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Lateral Resistance of Frictional Sleeper Ballast Bed

GUO Yunlong', WANG Xinyu’, LIAN Dong’, WAN Hongyu®’, JING Guoging’

(1. Civil Engineering and Geoscience, Delft University of Technology, Delft 2628CN, Netherlands; 2. Civil Engineering
School, Beijing Jiaotong University, Beijing 100044, China; 3. Shandong High Speed Railway Construction Equipment Co.,
Ltd., Weifang 262600, China)

Abstract: The Sichuan—Tibet railway is built under some difficult situations, including limited ballast bed profile,
frequent earthquakes and large diurnal temperature variation. These difficulties cause insufficient lateral
resistance of ballasted track, which is an urgent problem for the stability and resilience of the continuously welded
rail (CWR). Aiming to improve and quantify the stability and resilience of CWR, the lateral resistance of
frictional sleepers (designed as that normal sleeper with arrowhead shape groove) is evaluated with the single
sleeper push test (SSPT). By performing SSPT, the increment of lateral resistance of ballast bed with frictional
sleepers is measured. Shapes of sleeper grooves are properly designed and optimized (three groove shapes with
the same size and volume but different arrowhead directions). Whether frictional sleeper applied to ballast bed
(reduced ballast shoulder width) will provide enough lateral resistance for the ballast bed at Sichuan—Tibet
railway line. Results show that frictional sleepers can increase the lateral resistance by minimum 7% and
maximum 21%. Arrowhead directions significantly influence the lateral resistance, which is increased by 7%
(same pushing direction) and 24% (opposite pushing direction), compared to normal sleepers. Therefore, strict
attention should be paid to the laying direction when laying in curved sections of ballasted track. After reducing

the ballast shoulder width from 50 cm to 30 cm, using the frictional sleeper (single arrowhead direction pushed in
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reversed direction) can still provide enough lateral resistance, which is the same value as a mono-block Type Il

sleeper with 50 cm shoulder width.

Key words: Sichuan—Tibet railway; lateral resistance; frictional sleeper; resilience; single sleeper push test

D12 I A 0 T A A el v 4 3 B R
R KR AN W R Z BRAEPR AR,
IO TCAE LR B RS PR RN R 4 HE T o R IR
R I TCHE LR I R PR R Ik [l BT SR e —AMEAR G
TR IR, AR OGN, 323 b A5 B a1 ek
$H6% TG T 30 2o 398 o PR T 1 R ok 396 5 1 PR A
D B 3% R 43 b Ak b R DX 3, L PR i 2 1 5%
FAEAG FRIXE , RIS 1A 66 J 5 2 B T 2 e K A )
. SRR 2R R R T K LIIE Y PT B, PRK B i
R A A 1) 7 e T DR 1l BEL T .
U, H5 R A 1) B 77 L B8 A — 2 s 1) BHLT T A%
AT D G b AR g L o] SRR e k.

P AN 2224 35 B 48 i 3 PR RS M A,
Je R R E TR T2 Mo, il R
PRXFF AR 9 3 SR T ) P2 4R FK & g
71, BRI W B JCAE LR B e MM, PR AR LSRR
W RKIR2E T sk B Z 2R SIKE.

LG 4 v T a2 B R M, U 38 IR RS
5 it R B4 R T PRI T K T AR B R L 9 S R
AL AL ZE AL, Powrie 2557 K«
NGO TN R N E s AR A R EZ N ] DA
SR B e B AE (6 TGk 4k 388 KB A+ T AR
REFREAE R £ TR, £ TR = E IHAR R K
BB FF 58 2 W R A 78 T AR RE T AR R AR
b oA 2k B AR e E T Esveld A5 R
FH L TAR IS kS 25 ] ARG B R a1 By 42%,
I HL AT LA 122% 438 PR IR 5 Jing 45 PR 5%
7, i FH 2R g T R R R AR RE SR Rl ARSI 31% 18
AR 113] BEL 7 5 U B TR IS Rl LA /) i 1 o 1
AR ] BHL 77 (.

W SILTE PR AN A Gt AT 4o 2 R A B A — ol
DA, (140, S5O i 35 88 S B AT LA A
T8 PR 1] BT 2 13%). 3 U BAL AU Y BUhA B
TR AL BB B A U B e
RYBAL". B 75 2 W« il FH 32 B0 BB mT LA B 50%
TE PR 11 BEL 3 5 (5 EE S BUB AL AE 70% 2247 5 i ]
HEtE AR AT AN 200% T8 PRA A BEL A1

LT, BRI OR s, HF H A &R

LA e, R B R, B ARAERE Ty
R LB, JCH 4 i 28 T 30%, A ff 205 0 T #E
3F 50!, BB EE A VT A S 3 PARARS 1) BHL A 5
LUk, BERE R A 7= BN T, I B ik
B, 58 E AR 22 80N s BT, EEAE A AL X 4
BIIRRE T IR G SR B R .

FEXT BRI RN T DA 25 )1 Ak % )
P, AT DU T HA BE A LRk X s, e iR
FERER A B | A R B DL SN R A AR
I, X BE ARV B I TR AT AN 78 43, JE R
SO A TR AR S R R I, AR SO & Sk
TP BRI RV , 2757 Sk U EE AR S EL A A ]
i Sk RE TR TR BE, A3 S A =R 1)
ERIE, B BRI E S BRI 58 S H]
SAF BRI T —RE ARG N A RS E PR O 2, AE
TE 28 22 5% N A REEIR kRS ) , S a1
IR A BRI
1 MRREE
1.1 #8

TR ) BHL 7 30 S A B BRAR B A5 R
R~ ih e iy ik A a0 T F A e 15 1 1 4 B L
TR M 4 FR i A A T PR AR R, A
AP T8 PR 1) B 736 6 4 Al 1 T R TR 6
UM, BB 1A1 B 24928 600 mm, F5e KT JAS T9 1 i
£ 3 600 mm, 5 KHEJH S8 A 500 mm, 5 KIS
BE 1:1.75, T IRJEEE 24 350 mm. R 56 LR B FE R
FZ R, EHERARRACTZE AN 1 R, EEHAD
FIFEFR L ER , B Ay —ZaE "

100

[ —— TBT2140—2008
—— IR TEHE
e 80 |
£
R 60 t
i
g
w40
=
,,'-2 20 -
0

15 20 25 30 35 40 45 50 55 60 65
J7 LK/ mm
Bl 1 EAEG
Fig. 1 Railway ballast particle size distribution
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