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Abstract: Resonance can lead to excessive vibration of trains and bridge structures, exacerbating fatigue and
instability in bridge-track structures, further affecting the comfort and safety of train operations. Effectively
eliminating resonance during the design phase and controlling resonance during service are crucial for ensuring
the sound and sustainable development of high-speed railway transportation. This paper aims to review the
research progress on resonance and cancellation issues of railway train/bridge systems, systematically
summarize the mechanisms and patterns of resonance occurrence, and clarify cancellation design and resonance
control methods. The paper covers six parts: the basic theory of bridge resonance and cancellation, train
excitation models, resonance and cancellation issues of bridges of different types, major influential factors of
bridge resonance and cancellation, bridge resonance control, and field experimental research. A review of the
literature indicates that the conditions for bridge resonance and cancellation are influenced by boundary
conditions, but generally coincide with or slightly differ from those of simply supported beams. Bridge spans and
train compositions form typical bi-periodicity, which potentially results in “dual resonance” when the bridge-
induced train resonance speed is equal to the train-induced bridge resonance speed. The coupling effect between
trains and bridges reduces the resonance amplitude of bridges, but the actual train-bridge coupling system is

¢

stochastic and may lead to “random resonance”. For simply supported beams, the first mode dominates the
resonance displacement, while the second mode has a significant impact on resonance acceleration, and higher-
order mode effects can generally be ignored. For continuous beams, the second mode also generally contributes
significantly to resonance displacement and cannot be therefore ignored. Damping in bridges can effectively
reduce resonance amplitudes but may also cause “leaking effects” for cancellation. Regarding the cancellation
measures, when the bridge span length L is 1.5 times the characteristic length d of the train, the first-order
resonance of the bridge can be effectively eliminated, which serves as the optimal span design criterion for
railway bridges. Furthermore, resonance conditions can also be actively avoided by setting lower frequency
limits for bridges and changing train compositions. Results from extensive field tests indicate that the resonance
of railway bridges is predominantly characterized by the first-order vertical bending mode. This resonance shows

a significant correlation with the train speed and train length (i.e., v/d).
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Table 1 Resonance and cancellation conditions of typical

bridge structures under train loads

b 4R 5 W R A
i s B Rk R o, = f o d ™
WSS, =d/(2iL)liez"
ﬁﬁk% Nl H= I__ . . i . [20]
WIETHIR:Se=1/(2j —n)|j€Z"&.2]>n
SMER :SE= Nd/(2jL)[j€ Z78.j7# N & N= 2
AR &S, = d/(2nl)nEZ |5 i 56
SMTETRIR : ST = Nd/(2jL)|ji > N+i&. i, j€Z &N=2
) i Sz Y
P ‘
, e 2SV x
SRR NTEER:——— | 1+ cos— | —
(1—S!2)y s!
451./(7 . T ( T [56]
K sin— — 2k|{1—cos— | |=0""
1—si st St
] S AT LR 07, = e frn/
LT

S SRR IR T < 0], =y fron/j

A IR o, =L f/n"™

H— R F v, = (L, +L,/2) i=L.fi.L, 0l
BRI L, b EE K

BHILF

=R o, = fid € 2 d, AR
g

BN SR 0, — fd €2 ")

4 HRHEIRSHRNEEZEZMERE

4.1 HEBEH

DLST i s 0 ), 4 i R ik 80 0 B M R
B 2 RIS T SR . 5 R AR, 2 8
AL Z B JF IS A A, A B AA
S A o 3l 45 4 5 ey 2 00 BUJE B M R B0 BS
T (10 L i R i [ 0 5 PR AT AR — o 25 7

Yau & LA BT T RS Bl fer 2R 1E R T S a4 4k
Gk 5 8] S5 TR 0 B 7 SRR e L e ] SR
e 1 TR S5 0 W) AR T 1] S 2 3t Bl R
B 0BG, M B R 0 A T 0 A, LR I (E

BE R, X — 45115 8 T Kwark 5570 50 10F |
Al AT 38 A Ak KHST A7 38R /) PR 5 3% 42 10 il
1R BE 1 Yeon-Jae #r 9037 52 0 B4 | UE S5 T 2 5 1% 22
22 S PR e 5 S b i — Bk . R SETESE
T R R R 16,2432 .40 m S H I KR BE
+ i1 SZ B B R, K BN B R 4 85 3 8 4 is
TR E Rk A K Ju i — A oY & B,
ok 34 5 3 S U TE 2 R] Y Bl e D R R 2 B Y RE 45
J1 0] LA RGN 22 5 B 0 AR WA R . Y ang 25T
FE 43 BT A 4238 3 % 2k 22 5 W B R IR, 22 W BB B
VA= A= 6 A (1 v S S o 1 I
Y au % B AR R 0 i S AT AR HEAT T A
GE, PR 5 3% S MT AR A AR A A SR 0 HLAE
5 1) LR (K T 58 — 5 . Wang 5571k 97 5
2 R AE P A TR B, 2R — g S R
55 1) 25 AF N 0 1T S R AR A (H SRR R A /D T S
IR ER N T IE T BB B 0 SR SR 1
Lou™"F8 i , % 2 32 1) 3l g i )07 38 5 /0 F 1) S 92, 3%
BH % S AT A B A UM R AR . Cho 451
Tk 5% 8 A= g AR A T A A 0 iR g 3 43 A [ AR
A T A R ol I VA N R N2 7
Martinez-Rodrigo 554 5 1 W 5 14 22 32 ) 3L 4 Fn
THIRFEAE, IFRESE T H 5 A/ i 20 R BE A G &
I 24 I 58 R N T i R B R R Y Bt b
Xin ZEB5%F — 8 60 m~+ 100 m—+60 m 3 25 145 % 4 4t
4R 5 IR I S AT T BUE TR, R B S
SR R B RO T ] SR (R ), HLIE S 3R g AR
M) 7 2y 25 TR 7 05 fr 28 850 T AR 2R AR G

ZEAE UL MR AT LRI, TSR 2 5 ik
Bl BFRRLN , FL LR e B 3E R OR TS R R AR
W, 3% 2 2 A0y 0 A 00 =Xl 5 85 L 3 )38 M2 A o
RN ) X He AR R VA W e L S 2L 5 AT LAk —
WIRR 2 S R IR S Re AL B HLH, T4 A
Sy 55 B, B ) TR B 1 i 42 o SR gt
4.2 EEME

TEM AR o0 A e, 56 — B S R AE
LB, K 280738 F R OCHES — MBS T B
AR SIH RIS . AN T 2 W E RN R iR
SRR R D2 B — DR T B M I R A
Xof M B2 4R Bl 00 5 e, DL R B A 2 i R R T AR
FAEN

Museros 5T T B 455 25 X 47 2 4% 2 i) By
() 5% W) e B, % T4 S 60 A% e 1T 7L A IR — B
S BV AT it R R SR EX T R N, By
B DTER AN T 2000 o[RS 58 I8 1 0 1 X
TR RS R IR A AT . Yau S HE— 0 T B



214 K5 xR ¥E AL FROP FE L)

% 48 %

B 25 XT3 % ook JRE w1 ) R e A B, 2 2 I
RHLJE B, 55 — i A5 25 119 52 1) Jed 25 0 59, A R AR S A5
FEBE— A . Wang %758 i B 5 22
0 SRR RV 23 B A B, 2 5 A A 3 % Ak
B 55 — B R SR B A % DT I B, 3 2 5 R SRR B
%o Cho 5&"HE S T B L e o 3 38 FH &k X
T8 s ] SRR R R RS
XL % 2 ) AR AT RE AR RS R

Martinez-Rodrigo 55“#F 3¢ T 1 Jd 55 5 22k 6 A
IR SRRV, B AR R R e PR A —
B % Bk A2 A R — B e R A A s o o 2 5
R SR B U5 T 24,3240 m 85 B R
AR IR G, K b [ R DL TR A A B
PV B PSS KRT R B S iR (H AT BEAE A
2.3 4IRS . BRI ERFH LA
FH 41 20 A B X AR BR A5 R 4 T IR B IH IR U,
JE4E M A S BB, 28 BT B RS
BT MR 2 W O, T R B RS Y BTk AT DL 2 i
ANit.

BZ LN TR R, AR E SRR
A5 R Wi 87, T [ A 285 K 1 38 2 i) 7 1) 5 W A 75 22
P, A8 1o B AR 2500 R 1 5T R AT AE — S AT T LU
ZLWE o X T RS B 2 B IS 9t — B A A Y
Al fig O S AR, EE A AT AR D B A R e R
%o B, 7R IR 2 A b, T AR i AT TR 1Y B RO 45
FAREPE A B B J OCTE Y BEAS B 8. AR Sk i
G I TR AR 1 B A A X W G i 2l R B R e R
MRTER Fem B AEH T M2 B R iR,
AT A A 3 6 1 5 R 3l 4 1 4 L 0T 4 T Y 3
WA
4.3 EMBEE

G 5l ok A BRI G sh AR B CandR B Lo
7 ) 23 WOR B R IR Bl R R 0 IR B R0 ok 4
S R B AT IR (AR e Pk AR ETE M) o X
Foh A1) 1) 3l 25 B £ A% 8 A R it AL Bk o 4 -1 #
BN o TEMES MR LR TH IR R R P B A
O H R AR R A% Bl ey A, B A S R Bk
G A o f e /N TR B A

SRR b 25 I AR A RO e A TR A iR 3
N B J3AE TR /N, ELBE G 4 8 /4 B i L 4
TR XA A A BN Y, RN AR E Eurocode 1
SR FH BAE I BELJ@ ¥ 2 - i G R0, (H 7 J 5 M 2 rhix
7 15 T R AR A e i o o PR, AR £ 2 3 R
X ZE R EATORS A0 BB AT A ZE - AR A AN . i Bl
5 (d) B RS 40 4 B 8 Domeénech %5 % B 2
5 T 1) SR A L R, - RS RN R L i —

2 8T AR 8] R BT ) AR - R A A
FH 520 5, Duan 5557 % 30 4 2 85 4 258 7T 3/ 3
1 1 7 R S 4 | {F 7 A R 0IR B0 8 K et i 1 AT g
R s A PR A B T R AE R  (8 6 AT 2
LA A0 A A B 2 B R 5 A 4 R R — 3
B, Rl fig K AECMILR VISR . fEILHEALE L,
Yang S5k B2 48 1, B NI B Z K 5 L
YR B K R/ K s e O HL A 4R O 4
(14 D8 £ i 280 17 2 (8 91R ) KIS 2 1) i 2 K 9 4
0 RIS T T it TIEL 2T RN
B ZE IR 2% L FE A AT T AR A Sk R VR IR R
Sz IR AR G AR b 23 iR R AR Bl B

M- AA MO EERN R — R R
Gif AR b B T 4 B AR A, R A R
Gi 1) 3 245 5 1k B AR fk, AT R i BR R R S
Matsuoka 5% I DU i s 450 43 7 4k 552 810 4 ik 1
A 19 2 M R B O, 3 e S A G R B, B R 0 R
R, B 4 . 25l , Lou Z 9 8 1 T —Fh L T
7 % A5 SRS T o 1 3 AT, SO0 I 38 3 2 5 |k Y
R R R A A LG . W E025E G /N I s 05 50 T
VLR IT Tk B R R SRR 04 I AR 1 R SRR A g
R fioh e AT 2 T BOE 9% ) 1 s R R )
DAL T Al S 4R 9 242 1) 3 4 e e 25 W S N 5% 2 i)
W2 SRS, FRBEE R, G -H AL
S BLA 3 AR 2 AR R SRR S R A T
A

ZE TR 4B R A R0 3 A XLk A 0
R AT R IR 5T PR AR L (15 MR R 3h i i
42 B 40 B Bl i 2R TR W S s/, L 980 4 50 it
RS R0 a E KA R . R, AR
JiE e kA% i 5k 7 A 0 2 iR T 4 2 SR A A
ATRE S & AR "I S o BLAh, N R G R B AR M
Xt R R A v 7 2 T R, S O SR R Y i
B F1BHLJE A 228 Ak, DT 5% i 36 B w1 o F 5 B
K5 40 2% 1 2 AR R S50 6 T R T R ) 3
Wil 57 A4 3 4538 AT 5 80 DL R 2 v B R R T S R B
4.4 E-HREFEHIFENHE

B R G R REALYE 3 R VR T B bR
BB LA S A g 2 A R R X O i S 1 R A
AR Y IR A R

D) A5 2 800 B HLE

AT BN G SR RS
5 MR A R G N, i MR 2R 3 g i R S R B
PEo EHCAR AT T A P IR 3 xS R 1 R
Wi, 2% B 4 A A R 2 2 0K Bl i i, L3



% 54

IES, F HRINFHRRELXRE R EL 215

P B P 2 B R RN A AR B R R AR R B E . %
95 2 B0 7 Ak 23 HE — 20 OO B R 2R AR 550 AR 1 ik
R FANE o BN A g 28 D7 =X Cn g1 4 Ja] BE L g 21 K B AN
TR A5 48 5 ) 43 5 e A DR AR 2h 1 S 0y, A St i
SIHRAT MR A

2) B TE AN ST I B

BT AN ST A 2 A 6 LI TR A ) 23 X6 4]
T T i ATL KD A A T 3 ey AR R B E L O
AR IR 5 IR RRAE o 4% 2 B AED O BT S S I
53 R U TE B BILAS S ORI B 92 45 A2 AN, W 5 A
B, I3 B AL AS S I AT S8 R Y 3
AT R A e 7 D BT O 5 M iR 4 T, OO0 5 2 4 f
T3 77 A S W 5 AT TR AR AR AN P WG By g i )i
SEM /N B 23 3G R A AR 0 B2 5 e 3 7% 6 3 Pk
JE Rl RE SR 2 i i .

3R R L S B AN A

M B2 0 4 R M (s v & (BHLJE Th) W] e
il T2 A PR EE PR ER T A AR A B T 5 e
PR E . Ulker-Kaustell 257 % 52 {7 32 20 p5
TR 4 A 2 A 00 v B R AR Y LA R A
ANBHJE Lo B B ] AR Ak 3 B R Ze AT R R R IR T 2
filh 235 4 B A L BB 25 A Y 1 R ORL R PR 1Y AR A
Tahiri %55 T 38 #F 2 BORN 2 K AR Ak X S 9w Rz
(52 e B, TERE B R 4l A B I M MRS R RE JE 2%
Xof A G LA e 1 7 Az 5 1) e BB b L
YER 251 F Duffing J23% #% s M EE R K B2 L 8
A 52 ) 45 /0N, T BT A A B BT f #E AT AL . Xin
FUTRE G B, T RS S RN AR S SR AT PR
P 5 A AR o b 2 BE AL A, B 2 e K 3h g e S AN
23 A Y IR AE B A T A B T 0 A AR R Ak T 2
F I 43 T R SRR e o A% 0 B E
J5 15 A RiE 23 0 2 A A R R 0% B R B2, DT G ¥ Al
e 20 AE KUY, A, Xiang 259 F BE LA FR T
P AE ST B R} B AL 1 R A7 2% R I o 17 A 5 e K B, b
RSB 7 S P 23 38 AR B 10 (] B AR AT 22 1Y
AR T

4) B35 A 2 Y BE HL P

Hh SIS Can s 2 iR BE A8 AR Ml RR AR A
XF A5 -F ZR 8 0 2l g o 0 [R)AE A EE B e R X2
S B A AT B AR A T, DA T 4 RS M B Y Bl )
e 10 5 3 5 AR A6 FT fig 51 R A 2R A REE BT iy AR Ak, R
B RS R IR, HE 05 e e 4R R b R A
FH 2375 2 B2 B9 AR AR 4R 21y, 11 75 9] 2 38 2o B Ay e 4
MG H I % .

25 LTI -1 FR 0 0 BE LA X A7 2 iR
PFEPE A T 10 25 w3 5 R B AR

T SR AE R BR BT RS A g 4H A 2 A N E R
() RH B AE R b o sk S il L DR 3R R iR R 4
AR SN A, A% GE W B A8 R 43 A O 1k AT RE TG ik
1 4 A 20 A 0 XU, 0 R AE R TR o Rk
() A 5 f 3 — 20 K Je 7 1B R R BE AL 1) 43 B O 1
D5 4 T M 3 A R N R 4 - 2R 4 v e R R S
P [R) 0, DT B2 2 M 2 0 B 3 PEA A2 A v A
K-

4.5 REGMHER

FELJE RE A Rk /0 45+ 78 A0 &8 B0 AF TR 1y 4
SIEE . B XM R G b BB JE 52w E A K &= B
¢, Majka %58 it Z 504k 50 A1 & B0, A% B BH e £
LS ) M G A W 107, T 40 BEL S 5 ) 2 5 Y
N, 3 A B R SS , 3R WIAT BRR ZE R g]
g3 B Ak HEBHL T R L T T T B & R R S AR .
Frybai@ i #1503 & B0, AS [ 5 K 07 22 10 LS L
FEFEZE S B 10 m A 2 BHJE b R 5. 5%, 5 m i
R BE JE LIk 10. 826, 3% B 5 M B AE 4 - R 40
rh R R 1 2 B JE B 52 e, A5 ) T BE S 0RO Y AR
B0 i .

BHLJE X 22 -#F R Ge 2L 4R (952 ) 2 3 . Wang 267
WEFERELJE L XoF P 85 3 2 B2 fie KR 3 1Y) 52l I i B
TEILPR G P 2T BHJE LB oK, S8 A 8 B )N 5 7R
e 4R 54T, BHJE xR 2 9 il e B AR,
2 A U T 2 BH JE T LUAT 20 R AR S AE 51 42
o S AT B B PR B N o Xia ZE R AR AR B
SRIEAR T I 4R 25 4 T B A R IR R (B AE 1 PR BR B 1
B I R 58 A TH BR AR IR, T B )R S /B
Kumar %% 8, BHJE 558 W8/ T f i By e i, {5
I A 2 B2 20 a] BE 1 K i, Ul M SR 4R 1
W T84 5 EBEJE I T RE W . Wang SO ME
AR RE T IX — 2 e, R PR S A BEBELJE 1 it
TR 7 (leaking effect) , B 43 BE & M #K 18 1 BH JE
FEHL, (2 R G4 vl A7 72 BCR W PR 3 i 1 . Yang
SE ORI o M T 1 ORI 91 A 2 A B X 2R 5 T g 1) Y
Wi i R, > 9 5 338 22 I, 4 R A A0 0 s i e )37 il 2
B, B0 = g e W] LA 8508 A0 5 A g AR iR
Wi N7, 48 A7 2 T 38 FE N Ak . A 2 SRR
MR E b/ TR — R E B, -GS R
8 1 00 R JE Wi G PR T R, 5 3R R R i
2RI U 0 A SR 3R WA R BE e AN T RE i )
I W 17

ARSI, BHJE AR B LIRS (5
T R 0, AT R AR R AR Bl R AR R R R AR
PFR B JE 52 ma A/ o 5 D 22 1 3 2 BR BHLJE
(R SR T, N R A DGRBS i 1. B R



216 K5 xR ¥E AL FROP FE L)

% 48 %

A 2080 N A S R BEL @ Bk P AR 91 2 iR B 1
KT B, AR S N B N LR S
% S BHJE X 4R 50 4R A9 5w He AR B 2 8, LA
i i R 2 O PR BE T R AR e
4.6 HMEZE

7 2 0 T B 45 H 5 M R B A, DY B
AR Al L Be 3 Bt 5 M 6 M T AR A T fiE s 3 S
B W RGN IR R . R ST F B, R T I AR X
B G R i 7 1Y) 52 e B/ AR ZE RS Sh B AR T
M) e A T A SR I R DA% AR b TET TR T
R A 4 A 1 g g 13O, Romero 21075 gt A g
K - B A R SR K B, -5 R A AR A
SR R AR e P 3 3, 38 25 11 95 4R i i . Domeénech
SFUON o = A BR T o BT B, -4 H A P
RO 5 3 S RS0 A L, 20 e A S T T R AR
PRHE, PR W w57 L PR T 8858 . Lu S8R TR
S0 1 A S R R SRR RO L 25 R R AR AR A
A Y Gy B e iR W, EL R A B R Y 4
i, R 0 B R g R St R R
T M K Rl 5 S AR R AR R SRR b i 6
SR, R B R 4l A PO AR R T A Rk e i
AL T A BRI

5 HrRERES

B A 3m A7 51 R I B 52 JL AR X B 9 4 4 1 4 4
P K A7 74 i A ™ R, PR M A A A AF 5
XA AR as A B OCH E L A L R 5 4R
D7 KRB 23 W2 — i AR A R 5 K
Vit ok S B B o T AR BT A B R e Yang
P IEE R AR S T Y R GRS I IR R
75 [ I 39 F I, A % 235 ) 1) M i B 5 AT A A0 o
X B, BT - B R AK, Yang BF 5T AT BA
HE— 2 4 S O TR SRR AR B B AR B T
T U] 2% 1R D AS {3 BE I 35 78 Bk 25 4 19 — B 3L iR i
IO, B DR RGO A R TR S Ty AR R
RYUE BT M E Z AR . H AT, X — B E N
L 28 0 2y 7 FH 7 s 1 g kR o I e kO i O
P2 e B R 9 T AR

3 — JE SR 5 ) 7 % O SR BHL e A 45 4 o 4
BB IR I IR A A 2R o 0N, 7 A A Bk B
RN b, BN S ST Al 4 Y 8 4 A S
AJRE 51 S B B AIR , DA I o 20T R B 3 4 0t DA
DRI A5 22 4 0 O 1 S s A S X LR A9 44T )
(7007 S A I o W o ) S g
(TMD) R/ 8 ) 6, OIS 1 8k 38 19 Dl e R0OR,
PR AR SO T A BB E & (VED) 78 1 B 3k

P B R FH o Y au VBT X T B AT AR AT I Y L R AR
] &, AT TMD IR A HER —TNIREG
TMD R Gt , 73 5l 2 B AEAT B2 4% 5, A A8 ol 1 4
W& A . # AR AN RSO T —
b o e A 4k 4 RN TMD I 3% 2 8000 i 8 5 vk .
Martinez-Rodrigo %" ¥R 151 T 4 o 45 il 3 A 7 37 il
A S B I A7 Ao B IR Bl b (R SR | i o e AR A TR
il Bl 45 0 22 1) I A R B R A ok 4 T M 9t Ak
¥z . Wang "B SE T 1 AR AR T T % VED R
TH B W %5 3% 25 2 1 22 SRR 0 0] B, 048 1 AN [
LA I SR P AR . Lavado SR T —
TR E VD N 38 % 04 9l gh 42 1 R il A 2
Pk R T BN R . R AEEHE T FVD
A R R AR A SE R . Yau SR
T — g s A 3 SR PR A4 (APR) , HiBE 5 7 4E
5 A1 5 SR AR B AR B AR J7, DT i o A R
B, R WAL B A BRI

WA, 7 08 3 25 T Ak B Ay AT S TR )
AT B 5 2 O6F AT e N ) B ), e B I AR 2 1 i
LA B B S AR NS R R R
Dy A AR B s N B EEA TR L
A A A S A T K A R RN R S K B L Ok
B db PR IS . Shin SR H 7E 6 5 2k KTX 51 4
HEA A AR B RS A0 DL B 91 4 7 28 7 R
P DT B 3R FE 4R 25 0 o R AR AR Ll
] A7 T 45 b 4 w8 JL B IR MR b S 5 51 00 R
G, AT AT 0k e e PR 2 A o B R A SR A B e iR
sl IR VEN R T — RO R ik a2 R S N AR
S AE CRH2 B8l 42 215 5 32 m ] S AT BB A
DIIH R 1 A ) ek

2B S B T o R e A D K Y ]
RELJE 48 1 S0 A% 0 1) U R B A8, IR AT A= s 22 4
PrIR RS . FESS MRk 7T, DL Yang 4R
T R T BRI O SRR 3 A B K S B e W
JE 3 A V) N B A A T S G B Sk T
e g N S E S G T < N E BN Y R
BN UE . BHJE 2 1 H AR W) 52 240 4k & ke 3, TR o
st Hl (TMD . VED .FVD) . £ 8 # il (APR) &
TR AP0 SR w3 A M B e 2 S 80 5 LA
LSBT AS [ I Bl A ) 4 o g A
T BEL € # 55 U0 ] 5T o BELJE 2% 0 TR N AR T R
B (RS O VR By S, BT T ] R I A ZE R
PR I P A O R 5 R R 3 Bl T A R
Jivk it R T LR i B, M Er ot
S8 W B RS Ak R RE Ak ) BE B RS S
RS IR BE R G o S8R 4R A T = i 2



% 54

IES, F HRINFHRRELXRE R EL 217

S S8 SO A B Bl L 4 S P U R 4 A7 A
i S0 49 A 0 7 45 0 R, Ol e kB IR 4 1 22 4
12 B R S5 1 S Y BR S5

6 MFIXWHR

1T 31 2 55 Bk I 45 4 R 0 1 B et v ok I
PR LR SRR B WA ALY . ik, 2
FHEIFRET KERI G 05 . Galvin Y E
Madrid-Sevilla #5322 % 28 1) 97 15 fa] 2B AT T
PR3 W, % 124 Renfe S103 %1 4 LA 279 km/h i 33
38 Aok i, M R BT B S AR — B R A LR
B 4L 247 ke /h A9 3R 38 Sk B A DU 25 — L4
A IR . PN JLRAS S R E E R KA X,
F YR R L 7E Altaria Talgo %1 %30 i Guadiana
i 3% Bl 00 0 3 kB AR OE X T IR R R T
AL 2 160 km/h (9 SEAT W DU W ER B 32 m T R
AR B 1) LR LT AR R R, )M —
TR I 76 25 2k B 4 7 W 64 m B9 AT o A 3k
BT AR L X — R 5 T 0B 2R Kk
SHE6 AT A AR o A A e R R AT R A TR
7 T Y 340 km /h AT R BK B BR R AT T B
ST SE T A G 0 B A A S R AT R AR R 1 T A
JRUBR: o o) G o 0 A R AR 43 1 6 200~350
km/h ¥ e i 17 048 20k 5 At i BLAT AL
SEHEAT R, S BT A0 R TR R Y R AL R
W% . Sanchez-Haro 25" 4 3 T 3 & 5% i 28 45
R AR T 5 B A ME &, I R T — b R o A
oz 5, % O vk Al AT A B S0 B, 25 B A S AT
MR B0 E A 2L . T 2 AU K ik 5 4 AT HE R T
Ji& 37 Wi I % B, AE 150~250 km/h 4 1) 45 42 i X
] P9, 2 AT 2 A 1) 0 R i 4R 20 0 R 4 4 AE I
0 GRS, LR ) LR K e R R 5 0 ) L R
538 1750 4 o RN B 4K R A AE AR S

DA 3R 56 0 5 6 B ik I 5 4 5 R R A A
Z M AR 2 H A RERLE . B0 4 40k
TR RIATR 8 25 ) SR AIE 25 M 36 W 38 e i G R % Ak
TE G L 4 ol ok B v M R R XU 3 I R 4 R
T80 % 25 5 AR R 0 1) R L RS R L R R 8
24 T AR S () 3 JRE 91 R P 2 B M A () 0 LR AR A

7 #HitERE

18 17 8 75 5 RS 9 A 52 3L AR 5 7 R ] R 2k
Fo-Fr il 098 A0 E 20 32, QPR R A I 4 ek
59 57 f APE LA R 9 4 as A7 W R be 5 2 ik
EHFBL TR IR S TH R ] A BT 5T A R R
B 52 IR 5 08 4R AS B 4 4 Il AR R Y R

AR S5 A 2 0y 2R S5 IR 9T M AR S
PR E L5 R A AR 37 5
526 o  AF B LA EELS S

1) H A, Bk 3% 91 4= /4 B2 S 4R 5 I8 R 0 5845 LA
PRI o B Ry R 1O R A R R AL R (i 3t
Pz 55 7 P 2% 1 BUE BB 58 K 2 R T 5 £ -#
- R G R G S B AL Y 52 e B A 43 A 5 R
il 55 i o0 45 52 2% HLIRBE T 9052 ) K, iF 9 T4
AHXT 8/ AL I E T 81 4 /B 3 S iR A% 1 04 flh &
B -

2) AN ) 45 ¥4 T8 30 92 22 [ ) 3k % 2% 1 A7 A
() R < 29 91 4= o7 430 8K Sl B R s 9 42 R 48 H B R B
R 5 G [ A R A AR I, AT R G| R AT R AR
B ] S TR Y SRR 5 T IR AR R R A S R AL AR
FMSE 30

3) —EAE LR A TR B O 22 23 K B ZE R B
e 7, [ BF A 25 38 KA 32 1 B iR Bl . MRS E D
1) 22 iR o 5 5 G 5 | ) M R LR R R — BT,
P RN 42 et AR R 7

D)X F R LR, SR B S £ S
Hi A, B AR S R S iR o R A A, i A
5 ) — PR W X TSRt TR RS X 2
P07 78 1 BT RR — LB, N e 2

5) 45 -Hr #6200 23 W/ By SR PR IR R . H
TESLBRB AT, 25 - G 28 G0 00 Bl AL X 240 i 1
SRR K, P eI N L AL AR 7

6) #F B2 BH JE A A Ak /N I L PR g, A R L
PRl o AE R B 23 3 BT F 00 it 88 AL, JE Ik
B YR 2h A9 BRI IRARES

OF S REES: 1 N T /i R e s
iﬂ’ﬁf_mﬂ((L/d)omzl.5),ﬁﬁﬁ1‘ﬁ§%ﬂ§ijiﬁﬂ%
AN AR BR AR R 5 A, IR T 38 i I SRR R
PR RSB 5] G 2 A A b A IR L R R AR A E
E) B B

)X FHEKME, R H TMD, VED . FVD,
APR %5 FHLJE #% 7T A7 2400 ) 24 ey 7, 4 i HoARhr At
PRAIHET]

9) ML 375 i 36 B0 ok &, 4k B M TR S R LS —
By s RS LR Oy = L 5 A7 9 AL B R 4K
JEZ e (o/d) FE7E T 3 A0 OC k5 1 5% A A R RO
iTE

MEE R S B R b ry A e, m s gk Bk G S
SR Tl ST N 71 P N i e 10 ) PN N 1
FEA] SETE LT LA 7 1

1) FIHT % 22 3 40 DL AT 5 04 6 2 500 0 5 9 3% ik
BT B A TR R R G S 85 s RS (1%



218 T K5 3®3% ¥

F]OF & ) % 48 %

o T T - R S IR A AL s =4
HIRAT A BRI HR 15 18 IR 0K 40 20 B B 5
KB o

2)WFFEF 4 /47 B3 ik 1) EURRGE Wi 2 8805 Ui
BLH 7 T 9 4208 A7 22 4 KR O JEE ) B 28 1 IR
Bt 5 MR 5 vk SE A /B R R G S AU
PR

3) TG FR 51 4 A 8 55 52 2 BB R R A £k

I A7 A% I AR A E T AL AL @EW;‘;‘@ A AT
T R G A 504G T 0 4 J—Jﬁ;ﬁ“ﬁﬁ%ﬁ
IS AN AR

4) W55 T 51 A w0 L PR T /4R B R bR O

K BEE 5 7 2, 8 N7 9 A S R B K Bl A 2
F 5 YRR A 07 0k 5 BRI AL 7 1, SE BBk B S Tl
HLffi et A i Al R REAL AN S 3R I

5) R FIBIL i 25 ~F 553 %0 B 32 Ik 2 B0l k47 5
BF 23 A7, DU LR AT A< I B a8 . e KR g B
s U g B Y S B AL IR RF A B A Bl 4R IS R AR
NE -

6) FI I RESRIL , 4 & A FROCDT 5, T & SOK

JE S EHJE 2K B 3h S0 0sR S E A — R
ﬂa‘/ﬁﬂﬁﬁﬁl%o

S 2% 3Lk

[ 1] Stokes G G. Discussion of a differential equation relating
to the breaking of railway bridges[C]//Mathematical and
Physical Papers vol.2. Cambridge: Cambridge Universi-
ty Press, 2010: 178-220.

[ 2] Bolotin V V. The dynamic stability of elastic systems
[M]. Volume 1. Aerospace Corporation, Systems Re-
search and Planning Division, 1962.

[ 3] Fryba L. Vibration of solids and structures under moving
loads[M]. Cham: Springer Netherlands, 1973.

[4] Matsuura A. A study of dynamic behavior of bridge
girder for high speed railway[J]. Proceedings of the Japan
Society of Civil Engineers, 1976, 1976(256): 35-47. (in

Japanese)

—
l
f—

Ramondenc P. Vom einflull hoher geschwindigkeiten auf
den entwurf von Eisenbahnbriicken am beispiel der Stahl-
briicken auf der hochgeschwindigkeitsstrecke (HGS) des
TGV Meéditerrannée[J]. Stahlbau, 1998, 67(8): 652-658.
Ramondenc P. From the influence of high speeds on the
design of railway bridges in the example of steel bridges
on the high-speed line (HGS) of the TGV Méditerrannée
[J]. Stahlbau, 1998, 67(8): 652-658.

Goicolea-Ruigomez J. Service limit states for railway

bridges in new Design Codes TAPF and Eurocodes[C]//

—
(o)
[—

Track-Bridge Interaction on High-Speed Railways. Tay-

lor & Francis, 2008: 17-28.

[ 7] ERRI D214 Design of railway bridges for speed up to
350 km/h; dynamic lo
[S].

[8] EN B S. 2. Eurocode 1: Actions on structures-Part 2:
Traffic loads on bridges[S].

[9] Yang Y B, Yao Z D, Wu Y S. Vehicle-bridge interac-

ading effects including resonance

tion dynamics: with applications to high-speed railways
[M]. River Edge, NJ: World Scientific, 2004.

[10] Yang Y B, Lin B H. Vehicle-bridge interaction analysis
by dynamic condensation method[J]. Journal of Structur-
al Engineering, 1995, 121(11): 1636-1643.

[11] Yang Y B, Liao S S, Lin B H. Impact formulas for
vehicles moving over simple and continuous beams[J].
Journal of Structural Engineering, 1995, 121(11): 1644-
1650.

[12] Yang Y B, Yau J D, Hsu L C. Vibration of simple
beams due to trains moving at high speeds[J]. Engineer-
ing Structures, 1997, 19(11): 936-944.

[13] YauJ D, Yang Y B, Kuo S R. Impact response of high
speed rail bridges and riding comfort of rail cars[J]. Engi-
neering Structures, 1999, 21(9): 836-844.

[14] Museros P, Alarcon E. Influence of the second bending
mode on the response of high-speed bridges at resonance
[J]. Journal of Structural Engineering, 2005, 131(3):
405-415.

[15] ChoJ R, Jung K, Cho K, et al. Determination of the op-
timal span length to minimize resonance effects in bridg-
es on high-speed lines[J]. Proceedings of the Institution
of Mechanical Engineers, Part F: Journal of Rail and
Rapid Transit, 2016, 230(2): 335-344.

[16] Yang Y B, Yau J D, Urushdaze S, et al. Historical
review on resonance and cancellation of simply supported
beams subjected to moving train loads: from theory to
practice[J]. International Journal of Structural Stability
and Dynamics, 2023, 23(16n18): 2340008.

(17] 3Al, S35, B . mdl gk i A il & s Jy 2+ M. e
A AL AL R A R, 2018,

Zhang N, Guo W W, Xia H. Vehicle-bridge coupling
dynamics of high-speed railway [M]. Beijing: Beijing
Jiaotong University Press, 2018.

(18] BRME, X5, S, 45 . CRTS I BUHLIE Kz 1y e 47 4k

S 95 RV M ] 79 R 580 K AE 4, 2022, 57(1):
106-111, 119.
ChenZ, Liu X Y, Hu Y, et al. Fatigue characteristic of
high-frequency vibration for CRTS [l track slabJ].
Journal of Southwest Jiaotong University, 2022, 57(1):
106-111, 119. (in Chinese)

[19] 4B/t B 4k . e TE iR Ll
Bl @S, 2010, 50(10): 103-105.

4 L4 M BE 2 BT (],



% 54

IEE,F HRBINEHRRERE HRAL 2R

219

(26

=5

[27]

Zou X K, Lyu D H. Resonance performance analysis of
double-block ballastless track[J]. Railway Engineering,
2010, 50(10): 103-105. (in Chinese)

Wang Z 1., Tan Z X, Chen L, et al. Internal and exter-
nal cancellation conditions for free vibration of damped
simple beams traversed by successive moving loads[J].
International Journal of Structural Stability and Dynam-
ics, 2023, 23(16n18): 2340007.

Museros P, Moliner E, Martinez-Rodrigo M D. Free vi-
brations of simply-supported beam bridges under moving
loads: maximum resonance, cancellation and resonant
vertical acceleration[J]. Journal of Sound and Vibration,
2013, 332(2): 326-345.

Arvidsson T, Karoumi R. Train-bridge interaction: a
review and discussion of key model parameters[J]. Inter-
national Journal of Rail Transportation, 2014, 2(3):
147-186.

BRSO, TRAE . AR R G SRR AL BN S R A% 1R )
HrlI]. Bl 24, 2006, 28(5): 52-58.

Xia H, Guo W W, Zhang N. Analysis of resonance
mechanism and conditions of train-bridge system[J].
Journal of the China Railway Society, 2006, 28(5): 52-
58. (in Chinese)

Mao L, Lu Y. Critical speed and resonance criteria of
railway bridge response to moving trains[J]. Journal of
Bridge Engineering, 2013, 18(2): 131-141.

Doménech A, Museros P, Martinez-Rodrigo M D. Influ-
ence of the vehicle model on the prediction of the maxi-
mum bending response of simply-supported bridges un-
der high-speed railway traffic[J]. Engineering Structures,
2014, 72:123-139.

Afghani Khoraskani R, Mofid M, Eftekhar Azam S, et
al. A new simplied formula in prediction of the resonance
velocity for multiple masses traversing a thin beam[J].
Scientia Iranica, 2016, 23(1): 133-141.

Biondi B, Muscolino G, Sofi A. A substructure ap-
proach for the dynamic analysis of train-track-bridge sys-
tem[J]. Computers &. Structures, 2005, 83(28/29/
30): 2271-2281.

Lou P. Finite element analysis for train-track-bridge
interaction system[J]. Archive of Applied Mechanics,
2007, 77(10): 707-728.

Yang Y B, Yau J D. Vertical and pitching resonance of
train cars moving over a series of simple beams[J].
Journal of Sound and Vibration, 2015, 337: 135-149.
Zhai W M, et al. Train-track-bridge dynamic interaction:
a state-of-the-art review[J]. Vehicle System Dynam-
ics, 2019, 57(7): 984-1027.

Bashmal S. Determination of critical and cancellation

speeds of Euler-bernoulli beam subject to a continuously

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

(40]

[41]

[42]

moving load[J]. International Journal of Structural
Stability and Dynamics, 2019, 19(3): 1950030.
Sudheesh Kumar C P, Sujatha C, Shankar K. Vibration
of simply supported beams under a single moving load: a
detailed study of cancellation phenomenon[J]. Interna-
tional Journal of Mechanical Sciences, 2015, 99: 40-47.
Yang Y B, Wu C M, Yau J D. Dynamic response of a
horizontally curved beam subjected to vertical and hori-
zontal moving loads[J]. Journal of Sound and Vibration,
2001, 242(3): 519-537.

Zeng Q, Yang Y B, Dimitrakopoulos E G. Dynamic re-
sponse of high speed vehicles and sustaining curved
bridges under conditions of resonance[J]. Engineering
Structures, 2016, 114: 61-74.

T IRARER . AR A AR T TR S 8 ) AR
HLERBFSE[T]. T J12%, 1998, 1504 1) 3): 614-620.
LiJZ, SuM B. Study on vertical resonance mechanism
of simply supported beam under multiple moving loads
[J]. Engineering Mechanics, 1998, 15(S3): 614-620. (in
Chinese)

IRARKR, A R v Bk B TR S AT A e e B
PRI TA S %, 2001, 18(5): 84-94.

Su M B, Li J Z, Liang Z G. Vertical resonance
phenomenon of simply supported girder bridges on high-
speed railway[J]. Engineering Mechanics, 2001, 18(5):
84-94. (in Chinese)

IRARR, AR, ARPRAL . BRI A ST 5 ) L AR 5
PR i Hr (7). TR Jy24, 2003, 20(4): 60-66.

SuM B, LiJZ, Zou Z Z. Analysis of the factors influ-
encing vertical resonance of simply supported railway
girders[J]. Engineering Mechanics, 2003, 20(4): 60-66.
(in Chinese)

LiJZ, SuM B. The resonant vibration for a simply sup-
ported girder bridge under high-speed trains[J]. Journal
of Sound and Vibration, 1999, 224(5): 897-915.

R EWS 03 I AREAE M Jt st B2 iR
., 2002.

Xia H. Dynamic interaction between vehicle and structure
[M]. Beijing: Science Press, 2002. (in Chinese)

ERMS, BAR, S, % B3 816 AT S 3
& B i ;2 BB AT ] iR 3 TR 2, 2014, 27(3):
362-369.

Wang K P, Xia H, Guo W W, et al. Dynamic response
parameter analyses of simplysupported beam under mov-
ing load series[J]. Journal of Vibration Engineering,
2014, 27(3): 362-369. (in Chinese)

Xia H, Zhang N, Guo W W. Analysis of resonance
mechanism and conditions of train-bridge system[J]. Jour-
nal of Sound and Vibration, 2006, 297(3/4/5): 810-822.
Xia H, Li HL, Guo W W, et al. Vibration resonance



220 E R B R LR FROP E ) % 48 %
and cancellation of simply supported bridges under mov- Wang Z L, Yang Y B, Yao H, et al. Analytical theory
ing train loads[J]. Journal of Engineering Mechanics, and application of vehicle-bridge interaction dynamics un-
2014, 140(5): 04014015. der unequal support stiffnesses[J]. China Journal of High-

[43] ZFEIR, EOR, Bh5mk . 1 SOR A M 20 T bR 5 way and Transport, 2023, 36(3): 165-176. (in Chinese)
IRV [T]). YE3h T2, 2014, 27(2): 172-179. [52] ShiZ H, Uddin N. Theoretical vehicle bridge interaction
Li H L, Xia H, Guo W W. Effects of vibration reso- model for bridges with non-simply supported boundary
nance and cancellation for simple beams under train load conditions[J]. Engineering Structures, 2021, 232:
[J]. Journal of Vibration Engineering, 2014, 27(2): 172- 111839.

179. (in Chinese) [53] Yau J D, Wu Y S, Yang Y B. Impact response of

[44] ZEEIR, ER, B4 . #ah i aE T S 2 bk 5 bridges with elastic bearings to moving loads[J]. Journal

HIRPLBLOFFE[T]. T A J)24, 2013, 30(7): 47-54. of Sound and Vibration, 2001, 248(1): 9-30.
LiHL, XiaH, Guo W W. Study on mechanism of reso- [54] Yang Y B, Lin C L, Yau J D, et al. Mechanism of
nance and vibration cancellation for simply-supported resonance and cancellation for train-induced vibrations on
beam under moving loads[J]. Engineering Mechanics, bridges with elastic bearings[J]. Journal of Sound and
2013, 30(7): 47-54. (in Chinese) Vibration, 2004, 269(1/2): 345-360.

[45] MR, B, R, 5 Bl T i Bk B IR [55] MR, oo, £, 5 . JirE SR A 20 X i 42
S BE B Ik AL B 43 BT (D). Hk B 5 bl 2021, AR 5 IR B9 R W HLEL R A D], R TR AR 4R, 2024,
40(16): 287-293. 57(6): 13-25.

LiJH, Li TY, Wul Q, et al. Frequency-domain Chen L., Yang Y B, Wang Z 1., et al. Mechanism analy-
analysis of vibration cancellation mechanism for a simply sis of influence of elastic support boundary conditions on
supported bridge of high-speed railway under moving bridge resonance and cancellation[J]. China Civil Engi-
loads[J]. Journal of Vibration and Shock, 2021, 40(16): neering Journal, 2024, 57(6): 13-25. (in Chinese)

287-293. (in Chinese) [56] Yang Y B, Chen L., Wang Z L, et al. Cancellation of

[46] LiJH, Zhang H T, Zhu D S, et al. A moving load am- resonance for elastically supported beams subjected to
plitude spectrum for analyzing the resonance and vibra- successive moving loads: optimal design condition for
tion cancellation of simply supported bridges under mov- bridges[J]. Engineering Structures, 2024, 307: 117950.
ing loads[J]. European Journal of Mechanics-A/Solids, [57] BEE %, i, V& . RYNB a2 BBk %
2022, 92:104428. 0 2 0 A IR BT AR S (T ). i K A 4 (AR

[47] Lu Y, Mao L., Woodward P. Frequency characteristics 20, 2016, 44(2): 141-148.
of railway bridge response to moving trains with consider- LuJ F, WuJ B, Sha X. Resonance and cancellation
ation of train mass[J]. Engineering Structures, 2012, 42: effects of periodically elastically supported continuous
9-22. beam under a series of moving loads[J]. Journal of Hohai

[48] Wang Y J, YauJ D, ShiJ, et al. Double sub-resonance University (Natural Sciences), 2016, 44(2): 141-148. (in
mechanism in torsional-flexural vibrations of a double- Chinese)
track short bridge under a moving train[J]. International [58] MKW, WEG, LA, & 3T 5 b A5 51 4k B% &
Journal of Structural Stability and Dynamics, 2022, 22 SCGE MR ) IR B A B ik [0 BRGE 2E 4, 2023, 45(9):
(16): 2271005. 178-184.

[49] Ma F B, Feng D M, Zhang L, et al. Numerical investi- Zhan J W, Miao H L, Wang Y J, et al. Analysis
gation of the vibration performance of elastically support- method of lateral vibration of simply supported railway
ed bridges under a moving vehicle load based on impact bridge based on simplified model[J]. Journal of the China
factor[J]. International Journal of Civil Engineering, Railway Society, 2023, 45(9): 178-184. (in Chinese)
2022, 20(10): 1181-1196. [59] Zangeneh A, Museros P, Pacoste C, et al. Free vibra-

[50] Yang Y B, Wang Z L., Yao H, et al. Weak-end and tion of viscoelastically supported beam bridges under
frequency detection of elastically supported bridges by moving loads: closed-form formula for maximum reso-
contact residual response of two-axle test vehicle in a nant response[J]. Engineering Structures, 2021, 244:
round trip[J]. Journal of Bridge Engineering, 2023, 28 112759.

(3): 06023001. [60] El Hankari S, Dkiouak R, Roky K. Resonance and can-

[51] EE®, Baol, ki, 5 NS5 SORNIE &0 T B 42- cellation phenomena in partially clamped simply support-

KAy 1R AT RS B R D). b R O B S
2023, 36(3): 165-176.

ed beam bridges under moving trains[J]. Structures,

2022, 41: 1247-1256.



% 54 IEE,F HRBINEHRRERE HRAL 2R 221

[61] Zhang Y T, Jiang L., Zhou W, et al. Study of resonance [74] Kwark J W, Choi E S, Kim Y J, et al. Dynamic behav-
condition of railway bridge subjected to train loads with a lor of two-span continuous concrete bridges under mov-
four-beam system[J]. Mechanics Based Design of Struc- ing high-speed train[J]. Computers &. Structures, 2004,
tures and Machines, 2023, 51(3): 1468-1488. 82(4/5): 463-474.

[62] Nikkhoo A, Ebrahimzadeh Hassanabadi M, Eftekhar (75] FIZAS, VPIETS . i Bk G f] SR AR 268 5 A L 9 B A 9
Azam S, et al. Vibration of a thin rectangular plate [J). ea T2 ~#4%, 2001, 18(3): 51-55.
subjected to series of moving inertial loads[J]. Mechanics Tian J, Xu K B. Research on simply supported beams
Research Communications, 2014, 55: 105-113. with equal span on high speed railways[J]. Journal of

[63] Hassanabadi M E, Attari N K A, Nikkhoo A, et al. Railway Engineering Society, 2001, 18(3): 51-55. (in
Resonance of a rectangular plate influenced by sequential Chinese)
moving masses[J]. Coupled Systems Mechanics, 2016, 5 [76] Ju S H, Lin H T. Resonance characteristics of high-
(1): 87-100. speed trains passing simply supported bridges[J]. Journal

[64] Martinez-Rodrigo M D, Moliner E, Romero A, et al. of Sound and Vibration, 2003, 267(5): 1127-1141.
Maximum resonance and cancellation phenomena in or- [77] Yang Y B, Yau J D. Resonance of high-speed trains
thotropic plates traversed by moving loads: Application moving over a series of simple or continuous beams with
to railway bridges[J]. International Journal of Mechanical non-ballasted tracks[J]. Engineering Structures, 2017,
Sciences, 2020, 169: 105316. 143: 295-305.

[65] Torkan E, Pirmoradian M, Hashemian M. On the para- [78] Yau J D. Suppression of train-induced vibrations of con-
metric and external resonances of rectangular plates on tinuous truss bridges by hybrid TMDs[C]//Proc. of the
an elastic foundation traversed by sequential masses[J]. 21st International Congress of Theoretical and Applied
Archive of Applied Mechanics, 2018, 88(8): 1411-1428. Mechanics with CD-ROM, Warsaw, Poland, 2004:

[66] Moliner E, Martinez-Rodrigo M D, Museros P. Dynam- 11287-11288.
ic performance of existing double track railway bridges at [79] Wang Y J, Wei Q C, Shi J, et al. Resonance character-
resonance with the increase of the operational line speed istics of two-span continuous beam under moving high
[J]. Engineering Structures, 2017, 132: 98-109. speed trains[J]. Latin American Journal of Solids and

[67] JuS H, Lin H T. Numerical investigation of a steel arch Structures, 2010, 7(2): 185-199.
bridge and interaction with high-speed trains[J]. Engi- [80] Martinez-Rodrigo M D, Andersson A, Pacoste C, et al.
neering Structures, 2003, 25(2): 241-250. Resonance and cancellation phenomena in two-span con-

[68] Lacarbonara W, Colone V. Dynamic response of arch tinuous beams and its application to railway bridges[J].
bridges traversed by high-speed trains[J]. Journal of Engineering Structures, 2020, 222: 111103.

Sound and Vibration, 2007, 304(1/2): 72-90. [81] Xin L F, Mu D, Choi D H, et al. General conditions for

[69] Gu G M. Resonance in long-span railway bridges carry- the resonance and cancellation of railway bridges under
ing TGV trains[J]. Computers &. Structures, 2015, 152: moving train loads[J]. Mechanical Systems and Signal
185-199. Processing, 2023, 183: 109589.

[70] Yau J D, Fryba L. Response of suspended beams due to [82] Yau J D, Yang Y B. Vertical accelerations of simple
moving loads and vertical seismic ground excitations[J]. beams due to successive loads traveling at resonant
Engineering Structures, 2007, 29(12): 3255-3262. speeds[J]. Journal of Sound and Vibration, 2006, 289(1/

[71] Lu L, LiJ Z. Longitudinal vibration and its suppression 2): 210-228.
of a railway cable-stayed bridge under vehicular loads[J]. [83] 7% . f LA I W P 5 B 157 7 4 22 % 1) IL PR S5 1 o0 B
International Journal of Structural Stability and Dynam- I s 5updi, 2019, 38(23): 19-24, 32.
ics, 2018, 18(4): 1850052. Meng X. Vertical resonance condition analysis for simply

[(72] T, mHRRIe, 2 A gk B A R s A A 3 supported box girder with common span used in high
e RS T]. $Esh 5 vhidy . 2000, 19(3): 71-73, 88. speed railway[J]. Journal of Vibration and Shock, 2019,
Ning X J, Ye L Y, Miao S. Research on the relationship 38(23): 19-24, 32. (in Chinese)
between the bridge span arrangement in high railway and [84] W 72BN, S5, Wk, 45 . 5T [ 4R sh i gk
the bridge resonancelJ]. Journal of Vibration and Shock, R R IR SRS E U] R R,
2000, 19(3): 71-73, 88. (in Chinese) 2023, 40(5): 749-756.

[73] Yau J D. Resonance of continuous bridges due to high Yang HY, WuNH, Cao HY, et al. Research on reso-

speed trains[J]. Journal of Marine Science and Technolo-

gy, 2001, 9(1): 2.

nance and cancellation speed of simply supported girder

bridge of high-speed railway based on free vibration[J].



222

T KRE5x3 £ FROPE

% 48 %

[91]

[92]

[94]

Chinese Journal of Computational Mechanics, 2023, 40
(5): 749-756. (in Chinese)

Yau J D, Martinez-Rodrigo M D, Doménech A. An
equivalent additional damping approach to assess vehicle-
bridge interaction for train-induced vibration of short-
span railway bridges[J]. Engineering Structures, 2019,
188: 469-479.

Stoura C D, Dimitrakopoulos E G. Additional damping
effect on bridges because of vehicle-bridge interaction[J].
Journal of Sound and Vibration, 2020, 476: 115294.
Duan Y F, Wang S M, Yau J D. Vector form intrinsic
finite element method for analysis of train-bridge interac-
tion problems considering the coach-coupler effect[J]. In-
ternational Journal of Structural Stability and Dynamics,
2019, 19(2): 1950014.

Yang Y B, Yau J D, Urushadze S. Wave transmission
of linked railcars moving over multi simple beams under
dual resonance[J]. Journal of Sound and Vibration,
2019, 452: 51-57.

I, Whbak, ERA . RN AT ST 5 S5 B A I 42
3% 3w 43 e (7). HR B 5 of i, 2019, 38(5): 237-
242, 258.

Shi J, Yau J D, Wang Y J. Resonance responses of
vehicle during a two-axle train passing through sequential
equal-span bridges[J]. Journal of Vibration and Shock,
2019, 38(5): 237-242, 258. (in Chinese)

MatsuokA K, Kaito K, Sogabe M. Bayesian time-fre-
quency analysis of the vehicle-bridge dynamic interaction
effect on simple-supported resonant railway bridges[J].
Mechanical Systems and Signal Processing, 2020, 135:
106373.

LouP, YauJl D, AuF T K, et al. Shifted resonance of
railway bridges under trains passing by each other[J]. In-
ternational Journal of Structural Stability and Dynamics,
2022, 22(7): 2271001.

Wu Z Z, Zhang N, Yao J B, et al. Wavelet time-
frequency analysis on bridge resonance in train-track-
bridge interactive system[J]. Applied Sciences, 2022,
12(12): 5929.

FIEA, WEE, BICH] . SRR AR T SR AR 5
WG H[I]. Rzl phili, 2015, 34(2): 1-8.

Wang Y J, Shi J, Wei Q C. Resonance and vibration
cancellation analysis of a vehicle with flexible car body
moving over multi-span bridge[J]. Journal of Vibration
and Shock, 2015, 34(2): 1-8. (in Chinese)

WZREN, EEIR, BRARTE, S5 . R BRI AT R
FOIR B S AR 22 R W 23 B D). oK TR 5 A B A
2015, 32(2): 31-36.

Yang H Y, Cao H Y, Chen Z J, et al. Analysis of

vibration of non-uniform girder bridge under trains and

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

influence of creep in high-speed railway[J]. Journal of
Civil Engineering and Management, 2015, 32(2): 31-36.
(in Chinese)
Ulker-Kaustell M, Karoumi R. Influence of non-linear
stiffness and damping on the train-bridge resonance of a
simply supported railway bridge[J]. Engineering Struc-
tures, 2012, 41: 350-355.
Tahiri M, Khamlichi A, Bezzazi M. Nonlinear analysis
of the ballast influence on the train-bridge resonance of a
simply supported railway bridge[J]. Structures, 2022,
35: 303-313.
Xin L F, Li X Z, Zhang J X, et al. Resonance analysis
of train-track-bridge interaction systems with correlated
uncertainties[J]. International Journal of Structural Stabil-
ity and Dynamics, 2020, 20(1): 2050008.
Zhang T, Jin T M, Luo J, et al. Stochastic analysis on
the resonance of railway trains moving over a series of
simply supported bridges[J]. Shock and Vibration,
2021, 2021(1): 1491207.
Xiang P, Yan W R, Jiang L Z, et al. Resonance
analysis of a high-speed railway bridge using a stochastic
finite element method[J].
Engineering Vibration, 2023, 22(4): 1015-1030.

Majka M, Hartnett M. Effects of speed, load and

Earthquake Engineering and

damping on the dynamic response of railway bridges
and vehicles[J]. Computers &. Structures, 2008, 86(6):
556-572.

Yau J D. Response of a train moving on multi-span rail-
way bridges undergoing ground settlement[J]. Engineer-
ing Structures, 2009, 31(9): 2115-2122.

Romero A, Solis M, Dominguez J, et al. Soil-struc-
ture interaction in resonant railway bridges[J]. Soil
Dynamics and Earthquake Engineering, 2013, 47:
108-116.

Doménech A, Martinez-Rodrigo M D, Romero A, et
al. Soil-structure interaction effects on the resonant
response of railway bridges under high-speed traffic[J].
International Journal of Rail Transportation, 2015, 3
(4): 201-214.

LuJF, Mei H, Zhong L. Dynamic response of a peri-
odic viaduct to a moving loading with consideration of
the pile-soil-structure interaction[J]. Acta Mechanica,
2015, 226(6): 2013-2034.

TR . A0 B I T 2 B AT B % ) R W 43 A (.
WS, 2015, 45(5): 19-23.

Cheng H. Monitoring and analysis of vertical resonance
of a heavy haul railway continuous rigid-frame bridge
[J]. Bridge Construction, 2015, 45(5): 19-23. (in
Chinese)

W EE, SRR, SRR, S TR RELJE 40 Bk



% 54

223

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

B 22 1 g L AR 69 BF 52 D). R
19(1): 12-18.
Yang Y Q, Zhang D, Zhou H Y, et al. Study on the

Fhag, 1998,

use of TMD in controlling the vertical resonance of
railway bridges[J]. China Railway Science, 1998, 19
(1): 12-18. (in Chinese)

KUBRZR, MK 4% . 2 54 BELJE &5 100 1) 2K % 40 A% 4 A%
FeAR[I]. J6T7 588 K224l 1999, 23(4): 18-21.

Liu B D, Ni Y J. Vibration reduction of railway steel
bridge excited by vehicles using viscoelastic damper[J].
Journal of Northern Jiaotong University, 1999, 23(4):
18-21. (in Chinese)

SRSCAE R TMD R R 5 A5 58 Ao 18 S AR AR Y
PRl FE M AT 5] PR 8h 5wk, 2008, 27(11): 42-45,
196-197.

Guo W H, Lu P. Vibration suppression for simply
supported bridges passed by high-speed trains using
tuned mass dampers(TMD)[J]. Journal of Vibration and
Shock, 2008, 27(11): 42-45, 196-197. (in Chinese)
Martinez-Rodrigo M D, Lavado J, Museros P. Dynam-
ic performance of existing high-speed railway bridges
under resonant conditions retrofitted with fluid viscous
dampers[J]. Engineering Structures, 2010, 32(3):
808-828.

Wang Y J, YauJ, Wei Q C. Vibration suppression of
train-induced multiple resonant responses of two-span
continuous bridges using ve dampers[J]. Journal of
Marine Science and Technology, 2013, 21(2): 149-158.
Lavado J, Doménech A, Martinez-Rodrigo M D. Dy~
namic performance of existing high-speed railway bridg-
es under resonant conditions following a retrofit with
fluid viscous dampers supported on clamped auxiliary
beams[J]. Engineering Structures, 2014, 59: 355-374.
B, BT, RN, SRR R 3
IR e B 5 4R Sl 5 i k2 7] 35 0k, 2019, 36
(4): 483-490.

LiJH, Guan H P, Li C X, et al. Study on resonance
response and vibration control of high speed railway
continuous beam bridge[J]. Chinese Journal of Compu-
tational Mechanics, 2019, 36(4): 483-490. (in Chinese)
Yau J D, Urushadze S. Resonance reduction for linked
train cars moving on multiple simply supported bridges
[J]. Journal of Sound and Vibration, 2024, 568:
117963.

A, REMEA, AR B TR S e B i BLIE 22
i A R AR B B 5 0], B B E BE 4, 2005, 26(2):
73-76.

Gao C W, Tang Y R, Yu H. Study on the vibration of
rail transit bridge based on moving load passing bridge
[J]. China Railway Science, 2005, 26(2): 73-76. (in

IEE,F HRBINEHRRERE HRAL 2R
iE

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

Chinese)

Shin J R, An Y K, Sohn H, et al. Vibration reduction
of high-speed railway bridges by adding size-adjusted
vehicles[J]. 2010, 32(9):
2839-2849.

SRR AR, X3 . 1] S8k B 2 n T81 iy 5 e 41 ol Rz 43 A
[J). BRI T R4, 2015, 32(9): 60-66.

Zhou C D, Liu B. Research on the resonance response

Engineering  Structures,

of simply-supported railway bridge before and after rein-
forcement[J]. Journal of Railway Engineering Society,
2015, 32(9): 60-66. (in Chinese)

SRR .5 AR A% 0 T8 Bk i B A 15 S A B AL IR i R S
FrlT]. TREDURE S m [ ki, 2023, 45(2): 118-127.
Zhang X. Resonance analysis of existing simply-sup-
ported railway bridge strengthened with adding steel
braces[J]. Earthquake Resistant Engineering and Retro-
fitting, 2023, 45(2): 118-127. (in Chinese)

Galvin P, Romero A, Moliner E, et al. Two FE mod-
els to analyse the dynamic response of short span sim-
ply-supported oblique high-speed railway bridges: Com-
parison and experimental validation[J]. Engineering
Structures, 2018, 167: 48-64.

Galvin P, Romero A, Moliner E, et al. On the dynam-
ic characterisation of railway bridges through experimen-
tal testing[J]. Engineering Structures, 2021, 226:
111261.

KA, RITE, X%, 45 BEA 4B & 160km/h i 52
PEASEIBTFELT]. b Bk IE R, 1996, 17(1): 9-20.
Zhang D, Ke Z T, Deng R, et al. Evaluation study on
the behavior of existing bridges due to speed raise up to
160 km/h[J]. Zhongguo Tiedao Kexue, 1996, 17(1): 9-
20. (in Chinese)

R, R, SRB, SR T ST BRI R )
Ptk g w7 (7). PR 3h 5 ol 1998, 17(1): 53-57.
Xie Y, Yan P Q, Zhang D, et al. Measurement and
analysis of bridge vibration when train passes by at a
quasi-high-speed[J]. Journal of Vibration and Shock,
1998, 17(1): 53-57. (in Chinese)

TRBUR i BRI 2 b R SR A S IR () ) R
(7], P R 2038 K224, 1995, 30(3): 275-282.

Shen R L. Preliminary research of bridge-vehicle reso-
nance on simple-supported beam bridges on high speed
railways[J]. Journal of Southwest Jiaotong University,
1995, 30(3): 275-282. (in Chinese)

2B f 0 H K, De Roeck Guido. B K H| & o £k #%
Sesia RATFHY B T3 e 2 WA & PR s ], R 5
il 2013, 32(15): 82-88, 94.

Guo W W, Xia H, Guido D. Dynamic characteristics
and coupling vehicle-bridge vibration analysis of the

high speed railway Sesia Bridge in Italy[J]. Journal of



T KRE5x3 £ FROPE

% 48 %

Vibration and Shock, 2013,
Chinese)

32(15): 82-88, 94. (in

[(124] XUMS#E , Bemo )l , Fat, & i 200~250 km & 8 4%

B R B Pk RE AR B S (U] R OK TR A, 2013,
46(3): 96-102.

LiuP H, Yao J C, YinJ, et al. Experimental study on
dynamic behavior of 200-250 km/h high-speed railway
bridges[J]. China Civil Engineering Journal, 2013, 46
(3): 96-102. (in Chinese)

[125] ¥ e, What)ll, #8845 . B3 300~350 km /& i 42k

B AT Sy vEne s wF S U] b I BGE B, 2013,
34(3): 14-19.

Yang Y Q, Yao J C, Meng X, et al. Experimental
study on dynamic behaviors of bridges for 300-350 km/h
high speed railway[J]. China Railway Science, 2013, 34

[126]

[127]

(3): 14-19. (in Chinese)

Sanchez-Haro J, Fernandez B, Capellan G, et al. Sim-
plified method to detect resonance effects in railway
bridges. Viaduct over Aragon River and Almonte
bridge application[J]. Engineering Structures, 2024,
305: 117668.

THise, F, RO E, A R T R W O G
R 42 - B He o3 A D). B3l TR 24, 2016, 33(9):
48-54.

Ding Y L, Wang C, Zhao H W, et al. Vehicle-bridge
resonance analysis of Dashengguan bridge based on
vibration acceleration monitoring[J]. Journal of Railway

Engineering Society, 2016, 33(9): 48-54. (in Chinese)

(%# L H%)



