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Dynamic Response of Local Resonant Concrete Structures Under
Excitation by Subway

ZHUO Guowei, MA Gang, GAO Songtao, 1.I Bo, ZHANG Kai
(School of Civil Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: The subway line will cause vibration interference when passing through buildings. In this paper,
based on the problem of subway vibration reduction, a new type of periodic local resonance concrete slab
(PLRCs) was proposed, and its band-gap characteristics and vibration reduction mechanism were analyzed
and verified by combining test and simulation. The vibration attenuation performance of PLLRCs induced by
train vibration was studied, and the effects of structural geometry and material parameters on the band gap of
bending wave were investigated. The results show that PLLRCs can open the band gap of bending wave in the
frequency range of 54.3~121. 8 Hz and suppress its dynamic response. The coupling between the modes leads
to the flexural band gap, which restricts the flexural wave to the cavity and prevents its propagation in the plate,

thus suppressing the vibration. The band gap range can be optimized by changing the PLLRCs structure size
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parameters and material parameters reasonably. The attenuation range decreases gradually with the increase

of the thickness, width and elastic modulus of the flexible coating. Both scale test and simulation test show

that PLLRCs structure has better damping effect than concrete slab. Therefore, PLLRCs structure can provide

new ideas and methods for vibration reduction of current building structures.

Key words: rail transit; structural vibration reduction; dynamic response; local resonance; periodic

structure
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Fig. 1 The application of PLRCs structure in architecture and its internal structure diagram

! TRBE T =
LI ]

8b b, TR /§ 2

d =

— [ =2

by

by | RE BT

4

)

’l 2 PLRCsHrER~
Fig.2 PLRCs cell size

M6 R BE S A DR M AEBREEN

1 mm; 600 mm X5 mm X 40 mm |4z . NCs izt

PLRCs i : 600 mm X600 mmX 10 mm A 7 RSB ARFFSLRHR S5 M . PLRCs i {4l
X1 EAEN 6 mm B BF AL BER R ; VR LS5 nE 3 i,

1.2 KHigit54H&

IR

PREL, FRi
AN ERLA R

eREIT
3 PLRCs IR # &l
Fig.3 PLRCs specimen preparation diagram

©, JH TS s Il A 4 2l o A A o R g

1.3 RIS
RIET R N, WnE 4 s .

1) ¥ PLRCs i {4 [ 5 75 DY -1000-8 ¥ 2 & 3) H A TEEL TR 7 [0 B4 %A 5~1 000 Hz
1, w R R AR E . WP IEZIRNE S, ST A . X5

2) AE PLRCs iR {1 3 11 Ik BE A2 I8 i O~ JRIBU R S Bt A T S R AR R TR AR 204



862 Al K ROTRBRERD 2024 4E55 6 ]
B, A R PR A TR AR
U

P}RIZZWg(lJ:), ¢))

& 600
K4 PLRCs #R3NIA%:
Fig.4 PLRCs vibration test

1.4 #ZERPLRCsi B IRIFERR

E 5 & NCs M PLRCs 2k 4 8% w5 %) 45 i) 2R %k
(FRF) . FRF B B0(E S e 1 0 55 % i 5 o o 17 >tk

40
30l ’ —NCs
- | —— PLRCs
. 10f /\ Y
V.4 /
E 0*:{#"7‘ \ . \
& _10f W T o
| [ \ v
20} “ I
| | i
-300 \ \ Al
s pan VR
40| L&"" (Lw'/’ J"‘v e V N
-50 . . . .
0 200 400 600 800 1 000
B Hz
(a) MED
40
———NCs
20 ——PLRCs
\ I
0p~ A
% \m\ e |
= ~] / .
Sl L/
= \ || \ |
\ A \ /
—40F = | l | l‘| \ /
M L &
~601 e\ .lr '.-;"l‘ W ‘\“,,"'”
0 200 400 600 800 1 000
B Hz
) MEG

Kb Uk A 0 B IR U, b i H it i 47
AT

R X AT L& I, PLRCs i 1F s T
P T NCs 12 74 19 41z 20 30 1 28028 o M 128.75 Hz
i, PLRCs 1 (1) 41 20 5 s (F Bt % 24 550 il 9
ORI INITIRTAEE ) S a8 (= 1 B
—43, —46, —62f1—71 dB; NCsidk {4 iy i K5
Rl R DI, L D 01 23 3 T Al 3zs /N T PLRCs
B, P, PLRCs 478 #5025 48 v (19 4 sl 31
il PR e O T NCs il .

40
—— NCs
201 —— PLRCs
/f/ //\\ /'}
7 N
% o W: \\\ //' 4
& —20f | P L i~
" vl \ .«“/‘v A\k w“/
~60 s ‘ , ‘
200 400 600 800 1000
B/ Ha
(b MWD
40
20
ol
==
=
= -20
[a=4
=
40}
—60 -
~80 1 L ! 1
0 200 400 600 800 1000

B Hz
(d PWHO

5 PLRCs K NCs f55 505 1 o6 45 ]
Fig. 5 PLRCs and NCs frequency response function graph

ZIR KR X PLRCs #EAT IR MLEE [ R,
PEAT T RGBS . W98 PLRCs X i
B S R B A R B R M L SR b T
FIZEER N PLRCs 3k 8 2 0 M RE OB 7% -

2 RESHELSERHBXEES T

38 17 7E Comsol 1144 7 PLRCs Fl1 NCs 5 /1 |

AT A BRITIH 555 5 56 45 R 0 ) e o b &2 B0
1E 0~200 Hz 35l Y, NCs #l PLRCs 5 4 ) il 1
JEE A 2 ) [0 HEASARAT o AE S AR R N B T AR
PR B0 R R BURR AR ORI 25 . 10 45
KR, SR PLRCs i A4 B AR S0 il RCR 8 T 05
S NS P O g el 1 a2 | N ]
el ELAT T T A AT R G A D IR SR . A SO



GV 218 1)

MR BARAE T SR SRR R B - 544 1) 50 3 o 7

Cot [ 45 863

¢ 150 Hz LU (9 sl o ke vk, RtE £ B H300T
B B PRI S &L o £ 150 Hz BL RS

50
40+ ’
30} ‘
o |
10+ /’ ‘ M
0 ‘.Jyn/, \ ‘

— Kl
— KK

FRF/dB

-10¢ N ¥
-20} !
0 200 400 600 800
i3/ Hz
(a) NCs @

1 000

200 400 600 800
FHERHz
(¢) PLRCs @

1 000

I, PLRCs B4R 30 HE I AR e NCs BE4F-

60
—
40 - —
= 20+ / \ “‘
= op N
= A
-20 C
¥
—40 + | |
0 200 400 600 800 1000
SR /Hz
(b) NCs ©®
40
| —
2Wyl TS
T ]
0 Tl || I ’ ' A
% | J \ ] “}“ J‘ | i
é:n =20 | N ) |
= ‘\‘\ ; “ l - / ’ /
-40 WA | '
V L g \ / [
-60 WYLYY L [ o
80 L L L L
0 200 400 600 800 1000

B /Hz,
(d) PLRCs ®

6 it SRR N R BTSSR L
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