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Research on Building Vibration Response and Propagation Laws Under Variable-

Frequency Vibration Excitations
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Abstract: The To elucidate the propagation laws of vibrations generated during the operation of variable-
frequency equipment and the influence of such vibrations on building structures, an engineering project
incorporating such equipment was investigated through field vibration measurements. Vibration response
data were collected at the equipment source, along multiple propagation paths, and on different floors of
the building, enabling an examination of the effects of excitation frequency, propagation distance, and
spatial direction. The results indicated that the vibration propagation in soil exhibited obvious frequency-
dependent characteristics, with the vertical acceleration transmissibility decreasing as the operating
frequency increased. Notably, the vibration propagation showed significant directional anisotropy, with
the horizontal transmissibility 30% to 50% higher than the vertical one. Vibration amplitude decayed
approximately exponentially as the propagation distance increased. Based on the measured data, a
quantitative relationship between vertical acceleration transmissibility and propagation distance
considering excitation frequency was established. The relationship revealed that vibrations attenuated to

the ambient background level at a distance of approximately 200 to 220 m from the vibration source. The
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vibration distribution inside the building was jointly governed by floor height and structural

configuration, and distinct floor vibration response characteristics in different directions were observed

due to differences in structural stiffness.

Keywords: variable-frequency equipment; vibration propagation laws; attenuation characteristics;

building structure ; human comfort evaluation
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Fig. 1 Overview and layout of the project
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Fig.2 Vacuum vibratory press
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Fig.3 Equipment foundation structure and geological conditions
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Fig. 6 Acceleration transmissibility as a function of distance from the vibration source
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Fig. 8 Comparison of peak acceleration on different floors of the

building under various working conditions
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Fig. 9 Vibration acceleration levels at various measuring points

of the building

£ S0 UBCRE M VT A LR A 0 R S B R B A R
FEERWT .

1) H 1 R [l J 38 e sh i 7 A b ) 4% 15
MEAETE 25 5, I Hb Bk 2 % Vol B 15 4 T A0 3 0 Akt
FONIE) 5 ]G0 AR AR PR AR AE . 7 1) B i
JEE A% 338 SR B A AR T e S R AR

) PR B AE 2 LR BB B k2R,

K TN 8 4R 21 4% 3 2R 45 188 1) 19 TR, A% 0 S I
FE T 1H I B 2% B 5 Y 1% 15 8 70 5 0 Y B A i
FEPE, B ST A0 B8 ) Bl ) W R AR 6T RS )
e 2 (o4 AR R O 1 2

3) 4 B i {1 i B 5 0 o 22 30 LS O TR
SEVR R L 52 A A R SR 45 A R RE R 3 R A R S
[ 5% ), 55 T 0 N7 T 2 Rl A g s 1)
&3 R 5 LRI B 0 s AL OC &R IS TR E R 5
TEAE#E BE B 29 200~220 m I 52 080 2 [ 9K 36 85 4% 50
K-

4) HE 48 245 46y 8 50 AS I8 4%8 )22 14 R 20 i i 7 A
G E 2L Y 1) (SR ) AN Z ) (R g ) o R e R Y
IR R UNEE N < G UL DUUES
B R JG DN B 3K R oA 22 5 00 R O TR AE
B2 R A7 AE W BE 45 1) Sk, ELR [R) ) 1 9 9% Bl 4% #%
HUEL RS ERPE AR e W R ) . 4R U [R) i 3z 47 st
I 2l me 17 I A G PR A

5 x X W

(1] sk, 2R ML . 7 2C 5 78 080 T 30 I 30 1] AL 1 43 A S ik e [T,
b Tk 5451 ,2021,58(4) : 55-59.

(2] PGPV, w3tk | 45 . AR A0 2R 5 4R Bl W 4 1 3K 06 F 5
[J]. WARHLIE,2014,42(10) :6-10.

(3] FFEBL,RB, 2w St 4% . 8 7 TRIRAEH F RN
I WG [J/OL]. T | J 2% 42 , 2026[2026-01-14]. https://
doi. org/10. 13544/ j. cnki. jeg. 2025-0155.

[4] JEON W H, BAEK S J, KIM C J. Analysis of the aeroacoustic
characteristics of the centrifugal fan in a vacuum cleaner [J].
Journal of Sound and Vibration, 2003, 268(5): 1025-1035.

[5] HED, LIH, BIJ, etal. Analysis of multi—source vibration char-
acteristics of no—tillage planter based on field operation condition
[J]. Agriculture, 2025, 15(17) ; 1840.

(6] EL4RT ,RPET ARSI, 5 . Tk 4RI 51 3 i 4k 3h 1% 4% 5
WA HURZEAR L) ], Tl #97,2025,55(5) :248-261.

(7] o A0, BRBE, 55 . mi sl sh 220 4 Tk & 4R 8l 3R 8 43
Br SR HILY]. BRIE ML 4 4240 ,2025,45(3) :26-32.

(8] HREV.EOT . BB K, %, WIS F WA RE 350
% 25 # 4R 3 A R 86 WF 5T [J/OL]. T2 12, 2026[2026-01-
14]. https://link. cnki. net/urlid/1.2595. 03.20250815. 175
2. 014.

(9] BRIKER , ZEMS b AR, &5 . RO 420 B 1 o6 0 57O Bl gt 7 4
PE BN PR 3 BT (1], 4R Bl TRE 244, 2025,38(7) : 1363
1377.

[10] Eamfa by Pk X, W 5 . fRoh OEVE F R 405300 Hb 2k K 3 4t
T 5 45 449 B0 o 17 LA BF 5 [ J/OL ] 38k 1l 4 3 A8 3 5 L 2026
[2026-01-14]. https://doi. org/10. 16037/j. 1007-869 x . 20251121.

[11] SR, B e, 455, % . W2 T 5 ANBUR h &7 1 B
i B K A BR ot 4y B [T]. Tl #E ST, 2023, 53 () 1) -

45



A, 45 A B IR S VR T S SR B ey iz K % i LR AT 5

[12]

[13]

[14]

46

344-347.

TR R AR UGS . IR SR TR ALAS B B R I PR
SR K AT LI ], Tolk 255 ,2014,44(9) : 62-67.
FEM, DB, a5 RS TR KRR
MR J3 (V0 4% 3 i o % s e LT ). v A T K2 24 3 (A AR
20 ,2025,49(3) :205-213.

W, TRB 5K, 55 % IR ANk — U A AR A A T ) 5 4
M 5 4 I 7% ME BE 9T [J/OL]. T J12%,2026[2026-01-14].
hitps: //link. enki. net/urlid/11. 2595. 03. 20250908. 1142. 006.
A A, B L R . G B NE ) BRI B 4 R R 5 -
SEE A S BT [T ], vk 4 ,2020,42(3) : 854-864.
FREIE L P IR L R 1 A - 4 A R R 5 iR B IR
D] Kt RHEK2:,2017.

REFNS R 2 AR B A AR R RS - R T - 2 45k Bl
Jyma R R EEFE (D], P4 KR, 2021.

[18]

[19]

[20]

[22]

;{é
ET§¥

S AT B AR AE S X 0 S R 3 Y 5 B
FELT) MARFLFH AR 2016,38(15) :72-75.

ZEZ R E A R G, AR TR A R -
W dR g Gk W AT T (1), SRR 5 E I, 2025, 42(7)
26-33.

TAKEMURA S, KOBAYASHI M, YOSHIMOTO K. High-
frequency seismic wave propagation within the heterogeneous
crust: effects of seismic scattering and intrinsic attenuation on
ground motion modelling[J]. Geophysical Journal International,
2017, 210(3): 1806-1822.

FOTI S, LAI C G, RIX G J, et al. Surface wave methods for
near—surface site characterization [M]. Boca Raton: CRC
Press, 2014.

A N BN AT B R S B . Al 5T AR A IR 3 AR
1k :GB 50868—2013[S]. Jbst: o [E 34l i pi4t, 2013,





