0.918 0.460 ASCE4 min 0.78 0.203 4.980
min 1.00 0.235 0.005 Ao max 1.09 0.056 0.920
us nRe | AL max 1.14 0.100 0.750 min 0.67 1.000 0.435
min 0.98 0.100 5.000 max 1.11 0.009 0.970
max 1.09 0.009 0.990 USNRG AL min 0.87 0.100 1.400
Fouquiau AL min 0.98 0.100 5.000 AL max 1.11 0.009 0.970
etal. AorC max 1.12 0.930 0.275 Fouquiau min 0.88 0.100 1.835
min 1.00 0.101 0.005 etal AorC max 1.08 0.172 0.470
min 0.86 1.000 0.265
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Fig. 5. Seismic response ratios of uncoupled model B to coupled
model C for primary structure

Table 3. Maximum and minimum response ratios of acceleration
for primary structure of model B in each region of criteria
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Table 4. Maximum and minimum response ratios of relative
displacement for primary structure of model B in each
region of criteria

Criteria | Region Response ratio m,/m, 1.7,
ALL m.aX 1.35 0.222 0.205

ASCE-4 min 0.97 0.126 1.470
BorC max 1.12 0.068 1.005

min 0.92 0.843 1.475

max 1.23 0.100 0.745

US-NRC ALL min 0.97 0.100 1.405
ALL max 1.19 0.100 0.465

Fouquiau min 0.98 0.100 1.750
etal. BorC max 1.00 0.755 3.040
min 0.93 0.539 1.825

Criteria | Region Response ratio m,/m, 17,
max 1.20 0.057 0.875
ALL
min 0.99 0.142 2.425
ASCE+4
max 1.20 0.188 1.105
BorC
min 0.99 0.591 2.325
max 1.17 0.100 0.750
U.S.NRC ALL
min 1.00 0.018 3.810
max 1.10 0.009 0.990
ALL
Fouquiau min 1.00 0.018 3.810
etal. max 1.05 0.227 1.845
BorC
min 0.99 0.591 2.325
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Fig. 6. Seismic response ratios of uncoupled model A to coupled model C for secondary system
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Fig. 7. Seismic response ratios of uncoupled model B to coupled model C for secondary system

Table 5. Maximum and minimum response ratios of acceleration
for secondary system of model A in each region of criteria

Table 6. Maximum and minimum response ratios of relative
displacement for secondary system of model A in each
region of criteria

Criteria Region Response ratio ms/mp fs/fp
max 2.27 0.043 1.020

ALL
min 0.95 0.203 5.000

ASCE-4

max 2.41 0.059 0.970

AorC
min 0.99 1.000 0.220
max 1.50 0.100 1.250

U.S.NRC ALL
min 0.98 0.097 3.885
max 1.46 0.009 1.005

ALL -

Fouquiau min 0.98 0.097 3.885
etal. max 1.06 0.233 0.435

AorC
min 0.99 1.000 0.220
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Criteria Region Response ratio mg/mﬁ fg/fp
max 2.28 0.043 1.020
ALL
min 0.95 0.203 5.000
ASCE-4
max 243 0.059 0.970
AorC
min 0.99 0.763 0.235
max 1.55 0.100 1.250
U.S. NRC ALL
min 0.99 0.100 5.000
max 1.45 0.009 1.005
ALL
Fougquiau min 0.99 0.100 5.000
etal. max 1.06 0.127 0.505
AorC
min 0.99 0.763 0.235

T8 9 HAE] QA melahulebA) mElS PAIsl] AALSH HAS 5
et 5 710 5] QAP |t HlaLEA 451 2 A AlEle]
7 57 74012 1191 5] 1ol Regulatory Guide 1.602) 44718
el W2 X2 42 307)of chat TEB} RAE] S5t 7hdwe)



Table 7. Maximum and minimum response ratios of acceleration
for secondary system of model B in each region of criteria

Criteria | Region Response ratio m,/m, 17,
max 233 0.045 0.955
ALL
min 1.00 0.149 3.225
ASCE-4
max 2.50 0.068 1.005
BorC
min 0.99 0.613 3.085
max 1.54 0.100 0.760
U.S.NRC ALL
min 1.00 0.096 3.800
max 1.46 0.009 1.005
ALL
Fouquiau min 1.00 0.096 3.800
etal. max 1.09 0.350 1.910
BorC
min 0.99 0.613 3.085

Table 8. Maximum and minimum response ratios of relative
displacement for secondary system of model B in each
region of criteria

Criteria | Region Response ratio ms/mp 17,
max 2.34 0.045 0.955
ALL
min 1.00 0.156 3.465
ASCE-4
max 2.54 0.068 1.005
BorC
min 0.99 0.568 4.180
max 1.54 0.100 0.760
U.S.NRC ALL
min 1.00 0.059 2.710
max 145 0.009 1.005
ALL
Fouquiau min 1.00 0.059 2.710
etal. max 1.12 0.697 1.785
BorC
min 0.99 0.568 4.180
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