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Influence of Track Constraints on Longitudinal Seismic

Response of Near-fault Simply Supported Beam Bridge
LI Tianming
(Science and Innovation Industrial Development Co. , Ltd of China Railway First
Group Co. , Lid. , Xi’an 721000, China)
Abstract: With the continuous expansion of China’ s railway network , it is inevitable to build high-speed railway bridges
in near-fault areas. This paper took a near-fault railway simply supported beam bridge as the research object, and
employed the finite element analysis software Opensees to finely model the bridge. The study focused on the impact of
such factors as the longitudinal resistance of fasteners, friction coefficient of sliding layer and shear alveolar stiffness on
seismic response of railway simply supported beam bridge. The results show that with the increase of the longitudinal
resistance of the fastener, the shear force at the pier bottom tends to increase, while the bending moment at the pier
bottom tends to decrease. Additionally the seismic response of the middle pier is greater than that of the side pier. With
the increase of the friction coefficient of the sliding layer, the seismic response of the bridge tends to decrease, with a
more significant impact on the side pier compared to the middle pier. With the increase in the stiffness of shear alveolar,
the seismic response of the bridge increases first and then stabilizes. Under the influence of different track constraints,
near-fault pulse ground motion has a significant amplification on the longitudinal displacement of the main beam and the
internal force of the pier bottom, but it does not significantly change the seismic response law.

Key words: track constraints; near fault; pulse ground motion; longitudinal seismic response

I 5 H #A:2024-11-10

PEEE A R (1976-) =% TR

51 30AE 0 2R PUE L O T T2 (A7 SRR AN Il s e S R [ ] R R R ,2025,16(2) 162 - 69.
LI Tianming. Influence of Track Constraints on Longitudinal Seismic Response of Near-fault Simply Supported Beam Bridge[ J|. High Speed Railway
Technology, 2025, 16(2) :62 —69.



24

PR U 2 RO T 18T ) SCARATR I 17 R M LR )

2025 4E4 H

T ] e B 88 T A T v R, Ak s
TR RRE L B 3 A, LS Ak B 191,
BRI KR 1000 km DA 1, 528 ik 80.4% , 3
ORISR G ARy IR, T T Ak A Bk 5 % B
FHIREZIX 2 — , MR IX A0 A1 6 K, R % A 4
OGRS T 2 R A X AT SR 55 T LT 2R
TR B IE RS LR, 5 R AE M
T ZAMRIREBL AL 15 R 6 B L R ABAVE , )
FETFZL TR B U7 RO 5% , LB A % 52 6 24 1)
B E . I, R ABFZE T 72 Hb 72 30 % 2k K 45 2
A1) MR 7 P S0, 8 1) e 7 L3 2 TR A5 F T B4
FEHLA , 57 LT IS 2 SRR

L2 2o0oh AR A B 4 46 # 3 O™ T R, DRt
WAMRZ 2% 5 3T IR T RO E . e g der
T HUREAE T RS B S R T A R — e
B JEEAT T RSB AR R ST , IS L
AR SR 1) L 52 157 5 TG 2 20 A T ) S 52 B
FIs/INPIRR B, B0 38 43 2% 18 LIS 20 T 16
CHEN L %52 459 T 5 SRR IR R 76 15 3 48 Ik v b 72 20
VEFI R MR , % R 5085 o 5 B H, 323 R T o7
B SR A TE TR Z A kb 52 S R 3 T
. BKESIZ IR T 3 R TEREEE R AR
SART R R 7E 2 B E R F IR T Bl
2SR A T RE 5 I R O 2 SO SLI0 M RZ R B3 . T 1B
LU A R U A T — L BB 5T T LB 2 R
X ST R R RN L AR T (0 SR, BF 548 L 2
SR SR M2 A TR 9 451 25, 00428 BEL 7 884 T L
JINELTE LS AR AR (RS R R AR B T B 25
B K s 250 S o S AT A 7R O 1) 4 R T R
o7 R — AL B 280, 2 L0036 1 2 4 1] O 24
SROSONT AR G T b 2 S I B W) B (LR A
SRS /N, T ] D A O i AR ) gl 28 o 2 Ak
SCREHT WFSE T A R X AR 7 S0 0 R 2R
o7 S R SRR B L B A % R L3 45
IR 0 SR A% B R L — AR A A R TE AR, M 4
M B HR ST T T T2 K o 4t 72 B 90 R B 0 L AR AR
BB A8 T 1) Ly 48 0T AR A6, 12 B 38
SR EIC R A ) AE A BLE AR, SHAMST M2 i
IS - BE - BF - TR LT A RS
HLAT W72 2R e SRR 2, 45 SR 2 1 LAk B 9 22 o
MIFGE 2 S EPURRAE 11 1AL TS8R 2. JIANG H
S0 FEF — ASKREA AR S R R T\ B 5 ) 4
5 CRTS I #UA A TCHE PLIE ST 52 R G A I B2 Hb s
VIR (22 A AT , IFHEAT T 04 W 35 e 2 2
PEE ZRI S B AL B, M BOE Y TR TR &

A CRTS AU TCREHE - W22 R G A BROTA B TR I
e 1) b 72 A FH T ) o) 7 R SR AL, 0T 9 3% BH LB
TH — B 3 R G MR MR AL 2RI R
1k BEARTR AT RS MPUE ISP, 154 47
125 FEILIE 2 SROFURH < R 11 4 08 ) Bl gy B
B ARTE T BRI S8 S BEMT 5 1R A T I 29 o0k
e GERE AR N A 52 00, BIF 58 TN O 2% SR LT 2 25 0/
FRRIRGI N . B AR W R R G
- W RG IR 5T K I, CRTS 1 A ERE RS R G060
I\ 1] I B2 2 AT B2 R R A T T i B BT 22 51 4
CEITIRBE ., B % s THEAR TR
LM —ARACRRY RN 1] BEL g W BN 32 S A S Y
FAT RIS T ZR G5 b 72 Wi o7 1) 52 0], 495 R 3R B
LR AT AR ARBT A1) 8 PR, X6 158 ] S Ak ]
EES AL U NN SRR LU VAN E R N DK (R T2
2 e 2 2 Workbench & Simpack ¥ & &
S - 2 - T R R, RS R SR BLIE 2
WA AT {91 2 g 5 20 2% 50 Ol 2 23 B 8 X A )
IR, TR AT 2 B . 7 B2 o B v
PR R S MR R SZ U 0L MBS 7 8, R T B AL
P22 AR A 1022 AR Xo) 00 0 85 A A 1 A5 i T 5
M , M/ 5 52 410 2l 0 A4 A S A I T ) £
JE AR TR TG T ST AN R B0IR T T05% ey 32 10 3
WCHEE . TS B ST T T8 AR B 7 28 B0 v )
X AN () R TR 2 A % b 5% i 17 1 52, A3 AT T LA
2 oK A A% 5 i 7 B kR R R 5 T, PR R — B
TPORRI AR P XS A7 2%, 52 7 ) 552 1

L5 EPNR  LIEWEIY AR A R B R S A A
B RE L RAE 25 188D AR S H (T
RN RE R R EEE) HEAT T OURIE ST (B 2 LUE 1
MR B2 BUE RGN SRR . IAh, O
TR R IUR TR 25 b T E I R T
5T, KT AR A 1 52 sh X FLIE - HF 3% 28 e g /)
SMRBIETE D JUH I T K2 M52 3h 7R 0 T % 1B A
LRI 1] SRR I = e B AT S AR B = o AR SO
T Opensees BN T HUIE - HF R AG A A3 Tt &
B FHVE IR T W2 MR S E T, FUE 9w B
T3 B2 R FR AU BT 3 147 1 M J3E o K g R SC IR
i 5 M 37 S 0

1 ITREMRNITEZEE

1.1 IiE#HR

AR S IR i R B 1) — B 5 5 32 m R ] K
DM M E XS 4, B 2548 R 1] CRTS 11 2k X TCAE
BB, FEERM C50 JREE L wlh 0 A = S m A




H2H

PR LA 2 RO I 2 B S SR 1) R M) L )

2025 4 4 f

B BRI GE 12.6 m, &5 3. 035 m, FHAT 32 5 2 [A] {fi 4 4%
1B 0. 1 mo BRICH B SCORAR B, LS R C35 4R
e BABE M R OB 1] SR RO 4.5 m, B3t
IR RBTTE N 350 km/ho HREEFIEANIA 1 TR, B
IEZSH BT ANE 2 P o

100 5X32 100

|—' 155 25 H 353 H 458 H s5#
05 5

— — —
153 258 35 458

Bl #RFHEE(m)

Rt

o i
sieE s
T AL

BUIE R
JE AR

1.2 FAitEER

AR Opensees 47 FR 7T 73 #r A4 X 45 22 5l )
AR A TG A0 AL A, BRI 38 AR L A 1 4
358 F§ BeamColumnElement BAICHEI , F1/4 .CA #b
SIENT VESHIE O R BT AR | BT ) i 2R
J TwoNodeLink FLICHEAL , Hrhdnfohy WI-8 £4/NH
o A4 TB 10015 — 2012 € & [#% T 4% 2k % e i #1
F) U e BT B B AR R AR 2 5 ) R JEE B
50 kN/mm , f 5] A 5y A= A2 T, G m] W JRE BBOAE I ¢ ]
5 BAFE A I, B AR F A 1 A% BR A ) BH 7
38 kKN/m, J0fFh A i IROEFS K 2. 0 mm, £ AR S
JAE R 2 K 3 B DT AR AL, T 3 SRR T R 4 AR B
0. 02, Ji IR RS HC 2 mm' ™) o BEREIR ] p-y 15 AA5 L)
PEA-SEFE . Br A BROCEEAL AN 3 s .

2 MUEZNEA

2.1 HEZEE

A SCM PEER 5858 FE Hr e HU T A5 ik s W7 /23 1 7
Bl TCIk i W72 i 5E S AL i R Sh BE 4% 6 4%, 9F
FET R R A5 Sk bR Bh PGA %% 0.3 g, i

iﬂ. = @ B
JE P =~ 50

1
—_ 1
ZEY E
PR s 3 5
i\:%é 1(()) | | EOS\ | |
— S 2 0 02 04 06 08 1.0
{7 F8/mm
(c) b3 JZ N IRIBE 7
F(x)
Fmax
i
'Xy ;
i Xy x
1
1
'Fmax

(d) ARG ) S PR L AR

I —
CAPR ) —
45 - WE———=
o 40p38 .
=T 3 ! .
23 : QS
sz 30 !
£210 !
+]‘:_' (5) : 1 1 1 I}
01 2 3 4 5 6 "
; BTN R
(1S mm BN
(a) fA-AhmIBE /g
35

R 30F=%4--5
2225 i
EE 20 ! —
= 15 ! "
ULME 10 : ﬁ?i?uﬁ_’
ﬁ</ 5 i 1 I}
=z 0 05 10 L5

f7#/mm

(b) 1HBNEYNIAIH )
AG

p-t. t-z#EE
b TR

KGN

bE

3 HRERTEETEE

LTI R 6 2% A= Bl 25 AL AP 33 E, 7= 0 7
R ATT 1 R FHAPE A o U= Sh PR {5 R sk 1
e
2.2 GBS

ATIBTJZEAT ik TG bk i A K% G2 37 3 752 2l 1) i 2
P2 ST R Z AN AT 4 Fras o dr & 4 R IR G
ok sl 3t 72 2l H1ZE 7 M 5 Sl P R A AL R A D A

AL, T 25 ) 5k P R B S A A4S R R BN T 1 s i 44k
TR K, X W T K v 2 A 3 72 s 3
AEN W R R SR, 25T K 2 0 bk o Az
YRRt 1 s J5 3 0 (2 T R AT 1255 Jk e )
AT T2 e 5 14 2 07 R e 5 s A R B K F, EL
3 R T TE JC K vh R 3 M = Bl X AT RE 2 X
KA = BRI R o



24 PR U 2 RO T 18T ) SCARATR I 17 R M LR ) 2025 44 J

®1OMEINERER
B3| RS 5 R AR R RN Al PGA/g PGV/(em/s) | PGV/PGA W72/ ke
No. 1 Northridge 6.69 JENO22 0.411 111.25 0.271 5.43
No.2 Northridge 6.69 SCS052 0.623 118.50 0.190 5.35
. No.3 Kobe 6.90 TAKO000 0.618 123.01 0.200 1.47
T WA Bk e
No. 4 Kobe 6.90 PRIO0O 0.348 92.42 0.266 3.31
No.5 Chi-Chi 7.62 TCUOS1E 0.157 54.88 0.350 7.64
No. 6 Chi-Chi 7.62 TCUOS4E 0. 146 46.00 0.315 5.28
No.7 Northridge 6.69 CWCI180 0.308 21.64 0.007 7.89
No. 8 Northridge 6.69 ARL090 0.345 41.91 0.012 8. 66
. No.9 Kobe 6.90 AMAO000 0.276 34.22 0.012 11.34
I S TGk e
No. 10 Kobe 6.90 NIS000 0.483 4.89 0.010 7.08
No. 11 Chi-Chi 7.62 CHYO034 0.103 9.58 0.010 14.82
No. 12 Chi-Chi 7.62 TCU067 0.020 3.71 0.019 0.62
No. 13 Northridge 6.69 BPK090 0. 150 9.71 0. 006 61.96
No. 14 Northridge 6.69 LAC180 0.316 14.03 0. 004 36.62
No. 15 Kobe 6.90 HIK090 0.150 15.00 0.100 95.72
Y
No. 16 Kobe 6.90 TDOO0O | 0.296 25.00 0.008 31.69
No. 17 Chi-Chi 7.62 ILA0O7 0.033 1.81 0. 006 81.65
No. 18 Chi-Chi 7.62 TAP095 0.017 1.54 0.009 107. 80
1.6 —=— No.I3
1.4 —e— No.14

—— No.l5

| —¥— No.l16
1.0 i —— No.17
—<— No.I8

T AR/ g
g AR/ g
(=1

I 1H] /s I [H] /s I 18] /s
(a) W E A ko 7 3) (b) iz Wt E Tk kb 75 5l (c) I FE BN

B4 0T R R E

SN, AR SCEF AT LA ) 3t 52 3l 4 1T b 7 ) 1, i

3 2 25 1) 3t 7 i) 2 . :
TR G = 177 53 Mo $0 44 90 1] B J7 43 0 3% B 8 kN/m,
3.1 0441 BE o7 X+ 5k B 1o Sz 2475 1 22 Mim Rz 52 Ml 16 kN/m 24 kN/m 32 kN/m F140 kN/m 5 2£4% it
RSB DN 1) BT R B 1 SO R I N, SIS IR NS ~ B T B,
3250 —=— 158 2280 —=— 153 1600 - —=— 155
—e— 25 —e— 25 |sgol —*— 25
Z 3200 —*—35 z 2250 ——35 z —— 353
< —— 454 < —r— 458 < 1560 —v— 45
R = 2220F R
& 31500 =R &R 15400
= =z 21901 =
= 3100 = = 15201
E g 2160p E 1500
B 3050f F 130t = lasof
3 000 L L L L L 2 100 L L L L L 1 460 L L L L L
0 8 16 24 32 40 0 8 16 24 32 40 0 8 16 24 32 40
YA /(KN /m) YA EIFL T /(KN /m) B S/ (kN/m)
() 1T W1 2 A7 kb s 7E Bl (b) W7 JZE Tk b 72 5 (c) I & H)

5 ANEL1E BE 1 3R 4 15 BT 3 3 0



28 22 R B 2 RO ST W 2 T ST A 1) b R T 7 R 2025 4E 4
34800 —a 2 25500 —a— 2y 19 400 —a— 2
= i —e— 251 g 25200F —e— 251 E 19200} —e— 251
. 34200 328 —a 35 . ——35
< 33600 — 458 Z 24900¢ — 45y Z 19000 45
=i =i 24600 = 188001
33000} = B
% g 24300 - w18 600
= 324001 = 24000} = 18400}
g 31800 % 23700 | § 18200
31 200 L L L L L 23 400 L L L L L 18 000 L L L L L
8 16 24 32 40 8 16 24 32 40 8 16 24 32 40
FEEYN IR H S /(KN /m) YR BH A /(KN /m) FEEYN IR BH A /(KN /m)
(a) I BT 2 ki Hh E 3) (b) I T2 Te ik E B (c) A FES)
E 6 F0E4hE FE A XHBUR M 3 T 55 220 E
6r —a—15% ——35%¢ 10 —a— |5 —a— 35 5 —a— |5 —a— 35
ul 255 —w— 2B —e—25 —v—ani o R TR
—e— 555k £ —e— 55 —e— 557
5ol o 8r 5 4r
~ N ~
2ot = ®
& = 6} & 3t
E 3} = E
B or = o4t E o2t
Hoyl—e = & -y = . =
- = 5
2 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1
8 16 24 32 40 8 16 24 32 40 8 16 24 32 40
YA HIBEL 77 /(KN /m) YA HIBEL 77/ (KN/m) YA B 77/ (KN/m)
(a) T E A kot E ) (b) 1 Wt 2 Te kit 5% 2 (c) I RE BN

7 AN 1R BE 3 FE R 18 L F R A

B S ATk Bt RN B BN, 1 eI

BDD 05 s TR AT, AR A1 o 20 72

ERT 1 SEOBURINA T IIAE S ~ 32 kN/m Z ] &
SN, B 0E 3. 2%  H B 3K ) 32 kN/m
i, By Iy BN . I 6 Al FEM R SR T Bl
ENPEGN I BE AT 340, R SRR B A 1) 5 A P
K, ELIX R R AR A it 1 1F 9k i BEL ) #9384 R 02 i
TG SR, R 1] 25 R AR AL S FEAR XA R, X 3%
ARSI i BELTD X SRR A 1) 25 R 1 S A i s o i
TEXT 3 FhAS[R]HR2 SR IS T T AR ) B A AT
PO, AT LUK BE, I W72 R s/ N BURGA I B K
T RS AR T A, J0 IR ik b B 4 72 Bl 4 A
W22 oy . m 7 Al AR SRR,
25 ~5 S ERM 1 AL B 0 0E 1 BT 3
IR BT 15 32 B A 1) (32 F% DU £ 45 AR X A2

A K

25 LPTR  TEARRIZRBIHR S E T | ffiAE Fn 40
[l BEL 7 (R 3 , A R URE BY 0 S B e U
M BN G, FERAREAR d 2T R, H
15 ERN BB, AR R E . 15 3 b E
SIS T2 A K i bR Bl X6 A 2 e L 1 5
M) B oy S 2, FLUCR T )2 Tk b 22 2l T s 7 h 2
SIAE T AT 32 b A= e R X N o
3.2 B3hE EEER Z BTk BE 8 S R4 2 i IS 52 Ml

SR Bl 22 PEE 458 2R BEORT K B 7 S S AT b i) i
FISZIR AR SCAT AT 1 A [R) 1 5% Sl 4 BT A7 22 %) i 7
No BEIEZRET M E N 0.3,0.5,0.7 F1 1 POff g
B R B A TR RE W B R s R B
8.50 x10° kN/m 0. 96 x 10° kN/m 1. 15 x 10° kN/m
F11.30 x 10° kN/m, 245 B 40 & 8 ~ [ 10 fifn

3400 —— 15 2350 —e— 5 1700 —e— 5
—0—2%%’( —o—z%’i%j( —0—2%’%’(
z ——353 Z, —— 358 z —— 35
2% 3300 —— 451 24 2300 —— 451 24 1650 —— 45
R R R
ER 3200 i‘“ﬁ 2250 | f‘g 1600 -
%3100— gzzoo— g 1550
3 000 1 1 1 1 1 1 1 1 1 500 1 1 1 1
02 04 06 08 21070 04 06 o8 02 04 06 08
TR B R TR B R TR B R
(a) I W2 AT Tk ML RE Bl (b) JL W J2 TE ik R Bl (c) T FER)

8 iBENEEERHIBURN @B N0 E



552 R T 2 O T W Z 8 ST 1] b R v 105 2025 44
€37000— _._1%-% gzsooo— _._1%-?% €21ooof _._1%3
—e— 251y —e—2'51Y —e— 251y
: 36 000 - 394 5 27000f 354 . 20500 355
= 35000 —F— 45 € ool —F— 458 % 20000} —— 45
f”ﬂ; 34000 f‘f g‘ﬁ 19500 F
E 33000} z 20007 E 19000}
1 32000 g 24000 18500
® 31 000 L— : : : = 23000 — : : = 18 000 L— : : :
02 04 06 08 02 06 08 02 04 06 08
B2 P R B2 B R T3 2 B R
(a) I W7 A Bk b 7 3 (b) AT W E TRk b = 5) (c) IR Z)
9 BEEEERCHHUR 6T RN E
o MRk TR IRINGE , Horh 2 5 3 5 iU SO 2 1) 25 R
- —o— LI R Tk RS s YL %
ol ——wilEs Ko FHE 10 AT, 240 302 AR HC0E 0.2 ~ 0.8 X
E oof (] A I, 2% b 5% SV TR 118 3 29N 1] 45 4% -5
par j: SNBSS, Hi D iR 6% . YR R AL
Sl T T L 0.6 I, YN (0 By T A AR o LT T2
o j I A Bk AR T, 3252 B9 9N )AL B AH T K2 TG
3> 0‘—*—“4 "t ik i 1, 52 Bl F0 A 3 b 7R Bl 43 B0 T 47. 3%
C mEEEERR 185. 7% . SR, AR AL 52 30 32 B9\ 1l (5 %
B 10 BHEERRETERM B HINE HY LA A 2

HIPE 8 mIHl e R S E T T, 1 5 ~ 4 S AR
SRR 1) BT J7 B F00F 2 1k BH A7 9 5 o 22 LR K
o BHAKRE BURII BT H7E 2 5/ 3 SHUbRK,
S BZEEERBORT 0.6 5,1 5 ~4 SHRHUBRI
16 5 P 2 , >4 R 4 AR M 0.2 Y E] 0. 8
25 3 5 PRI 1 BY S 080y 4. 8% , 1 AN
4 SR 5. 4% o FEAFIZERIESIERTT,
JEE 5 A ) S X SRR A 180 B 7 (s S B — € 1
AR HAEA DR RS — 2. B EE AR A3 K UK
O\ 1w) BT 3 N ERE AR A R RE LN

HIPE O LRI FEM R SR N, 1 5 ~ 4 SHRE0H
JEE YA 25 il 30 V= B 45 AR B0 B e R B/ N
SRR LAE 0.6 ~0. 8 YL NI UK 75

g5 LR AR R HRENE I T | bl i 22
P2 Z BB N, Y0V Ml 7= e 10 S B/ N i e (R A A AR
AR BEARRT R /N e AR, 5 BIORE Bl 2 B0 R 482 3R K
M ASE T A U AEE W2 MR SIE AT, BUR A 14
R = S R 5K, 02 Bk o 784 4 7% 2
VEFIRS 32 S T o i 250 0 T2 ik o b 72 20 %o
P 32 b 72 5 M A 205 T JEL At TR o b 52 50 K T B8 42 R
BEOGT AT %, 752 W0 7 ) 52 W) 2 B0 Ry R B80OK T v TRl
3.3 B W B o K B 18] S SR A7 dh R i) Kz 4 M

SRAIEGEEY 3 AR O B X6 Ak 6 T S SR AR ) b 7 e
SN, AR SOREAS [ b 52 Bl 4 FH R M 22 100 b 7% i) iy 464 7
ST, BY 3 15 1 W RE 4y BB A 1 x 10° kN/mm
1 x10° kN/mm, 1 x 10° kN/mm, 1 x 10° kN/mm,
1 x10° kN/mm"' 143445 B 11 ~ & 13 i

3700 a1y 2500 a1 2500 -
3600 —e— 258 —e—254 L, 2450
i —a— 351 2400 F —a— 351 242400
g 3500 —— a5 g —— 45 = 5350l
R 3400 R =
= 3300 & 23001 = 2300
8 # = 2250 f
® 32001 = 2200 2 2200t
3100 = o 1s0f
3 000 1 1 1 1 1 2 100 1 1 1 1 1 2 100 1 1 1 1 1
2 3 4 5 6 2 3 4 5 6 1X102 1X104  1X10°
9577 % fERIEE / (kN/mm) 9977 % fERIEE / (kN/mm) B 77 4 R E / (KN /mm)
(2) WO AT Bk 2 5) (b) W J= TE ik i R ) (c) I HREED
B 11 YA R X R B RN

HTIET 11 n] R0, 76 3 W J= A ko A2 sh AR T
15 ~4 SHREAEUR R 5 7 Bl 5T 7 048 S K

SR/ e AE 2 0y 5 RN R 5 1 % 10° KN/mm
I, SRR B S BEAGR AR E o Horp ORI 57 )




2 SR BRSO Ul =11 B e b n) e Al 2025 4E 4 A
42 000 a1 29000 e 20000 e B
~ 41000 —e—25 1 - —e— 2 ~ 19500 1 ey
E 35 £ 28000} 35 g a3
40000 25 . g > 19000 — 458
= 39000 = 27000F =
= g o 18500
¥ 37000 w B
= 36000 & 25000F B 17500
35 000 L— ‘ ‘ 24 000L— ‘ ‘ ‘ 17ooob— v T
2 3 4 5 6 2 4 5 6 X102 1x10*  1X10°
BY 7R R EE /(kN/mm) B R I / (KN/mm) B AR /(KN /mm)
(a) 1T W72 A Rk 2 5l (b) Az K1 2 JE ik vt 7E 21 (c) i3 FE BN
B 12 SAEERE RS EZEE
3¢ — e TR A B M) o7 A1 458 30 37 TG ik o b 75 3l Fzs S 2 sV I
12+ —e— I R Tk 5 . N N
50 e L RIS, L 2 BR300 MR I B
5 10f
< i \\’\‘ﬁ 4 it
ﬁ 7 i y, —_
’i*j g: ACHT Opensees #5718k 1% ) 52 22475
e IR T R IR 24 S0 Ik B e
3 , .
X102 1X 104 1100 YN ) MR M N, 453 SR .

B3 UTAE NIEE / (KN/mm)

13 BT iRRE NI 5 3 R 18 (i %% Y 5 i

fE2 S5H1 3 SRR, Tk ZHaEshVE T N UK
] 35 ) B = S F R SR, HL bk i 28 b 7% 3 1Y)
PAITE g by TS AU 0 R iy N E N S
UM RE 2R R BUKR YN ) 5 7 BE BT 77 V5 R NI BE AR fb R0
A3

L 12 AT SR W2 Bk b R S E T BB
B SR MR M 1 x 10° kKN/mm 3K Z 1 x10° kN/mm,
15 ~4 SRR 0 2 5 IR 30T B
B 39 3 5 R W0 N 1 x 10° kN/mm 3 fi 2=
1 x 10" kN/mm B, 35005 20 17) 25 A9 0 /0 38 18 3 A
Fo BRI, S BTG RN EE R AL 1 x 10° kN/mm B, 3
XPHRBIOBURE I o) 25 52 0 J L AT DA Z AN T o

F L 13 )1, B Y F7 5 R IR A 1 % 10° kN/mm
AR ZE 1 x10* kN/mm , £ 28T 72 S VR T 1 342
DI AL 35 1t B /N A BRI AE 30% ~35% 2 [H],
— HLBY S ORI 1 x 10* kN/mm, T2 (A [5) 43z
RIADRFR R E o 7RI W2 A Ik b AR, £
G 1) (57 B AH A T30 W7 J22 TC ok i b 752 8 Rz 3 b 2 50 O
BRI T 46. 1% F1 164. 5% , 35T W7 245 ik b b 7% 3
VEFATR 0 32 529 1w 457 B T K, Fie i s R 30 7 J22 TG ik
M E B A S RE Bl

ZiG RS HT AT AEA ISR R S ER T, 4%
YL bt 52 ) 7 A 52 AL 59 7 0 D 5 A o N I
BT RGEMA, TEiEA Kbt ZEhET, HiiE

(1) = 22 RN 2 0L TE Hb 72 i) 17 B 1119
16 BEL T3 A PR 2 WA AN 55, 0 W7 22 fok b B 3 72 3 B
DS DIVA N

(2) W2l J2 B 45 A M0 R A U AN 1) 5T 7 A1k
B T RN RS KA )N HLAE A I R Bl T 3 =
BRI KRB H S . Ho 3 J2 B R B
JEC A 1] 25 RELF) R MR 652 DA W ., i % = R 9 1) 6 % 1) 52
e AR XL/

(3) T 445 M DO 2 %ok o 3t 52 4 R AR S0P 0
PRI A B AR, JCHE X 2= 3 3 T A4
MR IR o NI, 753 W2 M X AT PR Bt
I, B2 5 2% 18 R RRL R MU A 7, e BORE 5T v il
W J3E B BB AR, AR IEZS #2242

Sk

(1] B, F58, BRE. BT 2 ol 8k 55 0 AT S b 52 1) 7 149 5 1)
[J]. 8B4k, 2012, 34(6) . 75 - 82.

XIE Xu, WANG Yan, CHEN Lie. Effect of Rail Restraints on
Seismic Responses of Cushioning Railway Bridges[ J]. Journal of the
China Railway Society, 2012, 34(6) . 75 —82.

[2] CHEN Lingkun, ZHANG Nan, JIANG Lizhong, et al. Near-fault
Directivity Pulse-like Ground Motion Effect on High-speed Railway
Bridge[ J]. Journal of Central South University, 2014, 21(6) ; 2425
—-2436.

(3] sk3Ed). Mg oA I8 B 52 10 U= 1 5368 10 K b 78 I 1o F Y

[D]. =M. =JHg@ R, 2016.
ZHANG Yingjian. Study on Seismic Calculation Model and Seismic
Response of Slab Ballastless Track Bridge [ D]. Lanzhou: Lanzhou
Jiaotong University, 2016.

(4] EmeE. BBPUEA R Rk R U= [ D], dexnt: Jt



24

PR U 2 RO T 18T ) SCARATR I 17 R M LR )

2025 4E4 H

[5]

(6]

(7]

(8]

[9]

[10]

(1]

[12]

FUALIH KA, 2016.
WANG Xiaoyu. Seismic Analysis of High-speed Railway Bridges
Considering Track Constraints [ D ].
University, 2016.

KAk, TR, DR, . ARG PUE RGEXT A RSURE A
FRERHET RN n MR N2 [T ], PR A e R (B R R
fR) , 2017, 48(10) : 2738 —2744.

ZHANG Yongliang, YU Weidong, MA Huajun, et al. Influence of

Beijing: Beijing Jiaotong

Slab Ballastless Track on Longitudinal Seismic Response of Railway
Bridge with Different Seismic Systems|[ J]. Journal of Central South
University ( Science and Technology) , 2017, 48(10) ; 2738 —2744.
REPC, WY, PR, . A AEPUIE X ST B R T S SRR
HBFRWRNIARE [T ]. BREREA S TR, 2019, 16(3) : 690
-697.

HAN Guoging, JIANG Lizhong, WEI Biao, et al. Effects of Ballast
Track Structure on Seismic Responses of Simply Supported Bridges in
a Single Line Railway [ J ]. Journal of Railway Science and
Engineering, 2019, 16(3) : 690 —697.

B, T PRt R AR T e B T SRR R - LR S
FAPEREWIRID]. WK WSS R, 2021,

LV Jiawei. Study on Dynamic Performance of Beam-rail System of
Simply Supported Beam Bridge of High-speed Railway under Near-
fault Pulse Earthquake [ D ].
University, 2021.

SHAMSI M, ZAKERINEJAD M, VAKILI A H. Seismic Analysis of

Chongqing: Chongqing Jiaotong

Soil-pile-bridge-train Interaction for Isolated Monorail and Railway
Bridges under Coupled Lateral-vertical Ground Motions [ J ].
Engineering Structures, 2021, 248 113258.

JIANG Hui, ZENG Cong, PENG Qiang, et al. Running Safety and
Seismic Optimization of a Fault-crossing Simply-supported Girder
Bridge for High-speed Railways Based on a Train-track-bridge
Coupling System [ J]. Journal of Central South University, 2022,
29(8) : 2449 —2466.

MHBCE. FEBRPLE - AR R SR RN MR SE AT A
HriD]. Kb dEke, 2022.

YE Yitao. Seismic Damage Characteristics of Track-bridge System of
High-speed Railway and Analysis of Running after Earthquake[ D ].
Changsha: Central South University, 2022.

AU, BT, FENIEL, S5, B IRPUE LA L R B s
PR RIS [T ] T AR TR, 2022, 38(1): 148 -
157.

SHI Yan, ZHAO Xiangyu, JIAO Yingqian, et al. Seismic Response
and Control Study of Continuous Beam Arch Bridges under Track
Constraint[ J]. World Earthquake Engineering, 2022, 38 (1) 148
-157.

TSSO TR 2 S HIE 2 A 3 B B A AT AT A

[13]

[14]

[15]

[16]

[18]

[D]. 2. 2ZJHZSE KA, 2023,

YAN Ruixin. Study on Traffic Safety of High-speed Railway Bridges
Considering Track Constraints under Earthquake [ D ]. Lanzhou:
Lanzhou Jiaotong University, 2023.

Wz, Xk, RAERR, & 5 RPUE 2 IR 1 LA R R 1
ML) BHORGEA RN, 2024, 38(2) : 125 - 131.

YANG Pengjun, LIU Qi, WU Feifan, et al. Seismic Response
Analysis of Continuous Girder Bridges Considering Orbital Constraints
[J]. Fly Ash Comprehensive Utilization, 2024, 38(2): 125 - 131.
XIRERS, 2RI, AR, 5. Z i8R N JCAE PUIE 2 85 1R SRR
L AMEIRI/OL]. B TR, 1 -9[2025 -01 -
15]. https://doi. org/10. 13409/j. cnki. jdpme. 20240526001.

LIU Zunwen, LI Xinjing, DENG Yongjie, et al. Research on Traffic
Safety of Ballastless Track Multi-span Simply-supported Beam Bridge
under Frequent Earthquakes [ J/OL]. Journal of Disaster Prevention
and Reduction Engineering, 1 —9[2025 - 01 - 15]. https://doi.
org/10. 13409/j. enki. jdpme. 20240526001.

JrE, SEEA, BREE. R AT R A TR AR BB 2
MR AT, BRI AR, 2023, 14(5) : 29 -33.

FANG Yi, ZHUO Jiancheng, CHEN Li. Analysis on the Impact of
Girder Jacking for High-speed Railway Bridge Defects on Track
Structure[ J]. High Speed Railway Technology, 2023, 14(5): 29 -
33.

T, BN, BJE, S w2 I PUE 2R A i 2
B 1) Hy 2 3 5 e 2 B [0 ). W Bk B BOR, 2024, 15(5) ¢
8 -15.

YUAN Yuhang, XUE Xiaogiang, LV Long, et al. Analysis of Scour
Impact on Longitudinal Seismic Responses of Continuously Girder
Railway Bridges Considering Track Constraints [ J ]. High Speed
Railway Technology, 2024, 15(5) : 8 —15.

EaE, £, B, & T2 T ml B £ B SR
PR BmaRSAE [ T]. PR35 nhidi, 2020, 39(17) : 210 -218.
GUO Wei, WANG Yang, GE Cangyu, et al. Seismic Failure Features
of Multi-span Simply Supported Girder Bridges of High-speed Railway
under Near-fault Earthquake [ J]. Journal of Vibration and Shock,
2020, 39(17) : 210 -218.

TB 10015 ~2012 R ILAEL BB HLE [S].

TB 10015 —2012 Code for Design of Railway Continuous Welded Rail
[S].

TR, £FX, EOHR. TS E 8k FPS R 3
WA I BE 2R [ T]. BRIEAES, 2015, 55(9) : 24 -28.
HUANG Yuchen, WANG Junwen, WANG Shaojun. Influence of
Ballastless Track Constraint on Longitudinal Seismic Response of FPS
Isolated Simply Supported Beam Bridge of High-speed Railway[ J].
Railway Engineering, 2015, 55(9) . 24 -28.




