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Analytical research on dynamic amplification factor

of multi-degree-of-freedom system
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Abstract: In the dynamic impact response analysis of the structure, the dynamic amplification factor (DAF ) is usually used to sim-
plify the calculation of the dynamic response of the structure. However, the size of DAF in engineering structures is still controver-
sial. In order to solve this problem, the analytical expression of DAF of multi-degree-of-freedom system (MDOF) is derived in
this paper, and the precondition of DAF greater than 2.0 is analyzed. The accuracy of the analytical expression is verified by the sin-
gle-degree-of-freedom (SDOF ) and MDOF example models, and the reason why the DAF of the MDOF is greater than 2.0 is ex-
plained. Finally, based on the DAF analytical method proposed in this paper, the DAF distribution law of beam string under cable
breaking impact is analyzed. The analysis results show that when the contribution of a first-order modal shape is opposite to the stat-
ic response, the DAF of the beam string may be greater than 2.0. Even for the damping system, the DAF of the beam string may
be greater than 2.0.
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Fig.1 Schematic diagram of simple supported beam models
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Tab.1 Calculation results comparison of model 1
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Fig. 3 The first 3 orders vibration modes of model 2
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Tab.2 Calculation results comparison of different nodes

in model 2
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Tab.3 Calculation results comparison of different nodes

in model 3
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Do AM —2.00 —2.66 —1.01 —0.32 —4.00 2.0
NM —2.00 — — — —4.00 2.0
D3 AM —2.30 —4.84 0.00 0.04 —480 2.1
NM —230 — — — —4.80 2.1
AM —1.00 —2.66 0.03 —0.27 —2.90 2.6
D4 M — o . . . .

12 3 A, X T4 5 D2 D3 F1 D4, % iR b
AT AR B 3 B B2 4 AL 5Tk 4 3 1 AL IR (E 2
A4 50 R —4.00, —4.80 Al —2.90 mm, 5 % %31
AR N e K i R — 3



554 W& L

R st

3 SKEZRBREIKRMER THE Y DAF

MR

oK 5% R — el W R R SRR R
e AT AL AP IR A SRR, Tk
NN A R N R Y 35 W 2 = S I P )
AT TR, AWRKsLREREL W T - 3
K L=15m,50 N 38, BEKE /=5 m; BT & E
h=1.5 m, 3% FF# i 4 ®300 mm X 10 mm fY [ 44
&, JE ISR JE £,=235 MPa, #i P E=200 GPa,
R p="7850 kg/m’, frEW K] F =174 kN,F,=
167.67 kN #EFF 1K 710 50 kKN, W& 4 FiR .

1 2 bR
5 \|/f:l,\
-~
, L 7 O

L |

K4 BRox RGN
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RIW R b AE T, 32 R AR 56 5 808 19 DAF

x4 KERFREMERNHNSTER
Tab.4 Dynamic analysis results of residual structure of string beam model
WRST A/ mm 1st Mode 2nd Mode  3rd Mode  4th Mode  5thMode >, u,/mm DAF
Uy o —13.69 —4.12 —0.36 0.31 0.09 —17.77 —
D4 U, 4 —27.36 —7.98 —0.66 0.17 0.08 —35.75 2.1
Uy 400 —25.92 —5.51 —0.37 0.31 0.09 —31.40 1.8
Uy —32.03 —3.50 —0.01 —0.16 —0.03 —35.72 —
D7. U, q —64.02 —6.05 —0.39 —0.37 —0.06 —70.89 2.0
U, 4o —60.64 —4.38 —0.02 —0.32 —0.03 —65.39 1.8
Uy o —32.02 3.50 0.15 0.32 —0.03 —28.08 —
D10 U, g —64.02 0.31 0.02 0.10 —0.02 —63.61 2.3
Uy 400 —60.64 4.15 0.16 0.32 —0.03 —56.04 2.0
Uy o —13.69 4.12 —0.36 —0.31 0.09 —10.15 —
D13 U, 4 —27.36 0.23 —0.27 —0.51 0.05 —27.86 2.8
u, —25.92 4.13 —0.36 —0.31 0.09 —22.37 2.2
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