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Abstract: The braking behavior of trains will notably affect the longitudinal movement of suspension bridges.
Therefore, it becomes imperative to delve into the longitudinal movement of kilometer-level railway suspension
bridges under the influence of train braking. This study takes a long-span railway suspension bridge with a main
span of 1060 meters as its research object, and explores the response characteristics of its longitudinal movement at
the girder end when subjected to train braking forces and the controlling effect of a fluid viscous dampers ( FVDs)
by numerical simulation. Firstly, the engineering background of the kilometer-level railway suspension bridge and
the finite element model established using ANSYS software are introduced. Then, the loading and solution methods

for the longitudinal movement of the long-span railway suspension bridge, the finite element simulation methods for
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bearing friction and FVDs, and the simulation method for braking force are described. Subsequently, the effects of
different braking positions and consideration of bearing friction on the longitudinal movement response of the
suspension bridge are investigated. Finally, the control effect of FVDs on longitudinal movement is studied, and
parameter analysis is conducted. The results show that as the braking position approaches the point where the train
exits the bridge, the shape of the longitudinal displacement curve becomes more similar to a sine function. Bearing
friction has a certain control effect on the displacement response at the girder end under train braking, but its
control effect on the velocity response is not ideal. The utilization of FVDs effectively controls both displacement and
velocity responses at the girder end of the suspension bridge under train braking. The optimal control effect is
achieved when using a FVD with a damping coefficient of 2500 kN « (m/s) ™ and a velocity exponent of 0.1.
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Table 1  Critical friction force of bearings

(ivA-+ SRR 1/ (%107 N) FEAE S FUEERH S1/ (x10° N)
PEMIE & 1.05 3.14
PUORIE 2.81 8.42
0.03
TRt % 3.10 9.31

RN & 1.19 3.58




192 W oE L B 5 T ®B & 3 8445

2 HBEERFHEESIHMEKRBETRX

2.1 SKREEMEFIZMAR

RIS G4 i S A T AT S R R A K I R B A o A )i B B S ), SR S B i 2R g U
KB, MR 2T KSR BRI\ 038 sh ATt 18 % FEAR 3% B 7 A i 3 380

PR I2 B BN =X(3) IR

Mii+Ci+Ku=F(t) (3)

XM C K BRI FLE IR su ., a . i 535 A IS R om i 8 B N B F (1) N4
gk it ELARMYSEE Ty 2O Gl it ANSYS MBEAS S 1 A AT 3 I3 2% o3 A, RIAT 25 pE& 80 3l s, FEoR
F IS | B R 2 AR AR By 4 BELJE SR P B A1 BELJE AR RS | 56 192 3 By SRR S R AR I B2 | RS BHJE B4 0.005

X 1 SR FH TG )42 Bl 1) 5 Ml i — [ {81, AR B8 AR DG SR [ 25,28,31,33 ] SRR % ZKH fai LR B R
Bz o i gk, HOR =R & 6 s, A BR AR Y 4 v g 31 4 g 2840 kg &1 g 288000 28 107 16T 10 A7 7 1 A
Ab X FASTE T A5 A 7 KRR B e B AR AR A L, P A A 28 1 X SRR — FR B A 18 ) £ R 7 i 2k 3
TSR S L HBAEERTYE 1 m h—hngE | iR KE 0.03 s,

4 x 250 kN
63.4 kN/m 63.4 kN/m

L 157.8 m 0.8 m|L.6 m|L.6 m 1.6 m0.8 m] 157.8 m |
| 322 m |

6 ZKH m#EX
Fig. 6 ZKH loading pattern

2.2 FIEFFHAEUAR
SRS G S AT g% e s 16135 SRR, T ERR L i 3l g . FERR RS braz B v, 91 4 3l i
e b i W] AR ARSI 91 45 3 0 R ROR IR T R R S A Z B AR s EE 45, 81 il g gl DL X (4) 5
CER
T=uW (4)
P TR S T) s WU R G W RPN G E ),
G 8 5 AR B S R R AN (5) P
nu=T/W=a/g (5)

K a HEVERINEHREE

A3 (4) A (5) (80T LR 810 A2 3 5Kt 30 A2 il 3l

MH) A B KA, 2 B AR HIsh e, LR
TS AR TR P54 ARl 2 DL K I 1 S Sl | O 485 5 A S -
85 B A= R 2 R0 8 4 ) 2l 1 Do 8 38 DA (LB 0.15 ¢, i 4k
(R 2 ) B AR e an il 7 i, o e RORKTF 6 s AR RS
(B, I, F0 3 0 58 mE] 0.10W IR 6 s, H1 0.10W 34
TN 0.15W Jir FH B[] 5 50 2900 4 b M sl B R /N AT 56, 31 2 4 o : .
A h 1 3h ) i BRI R ph AR AS AR Y 90 445 1 i — 0 Tl
], il 20 1 23 9 8RBE S 0, THARRT K 1l 20 3 7 A OGS Rz 19 52 E7 5 A
AN SR R I EN A IROTER b BB H S8 EAT iy 7 Braking force time history curve of trains
HET5 A

3 JEHNEATHBERTNEESINHEFE

B IIE B VAT N, 574 AR P SRAA TRl 38U D 120 km/h, B E][E]BE A 0.03 s, i T RIS 4

0.10W f------

i3 1N




193

37

KA R SRS R T BN 128 3 SRR RS SR f o

5514

il sl 7 R AT A e i AR 2 B A AT B A AR R LA AR AR S AL 174 AL EBSES T 374 £
Ab PO EE S 6 AN E R RIS DL, 4 AE S —0r B IR 3, B = g s 1k, sbAst il 3 g R 0, 371
LRI 8 ) far ARATHVE AL B, SRS XA B A sg i PRI, X450 42361 s 58 iU , 75 58 30 s B 32 10 A H e
g, 22 Nl THL ) EARGN Y,

®2 FEHBHIR

Table 2 Braking condition of trains

W AAE S TRIER/m FISITEER s RIS E/m B R A
B3 WA 0 0 596 30.80
ARIBF B AL 130 3.90 726 34.70
174 gkt 395 11.85 991 42.65
rhis S b 660 19.80 1256 50.60
3/4 thighk 925 27.75 1280 58.55
PR AL 1190 35.70 1280 50.05

P 8 S Ao AN ) B i 3 T A 2R B SR S 1] 5 R i I 2, FG ey (57 A% 0 57 7 1) L2 88 1] A SR8 R A
b s I 1 it = S W BN N o T O e =i ) VAT w82l v A i N RV 26 U
IR E X R BOE 20 9 A AR 2R O S RAS (AT £ A i Sl sy, sl SR 4 1) (2 % 1E 5 1] W LA/ )N
(A R EAE G071 (U SN . YF A AE rp s Sk, 1275 18] 505 1] B9 ) L R 2 Ik B A K-, 2451 %
TE 3/4 WAL A A S, B sm A 1) (A2 I E Fr Kk

300 . o 300 , 300 .
e ] — T
200 P AR 200 b SRR 200 SR
2 o0 | 2 o E 20 i
= | = i & |
-100 | ~100 : 100 :
200 20 0 6 —200 T €6 50 200, 20 40 60 80
] /s NS s TE] /s
(a) M0 A7 (b)) AR 20 (c) VarhEEiilz)
300 : 3 —— . .
. A —EEERE 100 — O
200 | —— A SRR 200 A7 SRR {1 SRR
: E £ :
£ 100 | g 100 | g0
B0 ; B0 : 5
cEl i & : = -100
-100 : 100 g
20030 a0 e 80 10 200 20 40 0 80 100 0 20 40 60 80 100
s 1) /s Il /s i) /s

(d) i bz

(e) 3/4rh i)

(F) PYOBFEE i 50

B8 FREHZNGE TR 6 A% 0 A
Fig.8 Longitudinal displacement response of the girder end at different braking positions

34h, Bl 8 AT, S R TR A A s g R I Ram N S B A F . DL 374 thig bl 3h T4k
9], AN e Sl R B L 7 RSt B Wi 97 1E SR 43 ) o0 131.5 mm A1 134.8 mm , 1717 % F& 57 Ja B8 BEL 3 ), o 17 74 1F
GI7 AR /NE] T 99.9 mm FT 121.7 mm , A5 HAST 18 S 8 EE BH T 1 T80 43 398/ N T 24.0%F19.7%

G GEFEAS R B A 2 A i 205 RS 1) e R AR N 0y 2 G st O 1) 3k 8 s A 2 P61 9 T s, 9 1w s 38 7 i) LA
) G A A L SR T PG Ry £, TR A 20 G B A B B T R v, A I R A 1 U
SR A AR AR A B T ARSI AR RO IEAL N 174 FE B A B AL Sl s 2 1] R
W BGA BN (S A E I Bh ik . S8 AAE s v 3 DL K 374 5 i 2t i h Sk 52 v () 9N 1) 3
JEE i R REDG LA TR, 7E 7 S S AR EERH ) J , i A o) R ) DR {0 A A R0, S e B B T %o 1)
A 25 | S B R s (o] A AN



194 woE T OB 5 TR ik 3 44 %

0 , — 0 , 0 . —
! — A ! T — o T AXEE
= 20 T ASUEERL o AR o g A
2 ifw g g = g :
£ 0 : EI £ 0
= ; = ; =
® 20 : # 5o : # o
—405 20 40 60 e 20 ' 40 60 80 —40 20 40 60 80
Il /s 1A /s I} i) /s
Ca) M A 2 (b)) M i 8h (e) V4 Eslsh
40 , — 40 — 40 ‘ —
| —— TGS JHEEE B — JUSCHEE §—— JG SRR RH
— 20 P SRR o — A7 SRR RE — 20 | P
2 : g : E 3
£ £ N
) e i
j B ® 90
: P . : —40 :
0 20 40 60 80 100 0925 40 60 80 100 200 40 60 80 100
Hif ] /s Hifa)/s sl /s
(d) sl sh (e) 3/4rhE5ii5h (f) PHIERES il )

9 AEHIBNALE T Rk % N R X b

Fig.9 Longitudinal velocity response of the girder end at different braking positions

oSBT B, X ST TR 1 e
AR TS AR B TR, B 10 iR 0 N LA\ | e

Eu' r G A
SCRBERL BT AU ATI TS 174 s AL HIE) 3/4 s

B 03 A A S O T B O X EE . fT I 10 AT, 81 4o N
174 SRS A0 RIS, 2R TE 0 N T A AT R T TE 00 Ay /ﬁa
3/4Th s (i AL SR I I A P PR FAIIAT 15— 50—
T HAIE i /s

GUAAE AN RAM AR | PG O AT T RO ARG B 10 SIZESETR TR S5 TR
ARMRRS , T PG O ORES . 2450 75 6 e B B e LAZR I ghirt ) Fig 10 Comparison of uniform driving conditions
AT AR, G A PR A5 20 2 1 P 0 2 2 3 3 and braking conditions of trains
BEIE 7 18 (AR ) S 305 /NI — 543, T L 0 W (/N - AT 38 T 00 5 490 4 3/4 S 4h i 3
fF, $7 7 ] P ) (50766 K/ N T 0 30 05 A 9 20 28, DRI 67 5 (1 8 L £ 50 T 0
Ko BRIV IR T M0 5 R A0 T S 0 L 8 W ol 256 2 Lot R, TR S o T
T S4B 7T A 0 ST T (30, AT BE 5 AT 24k 1 TR, S 75 R 0 ) 6035 0 T
FAIHATHOARA , FERCRINEOLT | Rk 2 B SIEIZ 3l T JEL 9P A5 1 T o 2 42 8 1 i T 5
AP, AL G B R B (50 6 (T, 55 X 0 08 1 R R B T AR PR
B 75 I 4 9050 S M B M K

4 FhiHPERSFIEFIRAR

AR DS AN RASHEAL 735 B T 8 AN B B e &% , 243k 16 DRHJE &%, A FROTELLR
P TR LRt T TR A A, LS DR R Rkam g 1] 1 Bl We W BK Y 374 85 rp i 3 S 4], 23-Ar 4 R BELJE
e BHLJE R B0 1500,2000,2500 kN + (m/s) ™, BHLJEFEXLI 520 0.1,0.2.,0.3 I, Seumdh ) (58 B o JEE 11
SR IS A B E AR LU T XTI

B 11 5040 3/4 5 mhiilshint, S EARTRI e 240 AN RIS 15 RO 2 B e 4 Rim O\ ) 0245 AT
RER PR IRRBLIE R i BRI AR EE OB E T80, e B i BELE a4 e , Gem 1o (378 3 88 Wi ]
YRR, TEAR RIS RECT , B BRLE SR EUn 8/ G\ 7% | 2 BE RS 4




555 ) KA R SRS R T BN 128 3 SRR RS SR f o 195

150 ; 150 ; - 150 ; ——
—JEHLE — P — R
100 —0.1 100 Po—ol 100 Po—ol
= 50 —0.2 = 50 —0.2 £ 50 —0.2
£ —03 £ —o03 E —03
® 0 2 0 2 0
& 50 E 50 E 50
-100 -100 -100
~15 . . L _ ' 150 :
=l 50 40 60 80 100 %20 40 60 0 100 % 20 40 60 80 100

H 1) /s Hs ] /s ) /s
(a) BHJE Z %L1 500 KN - (m/s)y {5 B0 1 (b) BHJE Z%02 000 kN -+ (m/s) <3 B (¢) BHJE Z%k2 500 KN - (m/s)y [ B

40 . : : : ) .
—Ty 40 T 40 E—TT
Lo—ol P —ol L o1
2 20 — - 0 2 D i o
—0.3 £ —0.3 g J—
tE’ 0 E o0 £ 0 0.3
i # giid
# 20 # 20 ® 20
_40 : B ) ‘ | _40 :
020 40 60 80 100 020 40 60 s 10 0 20 40 60 80 100
Fsf 1) /s 1 /s I ) /s

(d) BHJE ZEL1 500 KN+ (m/s) 5 & i (e) BHJEF%L2 000 kN - (m/s) 3 B 1 i (f) BHJE Z%2 500 kN = (m/s) < & i i

B 11 RS TR E RS ERIRBER XL

Fig. 11  Comparison of control effects of viscous dampers with different exponents

GVIEAE 3/4 Bl sl i, 15 AR W] BELJE 18 500 A [R] BELJE 22 £ b i BELJE 2% 1 32 3 A 1] 42 20y i 1o X6 L 4n
B 12 s, B B s BRLE R i AT ZEAH R BRJE 38 80T, BJE R AW 3G, X T 2 ik 9\ n1 iz 3
PRI TG IR 11 K& 12 WA, B8R BHJE Rk 2500 kN - (m/s) ™ BHJEFE%CH 0.1 B9 ZG FHLE
it AR e, BURPE LT AR B B 1 1E £ 0 (B 5.3 mm A 14.1 mm, HETERHJE T-00 (%
JE S PR EERE 7)) Y8/ T 94.8% A1 88.3% , A% sty i JBE 11 1E £ 5 [RIWE(EL A 1.9 mm/s A1 2.7 mm/s, HLIGRHJE
T (P S R EERR S ) /N T 91.6% 1 92.1% , BRIIL , #5747 4214 2h 5 | i) ek )32 sl it %, #Ed
SR AR JE 2 A2 500 kN - (m/s) ™, BHJEFEECHN 0.1 BB RS 7%

150 —— 150 x 150
— e — ke

1500 kN - (m/s) 100 i— 1500 kN - (m/s)

2000 kN - (m/s)~* 50 =—2000 kN * (m/s)

— KBS
= 1500 kN * (m/s)"°
i=——2000 kN * (m/s)°

s 50 : £ £ ' :
£ 2500 kN - (s 2 —2500kN- (/)| & = 2500 kN * (m/s)"
2R 0 : 8 0 : 2 0 :
£ 50 & 50 & 50
-100 -100 -100

020 a0 0 80 100 % 20 40 60 80 100 % 20 40 60 80 100

Ml /s s i) /s A1) /s
(a) BHJEFEELO B FE M L (b)) BHJEFEEL0. 20815 75 1 1y () BHJEFE 50 3R A i
0 — L 40 — R 40 TR
i=—1500 kN * (m/s)" i=—1500 kN * (m/s) 1500 kN« (m/s)™
@ 20 2000 kN« (m/s) | @ 20 2000 kN - (/)| @ 20 2000 kN - (m/s)*
g i—2500 kN * (m/s) £ i—2500 kN * (m/s) g —2500 kN * (m/s)"
E 0 ; E 0 ; E 0 ;
# 20 20 #H 20
4% 20 40 60 80 100 . 20 40 60 80 100 -4 20 40 60 80 100
FsFa)/s HiFa)/s Hf[a)/s
() LGS 500 13 FE W3 () BLIZHEH0. 2 B W3 () BURHEO 3L

B 12 AR REEF I H B R IEFIRUR XL

Fig. 12 Comparison of control effects of viscous dampers with different damping coefficients

ARSCH AP AR IR A5, (05 18 2 A TR R F e, ML S8R 8 A SRR
Sk USRI AR S BE M AT b R S B ISR . O, BB R LB S50 )5 |, 91 - s B i e



196 W oE L B 5 T ®B & 3 8445

) — B R 2 RSO #E , 3 0] RS BER SN 5] 32 S AW AR T ASSCRYTHR A R . R, TR R Y
FARERF A SCHT R I 0T 5 0 TR o A it AT 254 , AT L 25 R PR 20 F) S (A B TR0 B R
FHSCHRL 37 ] Hh i B ) i A G R BT EA T AL

5 Zit5RE

BERSH A B0 S P B S AR W 1112 Sl i 157 AR S, AR SC RS AR S B Bk B R A TR 42
AT TIRAGIHT, 08 T 2RI Sl 08 SORERL AR e tr 2 M2, LUT R 2458

DR b FAA= i RN Bt 0 AP o VA e 8l v e e NI R VR 1 B2 i 2 N LS i s
L B AAE 51 3/4 AEEHEATHI S, Bsm e 08 MId BEma ALK

2)) SRR BHL Ty %) BN 1) 38 Bl B RE N - 25 B8 SR REL DI, % e S 1) 3 RS AT — R BT SOR, , N 27
S 1) 3 B 7 FE AN R

3) Ffiir BELJE a5 Ao i A0CR, « i 8 ek ity BELJE 45 vl A A58 ) 90 2 i) 30 5 A 114 2 s 0 1) o 2l e )37 5 BHL e R
HOMK  FE /N 45 AR AT R FHBELJE R E0h 2500 kN -+ (m/s) ™ BHJEHEECH 0.1 Ay 3l BELJE #5084k
RHORA , AR AT A E] 90% LA L

AT T IRA BRI 7] S0 K5 BE R s B s W AN )32 Bl i B2 M), AR BET v O AL IR e 2 2 i di
LT HESH | IR, A S AE— LB AE BT FET7 [0 5 ZEAE R S R 5E h F DLER M58 3% . 8 5, X151
B ST CR I T ZKH i 8 AT, AR BT AT LAZE JE S AT Z2 A3, AR SE PR 4= i 2 L %
JEZER B BE S AR R G, A VRN PR TS S R A RE R o U, RS0 R % SR LB S5 M0 B
YN BRIRENE SRS n] LR A SEERE FO1F PSSR P iz shAs 0 i52m . fei , A Bt
BELJE % BB AR AR E HE A G v B8 O 1 AN 3, (EL T ARG B LS R B i IR A SR 2R e R
PURS B L E 25 B9 BEVEFIRCR . 5 LA | 3 6B e AT 7 100K A7 Bl T 5 il e A0 00 A6 K 5
JE BRI B R AES 4l shod Fe RGN s 3 AT

SEH .

[1] GUO T, LIU J, PAN S J. Displacement monitoring of expansion joints of long-span steel bridges with viscous dampers [ C] // Sustainable
Development of Critical Infrastructure. Shanghai, China. Reston, VA: American Society of Civil Engineers, 2014 430-437.

[2] GUOT, LIU J, HUANG L Y. Investigation and control of excessive cumulative girder movements of long-span steel suspension bridges[ J].
Engineering Structures, 2016, 125 217-226.

[3] HUJH, WANG L H, SONG X P, et al. Field monitoring and response characteristics of longitudinal movements of expansion joints in long-span
suspension bridges[ J]. Measurement, 2020, 162. 107933.

[4] SUN Z, ZHANG Y F. Failure mechanism of expansion joints in a suspension bridge [ J]. Journal of Bridge Engineering, 2016, 21 (10) .
05016005.

[5] GUOT, HUANG LY, LIU J, et al. Damage mechanism of control springs in modular expansion joints of long-span bridges[ J |. Journal of Bridge
Engineering, 2018, 23(7) : 04018038.

[6] dkTW, PRUE K, Skarv, 45 RE§BEFMALLREMT SEBRIG[T]. FFRER, 2013, 43(5) : 49-54.

ZHANG Yufeng, CHEN Xiongfei, ZHANG Litao, et al. Condition analysis and handling measures for expansion joints of long span suspension
bridges[ J]. Bridge Construction, 2013, 43(5) ; 49-54. (in Chinese)

[7] XIAQ, XIAY, WAN H P, et al. Condition analysis of expansion joints of a long-span suspension bridge through metamodel-based model updating

considering thermal effect[ J]. Structural Control and Health Monitoring, 2020, 27(5) ; 1-16.
[8] LIANGLT, FENG Z Q, XU Y Q, et al. A parallel scheme of friction dampers and viscous dampers for girder-end longitudinal displacement
control of a long-span suspension bridge under operational and seismic conditions[ J]. Buildings, 2023, 13(2): 412.

(9] BIehs. EEPRAR BRI 18 D Reth SO i B E A I DFFE[ D] KU WM R, 2021.

Liang Longteng. Longitudinal motion characteristics of floating-type suspension bridges and their mitigation with eddy current dampers [ D ].
Changsha: Hunan University, 2021. (in Chinese)

[10] Bl HEAL, BREGE, % SURERERNESIE SR KR [)]. iR TR S TRIRS), 2022, 42(1): 110-121.
LIANG Longteng, FENG Zhouquan, CHEN Zhengqing, et al. Characteristics of quasi-static longitudinal motion and its mitigation for floating-type
suspension bridges[ J]. Earthquake Engineering and Engineering Dynamics, 2022, 42(1) ; 110-121. (in Chinese)

[11] LIG L, HAN W S, CHEN X, et al. Wear evaluation on slide bearings in expansion joints based on cumulative displacement for long-span
suspension bridge under monitored traffic flow[ J]. Journal of Performance of Constructed Facilities, 2020, 34(1) ; 04019106.



555 ) KA R SRS R T BN 128 3 SRR RS SR f o 197

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

EEAe, PV, RS A RN T X BRI R A RS RS [T ] . IR R E i ( B ARBRRAR) | 2019, 46(3) : 18-24.
WANG Lianhua, SUN Zhanghong, CUI Jianfeng, et al. Effects of central buckle on end displacement of suspension bridges under vehicle
excitation[ J . Journal of Hunan University ( Natural Sciences) , 2019, 46(3) ; 18-24. (in Chinese)

AL, WK, BREE, S5, WRIBENLZE G TR R MmO [ 1], soiish TRk, 2019, 19(5) : 21-32.

LI Guangling, HAN Wanshui, CHEN Xiao, et al. Longitudinal deformation of expansion joint of suspension bridge under wind and random traffic
flow[ J]. Journal of Traffic and Transportation Engineering, 2019, 19(5) ; 21-32. (in Chinese)

IR, BT, KA, AF. BEMLX ERICE VR RS A BRI IR ST R (1], T E A B4R, 2021, 34(4) : 93-104.
LI Yongle, QIAN Yizhe, ZHU Jin, et al. Longitudinal vibration characteristics of a long-span highway suspension bridge under stochastic wind
and traffic loads[ J]. China Journal of Highway and Transport, 2021, 34(4) : 93-104. (in Chinese)

HUANG G P, HU J H, HUA X G, et al. Analytic solution to longitudinal deformation of suspension bridges under live loads[ J]. Journal of
Bridge Engineering, 2023, 28(2) . 04022147.

WE, WA, IR, . RSl SRR RS ER R R A UL )], R3S e, 2021, 40(19) : 107-115.

HUANG Guoping, HU Jianhua, HUA Xugang, et al. Girder end longitudinal displacement mechanism of long-span suspension bridge under
moving vehicles[ J]. Journal of Vibration and Shock, 2021, 40(19) ; 107-115. (in Chinese)

PRI, Talatil. JRE AR SRR 5[], Rk EOR, 2022, 13(4): 1-7.

CHEN Liangjiang, YAN Wutong. Achievements and prospects of railway bridge construction technology in China[ J]. High Speed Railway
Technology, 2022, 13(4): 1-7. (in Chinese)

2R, WITEER, JT G, S R Rk AR R o (25 268 8 0 1) A AT HE S I RS [ )] BB, 2012, 34(2) : 94-99.

LI Yongle, XIANG Huoyue, WAN Tianbao, et al. Performance of train running over expansion joints at beam ends of long-span railway bridge[ J].
Journal of the China Railway Society, 2012, 34(2) : 94-99. (in Chinese)

M, IR, BROK, SF. BORTEE R RS EE R B R A B AL RIE [T ] BRIE S, 2019, 59(1) : 14-19.

GUO Hui, SU Pengfei, ZHAO Xinxin, et al. Displacement characteristics at girder end of long span railway suspension bridge under design loads[J].
Railway Engineering, 2019, 59(1) : 14-19. (in Chinese)

DT, ZERApK. it BE Bk B R AR A m SL RS RRIE BN 1) SR ER (1], R, 2020, 50(4) @ 29-35.

WAN Tianbao, LI Songlin. Longitudinal displacement characteristics and longitudinal supporting requirements for long-span railway suspension
bridge[ J]. Bridge Construction, 2020, 50(4) : 29-35. (in Chinese)

W WL, B EE, WO, OB - PO SR A R MBS BT S 5 ERAE[T]. PRI RAE IR (B AR | 2022, 53
(2): 547-559.

YANG Menggang, HU Shangtao, HU Renkang, et al. Conceptual design and simulating verification of a novel combined system of viscous and
steel dampers[ J]. Journal of Central South University (Science and Technology) , 2022, 53(2) : 547-559. (in Chinese)

PRI S, BREES X Gh A FRERTSE [ D], At P EBRERAITFBE, 2020.

CHEN Haorui. Study on the longitudinal characteristics of railway trains on bridges[ D]. Beijing; China Academy of Railway Sciences, 2020.
(in Chinese)

Brrhae, XUHERT. BRI TR SRR 3 0 A R B 1 0T (0] BOE TR0, 2005, 22(4) : 20-23.

CHEN Danhua, LIU Jiancun. Static analysis of effective coefficient of braking force on railway simply supported beam bridge[ J]. Journal of
Railway Engineering Society, 2005, 22(4) : 20-23. (in Chinese)

ZERAR, R, SRR R R ) D B AE [)]. BEESAR, 1994, 16(3) @ 112-117.

LI Hongnian, FENG Dong. Dynamic study of braking force on rail of rail-way bridge[ J]. Journal of the China Railway Society, 1994, 16(3) :
112-117. (in Chinese)

B, KR E RS 5 RGN ) ShAAH EAE AP X B ST [ D). et JURtss@ ke, 2020.

WEI Feng. Study on Longitudinal dynamic interaction mechanism between heavy haul trains and bridges and load parameters[ D ]. Beijing: Beijing
Jiaotong University, 2020. (in Chinese)

LB, FRAE. BRIBR I AR S IR (1], AW SRR, 2003, 27(1) : 63-67.

WANG Ruifeng, LI Hongnian. Study of train braking force on railroad bridge[ J]. Journal of Northern Jiaotong University, 2003, 27(1) : 63-67.
(in Chinese)

HRIM, ZRRAF, AR, BRI RS ZE i 3 I B R S ST [T ] ARSI, 2006, 23(3) : 134-140.

LEI Junging, LI Hongnian, FENG Dong. Experimental study and computational analysis on braking force between running train and railway bridge[ J].
Engineering Mechanics, 2006, 23(3) ; 134-140. (in Chinese)

RS, Wi, SITAE, A BREEOU AR AR LA ) AR BUYERT S ] . E BRI, 2023, 44(2) : 56-65.

LI Dongsheng, CHEN Haorui, HU Suoting, et al. Research on the value of longitudinal force rate acting on rail surface of bridge under the action
of railway trains[ J]. China Railway Science, 2023, 44(2) ; 56—-65. (in Chinese)

R, kAN, BOR, SF. B Sl A R B AR R R G S A [ T]. T EBGERNY:, 2013, 34(1) : 8-14.

CHENG Qian, ZHANG Nan, XIA He, et al. Dynamic response analysis of vehicle-track-bridge system considering braking conditions for high-
speed railway[ J]. China Railway Science, 2013, 34(1); 8—14. (in Chinese)

ZERIE. OGN KA B 2t 3y K st 2 S v, sl [ D] R sRIUEE TR, 2007.



198

woE T OB 5 TR ik 3 44 %

[31]

[32]

[33]

[34]

[35]

[36]

[37]

LI Haifeng. Passive control of Tian Xing Zhou bridge caused by brake and seismic response[ D]. Wuhan; Wuhan University of Technology, 2007.
(in Chinese)

B, Zedtrh. OB BB IR 51 4 B 0 T A5 A ma RERFSE [ D] 45 TR, 2014, 30(6) : 47-53.

LV Long, LI Jianzhong. Responses of long-span highway and railway cable-stayed bridge induced by train braking forces [ J ]. Structural
Engineers, 2014, 30(6) ;: 47-53. (in Chinese)

B, BN 2R Bl 0 X R BE B B AT M ER R 1 s [T ). MR AR S TR RSN, 2018, 38(4) : 180-185.

LV Long, XUE Xiaogiang. Influence of train braking force on seismic response of long-span railway cable-stayed bridges [ J]. Earthquake
Engineering and Engineering Dynamics, 2018, 38(4): 180-185. (in Chinese)

BR, ELN. SRS RZNAERI S E R RS i 247 [ J]. ARt 2016, 46(6) : 24-28.

SHEN Ruili, WANG Jianghao. Analysis of dynamic responses of railway suspension bridge under action of train braking force [ J]. Bridge
Construction, 2016, 46(6) ; 24-28. (in Chinese)

HARC, JERI, REE, . SRR RS RN In 18 Bl b 047 07 %0 B SE [ 7], B TTARE2 40, 2024, 57(3) : 69-80.
FENG Zhouquan, JING Haokun, CHEN Zhengqing, et al. Comparison of analysis methods for longitudinal motion response of a long-span
suspension bridge caused by a running train[ J]. China Civil Engineering Journal, 2024, 57(3) ; 69-80. (in Chinese)

ZEEYE, FIER, TR, 4. M ERC t i e = it s [ )] . JRsh S ehady, 2007, 26(1) : 56-60.

LI Zhengying, LI Zhengliang, WANG Zhisong, et al. Study on seismic response control of an arch bridge with viscous dampers[ J]. Journal of
Vibration and Shock, 2007, 26(1) : 56—-60. (in Chinese)

bR, XIS, g, A R E TR XU TR AR AR SRR T S A 3 AT A [T ] AR TR R, 2019, 52(6) : 110-118.

WEI Biao, LIU Yiwei, JIANG Lizhong, et al. Dynamic behaviors of double spherical isolation bearing in simply-supported railway bridges under
earthquakes[ J ]. China Civil Engineering Journal, 2019, 52(6) : 110-118. (in Chinese)

BbR, BRI, 500 PUE S5 BORT AN HR BE X 5 Bk O SR MR S R e [ J ] AR %%, 2018, 35(4) : 16-23, 51.
WEI Biao, YANG Tianhan, JIANG Lizhong. The effects of model refinement of ballastless tracks on the seismic vulnerability of a continuous
bridge on a high-speed railway[ J]. Engineering Mechanics, 2018, 35(4) : 16-23, 51. (in Chinese)



