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Figure 1 Schematic diagram of test point layout
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Figure 2 In-situ tested acceleration time-history curves
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Table 1 Effective vertical acceleration values at

different test point

T/ (m-s™)
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floating slab track bed and ordinary integral track bed
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Table 2 Physical and mechanical parameters of soil layers
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Table 3 Parameters of damping pad
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Figure 5 Time-history curve of vertical wheel load
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Table 4 Measured and simulated acceleration values

WS SEE/ (m - s77) BERUE/(m - s77)  RE/%
I 48. 670 43.950 9.70

T RAR 7.250 6. 610 8.83

% i BE 0. 021 0.019 9.52

S 55 A DL R T RE T JRE 3 IR R L i £k A

K7 i,
1007
—=— SRR T B ARIE R
sob —— PRI R B B ARG PR
g
X 60
S
40
[

1 2 5 10 20 50 100 200

S /Hz
B 7 S0 54K I B N 43 STAR R X BE ph 2%
Figure 7 Comparison curves of in-situ measured
and simulated frequency spectrum of
acceleration levels for tunnel walls
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Table 5 Dynamic response with different fastener stiffness
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Table 6 Dynamic response with different floating
plate densities

I E R WELI W TREMNR R ER BIERE
B/ M/ L, INEEEE/ i/ N/
(kg+m™) (m-s?) mm (m-s?) mm (m-s?)

2 500 406.266 2.849
2 700 408.247 2.861
2 900 411.513  2.893
3 100 415.638 2.921

32.637 2.338  0.067
29.892 2.342  0.063
25.695 2.349 0.06

22.384 2.354  0.058

RT AREBEHRE SRR R R 3 708

Table 7 Dynamic response with different static modulus

AR A W FEMR IEEAR BRIEEE
AR O MEE/, B/ OMEE/ B/ mEE/

(Nmm™) (m+s?) mm (m+s?) mm (m-s7?)

0.019 406.266 2.849 32.637 2.338  0.067
0.025 398.752 2.53 33.781 2.157  0.07

0. 046 379.824 2.316 34.904 1.983  0.076
0. 100 356.343 2.187 36.365 1.861 0.084

3.2 BIRBREFERERSHMML
58w B A R BEE 3 A T DR R
EARCE IR AR ROR Wk 8, MRESR 8, 0 T —
AT, PRI AIR R T 0 19 2 8, BRI EE 2. 5%
10" N/m D8 4R R S B EE 0.019 N/mm® I B 4%
JE 3100 kg/m’ 2 AR S BT & &
*8 FIRAAKRBRE
Table 8 Vibration reduction performance of various
working conditions

ARG LI L TEEAR REA R IE A
Wi gg/ B/ %/mnr; TE B, iR, n R/
(10'N -+ m™) (m-s™?) (m+s?) mm (m-s?)
2.5 455.846 3.165 30.624 2.345 0.064
3.5 406.266 2.849 32.637 2.338 0.067
4.5 369.764 2.547 34.834 2.330 0.069
5.5 341.832 2.436 37.016 2.322 0.072

(2) 7 B E X 3l Ty i 13 B 52 X T
TN T AR R DR P ARGE R 4 2 1]
MRS (R, W3R 6, 3% 6 T, MY NI E AR
88 R 8 A PRI 9 AL A 1 T N LT AR R
I B 114 T i) 4 20 i R A (L 0 T A o, DAL
TR AR BE BE 9 B e e IR 2R I E R 4 8 R

(3) DR H i 25 A 1 ) Bl g e R A R L, R T
T = AN T s 8 i 2 A8 0 ok I £ 0 B MO PR

ok B TR B VR
T4 Wil g/ HRE/ Y1 v R/
(10’N-m™") (kg-mis) (N+mm™) dB

2.5 2 500 0.019 13. 17

3.5 2 500 0.019 12.93

a 4.5 2 500 0.019 12. 84
5.5 2 500 0.019 12.77

3.5 2 500 0.019 12.93

3 3.5 2 700 0.019 12. 98
- 3.5 2 900 0.019 13. 09
3.5 3100 0.019 13. 19

3.5 2 500 0.019 12.93

B 3.5 2 500 0.025 12.76
- 3.5 2 500 0. 046 12. 64
3.5 2 500 0. 100 12. 49
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Table 9 Peak acceleration with normal and optimized

parameters
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Figure 9 Comparison curves of frequency spectrum of
acceleration levels for tunnel walls with optimized damping

pad floating slab track bed and ordinary integral track bed
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Figure 8 Acceleration time-history curves with normal and optimized parameters

P T A R Y B IR AR O 13,73 dB, FE R HL
Ak = B0 i Pk &% R (S50 12,80 dB | £ 4
12.93 dB) 73 #1427 0. 93 F1 0. 80 dB, Ja 4fF R 7 o
TIELAR

4 g

VLS M i K 38 7 4 B R TR S O R T Ok
P AR 7 T PR 8 P B A S50 2 A AN AT B T AR
L, IR B R A0, X U R R G R R AT
TS, FEEBNT,

(1) MR8 5200 2 T3 4% 5 40 B s s, AR 3 T 3
FEARE IR R P A2 B0RC B0 e iR 4R 07 ARGE R
EA R AR ECR 7Tk 12. 80 dB,

(2) 38 3:F 2y Sy me ;43 A A5 8 7 DR IE R S0 R
AR G2 A ds AT IR HE T 38 2N R B 3
TP R O B VN U A A S AR A R A 4 R R
I 2R V7 ARG IR 1 U PR R

(3) $2 M T IR AR TR ARCE R AL B %L
PERIEE 2. 5%10" N/m J8 4R 3 S A 0. 019 N/mm® |
TEE MR 3100 kg/m®, AHEE T 58 B A TE IR Wk
PR A5 13,73 dB, & T8 #5000 & 1 D 2
TEE BGE R AY 12,80 dB, H A W Ak B8 AR
OR

SE A

[1] He Jianci, Wang Ping, Tang Jian, et al. Analysis of vi-



%5 W

BV S5 L DR IR B I R TE R TR R T BE X S B AL

117

[2]

[3]

[4]

[5]

[6]

[7]

bration control effects of floating slabs with polyurethane
damping pad and rubber damping pad [ J]. Railway
Standard Design, 2018, 62(2): 57-61. [fiJ%& 6 £
L RSN, AR IR DR H 5 AR IR R R B AR L
ERS G PR AT [T]. SaE bR e, 2018, 62
(2):57-61.]

Zhang Shengyan. Study on driving safety and vibration re-
duction performance of track slabs with damping pads in
curve section of metro line [ J]. Urban Mass Transit,
2022, 25(7): 130-134. [ 5KZAEZE. Hi gk 2k il 28 BLk
PRI TEARAT 42 % 4 Ko IR PEREWF ST [J]. IRl i
AZWWETE, 2022, 25(7) : 130-134. ]

Pu Qianhua, Wei Kai, He Tianlong, et al. Combined vi-
bration reduction effect of sleeper pad and ballast pad in
metro depot[ J]. Journal of Vibration and Shock, 2024,
43(23).20-29. [WATAE, HHl, BWRIp, 5. ik
MBI B A R AW IRBOR PR [J]. PR3
Sty , 2024, 43(23); 20-29. ]

Wang Liangshan. Research on vibration characteristics
and secondary noise propagation law of buildings in sub-

way overhead development[ J]. Construction Technology,

2025, 54(22): 6-11. [ TR, #gk E35 T K@M BE
PRl Feth e R M AL AR [T, il THAR
(Hh3E3C), 2025, 54(22); 6-11. ]

Feng Qingsong, Sun Kui. Dynamic analysis of vibration-
reduction pad floating slab track transition section on ur-
ban express line[ J]. Journal of Railway Engineering So-
ciety, 2022, 39(3); 40-45. [{BFHFH, FhEL. b
LRV YRR TR B AR B S [)]. BRI
TE2EIR, 2022, 39(3) ; 40-45. ]

Ren Juanjuan, Luo Lei, Zhang Yichi, et al. Vibration
damping characteristics of floating slab track with different
damping pad stiffness in a 160 km/h subway[J]. Noise
and Vibration Control, 2025, 45(2): 151-156. [{L1H
W, B, fkaRsh, 4. 160 km/h b4k A [ e 3% 25 K
ETEERERREE[)]. WA SR EH,
2025, 45(2): 151-156. ]

Wang Qihao, Cai Xiaopei, Chang Wenhao, et al. Dy-
namic simulation of rubber floating slab track based on
the hyperelastic constitutive model of vibration isolation
pad[J]. China Railway Science, 2023, 44(1); 87-96.
[EJRGF, BN, W30, % ETRIRABMEA
YRR AR I AR E S DT E ()], T E R E R
2, 2023, 44(1); 87-96. ]

Wang Menglin, Chen Xianmai. Study on damping param-
eters of floating plate track with polyurethane damping
[J]. Railway Engineering, 2022, 62(10); 51-54. [ L
bR, PRIEZ . BATTR IR VR E AL IE 25 AR S 4L
WhoE[J]. PO, 2022, 62(10); 51-54. ]

[9]

[10]

[11]

[12]

[14]

[16]
[17]

[18]

Li Minghang, Wang Wenbin, Wu Zongzhen, et al. The
influence of wheel-rail excitation on the vibration reduc-
tion effect of rubber pad floating slab track [ J]. China
Railway Science, 2024, 45(2): 30-40. [Z=Wfi, £
SO, ROEEE, S R UR X AR I T AR T
PRACRRFEW (], hEZGER 2, 2024, 45(2) : 30-
40. ]

Li Qiuyi, Luo Wei. Service performance evaluation of
rubber floating slab track for metro in operation[ M ] //Pro-
ceedings of the 2nd international conference on innovative
solutions in hydropower engineering and civil engineering.
Singapore; Springer, 2023 111-123.

Liu Xiangming, Zhao Chongji, Jiang Huihuang, et al.
Design and vibration characteristics of floating slab track
Railway
Engineering, 2023, 63(3) : 40—44. [ X[ 0, %438
VLMEAE 4. A0 24l ol I 48 I 8 AR 0 BTt e PR 3
REPEOFSE ()], BRIEEESH, 2023, 63(3): 40-44. ]

He Wei, Zou Chao, Pang Yutao, et al. Environmental

with semi-laid damping pad on both sides[]J].

noise and vibration characteristics of rubber-spring float-
ing slab track [ J]. Environmental Science and Pollution
Research, 2021, 28(11); 13671-13689.
Xu Xiaotang, Li Huichao, Hong Yu, et al. Dynamics
and experimental study on prefabricated damping pad
floating slab track[ J]. Earthquake Engineering and Engi-
neering Vibration, 2024, 44(6) . 12-22. [ 4, 2=
o, Hhek ) A P 2R R B R B R B ) A BOR
s [)]. MR RS TR, 2024, 44(6) : 12—
22.]

Chen Zhaowei, Zhang Hanbo, Pu Qianhua, et al. Vibra-
tion reduction performance of a novel harmonic frequency
damping device for damping pad floating slab track [ J].
Buildings, 2024, 14(12) . 3976.

Zhang Haodi, He Yuanpeng, Wang Xinghuan, et al. Op-
timal matching for vibration reduction of parameters of
track fastener and rubber absorber of metro[ J]. Journal
of Central South University ( Science and Technology ) ,
2022, 53(6): 2382-2392. [ skfikih, fafic i, £ 2
X, SE LR 0 R R i AR 2 O e R R e IR
PERC[)]. dm Rl (B RB¥ M), 2022, 53
(6): 2382-2392. ]

GB 50868—2013 #H TR A FIRSRMELS].

Yuan Yang. Study on artificial single-point pulse excita-
tions method for prediction of metro train-induced environ-
mental vibration[ D ].
ty, 2014. [ 4. HbERZ 429 3 B 4 e o7 000 9 A T
R SCRI) QUL U7 ey o A VB o | -3 i N2
2014. ]

CJJ/T 191—2012 7 E RPEHE AR M S].

Beijing: Beijing Jiaotong Universi-



118 PSP PN i 3 - S QRIS ) 2026 4

[19] Xu Ping, Li Xifeng, Zhang Wenyue. Dynamic response St R BHOE, BREUE, S 0 PUE A e A iR
analysis of short-distance vertical overlapping subway BB T IR SO BT[], BRIE 4R, 2017,
shield tunnels[ J]. China Earthquake Engineering Jour- 39(8): 114-121. ]
nal, 2023, 45(5): 1008-1016. [, Z=4i%, 5k [22] Yin Xiaochun, Lu Yaohui, Zhao Hongxing, et al. Nu-
BR. 1T RS I 1 AC A R S A R G 1Y 3l g e RN A3 B merical analysis method for dynamic air tightness value of
[J]. #Z TRE2AH, 2023, 45(5): 1008-1016. ] high-speed train [ J]. Journal of Zhengzhou University

[20] Zheng Mingjun, Wang Wenjing, Chen Zhengnan, et al. ( Engineering Science) , 2022, 43(5); 52-58. [ F/h
Determination for mechanical constants of rubber Mooney- B, FREE, RERE, & BETHTHEIN A
Rivlin model[ J]. China Rubber Industry, 2003, 50(8) : EMERE AT T[], BN R R (T2 )
462-465. [APWIZE, T3CHE, PRIECRT, . 8K Moo- 2022, 43(5): 52-58. ]
ney-Rivlin f 8 Sy 2% W AR R BB 2 (1], B Tk, [23] Liang Bo, Luo Hong, Sun Changxin. Simulated study on
2003, 50(8): 462-465. ] vibration load of high speed railway[J]. Journal of the

[21] Gao Liang, Zhong Yanglong, Liang Shujuan, et al. Anal- China Railway Society, 2006, 28(4): 89-94. [ 3,
ysis of vibration magnification effect of floating slab track B, INE B, E AR S R AR IR ST [ T]. Bk
under vertical bending vibration mode[ J]. Journal of the B2, 2006, 28(4) . 89-94. ]

China Railway Society, 2017, 39(8); 114-121. [ &

Vibration Reduction Performance and Parameter Optimization of
Damping Pad Floating Slab Track Bed

XU Ping', LIU Xiangming®, ZHANG Wenyue', YANG Yanfeng’, HAN Yuewang®

(1. School of Water and Transportation, Zhengzhou University, Zhengzhou 450001, China; 2. China Academy of Railway Sciences
(Shenzhen) Research and Design Institute Co. , Ltd. Shenzhen 518050, China; 3. China Academy of Railway Sciences Co. , Ltd. ,
Beijing 100081, China; 4. Zhengzhou Metro Co. , Ltd. , Zhengzhou 450054, China)

Abstract; The problem of environmental vibration and secondary structural noise caused by subway train operation
along the line is becoming increasingly prominent, and so it is necessary to carry out the optimization research on
vibration reduction performance of damping pad floating slab track bed. Firstly, One operating metro line of Zheng-
zhou was selected as an engineering example, and the vibration signals of ordinary integral track bed and damping
pad floating slab track bed were in-situ tested, the Z-weighted vibration acceleration levels were obtained with 1/3
octave spectrum analysis, and the damping pad floating slab had better vibration reduction performance compared to
ordinary integral track bed, which could reach 12. 80 dB. Secondly, The simulation model of damping pad floating
slab track bed-tunnel-soil was established with ABAQUS software. The accuracy of the model and rationality of as-
sumption were verified compared with measured data, the single factor analysis method was adopted. The results
showed that: by appropriately reducing the vertical stiffness of the fasteners, increasing the density of the floating
slab and reducing the static modulus of the damping pad vibration reduction performance of the damping pad float-
ing slab track bed can be improved. Finally, an optimized combination scheme for damping pad floating slab track
bed was proposed for parameters such as fastener stiffness, static modulus of vibration damping pad and floating slab
density. The optimized damping pad floating slab track bed could achieve better vibration reduction performance
with comparative analysis through finite element simulation.

Keywords: damping pad; floating slab; vibration reduction performance; parameter optimization; FEM simula-

tion; dynamic response





