Open Journal of Transportation Technologies 2B, 2022, 11(6), 450-460 Hans Y
Published Online November 2022 in Hans. http://www.hanspub.org/journal/ojtt
https://doi.org/10.12677/0itt.2022.116046

IR Sk B B2 A 1) S BT BUR T T HEIE
ki np Al

B, AP E?, R FYU
YN RSB R, N RIS
2o ] kA R 2 9T 5 42 A PR A W LRSS MU BT, bt

ks H . 20224F10A25H; FHAHEM: 2022411 A8H; KA HM: 2022411 A16H

H E

REFAY . WTFRAAAL. EERET R IMMBEREREYN, BEASSVIEAT B %, Rl
VIS BOELARSEAL, PAEPERNTIN, SHmnEFIESHERZNZIAHEEER, BmiE
BERRLREBREAE. X TRBERT. RIERIIRATAEPIE, REBERY ST B
ERAFEMRANRRE, BEELINES N SRR REESANESN “RMEX” AR T —MH%
B ARLR Mk B SR ) ARAT R A T B R B B R T e 5 AR B SR IR PUE TLAT AP, R SR B4 T
VLR R AR EXPUERTEMR KR . 5501, BEANSUIFEN S 51 BRI E Az,
BB RAREBESR, BT FBRETIRERK, TIRRREREASEEMBIPIE TSRS
b, BEEVIREEEE AR — R, PUBERBRAERFE—MRENKT. IR REPEATRE
Es, BREEAYOVEEKEREY 8, HILPFARTIREERR .

XA
BREABISIYIRE, SRATHEHE, PUEPIHN:, FEHRAER

Effect of Uneven Subgrade Settlement in
High-Speed Railway on Double-Block
Ballastless Track Regularity

Xiaofan Zhou!, Mingxi You?, Yu Guo?*
'Institute of Transportation, Inner Mongolia University, Hohhot Inner Mongolia

’Infrastructure Inspection Research Institute, China Academy of Railway Sciences, Beijing

Received: Oct. 25", 2022; accepted: Nov. 8", 2022; published: Nov. 16", 2022
SR

SCEGI M BN, JEHIER, BT s Bk i R A2 ST R X R SRR HE U P R B R ). STIE R, 2022,
11(6): 450-460. DOI: 10.12677/0jtt.2022.116046


http://www.hanspub.org/journal/ojtt
https://doi.org/10.12677/ojtt.2022.116046
https://doi.org/10.12677/ojtt.2022.116046
http://www.hanspub.org

/N 2%

Abstract

The uneven subgrade settlement is inevitable due to the influence of subgrade disease such as
uneven soil quality, variation of underground water level and adjacent construction. The subgrade
settlement of high-speed railway will lead to the deterioration of track geometry, resulting in
track irregularities, which will further aggravate the dynamic interaction between train and track
system. The quality of train operation and the service performance of the railway line are affected
as a result. For the double-block ballastless track with superior integrity and high rigidity, uneven
subgrade settlement may lead to uncoordinated deformation of the track, and the “hanging area”
with discontinuity subgrade support is generated between the concrete track layer and the soil
subgrade. A semi-analytical method considering nonlinear subgrade support is proposed to cal-
culate the track irregularity caused by the uneven subgrade settlement, and the influence of the
settlement wavelength and the amplitude on the track deflection is analyzed. Results show that
the uneven subgrade settlement is prone to cause uncoordinated deformation of the upper struc-
ture, resulting in “hanging areas” between the track and the subgrade. For a certain subgrade set-
tlement wavelength, the increase of the settlement amplitude significantly aggravates the deteri-
oration of track geometry. With the increase of the settlement amplitude, the track deflection fi-
nally remains at a stable level. In terms of the range of the track deflection caused by the settle-
ment, it is slightly larger than the settlement section and hardly affected by the settlement ampli-
tude.

Keywords

Uneven Subgrade Settlement, Double-Block Ballastless Track, Track Regularity,
Incompatible Deformation

Copyright © 2022 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|15

SRR AR b, TR (AR B AR E VEARR AR, XS B F 8, 7K ik S 0 358 R 3R AR st v
DAL AE i A A R BRI B8 0 5 LS BRI, JEHRA )AL . TRESEER W], xi%ﬁﬁ
AEIE] S MR ARTREE M, BRI ER R A A S UTRR A R A 1] — S AN SR, e 1
BuBSS R T B BRI AT, A BE TURT AN TR S5 44 B I %wmﬁ?%W%@,m?@
LA RN, Ao MBS B R AR DR VE AR T, T B 2 SORANE SR [ e 23 X 4. $UE LT
SR EE SRS KW B 2 IR U EAR RS, SU S AEasAT i, AR5 L e EE A2 & 1
M2 SFEPUERERE . FN, BT EMEPUEA R RS0, — BT EBARIR, AR T
FHEN, AT I AN ST R i O i R R PUE R OB 2] -

KHILOK,  BoxT ki L TR (O WF 70 2 00 2L R I TR A RUER S BARB ia 38 I, AR
R TE S5 AL P M52 0 T RO RIE FEAR XS B/ (3]0 R GF Ko R AR B A S A g A EBUE, 8 Bt
= AR S BRI T, BT T AR ST S A EPUE TR R AR R R, IR AT 5
VUREAE— B OL T 251 R A MILR[4] [5] [6]: Sun S RHAEMARIJEHES TERA LI S TR 595
IR, 0T T AT BT BB il SBR[ 7]

DOI: 10.12677/0jtt.2022.116046 451 AZIEHEA


https://doi.org/10.12677/ojtt.2022.116046
http://creativecommons.org/licenses/by/4.0/

F/NL 2%

BEX DA SRR O SUE, BIEBE T, AR N I PUETEAE A RE S IR R AR AT (R 4 R 4F ER B
PR A AL R, RS R I TE Eh I A8 58N EES5 R FIA BROTH AL, 1 B AN 2]
UURRAE AN M EREPUE RGARTPRFIE, R0 145 261 T HUE S BB R AN DR AL KA 9] X [ 2 )
XTTEHEPIE - BREEADTEAT FORREAT 7RV, 3R T — RV AR IN[10]; Jiang &AM SRR &
XS AN SJUTRE S 2 ) CRTS 1 AU A TCHEPUIE ) LT AR L AIBROIN . AT Je 7 A FE[11]; 385550 g 15
T8 B AR T B R AT 5 TOHE P 25 R T I (8] RS 5% ST U [12] [13]. (R RTIIAT ST ROt |, A
SCEFR P TERE UG R GE AR, 38— S S O TS50 P DG 5 B 3 AN 28 530 B 51 S ) JE R il
JURTAS NI ASERR AR BEAT SRR, AT e RO T 55 R B AN ST B S RO BE T LI 28T, JF
ARIUHUE AN S (8] R E U PEAR T S B0 “ A A E

2. WRA THEFIE- R E N FRE
2.1, MRA FAEHLERIE

WG ATCHEPIE CAEIRE 2 56 i SRR A RN . RGEE LT B, ms k.
AL TR TE A A SR R TR T SORZ 54L& 1 A UERTEREYUIE R4 g .

Figure 1. Structural diagram of double-block ballastless track
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Figure 2. Cross-section sketch of double-block ballastless track
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Figure 3. Double-block ballastless track-subgrade mechanical model with uneven settlement
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Figure 4. Flow diagram of track deflection
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Table 1. Parameters of double-block ballastless track on subgrade

1 WRALTHESH

e E ol LA
PRI E 100 m
HAB A AR 2.059 x 10" Pa

PR T 60.64 kg
AR AR T B P 3217 x 107 m*
IR NI EE 2.5x10' N
RO (A B 0.65 m
TEPRAR SRR 3.6 x 10%° Pa
T8 PR 2500 kg/m?
SR R 2.55 x 10" Pa
AR 2400 kg/m®
S ST AR NI 1.9x10° Pa/m

3.2. FBJLIZERAFE

5 R T R AN ST UTRE 51 A EE LA AR TEARRAE , 6 B P v A RO A2 43 A1 B 10 m T 10 mm.
MEFFTLAE B, B TP0E B ERm, MBS S UTET N T, B AEPIEA PR, SR
M, TR E R AR S IR AR, HA SR SR A4 e 2 — S ERBE AR T, SUEHE
gk R, Wl 5 B, Pk XEUE LA T IR(E A 4.64 mm, GE/NT 10 mm (TR IR
AR FUCREIX BN LT RS A1, WY 2RI 7 A #] 7.31 m. b4, UIREXAMIE b IR AT
ANFIHETE X3, TR DI P TORE BB A ik 2 A4 s 4%, LIS 5 Al ar oK X dek. AP ] I,
DU 51 L BRI AP MRGR K AR T IR i KA k. b5 51 R A7 o FE A B ) 3G, %) ZE 16 el i ik
AN ST 51 RS R BHUTE AN X B AT Bk ) BT e 2 7= A S BB I L, 6] B - 308 R G 22 AR O,
iy o

WG EUIE T AT A AL, BB &S50 E R IR 7 & A AR RN AR A, B B i 8 7E R X
SO RANEPE TUFTEAR BB A 8] 6 Fras RS2 o B AN 5 1T B s el ) 102 38038 Je i Bk st 8 I 0
LI I G BT UE tH, AU R RIVE R 77 el o i kst 38 5 A 1R K2
PO 305 2 7 R0 i i 0 35 I ¥ (U B B NI B 30t BT, S5 I T LT AR A B 36X, 43 A
13.05 kKN 1 1.96 kNt A &b T~ 45 14 5 B F i 25 [X 2 TR b X, 0B = B A o 18R b e i
2 EAA AL By C AN R B L5 3 [ /179 0, Horfr AL C XTRETIE] 5 AR 25 44 ST
X3, B R I B DX 9 R 2 X

DOI: 10.12677/0jtt.2022.116046 456 BB EEFW/N


https://doi.org/10.12677/ojtt.2022.116046

/N 2%

| —— G
-
B3

10 15

RN B (m)

Figure 5. Track deflections of double-block ballastless track induced by the un-
even subgrade settlement of 10 mm/10m
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Figure 6. Additional resistances of fastener springs and subgrade springs in-
duced by the uneven subgrade settlement
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Figure 7. Rail deflection of double-block ballastless track varying with sub-

grade settlement amplitude.
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Figure 8. Additional resistances of subgrade springs underneath double-block
ballastless track varying with subgrade settlement amplitude
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Figure 9. Rail deflection of double-block ballastless track varying with subgrade
settlement wavelength
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Figure 10. Additional resistances of subgrade springs underneath double-block
ballastless track varying with subgrade settlement wavelength
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