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Full frequency band control method of environmental vibration based on

the coordination of metro vibration source and propagation path
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China Railway Design Corporation, Tianjin 300308, China;
2.China Electronics Engineering Design Institute Corporation, Beijing 100142, China)

Abstract: Steel spring floating slab tracks are equipped to reduce the vibration impact on precision instruments along the metro
lines, but the ground vibration would be amplified at the natural frequency of the tracks. In order to address the negative impact of
natural frequency vibration amplification on the surrounding environment of floating slab track, a full frequency control method con-
sidering frequency matching for environmental vibration in collaboration with metro vibration sources and propagation paths is pro-
posed, which is based on the theory of periodic structure bandgap structure. The effectiveness of this method is analyzed by estab-
lishing a three-dimensional metro train-floating slab track coupling model and a finite element analysis model of track bed-tunnel-
soil-row piles. The research results show that the ground vibration can be reduced about 4~7 dB at the natural frequency of the
floating slab track plate by adjusting the band gap range of periodic pile to 7~9 Hz, eliminating the adverse effect of vibration ampli-
fication at the natural frequency of the track. Compared to ordinary tracks, the environmental vibration comprehensive control meth-
od proposed in this article has good vibration control effects and can effectively reduce the vibration level of sensitive points on the

ground in the full frequency range.
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Fig.1 Schematic diagram of the structure form and basic

unit of local resonance periodic row piles
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Fig. 2 Schematic diagram of the vibration cooperative

control method
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Fig. 3 Schematic diagram of metro train-floating slab track coupling model
a-i I
E. I ‘ay + k oly—
oy —m,wu 2 ) (y
L _1 () L
ym)S(I H)=—¢ = Sle—at)  (2)
v
a4 AR
E.1 — TSN —
oy m.w i Z ay — u, (
1 e, ) 2 EE
W)ole— )= LT ) () SO BB R
v
E.h} d'a, d*u, d*u, .
ot et -
12(1—v2)\ az* " axtay®  dy

k:z(dl‘*&s)8<y*ym)3<1fxl‘)*
kr 2 ur — u,

/e:z&sB(y*ys,,>8(x*xf)+
b=1

)o(y—ya)o(x—af)+

N,
/e:ELZSB(y*yS,)B(x*IE):O (4)
b=1

7 A 5 8 R A A0 L R A A 5y, Ay 0 R
5 a N FPE GRS OB B DAL AR

ARSI IR T MRS 4 3a 17 5 R 1Y R85 4R 3
SR [R) AL, B S TR BE  1~100 Hzo £ I A0 BE
PN, S L TR] 2 fh 55 T T 2k A b 2% % Mk B 98 AT A
P, BUTE e AR AN S W5 AR O R e R o X A9 0 AN i
AL A PH R RS B Ik AT 2R, AR e e )
T3 0491 B (2 A% Bl O R, T i 2R i 45 B MU 5
AR ik, R AT LK A5 R 381 4 TR



g8l

T T, A5 M BRIR TR 4 B A I ) 4 o A 30 B PR 5 IR B R AT Y

1851

B3 AR Bl o L AR T R SR ) RO i
P DL SCHR 15T, M0 A% 280 5K fige 4 31 1) L 1 i 3l )
N7 SR B2 e T A R o A e S 3 A I A
BIEGUE " T B UL Y SR, 2R I A 5 Y SOK
W J3E 5 B O A R AL O R T 1 SR RIS ) ), 97
B LA F A I 3l AR /DN A AR Bl iz T 2
AN T SIS AT A DA A B P R E A
Sl L, 3 AR I A R R A S 3 i T R

2.2 ER-FEE-MRE-HERRT S TER

AR e b A 2 28 0ok AR AL AR B B B
Jg 15 5L E MIDAS GTS NX o # 57 = 4 18 R -k
TE b S -HE A A B 0 4 B BB R R O () 1 S
050 K 85 A 1 TR A TN i, % i sh P ] 4 o
RO AT 4 BT PE A

R F S B 2% % S A 700 B B A B, 4 ST 3 R B
TE b J2 - HEAERE A 0 = 4 B T A b AR A AR R
S 100 m(4) X 40 m (58 ) X 40 m () o AR 4 b )
TEORL AR AL A ST N M2 3 )2 AR, 45 )2+
1 BE AR 2 B0 3 3 30 7 S0 B Al LU 552 56 2 3k
T A3, )2 0 ARS8k 1 0 . B E R
15 m, SRy XLk WU J 44 % T8, b5 3 B A2 6 m, 8 H )R
FE R 0.3 mo TR BE - 4 @) A9 3 PEAL i E=3.5 X
10" Pa, JA#A b v = 0.25, % & o = 2500 kg/m’, k&
T AV I Ak VRV R, R RS [l S R G AR AR S
PR E=4.2X10" Pa, AWM I v=0.3, B p =
2500 kg/m’,

AR SR FH D T D 5, 422 B 41 R 10 B TR s
Rl 3 R 30 /N A% G5 3 K Ik R el sk I Y A%
TR BEE KCHEAE R A R SEh 0.3 m, B R 2
A R g RS F B R 0.3 m /)N RS R 3 I Bt 3
L2 m KA, IKE BRI MRS 2 me S IHER

$5 30 44 03 T R T B 0
S B TR R R BLS BO FA
S

WHAT b=~ Asei=pCuA, (5)

2G,

wrﬁjiﬂﬁ:kq[ZTA[; qu':{OiC&iAi (6)

AR, & Ml a3 ) Sy 2 B IR R ORI B JE R 4G G
R BB UIRLE  C, M C 4 2 B R A %
e 5 U e 5 ARy A AR BT AR A TR
7 B O B Y R BRI 5 o, Y R BT A 3
JER AR

R 2T A B N TR 5 I et B I &R
K BHJE RN 2 fros R o, M e ar i o 2 ] F
DIl PHLJE R 8. N7 A =R AT R OT o A A B A 4] 4
frzs B R OB EZ5 R A . 2 EAT o T80T
LI, A R RS A A AR S B S R B RO
S A [ {EL D AT

3 WL EEBERZ

3.1 HimsEiu

e 28 % vt 28 36 m &b A M 26 07 B A B
S5, B ARE N 0.12¢ 9 Lance AS0130 £ %1 4 3 fin
B AL AR T P22 BEK A A 3160-A-042 # £
TH B0 R AR AN, X Mk 5 4 LA 54 km/h i 2
T 38 LT 5] R 00 Ml SR TR AL Y Bk 3 e B
M o F A7 R A, WK B A K B g A R R i A S
FIi7R

FIHES 27347 # S7 A BRI T 00 B e 45
P PR Bhme B HEAT I . TE G A AL SR
5 B 7S BB IS AE S R G0 | IR B R AR

Sl
i}
fi

x1 WESH
Tab.1 Stratigraphic parameters
BN R S JEEbRE /m o JREE/m STYTHHE/ (mes ) W/ (kgem 7)) JARALL B FERCE /MPa
1 FIH A 3.0 3.0 130 1930 0.35 88.0
2 3 o A 23.0 20.0 290 1880 0.45 458.0
3 bRty 50.3 27.3 360 2100 0.36 680.0
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Tab. 2 Artificial viscoelastic boundary coefficients
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)2 - , ;
k,/(KN-m *) k,/(kN-m ) k./(kN-m ) ¢,/(kN-s-m ") ¢./(kN-s:m ')

1 18162 14005 — 527 253

2 54543 42059 — 1825 550

3 84736 49619 50790 1564 732
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Tab.3 Calculation parameters of the type-B metro train

and the track
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Tab.4 Design parameters of floating slab track
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Fig. 8 Time-history curves of support reaction force of steel

spring under two typical floating slab track
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pickup point under different pile lengths
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Fig. 12 Comparison of vibration acceleration time-history at
surface vibration pickup point before and after

periodic row piles
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Fig.13 One-third octave curve of calculated values of
surface vertical vibration acceleration under four

working conditions
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