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Experimental Study on Out-of-Plane Dynamic Stability of
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Abstract: The periodic load on the arch, in general, only causes the symmetric in-plane vibration of the
arch. However, under certain conditions, it can cause in-plane anti-symmetric vibration and out-of-plane
symmetric vibration with large amplitude, which is so-called the instability problem of an arch structure
due to the parametric resonance. Aimed at studying the out-of-plane dynamic stability problem of circular
shallow arch, the experimental work is conducted trying to explore mechanism of the out-of-plane dynamic
instability under concentrated periodic load. By applying APS series vibrator, the single point harmonic
excitation at vault was simulated. The B&K modal testing system was used to gain the transverse vibration
response of circular arch including its vibration mode shape and damping ratio. The boundaries of unsta-
ble domain were distinguished by way of constant frequency back-and-forth sweep. The experimental re-
sults were compared with those from theory analysis, and the results show that remarkable transverse pa-
rameter resonance of the structure appears when the frequency of external excitation is about twice of the
structural frequencies. The parameter resonance occurs only when the external excitation amplitude is

greater than the critical excitation force. Tthe existence of the damping affects the value of the critical ex-
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citation force. The greater is the excitation, the easier does the parameter resonance phenomenon occur.

The experimental work reported verifies the accuracy of calculating the out-of-plane dynamic instability

domain of the circular shallow arch, and presents that research has reference value for the design of dy-

namic stability of arch structure.

Key words: circular shallow arch; periodic load; parametric resonance; out-of-plane dynamic stability ;

vibration experiment; dynamic instability domain
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Fig. 1  Site layout of structure under test
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Fig. 2 Free vibration curve
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Table 1  Test results of vibration modes

ViR IWIRFS i H ik  Ht) =R -8
P ERIES 3.32 3.32 3.32 3.32
- g — B R A 51 41 5% 451 /
OMA 4347 H PR SR 3.097 2.991 3.062 3.050
S — B R TS M i TS M TS M i TS MO i
PR22/ % / 6.7 9.9 7.8 8.1
#2 PG
Table 2 Test results of damping ratio
ViR IWSRES i H Bk W =K 8
U FHJE iR 0.0259 0.023 8 0.026 2 0.0253
Filrseli FHJE b/ % 0.412 4 0.379 0 0.417 2 0.402 9
FH.JE T sl % 0.026 6 0.024 9 0.026 8 0.026 1
A
OMA 5r47 BELJE kb % 0.423 6 0.396 5 0.426 8 0.4156
P22/ % / 2.7 4.6 2.3 3.2
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Fig. 3 Frequency sweep back and forth under 10% , 40% , 70% exciting force
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Table 3 Comparison with the measured boundary and theoretic boundary

T ADNN 30% 40% 50% 60% 70% 80%

PG {H/ Hez 6.13 6.15 6.17 6. 18 6.19 6.21

AR SR/ He 6.16 6.17 6.23 6.22 6.25 6.26
TR/ % 0. 49 0.33 0.97 0. 64 0.97 0. 81

PR AE/ He 6.06 6.05 6.03 6.02 6.01 5.99

TR SCEG{H/ He 6.05 6. 04 6.02 5.98 5.98 5.96
TR/ % 0.17 0.17 0.33 0. 66 0.50 0.50
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