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Design parameters study of vibration isolation road of steel spring
floating slab under traffic load

Zou Jinhua' , Li Bikun', Chen Wei*, Chen Haibin®*. Huang Longtian®, Zou Chao'
(1. School of Civil and Transportation Engineering, Guangdong University of Technology., Guangzhou 510006, P. R. China;
2. Architectural Design and Research Institute of Guangdong Province, Guangzhou 510010, P. R. China)

Abstract: In order to reduce the influence of vehicle loads on the vibration of building structure, a new type
of steel spring floating slab vibration isolation road was designed, and the dynamic design parameters of
floating slab were studied. On the basis of finite element test verification of the scale model of floating slab,
four parameters were selected and orthogonal tested, including length and thickness of floating slab, spring
stiffness and support spacing. Total of 81 cases of corresponding 3D finite elements were established. The
modal analysis method was used to study the influence of various parameters on the natural frequency and

vibration mode of the floating slab. The traffic load excitation was measured, and the response of the
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floating slab structure in the time domain and the frequency domain was analyzed, and the vibration
damping effect of each parameter of floating slab structure is discussed by Z vibration level and insertion
loss. The results show that the fundamental frequency of each sample is mainly distributed between 4 Hz
and 10 Hz. The fundamental frequency directly affects the vibration isolation performance of the steel
spring floating slab. With the decrease of the length, the increase of the thickness, the decrease of the
stiffness of the spring and the increase of the spacing of the supports, the isolation effect of the floating slab
structure is obviously improved. The vibration amplification frequency band of the floating slab structure is
located near the fundamental frequency and in the range of 14~18. 0 Hz under the traffic load excitation.
The VL, vibration level increases with increasing frequency in the range of 0~18 Hz, and then decreases
with increasing frequency, but does not exceed 72 dB. For the vibration response within the range of 0~40
Hz, the maximum amount of vibration reduction in all samples is 40. 6 dB, and the maximum amount of
emission at the fundamental frequency is 17. 4 dB.

Keywords: traffic load; steel spring floating slab road; modal analysis; vibration level; insertion loss;

design parameters

I T P ST T A R O A R Sl MM R R x
T 2 Ja BRI S A 500 45 3 AR KA 52 il i ok Ak 2%
KRR TN B T 1R 55 v 038 03 45 4 TR
B T BOE BN J7 5838 far 205 1R 1) 25 1 4k 3
XoF PN S 25 TR R oMb 1 3l A B AR I AR T A S
o RS TIT BRI S SR Tl o 0 it Ay e AU 0 2 Ay 0
T ER A AL B ARATR Bl . 2 25 B T8 A2 T B 5 TR R
PR 8 B 228 6 TBE T — ol R i S O ORI R o

H BT X T BT R A S AR AT B PR
AR BIF 5 198 oA DL R O SCHIR 41 18, (E 0 030 52 38 7 AR
WoEfRZ . W Lombaert % # S T /R B BLIE —
AT FROTHE AL, SR IS 20 A O 0P 58 1 3 B ARUBL
ERRITFSE Hul 5500k =4 A R IC R BB 3¢
TR B R SR M A TR RE S IR 3l Kk v P A
PRI . 2R HEOE DM IR B AR AL A i R
Kirchhoff i , FIJ HI 8l 22 8 12 7. — 4 3% & Al 0l
AR A B I 5T U AR s B AR, X 4k T
SEL AT TR BB TR AR LS 0 AR AT 3 5 L
GE T W B R SR () R A BT 2 O IR A IR 2
PEMBRARERR M, T 2052 %0 43 5IR A R oo
FVEL 560 Jr o DA 0 S5y B ) v S R TR
ML TE 254 B U I R P R AT T A BT, R Ak S R
MG 2 D12 WF 58 T 0 B TE W 1) A 338 4R 1 A
BT S5 K S 506 T 2 Wi 07 (9 5 ), 9 I SR A
ST B 3B R R A S TR R L AL B
BT ) BRI RIS R AL . 5 LAE ST A
— W 5ER S I AR L 1) A B B L R Sl AR A A
R RV T B S P MR L T AR B L AR 3 R R
PR R BT S B B A R P R L A ik

FL# T i e  Euler J2 A1 92 3 Fh i 455700 (14 31 30
M) S0 26 S R0 a0 H R PE . AR AR SRR T T gk A
-3 B 7 A7 PR AR Y Xk HE A B T S A A GE
PR 0B 58038 7 A T A o e 4R BB B R O RS
BN G 2 far 2 AE FH T 45 4 16 i 2h e 1, 58 A 4 A B8 R
PR T N B U R B 0 0 PR AR . S0
S ST R A B A A R S8 1 o T R
AL SRR 6 5 207 B AR BLE U B3 R 500 [
AL KB IR R G IR T BE R AT TSR
2N SN ST B B A A iR gh A R A, R
FHA BRI AT 46 B 9% 30 43 BT, 4% 0 5K 55 35 0 B AR
LA XA B R 2h R A e, JR S A S i oo
AT A B R AR S AT

R EAR X B AE W R R AR S R F 5T AR
Z A THRVEA [F] LI % 5 008 450 19 22 = T
B B b R 5 B A Y BRI A AR KR 22 5] T L
TH I AR R T I TR T RN R 2 i A R
PR, 3 R0 B B AR AR R, TR I, V7 ARG B A5 M AR B
m s Iyt Lt SR W - S . EF
R Al 4 1 7 5 500 U R R A T B ) R AT O OE
ZEAR I T 0 VR AR I B LR AR L W
BESORIBLEE 4 A2 50 KO ] KT {8, #E ST AH Y
81 MIFHE M =4 A PRocBI AL, 78 45 JUB A il 35 05
TR SR IS 43 B 7 10 ) 4K % I A
T8 [ S5 AN HEAT B 1 RE MR IT L KA [ G A0 R R 4R A
SN A 308 77 45 PR R, NI S R A S A £ R A BT
T W AR 25 K A S 52 3 far 24 R 64 e Rz, O
L Z RGO A R R B R [R) S UK X 45 7
B e 1 BB A S M o DT X AN [ 235 4 2 B30T 8 i 3 7



126 + K533y 1

FROP E O

% 42 %

AR % FR G5 B IR P BB MO B A L Sk T R AR R
B PR IR G Y TR RS
1 ERRAIWIEZIT

SR IE IR 56 5 % VR AR 2 A T S B AT
B, PG e R A 1) T B0 9 O 10
m, T BR[O 10 m, 1E SR vk U B
M B TR AR B A R W SR 4 S
BOIEAT BT o U B B 9 AN KO L TR E AR
JELRE 5 AN KT A L B9 50 IR RN S R )R A% 4 oK
A, R 1 PR .

®1 FEWTESH

Table 1 Calculation parameters of floating slab

. T H R T H R A 3L I E / KA
e KE/m JELEE /em (kN « mm ™) BE/m

1 8 15 1.9 1.2

2 15 30 3.6 1.8

3 30 45 5.3 2.4

4 45 60 7.0 3.0

5 60 75

6 75

7 90

8 105

9 120
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Fig. 1 Steel spring floating slab
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Table 2 The first natural frequencies of floating slab test model

IFE AR T MR 46 HE A5/ Hz BB W/ He
4 SRk 6.6 6.0
6 33 7.9 7.4
8 3 8.5 8.5
10 93 9.6 9.5
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Fig.2 Model of road structure of steel spring floating slab
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Table 3 Design parameters and natural frequencies of 20 samples

R R 90 0 S O 1/ SR i) &1 A 454/ Hz
KB /m JERE /em (kN « mm~1) #/m 1B 2 B 3 Wy 4 By 5 By 6 By
8 45 3.6 3.0 3.619 26.008 30. 980 42.025 52.256 57.811
30 45 3.6 3.0 3. 380 9. 667 18. 475 27.071 27. 655 28.670
45 45 3.6 3.0 3.329 6.837 12. 385 18. 262 24. 295 26.979
60 45 3.6 3.0 3.303 5.549 9. 480 13.753 18. 157 22.649
75 45 3.6 3.0 3.287 4. 846 7.808 11.125 14.573 18. 095
90 45 3.6 3.0 3.276 4.419 6.739 9.419 12. 234 15.120
120 45 3.6 3.0 3.994 4,278 4.977 5.962 7.119 8. 380
30 15 5.3 3.0 7.055 7.846 9. 541 11. 866 11.947 12. 484
30 30 5.3 3.0 5.019 7.923 13.176 18. 737 19. 050 19. 800
30 45 5.3 3.0 4.101 9.957 18.633 27.196 27.766 28.794
30 60 5.3 3.0 3.552 12.570 24.462 35. 960 36.753 38.092
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45 30 7.0 3.0 5.678 7.007 9. 846 13. 329 17.110 18.920
8 45 7.0 1.2 9.535 59.084 73.786 91.523 117. 360 134. 840
8 45 7.0 1.8 7.538 44,076 57.895 71.561 88.232 104. 970
8 45 7.0 2.4 6.155 35.208 44,726 57.004 70.789 85. 376
8 45 7.0 3.0 4.766 26.273 31.222 42,242 52.414 57.964
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Fig. 3 Floating slab vibration frequency and mode shape of three samples
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Fig.4 The time history and frequency curve of mixed traffic flows
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Table 5 Peak value of acceleration response of floating slab under traffic loads excitation mm/s*
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B} Bt ‘

WH 30 60 90 120 30 45 60 75 1.9 3.6 53 7.0 1.2 1.8 2.4 3.0
7:00—9:00 4.27 0.24 0.23 0.35 0.50 0.34 0.32 0.35 0.38 0.24 0.34 0.45 0.55 2.18 1.00 0.73 0.56
12:00-—14:00 6.57 0.37 0.40 0.44 0.60 0.87 0.51 0.37 0.31 0.35 0.54 0.84 1.18 3.55 1.90 1.43 0.65
18:00—20:00 11.04 1.22 1.08 1.10 1.40 1.93 1.36 1.27 1.44 0.74 1.33 1.81 2.20 9.76 4.33 2.90 1.97
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Fig. 5 Peak response of floating slab acceleration response
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Table 6 One-third octave vibration acceleration level of floating slab under traffic load excitation dB
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Fig.8 Vibration acceleration level of different length
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Table 7 Insert negative loss frequency band of floating slab Hz
5 T EMRKE /m T EREE/ cm NI E /(KN » mm ™D XK E] B /m
If Bz
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G =N 3 0~4 0~4 0~5 0~4 0~5 0~5 0~4 0~3 0~4 0~5 0~6.3 0~8 0~12.5 0~10 0~8 0~6.3
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