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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 healthy 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, systematically summarize the
mechanisms and laws of resonance occurrence, and clarify cancellation design and resonance control methods.
The paper covers six parts: basic theory of bridge resonance and cancellation, train excitation models, resonance
and cancellation issues of bridges of different types, major influencing factors of bridge resonance and
cancellation, bridge resonance control and field experimental research. Research shows 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,
this potentially results into “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 ignored. Damping in bridges can effectively reduce resonance amplitudes but may also cause “leaking
effects” for cancellation. When the bridge span length L is 1.5 times the characteristic length  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. Resonance conditions can 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).

Keywords: vehicle-bridge interaction; railway bridge; resonance; cancellation
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Fig.1 Mechanical model for simply-supported beam subjected to sequential moving loads
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Fig.2 Mid-span displacement of simply supported beams under equally spaced moving loads at different speeds
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Fig. 6 Resonance and cancellation of a simply supported

beam under moving load™'.
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Fig. 7 Design criteria for elastically supported beams
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Table 1 Resonance and Cancellation Conditions of Typical Bridge Structures under Train Loads

iR Fed 5 05 R 4% 1
Wi S B A K 0, = f e d
HIESH.S, =d/(2iL)iez"
fir s WAEWE RS,/ =1/(2j — n)j €z R.2j > n?
AMEIHR S, = Nd/(2jL)[j € Z"&.j 7 N&.N =2
SR &S, = df(2nl )n€ 2", 5 i 3 g — 5
‘ ‘ SMEM IR - S, " = Na/(2jL)|j > N +i&.i,j€ 27 &N = 2 5 fif % g — 5
S SR ,
N TE T IR « 72812 1+co%f)*/c ZLL{’Csinl*ZK(lfcosl) = los
— Sty s! 1—s' s St
8 S MR AR ), = /i
HAR . - = lod
SN SRR AR <), = d i
HEAR AR 0, =L, fi/n"™
, B AR IE 0, = (L, + L,/2) fi=L, fi, L, WK E L, R KT
FHT IR cv,, = f1d,/j [ € 2" d, MR i A )
BEW AR T 0, = fid i€ 27T
IR 5 % Sk B A AR A S ?er A — i i A (R 52, SR T A6 % o 7 T 55 A 25— By
P T 5 ) A5 T B 17 S AR AH 4 @iﬂtﬂ&ﬂlm{ﬁ/ R 2 BT il R R SR X T R e Y, By
filf SC 32, I 42 TLﬁFHDXM?ME 4 S5 A o B 09 STk A Z 0 o W) i, Museros 45138 i
Lou™ & | % 22 B2 (1) 2 7 i )i 38 5 J\?wﬂ}‘i‘%‘%’é,i@ TR RS I IR AR . Yau SEHE— 2B A B
B 3 25 R M A 8 R T 08/ SRR . Cho!™ 3 iof W A X AT S o R v N R 5 0 A R > 2
G L A 2R AE T B B2 04 % B iy 3 B TR A i B S R B JE B, 5 B AR A I 5 e 0 e s, M
Z 5 B 98 0 L 4R RN T RS T B2 . Martinez-  JRENI EE A S - BRS R . Wang E o P
Rodrigo 5“4 5 T 9 5 7% 2 L i 2k ﬁ&%ﬂ{%ﬁfe <, E‘%‘ﬁéﬁi 8 4R 5 M 3 BT A B, 24 90 A U R

EWEgE TS M B K /e A B YOG R IR 2R T
T AR I FH T B Ak B AT R 0 B T L Xin SR
— J& 60 m+100 m+ 60 m A} 55 5 % 2 32 5 4R 5 7
PRI G AT T;&ﬁﬁﬁﬁi K BRI Sk 3 1 S P o
R TR SR (L) | L3 2 % 1 S 4 o 7 2 2
K AE fop BB I AR et A oG

LA LA RS R LR, T SR 2 iR
) SRR, iR o [0 58 R R TR A S R R
1M, 3% S8 A 04 A 0 2l it 450, S A M R 0 3
R ) % P e M A S S R, oK R 1 F 5 T L
— R LB SR AR S e R AL AL IR S
B 37 D3 5 (A L, A R R R A 1 3 R 2
W
4.2 EEME

FEAT B2 Bl 43 A v B — P R Sl ke AR
LR 250 H EE S — S T R
R SH RIS . RN, R T 41 4R W B2 04 4k B
Rtk A D238 i — L R SE T 48 o B B B A )
Br B 3h (5% ma, DL 3E R B8 4 0 R R 5 IR
PEE S

Museros 25T T B 45 25 X6 4 22 % B 0 iz

SRR — B AR s AR L I I M s 5] Rt
ﬂ%ﬂé"{o Cho 25" 5T 5 B 24k 3803 143 2638
I8 B SRR R - S E
S NS 2 R AR AT RE AR LS R

Martinez-Rodrigo 25 “'JF 57 1 W JiE 45 5 Bk I B
TR Bl R M, e I HE A R R e iy B A —
By B FR BRSNS — B X B A s o . o i 2
S BT 5 B g BF 9T T 24,32 40m%‘ﬁpf‘%’ﬁfi
FER IR I 4, e O b [ g R L A R AR i
B RE Y TR PN AN AT e R B R iR (H AT e A AR
2|3J| W ARSI R I G . A% 2% BN ARSI T K

8 1 o B i R BR A A T T AR R S IR
HEE JF T8 B A G A, 2R B B AR X A
P 3h 04 TR 2 T K, T g B A A Y BT T DL 2
AT

BZ TS SR — RS A R
A5 % Wi J07 , T [ 5% 285 0T S8 ) 7 ) S5 i A 75 22
P, 38 e B A 25 % e R 0 5T R T AE — S AT 2B
ATt X TR B 2 B iE L, — B A B AR S
Al fE 3 S iR, B 2 ] gE B R B A L ik
%o B, 7R IR o0 A b, T AR 8 AT TR Y I BORN 4



% XX #

IEEF, F HRBINE R RERE HRA LR 11

PR, B 4% 5 5 SR B I B, R R B BIF 5
TR R 5 B R 25 00 A7 SRR sy e ) B2 0 o 1) 2
TE S IR 4f A A F [ 22 5 A7 2 45 4 rp i) R B, AT
AR 5 IR B 4 4R (4 B e T Y BLE AR
4.3 EHBEE

Y5 4 S A G A 04 2 25 B (AR B
i ) 22 R A I AR B0, AT SR A IR Bl B ad ok 3L
2R W R s AT IR A (AR E 1k R AR BT ) o
XU [f) F) 31 25 BE A8 % 3 AR AIL AR S 4 B R
BRONL o AEHE T B LR I IR SRR S R R, B
TP AR O A B A B, o AR A o A R
BN A o B /N T AR R U

SEBr b, 2 B8 R A RO S AT S 4 % B o i
Fe R s I AR T/ BLBEAR 25/ i LA R
3o Fof 400 9 280N 2% B 4 3L BN AR E Eurocode 1
SR FH BRE 0 BELJE 2k 4 A5 18 6 2800, {EL A 6 5 A7 22 o R
TN BELJE ¥ A BE AR Al 3L 45 o 020 R L AR 225
T R NS A% R AT RS 20 AR 2 A A RO
1 B 5(d) 19 RS 20 22 R B 2L, Domeénech™ & B « 1y
T 55 H ) 20 o A LGS, SRR RN B R .
— BB BT 2 6] 3 A BT TR G B R AR
PERTB S S5, Duan 5597 % B, % T 42 i 9 e 4ig | 4
R e PO/ B SR SRS 1 4 R R AR (7R A SR AR
SRR IZAE T AT RE 2 205 4 # BELJE AT B T ek 2
B IR AR EL X A S w7 6 40 1 A A RR 5 24 A 2
559 A2 IR B — BN, R G AT AR A XU IR T B
G EBLIERN b, Yang S50k S48 1, 45 4 K EE &2
B GE IR K AR/ B R O
L 230 3 7 R 90 A2 i A8k I 2 e 3 IR i 1 B i
KI5 AW R o I AR T B AT T
25 22 15 1] SO B 4 SE AR A FE T 0 BT T AR
S FUTL TR 3L IR, A L4 MR JE R o 2 n ) B 22 4% 50
M 7

— A5 W A RO Y B IR RO A AR
GERIIAEYE . R T AL B R AL RS R
G 1 3 A5 R B ]S Ak, AT B2 i BE SRR A
Matsuoka %5 FJ UL $4r i 531 23 A7 A 58 51 42 3o A5
I B4 4 AR R 1 O, 3 e S A 1 A BT TR O R
K, BEHG I [RIFEHE , Lou %4ty T — i T i
RS B I 0 A J7 ik BT 9 A SR I B
A LR . Wu 555 /N 35 7 1
WEFT 1 Bk 6 B 2 LR A9 I 00 P, A1 R % s
S BT R T IO AL O R ol A 32 R AR
FER BF T 00 32 2B G A 25 e L D I 28 W) 2 T
MRS H 5o XL TR, SRS R H A
AR S 4 B A2 1 o SR L FRODR 25 7 AR EE B

25 LR ZE M A B 50N 8 A B ) Rl A 3
R AT I AR T R R A5 A SRR B e g
FRER T PR Al B8 3 far 2 AE FH N S/ . R S5 AR R
JOT i b IR 3 ) A BN B . TR 4
A O B R R O A% i 8 g E A G S R v R 4 A G
TER AT RES] & BUILIR "L % . BLA , E R G
I 725 6 M RS R 7 A R R, BN R
2RI B R BELJE 19 28 £k, AT 52 ) P 4 o 1 . 3 2
WEIE R W] N 40 2% 1 4 W R G 30007 XoF T Y T 00
R0 3l Sy N AR B 4258 AT S 8 R B e A R T
SRR BT,

4.4 EVERSHFENE

W RGN R ALYE Bk IR T R0 BE A
B REE DA R 2 g A A TR R XS AN A M
AR R AR e e A R

1) 250 S50 B L

AR R E RN E S SRR R
S R R G KON (AT TR B T R S A A
P BN, R A BT T A S iR g e S R
fR S, 25 5L R B Bk e R R 2 S R B )
g K7, HG M i R P 2 A B RN 4 IR iR A R o
TE o RS BN IE Bl 2 O B R 2R AIR 5T AR 1 e
K aAE o BN A g Al )y =X (g 4 ) BE 4 41K R
TR S5 K 45 ) 43 5% A B SR IR 2 09 & AL, 1 2k R
SRR i

2) BIUTE S I f i B A

U AN IT (AR B 8 6 LI DO R 45 ) X 3 4
Jit fin B ATL OBl 5 A7 G B A 4 I L O
AR AR 5 T IR AR o 7 2 B A 0N B AN S 0 4y
oINS I N R VAR 7 e N B 2
LI B ATLAS SIS A7 % 0 3 1 R L T R
AR R o7 A i 3 L R 2, O R A 0 A 0
A b 2 S 5 A R AR S RSP UK A7 2 B ) e g 5 el
BE/IN AR 23 38 R ZE AN B 5 e e & BT O L O T
BE S| et vh o

3) M B2 45 4 S B0 R o e

B G2 1 b RE R 1 Cln st S i BHLJE 1) 7T g A
il T2 Al R R 2 A A AR Ak 3R 1T R e
I AR PE . Ulker-Kaustell 28978 % B2 {7 52 5 i
TR A A TR R A R e B, AT R A [ A A R
ASBEJE LU B B ) AR Ak 3 b AR 2R 4T S T RE R T A
filt &5 ¥4 w38 AR L G A A - AL R AR . Tahir
SR 5E T I AE S B0 3R K AR b X LR i R B R
W), % T HE 1350 25 0 1) Al £ 1 I B2 R BELJE 25 X Bk
AL e N A R R B A Th AR R L
YE 25T Duffing 48 3% #% 5 7E 8K AR 22 | L JE AE



12 T RE xm % RP E )

% XX A

S MR /0N AT TR AR Sy BRE I BT B X AR G AT AR
Xin W5 I, T RESHN AR R0 LR
TH R A I 5 4 A o b = B ALY, M G2 A5 K 3 g e
JOL AN 23 A% S B AE 0 1 o3 B TN A iR R i
B RIS A3 AT T A R R e 1 . AR R B R e
PET5 15 7T e 2 b 35 A S B 09 d5c R B, DT TS 1
T B AR A AR e A, Xiang 2R FH BEHLA
BR T IR AF 58 T A4k Bl AL A X A7 232 S 4 e 7 1) 52
R I BE SR A8 S 2 1 R 98w 7 ] B A
P 38 1) TR B

4) 35 far 2 1 BE BLPE

Ah IR BT Can XA 28 B2 AR Ak b 2 AR AR
X ZR G0 0 2 g e R AT B SR s R X2y
F 0 5 A8 AT R AR e T, DA [ 4 e AR M R A B0 )
e 10 5 3 5 A5 A6 R fE 51 A 2R b REPE BT 1y A8 4k, R
B RS RIE AL, S 52 e Sl iR R bR A
FH 25155 B B2 B AR AR 2, {1 45 97 42 30 i i ) 3 A
WA TN .

g5 LR IR 0 2 G0 0 Bl AL M6 A 2 S R NI
PRFr V7= A2 T 3 S e AR BRAE 4 U A R A
T BR B AN B 4L G 21 4 2 A AN E R B9 A BLAE
FH o 3X SE Bl HLPE PR3 fi M 9 AR I R 45 T i &2
A% GE W R S M 43 A Dy R AT e G T o A AR B0
TE RS, e HR AE M T 00T o A ok i F 92 1 2F
— b R B FR GERENLAE (% 53 B 5 25, LA 4 1 b
PR SN 42 AT R 8 vh ) 2L R 55 T8 A 1)L, AT 4
R AT B T VT AL RN A A KO-
4.5 RGMHERE

RELJE fie A7 280k 20 25 48 7 A0 E8 sl 7R TR 1Y 4
SRR . VR 22 B A R G i BHLE 5 e
17 REWE . Majka %550 o 2807 B & 3L,
P G2 BHJE 32 22 52 Wil A 52 14 wie) 7, T 4 50 BHL 8 32 25
M) 240 (4 ) 7, o A BV R HS o X — 25 IR R
B, BT AR R A A R ge sk, AT a3 G A H: B e RE
P JC T RS A AN . Fryba i i 337 0 i
RIS KRR B e AT B[R], i an < 10
m AF R E e A 5.5%,5 m BF 2 AYBHJE L & ik
10. 8% , 3 W] J 5 1y SR AE 4240 R e vh 75 B ) 5 UE
BELJE B9 52 1), 5 D A i S B0 K I 4R 20 i i

BHJE X 22 0F 2 g8 AL 4R 19 52 i i 3 . Wang 7
WF 58 T BELJE BUxE 9 85 3% 2 92 Je KB FE I 52 ), e 9
P ol (T 5 A N (S A 0%y N L S 7 04 N
AR LR AT, BHJE XTI 3l 19 B0 AR AR A
PR, 2R W1 BB TH M G2 B JE AT LUAT 28 AR 52 7E 471
KRB AT R s . Xia S B B R G
FRBEAR T I IR 550 N 09 SR 4R 0RO FE A R PR 30

155 00T I A 58 4% T8 BRI 0, T2 5 R 3 R /ME
Kumar 5% & B0, BHLJE B AR 0 /0 T f5 K 3 i
(B, (HL7E % I 2 32 R 20 77 B8 4 K e 7, 158 W 7 A7 22
H IR BT, 5 2 58 53 75 1& BH 2 X 1 4k RO 19 52
i, 36 S R R PR 36 . Wang 552 DEICA £ B R 13X
— S, JF R AR Sy A TR B 2 Yl e AT
(leaking effect) , R ¥ 43 5B 5 F 4K i 2ok BH @ #E 1, (2
F G W] REAF AR B R AR B e B . Yang PR 5T
T B BOR A1) 2 A R R X AR G R B Y S,
IR > A7 % 5 ORI A DR R G 22 I, 4 R A0 R 2 AR
e o7 0 AEMAE AL B R e T LU
RO/ ) 2 e o R A AT AR BT O RO 4
Mo AN A T BN SR B, 1 BB LN T —
T E BB, -0 -H BB 2R G0 09 n SR e 1 IG vk
B B2 BH & DR e 9, 5 B0 K B i 4 i i 0
AE SR | 2 AT B BE JE N A2 B AT RR S| & B R Y iR
M) ¥ o

Wk FR TSR] LUE B JE AR B RS R S
TS e g Ry TR R AR TR R B B A
B LIRS L BHJE B S M AN o I R 22 1 i 2
ZEXTBELJE 19 5 5K B e, AR Sl O T L R Y it &
WF 22 G0 1Y 48 4 %0 8 45 — 9% B+ BHLJE A 1 Ak 91
EARshny Kbt T B, M REHS EMsh &0
N ZE A 75 TR BE e X R 5 I 4R B pE Ak BH
JEZH, LU M 2 i B AR 5. 1 AN 01 ER R 1
4.6 HMEE

B B2 0 T BB 45 44 15 KR 4 4 ik , DR] Ot el
1k DA R 6 ity 55 M 3 22 R) 9 A AR 4 B 3 R e 42
B R G R IR AEPE . T 58 R W], IS AE 1l THT TR X A
TR K e 1N 1Y) 52 e BN (B AE RS B A AR T Ay
Sl T 111 8 S A 0 e ) T 2% R T b T I ATl 3
JBCR 5 4 i) 3 B Y, Ak, Romero 451 1o
P M - RS IR A R B, A - A A AR
FHASATRE 8% [ AT L 4 132 340 < 1) 585 L A ey 07 3
it = 484 BRIC 4 M7, Doménech 51 % B+ -5 #4941
AR I RON 5 B SR 0N AR AL, 2 iR R R 4 3
TR 25 A i, i 0 o 137 JL-F- AN T 8256 . Lu 41 0HR
T 0P B S R A SRR AN L S R WK
M A B ARt AR PR 0 HL B R 9 A4S R
() 16 I, e i 0 7Y B i 2 e D e B, X s Y At
/] 46 7 1 Hb S Ko BElt 55 Ml A B VR R A R AR
R SCBEAE P L S M B 5 A O IR B A R A
Ariz E PR T A BB

5 HrRAMRES
91 45 38 AT 51 110 B 8 4 A 2R 4 1 2 A



% XX #

IEEF, F HRBINE R RERE HRA LR 13

Pk KA 75 i+ B ™ 5 PRt R 4 o B Y
XK RET 2 CEZ . R IR
T3 ¥ R ECAT 43 20 WG 26 - — 288 2 3 ok 00 Ak W 22 1 5 4G
W RS R . MRS R B B Yang %45
P E A R T 2 R G AR R 5 IH IR &
1 [ s, A7 4 45 4 1) e R B 42 T kA A ol
X —EEYLH, BT X IR, Yang B 5% 41 A
HE— 0 HE T AE T AT SRR AR R Y R AR s K B
PE D), 32 o WU A BE 0 35 T BR 45 4 09— By St 3 e
7, B R HE 3 7 A PR R TORE S M Rk BRAR A
RYURBOT Y E RS . H AT, X — B
C 28 8 2y 7 FH T 4 ) s 4k v e g kO A 3R OF
P 2 R T PR T

Iy — SRR P Oy 1 R SR FHBHLJE A% S5 1 ] 5
Jit B IR R AR T A A o A9 A, A A R T R I v T
LN 3 RS TR R E i R B
Al RE T A My R AR R DRIk a0 200 R MO i it DA ff £
PR L 4, T s oy 2 R HK 4T ),
T B MR ARV TR A R b e P A O A BELJE AR
(TMD) DA /Iy 8 ) e i B 1tk 35 19 el 41 58028 &
XUAR AR SRR gE T B b B %% (VED) 76 8 bR 3t
PP R o Yau "™ X T B AT AR R I S i A
] AL, $2 WA F TMD R & OF R — R A
TMD R4t , I 53 il 2 B A0 A B 45 5 A & i 1 3k
PR K o 38 S B S S K SO AT
T — R SR 4 SR TMD I 18 2 500 @ 8 7
% . Martinez-Rodrigo 25" 3535 T #% 3h 4% i £ A 78
I 7 SR AT Ao BE R gl b 9 AR, 2 e A
AT R 4T By 235 4 22 ) 152 i 4 2% i BELJE 6 ol 25 1 A7
PR . Wang FNORE S T 0@ i AR AR DR KR
VED k1 B W 5 % 2 9 1 22 LR W {8 (0] &1, JF 1508
TS [R) 42 6 0 1) FE R 45 i &R o Lavado %74
7 — R A FVD BN R 3R 09 s i R
AT SO0 /N 2 A N O L R AR AR
T FVD %2 2% Ao B 0k e 4R 45 i AR 19 5 . Yau
SRV T — o g D T SR R 2R (APR) , g
g = A= 55 A0 WO AR S ) AR AR 7, DT 4k s A
B P, I AE 2R A 0 R IR

BE A, 7 B 0% S 77 3 B o AT B 5T T AS TR i
T A B 7 206 R T N 1) RE ) e IR B AR 22 8
S A0 B W e A AR R TN T RN AR AR R A
By RO AR B e N BRI TR
o A A S TS Ao A R AT R K LR
IR IS . Shin SV 76 & 2k KTX 41
ZEHE A v A AT R RST AR, AT BR 91 42 A 20
M, DO B SRR IR 0 25 ko AR AR SO Gl

Tk 0 A 6 A B v L PR AR ik e 5 8 G AR
A, A RO R KA BT AR R0 B e R
Bl A VENTHR T — BN [ O k38 a2 % e i
YA AE CRH2 B 8l 42 21 58 3 32 m ] 32 8 T FE B
i B TR 1) 4R

ol o i B e O DR | A AR (K ]
BELJE 42 il by 4% 00 19 XEE G R A%, JF A7 A= i 2 4t
PR RS . FESS MRk 7T, DL Yang 1R
Hh T A e O SR A 0l T B K S8R R E Ay
A VR N AR A T R DB T U Sk 9 ek I R
RS, AR E e B gk TR IE . B
JE 5 il B AR D 2 B 2 R Ak R R R A T 25 Bl 4
(TMD.VED.FVD) . E 3 il (APR) M IR & # 1l
Mgl RS E R B R S RS el B
X AN T) e Bl A 28 %) ) 00 ] v 3 A 8 i BELJE 2%
55 0 5 BELJE A TR O e o B . (H
A5 O T SR, B R 4 1 SR W AR R BE LR
01 A Mk B L 55 R 3 S Bl R Y AR BRI O L
— ¥ R T R AR . YT OE
&R A0 Ak B R Ak HE B A LS S B A
(TR B G S S B A 3 5 07 =X, T 2 2 R 38 X
B Rl G R K HE S iU o5 4 5 i JE 0 B
RALYR B PR F Ay e Ak B N 4% 1Y) 2 4 s E R R
R ST AR ot i

6 IMIFILIHR

HY T 51 45 5 Bk I 45 40 R 0 1 52 A 0k v Bk It
BRI S5 IR L B B BENLYE . bk, A
ZHFEIFET KEMNRG IR . Galvin 51
£ Madrid-Sevilla /& 3 £ i 2k 19 W9 25 18] 3 92 0 47
TEY W, & 24 Renfe S103 41 4 L) 279 km/h Y
P A BRI ELT I A A — B e 3
P& 5 H 2490 4 L) 247 ke /h A9 3 38 38 3 BF 42 BF, G0
P — AR bR . XA LR ER S
P & FE B BEA G o UL IR FE R FE Altaria
Talgo %1 4= 3 i Guadiana #f %2 B A6 0 20",k 8
AETOE S )RR AN Y T 2R B = 160 km /h SEAR W
W W EE 2] 32 m T A A G B ) e iR LR
FHTR] S BE R T N — TR I o o5 2k % 4 A Mk 64 m A9 A
W R4 I P B T R B A, X — 45
T T % AT 08 B Ak s R i S 4 1 e
50 7 i AU T R B 340 ke /h 4SS (0 Bk B R
GEHEAT T B S UESE T A 4 1 4 A TE S kPR
T TR (10 08 A JRURS: o R S 251 A e SR )
X} 200~350 km/h (9 5 FEMr Fis AT )% 257
Feuk ) B B a2 UEAT VR AIE , & B 7R R R T MR 4



14 AR5 xR FROPE )

% XX A

(8 JE IR L4 . Sanchez-Haro %94 36 F 3
AR e SR T RRE T S A S R R T — B
IR ol B ARG T Oy 9 L % 7 ¥k 8 AT ] B KM
B 2 JRE ST R B E A R . T 4l T R
KM HERR TR T B W, & BEAE 150 ~ 250
km /h 14 371 75 42 X [] N %A 35 92 B 1 R 8 ) B 3
Tl iR A A A SR PR B G, L ) LR KT R
I FE 4R 5 18 i) LR 5 38 A7 8 45 e N 8 4 K AR A
MM

DA 3 56 0 5 6 B i K I ) G 5 R R A A
Z I AR AR 22 H B A REMLME . 9 4 2 %
TR 32 45 A0 R AE 2 R 38 0 3 S e R R k2, L L
TE 51 2§ 2o A2 op A R AR XURG 3 . R Rk
LB G L 5] B R ) R L RS A SRR L R )
B 2 25 A AE R ) TR S RN 2 B OARS T) Y S iR
FRAE

7 #HitERE

1z 17 3 75 5 RS A SR L AR 5 T R )R 2k
TR A I H B ST 0 5T, SR T- R R A A 1 e
559 55 M AN, L KB ZEas 47 i Rk S 2 e k.
AR SCH BT B A LR 55 9 i 18] ARG B S R TR
B 32 L4 5 70 iR AR O A7) A Ul A R Y R
A R G5 A T8 SO 2 1 L IR 5 TR IR T 9T MR R IL IR 5
T IR B9 32 28w D3R A R L IR 45 ) B 37 10 F
FE 6 A ER I AR B LLN T EAE S .

1) H i, B 51 4/ BF 22 3L 4R 15 0 Ak BF 5475 L
BB o K T A [ 2 AR R R 9 3L
& 500 9% A5 00 B BT 58 K 2 4B T4 4 -
BB MG R G S RO BRI 4 52 W AL 20 A 5 B
Gy il g F 52 4 52 2% HLERBE T IR R W K, WF 2 A%
A B2 A AH IR 52 T 81 4 /4 B L AR 2R 0 i K
BLH o

2) AN TR &5 R R SR 32 22 1l i) 3 4 4% 1R A7 18 3
(i) B AL+ 204 4] 2 iy 28 0K 20 A% 5 81 4 R 4 H B iR B
W AR G [ AT R AR S IE, T RE ST R M R IR
PR AT S Y IR T IR A R A I SRR A S

3)— WA LT, B AR 5 M 2 2 R B AR B
Wi 17, S ot R 2 3 R R A B PR sl . AR R GE
14 3] 27 L iR 3k B2 5 9 4 5 S 2 A G 0IR R — B
I, B SR RIS 42 5 WU IR

)X TF g SR, — RS ARG AS P o
b AL, B A 2 0T S i T 3R R e K T o A
— B AT 0% X T S, TR R A X IR A B8 A
TURR— e LB, A REZ M

5) AR B 28 23 s/ B SR LR IR A . H

FESEBR T ZEAT R G 3R G0 00 B AL T 4R W 52 i)
AR, T B 1 W BEML LR 7 & 2

6) 1 5% BHL )¢ fil A7 2008/ 3 1 L PR A AR
TR S . SR, BHJE 23 1 0 PR ik R ARON T
R JE 1k B 4R B i I AROIR S

7)) T P JEL AR A Bk I AT R e R B A R T o
WML/ ), = 1.5, B R4 2yt ik 51 3/ 3
Bk L R % AT A 1 R R R T R L AR B R
GN8N A b 3 S ) i e

)X T &M Z, R TMD.VED .FVD,
APR S5 BH JE #5% AJ A3 28040 i) W 22 e o 37, 9 o5 A A
Br B ACHT LR 14 fE

9) B 37 1 56 B A oK B A B A R LR DLSR —
By e R S iR O 2, S8 T 0 4 R A 4 K
JECHY o/ d) AR A S AR M s HL e S SRR AN B 2

PR 5 5 B AL 5 R AL 1Y & v o Ak i 7t
Hia g AR WARWE L. S A YRR sh A, Kok
F 5% A &7 LA 7 i

1) FIHT 8 4 R G LA 5 6 R S 80 50 B B A
Y TE B G- BIOR R G SR X s RS (2
LG ) T G0 242 5 00 B (0 52 m AL ER 5 = 4 A
SRR BB B AL AR 5T R ORG Ak o3 B 28 5
KL

2) WF 52 5 2 /8 300 R 0 BRI S 505 AL
i, FE ST B T A B AT 4 A BT Ol B AR R R R
5 AR O B /R R G S
wit.

3) Wk 55 A0 I 51 4 g 485 52 2 PR B S e R 1Y 4k
% M % Ml A8 B Y A AL A ST M B T AR AT R T
- 5 077 -y 10 ) 4 A o SR A R Bie 5 B
VNN

4) W 5% T 50 22 i) 17 1 9 /4R AT 2 P
K e 5 77 0k T 5 AR B R B BIK B B B
&5 IR BE O ok 5 e A VPG B R Sk s AS
BE R 8 it e o A B AL 5 SR

5) FI FH ML &% 2 ) 301k 0 B 32 R Bh B0 ot A7 5k
BE 43T, TR0 S i A0 30 Al S . A K g
BRI B AL, ] S LR RRAE (1 A 2h $2 S 5 BE
i .

6)F B Re sk S5 ATy B, F &k A5
L SR NI BEE B JE 2 5000 DR 2 DA — 2B
UREE T €

5% 3k
[1] STOKES G G. Discussion of a differential equation
relating to the breaking of railway bridges [M]//



% XX #

IEEF, F HRBINE R RERE HRA LR 15

—
Do
[a—

[3]

—
o~
I

—
ol
[

—
(o}
[—

Mathematical and Physical Papers vol. 2. Cambridge:
Cambridge University Press, 2010: 178-220.

BOLOTIN V V. The dynamic stability of elastic sys-
tems [M]. Volume 1. Aerospace Corporation, Systems
Research and Planning Division, 1962.

FRYBA L.
moving loads [M]. Cham: Springer Netherlands, 1973.
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)

RAMONDENC P. Vom einflub hoher geschwindig-

keiten auf den entwurf von Eisenbahnbriicken am

Vibration of solids and structures under

beispiel der Stahlbriicken auf der hochgeschwindig-
keitsstrecke (HGS) des TGV Méditerrannée [J]. Stahl-
bau, 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
Meéditerrannée [J]. Stahlbau, 1998, 67(8): 652-658.
GOICOLEA-RUIGOMEZ J. Service limit states for
railway bridges IAPF and
Eurocodes [M]//Track-Bridge Interaction on High-
Speed Railways. Taylor & Francis, 2008: 17-28.

ERRI D214. Design of railway bridges for speed up to

in new Design Codes

350km/h; dynamic loading effects including resonance
[R]. European Railway Research Institute, 1998.

EN B S. 2. Eurocode 1: Actions on structures-Part 2:
Traffic loads on bridges [S]. London, UK: British
Standard Institution, 2003.

YANG Y B, YAO Z D, WU Y S. Vebhicle-bridge
interaction dynamics: With applications to high-speed
railways [M]. River Edge, NJ: World Scientific, 2004.
YANG Y B, LIN B H. Vehicle-bridge interaction
analysis by dynamic condensation method [J]. Journal of
Structural Engineering, 1995, 121(11): 1636-1643.
YANG Y B, LTIAO 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.

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.

YAU J D, YANG Y B, KUO S R. Impact response of
high speed rail bridges and riding comfort of rail cars [J].
Engineering Structures, 1999, 21(9): 836-844.
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.

CHO J R, JUNG K, CHO K, et al. Determination of

the optimal span length to minimize resonance effects in

(16]

[17]

(18]

[19]

[20]

[21]

[22

[

(23]

(24]

bridges 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.

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.
SKA, SR, BRI AR A S ML b
AU bR RS L, 2018.

ZHANG N, GUO W W, XIA H. Vehicle-bridge
coupling dynamics of high-speed railway [M]. Beijing:
Beijing Jiaotong University Press, 2018.

WREE, X028, SR, % . CRTS I 2403 AR Y w49 4k
B9 95 R 3 BT [J]. 94 R 2808 KB 4R, 2022, 57(D):
106-111, 119.

CHENZ, LIUX Y, HU Y, et al. Fatigue characteristic
of high-frequency vibration for CRTS I track slab [J].
Journal of Southwest Jiaotong University, 2022, 57(1):
106-111, 119. (in Chinese)

AR/, B AR R TE AR B0 Y S PR v g 4 BT T,
i @i, 2010, 50(10): 103-105.

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

WANG Z L., TAN Z X, CHEN L, et al. Internal and
external cancellation conditions for free vibration of
damped simple beams traversed by successive moving
loads [J]. International Journal of Structural Stability and
Dynamics, 2023, 23(16n18): 2340007.

MUSEROS P, MOLINER E, MARTINEZ-RODRI-
GO M D. Free vibrations of simply-supported beam
bridges under moving loads: Maximum resonance, can-
cellation and resonant vertical acceleration [J]. Journal of
Sound and Vibration, 2013, 332(2): 326-345.
ARVIDSSON T, KAROUMI R. Train-bridge interac-
tion: A review and discussion of key model parameters
[J]. International Journal of Rail Transportation, 2014, 2
(3): 147-186.

HOR, SRBA%, TRA . A8 &R e IR LB AR A R 03
Bl B2 4, 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.
DOMENECH A, MUSEROS P, MARTINEZ-
RODRIGO M D. Influence of the vehicle model on the
prediction of the maximum bending response of simply-

supported bridges under high-speed railway traffic [J].



16 E R B R LR FROP E ) % XX %
Engineering Structures, 2014, 72: 123-139. girders [J]. Engineering Mechanics, 2003, 20(4): 60-66.

[26] AFGHANI KHORASKANI R, MOFID M, (in Chinese)

EFTEKHAR AZAM S, et al. A new simplied formula [38] L1 J Z, SU M B. The resonant vibration for a simply
in prediction of the resonance velocity for multiple supported girder bridge under high-speed trains [J].
masses traversing a thin beam [J]. Scientia Iranica, Journal of Sound and Vibration, 1999, 224(5): 897-915.

2016, 23(1): 133-141. [39] BEAR . 44055 4544 3l 7 A0 G AR T IM. b 50 Bl 2 i i

[27] BIONDI B, MUSCOLINO G, SOFI A. A substruc- ., 2002.
ture approach for the dynamic analysis of train-track- XIA H. Dynamic interaction between vehicle and
bridge system [J]. Computers &. Structures, 2005, 83 structure [M]. Beijing: Science Press, 2002. (in Chinese)
(28/29/30): 2271-2281. [40] ERMG, BA, Motk 55 . 58 sh o 50 1F T fig s 22

[28] LOU P. Finite element analysis for train-track-bridge P& shmy N 2 BO0F 58 I, ¥R 3h TR 2%, 2014, 27(3):
interaction system [J]. Archive of Applied Mechanics, 362-369.

2007, 77(10): 707-728. WANG K P, XIA H, GUO W W, et al. Dynamic

[29] YANG Y B, YAU J D. Vertical and pitching resonance response parameter analyses of simplysupported beam
of train cars moving over a series of simple beams [J]. under moving load series [J]. Journal of Vibration
Journal of Sound and Vibration, 2015, 337: 135-149. Engineering, 2014, 27(3): 362-369. (in Chinese)

[30] ZHAT W M, et al. Train-track-bridge dynamic interac- [41] XIA H, ZHANG N, GUO W W. Analysis of resonance
tion: A state-of-the-art review [J]. Vehicle System Dy- mechanism and conditions of train-bridge system [J].
namics, 2019, 57(7): 984-1027. Journal of Sound and Vibration, 2006, 297(3/4/5):

[31] BASHMAL S. Determination of critical and cancellation 810-822.
speeds of Euler-bernoulli beam subject to a continuously [42] XIAH, LIHL, GUO W W, et al. Vibration resonance
moving load [J]. International Journal of Structural and cancellation of simply supported bridges under mov-
Stability and Dynamics, 2019, 19(3): 1950030. ing train loads [J]. Journal of Engineering Mechanics,

[32] SUDHEESH KUMAR C P, SUJATHA C, SHAN- 2014, 140(5): 04014015.

KAR K. Vibration of simply supported beams under a [43] Z=E R, HOR, S84 . A SCRAES LMk T Itk S
single moving load: A detailed study of cancellation phe- WHIRRON[T]. R sh TRE2A 4L, 2014, 27(2): 172-179.

nomenon [J]. International Journal of Mechanical Scienc- LI H L, XIA H, GUO W W. Effects of vibration
es, 2015, 99: 40-47. resonance and cancellation for simple beams under train

[33] YANG Y B, WU C M, YAU J D. Dynamic response load [J]. Journal of Vibration Engineering, 2014, 27(2):
of a horizontally curved beam subjected to vertical and 172-179. (in Chinese)
horizontal moving loads [J]. Journal of Sound and [44] Z=EIR, BOR, S04 . B ahfar 44/ A T A X R IR S
Vibration, 2001, 242(3): 519-537. THIRPLEATF[T]. TR A%, 2013, 30(7): 47-54.

[34] ZENG Q, YANG Y B, DIMITRAKOPOULOS E G. LI H L, XIA H, GUO W W. Study on mechanism of
Dynamic response of high speed vehicles and sustaining resonance and vibration cancellation for simply-support-
curved bridges under conditions of resonance [J]. Engi- ed beam under moving loads [J]. Engineering Mechan-
neering Structures, 2016, 114: 61-74. ics, 2013, 30(7): 47-54. (in Chinese)

[35] Z=gtrn, JRoARbE . 2Bl fif FAE I 7 378 18 1) i [45] iR, BRI, Rot %, 55 BBl T Bk P 7R
PLELBFFE[T]. T J1%, 1998, 15044 F) 3): 614-620. 2R I PR BB A I 5y (7). AR 3 5 op i, 2021, 40
L1JZ, SUM B. Study on vertical resonance mechanism (16): 287-293.
of simply supported beam under multiple moving loads LIJH, LITY, WU L Q, et al. Frequency-domain
[J]. Engineering Mechanics, 1998, 15(Sup 3): 614-620. analysis of vibration cancellation mechanism for a simply
(in Chinese) supported bridge of high-speed railway under moving

[36] TpARbR, Zegdep, SRR . ok 1 S A G 6 iy S loads [J]. Journal of Vibration and Shock, 2021, 40(16):
PRIL[I]. TR S%, 2001, 18(5): 84-94. 287-293. (in Chinese)

SU M B, LI J Z, LIANG Z G. Vertical resonance [46] LIJH, ZHANG H T, ZHU D S, et al. A moving load
phenomenon of simply supported girder bridges on high- amplitude spectrum for analyzing the resonance and
speed railway [J]. Engineering Mechanics, 2001, 18(5): vibration cancellation of simply supported bridges under
84-94. (in Chinese) moving loads [J]. European Journal of Mechanics - A/

[37] FR AR, ZEalrh, ARYRAL . Bk e ] S IR AR 8 ) IR 52 i Solids, 2022, 92: 104428.

KR4 rI]. TR F12%, 2003, 20(4): 60-66. [477LU Y, MAO L, WOODWARD P. Frequency

SUMB, LIJZ, ZOU Z Z. Analysis of the factors influ-

encing vertical resonance of simply supported railway

characteristics of railway bridge response to moving

trains with consideration of train mass [J]. Engineering



% XX #

IEEF, F HRBINE R RERE HRA LR 17

(48]

[53]

Structures, 2012, 42: 9-22.

WANG Y J, YAU J D, SHIJ, et al. Double sub-reso-
nance mechanism in torsional-flexural vibrations of a dou-
ble-track short bridge under a moving train [J]. Interna-
tional Journal of Structural Stability and Dynamics,
2022, 22(16): 2271005.

MA F B, FENG D M, ZHANG L, et al. Numerical
investigation of the vibration performance of elastically
supported bridges under a moving vehicle load based on
impact factor [J]. of Civil
Engineering, 2022, 20(10): 1181-1196.

YANG Y B, WANG Z L, YAO H, et al. Weak-end

and frequency detection of elastically supported bridges

International Journal

by contact residual response of two-axle test vehicle in a
round trip [J]. Journal of Bridge Engineering, 2023, 28
(3): 06023001.

L&, Aok, Wik, GRS SORRIE S0 B -
B ) D) KR A R AT B R (D0, oh A B R R
2023, 36(3): 165-176.

WANG Z L, YANG Y B, YAO H, et al. Analytical
theory and application of vehicle-bridge interaction
dynamics under unequal support stiffnesses [J]. China
Journal of Highway and Transport, 2023, 36(3): 165-
176. (in Chinese)

SHI Z H, UDDIN N. Theoretical vehicle bridge
interaction model for bridges with non-simply supported
boundary conditions [J]. Engineering Structures, 2021,
232:111839.

YAUJ D, WU Y S, YANG Y B. Impact response of
bridges with elastic bearings to moving loads [J]. Journal
of Sound and Vibration, 2001, 248(1): 9-30.

YANG Y B, LINC L, YAUJ D, et al. Mechanism of
resonance and cancellation for train-induced vibrations on
bridges with elastic bearings [J]. Journal of Sound and
Vibration, 2004, 269(1/2): 345-360.

PR, ok, L&, % sRE SOR B PR AR B
IR 5 IR 0952 M ALER 2 T (T]. AR DR 24k, 2024,
57(6): 13-25.

CHEN L, YANG Y B, WANG Z L, et al. Mechanism
analysis  of influence of elastic support boundary
conditions on bridge resonance and cancellation [J].
China Civil Engineering Journal, 2024, 57(6): 13-25. (in
Chinese)

YANG Y B, CHEN L, WANG Z L, et al. Cancella-
tion of resonance for elastically supported beams subject-
ed to successive moving loads: Optimal design condition
for bridges [J]. 2024, 307:
117950.

R R, REM, V& RIVFE D fr 4 T i S P s S
538 25 G ) LR 2 OF R8O LT, 998 2 2 i (AR
SRR, 2016, 44(2): 141-148.

LUJF, WU J B, SHA X. Resonance and cancellation

Engineering Structures,

(58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

(66]

[67]

effects of periodically elastically supported continuous
beam under a series of moving loads [J]. Journal of Hohai
University (Natural Sciences), 2016, 44(2): 141-148. (in
Chinese)

BAKHE, WEER, BRI, A B TR A AR L Y ik e
32 A T R B 43 T T A (D). BRI AR, 2023, 45(9):
178-184.

ZHAN J W, MIAO H L, WANG Y J, et al. Analysis
method of lateral vibration of simply supported railway
bridge based on simplified model [J]. Journal of the
China Railway Society, 2023, 45(9): 178-184. (in
Chinese)

ZANGENEH A, MUSEROS P, PACOSTE C, et al.
Free vibration of viscoelastically supported beam bridges
under moving loads: Closed-form formula for maximum
resonant response [J]. Engineering Structures, 2021,
244:112759.

HANKARI SEL, DKIOUAK R, ROKY K. Resonance
and cancellation phenomena in partially clamped simply
supported beam bridges under moving trains [J].
Structures, 2022, 41: 1247-1256.

ZHANG Y T, JIANG L, ZHOU W, et al. Study of
resonance condition of railway bridge subjected to train
loads with a four-beam system [J]. Mechanics Based
Design of Structures and Machines, 2023, 51(3): 1468-
1488.

NIKKHOO A, EBRAHIMZADEH HASSANABADI
M, EFTEKHAR AZAM S, et al. Vibration of a thin
rectangular plate subjected to series of moving inertial
loads [J]. Mechanics Research Communications, 2014,
55:105-113.

HASSANABADIM E, ATTARI N K A, NIKKHOO
A, et al. Resonance of a rectangular plate influenced by
sequential moving masses [J]. Coupled Systems
Mechanics, 2016, 5(1): 87-100.
MARTINEZ-RODRIGO M D, MOLINER E, ROME-
RO A, et al. Maximum resonance and cancellation phe-
nomena in orthotropic plates traversed by moving loads:
Application to railway bridges [J]. International Journal
of Mechanical Sciences, 2020, 169: 105316.

TORKAN E, PIRMORADIAN M, HASHEMIAN
M. On the parametric and external resonances of
rectangular plates on an elastic foundation traversed by
sequential masses [J]. Archive of Applied Mechanics,
2018, 88(8): 1411-1428.

MOLINER E, MARTINEZ-RODRIGO M D,
MUSEROS P. Dynamic performance of existing double
track railway bridges at resonance with the increase of
the operational line speed [J]. Engineering Structures,
2017, 132: 98-109.

JU S H, LIN H T. Numerical investigation of a steel

arch bridge and interaction with high-speed trains [J].



18 E R B R LR FROP E ) % XX %
Engineering Structures, 2003, 25(2): 241-250. na in two-span continuous beams and its application to

[68] LACARBONARA W, COLONE V. Dynamic re- railway bridges [J]. Engineering Structures, 2020, 222:
sponse of arch bridges traversed by high-speed trains [J]. 111103.

Journal of Sound and Vibration, 2007, 304(1/2): 72-90. [81] XIN L F, MU D, CHOI D H, et al. General conditions

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

[70] YAU J D, FRYBA L. Response of suspended beams [82] YAU J D, YANG Y B. Vertical accelerations of simple
due to moving loads and vertical seismic ground beams due to successive loads traveling at resonant
excitations [J]. Engineering Structures, 2007, 29(12): speeds [J]. Journal of Sound and Vibration, 2006, 289(1/
3255-3262. 2): 210-228.

[71] LU L, LIJ Z. Longitudinal vibration and its suppression [83] i 7% . o L4 I i R 5 T SR O ¢ 1) IR PR S5 14 o T
of a railway cable-stayed bridge under vehicular loads [J]. [J1. ¥&3h 5 apis, 2019, 38(23): 19-24, 32.

International Journal of Structural Stability and MENG X. Vertical resonance condition analysis for
Dynamics, 2018, 18(4): 1850052. simply supported box girder with common span used in

[72] TR, MPERE, 2wl P R R R A S L high speed railway [J]. Journal of Vibration and Shock,
Rk R BHTT]. R85 i, 2000, 19(3): 71-73, 88. 2019, 38(23): 19-24, 32. (in Chinese)

NING X J, YE L Y, MIAO S. Research on the [84] B, Sdm 5, Wk, . 2T [l AR 2h A0
relationship between the bridge span arrangement in high e SR IR SR R A R,
railway and the bridge resonance [J]. Journal of Vibration 2023, 40(5): 749-756.

and Shock, 2000, 19(3): 71-73, 88. (in Chinese) YANG HY, WU N H, CAO HY, et al. Research on

[73] YAU J D. Resonance of continuous bridges due to high resonance and cancellation speed of simply supported
speed trains [J]. Journal of Marine Science and Technolo- girder bridge of high-speed railway based on free
gy, 2001, 9(1): 2. vibration [J]. Chinese Journal of Computational

[74] KWARK J W, CHOI E S, KIM Y J, et al. Dynamic Mechanics, 2023, 40(5): 749-756. (in Chinese)
behavior of two-span continuous concrete bridges under [85] YAU J D, MARTINEZ-RODRIGO M D,
moving high-speed train [J]. Computers &. Structures, DOMENECH A. An equivalent additional damping
2004, 82(4/5): 463-474. approach to assess vehicle-bridge interaction for train-

(75] WA, 75 . Bk BE o S 20 45 B A B LS F 9T induced vibration of short-span railway bridges [J].

[J]. k18 TR 244, 2001, 18(3): 51-55. Engineering Structures, 2019, 188: 469-479.
TIAN J, XU K B. Research on simply supported beams [86] STOURA C D, DIMITRAKOPOULOS E G. Addi-
with equal span on high speed railways [J]. Journal of tional damping effect on bridges because of vehicle-
Railway Engineering Society, 2001, 18(3): 51-55. (in bridge interaction [J]. Journal of Sound and Vibration,
Chinese) 2020, 476: 115294.

[76] JU S H, LIN H T. Resonance characteristics of high- [87] DUAN Y F, WANG S M, YAU J D. Vector form
speed trains passing simply supported bridges [J]. Journal intrinsic finite element method for analysis of train-bridge
of Sound and Vibration, 2003, 267(5): 1127-1141. interaction problems considering the coach-coupler effect

[77] YANG Y B, YAU J D. Resonance of high-speed trains [J]. International Journal of Structural Stability and
moving over a series of simple or continuous beams with Dynamics, 2019, 19(2): 1950014
non-ballasted tracks [J]. Engineering Structures, 2017, [88] YANG Y B, YAU J D, URUSHADZE S. Wave
143: 295-305. transmission of linked railcars moving over multi simple

[78] YAU J D. Suppression of train-induced vibrations of beams under dual resonance [J]. Journal of Sound and
continuous truss bridges by hybrid TMDs[C]//Proc. of Vibration, 2019, 452: 51-57.
the 21st International Congress of Theoretical and [89] Wy EE, Whiliik, EWA . ZHIF 4T &5 5 55 B4 1) 42
Applied Mechanics with CD-ROM, Warsaw, Poland, AR o L A (T, WEBh 5 vh s, 2019, 38(5): 237-
2004: 11287-11288. 242, 258.

[79] WANG Y J, WEI Q C, SHI J, et al. Resonance SHIJ, YAU J D, WANG Y J. Resonance responses of
characteristics of two-span continuous beam under vehicle during a two-axle train passing through sequential
moving high speed trains [J]. Latin American Journal of equal-span bridges [J]. Journal of Vibration and Shock,
Solids and Structures, 2010, 7(2): 185-199. 2019, 38(5): 237-242, 258. (in Chinese)

[80] MARTINEZ-RODRIGO M D, ANDERSSON A, PA- [90] MATSUOKA K, KAITO K, SOGABE M. Bayesian

COSTE C, et al. Resonance and cancellation phenome-

time-frequency analysis of the vehicle-bridge dynamic



% XX #

IEEF, F HRBINE R RERE HRA LR 19

interaction effect on simple-supported resonant railway
bridges [J]. Mechanical Systems and Signal Processing,
2020, 135: 106373.

[91] LOU P, YAUJD, AUF T K, et al. Shifted resonance
of railway bridges under trains passing by each other [J].
International Journal of Structural
Dynamics, 2022, 22(7): 2271001.

[92] WU Z Z, ZHANG N, YAO J B, et al. Wavelet time-

frequency analysis on bridge resonance in train-track-

Stability  and

bridge interactive system [J]. Applied Sciences, 2022, 12
(12): 5929.

(93] FEJeAN, Wb e, BRORE . B 40 A T SE 4 A 4R 5 0

RBLG ] JRsh 5 i, 2015, 34(2): 1-8.
WANG Y J, SHIJ, 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)

(94] B2 B, MBI, BRGEAE, S5 . e Uk A A R A

IR B S AR AR WA o3 B D). K TR 5 A
2015, 32(2): 31-36.
YANG HY, CAOHY, CHEN Z J, et al. Analysis of
vibration of non-uniform girder bridge under trains and
influence of creep in high-speed railway [J]. Journal of
Civil Engineering and Management, 2015, 32(2): 31-36.
(in Chinese)

[95] 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 Structures, 2012, 41: 350-355.

[96] 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.

[97] XINLF, LIX Z, ZHANG J X, et al. Resonance analy-
sis of train-track-bridge interaction systems with correlat-
ed uncertainties [J]. International Journal of Structural
Stability and Dynamics, 2020, 20(1): 2050008.

(98] 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.

[99] 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]. Earthquake Engineering and
Engineering Vibration, 2023, 22(4): 1015-1030.

[100] MAJKA M, HARTNETT M. Effects of speed, load
and damping on the dynamic response of railway
bridges and vehicles [J]. Computers &. Structures,
2008, 86(6): 556-572.

[101] YAU J D. Response of a train moving on multi-span
railway bridges undergoing ground settlement [J]. Engi-
neering Structures, 2009, 31(9): 2115-2122.

[102] ROMERO A, SOLIS M, DOMINGUEZ J, et al.
Soil-structure interaction in resonant railway bridges [J].
Soil Dynamics and Earthquake Engineering, 2013, 47:
108-116.

[103] DOMENECH 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].
Transportation, 2015, 3(4): 201-214.

[104] LU J F, MEI H, ZHONG L. Dynamic response of a

periodic viaduct to a moving loading with consideration

International Journal of Rail

of the pile-soil-structure interaction [J]. Acta Mechani-
ca, 2015, 226(6): 2013-2034.

[105] Fa#F . 0 2k ik 32 252 W A4 A9 22 5 o) I 4 W 0 0 BT (7],

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)

[106] #7 i, sk, Az, 45 . PR 43 5 dik BELJE 8% 10 1 2%

B A7 3 05 e MR Y BTS2 (0], b [ BRGE R 2, 1998, 19
(1): 12-18.
YANG Y Q, ZHANG D, ZHOU H Y, et al. Study
on the use of TMD in controlling the vertical resonance
of railway bridges [J]. China Railway Science, 1998, 19
(1): 12-18. (in Chinese)

[107] XUPRAR , (it 7Kk 4= . P 285 1 BEL T 45 410 1] 8 s 490 9 40 -

SR (7] L J7 S R A2 4R, 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)

[108] B3¢, B . TMD X mi 28 51 22 58 3o 17 3248 22 1 s 114
P& ol 42 i B g 0. R 3h 45 vhods 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)

[109] MARTINEZ-RODRIGO M D, LAVADO J, MUSE-
ROS P. Dynamic performance of existing high-speed
railway bridges under resonant conditions retrofitted
with fluid viscous dampers [J]. Engineering Structures,
2010, 32(3): 808-828.

[110] WANG Y J, YAU J, 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.

[111] LAVADO J, DOMENECH A, MARTINEZ-
RODRIGO M D. Dynamic performance of existing

high-speed railway bridges under resonant conditions



20 AR5 F B LA FROF E L) % XX %
following a retrofit with fluid viscous dampers raise up to 160 km/h [J]. Zhongguo Tiedao Kexue,
supported on clamped auxiliary beams [J]. Engineering 1996, 17(1): 9-20. (in Chinese)

Structures, 2014, 59: 355-374. (1217 g, ™k, SR8, 55 . W AT 42 T BRI 22 4k 30

(112] =4, BT, BEM, & Rk Rt FRPER g URoE )], JRah 5 obdi . 1998, 17(1): 53-57.
R R B -5 i ) 4 T (7). 5T D 2244, 2019, 36 XIE Y, YAN P Q, ZHANG D, et al. Measurement
(4): 483-490. and analysis of bridge vibration when train passes by at
LI J H, GUAN H P, LI C X, et al. Study on a quasi-high-speed [J]. Journal of Vibration and Shock,
resonance response and vibration control of high speed 1998, 17(1): 53-57. (in Chinese)
railway continuous beam bridge [J]. Chinese Journal of [122] PR8I . v 3k s 2k b 187 S B2 4 70 M L 4R In] 280 4] 5
Computational Mechanics, 2019, 36(4): 483-490. (in [J]. V8 B 383 K 22440, 1995, 30(3): 275-282.
Chinese) SHEN R L. Preliminary research of bridge-vehicle

[113] YAU J D, URUSHADZE S. Resonance reduction for resonance on simple-supported beam bridges on high
linked train cars moving on multiple simply supported speed railways [J]. Journal of Southwest Jiaotong
bridges [J]. Journal of Sound and Vibration, 2024, 568: University, 1995, 30(3): 275-282. (in Chinese)

117963. (123] 6 # #% . & . De Roeck Guido. & Kl i o £k

(114] wfe Al FHFEL , A . BT 88 gl r 20 A i B 22 Sesia KA Y 3 3 et S A0 RS S PR sl A 0], $k 3l 5

il B AR B BF 5 (00, B Bk GE B2, 2005, 26(2): ity 2013, 32(15): 82-88, 94.
73-76. GUO W W, XIA H, GUIDO D. Dynamic
GAO C W, TANG Y R, YU H. Study on the characteristics and coupling vehicle-bridge vibration
vibration of rail transit bridge based on moving load analysis of the high speed railway Sesia Bridge in Ttaly
passing bridge [J]. China Railway Science, 2005, 26 [7]. Journal of Vibration and Shock, 2013, 32(15): 82-
(2): 73-76. (in Chinese) 88, 94. (in Chinese)

[115] SHIN J R, AN Y K, SOHN H, et al. Vibration (124] XUMSHE, West N, FH a0, 45 . wF ik 200~250 km = £k
reduction of high-speed railway bridges by adding size- B e g e Re I I F S 7], R AR AR R, 2013,
adjusted vehicles [J]. Engineering Structures, 2010, 32 46(3): 96-102.

(9): 2839-2849. LIUPH, YAOJC, YINJ, etal. Experimental study

(116] B K Z, Xk . ) 322 045 98 hn 18w Je 2 48 i 57 2 on dynamic behavior of 200-250 km/h high-speed
[J]. %kl TFE4 , 2015, 32(9): 60-66. railway bridges [J]. China Civil Engineering Journal,
ZHOU C D, LIU B. Research on the resonance 2013, 46(3): 96-102. (in Chinese)
response of simply-supported railway bridge before and [125] #Eile, What)nl, dds, 55 . W33 300~350 km & 4k
after reinforcement [J]. Journal of Railway Engineering A 92 30 7k R R A8 B 5 (0], b kB RR2E, 2013,
Society, 2015, 32(9): 60-66. (in Chinese) 34(3): 14-19.

L1173 . 550 2 B A 5 8 S0 W o 43 YANG Y Q. YAO I C., MENG X, et al
Wr[T]. TREPE S ek s, 2023, 45(2): 118-127. Experimental study on dynamic behaviors of bridges for
ZHANG X. Resonance analysis of existing simply- 300-350km-h" high speed railway [J]. China Railway
supported railway bridge strengthened with adding steel Science, 2013, 34(3): 14-19. (in Chinese)
braces [J]. Earthquake Resistant Engineering and [126] SANCHEZ-HARO J, FERNANDEZ B, CA-
Retrofitting, 2023, 45(2): 118-127. (in Chinese) PELLAN G, et al. Simplified method to detect reso-

[118] GALVIN P, ROMERO A, MOLINER E, et al. Two nance effects in railway bridges. Viaduct over Aragon
FE models to analyse the dynamic response of short River and Almonte bridge application [J]. Engineering
span simply-supported oblique high-speed railway Structures, 2024, 305: 117668.
bridges: Comparison and experimental validation [J]. (127] THhse, T, ROE, 5 5T ek 52 W I A ok i ¢
Engineering Structures, 2018, 167: 48-64. R LB LR 4 07 [J]. BRGE TR 24, 2016, 33(9):

[119] GALVIN P, ROMERO A, MOLINER E, et al. On 48-54.
the dynamic characterisation of railway bridges through DING Y L, WANG C, ZHAO H W, et al. Vehicle-
experimental testing [J]. Engineering Structures, 2021, bridge resonance analysis of Dashengguan bridge based
226: 111261. on vibration acceleration monitoring [J]. Journal of

[120] BK48, FIfE D, SB%E, 25 BEA 245 5 % 160km/h 1 22 Railway Engineering Society, 2016, 33(9): 48-54. (in

VAL RIS [T P EBRGE 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

Chinese)

(m# XXX)



