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Cause Analysis for Sleeper Damage of
Sleeper Floating Track in Urban Transit

Abstract In this study, the correlation between the damage type and operating conditions of the sleepers was
analyzed based on the design data and visual inspection results for the concrete sleepers of the sleeper floating
track (STEDEF) that have been in operation for more than 20 years. It appeared in the form of cracks,
breakages, and breaks in the concrete at the center and tie bar contact and buried areas. As a result of the
numerical analysis, it was analyzed that the change in the left and right spring stiffness of the sleeper resilience
pad increases the maximum stress, tensile stress, compressive stress, and displacement of the concrete sleeper,
and stress concentration in the concrete at the tie bar contact area. It was proved analytically that the sleeper
resilience pad can affect the damage of the concrete sleeper. Therefore, damage of concrete sleepers in the
sleeper floating track in urban transit could be caused by changes in spring stiffness of sleeper resilience pads.
It was reviewed that preventive maintenance such as improvement and timely replacement of sleeper resilience
pads was necessary.
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Figure 1. Photographs of STEDEF
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o 14 glolu} A& Tolu), iR &4 23 E 2 ASZRYYZ(STEDER) HETHE MY

FEARS oAs - Blolulel HER Fa]E oA Table 2. Properties of STEDEF tragk compongnts
. B Component Mechanical properties

T2 WA 7 FH ke Aoz YElyit) - Elastic modulus: E.=35%10"MPa

RC Block * x=3bMPa
- Poisson’s ratio= 0.18

- Elastic modulus E<= 2.0x10°MPa

Tie-bar - Yield strength 0,=300MPa

- Elastic modulus E=2.0x10°MPa
Steel * Yield strength 0,=300MPa
- Poisson’s ratio=0.3

- Spring stiffness: 12.5kN/mm
- Elastic modulus=0.98MPa

@

() Rail and concrete sleeper  (b) Tie-bar buried part Resilience pad | . o atior 0,49
contact surface damage damage - Thickness: 230x660%12mm
R « Elastic modulus=21.4MPa
Rubber boots | Spnr_lg stiffness= 650kN/mm
+ Size=5mmx6mm
+ Area=260x690mm
- Spring stiffness: 400kN/mm
. « Elastic modulus: 72.6MPa
: - Rall pad 1 e 100198
(c) Tie-bar contact surface (o) Tie-bar Break . Thickness: 5m
crack + Tensile strength: 800MPa
Rail - Elastic modulus: 2.1x10°MPa
02l 2. 232|EESE &4 MY - Geometrical moment of inertial: 3,090cm’
Figure 2. Photographs of damaged concrete sleepers - Area: 77.5cm
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Figure 3. Numerical analysis modeling
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Table 3. Analysis condition setting

Component Left rail Right rRail Snnu.la-ted
condition

Case 1 General General General

Rail support
Resilience pad point
Case 2 spring stiffness General displacement
50% increase decrease
(deteriorate)
Resilience pad Double
Case 3 spring stiffness General resilience
50% decrease section
Resilience pad .
Case 4 spring stiffness General sleegmrg
90% decrease pe
Re.sﬂlenc.e pad Re.sﬂlenc.e pad Hanging
Case 5 spring stiffness | spring stiffness Sleeper
90% decrease 90% decrease pe
2. |47}

B AFA g FRIEA AT A= 19 59 2
o, Aol ey AR JRERgAe] 1%
RATE wA F 2R FAus SHaue
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B:Stati Structural
Equivalent Stress (RC Sleepr)
Type Equvilent (von-Mies) Stress

Time: 1
20201014 23 802

52008
44679

29841
22422

15008
075843
0.016535 Min

000 45000 90000 (mr)
I ]

2500 7500

(a) Stress analysis result (Equivalent)

B: Static Structural
Normal Stress (RC Sleepe)
Type: Normal Stress(Z Axs)
unit: MP2

Global Coordinate System

Time:
2020-10-14 27 802

3.5441 Max

24379

13317

022555

088062

19868

-3.003

-4.1991

-5.3053

64115 Min

0% 45000 L
I
22500 875.00

(b) Stress analysis result (Normal, z axis)

B: Staik Structural
Directionsl Defarmaticn (RC sleepe
Type: Directionsl Deformation@Z Avis
unit mm

Globsl Coordinate System

Time:

2020-10-12 23 803

03178 Max

1.9072 Min 0o 45000 300,00 (mim)
- I I ]

2250 671500

(c) Displacement analysis result (Directional, z axis)

a2l 5 232|EAS sAZAD (Case 1)
Figure 5. Analyzed result of concrete sleeper (Case 1)
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Figure 6. Results of max. stress of concrete sleeper

Case 32

o] 90% 7+% Case 5014

N
N

Case 2~Case 4

L
L

3

- 671 -



Cause Analysis for Sleeper Damage of Sleeper Floating Track in Urban Transit

AL E WEont

3
il

4

H Case

o ONF RO or K] gl R W
— . T
Mmﬂ%kﬂutﬂ E,‘AIWI
w P g EE Ty
RN IO SN
ﬂoﬂo o - Hoﬂ_.olq/o#
O/Oﬁﬂ%n}%ﬂx
i‘_m N
ﬁ%,ﬂﬂﬂn No & )3
:ﬂzu_ %ﬂﬁoTﬂﬂqq
HAB 5 T B
U.T|L._l oy =
Mo N s N0
el N Eﬁk.mmo7
Eﬁ%ﬂmﬂﬂn o J_ Nlo
~n s r ,AIAUH
,Em_l - WO Nr oF Muuﬂu_,o
~ N B
S B
T W« B 8w
R
@%ﬂuuq/rQﬂuH
TR
OB ome o= RO oo T
mw koo Moo me N T
Al 4R R0 I oH R R SR
w,
@
&
Q
-
£
4
3
Lag]
4
3
— ~
2. ©
L]
; 2
i S
o ®w o w o ®w o B o
N ©® © O v & O o

(edIA) ssa13s daIssaadwo)

ﬂNO
o|J

ol

i
N

o] 717t 500, 90% 7H2: A

7

o

=
Figure 8. Results of max. compressive stress of concrete

sleeper

7

she

Z}y oF 2234, °F 7658 SVt

A5 247 oF 166H,

o
e

_é‘
o

e

o
H

°oF 10.654 S7F

=
ey

N

Case 29

22 747} oF 12% o 21%

KH

i
N

)

mw SECECEECC =Y
B m B oo
I O T R B
a .C U.__u Oﬁ ‘HM
U NP <
T oWl o B
g = ANr oA
Py RBE SN M
o — ~o —_ N3 0
" oer i ® 1% ﬁ W T
N oo ﬂuumwﬂxﬂwm
)] T A T 1%
U T
G N K M\* e % Wo o
TE Fed AT
IR T
Te g~ Ta2uzE
T sdql B S
ME e 9T
WX W o N R o
1EiErEag
K — N ‘wwo
e} —_
O I =l
H R o %o 5 W oo B
w,
3
-
3
3
23 S
gg p
i S

10

(urun) Jududdedsiq

B2 Aol7t 24

3T

<]

Figure 9. Displacement Analysed results of concrete sleeper
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