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Vibration Reduction Characteristics of Steel
Spring Floating Slab Track in Metro Viaduct

WEI Hongliang, LIAN Songlion, ZHOU Yu
(Key Lahoratory of Road and Traffic Engineering of the Ministry of
Education, Tongji University, Shanghai 201804, China)

Abstract; The vibration reduction characteristics of steel
spring floating slab track in metro viaduct were analyzed by
the finite element method and field test in time domain and
frequency domain respectively. The results show that the
stiffness and distance span of the damper have a large
influence on the top 10 order natural frequency distribution of
floating slab, the variation of stiffness and distance span of
damper control the vibration reduction effects of floating slab
by changing the stiffness per unit length, the vibration level
of roof, flange, web and the bottom plate of elevated girder
decreased with 11~22 dB, 12~20 dB, 20~30 dB and 12~
21 dB respectively in the range of 25~100 Hz when slab is
lifted, the vibration levels reduction increases as damper
stiffness decreases and as the distance span increases, the
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stiffness and distance of steel spring almost have no effect on
the displacement of elevated girder. The floating slab track
has a certain reduction affection on wheel rail noise in the
range of 63~2 000 Hz.

Key words: metro viaduct; floating slab track; vibration
reduction characteristics; FEM; field test
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Fig.1 FEM model and the selected points for analysis
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Tab.1 Parameters of FEM mode
BWpkEE/ Pa #FE/(kgem3) HEWR

(LN

ML 2.1X101 7 800 0.02 0. 30
BEM 2. 7X10%10 2 300 0. 05 0. 20
P 3. 0X 1010 2 500 0. 05 0. 20

R2 BEFEHERGEEIRST
Tab.2 Equivalent size of plate section in viaducts

m

Btr2emy JRAR JEAR FAR Ttk
I3 3 0.20 0.30 0.25 0.25
kit 3 3.70 1.73 1.69 4.62
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Fig.2 Influence of stiffness and distance span of damper on floating slab vibration characteristics
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Fig.3 Vibration acceleration time-history curve of selected points
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B EAR BT TR B4 L IR RN R RS B B W
TEF B W IR A8 4 B~ 237, 4,5. 58,3. 69,6, 15,
5. 130 2.54 m « 572, FEFF BAR TG WA EAR
AR BE R EL 2031 230~250 m + T2 15~30 m
o 5% BRIEAR AR A 3B 4 3 3l o 5 BE R 44 /)N
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Tab.3 Influence of stiffness of damper on vibration acceleration amplitude with span of 0.6 m

RIIEE/ (kN - BB ERE/ (s 2 BRI E RS /mm

mm 1) 1 2 3 4 5 6 1 2 3 4 5 6

TRF A 237.4 5. 58 3. 69 6.15 5.13 2.54 1.02 0.771 0. 843 0. 552 0.331 0. 288
0.5 235.0 21.5 0. 44 0. 80 0. 40 0.41 3.52 3,423 0. 807 0.519 0. 323 0. 243
Lo 241.9 17.9 1.31 0. 89 1.09 0.84 3. 95 3.881 0.971 0. 558 0. 403 0. 303
2.0 233.2 19.7 0.78 0. 82 0. 66 0.53 2.72 2. 554 0. 811 0.537 0. 322 0. 243
3.0 233.9 19.0 0.83 0. 89 0.59 0.75 2.16 2. 095 0.784 0.534 0. 323 0. 240
4,0 233.2 17.9 0.91 0.94 0.78 0.84 1. 96 1. 838 0. 816 0.533 0. 322 0. 240
5.0 234.5 16.1 0. 95 1.05 0.83 0.96 1.82 1. 641 0. 832 0.532 0.321 0. 240

*4 RIEH4 kN« mm™' /Y, 5 #7256 B T4 3 HR 3 00 BZ0E B
Tab.4 Influence of span of damper on vibration acceleration amplitude with stiffness of 4 kN « mm™!
BB MERE/(m » s72) BRI E RS /mm
[ #6/m
1 2 3 4 5 6 1 2 3 4 5 6

TRF A 237.4 5. 58 3. 69 6.15 5.13 2.54 1. 020 0.771 0. 843 0. 552 0.331 0. 288
0.6 233.2 17.9 0.91 0.94 0.78 0.84 1. 960 1. 838 0. 816 0.533 0. 322 0. 240
1.2 233.2 20.0 0. 77 0.81 0. 65 0.54 2.718 2. 553 0. 814 0.537 0. 322 0. 243
1.8 235. 8 24.4 0.51 0. 65 0.51 0.48 3.319 3.171 0. 816 0.533 0. 322 0. 240
2.4 242. 1 26.1 0. 40 0.51 0.48 0.33 3. 548 3. 380 0. 815 0.533 0. 322 0. 241
3.0 246, 7 29.6 0.31 0.34 0.35 0.28 3. 887 3. 704 0. 816 0.534 0. 323 0. 242
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BE R/ 3 K, AR A BE U B T P BEAR BB LA
HR B 5 HRIKERIA BB/ R IRE R R
WK E B 7E 40~200 Hz Ju B I, iR 4% W) BE Y
AR R B AR IR B KRR AR

B BUS IR K AR I R B ,
KIEZH 8~18 dB, FE R TR ERRINZ TN
BB TEIE; 7E 25~200 Hz {E B P, f 2 45
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JSFE 6. 3~16 Hz JERE N IRaNK R A KR,
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—3at, R ERPUE B A A —E BARBUR , (H R
BB RA: — e R B U 55

B 5 AfLAEH LIRS .

(1) 7£ 6. 3~200 Hz J5 B 7, I8k 3 58 &l B
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Fig.4 Influence of stiffness of damper on viaduct structure vibration level
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Fig.5 Influence of distance span of steel spring on viaduct structure vibration level
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Tab.5 Amplitude statistics of vibration

acceleration by field test me s

, ML BB B
UXE oo FEE Rl FEE R FHE
FARHE 252 0 198.2 8.78 6.81 7.78  6.56
BENRHE 343 15.93  12.6  0.81 0.62

&l 6 FIR 5 K9]

D FIERBRIEAT , XARGERN KNG
VAT TE AR 2 B ML P B KA R BIE A BN 252,
8.78,7.78 m « sT2H1198. 2,6. 81,6.56 m * s2, T
T B AR B TE B B E AR RN T T AR N 3 B MR R R K
(BRI 58 43 B A 343, 15. 93,0. 81 m « s2
304.7,12.6,0. 62 m « s, ABFIR A BE FULBHIR B
EE R RAFABIRSCR.
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AR P 4R 338 A 4 L e A T %0 T S
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2

304.7
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Fig.6 The frequency spectrum curve of
vibration in field test
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dB #1 12~21 dB, J/IME B 2% R 52 AY 38 KT
/1N, BRI = [ BE A3 AT K.
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PR L E D ARTE 12. 5~80. 0 Hz JEE N, Hr
B AR shA % FZ A AR 7E 6~16 Hz 1 50~80 Hz
WHEIP; FERPUENTE 63~2 000 Hz MBI~
BA—ERERSOR, A5 12 dB; % AR SeiE
& »7E 25~500 Hz i P9 ¥ B AR PLE X FR 5
LSRR AT 1A 25. 4 dB.

&30k

[1] Nelson]J T. Recent developments in ground-borne noise and
vibration control [J]. Journal of Sound and Vibration, 1996,
193(1). 367.

[2] CuiF, Chew C H. The effectiveness of floating slab track

(3]

[4]

(5]

L6]

£7]

[8]

[9]

[Lo]

system—part I: receptance methods [J]. Applied Acoustics,
2000, 61:441.

Hussein M F M ,Hunt H E M. Modeling of floating-slab tracks
with continuous slabs under oscillating moving loads [ J].
Journal of Sound and Vibration, 2006, 297(1-2):37.

Gupta S,
discontinuous floating slab tracks in a tunnel using a periodic
approach[ J]. Journal of Sound and Vibration, 2010, 329:
1101.

THEZ XT38 5. MR ERNESEERL]
HEgklRlE, 2011, 32(1) : 30.

DING Deyun, LIU Weining, LI Kefeil, et al. Parametric
study of the steel spring floating slab track[J]. China Railway
Science, 2011,32(1):30.

BRIGE R B. RERYUESHRARIESHTI]. B
FrRFFR: BRRHERR, 2006,34(9) :1201.

GENG Chuanzhi, LOU Menglin. Vibration model analysis of
floating slab track system [J]. Journal of Tongji University:
Natural Science, 2006, 34(9):1201.

Kawaharazuka T, Hiramatsu T, Ohkawa H,
Experimental study on vibration reduction by isolated railway
[C] // The 1996 International Congress on Noise Control
Engineering, Liverpool: Institute of Acoustics(Great Britain),
1996:1549.

Cox SJ, Wang A, Morison C, et al. A test rig to investigate
slab track structures for controlling ground vibration [J].
Journal of Sound and Vibration, 2006,293(3-5):901.

Hui C K, Ng C F. The effects of floating slab bending
resonances on the vibration isolation of rail viaduct [J].
Applied Acoustics, 2009, 70: 830.

BRI PUENFESTES FEIM LR P E%E B R,
2002.

LEI Xiaoyan. New methods in railroad track mechanics and
technology [ M ]. Beijing: China Railway Publishing House,
2002.

Degrande G. Modeling of continuous and

et al.



