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Abstract

This paper reports an experimental study on the out-of-plane parametric resonance (dynamic in-
stability) of a portal frame structure. A vibration table is used to induce the out-of-plane paramet-
ric resonance of the portal frame, and the phenomenon and mechanism of this resonance are ob-
served and analyzed. The stable boundary of the structural parametric resonance is measured and
investigated. The relationship between the excitation frequency and the steady-state response am-
plitude under parametric resonance is investigated. The results show that out-of-plane parametric
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resonance occurs in the portal frame structure when the frequency of the external periodic excita-
tion is approximately twice the natural frequency of the structure’s out-of-plane vibration. Within
the unstable region, when the excitation amplitude is fixed, the amplitude of the nonlinear steady-
state response decreases approximately linearly with the increase of the excitation frequency.

Keywords

Portal Frame, Out-of-Plane Parametric Resonance, Experimental Phenomenon, Stable Boundary,
Nonlinear Response

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

I R B2 — il WL ARG A B, HESE W] e S22 R AGT 8 M AE A, I S A 8 mT e SR IR T HUAAR
B R, MRS Z MR, IR LS T A IR PR, S5 RGTRER S
FHREEN T RAR[L] [2]. SHEILIRARE, SESHRIE T IR ILIRIENE . ESChs TR T, TN
XA SHALAR AN AT A T AT, AR G5 22 A PERRRE P, R R 7E BT B R & B 1
i, SEILIRMEMAR B, FTFERATEGIRBI 1050, DAk il e 1 XU

KTGHIMZHIARIIFL, Bolotin [1], Xie [2]5 Majorana & Pomaro [T 7T 1 AR SCHEAR A T LS HEK)
SRS A Mishra & Sahu S5[410F 50 T ARSI ZHURAR ;. Catellani Z5[5]°RH Galerkin #5734 17
FAT JUA AR B 72 S EOR R MR a8 PR [6]5 AE F AR 1 SO IR R AR AT T B8 558 7 #7

H A% T S8R I 7 2 BR T 5 is P g5 0, 6T i 2 JR 4 R HE 22 25 40 25 (8] S B SR i 70
XD o FETRRSEE Y, HEZRGE M 5 A P I A (G TR ) 8 ) R A B SO, W e S B
P R AEIN, R AT IR FOR T A AR B

AR SR G I VR 5T 1) SAE S S5 K 1R ~F T A2 3R 30 (30 71 e ) 1] 7L, it 158 23 1) 2CHE 22 254
ST A SR I R AN IR R H = AR IR A TR X3, il — P AR S HO LRI A prde fit
WIGFER 5 HE, ASCHRT O T TR R (N FUREH) T RS BILRIT R ARG S %5 L.

2. IR B RS ER
2.1 AR

I"JZUHESE OABC e H RS n [ 1 fram o HE L FH LA 1.04 mm AN 22 fi, B4R 5% B2 29 7800 kg/m?
H 3 X R A TR] 60 22 ) Rl P B 23 AT B Pl ARk, IS e A 22 A3 PR AR R Dy 171 % 10M Pa. HEZEHY
O 3 Al C ¥ 73 9 Fe AL R AR IR AN & LIPS R (S WK 3). i L8 et — /NS i (4.0 g) i &
FERESEM AL B s k.

2.2. G FEIMER) BRI SIEE

K E HRED 7 FTAS 1T RS — B BRI S LB B, X6 S AR it T — A1 T S A AT 46 42 72
FESE A T A B SRR S, SRABOGAL RS AL RS 1 HEIN D k3 Z J7 1 AL A% i 7 pHh 2 o AR A 2 ik
AL A% ith 26 AT 45 3 P A BRI RO RLBRE L, i 6 RINE, 493l — AR S B LA T

DOI: 10.12677/0jav.2024.123009 95 R 5RE)


https://doi.org/10.12677/ojav.2024.123009
http://creativecommons.org/licenses/by/4.0/

Wi, Bk

% 255 mm

— —

y(8) = y,cos(2nft)

C
/ Ef =1.04 mm m=40g
X

Figure 1. Schematic diagram of the portal frame model
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Table 1. The first out-of-plane frequency and damping ratio of the portal frame
= 1 NRER—M HFEIMIERERE

SIS IE ARZ f1 (Hz) FHIB L &
1 2.924 0.2730%

2 2.929 0.258%

3 2.922 0.303%

4 2.935 0.174%

5 2.935 0.279%

6 2.930 0.280%
BE 2.929 0.261%

Table 2. The first theoretical and experimental frequencies
2. —MEIL RINIG IR

L —M IR fu (Hz) RIG MR f1e (H2)

2.954 2.929
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Figure 2. Schematic diagram of first-order vibration mode of portal frame
structure (f1 = 2.929 Hz)
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Figure 3. Experimental setup diagram
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Figure 4. Experimental equipment and model drawings
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Figure 5. Excitation displacement of vibration table
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Figure 6. Structural out-of-plane parametric resonance response
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Table 3. Measurement results of the instable boundary
3. RIRIAFMELER

SEUIREL WARAIA (H2) fira) £ 1 {6 (mm)
1 5.70 5.46
2 5.75 3.60
3 5.80 2.10
4 5.85 0.70
5 5.90 1.06
6 5.95 2.38
7 6.00 4.29
8 6.05 5.53
9 6.10 7.83
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Figure 7. Instable boundary of out-of-plane parametric resonance
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Figure 8. Variation of response amplitude with excitation frequency (constant excitation amplitude)
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