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Study on Effect of Deformations at the Ends of 32 m T-girder on Stress

Distribution of Ballastless Track Fasteners
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Abstract: For ballastless track, fasteners are used to connect the steel rails with the concrete track bed and the underlying
foundation. In addition to the load under the normal service conditions of wheel-rail interaction, the fasteners also
encompasses stress variations due to deformation at the ends of girders in bridge sections. To ensure the normal service state
of the ballastless track fasteners in bridge sections, this paper took 32 m T-girder as the example, to analyze variables such
as rotation angle at girder end, vertical displacement, reserved girder gaps, and fastener installation position, and assess
the impact of T-girder end deformations and joint structure on the force exerted on ballastless track fasteners. The resulis
show that the uplift force on the fasteners caused by girder-end deformation is linearly related to the rotation angle at girder
end, the vertical displacement, and the combined deformation of rotation and displacement. Linear expressions between
different structural variables and the uplift force on the fasteners are proposed. The findings can provide a reference for
controlling end deformations of T-girders and for the structural design in the construction of ballastless tracks on bridges of
mixed passenger and freight railway.

Key words: ballastless track; T-girder; girder-end deformation; fasteners; uplift force

Yo B #8:2023-12-07

EE RN TR (1985-), 5, ML TR .

EETE PP FA A5 H (20228F-452)

SIsA&st (B, 4R B AF L 32 m T AV A X JURERIE AT T T [ ) ] md kB EOAR 2024, 15(2) :10-16.
FU Qizhang, AN Zhen, LI Jiajing, et al. Study on Effect of Deformations at the Ends of 32 m T-girder on Stress Distribution of Ballastless Track
Fasteners [ J ] . High Speed Railway Technology, 2024, 15(2) :10-16.



24

fFELEE | 4532 m T B GR AN X TOAE R H44 32 S T o

20244F 4 H

By B2 Az far 04 L 5, S i 4 7 A 2 £ DL K Aor
o FEAREPE T, My Gl 32 for s A 0 11 B Ao
R}, R HE R 8h— A X 3L 450 7= Ak 50
FETCHERIE T, B0 40 5 R 8 R B A R
FEARE , Rt f S A B A ik 3 PR S e 2=
b FEFOPEA = A R i B4R R R L Mk
R R G R T AU S S E AR B
AT e R A R 95 5 PR 2 R A
IR, JCREBE A LA B AR SRSk 4t sk
WEARSEIIPED, F X TEREPLE TR A IR %
SR R e B AT AE S I 3 X
BERFHIT AN 3R g R TR B R D) R B B
JEM LA A B0 T BRI R e R S VR T 1S
JOEAE 5 Y AR B SR AR (R A TR e 342
TRt & SO ) ARy e h 7E R AR AL 5 &)
PR PR R B A A I, ST SR AR A
F 35 B2/ 4R R i) BEL T BB X T G AE B
T T 2R 1% 1 AR B LT JE s ), {0 2% SR B AR BLUCA T,
LU R i/ NBRAE 5 ZE AR 2T R R R A 058
IS, T R A S i 7 A ) 1 ) R 3l 5 g O 4
Gt RS SNV R — S T 6 AN s B TR
AR TCHERIE RS, 520 R Gt R B
vt LA G o 0 SRE A NI B2 foik
P B T BRAE T, 25 | R4 W 5 43847 sh A
AN R EERE B, AR T BT R AR b ek i
B SRS RS R ETE S8 s fr e etk fu
53 A R B A R S A R AR E A T
EZ—.

X% 5T I 2 gk B R i e #f1, TB 10002 - 2017
CHREEMT IR TR ) P o B S & D SR 2 i 83 Bl il
W TCHEIE 5 BT 18 4548 R 1) 52 A AH DGR B, i 1127
H RGO BT TS B A b . AR SO T R AR 2k
R SRt by A 138 i) 6 A R, s TG AR I 254 A
RYZ TGO, L 32 m T AR aR Ak, I Ji g i A
B R RS X B3R 152 e

1 FintARAZSENGLHAN
B

TCHEBIE 2514 5 e s B 8 B O A S BR
il BB« TOAELE S AP E S R EE
TE PR B eI 145, AR A S 4 slid K HL 2B A
K R 3 R SE PN = R AR e 1 A% 22, OF i T
BB S 2 A S DR R A — M0 32 e o —
FPEZ R OL, W 1 TR A 22 R flisz i

U E R E AR R L E R s NN R e (1 AP = E
SRR DRI, RS2 B R/ T 2 R
R/ IR S B AT O, Bl A v e A ARk HH I
JEE AR MR R o

mip Uk
O Td T 4
/’ ‘\Q~\“
A A

1 RimiE A NmE

A TR TR i e £ 7 T R v % 1) 82 B 2 5 DS A AR
SN SE e T7 032 T1ARES SO P A5 454
S IPIRESAA . Herp JF 32 T RS SR b B0 U,
R ke WY1 I ol W A

2 RinBHERSTERTRE

HRAEAT | 32 m T BIBEITCAELL F 8] 5 X AFAE S
BATAEPLIE SRS IR A R AL
Lo 3032 FI K a8 RAR L JER 9 RIE A Sl — I
gk, B AR T ) 7 45 52 0, L AT A AR S
THRZORAPE - AR -2 B, N 2 s &,
n AR KUROCRE 5 o W H0PETY RUTRIBE 5 L O SR8 R 3R
SENARY, L=0.3 m; H PR BL B AL 5
H,, A% SR A AT 3 JEE

nXa
e . 1 4N%
< 3 b B B3 £ St E3 B Ed i3 e ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬁﬁ%1ﬁ
JER AR
Ly 32m THIGE ! 32m THIGE
i
: Iy -

LL

2 RIREEHITR SR EE

A PRI ANSYS-APDL 27 B 22 5
AU A B R RS PR LA B AR IA A s AR, R
FHAZAR BTG SOLID18S FAR 5 FNFHR 4R AR e 1 i
FETORBL, PN R, R R A 9
] R [ 3 8%, T IR | JFS JE DL BRI T 20 0 , TS5
AR [a)3E D e AR SRR AN SR 1 s .

3 RinGEMWEREMNNGLENNE
ST

3.1 HAmmai
CERBE MR IR T HLE ) B g . X F CHEBLIE, 24




55240 fPELFES 45 .32 m T BUGLRR R X AR LB F0F32 SR o 20244F 4 H
1 A LTS MR R B4 f
*1 BRITERLASHERTRSHE LY U
2ty WiH WA ol
WL 60N U75 V .
Efias WI-12/NSH 314 : SR TE1RE 600 mm E sl
AHATCHE - CAO AR IRIEE L 25K : 6 m x ﬁ
K R 2.8mx0.26 m(K x G x J5) £ 6f
N CA0 R IR EE L 45H4 : 6 m x =
R 2.8mx0.2m(K x % x J&) 4r
TGRS /m 32 , L ‘ ‘ ‘
THIZE B /m 2.742 0.5 1.0 15 2.0
2 m TR | KBS R 03 “ ﬂﬁzﬂ%o
R W) | F/m ‘ .
AL /m? 3.181 —a— TS R 600 mm
A /m 3.65 12r
§ 10
B 3 B K B 1< 0.5 m I, AF £ 5 0 32 22 ] i 8
Ui 0 < 1. 5%, AHAR Wi FL 32 2 8] 323 2 A % £f I
STh = 6
0+ 0, < 3%0; FPuEHKJE 0.55m < [ < 0.75m, +h
W& SR AR 0 < 1. 0%o, AT LI M
FHEHA 0.+ 0, < 2%, ANRFIELLEANIME | 2= : : y
W ATNE 3 B, 3245k 300 mm . F14 S AR A BE N L4 10 %0
(b) L&k £

600 mm , Z23 &L BN 1. 5% i fa T 0 ik
FIHE Grt s f A A R IR 8. 13 kN, B Ry
FIETT s RS IOE ORI  FEAL A5 3. 0%
O, AR A B & AR Fd i i T AN bk
JIVEAH, WEAE/KF-AH Y, 3551 9. 425 kN,

30r —s— A S 1.5%o0
15t /\ /‘\
0.0 jensnsssnansgas” J \‘IH-III-I-I-IIIIIC
Z
~ -1.5F
.R
® 30F
-
i+ 45+
R=
-6.0 1
=75 1
9.0 L L L L L L L )
5 10 15 20 25 30 35 40
AL E
(a) B MIHE£111.5%o0
12 r
—a— HEH3.0%0
9 L [ |
6 F
z
] 0
ﬂ () inoossasasEsEy / /'.l'“rm
L1
£ 3r
=
6 F
-9 r -

_12 1 1 1 1 1 1 1 1
5 10 15 20 25 30 35 40
AL E

(b) 54 4113.0%o0

3 TR BN iR HE

4 352300 mm AEEFE AN LK AE

Mr 222 %% 300 mm B, B0 K 2H 5 f AN TR) T
N EFI R T AN P 4 BT o B B Ak,
RSB 0, B R LM O il LA
T2, 15 275 4% 300 mm FNOLE]EE 600 mm T () 540
RS LRI XERA F=5420 x10° 4G
B SR BRI R F=3. 1420 x 10°%

25 Lk, ARV FE A fr 2 T 00T e B3R R
PRy < FO S P TR ORASE AN AR | Bl 5 FR far 23
F: b4k T AR SRR R A LN £ i 2 A
T FE BT > AR ik B
1 o AN I i g e B 7 35 BB AN 5 AN R A o RN
PSR AN A T
3.2 BETRZmS

CRRBER AT TTRE ) I < X T TORE S IE A S,
N 7 QARG 1] AR I T 50 5 A 7 A S g Ak U ) A
X RS X BB G5 A 52 . A R TR AR 2 2E 0.5 mm
1 mm.2 mm B i) {5 B B CRREE AL MR KRR , P4
Ml SRS ), i 3 e 5 Fs .

A5 Ca ) W, B kA e 1) (S RS ), A% A
R B R 5552 T3 K AR A Bk T . AE R 1)
i 0.5 mm. 1.0 mm DA 2.0 mm T8 F, 04 &
B AR IR R 23 Bl A 88 ) 6 B A3 TS K
FEARFRE AR T, F0 R God R L3R 013 1 3AE



fFELEE | 4532 m T B GR AN X TOAE R H44 32 S T o

20244F 4 H

H2M
10
—=— BI£7F£0.5 mm
8T —o— FB{If7F21 mm
6 b %2 mm
Z 4t
S
= f
0 [ secssccesssns { Mensencescesces
£ |
E 27
2l |
6 +
8 L L L L L L i
0O 5 10 15 20 25 30 35 40
DA
() 0P B3k Ty

12 1
] e E20
10
E 8.278 69
=l ]
IE
§ 6 537705
ﬁ 4.364 52
£ 47
=
2 L
0
0.5 1 2
A7 /mm
(b) H _F4R A

5 AEBMALFE TR LR D RIREE

A — AL A4, B KR R 2t BRAE e s — 2 4n
o BB SCh) AT, B e ) 46 B a8 2] 2 mm, F144
e BB E Sy, RS AR IR TAE
R 05 J3%
3.3 H#ABREABEAESTHEEST

P P R 4510 AR T AN B — T8 2, A 5 e
FALAS O RS A B AR T o W S JBE AN 0. 5%
1%0.2%o %5 1 5 044 0. 5 mm 12k 205 DL R

20T e U £10.5%0 M ES0.5 mm

16 1 o s A1 1.0%0+ U7 50,5 mm

12 - A ££12.0%0+ FEAMALF£0.5 mm
£ st
=y I
1 0 | ooononnocesneewy 1 leslaslalalalslels
£ 4t
£ \4

a2 b |

16 | |

20 ) ) ) ) ) ) ) )

0 5 10 15 20 25 30 35 40
AL E
(a) FE ¥t B3k

P R A 0. 5%0.1. 0% L% 2. 0%0 51 1] ff
0.5 mm gk A, il TR0 E LR TS
UL B B Ay St R A8 0T o7 B A B F A | 78 b e A i)
SRS AN AN AL, S04 3R e & AR AR T 1 S
B3 A 00 1 BRI 4R T A, 7 S AR 3 o R A
A BT T A AR [R] B B RS PR AR
Bl & SN f 3 O, ZE A R4 5k i
HIREZ 38m . f0fk LAtk E 6 & 7 Fis.

12 ¢
C ] fuf4r E20 (B {7#£0.5 mm)

10 |
z 8.347 83
@ 8
=
R 6 5216 17
B
& 47
= 2.086 96

L[

0

0.5 1 2
B £ /%o

(b) #F L4k I

6 BMAFE 0.5 mm TAREMEEAINH EIRN K HIBEE

—=— Y5 12.0%0+ LI 27£0.5 mm
16 + —o— A EA1.0%+ M AF£0.5 mm
HHAFE£110.5%0+ BN A7 F£0.5 mm

ffF BRI /KN
N

g : ‘ slalolelelolestaala e
4 |
8t
-12 L L 1 L I L |
0 5 10 15 20 25 30 35 40
E(SKERDA
(a) Fesmanft Lk s

14 ¢
C F0fE4r E20 (B A7 #50.5 mm)
21 1063695
§ 10 |
1
= gl 7.461 93
R
X 6t
_\_]
;\.}_
= 4 3.064 72
2 L
0
2 1 0.5
Y1455 £ /%o

(b) Fe st L3k iR iE

7 BMAIFZ 0.5 mm FAREAEHE BN LR DR EBER



F2H

FTBEEE 4532 m T RYGERRHSTE X JCAERE F 52 I IR

20244F 4 H

Wt A 6 (b)) FIIE 7(b) B, 7R A7 74
0.5 mm 5 HMEEA 1% 8 AEH T, f044 B3k 17N
FHABIHIE T 6 kN, AbF1EH TAERES, i sl f
0.5 mm SHEH 1%0 WITT 84 IS H 6900k
WP HA T T M RIS T LA 54 M Fn i
AR T 08 S e B A R

4 REMSEIHNG LR MBS

T8 Goum i A0 1 A RO FE R L 388 3 e AR i RR 42
B FI S R DL S A0, X LAk )
AR T3 T o
4.1 TREBRLEZMDH

vt 1. 5%o WEANRIZREE T F00F B3R 1 an & 8
Fim. TR N 1. 5% 324 K 100 mm I, 311
1) #E M 568 mm B4 E] 650 mm B, f0F E 3k 1A
7.121 kN FR#%] 6. 908 kN ; 44014 8] B AR5 AN A5,
OB 4 e B XG0, X R A 0 R 2 Bl 2

Jin, 10 BR 4% v BE S Az IR
8.2 —s— 4If L #2IFE650 mm
—e— IS FE625 mm
8.0 S HE ] BR600 mm
Z S ) #E 568 mm
X 78
o
= 76
5
ﬁ 7.4
o
= 72+
=
7.0
6.8 L I )
100 200 300
4% /mm

8 RiImEEA 1.5% FAERE T LR DE

TERIHE SR 1. 5%, AFHIPFREE 0T $00t 1
WG RAETEELNEANE, WTIHAP N  F =al, + b, F.

ESHNk 2 s,
x2 AEMEEETAELENSREZEEXRK
=2 FAPEEEE/mm a b
1 568 0. 005 48 6.573
2 600 0. 005 44 6.50
3 625 0.005 4 6. 438
4 650 0. 005 35 6.373

4.2 O3 AE BE RN 5 AT
FPE ORI /NHIE R G B B =2 1§ 0=
S, 45 ) R AE S 100 mm B Bl 100 R) B 1 34
R, AE AL RS BN %S £ 205 e AR B £ + 2
¥ HEFAM + M TOUR  F00F B3R 9 FroR .

—=— FLAIEL £111.5%0
14 - —* HEHM3.0%
—a— B[/ F£ 0.5 mm
| v B 71 1.5%0+ 1 [ A0 RS 220.5 mm
12 YA $813.0%0 S 1 BLRS 220.5 mm

—e

FOHE R I1/KN

2 | | | | |
560 580 600 620 640 660

O B /mm

B9 R4 100 mm REHNHEEREREHEE DR TR
ERATE

H1 &L 9 RIRD, F0 8 b4k g S 4nPF e L PR A OG
W& FOPERIEE 3G 00, F00E B3R IR0/ 7E e 4
100 mm AN [R] SR A5, S0 L3k S 0 (a] i
MR ATIAG N : F = mBy + n, RS HCN 3R 3

F7s o
x3 ARBETENGLRASMGEEXRE
75 A m n
1 PG £7 1. 5%0 -0.0029 9. 866
2 HAEHAH3. 0% -0.00356 | 11.557
3 B 0. 5 mm -0.00296 |  6.229
4 PO AR 1%0 + iF5 22 0. 5 mm -0.00472| 12.619
5 HAEFEH 2%0 +(iF5220. Smm | —0.00517 | 13.750

4.3 MHFRFEEEST

DL 100 mm A FE A 3. 0%0 FF 7K 625 mm
R S EF A B HECR AR ) bR ) B R MR
ZAr s R RS ) BIRh TR, A SR g2 S
A R vt AN [ 1 B R 4 T A AR AR R B 8 S
VAT it AN [T B 044 4k A2 an &l 10 Fis .

FH &L 10 AT, 2256 7 20 F1 21 Abr B, T
WA LA 2 T M, 3 b4k b3 7 52 i
B il A IE S R B S, Pk AR T Bl 2 9N
N Y R YNk

LT XN 3 TR A 11 R
ORI R A B S LR I RZ KR F =
- 0.709x + 3. 341 Bl % BE M 9% ¢ )8 BE 25 (% 3 i,
IRCINCE AN iy N - TN R B N
FUF IR 2 s R S R e R R
F=0.709 + 1. 213,

5 Zig
AT T TCHEEE HLES 32 m T %32 i i A



fFELEE | 4532 m T B GR AN X TOAE R H44 32 S T o

20244F 4 H

—f\/\—

ik 4571/ kN
Dlto— Dilon Bloo Bion Lio—

WO N~ VM~ Mo~ oW
— T ——T

0 5 10 15 20 25 30 35 40
AL E

26 . FHESE

13F  25m(RM)

0.0 f

22+ PEESSE N

LIF 2.0 m(FM)

0.0 f

QAp ., .
227 RS

A0 1.5 m(R M)

0.0 f

N | S GV o
22 BEBSEE

L1F 1L.om( R

0.0 f

-1 7

. PHBSSCR
13F  0.5m(F[MH)
0.0

0 5 10 15 20 25 30 35 40
EALERIACE

ik 4571 /kN

10 MEREREME EHRAEUREE

30
28 1
26
24 r

22
20 r
1.8 1

LRI/ kN

1.6

1.4

0.5 1.0 1.5 2.0 25
FIES i ) B /m
(a) FPEAT 21

30
23 L AL E 20
E 26
B 24¢
S
o222t
% 20 F
18
1.6 F
1.4 L L L L ]
0.5 1.0 15 2.0 25
45 38 (1 FE 25 /m
(b) FIFALE 20

B 11 NHRRAENING R ARSmE

XFFHSZ 3 RS20, A5 B G 32 Aif B E e 5 | 22
Ui £ 55 T 1 5k ) AR 5 DR YRS T AR AL 15
FELESWT

(1) 24 5k b A= BN A oy A5 T o e 1 5 15
0] (N 8% 255 Y S5 F A2 TR I Bt 2 L 6 1) 62 4% 114 1
R FE BRI REHE I, — 2 ARG, I AR
JE 35 B4R 7 B A (X H B SR8 2 S5 A Dty 4
PRAL . G0 bk B BRI, Al TR IR
WA S SRR, BT 42224

(2) TR E B v /1 AL I TIOR3
T A7 (A0 975 T PR B2 5% 0 S8 Ia) R R 23
L8 ) SIPF 3R G, TR A [F] 2 Y
MR, BN E B4R S O R Rk

(3) 8 o3 B AR B b St b4k s, AE Bk 4
P AR A ] B Rt i 235 4 A2 T2 5 R a3 ] 4R
PR ZAT T, SO A A 0 ) 32 Hsg w550 . 2%,

LA 578 B S FEALFI 55 SRR Y iR

SE

(1] B3P, MR, XI5 . RS A% X TorEPUEFIIF R GE R
SrHTLY ). BRIEZAAT, 2008, 30(5) : 68 - 73.
ZHAO Pingrui, XIAO Jieling, LIU Xueyi. The Influence of the
Displacement at Bridge Ends to the Fastening Systems Used on
Ballastless Tracks [ J ]. Journal of the China Railway Society, 2008,
30(5): 68 - 73.

[2] THOE. Fia LETMPERSINE BHRBITELT ], PR
5T, 2011, 11(16) : 3709 - 3713, 3724.
DING Minxu. Study on Uplift Force of the Fasteners for Bridge Ends
of the Unballast Track on Passenger Dedicated Line [ J]. Science
Technology and Engineering, 2011, 11(16) : 3709 — 3713, 3724.

[3] FHE . TREPUENPINCELM 1. AR P8RS0 K AR,
2006.
WANG Qichang. Ballastless Track Rail Fastener [ M ]. Chengdu:

Southwest Jiaotong University Press, 2006.




552 AFBHER 45 232 m T T QGRS A I X JCHE U P52 S R 5 20244F 4 A
(4] ZBRWHE, 4E A, Am . R TCHERUE F00F J1 2447 = iR 56 oF Railway [1]. High Speed Railway Technology, 2023, 14(2): 13 -

[5]

(7]

(8]

FERMBAEDTE AT [ . P EBRER:, 2010, 31(6) : 43 - 49.
WEI Yahui, XU Heshou, NIU Bin. Laboratory Test and Numerical
Analysis on the Mechanical Behaviors of the Slab Track Fastener Due
to the Beam-ending Deformation [ J ]. China Railway Science, 2010,
31(6) : 43 - 49.

PASE, BYLL WL 4 . DZ MR PR H E1m 7 f 5
HERGEm R T [) ], Bl RS TR, 2023, 20(5)
1677 - 1686.

GUO Gongbing, WEI Kai, XIE Chaochuan, et al. Lateral Force
Transmission Law and Influencing Factors on DZ [l Fastener Iron
Plate[ J | Journal of Railway Science and Engineering,2023,20(5):
1677 — 1686.

R X, G . AR RBCRAE T WI-8 dnfFaEm e AT
WFFELT ). TR, 2020, 37(11) : 228 - 237.

GAO Liang, ZHAO Wenqiang, HOU Bowen. Research on Vertical
Mechanical Behavior of W]-8 Fastener under Clamping Force Failure
[ J ]. Engineering Mechanics, 2020, 37 (11) : 228 — 237.

FEEE R M TR oy R Iy e e o [ ]
YRR, 2014, 58(9) : 40 - 43.

QI Shaoxuan, LIU Xueyi. Research of Mechanics Characteristics
of Elastic Bar Il Separated Rail Fastening [ J ]. Railway Standard
Design, 2014, 58 (9) : 40 — 43.

Hd . DN R LB S5 R 32 IR ST () ). Bl TR,
2010, 27(8) : 58 - 61.

SHEN Lei. Study on Measures for Decreasing Forces on Track
Structure at Girder End [ J ]. Journal of Railway Engineering
Society, 2010, 27(8) : 58 - 61.

IR . BRATCHEPUE R RN R G120 [ ] BhE T
P2l 2009, 26(2) : 56 - 59, 63.

ZHANG Min. Mechanics Analysis of the Rail Fastening of Bi-block
Ballastless Track on the Bridge Terminal [J]. Journal of Railway
Engineering Society, 2009, 26(2) : 56 — 59, 63.

[10] #3005, MRELRA IR IT2E 45 . B BRIk BRIK ) SO0 EICHEPLE TC

SEE AN Z I
18, 47.

1. Bk AR, 2023, 14(2): 13 -

YANG Wenmao, LIN Hongsong, XU Jingmang, et al. Longitudinal
Stress Analysis of Continuously Welded Rail Turnout of Ballastless

Track on Simply-supported Girder of Mixed Passenger and Freight

[11]

[12]

[13]

[14]

[15]

[16]

[17]

18, 47.

AR . PR RS R R I rsema iR [ ], Bal
AR, 2015, 32(11) : 62 - 67.

TIAN Chunxiang. Research on the Influence of Bridge Slope on Uplift
Force of the Fasteners at Continuous Beam Ends [ J ]. Journal of
Railway Engineering Society, 2015, 32(11) : 62 - 67.

IEE N ATTDN i G O N (4= L B RS OE 7 BT W W CIP 2 A
AR [T ). PRE TREAAR, 2021, 38(1) : 91 - 96.

FENG Yulin, JIANG Lizhong, ZENG Yongping, et al. Influence of
the Typical Deformation of Continuous Beam Bridge on the Track
Geometry Evolution [ J |. Journal of Railway Engineering Society,
2021, 38(1): 91 - 96.

YA, BRI . R JCHEHUE AN RG2S L) ).
PEHR, 2012, 3(6) : 40 - 43.

YI Nanfu, YIN Mingmin. Analysis on Fastening Force of Ballastless
Track System of the Beam End [J]. High Speed Railway
Technology, 2012, 3(6) : 40 — 43.

BN s AN A5 L B G UTERE LIS ToaE S U127
PERESMT L) . sPEBER, 2011, 32(6) : 28 - 33.

CAI Xiaopei, GAO Liang, SUN Hanwu, et al. Analysis on the

1

Mechanical Properties of Longitudinally Connected Ballastless Track
Continuously Welded Rail on Bridge [J]. China Railway Science,
2011, 32(6) : 28 - 33.

BREL L )T BRIPR LA A R B S =2 IR A ()
EHEHHA, 2009(12) : 15-17, 31

1. #k

LI Zhihong. Analysis of Stress and Deformation of Beam-end Track
Structure for Guangzhou-Zhuhai Intercity Rail Transit [ J ]. Railway
Construction Technology, 2009 (12) : 15 - 17, 31.

bR PR, JUTRAR . SR LR X A AT T 32 ) RS
SAFTLT . BRIEEST, 2010, 50(2) : 117 - 120.

MA Zhanguo, XU Shaohui, YOU Ruilin. Analysis of the Influence
of Beam End Displacement on the Stress of Fasteners of Open Deck
Bridge [ J ]. Railway Engineering, 2010, 50(2): 117 - 120.

HER L X245 B EPA . VOSSLOH 300 04 E4R I kit se
[J]. puJil#EST, 2008, 28(6) : 51— 53, S5.

SHEN Lei, LIU Xueyi, ZHAO Pingrui. Study on Calculation
Method of Pullout Force of VOSSLOH 300 Fastener [ J ]. Sichuan
Architecture, 2008, 28(6) : 51 - 53, 55.



