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Study on Vibration Reduction Performance of Rubber Pads of
Track Viaducts based on Dynamic Compliance Method

SONG Rui"?, LIU Linya', XU Bin®, LIU Quanmin', QING Jialiang'

( 1. Engineering Research Center of Railway Environment Vibration and Noise, Ministry of Education,
East China Jiaotong University, Nanchang 330013, China;
2. College of Civil Engineering and Architecture, Nanchang Institute of Technology,
Nanchang 330099, China )

Abstract : In order to study the vibration reduction effect of rubber pads under cement or asphalt layers of viaducts, the
vertical dynamic model of vehicle-track-bridge coupling is established based on dynamic compliance method. Only 1/8 of
the wheel-pair system of the vehicle and the primary suspension are considered. The rails are regarded as infinitely long
Timoshenko beams and the bridge is simplified as a simply supported Euler beam. The fastener system, cement or asphalt
layer and the rubber pads are simplified as a linear spring-damping system. The wheel-rail contact force is calculated in
frequency domain using the wheel dynamic compliance, rail dynamic compliance and linear contact compliance. This
contact force is then applied to the rail to calculate the dynamic responses of the rail, track sleeper panels and the bridge. The
vibration reduction effect of the rubber pads is evaluated by the vibration acceleration level, the acceleration level insertion
loss and the Z-level insertion loss. The results show that the vibration response of the rail is slightly increased after the
rubber pads are installed and the insertion loss of the Z-level is—0.81 dB; the vibration response of the track sleeper panel
increases significantly and the Z-level insertion loss is—10.3 dB; the vibration response of the bridge decreases obviously and
the Z-level insertion loss is 15.6 dB. The calculation results show that the rubber pads can effectively reduce the vibration
response of the bridge structure. The relevant research provides a reference for vibration and noise reduction of bridges.

Keywords : vibration and wave; viaduct; rubber absorber pad; dynamic compliance method; vibration acceleration
level; insertion loss

I 10 FE K, R A PE AZ R B R R, Bk

R P 5 i At R B B2 B S, B rp LR B ) R 2

Y#s H#A:2017-09-22

EETE : B | AR A4 S I H (51578238;51608201)

EZ B KA (1981-), 55 LA & 2 N 4k, 18
WL W G 2 E R 2) 5

BIEEE - XIMRZE973-), 53 TP R TN, #d% , W3
T8 22 EHRS) 5 G A
E-mail: lly1949@163.com

JERIVR I E . O T I BRI IR SR FE PR IR
Wi, [ A A2 Al 7 R BT T A, He e — A ) i i
2 TR TR H o UG T 58 HOIRR AR

PR — R SRAEA R BRI B £ —E 1
AR ] PN B AT B 1R B IR R, S R WL A AR 45 40
N BN 2 . R, E WA — R H TR IG5
TER AR R A AT U A2 38 U Rk B I e v T



142 meoE 5 4k Bz Bl %384
SR 1 AR 2 P 2 O 4 RN S po R )
- aytactaoar

PR 1D D91 P AR A, LR R PR bk . R d
Tk I AR SIS AN B A8 E IR AS T ARSI,
£ 20 Hz~400 Hz . [ P , T8 R T X5 0 7ok B 9 20 ik />
24.4 dB. &GO ER I T IE B IR B 157 X
XU P RE PRI RE R o S 5 S VBT RHIR EA [F] ) A
BT RA DN AR B B AR R AR LA S A
IR SRR o 6 T AR S TR A Y, 7 3 A2 i
Va2 B S T RS T H o, TRE SR AR
FHRG R B B BT B IR R  AH 2 S TE A B 45
PR 2, L 20 T DR 4R 3 e M 2 7 L At
SR AR IR BT b, SRENFEIRECK, SR A5 1
PRBNFEN STEAZ o IR B ST U 28 8
TR, — 0 A M AR T E AR M TR R AR B R
DAL RPRS) 51 R B R4S BR KOGV . 58 B T
BB AR L, 2R BB AT 38 15 m Ak e s b |
(1P Nk %K 10 dB B 22 o L JiR DR = 2 A 2R 450
TE RS G R B i I R S R A ) R AR R, 51k
o B IR B e A A R R SR PR R R A
PV R —MERARER . B4 K EIE R
H5- A VLI A k% AR T 200 m A AR IR AR 2
TR B, 5 Al G e 2 5 U 9T AR 2 1 e K
PR T 63.3 %o 5 A5 R F IR 2 B T M
LB RS (ER G K T RIS R R i
BB 6 7 AOR B AR EC PR I 7

ASCHEET 0 BB MR AR R, R 32
FEVES B AR A IE (S MR B R, &
LT SR I LR - T - R S BB, 15 B
SERPIIAC 1 FE e M BRI, TF 5AS B \ 2
FF R I Th RN GE K (1 3 7 2 L f E A 1
W B AR AR B AP 0L, R = AN VP §R
A RIHIR 20 ek B 5 ekt P55 4 e A\ 458 0 LA K Z IR 2
3 N5 SRV A5 2 (1 ek A 28 SR 5 A % (B 9
FnT LA B 15 BRI B DR S8R R F A R 4
B AR IR T B A2l IR S A e R St — e 1 5%
1 EfH-HE-TFEBEN N FRE
1.1 ZE4RER

HRE— REEN /8BS B AR, Eid 2k
PEAL 1) Hertz 42 fili 38 35 5 PO AH B3 BEAE . 39038
BT N B R RS AR RN B . A B RER
() (AR EL sz e, Ak AR R I R . R80T
EH 255 5 T ML TR P AS P L ) A 55 % B 8l
PR T AR B N AT AL IR, R R
W2 B, AR 2 LA —AN“F% 3l 1 S h ” i 3 R kS
IR PR BB RN N

K e ar 73 RIS N5 A5 B
BN, B EALA7 3 1 B Ay 7 FLAE AL B AR SR I A2
SALREMINL. R ONZEFE FIHIE B IR A AT

AR AT 2 10 Hz Lh b 50 BE 1) 45 7
B, “HREBHIBEIE Hz A PRI A
FROABHARAG. 18KRESHEPHEMA L
TRV VAR 28— REEMER . RN
E VS

_ Xy _ ki +iwe, — myw?
ap= o i SG)
F o mmew* —(k+iwc) (my+m.) o

T 2 AT, 0 AN e 170 ORI 22 (A 5 1) (5.2 5 ey AT
m, 53 ) 0 e [F AN 2R e (L B AR B AR ) B 5
o Mk 737308 — R E R BLE AT R4 FeHL
PRSI A e = Vlkn s kn 3R SE AL Ak )
BEo ZRAR-BLIE-HR R AT R A ] 1R

e
—FREH
o
I RTR L
E3 FEEE FEs 3 3 3 ] SHER M
=Tz 55 E z ES ERE FR
JIGJHE R
ey S
s L

Bl 1 R0 - 4 o AT

1.2 SRE-ERR-T RN FEIRE

R H JE PR K 1) Timoshenko F2 AR, 5 %
JEE BR AT 2R oy

() = Biet 7 4 Bkt 3)

Hordr: BiuBokink: N SIS EA R R

a (z1,2) RINTE 2o AL B it 0 PR Aif R 51 /2 20 47
BRI WP EE RS IR AL N EE
AT, Hagsh 77 i

Yi(z) = ia,( 2,2u) P — ia,( zz)K(Yi =Y. (4)

Horb P ORI K ORINPE SR NI, Y - Yo 0
PREX AR . — R EA S T E R, K3
RIER LIRS

Horr s 9 —BUE R K P B H Euler B2,
RS B3, HEh R KRy

NMS Wl 22) Wl 21)
s > = (1+in) 0l -’ 5
@ 22,21) ;(nms)wi“"z "

Forr 2 W, 79 Euler 22 H55 n B 41k 2 08 £, JUJ3E PRAR FA)



3 BT B FE D PIE S B A B IR T BE T AL 143
TR AN Fz 1 BEEITHESH
Viz) = YalanK (Y- Y) - Yalz)K (Y, - 1) AT U A
=1 J=1 — R EENIE 0.525 MN/m
(6) FHJE 2% 1.2E4 N*s/m
KRR IS8R (380 SR RE L Y= Yoo X8 R AR 4k h A 700 kg
D& . MrigEKF Buler AL, Hig 3 i fEn] ALK R 900 kg
N ) . A R 7.745x10° m’
Yi(z) = iab( zz)K(Yi=Y) - Zab( %z)K.Y, (7) P B 3.217%10° m'
=t J=! ke 1 0.01
KM RAR I 52 BE R RIS o oo AR O 3D 2 il 60 MN/im
I, AT LR A S kS BEARE). R (6). ot B T 025
(T) I TR 2 Sl 0,010 N/
Kxz=p (&) it BURER T 0.25
L ;KA AL 8RR R L O T A, Z — S5 o
FRER I AR R SN , PO MR BB R . it R T 4416 m’
%iﬁ(%&)ﬂﬂﬂﬁﬂjﬁﬂiﬂ\Eﬁﬂ‘ﬁ\ﬁ%%ﬁﬁ&iﬁ’ﬂz ) I 6 948 MN/m
TS, S e AL ] 2 A o Sl 8 T 3 R - 025

PRARFR B2 BE AN B 22
1.3 ThEFEE

R HT T F AR B A BN L B
DL B A B 22 BEAR B sh 22 B, RN (D B ap
PLSR H AN 50 R U T A L Fo(w)o 45038
I IARN TR H ] BASK H S5 AN s ilh (1)
L F W N Z (w) » DU &5 K 1 o B I R 3R R A
V(w) =i*o*Z (o) , W18 RIS R B2 2
N ITAF(0)=K*(Z(w) -Z(®))

Fu(w) =K*(Z(w) -Z(w) ) (9)

MR Th 22300 1) e XA T £& 3 BRI G2

(PR3 N
P,=%Re( Fu(@)*V' ()

Pb:%Re( Folw)*Vi(w))
o Re RRHUSLHRIZ B, * Ron LI H
2 FEMIEBRRSHE

TR MR S S H IR (17], P3N 32 m
PR LR TR L AT SR L L AN R F CHN6O SR , Jik e
AR5 A 1T DA 4, D R A 1 8 A T R 5 AR B
PREERY R o AR SUR T R A L R AR 4 1, 2 A i
SRR EEECH 1.31x10° N/m?. BB S5 1
PR o

1S03095:2005 i ft 1 FL A7 B aF 1 I 1) B i
AP , FCAS P I {8 3 22 5 KA 0%, (1)
E VS|

201ogm(rlo)

(10)

18.451ogio" +27.20A >0.01
-9.70A <0.01

(11)

Horrr RSB RME L, ro=10° m, r ARFRMIRE B I
K, 5 A LA 0 47 55, A = 27 V/wo

2.1 ZMFHFEESR

AR R SEZH 70 BSR4 48 PUB I

RN LINE 2 PR .

107 - B
\ EES
_ . PR TS
Z BERE
R L S N Sy
o
Lﬂ:E
LTI
KK
R
1070
100
S /Hz
Kl 2 dikshsE
104
—BH
z /N
R // %
§ 103 /// . }
%
102
100

FZ /Hz
Kl 3 Sgiei )
N RT L H Al 3 5 1) B 2 kN T AN
BB R, %0 50 3 FE B A5 AR 8 R s, 72
10 Hz~30 Hz i [l N 2258 1 2 52 B2 F s il 7 5 4N



144 L | 38
BB 2 P B A A G N 22 M8 1Y K, 7E 100 Hz~  3.1.2 HFAK
200 Hz ¥t Bl Y A9 B h R B 32 24 o 7 60 Hz FfY AR N

I, R RN BN 22 FE IR AE AR 55, AH AL A I, 5 350
BN H AR /M IR X B - R G
A AR K8 NI R ELE AP AR R (D A R
AT DS BT a0 B 3 s

FIZEAT BIE FE 80 km/ho M3 A LAE M,
XA I E R 60 MIN/m I, R 45 55 22 7E 60
Hz f 3 /)5 , %80 JI7E 60 Hz £74E e KA, H Al
55 D (R X J7 P AT 2R it 5 K I A ) 88 T il
2.2 HIAINE

DhE )BT 50 B Re /D B THE RN
B & F MR DI, v USRS i 5 iE TR
KETF RGN T Y E. B4 NN EHH .38 K
PR AR iR - )y e il 2, IR T DL, = 5%
2 B Ak - 2RISR RS b ) E H B ELTE 60 Hz
B3 B N\ Th 3R B K, LR DR 32 B R R I — AR B e
LW N

o o
. R
10° SR
A% e i
i
§ 10" // LN T
& 102} \\ N
/ \,/‘\_, N
10 ///
10+ =
100
R [Hz

PR PNETER ARG B

T T8 PR FH AR 22 1R 5 K N Dy 250t L IR A2 Ry
50 Hz. BEE SRR, TE 100 Hz LG , S N 240450
) D 2R AR A BB A T N A PR AR RO 22
(1) T 2 [ 2 AR (1) 388 i (1 ek b, BN 247
TR (1 Th 2 B N 238 RAR P IR D) 2 32 g R R, IX 2
FH T A5 R DB ATR 2 11 BHLJE 3z K TR LR e , Bl 5 AR
(R34 K, B8 2 (W RE R AR I BN BH B BT B 48, S 8%
186 B R 2 v 1) ) R PR A

3 BERERIRIEITEN
3.1 MR
3.1.1 #RENINEE R
PRI Gt =N
VL =20 1ogai0 (12)

o AN TE RAR BN R AIR S IR S, a0 NS
PR IEEE , Bl ao = 10°m/ss

IL=VL,-VL, (13)
VL AR BRI B TOL T, 53R 3)
TN JE 2, VL, %5 FE IR B AR T8, % W14k 3
TR B 2K

3.1.3 ZIRFIFANIT K

FAPE TR ) Z 3R S
VL. =2010g( @' w./ao) (14)

T
Ht i/ = /Y @fne X 10", o, =[% [ aiydeye
0

ao AFEUENIFE FE , B ao = 107°m/S*, @y, TR MR
N f BIARSINE B U T ARSI & 8], e A
A 1) IR Bl I (IS IEAE, RAREUE 7T 255 )
16, 1802631/1-1985. 5 7 i /& 75 5 FEAR IR H ) P A
ZIRZFAIL » 19 3] Z PR A AR
32 EMER

AR PRAR T A AR I B2, v DL b e &=
e B R EE R b, PR 2 AR 3l LA S 2 v ]
RS R B0 , Al IS IR 2 S5 LA b 25 M B 45 M FO b
Z R sh e E o B E AL, R B A T AN AR R
R T B3 - 1 IE - MR R R AR O . TR
B PREE R A 32 BEAE 10 Hz~200 Hz 6 [l K A
R 10 Hz~200 Hz 75 Bl 4R sh3E T PP
3.2.1 FRENINEER

S5 ORI TE PRAR A G2 45 1) P S 40 50 o ek
I e LB 5(a) BT A, £ 10 Hz~35 Hz 5 [
P 0 A R I AN ) AR B0 3 B 2K T e S R
LW, MAE 35 Hz~200 Hz 76 Bl Y, A ¥R B4
PR 2y 03k B 2w /N T oA R R T s i i ] S5(b) T
GV A P AT A o Yk 3 1 8 K3 PR P i 2 e 2
9, H 3 BE R ARG, B E A RE I E T R
FE EAT R A% 356 B M SR 4540 2 R T A SR [ 3E R
R 5 R T 00 S5 5 A A A 2K R 5 T T R AR
e AL S N, T EUE IR IRGFE UK B e &
I SPENZ N AINIIBEY -2 S US S N R (O Vakvie i)
PRB g BE g L, B R LA HY 5 30 Hz~200
Hz {6 [ P, 76K AR I B 5, e SR IR 4R 3 ookl 5 4%
32 2 BRAIR , LG 5 A6 1R 3 O, DR RO AT B K
e, R R IS B e A 0% B RE R A% 34 , I M
PR IR o
3.2.2 AR

I FH A T A5 20 IR 3 00 BE R, AR IR AN TG
PG B 285 K6 T i P55 OB AR, 75 B B9 % L T PR AR AN
MR IR 4 N 452K s L 6 e DU HY B9 40 1) 4 N 951



253 1 BT BN I IS i B AR I AR T R AT 9T 145
160 R 140 | T s 110 , T AR fe 2
R Y A e 100 — AR
140 itisint 1200 S S 00l | N\ A £
g 120 /2 S 100 | T 8 80 N
M ~/ M /9' O\ M 70 }/’”, NV
& 100 Bosor [ ™ el S W 60 i AN
g f = sl S = 50 N\
807 60 Ry N /
60 | 30 ¢ h4
40 20
20 60 100 140 180200 20 60 100 140 180200 200 60 100 140 180200
I S e i Hz
(a) #AHL (b) JEPRIR (c) iR
(& 5 2 Ra 4R s i 4
o Bl A AR 3G N T T 0, 78 20 Hz f i i K, 20
KAE ] 20.4 dB. o 15
3 PR AR 1 48 A\ 4512 7E 10 Hz~200 Hz 3t [ 1 2 5 10
R, Fon i ARG B 18 R AR PR Sh 384, 78 = (5)
> = =) =) =} Ay =
37 Hz P I3 AR B K B KAl AR N - 47.3 5 s
dB. MFEEMdE AR N IEME , 7E 180 Hz Btz i K, N 10
B KA 47.6 dB, HLI 35 556 1) 38 K, il AR -15
R A, R AT AR S B A 2 PRI 2 45 -20 wEL U

HI IR -

L
80 R
60 — R
40 //'\
% ,/V"Jkr
..H< 20 //’\/\//
B gl e
< fv//
¥ 20
-40
-60
20 60 100 140 180 200

B Hz

S AR AN TS

3.23 ZIRFI/ARK

FRAE 22 203 W1 DATH B0 H I e B RS g e 44
P AR T AN B R R Z IR, B
[ ZE B R Z IR A N4 2K, Wi 7 B

MBI AT LUE H L B Z 3R i N Bk R
- 0.81 dB, B R 3 A2k - 10.3 dB, Hr 22 (1)
FHENBKN15.6 dB.e N4 —DSE Ui T %
MG S M 2 () LA L ) U IR R R 2 R

4 25 i

I B R PEETH S T IREE S i 2 R 4t
TS BB HOE MR IR BN, SR 3 AN PRAR
EARO AR IR R BAR R AT 1 VP AT LAAF 3 LA

7 KA Z AR DAENAR K

TR

(D) R E G, B0 HR B0 38 e 97 /)
W 18 K, 3 R DIl JE e N 451 2% 20.4 dB, 38 PR AR %
) JI0 T FEE Ve R O, B K B4 N RN - 47.3
dB , M ZE AR B 0 T e 9D Fe K AR N 5 R R
47.6 dB.

(2) SR IE R AR AR Z IR 4 N\ A5 2K 43 791
N -0.81 dB. - 10.3 dB.15.6 dB, & WIIZ I Hfe 45 %%
Hh FEACH A5 MR BN, R AR IR S 1) 7 VR e A AL
H A 30 Hz LA F 550 B A SRR 21, M G2 25 74 ik
PR B R 7 — N R

SE K-

(1] BREEE, 2R, Bl . & 28 PuE s 5 E 1A SRS
Wi 7y B 5 T[] THFHEE,2012,29(6):293-299.

[2] LUTZ A. Dynamic behavior of slab tracks on homogenous
and layered soils and the reduction of ground vibration
by floating slab tracks[J]. Journal of Engineering
Mechanics, 2012, 138(8): 923-933.

[3] CAO ZHIGANG, CAL YUANQIANG, BOSTROM A, et
al. Simi-analytical analysis of the isolation to moving-load
induced ground vibrations by trenches on a poroelastic
half-space[J]. Journal of Engineering Mechanics, 2012,
331(4): 947-961.

(45156 1)



